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Abstract: Background: Prostate cancer is the most common form of non-dermatologic cancer and the second leading 

cause of cancer deaths in the United States. Survival rate for the advanced disease still remains low, so current research  

is aimed at alternative or adjuvant treatments that will target components of the signal pathways in the progression of  

carcinogenesis with little or no cytotoxicity. In this study we investigated the effect of genistein on expression levels of 

genes involved in the immune response pathways. The mechanism of genistein-induced cell death was also investigated. 

The chemosensitivity of the LNCaP prostate cancer cells to genistein was investigated using ATP and MTS assays, and a 

caspase binding assay was used to determine apoptosis induction. Several molecular targets/genes were determined using 

cDNA microarray and RT-PCR analysis. 

Results: The overall data revealed that genistein induces cell death in a time- and dose-dependent manner, and regulates 

expression levels of several genes involved in carcinogenesis and immunity including MHC genes that are involved in 

immune recognition of cells and the DefB1 and the HLA membrane receptor genes involved in immunogenicity. 

Conclusion: The results of the study indicate that genistein inhibits carcinogenesis of LNCaP prostate cancer growth  

via regulation of the identified specific targets/pathways in immunogenicity/immune response. The results thus provide 

significant insight into the roles that genistein could play in immune response to prostate cancer proliferation and potential 

role in immunotherapy and/or adjuvant therapeutic regimen. 
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INTRODUCTION  

 Cancer is among the leading causes of death worldwide, 
representing 13% of all causes of mortality [1, 2]. According 
to the WHO’s estimate, the number of annual cancer deaths 
will rise to about 12 million in the year 2030 [1]. Prostate 
cancer is the sixth most commonly diagnosed cancer in the 
world [2]. It is the most common form of non-dermatological 
cancer and the second leading cause of cancer deaths in the 
United States [2]. ACS estimates that 1 in 6 men will be di-
agnosed within their lifetime and about 1 in 36 men will die 
from this disease [3]. The five year survival rate is almost 
100% and the ten year survival rate is 95% for the local dis-
ease, however for the advanced disease, the survival rate is 
only 31% [2-4]. Identified risk factors that may enhance pro-
gression of this disease include age: race, family history, diet 
and lifestyle, environmental factors and geographic location 
[5-8]. Increases in relative survival rates for the localized 
disease may partly be due to new diagnostic tools and/or 
improvement in diagnostic methods. Testing and identifica-
tion of new biologic markers will lead to early diagnosis and 
treatment of the early-stage disease [9].  
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 Despite the expanding knowledge of cancer genomics 
and high level diagnostic technology, cancer still remains a 
serious threat to mankind. Standard treatment regimens are 
still flawed with serious side effects in patients. Current re-
search is focusing on therapeutic options with significantly 
reduced/minimal cytotoxicity. This includes a focus on  
nutrient phytochemicals which may have preventive  
and/or therapeutic capabilities. The apoptotic and cell cycle 
signaling pathways provide many avenues for researchers  
in searching for specific molecular targets for potential  
therapeutic molecules, including phytochemicals [9, 10]. 

 Phytochemicals are low molecular weight, biologically 
active secondary plant metabolites, which have the potential 
to reduce the risk of certain chronic diseases such as cancer 
[11]. The goal of phytochemical research is to identify natu-
ral small molecules that could regulate some of the signaling 
pathways in carcinogenesis, leading to growth inhibition 
and/or cancer cell death, and eventual decrease in the  
mobility and mortality rates. The signaling targets aimed at 
include; signal transduction pathways, cell cycle regulatory 
molecules, angiogenesis pathways, apoptosis pathways  
and growth factors. A major phytochemical that has been 
shown to have chemopreventive properties is genistein 
isoflavone.  



2    The Open Prostate Cancer Journal, 2012, Volume 5 Merchant et al. 

 Isoflavones are the most common form of phytoestrogens 
found in a variety of plants, mostly in soy [12]. Genistein (4 , 
5 , 7-trihydroxyiso-flavone) is the major bioactive isofla-
vone, demonstrating a variety of anti-cancer properties in-
cluding: induction of apoptosis [13, 14], inhibition of tyro-
sine kinases and DNA topoisomerase, inhibition of angio-
genesis [11, 15]. 

 Genistein has also been shown to significantly regulate 
expression changes in genes that are involved in signaling 
pathways, apoptosis, the cell cycle and immune regulation 
[16-19]. Several studies have demonstrated immunosuppres-
sive activities of genistein isoflavone. Genistein treatment 
induced a dose-dependent increase in cytotoxic T-cells activ-
ity in vivo and significant enhancement of IL-2 stimulated 
NK cell activity in vitro [20]. Furthermore, the proliferative 
response of MCF-7 breast cancer cells to genistein isofla-
vone in vitro has been reported [21]. The difficulties in un-
derstanding and interpreting immune responses to antigenic 
challenges are in part, due to lack of the functional and sig-
naling pathway annotations of many of the key genes and 
gene products associated with carcinogenesis. To further 
understand the genetic factors in prostate cancer carcino-
genesis, and the molecular mechanisms underlying the ef-
fects of genistein on LNCaP prostate cancer cells, we exam-
ined the genistein-induced expression patterns of genes in 
the apoptosis signaling pathway, and the potential influence 
on the immune-mediated pathways. 

MATERIALS AND METHODS 

Materials/Reagents 

 LNCaP prostate cancer cells (ATTC Manassas, Virginia 
USA); Genistein isoflavone (Sigma-Aldrich, St. Louis, Mis-
souri, U.S.A); RPMI culture media and reagents (Invitrogen, 
Carlsbad, CA, USA); Dimethylsulfoxide (DMSO) (Sigma-
Aldrich, St. Louis, MO, U.S.A).  

Cell Culture and Treatments 

 LNCaP cells were treated in quadruplicate with a range 
of genistein concentrations (0-100 M; Gn0-100) or vehicle 
dimethylsulfoxide (DMSO) (final concentration, 0.025%) 
and incubated for 48 hr; and proliferation assessed using the 
MTS and ATP assays/methods as described previously [22]. 
Results were expressed on a relative proliferation index scale 
(mean ± SD). Furthermore, LNCaP cells were cultured and 
treated with genistein for assessment and analysis of treat-
ment-induced apoptosis and caspase protease expression as 
described below. 

MTS Assay 

 LNCaP cells were plated in quadruplicate at a density of 
5 x 10

4
 cells per well in a 96-well MTP and treated with ge-

nistein as described above. After 24 and 48hrs incubation, 10 
l of MTS reagent was added to each well and incubated for 

4 hrs at 37
0
C and 5% CO2. Absorbance of the color gener-

ated was then read at 490 nm using a Multiscan ELISA mi-
cro-plate reader. Graphs of the absorbance/optical density 
(OD) (y-axis) against the concentrations of genistein (x-axis) 
were drawn; and % inhibition calculated against the control 
cells without genistein treatment.  

ATP Assay 

 LNCaP cells were plated in quadruplicate at a density of 
5 x 10

4
 cells per well in a 96-well MTP and treated with ge-

nistein as described above. After 24 and 48hrs incubation, 50 
μl of lysing solution was added to each well and incubated 
for five minutes; followed by addition of 50 μl of luciferin/ 
luci-ferase solution to each well. Luminescence was deter-
mined after 5 min using a luminometer. ATP concentration 
was determined by comparing the luminescent values against 
a standard curve, from which % inhibition was calculated. 

Caspase Protease Analysis 

 The role of caspase-3 in genistein-induced apoptosis in 
LNCaP was assessed with a caspase-3 colorimetric activity 
assay. Briefly, 2- 4 x 10

6
cells/well were cultured and treated 

with various concentrations of genistein (Gn0-100 ) or with 
topotecan (50 M) as a positive inducer of apoptosis [22]. 
The samples were treated both in the presence and absence 
of a caspase inhibitor (Z-DEVD-FMK). The cells were har-
vested after 24 and 48 hrs incubation then centrifuged (1500 
rpm for 5 min), re-suspended in 200 l of lysis buffer and 
incubated on ice for 20 min. The suspensions were again 
centrifuged for 5 min and the supernatant collected for pro-
tein analysis, using the BCA protein assay kit (Pierce) to 
determine the protein concentration of each sample. 30 g of 
protein lysate of each sample was then assayed for caspase 
activity. The assay involves caspase mediated cleavage of a 
labeled peptide substrate, acetyl-Asp-Glu-Val-Asp p-
nitroanilide (Ac-DEVD-pNA). The p-nitroaniline (pNA) 
product was quantified using a plate reader at 405 nm, giving 
a direct indication of caspase-3 activity. Fold-increase in 
caspase-3 activity was then calculated by comparing the ab-
sorbance values of the treated samples to that of the control 
sample. 

cDNA Microarray Analysis 

 LNCaP cells were cultured and treated with 50 M genis-
tein (Gn0-100) [22] after which RNA was extracted using the 
RNeasy mini kit (Qiagen) according to the manufacturer’s 
protocol. The RNA samples were submitted to Genomics 
Core (Scripps Research Institute, Jupiter, FL) for microarray 
analysis. Briefly, RNA samples were quantified using the 
Nano-Drop ND-1000 protocol. Double-stranded cDNA was 
prepared from 1 g of total RNA using the Affymetrix 
cDNA synthesis kit and then in vitro transcribed using an 
IVT labeling kit (Affymetrix) with the cRNA product puri-
fied using a GeneChip Sample Cleanup Module (Af-
fymetrix). 20 g biotin-labeled cRNA was fragmented and 
hybridized to Affymetrix Human Gene chip U133 plus 2.0 
arrays overnight in the Affy 640 hybridization oven with a 
speed of 60 rpm for 16 hr. Microarrays were washed and 
stained using the Affymetrix Fluidics Station FS400.  

 GeneChip arrays were scanned using a GeneChip Scan-
ner 3000 (Affymetrix). The probe set intensities were quanti-
fied using the GeneChip Operating Software (GCOS) and 
analyzed with GCRMA normalization using Array Assist 
Software (Stratagene, La Jolla, CA). All hybridized chips 
met standard quality control criteria, and mean fluorescence 
values of each array were scaled to a mean intensity of 500. 
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Gene expression of the treated cells was compared with  
control (untreated) cells to determine changes in expression 
of target genes. Functional cluster analysis was done using 
the Database for Annotation, Visualization and Integrated  
Discovery (DAVID) [25]. Results of the microarray analysis 
were verified by RT-PCR as described below.  

RT-PCR Analysis 

 The RNA extracted from the cell samples was subjected 
to RT-PCR analysis using the Access RT-PCR System 
(Promega). Selected genes were reverse transcribed to verify 
the results of the array gene expression changes. The Access 
RT-PCR System is designed for convenient and sensitive 
detection and analysis of RNA by one-step RT-PCR. cDNA 
synthesis and PCR are performed in a single tube using gene 
specific primers (4 M) and 1 g of total RNA. The specific 
primers used were bax, bcl-x, vegf, mdm-2 and beta-actin as 
an internal loading control [23, 24]. The amplified products 
were separated on a 1% agarose gel stained with ethidium  
bromide. The results of this experiment were compared  
to that of the microarray analysis to determine if similar 
changes in gene expression were observed in target genes. 

STATISTICAL ANALYSIS  

 Experiments were performed in duplicates to confirm 
similar results. Significance of the differences in mean  
values was determined using the Student’s t-test and P value 
of < 0.05 was considered statistically significant. 

RESULTS 

Genistein-induced Growth Inhibition  

 The data from both MTS and ATP assays show that ge-
nistein inhibited cell growth by inducing concentration- and 
time-dependent cell death (Figs. 1 and 2). Being a more sen-
sitive assay, the ATP assay revealed progressively signifi-
cant growth inhibition of the cells from 0 to 60 M genistein 
(p < 0.05) after just 24 hr of treatment. After 48 hr, a similar 
pattern of growth inhibition was seen. Above 60 M, there 

was no significant difference seen between genistein-induced 
cell death at 24 and 48 hrs after treatment (p > 0.05) (Fig. 1). 
The MTS assay showed obvious significant growth inhibi-
tion at 24 and 48 hrs from 0 to 50 M of genistein (p < 0.05) 
(Fig. 2). Above 50 M, there was a significant seen in 
growth inhibition induced at both time periods, indicating 
that the effect of genistein is both time- and dose-dependent. 
Based on these preliminary findings, a smaller range of ge-
nistein was used to carry out further studies. 

Caspase Protease Analysis 

 The results showed that genistein induced caspase-3 ac-
tivity which was time- and dose-dependent (Fig. 3). This 
correlates with the results of the ATP and MTS assays. In the 
presence of caspase-3 inhibitor, caspase-3 induction/activity 
was the same after 24 hrs even at high concentrations of ge-
nistein. However, in the absence of any inhibition there was 
a 1.5 fold increase in caspase activity at 50 M genistein, 

 

Fig. (1). Determination of cytotoxic effect of genistein on growth 

inhibition of LNCaP cells using the ATP assay. Cells were treated 

with various concentrations of genistein and % inhibition was  

determined using the ATP assay. Data are representative of two 

independent experiments and are expressed as the mean ± STDV. 

Bar = STDV. Significant data is marked with an asterisk. 

 

Fig. (2). Determination of the cytotoxic effect of genistein on 

growth inhibition of LNCaP cells using the MTS assay. Cells were 

treated with various concentrations of genistein and % inhibition 

was determined using the MTS assay. Data are representative of 

two independent experiments and are expressed as the mean ± 

STDV. Bar = STDV. Significant data is marked with an asterisk. 

 

Fig. (3). Effect of genistein treatment on caspase-3 activity in 

LNCaP cells after 24 hrs. Cells were treated and changes in 

caspase-3 activity were determined. Data are representative of two 

independent experiments and are expressed as the mean ± STDV. 

Bar = STDV. Significant data is marked with an asterisk. 
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after just 24 hrs, and almost a 4-fold increase at the same 
concentration after 48 hrs (Fig. 3). These results indicate that 
genistein-induced cell death involves the activation of the 
caspase pathway which is involved in apoptosis.  

Microarray and RT-PCR Analysis  

 The effect of genistein on gene expression in LNCaP 
cells was investigated using microarray and RT-PCR analy-

sis. LNCaP cells were treated with 50 M genistein because 

previous studies have indicated that genistein inhibition is 

dose-dependent [22, 27-29] and our MTS and ATP data  
indicated that inhibition is not significant above 60 M.  

 The Affymetrix human gene chip U133 plus 2.0 array 
was used to compare expression of genes in genistein treated 
and untreated LNCaP cells. A 2-fold difference in expres-
sion, compared to the control, was considered significant. A 
functional annotation cluster analysis of all these genes was 
done and changes in specific pathways were investigated 
based on KEGG annotations [26]. A number of pathways 
were found to be regulated by the treatment. Exposure of 
LNCaP cells to genistein treatment resulted in up-regulation 
and down-regulation of a number of genes that play a role  
in immune response within the body, in addition to other 
general genes (Tables 1 and 2). 

 Up-regulated genes having a10-fold or higher differential 
change in expression levels were also analyzed further and 
clustered according to function. Neu1 (sialidase1), Insig1, 
GPNMB and CD 68 which were up-regulated are genes that 
play a role in immune recognition of cancer cells. Another 
group of genes affected by genistein include the MHC pro-
teins (major histocompatibility complex) which are cell sur-
face antigens involved in immune recognition of cells. 
DefB1 expression was also up-regulated (28.8 fold-change) 
by genistein. Other genes that were affected include mem-
bers of the TNF super-family which are involved in the 
apoptotic pathway. BrunoL6 gene was not included in  
the cluster, but this gene was the most up-regulated gene, 
showing a fold-change of 116.0.  

 

Fig. (4). Effect of genistein treatment on gene expression levels of 

selected genes in LNCaP cells after 48 hrs. Cells were treated with 

50 M of genistein and gene expression levels were determined 

using Access RT-PCR system. 

Table 1. Apoptosis-regulated Genes Showing Differential Expression after Treatment with Genistein 

Down-Regulated Genes 

Gene Symbol Gene Name Fold Change 

Bax Bcl2-associated x protein 1.2 

Bcl-2 B-cell CLL/Lymphoma 2 4.8 

Bcl-X Bcl-2 like-1 3.0 

BCLAF1 Bcl-2 associated transcription factor 1 2.4 

BCL11A B-cell CLL/ Lymphoma 11a (zinc finger protein) 2.1 

Fas TNF receptor superfamily member 6 4.0 

TNFSF9 Tumor necrosis factor (ligand) superfamily member 9 2.9 

BAM/BIM/Bcl2L11 Bcl-2 like-11 6.9 

Up-regulated Genes 

VEGF-A Vascular endothelial growth factor A 1.1 

TNFSF9 Tumor necrosis factor (ligand) superfamily member 9 2.9 

Mdm-2 Double minute 2 protein 3.7 

GPNMB glycoprotein (transmembrane) nmb – tumor associated antigen  26.3 

BrunoL6 Bruno-like 6 RNA binding protein - involved in regulation of pre-mRNA alternative splicing 

and mRNA editing and translation 
116.0 
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 Based on our preliminary findings and previous studies 
[22], a few genes were further selected and subjected to RT-
PCR analysis to confirm the results of the microarray analy-
sis. These include Bax, Bcl-2, Bcl-x, VEGF, mdm-2, and -
actin (as a loading control). The results indicate that mdm-2 
showed an increase in expression when cells were treated 
with genistein; which correlates with the microarray results. 
The anti-apoptotic proteins Bcl-2 and Bcl-x were down-
regulated whereas VEGF and Bax were slightly but insig-
nificantly up-regulated by genistein (p > 0.05). The PCR 
results obtained were consistent with the microarray data 
obtained and confirm the effects of genistein on gene expres-
sion profiles within the LNCaP prostate cancer cell lines as 
outlined in Tables 1 and 2.  

DISCUSSION 

Growth Inhibition of LNCaP Cells 

 Genistein induced a time- and dose- dependent apoptotic 
cell death in the LNCaP cells consistent with previous  
studies [22, 27, 28]. The results of the ATP and MTS  
proliferation assays are consistent with these studies and 
indicate the chemosensitivity of LNCaP prostate cancer cells 
towards genistein. Caspase-3 activity was also increased 
after exposure to genistein. Caspase-3 is an effector caspase 
and plays a central role in apoptotic cell death, so detection 
of this caspase indicates activity of other up-stream caspases. 
Once activated, caspase-3 has been shown to initiate  
fragmentation of DNA which ultimately leads to cell death 
[29, 30]. 

Modulation of Genes Involved in Immune Response 

 Tumor metastasis is a complex process consisting of 
multiple

 
steps regulated by tumor-associated factors and  

signaling pathways, including expression of bcl-2 proto-
oncogenes. Genistein seems to have pleiotropic actions, one 
of which involves the Bcl-2 gene or protein. In this study, 
the anti-apoptotic proteins, Bcl-2 and Bcl-x were down-
regulated, and the pro-apoptotic protein Bax was slightly but 
insignificantly up-regulated by genistein; a finding which is 
consistent with previous studies. Previous studies reported 
the impact of bcl2-family proteins on immunity, where  
radiation-induced apoptosis was blocked by bcl-x up-
regulation; and memory T cells remain resistant to apoptosis 
due to (contact with antigen-bearing APC and IL-2R  
occupancy result in the) the expression of the bcl-2 and bcl-x 
anti-apoptosis proteins. [31]. In addition, genistein-induced 
increase in interleukin-2 (IL-2)-stimulated natural killer 
(NK) cell activity was reported [20]. Furthermore, it has 
been reported that genistein treatment induced a dose-
dependent increase of cytotoxic T-lymphocyte (Tc) activity 
in mice. The present observations/data are consistent with 
the previous findings; and indicate the potential role of  
genistein in immunotherapy. 

 Genistein treatment resulted in up-regulation (and down-
regulation) of numerous genes involved in the immune  
response system. Neu1 and CD 68 were both up-regulated 
and are both involved in immune recognition of cells. Neu1 
is involved in differentiation of monocytes into macrophages 
and is important for the primary function of macrophages 
[32] while CD68 is an antigen marker that promotes  
phagocytosis and mediates recruitment and activation of 
macrophages. CD68 is a surface marker commonly used  
to identify macrophages so further studies are needed to  
confirm expression levels and determine the role of  
increased expression of this marker in prostate cancer cells. 

 Other groups of genes modulated by genistein include the 
MHC (major histocompatibility complex) and DefB1. MHC 

Table 2. Immune-system Associated Genes Showing Differential Expression after Treatment with Genistein 

Up-regulated Genes 

Gene Symbol Gene Name Fold Change 

HLA-E Major histocompatibility complex class I, E 3.0 

HLA-G Major histocompatibility complex class I, G 2.2 

HLA-B Major histocompatibility complex class I, B 2.0 

HLA-C Major histocompatibility complex class I, C 2.0 

HLA-DMA Major histocompatibility complex class II, DM alpha 2.3 

ICOSLG Inducible T-cell co-stimulator ligand 2.5 

PDGFA Platelet-derived growth factor alpha polypeptide 2.0 

Insig 1 Insulin induced gene 1 – ER membrane protein that plays a role in regulating cholesterol levels in cell  10.1 

NEU1 Sialidase I (lysosomal sialidase) - important for function of macrophages 12.1 

CD68 CD68 molecule-plays a role in phagocytic activity of macrophages 12.1 

DEFB1 Defensin beta 1 - antimicrobial peptide involved in resistance of epithelial surfaces to microbial  

colonization; plays a role in innate immune system 

28.8 
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proteins are cell surface antigens involved in immune recog-
nition of cells. Foreign particles or foreign proteins (anti-
gens) are displayed on the cell surface by MHC receptors, 
which then present them to immune cells. Cancer cells are 
able to evade the immune system by mutating these recep-
tors or masking them; and so genistein-induced up-
regulation of genes that code for these receptors indicates 
that genistein can play a significant role in activation of  
the immune response within the body. DefB1 expression is 
normally lost in and during prostate cancer carcinogenesis 
[33]; and it was found to be up-regulated by genistein (28.8-
fold change). This gene has antimicrobial activity towards 
bacteria and fungi and is involved in chemo-attraction of 
immune cells [34, 35]. Up-regulation of this DefB1 suggests 
a potential phytotherapeutic-phytopreventive significance  
of genistein in immunotherapy. Current research trials  
in immunotherapy have shown that activation of immune 
cells such as macrophages and/or dendritic cells enables  
recognition of the cancer cells and leads to eradication of  
the tumor and, increases disease-free survival of patients  
[36, 37]. Such previous clinical trials add credence to  
the potential usefulness of genistein isoflavone, as further 
demonstrated in this study. 

CONCLUSION 

 Our study provides evidence that genistein af-

fects/regulates expression of some of the genes that are 

known to be involved in carcinogenesis and immunogenicity 
of LNCaP cells and most human tumors. Genistein treatment 

resulted in up-regulation and down-regulation of a number of 

genes that play a role in the immune response within the 
body. The results thus provide significant insight into the 

roles that genistein could play in immune response to pros-

tate cancer proliferation and potential role in immunotherapy 
and/or adjuvant therapeutic regimen. A number of other  

molecular targets were also identified and further research 

will enable us to elucidate the significance of these  
genes and their mechanism of actions in genistein-induced 

apoptosis in prostate cancer cells. 
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