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Abstract

Background: Carob (Ceratonia siliqua L.) has been used to cure various diseases
in traditional medicine. This plant has also exerted antiproliferative effects on certain
cancer types. The present study aimed to determine the effects of carob bean extracts
on proliferation and apoptotic genes (Bax, Bcl-2, and P53) and Caspase-3, -8, and -9
expressions of human prostate cancer cell lines.

Method: In this in vitro experimental study, human prostate cell lines (LNCaP
and PC3) were treated with carob bean extract (0, 50, 100, 200, 400, and 800 pg/ml)
for 24, 48, 72, and 96 h. Cell viability was investigated via MTT assay. The genes
expression: Bax (pro-apoptotic), Bcl-2 (anti-apoptotic), Caspase-3 (required enzyme
for the execution of apoptosis), Caspase-8 (mediator of the extrinsic pathway), and
Caspase-9 (mediator of the intrinsic pathway) genes, as well as P53 (tumor suppressor),
were assessed using real-time polymerase chain reaction. Moreover, the nitric oxide
in culture media was evaluated.

Results: Carob bean extract suppressed the proliferation of prostate cancer cells
in a time and dose-dependent manner by inducing intrinsic apoptotic pathways and
decreasing nitric oxide production (P < 0.01). The obtained results revealed the
overexpression of Caspases-3 and -9, P53, and Bax, but reduction in Bcl-2 expression,
giving rise to a higher Bax/Bcl-2 ratio (P < 0.05).

Conclusion: The carob bean extracts exerted anti-prostate cancer properties via
induction of apoptosis. It could be also suggested as a dietary supplement for patients
suffering from prostate cancer.
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Introduction
Prostate cancer is the second cause
of male cancer deaths, with

and chemotherapy. However,
chemotherapy often induces severe
side-effects, such as diarrhea, fatigue,

conventional treatment options,
including radiation therapy, surgery,

anorexia, vomiting, hair loss, nausea,
constipation, and thrombocytopenia.!
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Prostate cancer treatment is believed to be an
essential principle in male diseases, and
combination or synergic therapy is considered in
cancer management. Our previous work showed
that noscapine enhanced the therapeutic effect of
paclitaxel in prostate cancer cells (LNCaP and
PC3) through the induction of apoptosis.?

Ceratonia siliqua (carob), from the Leguminosae
family, is mainly consumed in the food industry
as the source of gum. The plant parts (leaves and
fruits) are commonly utilized for alleviating various
diseases in traditional medicine. Different parts of
carob tree have antioxidant, hypoglycemic,
anxiolytic, sedative, anti-microbial, and nephro-
protective properties.> The major constituents of
carob beans are polyphenol and flavonoids, such
as caffeic, cinnamic, coumaric, ferulic, gallic,
gentisic, and synergic acids, as well as gallocatechin,
gallocatechin gallate, apigenin, catechin, genistein,
kaempferol, and quercetin. Carob leaf infusion
induced apoptosis in a mouse cell line of
hepatocellular carcinoma.* Furthermore, the
aqueous extract of carob fiber suppressed the
proliferation of human colorectal cell lines (HT29
and LT97).5

Methanolic extracts of carob leaf exerted anti-
proliferative, anti-cancer, and cytotoxic effects
on HeLa cells.® They also demonstrated that carob
bean extract (CBE) reduced the viability of breast
cancer (MDA-MB-231) and cervical cancer
(HeLa) cell lines.” In another study, CBE exerted
inhibitory effects on some human cancer cell
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lines (HCT-116, MDA-MB-231, and HeLa cells).®
A study reported that carob leaf polyphenol
triggered the intrinsic apoptotic pathway in colon
cancer cells.? Since there is no scientific report
on the effect of carob bean on prostate cancer,
the present study investigated the anti-tumor
activity of CBE on two prostate cancer cell lines
(LNCaP and PC3) in vitro.

Material and Methods

In this in vitro experimental study, two prostate
cancer cell lines, namely PC3 (bone metastasis-
derived) and LNCaP (lymph node
metastasis-derived), were obtained from the
national cell bank. Trypsin, MTT [3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide], and dimethyl sulfoxide (DMSO) were
purchased from Sigma-Aldrich Chemical Co.
(Germany). Fetal bovine serum (FBS) and RPMI
1640 (Roswell Park Memorial Institute) medium
were obtained from Gibco Company (Denmark).
Extract preparation

Dried carob beans were purchased and
authenticated by an academic expert, whose pulp
and seeds were then powdered. For extract
preparation, 200 g of the powder was added to
800 ml of 70% ethanol, and the mixture was left
to macerate at room temperature. Subsequently,
the soaked beans were extracted through the
percolation method, and the obtained extract was
concentrated in a vacuum and dried on a flat
surface.!?
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Figure 1. The effect of different doses of CBE on the cell lines LNCaP (A) and PC3 (B) for 24, 48, 72, and 96 h. Cells viability was
assessed using the MTT assay. One-way ANOVA was utilized with GraphPad Prism 7 software (GraphPad Software Inc, San Diego,

USA).

*P <0.05; ¥*P <0.01, ***P <0.001 compared with the control; CBE: Carob bean extract
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Cell culture

Antibiotic-free RPMI 1640 supplemented with
FBS (10%) was used for cancer cell culture. The
two prostate cancer cell lines (LNCaP and PC3)
were cultured in T25 flasks and incubated in
standard conditions (37°C humidified with 5%
CO2). 105 cells were used in each well of a 24-
well culture dish and treated under different
concentrations of the extract (0, 50, 100, 200, 400,
and 800 pg/ml) dissolved in cell culture media
for 24, 48, 72, and 96 h. Three wells were used
for each concentration in each exposure time.
MTT assay

Cell viability was determined using the MTT
assay, as described previously.!! Briefly; the cells
were cultured in 96-well plates (104 cells /well).
After exposure to different concentrations of the
extract (0, 50, 100, 200, 400, and 800 pg/ml),
they were dissolved in cell culture media for 24,
48, 72, and 96 h. Three wells were utilized for
each concentration in each exposure time. The
media were removed, and MTT solution (0.5
mg/mL) was added to each well and incubated
for 4 h. Positive control for cytotoxicity is the
cells treated with a cytotoxic drug/chemical (800
png/ml) +MTT. Negative control for cytotoxicity
is the cells left untreated +MTT. In this study,
negative control wells were treated with an
equivalent amount of a medium alone. The
formazan crystals produced by living cells were
dissolved using DMSO (100 pL). The resulting
solutions’ optical density (OD) was measured
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with an ELISA reader at 570 nm and 630 nm.
The percentage of cell viability was calculated
according to the following formula:

Cell viability (%) = [0D570, 630 (sample)/ OD570, 630 (control)] x 100

Nitric oxide (NO) assay

The Griess colorimetric method was used for
NO level assay. After the cell lines (LNCaP and
PC3) were treated with CBE (200, 400 pg/ml)
for 48 h, the supernatants were collected and
deproteinized; 6 mg zinc sulfate powder was
added to 400 pL supernatant, following which
100 pL of the supernatant was mixed with 100
uL Vcl3 (vanadium chloride III), 50 pl
sulfonamide 2%, and 50 pl naphthyl ethylenedi-
amine dihydrochloride (NEED) (0.1%). It was
then incubated at 37° C for 30 min. The
absorbance of the samples was measured at 540
and 630 nm with an ELISA reader (Stat fax 100,
USA). Each experiment was performed in
triplicate. The concentrations of 0, 6.25, 12.5,
25, 50, 100, and 200 uM sodium nitrates were
used for standard solution.!?
Real-time polymerase chain reaction (PCR)

Through the use of real-time PCR, we analyzed
the effects of different extract concentrations on
the expression of apoptotic-related genes, as
described previously. Briefly, via the RNA
isolation kit (DENA Zist, Tehran, Iran), total RNA
extraction was carried out, and using the cDNA
synthesis kit (BIOFACT. Daejeon, South Korea),
complementary DNA (cDNA) synthesis was done.
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Figure 2. The effect of carob extracts on NO production LNCaP (A) and PC3 (B) was measured based on Griess reaction after 48 h of
treatment. The data (means + SD) are presented as the percentage of the control cells. One-way ANOVA was utilized with GraphPad

Prism 7 software.
*P <0.05; **P <0.01, ***P < 0.001 compared with the control; No: Nitric oxide
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We also utilized SYBR Premix Ex Taq technology
(Takara Bio Inc., Shiga, Japan) in real-time PCR.
Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was served as an internal control. The
Applied Biosystems Step One Real-Time PCR
System was used (Applied Biosystems7500, Life
Technologies, ABI Corporation, Wisconsin, USA).
The data were collected and analyzed with the
2M(-AACt)method. The apoptotic genes include
Bax (pro-apoptotic), Bcl-2 (anti-apoptotic),
Caspase-3 (required enzyme for the execution of
apoptosis), Caspase-8 (mediator of the extrinsic
pathway), and Caspase-9 (mediator of the intrinsic
pathway) genes as well as P53 (tumor suppressor).
Table 1 shows primer sequences of the genes.
Ethical consideration

Kermanshah University of Medical Sciences
financially supported the present study;
furthermore, the Ethics Committee of the
University approved this work [ethics code:
IR.KUMS.REC.1397.897]. This article does not
contain any studies with human participant or
animals.
Statistical analysis

All the experiments herein were performed in
triplicate. Data were reported as mean + SE and
analyzed with the PRISM software package (Ver.
8, Chicago, Inc.). Kolmogorov-Smirnov test was
used for evaluating the parametric distribution.
The results were analyzed through one-way
analysis of variance (ANOVA) and Tukey post-
hoc test. P < 0.05 was considered as the level of
significance.
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Results
Cell viability

The IC50 values were 577.5, 406.5, 295.1,
and 174.4 for LNCaP and 496.2,216.5, 173, and
115.6 for PC3 cell lines, respectively after 24,
48, 72, and 96 h of treatment, using Graph Pad
Prism 7 software (Graph Pad Software Inc, San
Diego, USA). The MTT assay indicated that
various doses of CBE (0, 50, 100, 200, 400, and
800) and its differences in duration of treatment
affect the viability of cancer cell lines (LNCaP
and PC3), suggesting CBE cytotoxic effect in a
dose- and time-dependent manner. The PC3 cancer
cells, however, were more sensitive to the extract,
as shown by its IC50 values (Figure 1).
NO production

NO concentration in cell culture media was
detected using the Griess assay. A dose-dependent
decrease in NO production by prostate cancer
cells indicated the effect of different concentrations
of CBE after 48 h of treatment (Figure 2). The
extract showed a more significant effect on NO
production by PC3 cells. Compared with the
control group, the difference was significant with
the 50, 100, and 200 png/mL doses for LNCaP
and 100 and 200 pg/mL doses for PC3 cells (P <
0.01).
Apoptotic-related genes expression

In the treated cancer cells, P53 and Bax
expression were upregulated, while Bcl-2 was
down-regulated significantly. Since apoptosis is
controlled by the ratio of Bax (pro-apoptotic) to
Bcl-2 (anti-apoptotic) protein, the expression

=3 Control(PC3)

E=3 Treat(PC3)

Fold change

BCL2

BAX CASPASE CASPAS9 CASPAS3 P53

Gene expression(PC3)

Figure 3. The effect of different doses of CBE on the expression level of P53, Bax, Bcl-2, Caspase-3, -8, and -9 genes in LNCaP (A) and
PC3 (B) cells at 48 h. The data (means + SD) are reported as the percentage of the control cells.

*P <0.05; **P <0.01, ***P <0.001 compared with the control; CBE: Carob bean extract
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Table 1. The primer sequences of genes

Anticancer and Apoptotic Effect of Carob Bean

Gene Primer sequences Product length

Tp53 F: 5-TAACAGTTCTGCATGGGCGGC-3 121 bp
R: 5'-AGGACAGGCACAAACACGCACC-3'

Bax F: 5'-CCTGTGCACCAAGGTGCCGGAACT-3' 99 bp
R: 5'-CCACCCTGGTCTTGGATCCAGCCC-3'

Bcl2 F: 5'-TTGTGGCCTTCTTTGAGTTCGGTG-3' 114 bp
R: 5'-GGTGCCGGTTCAGGTACTCAGTCA-3'

Caspase -3 F: 5"-CAAACTTTTTCAGAGGGGATCG-3' 119 bp
R: 5"-GCATACTGTTTCAGCATGGCAC-3’

Caspase -8 F: 5"-CCTGATGACATGAACCTGCTG-3" 128 bp
R: 5"-GCTCTTGTTGATTTGGGCACAGAC-3’

Caspase -9 F: 5"-CATCCTTGTGTCCTACTCCACC-3' 115 bp
R: 5"-CAGCTTTTCCGGAGGAGTAAGT

GAPDH F: 5"-GTCTCCTCTGACTTCAACAGCG-3’ 120 bp

R: 5'- ACCACCCTGTTGCTGTAGCCAA-3’

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

levels of Bcl-2 and Bax mRNA in the cells were
measured after the treatment. Furthermore, the
extract led to increased mRNA expression of
Caspase-3 (required enzyme for the execution of
apoptosis) and Caspase-9 (mediator of the intrinsic
pathway) genes (Figure 3).

Discussion

The present study revealed that CBE had an
inhibitory effect on the proliferation of prostate
cancer cell lines (PC3 and LNCaP) in a dose-
and time-dependent manner. The IC50 values
demonstrated that PC3 cells were more sensitive
to the extract than LNCaP. The MTT assay
confirmed the CBE cytotoxicity against these
two distinct prostate cancer cell lines (PC3 and
LNCaP). LNCaP cells exhibit the characteristic
features of prostate cells, whereas PC3 cells show
a more aggressive phenotype.!> Most
chemotherapy agents target normal and malignant
proliferating cells, thereby causing serious side-
effects, such as bone marrow suppression and
thrombocytopenia.!? The potential of anti-cancer
agents to distinguish between cancer and normal
cells is essential in designing and discovering
novel chemotherapeutic drugs.!'4

NO has a bi-functional regulatory effect on
apoptosis, and its levels are generally associated
with angiogenesis, tumor growth and metastasis,
and tumor-related immune suppression.
Additionally, our findings demonstrated that the
extract decreased NO production in prostate cell
lines. Inhibitory and NO-inducing effects on
apoptotic signaling pathways have been reported
in many experimental models (in vitro and in
vivo). NO acts as an endogenous apoptosis
suppressor by inhibiting caspases, cytochrome ¢
release, and cGMP-dependent inhibition and
induction of apoptotic and cytoprotective stress
proteins.!> Decreased NO production by the
extract may remove the NO anti-apoptotic effect
in cancer cells.

According to the obtained results, CBE had
an apoptotic-induction potential in both cell lines
in a dose-dependent manner, but PC3 cells were
less sensitive to the extract than LNCaP cells.
Cancer cells, in most cases, exhibit resistance to
apoptosis to sustain their uncontrolled
proliferation; and therefore, any apoptosis-
inducing agent is desirable as a chemotherapeutic
agent against cancer.!®

The receptor-mediated (extrinsic pathway) and
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the mitochondrial-mediated (intrinsic pathway)
pathways are the two main apoptotic pathways
in cells in which caspases contribute to the intrinsic
pathway. Caspase-3 belongs to the aspartate-
specific cysteinyl protease family and is an effector
member involved in the final step of both apoptotic
pathways. In contrast, Caspases-9 and -8 are
initiators in the intrinsic and extrinsic pathways.!”

Our results showed that Caspase-3 gene
expression significantly increased upon treatment
with CBE in a dose- and time-dependent manner,
leading to DNA fragmentation and cell death.
Caspases-3, -9, and -8, P53, Bax, and Bcl2 genes
were evaluated in order to determine which
apoptotic pathway the extract induced. The
apoptosis process is controlled by various tumor
suppressor genes, including P53 and proto-
oncogenes. Bax plays a crucial role in apoptotic
initiation, while Bcl2 acts conversely to retain
cellular survival. In our case, overexpression in
Caspases-3, and -9, P53, and Bax, without changes
in Caspase-8, indicated that CBE activated the
intrinsic pathway. Furthermore, CBE treatment
down-regulated Bcl2 accompanied by enhanced
Bax expression, which gave rise to higher
Bax/Bcl2 ratios regarded as a driving force to
prompt apoptosis.

Different parts of the carbo bean, such as fruits,
leaves, and seeds, contain large amounts of
polyphenols, tannins, quercetin, myricetin,
gallotannins, methyl gallate, and gallic acid, some
of which, such as gallic acid, have been shown
to possess potent antioxidant and chemopreventive
effects.!3-22 Regarding the limitations of this study,
we could mention the lack of assessment of the
genes associated with extrinsic apoptotic pathway
in addition to not using any standard drugs for
prostate cancer treatment.

Conclusion

The findings of present study could suggest
carob as a potent therapeutic agent against prostate
cancer. Carob beans could be beneficial for
developing novel dietary supplements for cancer
treatment.
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