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ABSTRACT 

     Resveratrol is a naturally occurring polyphenolic compound derived from plants such as 

grapes and peanuts.  This molecule has been shown to have several beneficial properties, 

including cardiovascular protection, anti-inflammatory and anti-aging effects.  More recently, 

resveratrol has been studied for its anti-tumorigenic characteristics, which consist of its ability to 

induce differentiation, stimulate apoptosis and arrest cell cycle progression in cancer cells.  

Numerous preclinical trials conducted on human cancer models, such as uterine, colorectal and 

leukemia, have established that resveratrol induces apoptosis in these cells.  In addition, 

resveratrol has been shown to inhibit tumor progression in mice with skin cancer.  Since 

resveratrol is present at relatively low concentrations in foods such as grapes and red wine, 

researchers are exploring the synergistic effect obtained from the combination of resveratrol and 

other natural products.  A recent study has demonstrated that curcumin, a component of turmeric, 

induces apoptosis in calcitriol-differentiated HL-60 cells, although etoposide, a chemotherapeutic 

agent, does not.  This study investigates the effect of resveratrol on both calcitriol and resveratrol-

differentiated HL-60 cells.  The results suggest that 50 - 500 M resveratrol did not induce 

apoptosis in calcitriol-treated cells.  However, resveratrol-differentiated HL-60 cells undergo 

apoptosis when treated with 250 M resveratrol. 
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INTRODUCTION 

          Chemoprevention involves the use of natural or laboratory made substances to prevent 

cancer or reduce the risk of developing the disease (Sun et al., 2004; Martin, 2006).  The search 

for potential agents for the prevention of cancer with the ability to inhibit initiation, promotion 

and progression of malignant cells has led to the discovery of natural products, such as 

resveratrol. 

     Resveratrol (3,5,4’-trihydroxystilbene) is a polyphenolic phytoalexin or plant antibiotic 

naturally occurring in several plants such as grapes, some berries and peanuts.  It is also found in 

red wine and is available as a nutritional supplement.  Resveratrol has been associated with 

several potentially beneficial bioactivities such as antioxidant, anti-inflammatory, anti-viral, anti-

aging and anti-tumorogenic (Holme and Pervaiz, 2007) as well as inhibiting tumor progression in 

mice (Jang et al., 1997).  The anti-cancer properties of resveratrol are associated with its ability to 

induce differentiation, arrest cell cycle progression or stimulate apoptosis (Pervaiz, 2004; Holme 

and Pervaiz, 2007).   

     Apoptosis, or programmed cell death is a natural process in cellular development and 

maintenance, which can be altered in cancers resulting in cells that continue to proliferate when 

they should die.  In some cases the chemopreventive capacity of natural products is associated 

with the ability of these compounds to inhibit cell proliferation by inducing apoptosis (Sun et al., 

2004).  Apoptosis induction by compounds such as phytochemicals has been the subject of 

intense research to establish optimal dosage, timing, and duration of treatment as well as 

synergistic effects (Sun et al., 2004; Martin, 2006).   

     Apoptosis is characterized by several cellular events including DNA fragmentation and 

chromatin condensation which occur without introducing any intracellular components into the 
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surrounding tissue, as occurs in necrotic cell death.  Thus, apoptosis does not induce an 

inflammatory response (Goldsby et al., 2003).  Nuclear DNA fragmentation occurs when 

intracellular nucleases cleave genomic DNA into fragments of specific sizes.  The classic method 

of detecting this fragmentation, known as DNA laddering, is a technique using gel 

electrophoresis, which allows the fragments to be visualized as a ladder of bands.  A combination 

of two dyes, Hoescht 33342 and propidium iodide (PI) can be used to detect chromatin 

condensation.  The dye Hoescht 33342 binds to all cellular DNA and results in focal staining 

when DNA is condensed during apoptosis.  Late in the process of apoptosis, membrane integrity 

is compromised and cells will take up the exclusion dye, PI.  Cells undergoing necrotic death do 

not show DNA laddering or chromatin condensation, and their nuclei stain homogenously with 

Hoechst 33342.  Their membranes are compromised early in the necrotic process, allowing 

uptake of PI, and this, together with diffuse Hoescht staining indicates a necrotic cell, which is an 

undesirable means of cell death.  Therefore, inducing apoptosis in cancerous cells with defects in 

that pathway is the preferred method to treat cancer.  The use of natural products, such as 

resveratrol has been studied in several cell lines, including human leukemic (HL-60) cells. 

     HL-60 cells are derived from the peripheral blood of a patient with acute myeloid leukemia 

(Collins, 1987).  The cells proliferate continuously in suspension cultures with a population 

doubling time (PDT) of approximately two days.  They are characterized by their inability to 

cease proliferation and differentiate into mature leukocytes; hence resulting in the cancerous 

condition, leukemia.  HL-60 cells are predominantly immature promyelocytes that fail to develop 

further (Collins et al., 1978).  Resveratrol has been shown to induce differentiation and, when 

used at higher concentrations, apoptosis (Surh et al., 1999) of these immature cells (Ragione et 

al., 1998). 
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     In vitro, HL-60 cells can be induced to 

differentiate along the granulocytic or monocytic 

lineage (Figure 1) by a number of compounds 

(Table 1).  For example, dimethyl sulfoxide 

(DMSO) and retinoic acid (RA) induce 

differentiation to granulocytes (myelocytes, 

metamyelocytes, banded and segmented 

neutrophils). It has been demonstrated that 

granulocyte differentiation in HL-60 cells results 

in apoptosis (Collins et al., 1978).   

     Other compounds such as calcitriol (Collins, 

1987) encourage monocytic differentiation.  

Calcitriol-treated cells remain proliferative and 

resist apoptosis, even when treated with a known 

apoptosis-inducing agent such as etoposide (Collins, 1987; Mosieniak, 2006).   However, the 

natural product curcumin, a component of turmeric, was shown to induce apoptosis in calcitriol-

differentiated HL-60 cells (Mosieniak, 2006).    This led to one of the questions addressed with 

this research:  Can resveratrol overcome the resistance to apoptosis in calcitriol-differentiated 

HL-60 cells?   

     Treatment with 30 µM resveratrol also causes differentiation along the monocytic pathway 

(Ragione et al., 1998), but it is not known whether these cells are resistant to apoptosis-inducing 

agents.  Therefore, this project also examined whether resveratrol-differentiated HL-60 are 

Immature 
Monocyte

Promyelocyte 

Myelocyte 

Banded Neutrophil 

Metamyelocyte 

Segmented Neutrophil Monocyte 
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susceptible to apoptosis when treated with etoposide or the higher concentration of resveratrol 

that induces apoptosis in undifferentiated cells (100 µM). 

      

Table 1. Effects of various compounds on HL-60 cells  

Compound Effect Reference 

DMSO Induces granulocyte terminal differentiation (1.25%) Collins et al., 1978 
 Inhibits cell growth (1.5%)  
   

Retinoic acid Induces granulocyte terminal differentiation (1 nM – 1 µM) Breitman et al., 1980 
   

Calcitriol Induces monocytic differentiation (10 - 100 nM) 
Collins, 1987, 
Mosienial et al., 2006 

   

Resveratrolǂ Induces monocytic differentiation (30 µM) Ragione et al., 1998 

 Induces apoptosis§ (100 µM) Surh et al., 1999 
   

Boswellic acid 

acetateǂ 
Induces monocytic differentiation (12.5 µg/ml) 
Induces apoptosis§ (20 µg/ml) 

Jing et al., 1999 
 

   

Etoposideǂ Induces apoptosis§ (500 µM) 
DiBartolomeis and 
Moné , 2003 

   

Pycnogenolǂ Induces monocytic differentiation (50-100 µg/ml) Huang et al., 2005 

 Induces apoptosis§ (150 µg/ml)  
   

Curcuminǂ Induces apoptosis§ (50 µM) Mosieniak et al., 2006 

 Decreases survival of calcitriol-differentiated cell  
ǂ Natural products 
§ In undifferentiated cells 
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MATERIALS AND METHODS 

Chemicals 

     Dimethyl sulfoxide (DMSO, D2650), trans-3, 4’, 5-trihydroxystilbene (Resveratrol, R5010) 

and 1α,25-dihyroxycholecalciferol (Calcitriol, D1530) were purchased from Sigma-Aldrich.  A 

100 mM stock solution of resveratrol was prepared in DMSO and stored aliquotted in a light tight 

container at -20 C.  Calcitriol (96 µM) was prepared in absolute ethanol in a light tight glass vial 

just prior to use and stored at -20 C (Marcinkowska et al., 2001).  As required, further dilutions 

of stock solutions were prepared in complete media. 

 

Cell Culture 

     Human promyelocytic leukemia (HL-60) cells obtained from American Type Culture 

Collection were maintained in T-25 culture flasks (Becton Dickinson) at 37 C in a humidified, 

5% CO2 incubator.  The cells were cultured in Iscove’s Modified Dulbecco’s Medium (IMDM, 

Invitrogen) supplemented with 10% fetal bovine serum (FBS, Invitrogen) and 1% Penicillin-

Streptomycin (Gibco).  To monitor culture density, cells were counted, as outlined below and 

maintained at a density between 1 x 105 and 1 x 106 cells/mL. 

 

Cell Counts Using Trypan Blue Exclusion 

     Equal volumes of well mixed cell suspension and 0.4% trypan blue solution (T-8154, Sigma-

Aldrich) were combined and incubated for 2-3 min at room temperature.  Cell counts were 

conducted using a hemacytometer and Olympus CX 31 light microscope.  Cells that stained blue 

were deemed nonviable and were therefore excluded from the count. 
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Cell Differentiation and Resveratrol Treatment 

     HL-60 cells (1.0 x 105 cells/mL) were incubated with 100 nM calcitriol for 96 h or 30 M 

resveratrol for 120 h.  Control cell cultures contained absolute ethanol (0.1%) or DMSO (0.03%).  

Calcitriol or resveratrol-differentiated HL-60 cells, (1.0 x 106 cells/mL) were collected and 

treated with varying concentrations of resveratrol (50-500 µM), and sampled between 6-8 h.  

Etoposide (20-250 µM) was used to induce apoptosis in control cultures. 

 

Analysis of Induction of Differentiation 

     Induced cells were sampled and analyzed based on their capacity to reduce nitroblue 

tetrazolium (NBT).  Briefly, 1.0 x106 cells/mL were harvested and washed in phosphate buffered 

saline (PBS) to remove the media and extracellular O2
-.  The cells were resuspended in a solution 

containing 1 mg/mL NBT and 1 µg/mL phorbol 12-myristate 13-acetate (PMA) and incubated 

for 30 min at 37˚C, followed by centrifugation and resuspension of the formazan pellet in 

DMSO.   

     For the nonspecific esterase (NSE) assay, treated cells (1.0 x106 cells/mL) were harvested, 

washed and resuspended in potassium phosphate buffer.  The cells were incubated with the 

substrate α-naphthyl acetate for 10 min at room temperature and then the dye, tetrazotized O-

dianisidine, was added.  After 2 min incubation the samples were analyzed.  Monocytes possess 

enzymes that hydrolyze α-naphthyl acetate to produce α-naphthol which couples with the dye.  

Both assays were conducted in 96-well microtiter plates and evaluated using Molecular Devices 

SpectraMax 190 plate reader at a wavelength of 560 nm for NBT and 620 nm for NSE. 

     Morphological characteristics were monitored using the Hema 3 stain kit and light microscopy 

(Olympus CX 31). 
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Detection of DNA Fragmentation by Agarose Gel Electrophoresis 

     Differentiated HL-60 cells (1.0 x 106 cells/mL) were harvested 6-8 h after induction and the 

DNA was extracted using the GenElute™ Mammalian Genomic DNA Miniprep Kit (G1N-70, 

Sigma-Aldrich).  The DNA was analyzed by 1.2% agarose gel electrophoresis and visualized by 

post-staining the gel in a solution containing ethidium bromide. 

 

Detection of Chromatin Condensation and Membrane Permeability 

     Cells were pelleted and resuspended in a solution of Hoescht 33342 (100 µg/mL) and 

propidium iodide (2 µg/mL) in PBS and observed by fluoresecent microscopy (Zeiss), as 

described by DiBartolomeis and Moné, (2003).  Late apoptotic cells and therefore membrane 

permeability were distinguished by the uptake of propidium iodide.  Nuclei that stained 

homogenously with Hoescht 33342 and propidium iodide simultaneously were determined to 

have undergone necrosis. 
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RESULTS 

Growth and Differentiation of HL-60 Cells Treated with Calcitriol or Resveratrol 

     To induce monocytic differentiation HL-60 cells were treated with 100 nM calcitriol and cell 

growth was monitored for 96-120 h.  Growth inhibition occurred approximately 48 h after 

treatment with calcitriol, and proliferation resumed after 96 h, returning to a rate comparable to 

control cells.  Cells treated with the carrier 0.1% ethanol were not affected.  (Figure 2). 

          In separate experiments, HL-60 cells were treated with 25 or 30 M resveratrol and cell 

growth was monitored for 120 h.  In this case, growth inhibition was initiated within the first 24 h 

and cell number only slightly increased over the indicated time (Figure 3).  The growth rate in 

cells treated with 0.025% or 0.03% DMSO was comparable to untreated cells.  

     Calcitriol and resveratrol-treated cells both tested positive for nitroblue tetrazolium reduction 

and nonspecific esterase activity.  Cells that have differentiated, either to granulocytes or 

monocytes will have the ability to reduce nitroblue tetrazolium, while only monocytes will 

produce a positive result in the NSE assay.  Calcitriol treated cells had NBT activity 5.1 x and 

NSE 1.7 x that of untreated cells and resveratrol treatment increased NBT staining 2.6 x and NSE 

~ 1.6 x (Table 2).  Of particular importance, calcitriol resulted in a considerable increase in NBT 

reduction compared to resveratrol-treated cells.   

Table 2. Summary of Nitroblue Tetrazolium (NBT) Reduction and Nonspecific Esterase (NSE) Assays.  
Reported as ratios compared to untreated cells.   

Sample NBT NSEǂ 

Ethanol, 0.1% 1.103 0.938 

Calcitriol, 100nM 5.673ǂ 1.559 

Resveratrol, 30M 2.822 1.539 
ǂ Pooled results from 2 separate experiments. 
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Figure 2.  Viable cell count from 2 separate experiments. 1.0 x 105 cells/ml were treated with 0.1% 
ethanol or 100 nM calcitriol and monitored for 4-5 days using Trypan Blue exclusion dye. The counts 
represent duplicate samples for each experiment. 

 

Figure 3. Viable cell counts from 2 separate experiments and monitored for approximately 5 days using 
Trypan Blue exclusion dye. (A) 1.0 x 105 cells/mL were treated with 0.03% DMSO or 30 M resveratrol 
and (B) 2.0 x 105 cells/mL were treated with 0.025% DMSO or 25 M resveratrol. 
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     In addition, morphological examinations of the cell culture and stained cells indicated the 

induction of differentiation in both calcitriol and resveratrol-treated cells; however their 

morphology differed slightly.  Figure 4 illustrates the morphological changes that occurred 

during differentiation using 100 nM calcitriol (4B) or 30 M resveratrol (4C).  Figure 4A 

represents untreated cells.  Comparing cells in the treated cultures, it is evident that resveratrol 

generated larger cells with smoother surfaces; while calcitriol produced many irregularly shaped 

cells that appear much smaller.  Observation of stained cells revealed similar results (Figure 5).  

Resveratrol treated cells are larger, with foamy cytosol typical of monocytes; while calcitriol 

treated cells stain darker blue and the cytoplasm appears more dense. 

 

 

 

Figure 4. Phase-contract micrographs (40x) showing morphological changes in HL-60 cells treated with 
resveratrol or calcitriol. (A) Untreated cells; (B) Cells treated with 100nM calcitriol; and (C) Cells treated 
with 30 M resveratrol.   
 

B

 

C

A B 

 

C 
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Figure 5. Monocytic HL-60 cells stained using the Hema 3 kit and observed under oil immersion (100x). 
The cells were treated with 100 nM calcitriol (A) for 96 h or 30 M resveratrol (B) for 120 h. 
 

Detection of DNA Fragmentation by Agarose Gel Electrophoresis 

     To detect DNA laddering, calcitriol and resveratrol-differentiated HL-60 cells were treated 

with 50-500 M resveratrol or 20-250 M etoposide for 6 - 8 h, followed by DNA extraction and 

gel electrophoresis.  In cells pretreated with 0.1% ethanol or 100 nM calcitriol for 90 h (Figure 

6A), DNA laddering was evident in all samples (Lanes 2 - 4) treated with 250 M etoposide, 

however only the ethanol sample (Lane 5) was fragmented by 250 M resveratrol.  In cells 

pretreated with 0.025% DMSO, 25 M resveratrol, or left untreated for 120 h (Figure 6B), both 

250 M etoposide and 250 M resveratrol produced DNA fragmentation (Lanes 2 - 9) after 6.5 

h.   

BA 

BA
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     Figure 6.  DNA laddering in HL-60 cells treated with 250 μM etoposide or 250 μM resveratrol. DNA was 
extracted using the GenElute™ Mammalian Genomic DNA Miniprep Kit and resolved on a 1.2% agarose 
gel. Key: 1st letter indicates differentiation treatment; 2nd letter indicates apoptosis-inducing agent. M: 2-
log DNA marker. (A) Cells were pretreated with 0.1% ethanol, E or 100 nM calcitriol, C and induced to 
undergo apoptosis using etoposide, E or resveratrol, R for 8 h. (B) Cells were pretreated with 0.025% 
DMSO, D, 25 μM resveratrol, R or left untreated, U and induced to undergo apoptosis using etoposide, E 
or resveratrol, R for 6.5 h. 

 

Detection of Chromatin Condensation and Membrane Permeability 

     To detect chromatin condensation and membrane permeability, calcitriol and resveratrol-

treated cells were incubated in a solution containing Hoescht 33342 and propidium iodide in 

PBS.  Calcitriol-treated HL-60 cells did not show chromatin condensation after treatment with 

50-250 M resveratrol for 4 h. (Data not shown).  Instead, all the nuclei were homogenously 

stained by both Hoescht 33342 and propidium iodide.  Therefore it was concluded that the cells 

had died via necrosis. 

     Resveratrol-treated cells, on the other hand, did reveal chromatin condensation after 12 h 

treatment with resveratrol, confirming that resveratrol induced apoptosis in these cells.  Figure 7 

BA 
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shows chromatin condensation (A) and compromised membrane permeability (B) in HL-60 cells 

treated with 100 M resveratrol. 

     
 
Figure 7.  Fluorescent micrograph (60x) showing chromatin condensation (A) and compromised 
membrane permeability (B) on same field of view. HL-60 cells were treated with 100 M resveratrol for 
12 h and exposed to a solution containing Hoescht 33342 and propidium iodide. The solid arrows are 
pointing to nuclei that are in early stages of apoptosis, i.e., chromatin condensation is evident, however the 
membranes are still intact since the cells did not take up propidium iodide.  The open arrows are pointing 
to a cell that has died via necrosis, since the nucleus is stained homogenously with Hoescht 33342 and 
propidium iodide simultaneously. 

 

A B 
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DISCUSSION 

Growth and Differentiation in HL-60 Cells 

       In vitro differentiation in HL-60 cells can occur along the granulocytic or monocytic lineage, 

depending on the treatment employed (Collins, 1987).  Monocytic differentiation of these cells 

provides an ideal model to investigate the mechanisms of apoptosis, since these cells continue to 

proliferate after treatment; whereas cells induced along the granulocytic pathway are terminal 

(Collins et al., 1978).  Compounds such as calcitriol (Marcinkowska et al., 2001; Mosieniak, 

2006) and resveratrol (Ragione et al., 1998) have previously been shown to induce monocytic 

differentiation in HL-60 cells.  In this study, it was noted that there were differences in the 

characteristics obtained from calcitriol and resveratrol treatment of HL-60 cells. 

     In calcitriol-treated cells, proliferation was inhibited after 48 h and resumed approximately 40 

h later (Figure 2).  These results are not consistent with earlier observations as the effect of 

calcitriol-treated HL-60 cells on proliferation was previously shown to occur within 24 h (Bar-

Shavit et al., 1983; Matsuhisa and Mori, 1995).  Inhibition of hemopoietic cell proliferation is a 

normal occurrence, as the cells exit the cell cycle to carry out differentiation, and then return to 

dividing.  The delay in differentiation experienced herein may be attributed to the possible 

degradation of calcitriol.  Calcitriol is a sensitive compound and must be stored under inert gas, 

protected from light to preserve its activity (Marcinkowska et al., 2001; Mosieniak, 2006).  Once 

in solution calcitriol’s efficacy quickly deteriorates as the molecule degrades due to exposure to 

light and air.  Here, it was determined to be effective for at least 1 week in solution when stored 

at -20 C.  The growth pattern reflected in Figure 2 shows that calcitriol may have been 

progressing towards degradation; however its activity was still sufficient to induce 
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differentiation.  Resveratrol-treated cells, on the other hand, showed growth inhibition (Figure 3) 

within the first 24 h, which is consistent with published results (Ragione et al., 1998). 

     It was difficult to definitively identify the calcitriol-differentiated cells.  Based on the 

differentiation (NBT and NSE) assays in this study, it was presumed that calcitriol or resveratrol 

treatment induced HL-60 cells to mature along the monocytic lineage.  Specifically, the NSE 

assay, which distinguishes monocytes from granulocytes (Collins, 1987) indicated that calcitriol 

and resveratrol-treated cells both tested positive for nonspecific esterase activity (Table 2).  The 

NBT assay is indicative of differentiation to either granulocytes or monocytes, as both cell types 

have the ability to produce superoxide anions.  Based on these results (Table 2), it was 

recognized that perhaps the differentiated cells may be a combination of myelocytes, immature 

monocytes and monocytes, with a much greater fraction of cells of the granulocytic lineage in the 

calcitriol-treated cells.  This is similar to myelomonocytic leukemia, where the cancerous cells 

are a population with characteristics of both myelocytes and monocytes (Leukemia & 

Lymphocyte Society, 2004).   

     Microscopic analysis confirmed there were morphological differences between the calcitriol 

and resveratrol-differentiated HL-60 cells.  Although the differentiated cells in both cultures 

tested positive for NSE, indicating monocytes, their slight difference in appearance led to 

inconclusive identification of the cell type present.  Typical monocytes are 15-20 µm in size, 

have ‘foamy’ appearing cytoplasms and indented nuclei.  The monocytes produced by calcitriol 

were slightly smaller and irregularly shaped compared to those produced by resveratrol (Figures 

4 & 5).  As well, a significant number of cells with the appearance of myelocytes were observed 

with calcitriol treatment (data not shown), which explains the high ratio obtained in the NBT 

assay. 
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     In order to confirm monocytic differentiation, more sophisticated tests can be performed. 

Other phenotypic characteristics associated with monocytes include the presence of specific cell 

surface markers, such as CD11b and CD14 or insulin receptors which can be serologically probed 

using antibodies conjugated to fluorescent tags (Collins, 1987; Marcinkowska et al., 2001; 

Mosieniak, 2006).  This method would confirm the presence of monocytes as well as easily 

quantify the proportion of differentiated cells in a sample using flow cytometry. 

      

Effect of Resveratrol and Etoposide on Differentiated HL-60 Cells 

     Monocytic differentiation in HL-60 cells is reported to result in resistance to apoptosis-

inducing agents (Marcinkowska et al., 2001; Mosieniak, 2006).  Despite this, curcumin has been 

shown to induce apoptosis in calcitriol-differentiated cells (Mosieniak, 2006).  Due to these 

previous observations, and the observed differences in HL-60 pretreated with calcitriol and 

resveratrol found herein, the effect of resveratrol on both calcitriol-differentiated and resveratrol-

differentiated HL-60 cells was investigated. 

     Resveratrol (50 - 500 M) did not induce apoptosis in calcitriol-differentiated HL-60 cells.  

DNA fragmentation was not achieved in 4 separate experiments and fluorescent microscopic 

analysis using a solution of Hoescht 33342 and propidium iodide did not reveal any chromatin 

condensation in the calcitriol-treated cells incubated with resveratrol.  Instead, most of the nuclei 

stained homogenously with Hoescht 33342 and the cells took up the propidium iodide, indicating 

death via necrosis (data not shown).   

     Cell death via necrosis rather than the expected apoptosis may be due to the nature of the cells, 

that is, their differentiation state.  This could be explained in two ways: firstly, there may not 

have been sufficient monocytes in the culture.  Pretreatment with calcitriol was carried out for 
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approximately 96 h in each experiment before inducing apoptosis.  Due to the possible decrease 

in effectiveness of calcitriol, the culture may have required a longer exposure time to induce 

differentiation.  Treatment for an additional 24 - 48 h may have resulted in an increased 

proportion of monocytes in the culture, which would have presumably undergone death by 

apoptosis rather than necrosis.  Secondly, the calcitriol treated cells contained a significant 

number of ‘myelocytic’ cells, which could be granulocytes; leading to the speculation that 

resveratrol may be cytotoxic to granulocytes.  This hypothesis could be tested by inducing 

granulocytic differentiation in HL-60 cells 1.25% DMSO (Collins et al., 1978), followed by 

treatment with resveratrol.  If the result indicates necrosis, then it may be justifiable to identify 

the calcitriol-treated cells in this study as granulocytes. 

     Resveratrol (250 M) was shown to induce apoptosis in HL-60 cells that were pretreated with 

low concentrations of resveratrol.  DNA laddering (Figure 6B) was evident and fluorescent 

microscopy using a solution of Hoescht 33342 and propidium iodide revealed chromatin 

condensation.  This suggests that resveratrol-differentiated cells died via apoptosis, unlike 

calcitriol-differentiated cells which appeared to die via necrosis.  HL-60 cells treated with 

resveratrol were previously shown to decrease the level of the anti-apoptotic protein, Bcl-2 (Surh 

et al., 1999), thus increasing their susceptibility to apoptosis.  In contrast, HL-60 cells treated 

with calcitriol were shown to increase the level of the anti-apoptotic protein, Mcl-1 (Wang and 

Studzinski, 1997), thus making them more resistant to apoptosis.  These findings could help 

account for the results obtained in this study, i.e., cells treated with resveratrol are more likely to 

undergo apoptosis than calcitriol-treated cells.  

     Etoposide (20 μM), a well known chemotherapeutic compound was previously shown to have 

no effect on calcitriol-differentiated cells (Mosieniak et al., 2006).  This is unusual, as in most 
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other systems, etoposide induces apopotosis.  Contrary to Mosieniak et al., in this study, 20 - 250 

μM etoposide (Figure 6) always induced apoptosis, in both calcitriol and resveratrol-treated cells 

as well as undifferentiated cells.  

     To summarize, resveratrol did not induce apoptosis in calcitriol-differentiated cells, as was 

initially hypothesized.  A possible explanation for this result could be attributed to the sensitivity 

of calcitriol to air and light, which in turn negatively affected the differentiation of HL-60 cells 

along the monocytic pathway.  Either a longer exposure or higher concentration of calcitriol 

might reproduce the results obtained by other researchers.  Moreover, it was interesting to 

observe necrosis in these cells instead of the induction of apoptosis.  Why would resveratrol 

induce apoptosis in undifferentiated or resveratrol-differentiated cells and not in calcitriol-

differentiated cells?  The difference must lie within the cell type, i.e., granulocytes vs monocytes. 

     There are two new discoveries; firstly the successful induction of apoptosis in cells pretreated 

with low concentrations of resveratrol over a 5 day period has not been previously shown.  

Secondly, it was shown here that resveratrol-differentiated HL-60 cells could be maintained as 

monocytes for an extended period of time (at least 25 d) by supplementing the media with 10 µM 

resveratrol.  These cells were maintained in order to provide a supply of monocytes as positive 

controls for the NBT and NSE assays; however, they could be used in other applications, such as 

model systems to study the mechanisms of apoptosis, with the advantage of eliminating the 5 d 

waiting period that is required to produce monocytes from HL-60 cells.  Another beneficial 

characteristic associated with these ‘modified HL-60 cells’ is that they only require subculturing  

every 4 -5 days as they never resume the same proliferative activity as undifferentiated HL-60 

cells.  Moreover, the induction of differentiation in resveratrol-treated HL-60 cells is reversible, 
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as shown by Ragione et al., since the cells return to a normal rate of proliferation upon removal 

of resveratrol (Ragione et al., 1998). 
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