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Abstract

Background: Osteopontin (OPN), an extracellular structural protein, along VEGF are attributed to cancer 
progression and angiogenesis. Therefore, we aimed to evaluate the effect of Curcumin and anti-androgen drug, 
Flutamide (separately and in combination) on the expression of OPN isoforms and VEGF. 

Methods: The human prostate cell lines were treated with different concentrations of Curcumin and prostate cancer 
conventional drug Flutamide alone and combined to find effective doses and IC50 values. Percentages of apoptotic 
cells were evaluated by Annexin/PI staining, and mRNA levels of OPN isoforms and VEGF gene expression were 
investigated by the real-time PCR method. 

Results: Our data displayed that Flutamide (20 μM and 12 μM in PC3 and LNCaP cell lines, respectively), 
Curcumin (15 μM and 10 μM in PC3 and LNCaP cell lines, respectively), and also their combination with same above 
concentrations significantly increase the percentage of apoptotic cells with upregulation of tumor suppressor P53 gene, 
and downregulation of anti-apoptotic Bcl-2 gene. Also, it causes overexpression of OPN-b and OPN-c isoforms and 
VEGF gene in androgen-independent (PC3) and OPN-c isoform and VEGF in androgen-dependent (LNCaP) prostate 
cancer cell lines. 

Conclusion: We show for the first time that prostate cancer cells probably evade Curcumin and Flutamide anti-
androgenic effects via induction of OPN-b and OPN-c isoforms, which are recognized factors with the capacity of 
promoting cancer progression and angiogenesis. The correlation between androgen-independency and OPN-b isoforms 
needs further exploration. 
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Introduction
Prostate cancer accounts for approximately 30% of all cancers and 

9.8% of cancer-related mortality in men as the most common type of 
malignancy among the male population [1,2]. Radical prostatectomy, 
radiation therapy, chemotherapy, and anti-androgen therapy are the 
mainstays of the current prostate cancer management [3,4]; however, 
these therapeutic measures are suspected with limitations in their 
survival and quality of life  benefits while imposing significant 
morbidity [5]. Prostate cancer has the potential for extensive metastasis 
with secondary lesions in the bones, lymph nodes, and other organs. 

Metastasis of the tumoral cells relies on the formation of new blood 
vessels from the existing ones in a process known as angiogenesis [6,7]. 
This fundamental process is facilitated through several autocrine and 
paracrine factors. Vascular Endothelial Growth Factor (VEGF), one 
of the most potent angiogenic factors, has been found in prostate cells 
of benign and malignant types [8,9]. VEGF plays a pivotal role in 

microvascular remodeling and angiogenesis-related to prostate cancer 
progression, metastasis, and osteolysis [10,11]. 

Osteopontin (OPN), an integrin-binding glycophosphoprotein 
in the extracellular matrix, can be produced by the neoplastic cells 
to augment the metastatic ability via regulation of VEGF secretion 
and angiogenesis [12,13]. However, because of three alternative 
splicing isoforms (OPN-a, OPN-b, and OPN-c), OPN exerts 
heterogenous functions regarding cancer progression [14]. OPN-c 
isoform overexpression modulates angiogenesis, apoptosis, adhesion, 
invasion, and metastasis in prostate cancer cell lines [14-16]. 

Targeting these pathways related to prostate cancer angiogenesis 
may alter the clinical course and metastatic extension of the patients 
with prostate cancer. Curcumin, a yellow polyphenolic compound 
derived from the plant turmeric, has recently received great attention as 
an anti-carcinogenic agent with the potential to abrogate pathological 
angiogenesis with a safe profile [17,18]. This natural product possesses 
chemo preventive effects by targeting numerous signaling pathways, 
such as Nuclear Factor-κB (NF-κB) [19], Activating Protein-1 (AP-1) 
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[20], PI3K/Akt [21], Cyclin D1 [22], Wnt/ß-catenin [23], and Androgen 
Receptor (AR) [24,25] in both androgen-dependent (LNCaP) and 
androgen-independent (PC3) prostate cancer cell lines. Curcumin 
demonstrates anti-angiogenic properties by modulating the OPN/αvβ3 
pathway [26]; however, the exact role of OPN isoforms and the effect 
of Curcumin on these isoforms in prostate cancer progression and 
angiogenesis remain to be answered. 

We aimed to evaluate whether Curcumin isolated and in 
combination with prostate cancer anti-androgen Flutamide, has the 
potency to preclude angiogenesis and carcinogenic effects of OPN 
isoforms and VEGF gene in androgen-dependent (LNCaP) and 
androgen-independent (PC3) prostate cancer cell lines.

Materials and Methods 
Cell lines and cell culture

The human prostate cell linesPC3 (ATCC Number: CRL-1435, 
NCBI Code: C427) -obtained from androgen resistant metastatic 
prostate cancer patients and LNCaP (ATCC Number: CRL-10995, 
NCBI Code: C439) as androgen-dependent lineage were purchased 
from the National Cell Bank stipulated in conflict of interest section. 
These cells were cultured in RPMI-1640 medium (Gibco, Carlsbad, 
CA) supplemented with amino acid mixtures, including four male 
L-glutamine and 10% heat-inactivated fetal bovine serum (Gibco, 
Carlsbad, CA), 1000 units/ml Penicillin, and 100 μg/ml streptomycin 
(Gibco BRL, Grand Island, NY). Cells were incubated in a humid 
atmosphere at 5% CO2 at 37°C in a Memmert CO2 incubator. The drugs 
used in this study, Flutamide: 2-Methyl-N-[4-Nitro-3-(trifluoromethyl) 
Phenyl] Propanamide with CAS Number 13311-84-7 and Curcumin 
were purchased from the Sigma-Aldrich (Sigma-Aldrich, St. Louis, 
MO). To prepare a stoke for treat cell lines, Curcumin and Flutamide 
was dissolved in DMSO (Sigma-Aldrich, St. Louis, MO, USA). RPMI-
1640 medium with 0.1% of DMSO was used as control.

Different methods for determining the survival of prostate 
cancer cells in response to treatment

Evaluating cell survival in pharmacological and cancer studies 
is important to determine cell sensitivity and treatment outcome. 
Determination of cell survival is essential in cell culture-based 
studies and is used to test various drugs and determine their chemical 
toxicity. Standard three colorimetric methods of trypan blue, 3- (4, 5- 
dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium bromide, and finally 
clonogenic assay are used to determine the survival of cancer cell lines. 
The trypan blue staining is based on the impermeability of the dye to 
through cell membrane. Trypan blue is widely used to stain dead cells. 
In this method, cell survival is determined by counting unstained cells 
under a microscope. A cell that can reproduce and form a colony is 
clonogenic, and the loss of this ability leads to reproductive death. This 
definition applies to cancer cells and cells with a high proliferation rate, 
and the lack of this ability indicates cell death. Accordingly, after the cell 
has been exposed to various toxins, the cell may still be healthy and able 
to produce protein and make new DNA. However, if it loses its ability to 
multiply, it is considered dead. In this method, the number of colonies 
is counted as cell survival by microscopy. Exponentially growing 
prostate cell lines were detached by 1% trypsin-EDTA (sterile-filtered, 
Bio Reagent, Gibco BRL, Grand Island, NY) in RPMI 1640 medium. A 
growth inhibition assay and cell viability of the prostate cancer PC3 and 
LNCaP cell lines were carried out to determine the growth inhibition 
effect of Flutamide and Curcumin using trypan blue, clonogenic assay, 
and MTT assay.

Trypan blue dye: The treated prostate cells with Flutamide and 
Curcumin were centrifuged and re-suspended with 0.1 ml of PBS 
solution. Then 20 µl of the cell suspension was mixed with 20 µl of 
trypan blue dye 0.4%, and after 1 or 2 min, 10 µl of the resulting mixture 
was placed on a Neubauer slide. The cells with the damaged membrane 
turned blue, and the living cells remained colorless and completely 
transparent. The cells were counted, and the percentage of cell survival 
was calculated as (total number of cells - stained cells)/total number 
of cells) × 100. All experiments were carried out independently three 
times.

Microculture tetrazolium test (MTT): To measure the inhibitory 
effect of Flutamide and Curcumin on the metabolic activity of PC3 and 
LNCaP cells by MTT Assay (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 
tetrazolium bromide, Sigma-Aldrich, St. Louis, MO, USA), the 
following was performed: Both PC3 and LNCaP cell lines were seeded 
at 5 × 103/mL per well in 96-well plates treated for 24 hr, 48 hr and 72 
hr in absence and presence of various concentrations of Flutamide and 
Curcumin and their combinations at 37°C with 5% CO2 saturation.

At selected times, 100 μl of 0.5 mg/mL MTT solution prepared 
fresh in RPMI-1640 without FBS each time it was used was added to 
the cells and incubated for 4 hours at 37°C to metabolize this solution. 
The formed formazan crystals were dissolved with 100 μl of dimethyl 
sulfoxide (DMSO), and a purple-colored solution was formed. The 
optical density was read at an absorbance of 570 nm wavelength in an 
ELISA microplate reader (MPR4+), Hyperion, Medizintechnik GmbH 
& Co.KG, Germany). The experiment was accomplished in triplicate 
(n=3) to determine the anti-proliferative effect of the IC50 (half 
maximal inhibitory concentration) of Flutamide and Curcumin against 
the PC3 and LNCaP cell lines. Dose-response curves were plotted, and 
IC50, an inhibitory concentration of 50% of the control cell’s growth, 
was calculated by Graph-Pad PRISM software version 8 (San Diego, 
CA).

In vitro 3D colony formation assay: A colony-forming assay was 
performed to evaluate the invasiveness of prostate cancer cells in a cell 
culture medium. For this purpose, 2% and 0.7% sterile agarose were 
prepared and stored in the laboratory water bath at 45°C. The cells were 
harvested and poured on 2% agar in a six-well plate (2 × 105 cells/well) 
with RPMI culture medium, 0.7% agarose, and 10% FBS serum. The 
plate was incubated at 37°C, and after 14 days, each well was examined 
for colony formation under an inverted microscope. Cells accumulate 
50 or more like a colony, and a set of 3 to 50 cells was obtained as a 
cluster. All experiments were carried out independently three times.

Measurement of cell apoptosis by flow cytometry

Briefly, one of the available methods for studying apoptosis is the 
analysis and study of Phosphatidylserine (PS) molecules present on the 
membrane’s outer surface during the apoptotic process. Annexin-V is 
a phospholipid-binding protein in the presence of calcium ions. This 
substance has a high affinity for the PS molecule. Therefore, it is very 
suitable for detecting cells undergoing apoptosis in a cell population. 
The Annexin-V-Fluos co-staining assay kit contains both V-FITC 
(fluorescein isothiocyanate) and PI dye (propidium iodide), making 
it possible to distinguish and clean apoptotic cells from necrotic cells. 
Annexin-V-Flous diagnostic kit was used to count apoptotic cells [27]. 
First, the 1 × 105 cells/ml were cultured in a 6-well plate at 1640 RPMI 
medium containing 10% serum and incubated for 24 hours at 37°C 
and 5% CO2. Flutamide and Curcumin were then added to the wells 
at specific concentrations (for cell death in this test to be controlled 
and significant, a concentration lower than the lethal concentration of 
50% or LD50 was used) in triplicate, and incubation was continued for 



Citation: Mirzaei A, Rashedi S, Mashhadi R,  Ghahestani SM, Gorji A, et al. (2021) Osteopontin Isoforms b and c Mediate Prostate Cancer Cell 
Evasion. Cell Mol Biol 67: 207.

Page 3 of 9

Volume 67 • Issue 5 • 1000207Cell Mol Biol, an open access journal  
ISSN: 1165-158X

48 hours. Cells were collected after treatment and washed twice with 
PBS. Then, PI and Annexin-v were added to the cell suspension in the 
binding buffer. The cells were incubated in the dark for 15 minutes 
at 37°C and analyzed using flow cytometry. Cell discrimination was 
performed in the form of apoptosis (Annexin+/PI- [early apoptosis] 
and Annexin+/PI+ [late apoptosis]).

DNA cell cycle analysis

Both Prostate cell lines PC3 and LNCaP (5 × 105 cells/well), 
permeabilized and treated with specified concentrations of Flutamide 
and Curcumin for 48h, were washed with PBS, afterward fixed 
with 70% cold ethanol 24 hr. Cells were washed twice with PBS and 
incubated at 37°C for 30 mins with RNase I and dye DNA with 500 μL 
Propidium Iodide (PI) (50 μg/mL in 0.1% Triton X-100/0.1% sodium 
citrate). Cells were separated by BD flow cytometer set and performed 
with the Flowjo software (Tree Star Inc., version 9.6.3, USA). According 
to PI staining, both Prostate cell lines were measured with sub-G0/G1 
pattern (before DNA synthesis) as apoptotic cells.

 RNA extraction, cDNA synthesis and gene expression analysis 
by real-time PCR

TriPure Isolation Reagent (Roche Applied Science, Peuzberg, 
Germany) was used to extract the total RNA of the cells according to 
the manufacturer’s instructions. Colibri Microvolume Spectrometer 
(Titertek-Berthold.AZoNetwork UK Ltd., Manchester) was used to 
measure the quantity of RNA concentration of the samples. The cDNA 
synthesis kit (Takara Bio Inc., Otsu, Japan) was used for generating 
cDNA from RNA with Thermocycler Senso Quest Lab cycler, Germany.

Real-time PCR was performed with QIAGEN’s real-time PCR 
cycler, the Rotor-Gene Q instrument according to the following protocol 
to adjust the total volume to 20 μl; 2-fold diluted cDNA solution (2 μl), 
from each forward and reverse primers (10 pmol, 0.5 μl), nuclease-free 
water; Depc Water (7 μl) and finally SYBR Premix Ex Taq technology 
(Takara Bio Inc, Otsu, Japan, 10 μl). The specificity of PCR reactions 
was confirmed by melting curve analysis. To estimate the relative 
expression levels, we investigated GAPDH mRNA expression levels 
and the 2−ΔΔCT method used for calculating the relative expression. The 
PCR temperature program included a pre-denaturation step at 95°C for 
30 seconds, followed by 40 cycles including the denaturation phase at 
95°C for 5 seconds and a combined annealing/extension phase at 60°C 
for 20 seconds. To amplify each gene fragment, a specific primer pair 
was selected for each gene, which included the Forward and Reverse 
primers. All primers are certified with Primer-BLAST online software 
(NCBI website, Table 1).

Statistical analysis

All data were presented as means ± Standard Deviation (SD) 
of triplicate determinants. Analysis of variance (ANOVA) method 
and T-test were used to evaluate the results. Statistical significance 
was defined at *P<0.05, **P<0.01, and ***P<0.001 compared to the 
corresponding control. 

Results
Morphological changes

Morphological changes of PC3 and LNCaP cells were examined 
using an inverted microscope. As shown in Figure 1, the cells changed 
such as shrinkage, rounding, and membrane protrusion after treatment 
with Flutamide and Curcumin. These morphological changes suggest 
that Flutamide and Curcumin may induce apoptosis in PC3 and 
LNCaP cells.

Evaluation of cytotoxicity

MTT assay was used to evaluate the effect of Flutamide and 
Curcumin on LNCaP and PC3 cells. First, a lethal concentration of 
50% of cells or LD50 was obtained for Flutamide and Curcumin. For 
cell death to be controlled and significant, a concentration lower than 
LD50 was used. Figure 2 shows the effect of these two drugs on LNCaP 
and PC3 cell lines in three time periods of 24, 48, and 72 hours. Cell 
culture was used for control at the same time without any treatment. 
The results of this study indicate that Flutamide and Curcumin reduced 
cell survival in all three time periods. This indicates dose- and time-
dependent cell survival (Table 2). However, at 72 hours, the reduction 
in cell survival was more severe than the other two times and was 
statistically significant. The results are shown as the average of two 
independent experiments. 

Flutamide and Curcumin kill about 30% of cells in the first 24 hours 
of treatment. In comparison, the rate of this effect in 72 hours is more 
than 60%.

Investigation of apoptosis

Apoptosis was determined by staining the cells using the AnnexinV-
Flous kit and flow cytometry. Primary apoptosis was detected by 
positive staining for Annexin-V-FITC and secondary apoptosis by 
positive staining for both Annexin-V and PI. LNCaP and PC3 cells 
were treated with Flutamide and Curcumin for 48 hours before flow 
cytometric analysis. Cells without any treatment were considered as 
controls. As shown in Figure 3, the untreated control cells showed 
nearly 2% primary apoptosis and 6% secondary apoptosis, respectively; 
while, Flutamide and Curcumin-treated cells showed 60% primary 
apoptosis and 70% secondary apoptosis, respectively. This indicates 
that treatment of LNCaP and PC3 cells with Flutamide and Curcumin 
induced apoptosis.

Since cell cycle modification and inhibition are generally the 
preludes to most processes, including cell growth inhibition and cell 
apoptosis, the effects of Curcumin and Flutamide and their combination 
on the cell cycle of PI-stained treated prostate cancer cell lines were 
investigated by flow cytometry.

Among the control PC3 cell line, cells in stages sub-G1, G1, S, and 
G2 accounted for 1.01%, 64.71%, 23.22%, and 13.23% of the total cell 
population, respectively. The Curcumin treatment led to an increase 
in percentages of cells in the sub-G1 phase (1.01% to 17.70%) and 
a decrease in G1 (64.71% to 51.01%), S (23.22% to 21.12%), and G2 
(13.23% to 10.20%) phases. 

Furthermore, the Flutamide therapy increased sub-G1 cells (1.01% 
to 15.69%) and decreased G1, S, and G2 cells. The results regarding 
the combination therapy with Curcumin and Flutamide were more 
prominent with a significant increase in sub-G1 cells (1.01% to 46.38%), 
and decline in G1 (64.71% to 28.51%), S (23.22% to 20.0%), and G2 
(13.23% to 5.11%) cells (Figure 4). 

Similar results were obtained concerning the LNCaP cells. In this 
cell line, the control group, the Curcumin treated group, the Flutamide 
treated group, and the group with combination therapy had 0.69%, 
9.58%, 8.89%, and 12.34% of the cell population in the sub-G1 stage, 
respectively. The presence of this sub-G1 peak after drug administration 
indicates the occurrence of apoptosis. Thus, the results revealed that 
LNCaP and PC3 cells experience apoptosis due to cessation of the cell 
cycle in the sub-G1/G1 phase following the treatment with Curcumin, 
Flutamide, and their combination compared to the control group.
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Table 1: Nucleotide sequences of the Osteopontin specific isoforms and VEGF primers used for real-time PCR.

Gene Accession Number Forward Primer (5′-3′) Reverse Primer (5′-3′) Size (bp)
OPN-a NM_001040058.1 ATCTCCTAGCCCCACAGAAT CATCAGACTGGTGAGAATCATC 208
OPN-b NM_000582.2 ATCTCCTAGCCCCAGAGAC AAAATCAGTGACCAGTTCATCAG 209
OPN-c NM_001040060.1 TGAGGAAAAGCAGAATGCTG GTCAATGGAGTCCTGGCTGT 155
VEGF NM_001316955.1 CTCACCAAGGCCAGCACATAGG ATCTGGTTCCGAAAACCCTGAG 159
Bcl2 NM_000633 GGGGAGGATTGTGGCCTTC CAGGGCGATGTTGTCCACC 90
P53 NM-011640 AGACCTATGGAAACTACTTC GGACAGCATCAAATCATC 76

GAPDH NM-001289746.1 GTGAACCATGAGAAGTATGACAAC CATGAGTCCTTCCACGATACC 123

Figure 1: Light microscopic images of PC3 and LNCaP cells. Untreated PC3 and LNCaP cells (A, B, respectively), PC3 and LNCaP cells treated with 15 μM 
and 10 μM curcumin (C, D, respectively), PC3 and LNCaP cells treated with 20μM and 12μM Flutamide (E, F, respectively), PC3 cells treated with 20 μM 
Flutamide plus 15μM Curcumin (G), LNCaP cells treated with 12 μM Flutamide and 10 μM Curcumin (H) revealed prominent cytoplasmic granulation and cell 
death. Trypsinized PC3 and LNCaP cells were stained with trypan blue dye (I, J, respectively). The cells with the damaged membrane turned blue, and the living 
cells remained colorless and completely transparent. Colony formation assay in PC3 cells (K-N). Colonies presented as overview images, from left to right, 
respectively, were control cells without treatment (K), treatment with 20 μM Flutamide (L), treatment with 15 μM Curcumin (M), and finally combination therapy 
with both drugs (N). Treatment of PC3 cells with combination therapy with both drugs caused a significant reduction in the number of colonies. These data 
recommend that Flutamide and Curcumin alone and in combination can effectively inhibit the migration of PC3 cells.
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Figure 2: Effects of Flutamide and Curcumin with different concentrations (0-35 µM) on cell proliferation. The anti-growth effect of cited drugs and their 
combination was measured by MTT assay following 24-48 hr in LNCaP and PC3 cell lines. IC50 pharmaceutical doses of 15 µM and 20 µM in PC3 cell line and 
10 µM and 12 µM in LNCaP cell line for Curcumin and Flutamide were determined, respectively. Data displayed that the anti-proliferative impact of these drugs 
results in the reduction of viability of cells during a dose- and time-dependent manner. A combination of mentioned agents was highly effective in inhibiting 
cell growth and promotes   programmed cell death enormously in each cell line. MTT assays are the mean ± SD of three independent experiments. Statistical 
significance was defined at *P<0.05, **P<0.01, and ***P<0.001 compared to the corresponding control.

Table 2: Data obtained from MTT assay on the cell viability of PC3 and LNCaP cell lines treated with Flutamide and Curcumin (8, 10, 12, 15, and 20 µM) for 24, 
48, and 72 hr.

Cells Treated for 24 hr
Cell line / Dose 8µM 10 µM 12 µM 15 µM 20 µM

LNCaP+Flutamide 98.3 ± 2.2 94.1 ± 2.3 87.2 ± 2.7 81.6 ± 2.6 79.3 ± 1.7
LNCaP +Curcumin 91.3 ± 1.1 82.2 ± 3.1 74.1 ± 2.2 61.5 ± 3.4 59.4 ± 1.4

PC3+Flutamide 97.1 ± 2.4 92.1 ± 2.5 84.2 ± 3.2 79.1 ± 1.1 68.2 ± 4.1
PC3+Curcumin 90.4 ± 3.4 86.3 ± 3.5 79.5 ± 2.4 71.4 ± 3.3 68 ± 4.1

Cells Treated for 48 hr
LNCaP+Flutamide 71.8 ± 1.9 68.4 ± 2.3 53.8 ± 1.1 49.7 ± 2.3 48.8 ± 1.6
LNCaP+Curcumin 59.5 ± 1.4 53.7 ± 1.4 51.5 ± 1.3 47.8 ± 2.3 45.9 ± 1.2

PC3+Flutamide 70.1 ± 2.0 69.9 ± 2.1 67.9 ± 1.3 59.7 ± 1.7 51.2 ± 2.1
PC3+Curcumin 75.7 ± 2.0 67.1 ± 1.9 65.1 ± 1.6 52.3 ± 1.4 47.7 ± 1.0

Cells Treated for 72 hr
LNCaP+Flutamide 65.4 ± 3.3 60.2 ± 2.8 51.4 ± 3.4 43.7 ± 1.1 40.6 ± 2.3
LNCaP+Curcumin 50.1 ± 2.3 47.7 ± 2.7 43.5 ± 3.9 40.6 ± 4.4 33.5 ± 2.3

PC3+Flutamide 64.3 ± 2.7 61.5 ± 2.9 59.8 ± 3.5 51.7 ± 2.3 47.4 ± 2.2
PC3+Curcumin 68.2 ± 1.0 60.3 ± 3.4 53.7 ± 2.6 47.3 ± 3.5 38.7 ± 2.4
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LNCaP and PC3 cells were treated with Flutamide and Curcumin 
for 48 h and then examined regarding the expression of OPN isoforms 
by real-time PCR. The OPN-a isoform gene expression level was 
decreased in the LNCaP cell line treated with Curcumin compared to 
the untreated cells. Also, Flutamide significantly reduced the expression 
of both OPN-a and OPN-b isoforms in this cell line. In contrast, OPN-c 
isoform and VEGF gene expression showed a significant increase 
in LNCaP cells treated with Flutamide and Curcumin alone and in 
combination. In contrast to the LNCaP cell line, a significant increase 
in expression of the two OPN-c and OPN-b isoforms and VEGF was 
observed in PC3 cells treated with Flutamide and Curcumin alone 

and in combination (Figure 5). Concerning the tumor suppressor P53 
gene, both cell lines demonstrated significant upregulation following 
administration of Curcumin, Flutamide, and their combination. 
Moreover, the anti-apoptotic Bcl-2 gene was downregulated in LNCaP 
and PC3 cell lines after treatment with these two agents and their 
combination.

Discussion
Curcumin was previously demonstrated to inhibit the proliferation 

and accelerate the apoptosis of prostate cancer cells in both in-vitro and 
xenograft models [19,28,29].  Numerous pathways have been identified 

Figure 3: Flow cytometric analysis of LNCaP and PC3 cell apoptosis using Annexin-V-Flous.  (A) Induced apoptosis of LNCaP cells due to treatment with 
Curcumin and Flutamide and their combination (in order from left to right) and (B) PC3 cells without treatment, treatment with Curcumin and Flutamide and their 
combination (in order from left to right). The lower left quadrant shows live cells, the lower right, early apoptotic cells, the upper right, late apoptotic cells, and 
the upper left quadrant shows necrotic cells. Statistical significance was defined at *P<0.05, **P<0.01, and ***P<0.001 compared to the corresponding control.

Figure 4: Cell cycle analysis of LNCaP and PC3 cell lines. (A) LNCaP cell untreated and treated with Curcumin, Flutamide, and the combination of Curcumin 
and Flutamide and (B) PC3 cell untreated and treated with Curcumin, Flutamide, and the combination of Curcumin and Flutamide.



Citation: Mirzaei A, Rashedi S, Mashhadi R,  Ghahestani SM, Gorji A, et al. (2021) Osteopontin Isoforms b and c Mediate Prostate Cancer Cell 
Evasion. Cell Mol Biol 67: 207.

Page 7 of 9

Volume 67 • Issue 5 • 1000207Cell Mol Biol, an open access journal  
ISSN: 1165-158X

for this anti-cancer effect of Curcumin. At the molecular level, 
Curcumin inhibits the expression of oncogenes Cyclin D1, Epidermal 
Growth Factor Receptor (EGFR), AP-1, Matrix Metalloproteinase 
(MMP), Signal Transducer And Activator Of Transcription 3 (STAT3), 
NF-κB, and multiple other pathways, e.g., PI3K/Akt [30]. Moreover, 
Curcumin can sensitize prostate cancer cells to TRAIL-associated 
apoptosis [29]. 

Our results also denoted that Curcumin alone and in combination 
with the anti-androgen drug Flutamide can affect the survival of 
androgen-dependent (LNCaP) and, more prominently, androgen-
independent (PC3) prostate cancer cells through induced apoptosis and 
cell cycle arrest at sub G1/G1 phase. In addition, our findings indicated 
the overexpression of the pro-apoptotic P53 gene alongside the 
downregulation of the anti-apoptotic Bcl-2 gene after administration of 
Curcumin and its combination with Flutamide, all in favor of increased 
apoptosis. 

Notably, we observed these anti-proliferative effects and apoptosis 
with few necrotic effects (Figure 3), further implying the safety of 
this therapeutic regimen. Although androgen depletion therapy 
provides promising therapeutic properties on androgen-dependent 
prostate cancers, virtually all prostate cancers ultimately progress to 
an androgen-independent state due to alteration in androgen receptor 
signaling and expression [31]. Currently, no established treatment for 
these androgen-insensitive tumors has been recognized [17]; thus, 
Curcumin, with its proven safety and few side effects [32], offers 
great anti-proliferative potential for the management of androgen-
independent prostate cancers [33,34].

Additionally, Curcumin was suggested to downregulate the 
pathologic angiogenesis by direct inhibitory effects on endothelial 
cells [35] and negative regulation of a plethora of transcription 
factors such as NF-κB pathway and multiple proangiogenic factors, 
e.g., MMP, VEGF, and OPN [36]. In this regard, OPN plays a pivotal 
role in tumor growth, progression, metastasis, and angiogenesis via 
mediating several autocrine and paracrine pathways by interaction 

with integrins and CD44 [37]. Previous observations have suggested 
that cooperative mechanisms implicating OPN and integrin αvβ3 
signaling pathways are involved in VEGF-mediated cell migration and 
angiogenesis [26,38,39]. In the past decade, more and more evidence 
has accumulated indicating that high expression of OPN in plasma 
and tumor tissue of patients with advanced cancers is correlated with 
neoplastic proliferation signature and poor prognosis [40,41]. A recent 
meta-analysis also showed that OPN overexpression is related to higher 
Gleason score, higher clinical stage, lymph node and distant metastasis, 
and shorter relapse-free and overall survival in patients with prostate 
cancers [42].

However, few studies have addressed the role of OPN splice variants 
in prostate cancer. To the best of our knowledge, no prior studies have 
evaluated the effect of Curcumin on these isoforms. We verified that 
the combination of Curcumin and Flutamide was able to downregulate 
OPN-a and OPN-b isoforms in androgen-dependent (LNCaP) cell 
lines, and OPN-a isoform gene in androgen-independent (PC3) cells. 

Variations in splicing of OPN mRNA modulate proteome diversity 
and leads to the following three isoforms: OPN-a is the full-length 
variant, while OPN-b and OPN-c lack exon 5 and exon 4, respectively 
[43]. Tilli et al. demonstrated that all three of these isoforms were 
upregulated in prostate cancer tissues in benign prostatic hyperplasia 
samples; however, among these, OPN-c was the most overexpressed 
isoform, with the diagnostic accuracy outperforming even the prostate-
specific antigen (PSA) serum levels for prostate cancer. It was postulated 
that OPN-c upregulation is involved in crucial pro-survival pathways 
promoting the neoplastic transformation of prostate cells [14]. 

OPN-b and OPN-c splice isoforms enhance the proliferation, 
invasion, and metastasis of prostate cancer through PI3K-mediated 
signaling, as well as the expression of MMP-2, MMP-9, and VEGF (43). 
Moreover, OPN-c activates the androgen receptor signaling pathway 
leading to prostate cancer progression [44]. Besides, the overexpression 
of the OPN-b and OPN-c isoforms are involved in the upregulation 
of mesenchymal markers and downregulation of epithelial markers in 
prostate cancer cells leading to chemotherapy resistance and increased 
neoplastic cell survival [45-47]. Interestingly, our data show OPN-c 
isoform upregulation was independent of androgen dependency status 
while OPN-b isoform was upregulated in androgen-independent (PC3) 
prostate cancer cell line only, suggesting stronger evading mechanisms 
by OPN-b and OPN-c isoforms in more aggressive variants, warranting 
future studies.

Such rationale and our results also corroborate findings of e 
previous studies regarding the role of OPN-b and OPN-c splice variants 
in prostate cancer progression. Although anti-carcinogenic effects 
of Curcumin on prostate cancer cells have been described in several 
preclinical reports, randomized controlled trials investigating the oral 
supplementation of Curcumin and its derivatives have failed to detect 
differences regarding the treatment outcomes in patients with prostate 
cancer [48,49]. Our findings concerning the overexpression of OPN-b 
and OPN-c isoforms following the administration of Curcumin and 
anti-androgen drugs can provide new insights on the possible role of 
OPN and its splice isoforms in the resistance of prostate cancers to 
androgen targeted and non-androgen targeted therapy. 

The role of OPN in cancer chemoresistance has been investigated 
in several malignancies, including pancreatic cancer [50], 
hepatocellular carcinoma [51], and breast cancer [52,53]. Regarding 
this chemoresistance, two possible mechanisms have been proposed. 
First, upregulation of autophagy by OPN can paradoxically promote 
resistance to chemotherapy. Yang et al. demonstrated that autophagy 

Figure 5: The Effect of Flutamide and Curcumin on the expression levels of 
OPN-a, OPN-b, OPN-c, VEGF, P53, and Bcl-2 was determined by qRT-PCR 
analysis in LNCaP and PC3 cells. Values are given as mean ± SD of three 
independent experiments. Statistical significance was defined at *P<0.05, 
**P<0.01, and ***P<0.001 compared to the corresponding control.
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induced by OPN results in chemoresistance of pancreatic cancer cells to 
gemcitabine through activation of the OPN/NF-κB pathway. The OPN 
knockdown via lentiviral transfection and autophagy blockade contributed 
to enhanced chemotherapy response and cytotoxic effects [50]. 

Similar findings concerning the OPN-induced autophagy have been 
detected in hepatocellular carcinoma cell lines with the involvement of 
the integrin αvβ3/MEK/ERK1/2 pathway [51]. Second, OPN may play 
an anti-apoptotic function resulting in drug resistance. By silencing 
OPN expression, Pang et al. detected a higher apoptotic function of 
cyclophosphamide in breast cancer cells compared to the normal breast 
cancer cells [53]. 

Likewise, downregulation of OPN conferred increased sensitivity 
of breast cancer cells to doxorubicin-induced apoptosis [52]. These 
anti-apoptotic effects of OPN, which can lead to chemoresistance, 
are mediated through p38/MAPK and PI3K/Akt pathways [52,53]. 
Combining these findings with our results, we hypothesize that 
OPN, especially OPN-b and OPN-c isoforms, may be involved in the 
resistance of prostate cancer cells to therapeutic agents.

While involving multiple well-established techniques and diverse 
cell lines representing androgen-independent and androgen-dependent 
prostate cancer, future investigations should expand our study to the in 
vivo microenvironment and to the clinical scenario.

Conclusion
Our results suggest that despite the anti-carcinogenic effects 

of Curcumin, prostate cancer cells probably evade these effects via 
induction of OPN-b and OPN-c isoforms and related molecular 
pathways. The correlation between androgen-independency and 
OPN-b isoform needs further exploration and targeting these pathways 
in future studies is of utmost importance to open up possibilities for 
developing an improved therapeutic response in patients with prostate 
cancer.
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