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ABSTRACT 

Background: Prostate cancer is the most common cancer in men over the age of 60 in Western countries. An estimated 
241,740 new cases of prostate cancer have been diagnosed in the United States in 2012 with a death toll of 28,170. Va-
rieties of natural phytochemicals such as genistein and topotecan have shown potential chemotherapeutic capacities and 
are being used to inhibit the growth and proliferation of cell in prostate cancer. Purpose of Study: In this study, we aim 
to determine the efficacy of Vitamin D3-Topotecan combination compared to Genistein-Topotecan in apoptosis induc-
tion in LNCaP prostate cancer cells. Methods: LNCaP cells were grown in complete RPMI medium and cultured at 
37˚C, 5% CO2 for 23 - 48 hrs to achieve 70% - 80% confluence. The cells were then treated with Genistein-Topotecan, 
Vitamin D3-Topotecan combination and TPT alone for 24 - 48 hours. In addition, post-treatment assayed using: Trypan 
Blue exclusion and MTT for cell viability, Ethidium bromide/Acridine orange to determine apoptosis induction, Rho-
damine 123/Ethidium bromide to differentiate between viable, apoptotic, and necrotic cells, as well as to assess possible 
apoptotic mechanism, and DNA fragmentation to discriminate between apoptotic and necrotic cell death. Results: The 
overall data indicated the dose-and time-dependent cell death in the LNCaP cells and apoptosis as the major mechanism 
of treatment-induced cell growth arrest. Conclusion: The Genistein-Topotecan combination treatment was significantly 
more efficacious in growth inhibition of LNCaP cells compared to Vitamin D3-Topotecan or Topotecan alone. 
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1. Introduction 

In 2012 about 241,740 new cases of prostate cancer were 
diagnosed making this type of cancer the second most 
common type of male cancer in America, preceded only 
by skin cancer. Furthermore, nearly 28,170 died this year 
from this condition [1]. American men have a 1 in 6 
chance of developing prostate cancer during their life-
time. Prostate cancer occurs in older men usually over 
the age of 60. The risk factors for prostate cancer include: 
age, ethnicity, family history, diet, and obesity. A variety 
of natural dietary phytochemicals such as Genistein in 
soybean, have been proven to have chemotherapeutic 
capabilities. Genistein isoflavone (4’5’7-trihydroxy- 
isoflavone) is the major dietary flavonoid found in soy 
(derived from soybean). Soy naturally contains genistin: 
beta-glucoside, which is broken down in the gastrointes-
tinal tract, into genistein through fermentation by mi-
crobes [2,3]. Exposure of malignant cells to genistein has  

shown genistein’s ability to inhibit cell growth and pro-
liferation. Potential mechanisms of action have been 
identified in various studies and include: alteration of 
signal transduction pathways, caspase protease activation 
and regulation of the cell cycle [4-7]. In addition gen-
istein inhibits topoisomerase II enzyme, and angiogenesis 
through the blockage of VEGF signaling. Genistein has 
structural similarity to estrogen [7-9]. Genistein-induced 
apoptosis in carcinoma cells has been shown to be due to 
genistein’s ability to control expression of apoptosis- 
related genes, such as up-regulation of Bax, and utiliza-
tion of an independent p53 pathway. Genistein also in-
duces apoptosis via other signal pathways including: in-
crease in caspase-3 protease activity, initiation of DNA 
damage and halting of the cell cycle at the G2/M phase 
[5-10]. Studies have proven its low cytotoxicity against 
other chemo and radiation therapy. 

Another micronutrient of potential prophylactic/thera- 
peutic significance is Vitamin D3. Vitamin D3 also known 
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as the “Sunshine Vitamin” is a group of fat-soluble se- 
costeroids. It can be ingested as cholecalciferol (Vitamin 
D3) or ergocalciferol (Vitamin D2) and the human body 
can also synthesize it when sun exposure is adequate. 
The active form of vitamin D in the body is 1,25-dihy- 
droxyvitamin D, or calcitriol, which can be made from 
either vitamin D2 or vitamin D3. To make the active form, 
vitamin D2 and vitamin D3 are modified in the liver to 
produce 25-hydroxyvitamin D, which travels through the 
blood to the kidneys, where it is modified further to make 
1,25-dihydroxyvitamin D. 

Previous research indicates that the human prostate 
cancer cell line possesses Vitamin D receptors (VDR) 
[11-13]. Calcitriol [1alpha,25-dihydroxyvitamin D3] 
(VD3) is the natural ligand of the vitamin D receptor 
(VDR). Studies show that VD3 could down regulate the 
antiapoptotic proteins Bcl-2, Bcl-X(L), and Mcl-1, 
BAG1L, XIAP, cIAP1, and cIAP2 (without altering the 
proapoptotic Bax and Bak) in association with increase 
in apoptosis [14]. In VDR sensitive LNCaP cell lines, 
VD3 activates downstream effector protease, caspase-3, 
and upstream initiator protease caspase-9, the apical pro-
tease in the mitochondrial (“intrinsic”) pathway for apop- 
tosis. VD3 induced declines in antiapoptotic proteins and 
also stimulated cytochrome c release from mitochondria 
by a caspase-independent mechanism [15]. Moreover, 
apoptosis induction by VD3 was suppressed by overex-
pressing Bcl-2, a known blocker of cytochrome c release, 
whereas the caspase-8 suppressor CrmA afforded little 
protection [15]. Thus, VD3 is capable of inhibiting ex-
pression of multiple antiapoptotic proteins in VDR- 
expressing prostate cancer cells, leading to activation of 
the mitochondrial pathway for apoptosis. Synthetic ana-
logs of vitamin D3 like 25-hydroxyvitamin D3, is known 
to exhibit reduced calcemic activity and can elicit anti-
proliferative effects and other biological actions in 
LNCaP cells [16]. Taken together, epidemiological and 
dietary data suggest that both genistein and vitamin D3 
play important role in protecting against prostate cancer 
[17,18].  

Like Genistein, another recently known anti tumor 
phytochemical is Topotecan, which also induces apop-
tosis in cancer cells. Topotecan is an FDA approved 
chemotherapy agent under the commercial name of Hy-
camtin, also referred to as topotecan hydrochloride 
(topotecan HCl). It was approved for treatment of multi-
ple types of cancer, but it is most widely used for cervi-
cal and small cell lung cancer [19,20]. It is a phyto-
chemical and a semisynthetic derivate of camptothecin. It 
was isolated from the bark and stem of Camptotheca 
acuminata (Camptotheca, Happy tree), a tree native to 
China [21,22]. Camptothecin, an alkaloid phytochemical 
is able to arrest cell growth and proliferation in several 
carcinoma cell lines. However, it has low solubility and 

early clinical trials reported adverse side effects, includ-
ing bone marrow suppression [22-24]. 

Topotecan has anti-neoplastic properties and is a cy-
totoxic quinoline-based alkaloid which, during the S 
phase of the cell cycle, inhibits the standard function of 
topoisomerase I, an enzyme that deals with replication, 
repair, and recombination of the double stranded DNA 
by relieving torsional stress with reversible single strands 
cuts to the molecule. Topotecan interferes with the usual 
DNA-Topoisomerase I binding, thus preventing the re-
annealing and repair of the single strands back to the 
stable double bond conformation. As a result the conti-
nuity of the replication fork is disrupted, replication is 
halted, and lethal double strand fragments are made 
which ultimately initiate apoptosis signaling. Intercala-
tion displaces the downstream DNA, thus preventing re- 
ligation of the cleaved strand. By specifically binding to 
the enzyme-substrate complex, Topotecan acts as an un-
competitive inhibitor [25-27]. 

Topotecan has low solubility and it has shown to have 
a high toxicity level for the optimum working concentra-
tion and dosage. Therapeutically, topotecan is mainly 
used as second line treatment against prostate cancer or 
recurring prostate tumors [28]. Cytotoxic side effects 
include: myelosuppression, low blood counts and sup-
pression of the immune system leading to an increase in 
susceptibility to infection [25,26]. However, topotecan 
has been associated with inducing oxidative stress and 
increase in ROS (Reactive oxygen species) and nitrite. 
Increase in ROS causes irreversible damage to protein by 
forming protein carbonyl derivative and also elevates 
DNA stress and damage, ultimately leading to the induc-
tion of apoptotic cell death [29-31]. 

Genistein-Topotecan (Gn-TPT) combination has been 
shown to induce significant levels of apoptosis in pros-
tate cancer [32]. Synthetic analogs of Vitamin D3 like 
cholecalciferol (25-hydroxyvitamin D3) has low hyper-
calcemic activity and low toxicity [16]. Here we investi-
gated the potential additive effect of 25-hydroxyvitamin 
D3 in 25-hydroxyvitamin D3-Topotecan (Vit D-TPT) 
combination compared to the Gn-TPT combination in 
apoptosis induction in LNCaP prostate cancer cells. The 
potential mechanism of apoptosis induction was also 
determined. 

2. Materials and Methods 

2.1. Cell Line 

LNCaP (complements of Rumbaugh-Goodwin Institute 
for Cancer Research [RGI], Plantation, Fl) cells were 
cultured and maintained in complete RPMI 1640 (Sigma- 
Aldrich Chemical Co., St Louis, Mo, USA) media with 
10% Fetal Bovine Serum and 1% penicillin/streptomy- 
cin.  
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2.2. Test Agents 

Genistein isoflavone (Gn) (Sigma-Aldrich, St. Louis, 
MO) and 25-hydroxyvitamin D3 [Cholecalciferol] (Vit 
D) (Sigma-Aldrich, St. Louis, MO) were dissolved with 
dimethylsulfoxide (DMSO) and diluted with RPMI-me- 
dia to produce aliquots of 20 μM concentration.  

Topotecan Hydrochloride (TPT) (Drummond Scien-
tific Co., Broomall, PA) was diluted into a stock solution 
with dimethylsulfoxide (DMSO). Stock solution of TPT 
was further diluted with RPMI-media to produce aliquots 
ranging in concentration from 2 - 10 μM (TPT 2 - 10 
μM).  

Final concentrations of DMSO for genistein, topotecan, 
and 25(OH)D3 did not exceed 0.05%. 

2.3. Treatment 

The LNCaP cells were cultured in 75 cm3 flask at 37˚C, 
5% CO2 and 89% - 90% humidity to achieve 80% - 90% 
confluence. The cells were harvested, centrifuged and 
reconstituted into suspension with fresh RPMI 1640 me-
dia. 5 × 103 cells in 100 μl of media were dispenses into 
each well of 96 well microtiter plates and cultured for 48 
hours to allow adherence and obtained > 80% confluence. 
The supernatants were aspirated and the adhered cells 
were treated with: 1) TPT; 2) Gn-TPT combination; 3) 
Vit D-TPT combination. 

Cell cultures were distributed into three treatment 
groups, with Gn-TPT combination (Gn 20μM + TPT 2-10μM), 
Vit D-TPT combination (Vit D 20μM + TPT 2-10μM) and 
single TPT (TPT 2-10μM) dosages. Experiments had con-
trol groups consisting of LNCaP cells cultured in RPMI 
1640 media (with 10% FBS, 1% penicillin/streptomycin 
and L-glutamine) without treatment. All treatments were 
done in triplicates, and cultured for 24 - 48 hours in a 
humidified incubator at 37˚C and 5% CO2. At 24 and 48 
hours post-treatment/culture, cells were subjected to as-
say analysis as follows: 

2.4. Trypan Blue Assay 

Trypan blue exclusion-hemocytometer counting was 
used to assess the percent viability and initial concentra-
tion of the LNCaP cells prior to treatment, according to 
standard procedures [33,34]. 

2.5. MTT Assay 

MTT [3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium 
bromide], a tetrazolium dye, is used to determine meta-
bolic status and cell viability. Since the resulting color 
intensity correlates directly with the amount of metab-
olically active cells in each well, cell viability can be 
quantitatively determined by measuring the optical den-
sity (OD) in individual wells. After briefly treating the 

cells as described previously, a volume of 10 μL of MTT 
reagent was added to each well at 24 hours and 48 hours 
post-treatment. The plates were further incubated at 37°C 
and 5% CO2 for 4 hours in the dark, after which a vol-
ume of 100 μL of DMSO was added to the cells to solu-
bilize the formazan. Absorbance (OD) of the resultant 
solution was read at 490 nm using a Multiskan mi-
croplate reader (Molecular Devices, Inc., Sunnyvale, 
CA). The OD obtained was graphed against the concen-
trations of the drugs. The IC50 was extrapolated from the 
graphs as a measure to determine the concentration re-
quired to obtain expected results and compare the data. 

2.6. Acridine Orange/Ethidium Bromide  
Fluorescence Assay 

The acridine orange (AcrO)/ethidium bromide (EtBr) 
fluorescence assay was used to differentiate between 
viable, apoptotic, and necrotic cells based on fluores-
cence emission characteristics. Acridine orange perme-
ates both viable and non-viable cells, causing the nuclei 
to emit green fluorescence. Since absorption of ethidium 
bromide is based on the disruption of cell membrane in-
tegrity, ethidium bromide selectively stains the nuclei of 
dead (non-viable) cells to produce red fluorescence. Cells 
that emit orange/brown colored fluorescence are indica-
tive of apoptosis, while necrotic cells emit red fluores-
cence. Briefly, Ethidium bromide (25 μL) and acridine 
orange (75 μL) were mixed to make a cocktail: 3 μL 
were added to 25 μL of the cell suspensions. Wet-mounts 
were prepared using 10 μL of each cell suspension and 
analyzed under a fluorescent microscope with a band- 
pass filter. Apoptotic cell death was quantified by count- 
ing a total of 150 cells per 2 to 3 fields of view. 

2.7. Rhodamine 123/Ethidium Bromide  
Fluorescence Assay 

The rhodamine 123 (Rh 123)/ethidium bromide (EtBr) 
fluorescence assay was also used to differentiate between 
viable, apoptotic, and necrotic cells, as well as to deter-
mine the possible mechanism of apoptosis, based on mi-
tochondrial transmembrane potential. Rh 123 is a cati-
onic fluorochrome which utilizes the transmembrane 
potential of active mitochondria to diffuse into cells. The 
intact mitochondrial membranes of living cells therefore 
allow absorption of the dye, resulting in the emission of 
bright green fluorescence. Cells, in which the integrity of 
the mitochondrial membrane has been impaired (non- 
viable cells), stain lightly with Rh123. However, ethi- 
dium bromide selectively enters the disrupted mem-
branes of dead cells and stains the nuclei to produce red 
fluorescence. Cell samples were briefly washed three 
times in PBS and resuspended in a final volume of 25 μL. 
Each cell suspension received 2 μL of the Rh 123 stock 
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solution and was incubated at 37˚C for 5 minutes. Each 
cell suspension then received 20 μL of EtBr stock solu-
tion and was incubated at room temperature for 5 min-
utes. Finally, 10 μL of each cell mixture was transferred 
onto a microscope slide covered with a cover slip and 
examined/analyzed under a fluorescent microscope with 
a band-pass filter. Green fluorescence is indicative of 
viable cells; orange/brown cells are apoptotic while ne-
crotic cells emit red fluorescence. The percentage of 
apoptotic cell death was quantified from an average of 
150 cells spread across two to three regions/views on 
each slide. 

2.8. DNA Fragmentation Assay 

DNA fragmentation assay distinguishes between necrotic 
and apoptotic cell death. Cells undergoing apoptosis will 
cleave their nuclear DNA into 180 - 200 bp DNA breaks, 
which can be detected through electrophoresis. Ne-
crotic-induced cell death results in irregular DNA breaks, 
which will appear as smears in the gel. Briefly, after 
treating the LNCaP cells as previously described, cells 
were collected and washed in PBS. Following the proto-
col from the DNeasy Blood and Tissue Kit (Qiagen, Va-
lencia, CA), DNA was extracted from the pellet and 
quantified using the NanoDrop ND-2000 spectropho-
tometer (Nano-Drop Technologies, Wilmington, DE). A 
2% agarose gel was prepared with 2 µL EtBr and loaded 
with 10 ng of DNA extract per well. A 1kb DNA ladder 
was also loaded into one well of the gel as a marker to 
aid quantification and sizing of the DNA fragments. Gel 
electrophoresis was performed at 90 - 100 mV for 30 - 45 
minutes, and bands in each channel were examined. 

2.9. Statistical Analyses 

Experiments were performed in triplicate and repeated 
thrice to confirm results. Significance of the differences 
in mean values was determined using Graphpad Prism 
and the Student’s t-test. Statistical significance was de-
fined as p ≤ 0.05. 

3. Results 

3.1. Growth Inhibition 

The MTT assay was utilized to test the effects of gen-
istein, 25(OH)D3, and topotecan on the viability/chemo- 
sensitivity of LNCaP prostate carcinoma cell lines. Data 
collected was analyzed based on the knowledge that the 
absorbance is directly correlated with the amount of vi-
able cells. Results showed that in general the number of 
viable cells decreased as the concentration of the drugs 
increased with time of exposure, demonstrating a dose 
dependent as well as time dependent relationship (Fig-
ures 1(a)-(c)). However, for the combination treatment 

of Vit D-Topotecan (VitD20µM-TPT2-10µM) there was no 
significant difference in comparison to the single treat-
ment of Topotecan (P > 0.05) at 48 hours (Figure 1(d)). 
The combination treatment of Genistein-Topo-tecan 
(Gn20µM-TPT2-10µM) for upto 48 hours showed a more 
significant dose and time dependent decrease (P < 0.001) 
in cell viability than the former two treatments (Figures 
2(a) and (b), Figure 1(d)). Based on MTT results from 
previous experiment [31], the EC50 dose of genistein was 
calculated as 30 µM. In the present study, TPT and Vit D 
did not show a significant decrease in cell viability at this 
concentration. 

3.2. Acridine Orange/EtBr Assay and Apoptosis  
Induction 

The AcrO/EtBr assay determines whether any of the 
treatment regimens induced some of the morphological 
landmark features of apoptosis in the treated cells. The 
result indicated that both combination and single treat-
ments induced apoptosis. At 24 hours, the combination 
of Gn20µM-TPT10µM induced the greatest apoptosis cell 
death compared to the Vit D-TPT combination at the 
same concentrations (p < 0.01). (Figure 3). 

3.3. Rhodamine 123/Ethidium Bromide Assay 

The Rh 123/EtBr assay utilized differential fluorescent 
staining of viable, apoptotic and necrotic cells to confirm 
the type of treatment-induced LNCaP cell death, as well 
as to determine the possible mechanism of action for 
apoptosis (Figure 4(b)). A greater number of orange/ 
brown stained cells were observed in all the treatment 
groups in a dose and time dependent manner (Figure 
4(c)). Apoptotic cells with compromised mitochondria 
showed a reduced transmembrane potential and were 
visibly stained as described earlier. This suggested the 
use of the intrinsic-mitochondrial apoptotic pathway and 
the activation of caspase proteases involved in apoptosis. 
Results showed that initially 2 µM dose of single treat-
ment with Topotecan was more effective compared to the 
combination treatments. However, with increased con-
centration, Genistein-TPT proved to be more effective in 
cell growth inhibition at a concentration of Gn20µM- 
TPT10µM (Figure 4(a)) compared to single Topotecan 
treatment, and VitD-TPT combination at the same con-
centration (p < 0.01). 

3.4. DNA Fragmentation Assay 

The presence of uniform DNA fragments (Lane 4 - 6, 
Figure 5) indicated the induction of apoptotic cell death 
in LNCaP cells when treated with the combination dos-
ages and single dose of topotecan. DNA breaks of 180 - 
200 bp were consistent with the morphological charac-
teristics of apoptosis. Control samples did not demon- 
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(a)                                                           (b) 

    
(c)                                                           (d) 

Figure 1. (a)-(c) Growth and viability of LNCap cells was assessed using the MTT Assay. The cells were treated with varying 
concentrations of Topotecan(TPT2-10μM), Vitamin D3-Topotecan(VitD20µM-TPT2-10μM) and Genistein-Topotecan (Gn20µM-TPT2-10μM) 
combinations for 24 - 48 hrs; then incubated at 37˚C, 5% CO2, and 89% humidity, as previously described in the experiment. 
Data are the mean ± SEM(Standard Error of the Mean) of three independent experiments performed in triplicate. Bar = 
SEM(Standard Error of the Mean). d) Growth and viability of LNCap cells was assessed using the MTT Assay. The cells 
were treated with varying concentrations of Topotecan (TPT2-10μM), Vitamin D3-Topotecan(VitD20µM-TPT2-10μM) and 
Genistein-Topotecan(Gn20µM-TPT2-10μM) combinations for 48 hrs; then incubated at 37˚C, 5% CO2, and 89% humidity, as 
previously described in the experiment. Data are the mean ± SEM( standard Error of the Mean) of three independent 
experiments performed in triplicate. Bar = SEM ( Standard Error of the Mean). 
 

    
(a)                                                           (b) 

Figure 2. (a) Growth and viability of LNCap cells without treatment after 48 hours (Brightfield imaging at 200× total 
magnification); (b) Fragmentation, shrinkage, and death; indicated by black arrows, of LNCap cells with (TPT10µM- 
Genestein20µM) combination treatment after 48 hours. Normal, vaible cells indicated by black stars (Brightfield imaging at 

00× total magnification). 2
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Figure 3. Treatment-induced apoptosis on LNCaP cell line 
was assessed using Et Br-AcrO to stain after 24 hrs. The 
percentage of apoptotic cells was quantified from 150 cells 
per 2 fields of view. At each concentration the difference 
between Gn + Tpt and VitD + Tpt is significant (p < 0.01). 
 

 
(a) 

  
(b)                        (c) 

Figure 4. (a ce after 24- 

band (Lanes 2 

    

) Graph of Rh 123/EtBr fluorescen
hours treatment. After 24 hours of treatment, LNCaP cells 
were mixed with Rh 123/EtBr and examined under the mi-
croscope for emission of fluorescent spectra indicative of 
apoptosis. The percentage of apoptotic cells was quantified 
from 150 cells per 2 fields of view. At each concentration the 
difference between Gn+Tpt and VitD+Tpt is significant (p < 
0.01). (b) and (c) Images of Rh 123/EtBr fluorescence after 
24-hours treatment. Green fluorescence depict viable cells, 
Orange/brown cells are apoptotic; (b) Control cells; (c) 
Cells treated with Gn(20µM)+TPT(10 µM). 
 

rate cell death as shown by the single st
and 7, Figure 5). 

 
Figure 5. DNA Fragmentation and laddering in Gel Elec-
trophoresis confirmed the apoptotic cell death in treatmen

ne is a well-known phytochemical 
roperties. Previous investigations have 

t 
 groups. No fragments were detected in the control sample. 

4. Discussion 

Genistein Isoflavo
with anti-cancer p
documented the therapeutic capacity of genistein in car-
cinoma treatment [4-10]. Anti-proliferative effect of cho- 
lecalciferol on prostate cancer cells has also been dem-
onstrated [12-15]. The aim of this study was to determine 
and compare the potential efficacy of genistein-topotecan 
and Vitamin D3-TPT combinations on LNCaP prostate 
cancer cells. Topotecan as a single treatment decreased 
LNCaP cell viability, consistent with previous reports 
[32]. The present data indicates that the combination 
treatments with Gn-TPT were significantly more cyto-
toxic to the cells. The results also indicate that the com-
bination treatment with Gn-TPT was significant at a 
lower EC50 relative to VitD-TPT combination, consistent 
with previous reports [32]. Furthermore, the combination 
treatment of VitD-TPT did not show significant changes 
compared to the single TPT treatment.   

The Rh123/Et Br and AcrO/Et Br revealed treat-
ment-induced apoptosis to be the main mode of cell 
growth inhibition in LNCaP cells. The Gn-TPT combina-
tion treatment yielded the highest percentage of apoptotic 
cells at a low EC50 comparative to VitD-TPT combina-
tion. The result obtained from the Rh123/Et Br/AcrO 
implicates the mitochondrial pathway in the treatment- 
induced apoptosis and the involvement of the intrinsic 
pathway. The involvement of Caspases 9 and 3 in the 
signaling pathway of Gn-TPT combination has been 
demonstrated previously [32] indicating the utilization of 
the intrinsic apoptotic pathway. The DNA fragmentation 
assay reiterates the fact by displaying distinct bands for 
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the fragmented DNA.  

5. Conclusion 

The overall data h
combination over 

ighlights the significance of Gn-TPT 
Vit D-TPT combination and TPT in 

nts  

e equipment suppor
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