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1.1 Abstract 

Uncovering the Mechanism of Induction of Apoptosis by Pancratistatin in 

Human Lymphoma & Leukemia 

 Recently, a major research effort has been focused on the development of anti-

cancer drugs by targeting the components of biochemical pathways that induce apoptosis 

in cancerous cells.  Pancratistatin, a natural product isolated and characterized over a 

decade ago, was shown to be cytostatic and anti-neoplastic.  We investigated the 

specificity and biochemical mechanism of action of Pancratistatin.  Our results indicated 

that Pancratistatin is a very specific, efficient and non-genotoxic inducer of apoptosis in 

human lymphoma (Jurkat) cells and does not affect normal nucleated blood cells.  

Caspase-3 activation and exposure of phosphatidyl serine on the outer leaflet of the 

plasma membrane are the earliest events observed following Pancratistatin treatment, 

indicating possible involvement of the plasma membrane proteins and Caspase-3 during 

the induction phase of apoptosis.  Accordingly, we found that inhibition of Caspase-3 

prior to treatment with Pancratistatin lengthened the apoptosis induction response time of 

the drug.  Our findings suggest that Pancratistatin induces apoptosis in cancer cells using 

specific and non-genotoxic targets, and more importantly does not affect non-cancerous 

cells thereby presenting a significant platform to develop a non-toxic anticancer therapy.     

 

1.2 Publications 

Kekre N, Griffin C, McNulty J, Pandey S (2002) Pancratistatin causes early activation of 

caspase-3 and the flipping of phosphatidyl serine followed by rapid apoptosis specifically 

in human lymphoma cells. Cancer Chemother Pharmacol [Epub ahead of print]   
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CHAPTER ONE: INTRODUCTION 

1.3 Cancer 

 According to the Canadian Cancer Society, in 2004 over 145 000 people were 

diagnosed with cancer and nearly half of them died from the disease.1 Cancer is defined 

by its uncontrolled growth and aggressive rate of proliferation throughout the body.  

Cancer arises when damages bypass normal cell cycle checkpoints and mutations 

accumulate beyond the ability of cellular repair mechanisms.  Unfortunately, aside from 

these characteristics, cancer cells retain much of the same properties of the healthy cells 

from which they originated.  Treatment options such as radiation therapy and Etoposide, 

which target DNA; and Paclitaxel, which targets microtubulin during M phase of the cell 

cycle are currently in use.2 These targets are universal because they are very much a part 

of the normal cell cycle, and therefore have very damaging effects on healthy cells of our 

body that undergo mitosis, including blood cells and epithelial cells.  The goal of 

chemotherapy and radiation therapy is to cause extensive damage to rapidly dividing 

cancer cells, inducing the cell death mechanism that is otherwise absent.   

 Lymphoma and leukemia account for 4% of all newly diagnosed cancers in 

Canada, and lead to the death of over 3000 people in 2004.1 After lung cancer, breast, 

prostate and colorectal cancers, non-Hodgkin’s lymphoma is the 5th most commonly 

diagnosed cancer, and the 6th leading cause of cancer death in Canada.1 Lymphoma 

results when a lymphocyte (a type of white blood cell) undergoes a malignant change and 

begins to multiply, eventually crowding out healthy cells and creating tumors, which 

enlarge in the lymph nodes and other sites in the body.  In another common type of blood 

cell cancer, acute lymphoblastic leukemia, too many lymphocytes are developed from 
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stem cells found in bone marrow.  These malignant lymphocytes are also called 

lymphoblasts or leukemic cells, and when they accumulate it limits the ability of normal 

immune system functioning.    

 

1.4 Apoptosis 

 Apoptosis is a physiological, programmed mechanism of cell death 

necessary for the normal growth and development of an organism.3, 4 Apoptosis is 

visualized at the microscopic level by cell shrinkage, nuclear condensation and 

membrane blebbing.5 Cells that die by apoptosis form apoptotic bodies that are safely 

phagocytosed by neighbouring cells.  Swelling and lysis of nearby cells, observed during 

necrotic cell death, is avoided.  Since the discovery of apoptosis in the early 1970’s, 

cancer research has focused heavily on the various mechanisms of apoptotic induction, 

and how to utilize these mechanisms as a strategy to target cancer cell death.6 

Classical apoptosis is caused by proteases of a specific type: caspases.  These 

intracellular cysteine proteases, which cleave their substrates at aspartic acid residues, are 

known as caspases for cysteine aspartyl-specific proteases.12 Caspase activation can 

occur via either intrinsic or extrinsic pathways. 

The intrinsic pathway can be induced by elevated levels of Bax protein, a pore-

forming pro-apoptotic Bcl-2 family protein, which allows for the release of cytochrome c 

from the mitochondria.12 Cytochrome c, when released into the cytosol, indirectly 

activates pro-caspase-9.  Activation of caspase-9 then directly cleaves and activates 

caspase-3, a potent pro-apoptotic protein. 
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The extrinsic pathway can be induced by members of the Tumor Necrosis Factor 

(TNF) family of cytokine receptors, such as Fas-receptors.  When a Fas-receptor forms a 

complex with the Fas-ligand protein, it recruits adapter proteins to its cytosolic Fas 

activated death domain (Fadd).  Fadd then binds to the Death Effector Domain (DED), 

which holds pro-caspase-8, thus forming another complex termed the Death Inducing 

Signaling Complex (DISC) (Figure 1b).12 Contradictory to this mechanism, the Journal of 

Immunology recently published a study that found caspase-3 to be a component of the 

Fas Death Inducing Signaling Complex, and that its activity was required for complete 

activation of caspase-8 (Figure 1c).13  

 Signaling through the Fas-receptor is of particular interest when regarding human 

lymphoma cells and their mechanism of cell death, because the expression and function 

of the Fas-ligand is enhanced by engagement of additional cell surface receptors.  This 

then causes marked receptor-specific susceptibility to Fas-induced apoptosis.14 

 

1.5 Current Therapy Options 

Current apoptotic anti-cancer strategies induce apoptosis through DNA damage 

mechanisms.  For example, radiation therapy causes DNA double strand breaks; 

Etoposide inhibits topoisomerase-II; and Paclitaxel stabilizes microtubules, leading to 

mitotic arrest.2 All of these options are cytotoxic to cancerous cells, but have recently 

been shown to be genotoxic to normal cells as well.7 This damage to non-cancerous cells 

is most relevant with respect to the recurrence of cancer, or the development of secondary 

cancers, because of the mutations caused by these therapies.  There are very few anti-

cancer drugs that can specifically target components of cancer cells, such as receptors or 
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proteins, without producing genotoxic effects to normal cells.  However, there are several 

research groups that have been successful in such specific induction of apoptosis.8  

 

1.6 Pancratistatin 

 In the vast repertoire of Mother Nature there may be compounds capable of 

specifically targeting and eliminating cancer cells without affecting healthy cells.* 

Pancratistatin is a natural compound isolated from the Hymenocalis littoralis (spider lily) 

in 1992 that has been shown to have anti-neoplastic properties (Figure 1a).9, 10 The 

incredible specificity and efficacy of Pancratistatin in targeting cancer cells over normal 

cells has been evaluated in recent work11, yet the biochemical mechanism of action is 

unknown.  However, it must be noted that previous studies have found Pancratistatin to 

cause apoptosis through an intrinsic pathway in other cancerous cell types.15 In this 

mechanism Pancratistatin was found to act on the mitochondria of the cell, causing the 

release of cytochrome c and reactive oxygen species, leading to cell death.15 

Petitt GR, et al., (1993) 
Figure 1a) Chemical structure of Pancratistatin.  Dr. James McNulty of McMaster 
University isolated and generously donated this compound from the Hymenocalis 
littoralis, a spider lily native to the islands of Hawaii.   
*Dr. Pandey’s notorious expression for introducing Pancratistatin 
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1.7 Research Focus 

Over the term of this research project, I have focused on possible mechanisms of 

induction of apoptosis by Pancratistatin, and re-examining the specificity of the drug for 

cancerous blood cells over healthy blood cells.  I first evaluated the efficacy and 

specificity of induction of apoptosis by Pancratistatin in human lymphoma and leukemia 

samples, and its affect on their normal blood cell counterparts.  Since blood is a first line 

of defense of the body, and because blood cells actively divide, it was important to 

determine the toxicity of Pancratistatin on healthy lymphocytes.   

When we first asked how Pancratistatin induces apoptosis in human lymphoma 

cells, the high levels of Fas-receptor and the involvement of Fas with caspase-3 at the 

membrane level was considered; it seemed to be a possible mechanism of action.  This 

mechanism would involve cell death by an extrinsic pathway, mediated by Pancratistatin 

treatment.  Since both intrinsic and extrinsic pathways are equally plausible when 

considering the mechanism of action of Pancratistatin in human lymphoma and leukemia, 

assays were performed in order to determine which pathway is induced following 

treatment with Pancratistatin.                 
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J.C. Reed (2000) 

Figure 1b) Extrinsic and intrinsic pathways.  The two main pathways of apoptotic 
induction occur by different means; either by receptor signaling or mitochondrial 
disruption. 
 

 

S.M. Aouad, et al., (2004) 

Figure 1c) Fas-receptor signaling.  Caspase-3 is linked with the Fas Death Inducing 
Signaling Complex and is activated at the membrane level upon Fas-ligand interaction.  
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1.8 Objectives 

 Through this research, I plan to make clear the mechanism of induction of 

apoptosis by treatment with Pancratistatin in human lymphoma and leukemia samples.  

Specifically, I want to discover if Pancratistatin directly activates caspase-3, or if it 

causes indirect activation by changing conformation of the Fas-receptor to which 

caspase-3 is associated.   

In addition, it is important to determine the efficacy and specificity of 

Pancratistatin on actual samples of cancer obtained from acute lymphoblastic leukemia 

patients at the Windsor Regional Cancer Center.      
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CHAPTER TWO: MATERIALS & METHODS 

2.1 Cell Cultures 
 
2.1.1 Cancerous Cellular Model 
 
 To study cancerous cells, a human lymphoma cell line (Jurkat Cells) was 

purchased from ATCC, Manassas, VA.  These cells were grown and maintained in an 

incubator set at 37°C, 5% CO2 and 95% humidity.  The Jurkat cells were cultured in 

RPMI-1640 media supplemented with 10% fetal bovine serum (FBS) and 10mg/ml 

Gentamycin (Life Technologies, Mississauga, Ont.).   

2.1.2 Non-cancerous Cells 

 For the study of normal cells, human nucleated blood cells were purified from 

whole blood obtained from healthy male and female volunteers, as approved by the 

University of Windsor Ethical Committee (REB# 04-060).  Seven milliliters of whole 

blood was collected in a BD Vacutainer CPTTM tube (Becton Dickinson & Co., Franklin 

Lakes, NJ).  The whole blood was spun down in a tabletop low-speed centrifuge at 2900 

rpm for 30min at 25°C.  The red blood cells went through the polyester gel and the top 

layer containing mononuclear cells, platelets and blood plasma was collected.  These 

cells were kept in the same conditions set for the Jurkat cells (37°C, 5% CO2 and 95% 

humidity).   

2.1.3 Actual Cancer Samples 

 For a better model of cancerous cells, acute lymphoblastic leukemia samples were 

collected from the Windsor Regional Cancer Center with the help of oncologist Dr. 

Caroline Hamm.  These blood samples were obtained as approved by the Windsor 

Regional Hospital (REB# 04-043 and 04-044).  The blood was immediately transported 
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and spun down at 2900 rpm for 30min at 25°C.  As with the healthy lymphocytes, red 

blood cells went through the polyester gel and the top layer, now containing 

lymphoblasts, platelets and plasma, was collected and kept at 37°C, 5% CO2 and 95% 

humidity.     

 

2.2 Cell Treatment 

 To induce apoptosis by Pancratistatin treatment, Jurkat cells were grown to 70% 

confluency and then treated for various periods of time.  Pancratistatin was isolated to 

95% purity from the Hymenocallis littoralis according to the organic procedure in the 

literature9, and provided by Dr. J. McNulty of McMaster University.  Jurkat cells were 

directly treated with 1μM Pancratistatin and normal nucleated blood cells were treated 

similarly after purification from the whole blood sample.  In the parallel set of separate 

experiments involving treatment with VP-16 (Sigma Chemical Companies, Mississauga, 

Ont.), VP-16 was directly added to the culture media, as with Pancratistatin treatment, 

but to a final concentration of 10μM, which is the concentration currently being used for 

the treatment of some cancers.   

 

2.3 Cellular Staining to Assay Degree of Apoptosis 

To examine morphological changes resulting from apoptosis, the Jurkat cells and 

healthy lymphocytes were maintained and treated as previously described with 1μM 

Pancratistatin, then stained with 10μM final concentration of cell permeable Hoechst 

33342 (Molecular Probes, Eugene, OR).  Hoechst 33342 was directly added to the culture 

media of both cell types and incubated for 5min at 37°C.  The cells were then examined 



 17

under a fluorescent microscope; fluorescence pictures were taken at 10x and 40x.  Bright 

and weakly stained cells were counted using several fields to obtain an index of 

apoptosis.  The cells that are brightly stained have condensed nuclei, to which Hoechst 

binds, and are considered apoptotic.  The data was calculated and displayed with 

apoptotic cells as a percentage of the total number of cells counted.   

 

2.4 Comet Assay  

 The comet assay was performed using a slight modification of a previously 

published method.16 Briefly, the slides were pre-coated with 0.1% agarose and left to air-

dry.  A cell suspension of Jurkat or lymphocytes was treated as previously described for 

various time points.  Approximately 10 000 cells (10μL of cell suspension) was added to 

50μL of 0.75% warm low-melting point agarose and immediately spread over the pre-

coated slides.  The mixture was spread so that half lay on the coarse part of the slide to 

prevent the sample from slipping off during processing.  The slides were placed at 4°C 

for 5min to solidify the gel, and then immersed in cold lysis buffer (2.5mM NaCl, 

100mM Na2EDTA, 10mM Tris pH 10, 1% Triton-X-100, 10% DMSO) for 1hr at 4°C.  

Note that the cells are light sensitive at this stage, so all following processes must be done 

in the dark.  Following incubation, slides were washed in alkaline electrophoresis buffer 

(0.3M NaOH and 1mM Na2EDTA pH>13).  The DNA was electrophoresed at 300mA 

(0.8V/cm) for 30min, washed twice in a neutralizing buffer (0.4M Tris pH 7.5) and 

stained with 10μM Hoechst 33342.  The cells were examined under a fluorescent 

microscope; fluorescence pictures were taken.           
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2.5 Annexin-V Binding Assay 

 Jurkat cells and lymphocytes were maintained and treated as previously described 

with 1μM Pancratistatin.  After treatment, the Annexin-V binding assay was conducted 

according to the manufacturer’s protocol using a kit purchased from Molecular Probes, 

Eugene, OR.  Following treatment, cells were washed in phosphate-buffered saline (PBS) 

once and then resuspended in Annexin-V binding buffer (10mM HEPES/NaOH pH 7.5, 

140mM NaCl, 2.5mM CaCl2), containing 1:50 Annexin-V Alexa Fluor® 488 conjugate 

for 15min at 25°C.  Cells were then examined under a fluorescent microscope; 

fluorescence pictures were taken at 40x.   

 

2.6 Protein Estimation   

Estimation of protein concentration present in each total cell lysate sample was 

completed using a protocol from BioRad Laboratories (Hercules, CA).  Aliquots of 10μL 

of each total cell lysate sample, 790μL of water, and 200μL of BioRad protein assay dye 

reagent was added into a 1mL in plastic cuvette.  In parallel, a standard protein solution 

of known concentration, bovine serum albumin (BSA), was also used.  The solutions 

were vortexed and allowed to stand for 10min at 25°C.  Absorbance readings were taken 

using a UV-Visible Spectrophotometer (Agilent Technologies Canada Inc., Mississauga, 

Ont.) and analyzed at 595nm.  A mathematical comparison relating absorbance to 

concentration of the protein standard was used to determine protein concentration of each 

sample. 
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2.7 Caspase-3 Activity Assay          

 The caspase-3 assay was performed using a previously published method.16 To 

determine the level of active caspase-3, the total protein from either Jurkat or healthy 

lymphocyte cell lysates were incubated with the fluorogenic substrate DEVD-AFC.  This 

molecule is a tetra peptide sequence that corresponds to the substrate cleavage site.  The 

caspase-3 assay was carried out according to the manufacturer’s protocol (Enzyme 

System Products, USA).  Fluorescence was measured at an excitation wavelength of 

400nm and an emission wavelength of 505nm in a 96-well micro-titer plate using the 

Spectra Max Gemini XS (Molecular Devices, Sunnyvale, CA).  Caspase-3 activity was 

calculated per microgram of protein; protein concentration was measured with the 

Bradford Assay using BioRad protein assay dye reagent (BioRad, Mississauga, Ont.) 

using bovine serum albumin (BSA) as a standard.   

 

2.8 Cell Fractionation 

 Jurkat cells were treated with 1μM Pancratistatin as previously described.  To 

obtain fractions, the cells were washed twice in PBS and lysed using hypotonic buffer 

(10mM Tris-HCl pH 7.2, 5mM KCl, 1mM MgCl2, 1mM EGTA, 1% Triton-X-100) 

containing protease inhibitors (1μg/mL leupeptin, 1μg/mL pepstatin and 0.5mM PMSF).    

After 5min incubation at 4°C the cell lysate was spun down at 3000 rpm at 4°C for 5min.  

The resulting pellet is the nuclear fraction as well as intact whole cells.  The supernatant 

was collected and spun down at 10 000 rpm at 4°C for 5min, and the resulting pellet is 

the mitochondrial fraction.  This supernatant was collected and spun down at 55 000 rpm 

at 4°C for 1hr; the final pellet is the mixed membrane fraction and the supernatant is the 



 20

cytosolic fraction.  Each fraction obtained from the Jurkat cells was tested for caspase-3 

activity as previously described.  In addition, a batch of untreated Jurkat fractionations 

was incubated with 1μM Pancratistatin for 15min at 37°C.  This subset was also tested 

for caspase-3 activity as above.     

 

2.9 Caspase-3 Inhibition Assay 

 This assay involved pre-treatment of Jurkat cells with the caspase-3 inhibitor 

molecule DEVD-fmk (Calbiochem, Mississauga, Ont.) followed by treatment with 1μM 

Pancratistatin.  Caspase-3 inhibitor was directly added to the cultured media in final 

concentrations of either 10μM or 30μM.  Following treatment, 1mL of cultured cells 

were stained with 10μM Hoechst 33342 and incubated for 5min at 37°C.  The cells were 

examined under a fluorescent microscope; fluorescence pictures were taken at both 10x 

and 40x.   

 

2.10 Mitochondrial Membrane Permeability Assay     

 Jurkat cells were treated as previously described with 1μΜ Pancratistatin, and 

mitochondrial membrane permeability was visualized using JC-1 dye (Molecular Probes, 

OR) according to the manufacturer’s protocol and a previously published method.17 The 

cells were treated with 0.5μM of dye and incubated for 15min at 37°C.  The cells were 

examined under a fluorescent microscope; fluorescence pictures were taken at 10x and 

40x. 
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2.11 ROS Generation Assay 

 After treatment of cells with 1μM Pancratistatin as previously described, 

production of total reactive oxygen species (ROS) in the Jurkat cells and healthy 

lymphocytes was measured using the membrane permeable dye 2’, 7’-dichlorofluorescein 

diacetate (DCFDA; Molecular Probes, Eugene, OR) and a slight modification of a 

previously published procedure.18 Cells were incubated in 10μM DCFDA at 37°C for 

30min and fluorescence was measured at an excitation wavelength of 500nm and an 

emission wavelength of 524nm using the Spectra Max Gemini XS multi-well plate 

fluorescence machine.  Readings were expressed in terms of the total cell count per well, 

as determined using Trypan blue staining.  For this assay, 10μL of a cell suspension was 

added to 10μL of 0.4% Trypan blue stain (Life Technologies, Mississauga, Ont.) and 

cells were counted using a hemacytometer (Fisher Scientific, Horsham, PA); results were 

calculated per 10 000 cells.   

 

2.12 Immunoprecipitation  

 After Jurkat cells were treated as previously described with 1μM Pancratistatin, 

immunoprecipitation was performed to determine caspase-3 activity at the level of the 

plasma membrane.  First, the cells were washed twice in PBS and then lysed as 

previously described.  Following 10min incubation at 4°C, the cell suspension was 

transferred to a glass cell homogenizer (Kontes Glass Co., Vineland, NJ, U.S.A.) and the 

cell membranes were mechanically disrupted for at least 20 strokes.  Estimation of 

protein concentration present in each total cell lysate sample was performed after 5min at 

4°C, with the Bradford assay as previously described.  A sample of the lysate containing 
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50μg of protein was added to 25μL of Protein-A Sepharose (Sigma Chemical Companies, 

Mississauga, Ont.), and the volume was brought to 500μL using RIPA lysis buffer 

(20mM Tris-OH pH 7.5, 150mM NaCl, 10mM KCl, 1% Triton-X-100, 10% glycerol).  

This sample was nutated for 1hr at 4°C, and then spun down at 4000 rpm for 1min.  To 

the supernatant, 30μL of anti-fas antibody was added and this mixture was nutated 

overnight at 4°C.  After incubation, another 25μL of Protein-A Sepharose was added and 

the sample was nutated again for 1hr at 4°C.  Then, the sample was spun down at 4000 

rpm for 1min and the pellet was washed in RIPA buffer (no glycerol) and nutated for 

10min at 4°C.  This process was repeated four times for a total of five washings.  After 

the last round of centrifugation, the pellet was resuspended in caspase-3 reaction buffer, 

and the sample was tested for caspase-3 activity as previously described.   

 

2.13 Immuno-staining for the Fas-receptor 

 Normal lymphocytes and acute lymphoblastic leukemia samples were treated with 

1μM Pancratistatin as previously described.  Cells were collected and spun down at 3000 

rpm for 15min, and the pellet was re-suspended in 4% para-formaldehyde (PFA).  A 

portion of the suspension was added to a slide pre-coated with 0.01% poly-L-lysine 

(Sigma Chemical Companies, Mississauga, Ont.), and allowed to air-dry.  With slight 

modification to a previously published protocol19, the cells were washed with PBS and 

incubated in 70% ethanol for 5min at 25°C.  The slides were washed in PBS again and 

then incubated in 10% FBS in PBS for 1hr at 25°C.  After another washing in PBS the 

slides were incubated with primary antibody, 1:40 anti-Fas antibody (Sigma Chemical 

Companies, Mississauga, Ont.) for 1hr at 25°C.  The slides were washed again with PBS 
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and then incubated with secondary antibody, 1:200 anti-rabbit IgG-conjugated to FITC 

(Sigma Chemical Companies, Mississauga, Ont.), for 1hr at 25°C.  After another washing 

with PBS, the slides were incubated with Hoechst 33342 for 5min at 25°C.  Following a 

last wash with PBS, the slides were allowed to air-dry and were mounted with glass cover 

slips using 10% glycerol in water.  The slides were examined under a fluorescence 

microscope; pictures were taken at 40x.   

 

 2.14 Sudan Black B Staining 

 Cells were treated with 1μM Pancratistatin as previously described.  Sudan Black 

B staining was carried out using the kit purchased from Sigma Chemical Companies in 

Mississauga, Ontario.  Purified acute lymphoblastic leukemia blood and whole bone 

marrow samples, and normal nucleated blood cells were smeared onto glass slides and 

left to air-dry.  According to the manufacturer’s protocol, smears were fixed with 

glutaraldehyde fixative for 1min at 4°C, and rinsed with distilled water.  Slides were then 

stained by immersion in Sudan Black B for 5min, and rinsed three times with 70% 

ethanol and then with distilled water.  The slides were counterstained with Hematoxylin 

for 5min then rinsed with water, left to air-dry and mounted with glass cover slips using 

10% glycerol in water.  Once dry, the slides were examined under a light microscope, and 

pictures were taken at 10x and 40x. 
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2.15 Giemsa Staining 

 Cells were treated with 1μM Pancratistatin as previously described.  Geimsa dye 

was purchased and used according to the manufacturer’s protocol (Sigma Chemical 

Companies, Mississauga, Ontario).  Samples were smeared onto glass slides as above and 

fixed with 100% methanol for 1min, then left to air-dry.  The slides were immersed in a 

1:20 dilution of the dye in water and then incubated for a maximum of 20min.  After 

washing the slides with water, they were mounted with glass cover slips using 10% 

glycerol and examined under a light microscope; pictures were taken at 10x and 40x. 
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CHAPTER THREE: RESULTS 

3.1 Induction of Apoptosis in Cancer Cells Treated by Pancratistatin 

 In order to evaluate the efficacy of Pancratistatin in inducing apoptosis in 

cancerous cells, the pre-determined ideal concentration of 1μM was used.25 Examination 

of the time kinetics of cell death triggered by 1μM Pancratistatin indicated that apoptosis 

was detected within one hour of treatment (Figure 2a).  After a 24 hour treatment period, 

over 90% of Jurkat cells displayed apoptotic morphology, while normal lymphocytes 

remained unaffected (Figure 2a).   

Apoptotic characteristics including cellular and nuclear morphology and 

biochemical features were studied in Jurkat cells at various times of treatment with 

Pancratistatin.  Hoechst staining clearly indicates typical nuclear morphological changes 

associated with induction of apoptosis; increased brightness of the nucleus and nuclear 

condensation (Figure 2b).  DNA fragmentation is also a key feature of apoptosis and was 

examined via the Comet assay as previously described.  The presence of a “comet” in 

Jurkat cells after 24 hours indicates that DNA fragmentation by apoptotic nucleases has 

occurred (Figure 2c). 

A more specific marker that apoptosis has been induced is the flipping of 

phosphatidyl serine from the inner leaflet to the outer leaflet of the plasma membrane.  

When the annexin-V Alexa Fluor conjugate binds to phosphatidyl serine, the interaction 

is observed as an increase in fluorescence.  This increase in fluorescence is evident in 

Jurkat cells treated with Pancratistatin for only 1 hour (Figure 2d).  This indicates a very 

early response to the induction of apoptosis, which suggests that Pancratistatin is very 

effective and potent in its ability to induce apoptosis in Jurkat cells.   
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Figure 2a) Apoptotic index.  Jurkat cells and normal lymphocytes were monitored after 
treatment with Pancratistatin for up to 24 hours.  Apoptotic cells stain brightly with 
Hoechst dye, and the number of bright cells was taken as a fraction of all cells in a 
microscopic field.  Measurements were taken of several fields and the average percentage 
of apoptotic cells is displayed. 
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Figure 2b) Apoptotic morphology.  Hoechst staining shows apoptotic morphology of 
Jurkat cells. The phase images show that cells with bright nuclei have become condensed. 
 

 

Figure 2c) Comet assay.  Jurkat cells treated with Pancratistatin for 24 hours have DNA 
fragmentation resulting from cleavage by apoptotic nucleases.  Following gel 
electrophoresis, cells that have DNA damage resemble a comet.     
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Figure 2d) Phosphatidyl serine flipping.  The induction of apoptosis response time is 
very short in Jurkat cells treated with Pancratistatin.  Increase in fluorescence marks the 
flipping of phosphatidyl serine: an early step in the apoptotic pathway.           
 

 

 

 

 

 

 

 

 

 



 29

3.2 Pancratistatin is Non-Toxic to Normal Lymphocytes 

 For this research study, purified blood containing normal, healthy lymphocytes 

was the best model to determine the effect of Pancratistatin on non-cancerous cells.  

When compared to Jurkat cells, or more specifically cancerous B-cell lymphocytes, 

healthy lymphocytes are the non-transformed normal.  Lymphocytes are a crucial 

component of the immune system and blood is the first tissue to deal with a 

chemotherapeutic agent in the body.  It was thus vital to understand the possible affects 

of Pancratistatin on these healthy cells.  After some experimentation, it was very 

interesting to observe the different reaction to this drug by healthy cells.  Opposed to the 

effective and potent reaction by Jurkat cells, normal lymphocytes exhibited no change, 

morphologically or biochemically, following treatment with Pancratistatin.  First, the 

apoptotic index of the Pancratistatin treated lymphocytes did not increase over a 24 hour 

period (Figure 2a).  Second, upon Hoechst staining following treatment with 

Pancratistatin, no nuclear blebbing or brightness was detected in normal lymphocytes as 

it was in Jurkat cells (Figure 3a).  Lastly, there was no increase in fluorescence following 

the annexin-V binding assay in normal lymphocytes after treatment (Figure 3b).  These 

findings suggest that apoptosis is not being induced in normal lymphocytes treated by the 

same concentration of Pancratistatin, and kept under the same conditions, as Jurkat cells.                 
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Figure 3a) Pancratistatin induces selective apoptosis.  Jurkat cells and normal 
lymphocytes were treated with 1μM Pancratistatin for 24 hours. Apoptosis is evident in 
cells with bright, condensed and rounded nuclei. 
 
 

Figure 3b) Phosphatidyl serine stays on the inner leaflet in normal blood cells 
treated with Pancratistatin.  After 3-hour treatment with 1μM Pancratistatin, 
phosphatidyl serine is indicated by an increase in fluorescence from control.  Jurkat cells 
have this fluorescence; normal lymphocytes do not. 
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3.3 Activation of Caspase-3 and Flipping of Phosphatidyl Serine Early Events in 

Pancratistatin Induced Apoptosis  

 Activation of caspase-3 is a required step in the induction of apoptosis, and occurs 

when the appropriate signals are received from either the intrinsic or extrinsic 

pathways.12 To determine if Pancratistatin treatment causes caspase-3 activation, its 

activity was tested in cell extracts prepared after various lengths of treatment time.  

Surprisingly, there was an almost immediate increase in caspase-3 activity following 

Pancratistatin treatment in Jurkat cells (Figure 4a).  This quick response indicates that 

caspase-3 may be involved in earlier steps of Pancratistatin induced apoptosis in Jurkat 

cells.  In normal lymphocytes, this increase in activity was not evident for similar 

treatment times, which illustrates how Pancratistatin does not induce apoptosis in healthy 

lymphocytes (Figure 4b).   
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Figure 4a) Pancratistatin activates caspase-3 in Jurkat cells.  Caspase-3 activation in 
Jurkat cells upon treatment with 1μM Pancratistatin.  The activity of this protease is 4 
times that of control after only 3 hours of treatment.    
 

Figure 4b) Caspase-3 levels remain static in healthy lymphocytes following 
treatment with Pancratistatin.  In preliminary results, caspase-3 activation does not 
occur in healthy lymphocytes treated with 1μM Pancratistatin.    
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3.4 Caspase-3 Activity Differences between Jurkat Cellular Fractions 

 To try to pinpoint where most of the caspase-3 is becoming active inside a Jurkat 

cell, the cells were separated into nuclear, mitochondrial, cytosolic and mixed membrane 

fractions.  Pancratistatin treated and untreated Jurkat cell fractions were tested for 

caspase-3 activity (Figure 4c).  In parallel, untreated prepared Jurkat cell fractions were 

treated with Pancratistatin for only 15 minutes to determine if Pancratistatin activates 

caspase-3 at the membrane level in the mixed membrane fraction (Figure 4d). 

 

3.5 Critical Involvement of Caspase-3 in Pancratistatin Induced Apoptosis 

 The active site of caspase-3 utilizes a short sequence of amino acids ordered: 

aspartate, glutamate, valine, aspartate (DEVD).  A substrate specifically designed for the 

active site of Caspase-3, DEVD-fmk, irreversibly binds to activated caspase-3 in 

apoptotic cells, therefore inhibiting its proteolytic action inside the cell.  With this early 

major step inactivated, the effectiveness of Pancratistatin was further examined.  It was 

observed by Hoechst staining that Jurkat cells pre-treated with DEVD-fmk were less 

sensitive to Pancratistatin treatment than those that were not inhibited (Figure 4e).      
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Figure 4c) Caspase-3 activation is different in each Jurkat cellular fraction.  
Preliminary results indicate that PST works at the membrane level in Jurkat cells to 
activate caspase-3.  These cells were treated with 1μM Pancratistatin for 1 hour. 
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Figure 4d) Pancratistatin activates caspase-3 at the membrane level within minutes.  
In preliminary experiments, a portion of untreated mixed mitochondrial membrane 
fraction was incubated with 1μM Pancratistatin for 15 minutes.  The activity nearly 
doubled, which indicates that Pancratistatin acts at the membrane level.   
 

 

 

 

 

 

Figure 4d) Pancratistatin activates caspase-3 at the membrane level within minutes.  
In preliminary experiments, a portion of untreated mixed membrane fraction was 
incubated with 1μM Pancratistatin for 15 minutes.  The activity nearly doubled, which 
indicates that Pancratistatin acts at the membrane level. 
 

 

Figure 4e) Inhibition of apoptosis caused by caspase-3 inactivation.  Jurkat cells were 
treated with caspase-3 inhibitior (DEVD-fmk) before a 6 hour treatment with 1μM 
Pancratistatin. As seen by Hoechst staining, cells with inhibited caspase-3 do not stain 
brightly, or show nuclear blebbing or condensation. 
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3.6 Activation of Caspase-3 Precedes Mitochondrial Membrane Potential 

Collapse in Jurkat Cells 

Many chemotherapeutic agents cause collapse of the mitochondrial membrane 

potential, which leads to mitochondrial dysfunction and over-production of reactive 

oxygen species (ROS).  Previous studies found that Pancratistatin does not disrupt the 

mitochondrial membrane potential at early treatment times in Jurkat cells.11 The 

production of ROS was also monitored after treatment with Pancratistatin using the redox 

sensitive dye DCFDA; only a slight increase in ROS production occurred in comparison 

to the increase in caspase-3 activity (Figure 5a).  Mitochondrial membrane permeability 

was determined using JC-1 staining, however, there was no noticeable difference 

between Pancratistatin treated and untreated Jurkat cells in terms of their membrane 

permeability (Figure 5c).  Collectively these results suggest that disruption of the 

mitochondrial membrane potential/permeability and increased ROS generation are events 

that occur after caspase-3 activation in Pancratistatin treated Jurkat cells.  Furthermore, 

following the trend of inactivity of caspase-3, in normal lymphocytes there was little 

ROS production relative to Jurkat cells (Figure 5b).           
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Figure 5a) ROS production follows caspase-3 activation in Jurkat cells.  Production 
of reactive oxygen species (ROS) in Jurkat cells treated with 1μM Pancratistatin.  Note 
that after 3 hours of treatment, ROS production increases 2 fold, whereas caspase-3 
activity increases by this much after only 1 hour. 
 

Figure 5b) ROS levels remain stable in healthy lymphocytes treated with 
Pancratistatin.  Normal blood cells treated with Pancratistatin had no increase in ROS 
generation in the first 3 hours following treatment.    
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Figure 5c) Mitochondrial membrane permeability intact following Pancratistatin 
treatment.  Jurkat cells treated with 1μM Pancratistatin are stained with Hoechst dye 
(top panel) to observe apoptotic morphology and with JC-1 dye to examine mitochondrial 
membrane permeability (bottom panels).  Red fluorescence indicates the membrane is 
intact, increase in green fluorescence indicates the membrane has become permeable.  
After 3 hours of treatment, the mitochondria of Jurkat cells remain non-permeable.  
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3.7 Pancratistatin May Induce Apoptosis by Interacting with Fas-receptors 

 As proposed earlier, Jurkat cells may be sensitive to Pancratistatin because they 

over-express the cell membrane Fas-receptor.  Pancratistatin may directly (competitively) 

bind to the Fas-receptor and induce an apoptotic cascade that would normally follow Fas-

ligand binding.  It was recently discovered that caspase-3 is linked to the Fas-receptor at 

the membrane level.13 Early activation of caspase-3 suggests that Pancratistatin may 

cause a conformational change in the Fas-receptor upon binding, indirectly activating 

caspase-3.  Another possibility is that Pancratistatin binds to inactive caspase-3 at the 

membrane level, thus causing direct (and rapid) caspase-3 activation.   

To determine if a complex forms involving Fas-receptors, Pancratistatin and 

active caspase-3, Pancratistatin treated and untreated Jurkat cells were 

immunoprecipitated with anti-Fas antibody as described in materials and methods, and 

the product was tested for caspase-3 activity (Figure 6). 
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Figure 6) The immunoprecipitation product of Jurkat cells treated with 
Pancratistatin have increased caspase-3 activity.  Preliminary results suggest that 
Pancratistatin and Caspase-3 are linked at the membrane level – possibly through 
interaction with the Fas-receptor.    
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3.8 Ability of Pancratistatin to Induce Apoptosis in Real Leukemia Samples 

Actual cancer cells obtained from the Windsor Regional Cancer Center included 

blood and bone marrow samples of acute lymphoblastic leukemia (A.L.L.).  Acute 

lymphoblastic leukemia samples contain healthy cells as well as lymphoblastic cells, and 

it was observed that after 24 hours of treatment, not all cells were apoptotic; some cells 

were unaffected.  Correlative inferences on the efficacy and selectivity of Pancratistatin 

can be made, based on the Hoechst morphology of normal lymphocytes treated with 

Pancratistatin compared with A.L.L. Pancratistatin treated samples.  To determine 

effectiveness between drugs, A.L.L. samples were also treated with the current 

concentration of Paclitaxel that is used to treat cancer clinically (Figure 7a). 

 Acute lymphoblastic leukemia samples were immuno-stained to determine if cells 

over-expressing the Fas-receptor were the ones dying from Pancratistatin treatment.  This 

was done using anti-Fas antibody as well as a fluorescent-labeled antibody.  Ideally, 

treated cancerous cells with increased fluorescence (indicating more Fas-receptors 

compared to healthy cells) would also stain brighter by Hoechst dye, indicating induction 

of apoptosis.  In preliminary studies it was hard to determine any difference between 

cancerous and healthy cells in terms of antibody-related fluorescence (data not shown).  
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Figure 7a) Pancratistatin effectively induces apoptosis in actual cancerous cells.  
Acute lymphoblastic leukemia samples obtained from the Windsor Regional Cancer 
Center were treated with 1μM Pancratistatin (PST) or 500nM Paclitaxel (Taxol) for 24 
hours.  Apoptosis is evident in cells with bright, condensed nuclei. 
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3.9 Identification of Leukemic cells in Patient Samples using Sudan Black B 

Two different assays were utilized to differentiate cancerous from healthy cells 

within the same sample.  Blood obtained from leukemia cancer patients contains both 

types, so it was important to know if Pancratistatin was causing apoptosis only in the 

cancerous cells.  Sudan Black B stain distinguishes between acute lymphoblastic 

leukemia (cells stain positive) and normal lymphocytes (cells do not stain).26 In 

preliminary experiments only general morphology can be observed by Sudan black 

staining; apoptotic cells are broken, shriveled and smooth, while healthy cells are round 

and granular (Figure 7b).  Giemsa, another differential dye, typically stains blast cells 

purple and healthy cells pink, which allows for easy distinction between cancerous and 

normal blood cells (preliminary data not shown).  
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Figure 7b) Sudan Black staining shows apoptotic morphology in cancer samples 
treated with Pancratistatin.  Sudan Black shows cellular morphology in acute 
lymphoblastic leukemia samples, in this picture, apoptotic cells are swollen, broken and 
lighter in colour than cancer cells not treated with Pancratistatin.     
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CHAPTER FOUR: DISCUSSION 

4.1 Pancratistatin is Effective and Selective in Inducing Apoptosis in Cancerous 

Jurkat Cells 

 Through this and previous research11, it has been shown that Pancratistatin is 

effective in causing rapid induction of apoptosis selectively in cancerous cells at a low 

concentration, while leaving healthy cells unaffected.  In cancerous lymphocytes 

(specifically Jurkat cells) treated with Pancratistatin, apoptosis was apparent within 1 

hour of treatment, and after 24 hours the vast majority of cells were apoptotic.  A similar 

test on healthy lymphocytes revealed that Pancratistatin had little to no effect on either 

cell viability or rate of cell death.   

It was determined by the comet assay that Pancratistatin did not fragment DNA in 

order to induce apoptosis, rather, DNA fragmentation is a result of apoptotic nucleases.  

This is not true with several of the current therapy options, such as radiation or 

chemotherapy treatment by Etoposide or Paclitaxel.  Radiation causes apoptosis in cancer 

cells by inflicting extreme DNA damage, which triggers the cell to commit suicide.  It is 

important to note that radiation also causes DNA damage in the healthy cells of 

neighboring tissues, possibly leading to the occurrence of secondary cancers or 

recurrence of the initial cancer.20 These current chemotherapy treatments have universal 

targets that are found in both cancerous and healthy cells.  When such targets are hit, the 

fast dividing cancer cells are most affected, however normal cells that actively divide in 

our bodies are also subject to damaging effects.2, 21, 22 DNA fragmentation as a method of 

induction of apoptosis by Pancratistatin was ruled out in these and previous studies11, and 

so the search continued onto other possible mechanisms of action for Pancratistatin. 
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4.2 Caspase-3 Activation and Phosphatidyl Serine Flipping are Early Events 

in Pancratistatin Induced Apoptosis 

 When apoptosis is induced through the intrinsic pathway, mitochondria are 

targeted to release their cytotoxic contents.  This is the mechanism of action for many 

drugs, and was considered a possible mechanism of action for Pancratistatin.  However, 

experimentation determined that in Jurkat cells treated with Pancratistatin, caspase-3 

became activated before the mitochondrial membrane potential collapsed.  Interestingly, 

studies also found that within just one hour of Pancratistatin treatment, Jurkat cells 

demonstrated flipping of phosphatidyl serine, a plasma membrane lipid, from the inner to 

the outer leaflet.  Such an early response suggested that Pancratistatin might have a 

membrane-linked target, which would trigger extrinsic apoptosis.     

At early treatment time points, Pancratistatin caused a drastic increase in caspase-

3 activation in Jurkat cells (Figure 4a).  Normally this increase would be linked with 

release of pro-caspases from mal-functioning mitochondria, but as mentioned, the 

mitochondria remained intact following treatment.  When Jurkat cells were pre-incubated 

with caspase-3 inhibitor, the cellular response to Pancratistatin was decreased.  With 

caspase-3 locked in its inactive state, Pancratistatin could not induce apoptosis in Jurkat 

cells effectively within 24 hours.  This implied a strong connection between 

Pancratistatin and caspase-3 and suggested that caspase-3 activation is a key step in the 

rapid apoptotic response induced by Pancratistatin treatment. 

Surprisingly, activation of casapase-3 preceded activation of its pro-caspase, 

caspase-8.13 Caspase-8 became activated only past the 3-hour time point of treatment 

with Pancratistatin (data not shown).  This evidence leads to two possibilities: either 
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Pancratistatin directly activates caspase-3, or Pancratistatin targets an enzyme on the 

plasma membrane.  The first possibility of direct activation was dismissed after 

incubation with Pancratistatin in an untreated Jurkat cell extract, which did not result in 

the activation of caspase-3.  Thus, Pancratistatin does not interact directly with free 

inactive caspase-3 (data not shown).   

The second possibility is that Pancratistatin causes indirect activation of caspase-

3, which must involve interaction with plasma membrane and cytosolic proteins in order 

to induce apoptosis.  In fact, when Pancratistatin treated Jurkat cells were fractionated; it 

was the mixed membrane fraction that had the greatest caspase-3 activity (Figure 4c).  

Further testing of the untreated mixed membrane fraction involved Pancratistatin 

incubation for only 15 minutes; another increase in caspase-3 activity resulted (Figure 

4d).  Therefore, it was inferred that Pancratistatin causes caspase-3 activation at the 

membrane level in the presence of plasma membrane lipid rafts; but does Pancratistatin 

activate caspase-3 through interaction with Fas-receptors on the plasma membrane?    
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4.3 Fas-Receptor May be Involved in Pancratistatin Induced Apoptosis 

In Jurkat Cells 

 Receptor-mediated Fas-induced apoptosis in Jurkat cells is one of the most well 

studied biochemical pathways.23 It is traditionally believed that pro-caspase-8 is recruited 

to the death-inducing signaling-complex (DISC) after oligomerization of the Fas-

receptor.  Once there, activated caspase-8 cleaves and activates caspase-3.18 Recently, 

this belief was refuted by researchers who showed that caspase-3 is recruited to the DISC 

and activated before the activation of caspase-8,-9 or mitochondrial depolarization.13 

 Preliminary immunoprecipitation experiments in Pancratistatin treated Jurkat cells 

seemed to support these claims; cell lysates that were immunoprecipitated with anti-Fas 

antibody had increased caspase-3 activity.  This indicated that Pancratistatin interacts 

with cell-surface Fas-receptors, and that these receptors are linked with (inactive) 

caspase-3.  A Western blot analysis of the immunoprecipitation product could be 

employed to confirm the presence of Fas-receptors and active caspase-3, verifying these 

results.       

    

4.4 Pancratistatin is Equally Effective in Inducing Apoptosis in Patient  

Samples of Acute Lymphoblastic Leukemia 

 Acute Lymphoblastic Leukemia (A.L.L.) samples were found to have a 

significant response to Pancratistatin compared to Jurkat cells, in terms of effective 

induction of apoptosis.  Samples of A.L.L. differ slightly from the Jurkat cellular model 

because blood samples from actual cancer patients contain healthy cells as well as 

cancerous cells.  This feature provides a more realistic situation for studying the effects 
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of Pancratistatin on cancerous cells.  In order to assay selectivity of Pancratistatin in 

A.L.L. samples, dyes able to differentiate cancer cells from healthy cells were used.  

Unfortunately, cells did not double stain with either Sudan black or Giemsa and Hoechst 

dye, so our results only confirmed that we were dealing with A.L.L.  Alternatively, 

A.L.L. samples were immuno-stained and Hoechst dyed to determine if apoptotic cells 

were expressing Fas-receptors more abundantly than cells that were not apoptotic.  

However, preliminary results were somewhat inconclusive and require some refinement.  

At this point, Hoechst data allows inference that leukemia cells were apoptotic following 

Pancratistatin treatment when correlated to the response of normal blood cells also treated 

with Pancratistatin.    
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4.5 Future Research and Applications 

 Further studies on A.L.L. will better determine the effectiveness of Pancratistatin 

in actual cancer samples.  Short-term goals include continuing immuno-staining and 

double-labeling with differential dyes and a fluorescence marker other than Hoechst.  

This would improve the ability to observe cancerous cells that are also apoptotic.  With 

Jurkat cells, the role of caspase-8 and the exact location and time of its activation 

following treatment with Pancratistatin should be better understood.  In addition, Western 

blot analysis of the immunoprecipitation product of Jurkat cells would clear-up the data 

and enhance understanding of interactions that occur between Fas-receptors, 

Pancratistatin and caspase-3.   

In the near future, synthesis of a fluorescent or heavy form of Pancratistatin 

(currently under way) could be used to better understand the target location and 

interaction sites of the compound.  Within the next few years, Pancratistatin should be 

tested for efficacy and specificity in immuno-challenged (nude) mice as an in-vivo model 

of cancer, to determine its potential to rescue the animal and whether it has any adverse 

effects.  Based on all of the results obtained on this compound over the last couple years, 

I believe Pancratistatin should eventually be tested in clinical trial.        
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4.6 Conclusions  

 Pancratistatin has been proven to be an effective anti-cancer compound, able to 

induce rapid, and most importantly, selective apoptosis in cancer cells.  Pancratistatin 

seems to trigger this response by: interacting with Fas-receptors in Jurkat cells; causing 

rapid caspase-3 activation; and inducing the flipping of phosphatidyl serine within an 

hour.  Caspase-3 activation is maximal in the mixed membrane fraction of Jurkat cells 

treated with Pancratistatin and furthermore, Pancratistatin activates caspase-3 within 

minutes when the membrane is intact.  Interestingly, preliminary data suggests that 

Pancratistatin interacts with the Fas-receptors causing indirect activation of caspase-3 at 

the membrane level, not activation of caspase-8.13 Caspase-3 is a critical factor of 

Pancratistatin induced apoptosis because when inhibited, Jurkat cells are less affected and 

have a decreased response to Pancratistatin.   

 Pancratistatin was effective and selective in inducing apoptosis in samples of 

acute lymphoblastic leukemia obtained from cancer patients.  This novel finding proves 

that Pancratistatin has a unique mechanism of action and is worth further testing.  

Normal, healthy lymphocytes treated with Pancratistatin were observed to remain normal 

and healthy for up to 24 hours after treatment.  These cells did not experience caspase-3 

activation, increased ROS production or phosphatidyl serine flipping, and did not become 

apoptotic by Pancratistatin treatment.  For all of these reasons, Pancratistatin rivals 

Etoposide and Paclitaxel, major chemotherapy treatments on the market today.       
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