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ABSTRACT

Objective: The aim of our study is to investigate the anti-neoplastic effect of curcumin in prostate cancer cell lines. Spe-
cifically, we are using the LNCaP cell line and another prostate cell line developed in our laboratory, PcBra1. The PcBra1 
cells were derived from a localized, obstructive prostate cancer with a Gleason score of 9 (4+5).
Materials and Methods: A prostate cancer cell line was isolated from a localized, obstructive prostate cancer with a Gleason 
score of 9 (4+5), and it was characterized using immunohistochemistry. After six passages, the new cell line was treated 
with varying doses of curcumin: 10 μM, 25 μM or 50 μM. Apoptosis was detected by flow cytometry using Annexin V 
FITC. For comparison, the same experiment was performed using the well-established metastatic prostate cancer cell 
line, LNCaP.
Results: Increasing concentrations of curcumin promoted more apoptosis in the PcBra1 cells. Exposure to 10 and 25 μM 
curcumin induced apoptosis in 31.9% and 52.2% of cells, respectively. Late apoptosis was induced in 37% of cells after 
treatment with 10 μM curcumin and 35% of cells with a 25 μM treatment. Necrosis accounted for less than 10% of the 
death in these cells at those two concentrations. When curcumin was used at 50 μM, apoptosis was observed in 64.3% of 
the cells. Including late apoptosis and necrosis, 98.6% of the cells died in response to 50 μM curcumin. Results with the 
LNCaP cells were similar although late apoptosis was the main phenomenon at 25 μM.
Conclusion: We have shown that curcumin acts on localized prostate cancer to induce apoptosis and may therefore be an 
option as a future therapeutic agent.
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INTRODUCTION

Prostate cancer (PC) is the most common cancer 
in Brazilian men and the second leading cause of 
death. The annual incidence of prostate cancer in 
Brazil continues to rise, and 49,530 new cases were 
predicted for 2008 (1). Advanced prostate cancer is 
treated with anti-androgens, but after 2 to 3 years of 
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therapy, neoplasia often becomes hormone resistant 
and is usually no longer responsive to conventional 
chemotherapy. As a consequence, many prostate 
cancer patients are drawn toward alternative therapies 
(2). In fact, a majority of patients at major medical 
centers are now combining their conventional thera-
pies with some form of alternative and complementary 
medicine, the most popular of which involve nutri-
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tional modifications and the use of herbal and other 
micronutrients (3).
 Curcumin [1,7-bis(4-hydroxy-3-methoxy phe-
nyl)-1,6-heptadiene-3,5-dione] is a phenolic compound 
and is the main ingredient of Curcuma longa. It is ex-
tracted as a yellow pigment from the rhizome, which 
has been used extensively in curries and mustards. 
Anti-inflammatory, anti-oxidant, and anti-septic effects 
of curcumin have been reported (4). Curcumin seems 
to elicit positive results in such a wide variety of ways 
because of its capability to act as free radical scavenger 
(5). Additionally, curcumin can alter the gene expres-
sion patterns of various stress-induced proteins and 
genes involved in angiogenesis (6). Finally, curcumin 
can inhibit the activity of many important transcrip-
tion factors, such as NFkB and AP-1 (7).The effects 
of curcumin depends on its concentration. At 10 μM, 
it acts as an anti-oxidant (8), and at 50 μM it generates 
superoxide radicals and induces apoptosis (9). The aim 
of our study was to examine the anti-neoplastic effect(s) 
of curcumin in two prostate cancer cell lines, LNCaP 
and a prostate cell line developed in our laboratory 
from a localized, obstructive, androgen-independent 
prostate cancer with a Gleason score of 9(4+5).

MATERIALS AND METHODS

Materials

 Culture medium consisted of RPMI-1640 
supplemented with fetal bovine serum (FBS), strep-
tomycin, and penicillin (all from GIBCO, Rockville, 
MD, USA). Curcumin was purchased from Cal-
biochem (La Jolla, CA). A 100 mM stock solution 
was prepared in dimethyl sulfoxide (DMSO, Sigma 
Chemical, St. Louis, MO, USA) and stored at 4ºC. 
Fresh solutions were made by diluting the stock into 
cell culture medium immediately before use. Annexin 
V FITC and Propidium Iodide (PI) were purchased 
from BD-Pharmingen (San Jose, CA, USA) and Sig-
ma Chemical (St. Louis, MO, USA) respectively.

LNCaP Cell Culture

 The LNCaP (FGC clone) cells were obtained 
from American Type Culture Collection (Rockville, 

MD, USA) and were cultivated in RPMI-1640 me-
dium supplemented with 10% FBS, streptomycin 100 
mg/mL, and penicillin 100 U/mL at 37°C in a 5% CO2 
humidified incubator.

Establishment of Cell Line

 The PcBra1 prostate adenocarcinoma cell line 
was established from a 62-year-old white male, who 
underwent a transurethral resection in August 2006 
for an obstructive, androgen-independent cancer with 
a Gleason score of 9(4+5). Specimens of the prostate 
adenocarcinoma were obtained immediately after the 
resection and transported in RPMI-1640 medium. The 
tissue was sectioned and digested using type VIII col-
lagenase at 0.56 mg/mL (Sigma Chemical, St. Louis, 
MO, USA). Cell suspensions were subdivided into 25 
cm2 tissue culture flasks containing RPMI-1640 sup-
plemented with 10% FBS, streptomycin (100 mg/mL), 
and penicillin (100 U/mL) in a 5% CO2 humidified 
incubator. The medium was changed twice weekly or 
until a confluent monolayer was established. At the 
time of confluence, adherent cells were subcultured 
after detachment using trypsin/EDTA (0.25% trypsin-
1.0mM ethylenediaminetetraacetate).
 In order to eliminate fibroblast contamination, 
we submitted the cell culture to (1) nutritional starva-
tion (S) and (2) cell differential attachment (DA):

1. Nutritional Starvation (s)

 Tumor cell colonies were exposed to media 
with a reduced concentration of serum. Serum reduc-
tion was gradual, starting with 10%, then 5%, 2.5%, 
and finally 1%. Incubation with each concentration 
of serum lasted about 1 week. The last step (1% FBS) 
was continued until dense tumor cell colonies became 
evident.

2. Differential Attachment (DA)

 Tumor cell colonies were trypsinized, resus-
pended in 10 mL of media (10% FBS), reseeded and 
incubated for 15 minutes in the original flask (first 
cycle). At the end of the first cycle, nonadherent cells 
were transferred to a new flask, which was incubated 
for an additional 15 minutes (second cycle). The first 
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flask was mostly composed of fibroblasts, while the 
last flask contained mostly tumor cells. At confluence, 
if the fibroblasts were not totally eliminated, the cell 
growth from the 4th cycle was harvested, and the entire 
procedure was repeated.

Characterization of Cell Culture by
Immunocytochemistry

 The primary cancer cell culture PcBra1 was 
characterized as prostate primary by immunocyto-
chemistry using anti-Prostate Specific Membrane 
Antigen (clone P, dilution 1:100; Santa Cruz, Santa 
Cruz, CA, USA) and pan-cytokeratins (Dilution 1:100, 
Dako, Glostrup, Denmark) antibodies. To certify the 
absence of fibroblast and endothelial cell contamina-
tion, anti-desmin (clone D33, dilution 1:100; Dako, 
Glostrup, Denmark) and anti-factor VIII (clone F8/86, 
dilution 1:400; Dako, Glostrup, Denmark) antibodies 
were also utilized to stain these cells. Briefly, cells 
were recovered from culture flasks using a cell scraper 
and fixed in 70% alcohol following a 900 g centrifu-
gation for 5 minutes at room temperature. The cyto-
centrifugate was impressed on adhesive coated slides 
and incubated overnight at 4°C with the antibodies 
mentioned above. Next, biotinylated anti-mouse im-
munoglobulin G was applied at a 1:200 dilution for 60 
minutes at room temperature. Slides were rinsed with 
PBS for 30 minutes, incubated with peroxidase-con-
jugated streptavidin (streptABC Kit, Dako, Glostrup 
Denmark) at a 1:400 dilution in PBS for 45 minutes 
at room temperature, and rinsed with PBS for 30 
minutes. Color was developed by incubating the slides 
with 0.06% diaminobenzidine in PBS for 15 minutes. 
Slides were then rinsed in tapwater, counterstained 
with Harris hematoxylin, dehydrated, coverslipped, 
and reviewed under a light microscope.

Chemosensitivity Studies

 PcBra1 from passage 6 and LNCaP cell 
cultures (2x105/mL) were incubated with curcumin 
at 10 μM, 25 μM and 50 μM for 24 h. After incuba-
tion, cells were harvested and resuspended with 100 
μL of buffer solution (10 mM Hepes; 150 mM NaCl; 
5 mM KCl, 1 mM MgCl2, 1.8 mM CaCl2; pH=7.4). 
Annexin V FITC (dilution 1:500, BD-Pharmingen, 

San Jose, CA, USA) was added and the suspension 
was incubated for 20 minutes at room temperature. 
To perform a double stain, 400 μL of buffer and 40 
μL of PI (SigmaChemical, St. Louis, MO, USA) were 
added to the sample. The percentage of cells in apop-
tosis and necrosis was determined by flow cytometry 
(FACScalibur, Becton Dickinson Immunocytometry 
Systems, San Jose, CA, USA). Ten thousand events 
were analyzed using the Cell Quest Pro software 
(Becton Dickinson Immunocytometry System, San 
Jose, CA, USA).

RESULTS

 The PCBra1 cell line was derived from an 
obstructive, androgen-independent prostate adeno-
carcinoma. The tumor was confirmed to be a prostate 
epithelial cell malignancy through positive staining 
for PSMA and cytokeratin. To aid in the analysis, and 
exclude the possibility of fibroblast contamination we 
also used antibodies for anti-desmin and anti-factor 
VIII, which specifically stain for fibroblasts and endo-
thelial cells, respectively (Figure-1). PCBra1 stained 
negatively for these markers. The generation time (g) 
was calculated using the formula n = (3.32 log Xf / Xi) 
/ Tf - Ti, being g = 1/n, and for PCBra1 the doubling 
time was 50 h. The cariotype reveled that the majority 
of cells were aneuploid and the most frequent occur-
rence was loss of chromosomes. We also performed 
studies in PCBra1 cells to examine the chemosen-
sitivity to increasing curcumin concentrations. For 
comparison, we also studied the ability of curcumin to 
induce cell death in a well-established prostate cancer 
cell line LNCaP, derived from a metastatic prostate 
carcinoma to a lymph node, androgen-dependent. As 
shown in Figure-2A, Annexin V positive cells (R1) 
were characterized as apoptotic cells. PI positive cells 
(R4) were considered necrotic, and double stained 
cells (R2) were labeled as late apoptotic cells.
 Our results revealed that PCBra1 cell viability 
decreases in response to the three increasing concen-
trations of curcumin tested (Figure-2B). Exposure of 
the cells to 10 μM or 25 μM curcumin induced apop-
tosis in 31.9% and 52.2% of cells, respectively. Those 
same concentrations led to late apoptosis in 37% and 
35% of cells. The number of cells undergoing necrosis 
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was lower, less than 10% at the two concentrations 
mentioned above. When curcumin was used at 50 μM, 
apoptosis was the most common process identified, 
as 64.3% of cells seemed to be dying by apoptosis. 
Late apoptosis was the next most common form of 
death, as 34% of the cells were classified this way. 
Overall, 98.6% of the cells were dying, and necrosis 
only accounted for 0.35% of this cell population.
 Analysis of LNCaP cells also showed en-
hanced apoptosis and a decrease in necrosis after 
treatment with increasing concentrations of curcumin. 
As shown in Figure-2B, at 50 μM curcumin, almost 
90% of the cells were undergoing apoptosis. However, 
in contrast to the behavior of the PcBra1 cells, the 
LNCaP cells in late apoptosis continued to increase, 
reaching 63% with 25 μM curcumin. At 50 μM, the 
late apoptotic population was reduced to 9% of the 
cells.

COMMENTS

 In this study, we investigated the anti-neoplas-
tic effect of curcumin on a prostate cancer cell line 
developed in our laboratory. We call this line PCBra1, 
and it originated from a localized PC. The results of 
our study demonstrate that at concentrations of 10 
μM, 25 μM and 50 μM, curcumin induced apoptosis 

in increasing proportions of cells: 31.9%, 52.2% and 
64.3% respectively. The percentage of cells undergo-
ing necrosis was lower, less than 10%, and the amount 
of cells in late apoptosis was variable between 34.0% 
and 37.0%, with an overall cell death of 98.6%. When 
we compared these results to a metastatic cell line 
of PC, LNCaP, the results were very similar. More 
tumor cells underwent apoptosis as the concentration 
of curcumin increased. At 50 μM, almost 90% of the 
cells had undergone apoptosis.
 Curcumin induces apoptosis through ROS-
dependent pathway, caspase activation and inhibit-
ing Bcl-2 family members (10). One intriguing fact 
that we have observed in this study was a decreasing 
number of necrotic cells as long as the apoptosis rises 
under increasing concentrations of curcumin. We 
can hypothesize that curcumin could be acting over 
other proteases than caspases, not yet characterized, 
that under lower concentration lead to necrosis as an 
alternative of apoptosis. This should be motive of 
further studies.
 These results identify similarities in the 
behavior of the two cell lines. It is important to men-
tion that the cell line established by us, PCBra1, was 
derived from an obstructive, localized, androgen-
independent prostate adenocarcinoma, while the 
LNCaP cells are originally from a metastatic site and 
androgen-dependent prostate cancer. DU-145 and 

Figure 1 –  Immunocytochemistry results of PcBra1 cell line. A) Expression of PSMA. B) Cytokeratins, confirming the epithelial phenotype 
and prostate origin. Vimentin and desmin were negative eliminating the possibility of fibroblast or endothelial cell contamination.

BA
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Figure 2 – Curcumin effects on cell viability. LNCaP and PcBra1 were incubated with or without curcumin and stained with Annexin 
V-FITC and Propidium Iodide (PI) followed by flow cytometry analysis. A) Schematic representation of results; R1=cells marked with 
Annexin (apoptosis); R2 = cells marked with Annexin and PI (late ptosis); R3 = no marked cells (viable) and R4 = cells stained with PI 
(necrosis). B) Percentage of cells in apoptosis, late apoptosis and necrosis after treatment with increasing concentrations of curcumin 
for 24 hours.

A

B
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PC-3 cells are other classical prostate cancer cell lines 
(11-13) used in the majority of in vitro investigations, 
and they also originated from metastatic sites. While 
it is true that these classical cell lines have been help-
ful in understanding advanced stages of the disease, 
the establishment and characterization of a localized 
prostate carcinoma cell line remains very important, 
since it represents a different stage and behavior of 
this particular neoplasia. The few cell lines that were 
isolated from primary prostate carcinoma tissues and 
have been characterized in the literature were found 
to actually be derivatives of other metastatic prostate 
cancer cell lines (e.g., ND-1 from DU-145) (14,15) 
or contamination of other cell types (PEAZ-1 in 
HT-1080) (16,17). Moreover, the differences among 
various populations and racial differences in prostate 
cancer justify the necessity for the establishment and 
characterization of human prostate tumor cell lines 
from Brazilian patients for further experiments with 
different drugs and molecules.
 Dorai et al. (18) examined the effect of cur-
cumin on EGF receptor signaling in the androgen-
sensitive LNCaP and androgen-insensitive PC-3 cell 
lines. They found that curcumin was a potent inhibitor 
of EGF-R signaling, and it accomplished this effect in 
three different ways: (1) down-regulation the EGF-R 
protein; (2) inhibition of the intrinsic EGF-R tyrosine 
kinase activity; and (3) inhibition of ligand-induced 
activation of the EGF-R. This group concludes that 
curcumin can induce apoptosis in this model by in-
terfering with the signal transduction pathways of a 
prostate cancer cell.
 Curcumin is a phenolic compound, and it 
is the major ingredient in the rhizome of the herb 
Curcuma longa. The use of turmeric as a medicinal 
compound dates back to around 2000 BC when it 
was used as an anti-inflammatory agent. With time, 
more and more of its medicinal uses were discovered, 
and today, curcumin is associated with a plethora of 
beneficial effects on human health. Most recently, 
curcumin has been used as an anti-inflammatory, 
anti-mutagenic (19), and anti-cancer substance (20). 
It works as an anti-oxidant and is capable of inducing 
apoptosis (21,22).
 The possible mechanisms responsible for 
the induction of apoptosis by curcumin are varied, 
including effects on the stability and super-expres-

sion of p53 (23), the release of cytochrome c, and 
the induction of reactive oxygen intermediates (24). 
It has previously been described that curcumin can 
suppress NF-kβ, Akt, AP-1 or JNK. It can also af-
fect gene expression; curcumin can up-regulate the 
genes related to the DNA damage response (25) and 
down-regulate genes related to cell survival, such as 
egr-1, c-myc, and bclX(L). Shankar et al. (26) have 
recently shown that curcumin inhibits growth and 
induces apoptosis in androgen-dependent and -inde-
pendent prostate cancer cells by downregulating the 
expression of Bcl-2 and Bcl-XL and upregulating 
the expression of p53, Bax, Bak, PUMA, Noxa, and 
Bim. Curcumin also affected p53 by modulating its 
phosphorylation at serine 15 and its acetylation in a 
concentration-dependent manner.
 In conclusion, we have shown that curcumin 
is a substance that can act in cells isolated from local-
ized PC, inducing apoptosis as it does in metastatic 
cell lines. Pathways involved in this phenomenon are 
not yet clarified, and the next steps of our study will 
address some of these questions. At this time, we can 
speculate that curcumin or its components could be 
used to treat localized or metastatic prostate cancer, 
and further studies should be performed to elucidate 
the specific mechanism by which curcumin is able to 
induce some of these anti-cancer phenotypes.
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EDITORIAL COMMENT

 An amazing number of papers investigating 
the actions, mechanisms and clinical effects of cur-
cumin, an old Indian spice, have been published over 
the last 15 years. Curcumin belongs to the so called 
polyphenolic compounds extracted from the plants 
that were used for medications since a long time ago. 
An exceptional property of curcumin seems to be its 
real beneficial effect in many different diseases which 
sometimes is hard to apprehend. How can it be, that 
curcumin is neuron-protective, acting anti-apoptotic, 
so that it can be considered as Alzheimer-preventing 
stuff on one hand, and induces apoptosis of cancer 
cells, on the other hand, while normal, healthy cells 
remain inviolate? Is curcumin one of “God’s bless-
ings” for our life?
 The issue is a complex one, as more than 40 
different targets of curcumin have been documented 
including enzymes, growth and transcription factors, 
protein kinases and chemokines (1). Therefore, a rea-
sonable rationale for its action is still to be established. 
This is due to the fact that most targets described so 
far are secondary cellular response maskers which do 
not directly interact with curcumin. Noteworthy, is 
the recent paper by Santel et al. (2) which has added 
“the first line target” to the plethora of curcumin’s ac-
tions. Inhibition of glyoxalases, involved in glycolytic 
pathway could be an explanation for curcumin’s bias 
to target cancer cells.
 In this regard, Piantino et al. presented im-
portant pre-clinical studies, demonstrating for the 
first time, to the best of my knowledge, the effect of 
curcumin on the primary prostate cancer cells. The 
authors clearly demonstrated that curcumin within 

a concentration range between 10 to 50 μM induces 
cell death primarily through apoptosis. Additionally, 
the authors showed the process of how to test primary 
cancer cells for their susceptibility to interact with a 
drug. In combination with biopsies, such a procedure 
can be applied for selection of the most potent che-
motherapeutics having the lowest side effects. In this 
line, this plant-derived mysterious substance could be 
advantageous over known registered anti-tumor drugs. 
This warrants further clinical studies to compare such 
nutraceuticals as curcumin with other therapeutic ap-
proaches.
 However, one of the important questions to be 
addressed is “how to bring curcumin at such micromo-
lar concentrations to the site of tumors”. Maybe, new 
formulations with liposomes or nano-encapsulation 
are likely to bring this promising natural product to 
the top of therapeutic agents (3).
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