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Abstract

Background: Thymoquinone (TQ), a bioactive compound, has many pharmacological actions especially anticancer effects. Prostate
cancer (PC) is one of the most common malignancies among males in the world.
Objectives: The current study aimed at evaluating the effects of TQ treatment on interleukin-6 (IL-6) expression, IL-6 secretion, cell
viability, phosphorylated extracellular signal–regulated kinases (pERK1/2), phosphorylated AKT (pAKT), and phosphorylated signal
transducer and activator of transcription 3 (pSTAT3) signaling pathways in human prostate cancer PC3 cells.
Materials andMethods: PC3 cells were cultured in different concentrations of TQ for 48 hours. Cell viability, expression, and secre-
tion of IL-6 were assessed by MTT assay, real-time quantitative polymerase chain reaction (RT-q PCR) analysis, and the enzyme-linked
immunosorbent assay (ELISA) technique, respectively. The changes of pERK1/2, pAKT, and pSTAT3 were determined using Western
blot procedure.
Results: Treatment with TQ caused the reduction of viability (inhibitory concentration [IC50] = 45µM) and survival in PC3 cells. RT-q
PCR had a significant reduction (P < 0.05) in IL-6 gene expression compared with the control cells (50%, 59%, 68%, and 70% at 30, 40,
45, and 50 µM of TQ, respectively). TQ treatment resulted in a significant decline (P < 0.05) in the secretion of IL-6 compared with
the control cells (56.89%, 71.12%, 84.32%, and 85.89% at 30, 40, 45, and 50 µM of TQ, respectively). Western blot showed a reduction in
the phosphorylated STAT3, AKT, and ERK proteins.
Conclusions: The obtained results suggested that TQ can effectively reduce IL-6 signaling pathways (pSTAT3, pAKT, and pERK1/2).
Also, TQ can decrease IL-6 gene expression, which leads to the reduction of cell proliferation and viability. Therefore, TQ may be
beneficial to treat prostate cancer.
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1. Background

Prostate cancer (PC), an androgen-sensitive cancer, is
one of the most common malignancies among males
in the United States and western world (1, 2). Recently,
233,000 new PC cases are reported by American Cancer So-
ciety statistics in 2014 and it is estimated that about 29,480
patients are expected to die from it (3). The geographical
distribution of PC varies in the world to the extent that in
Asian countries, including Iran, it is lower than the West-
ern countries (4). There are a few studies on the epidemiol-
ogy of PC in Iran (5), where it is the 3rd most common type
of cancer in males and the 6th most prevalent cancer (6).
Unfortunately, PC is highly resistant to chemotherapy in
advanced stages of the disease and its progression depends
on both genetic and epigenetic factors. Androgen ablation
therapy is mainly used to treat hormone-sensitive PC. How-
ever, in most males usually after 2 to 3 years, metastatic PC
leads to an androgen-independent state (7-9). It is shown

that signaling pathways influence cell growth and its in-
hibition through cell cycle regulation (10). Several stud-
ies confirmed the role of interleukin-6 (IL-6, a glycopro-
tein including 212 amino) in the etiology and progression
of PC (10-12). IL-6 plays an important role in the cellular
growth of PC3 cells through its effects on the various signal-
ing pathways such as Janus kinase (JAK), signal transducer
and activator of transcription 3 (STAT3), and extracellular
signal–regulated kinase 1/2 (ERK1/2) (11-13).

Nowadays, medicinal plants are used to treat a vari-
ety of diseases due to their flavonoids (14-16). Further-
more, there is a growing interest in naturally-occurring
compounds with anticancer potentials. Thymoquinone
(2-isopropyl-5-methyl-1,4-benzoquinone) (TQ), a bioactive
compound isolated from Nigella sativa essential oil, has
many anticancer effects including cell cycle arrest, an-
tiproliferation, apoptosis, induction ROS (reactive oxygen
species) generation, antimetastasis, and blockade of tu-
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mor angiogenesis in various cancers. In addition, some
antitumor effects of TQ on colon, prostate, pancreatic,
and lung cancers are reported (17, 18). TQ has relatively
low toxicity as it is a well-tolerated agent in rodents (19).
TQ exhibits its anticancer activity by modulating vari-
ous molecular targets including activation of several cas-
pases, induction of ROS generation, and cell signaling
STAT3 (18, 20). Several studies explained the anticancer ef-
fects of TQ attributed to the induction of PPAR-γ (peroxi-
some proliferator-activated receptor gamma), PTEN (phos-
phatidylinositol 3, 4, 5-trisphosphate 3-phosphatase) ex-
pression, as well as p53-dependent and independent apop-
tosis. Also, TQ is an upregulator Bax/Bcl-2 ratio, caspase-9/3,
smooth muscle actin, p53, and p21, while it is a downregu-
lator of the pro-apoptotic genes including Bcl-2, Bcl-xL, and
cell surviving (19, 21, 22).

2. Objectives

The current study aimed at evaluating the effects of TQ
treatment on IL-6 gene expression, cell viability, IL-6 secre-
tion, pERK1/2, pAKT, and pSTAT3 signaling pathways in hu-
man PC3 cells.

3. Materials andMethods

The human PC cell line, PC3, was purchased from Pas-
teur Institute of Iran (Tehran, Iran). Thymoquinone was ob-
tained from Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA). Biozol total RNA extraction reagent was purchased
from BioFlux (BioFlux, Japan). Dimethyl sulfoxide (DMSO),
trypan blue, Pen/Strep, and 3-(4, 5-dimethylthiaztol-2-yl)-
2, 5-diphenyltetrazolium bromide (MTT) were purchased
from Sigma (St. Louis, MO) and RPMI1640 medium and fe-
tus bovine serum (FBS) from Gibco (Rockville, MD, USA). An-
tibodies were purchased from Abcam (San Francisco, CA,
USA). All other chemicals were of analytical grade.

3.1. Cell Culture and MTT Assay

Prostate cancer PC3 cells were seeded at 5000 cells/cm2

onto 96-well plates, in RPMI-1640 supplemented with 10%
FBS and 1% penicillin/streptomycin at 37°C in a humidified
5% CO2 incubator (23). The cells were allowed to attach for
24 hours before treatment with TQ. After 24 hours, culture
media was removed from the plate and replaced with me-
dia containing different concentrations of TQ (0, 30, 40, 45,
and 50µM) solved in dimethyl sulfoxide (0.1% final concen-
tration in media) for 48 hours. The experiments were re-
peated 3 times for each concentration. Then, the cytotox-
icity effects of TQ on PC3 cells were assessed by MTT assay
(24, 25). Briefly, after treating cells for 48 hours, the culture

medium was removed and cells were exposed to 100µL col-
orless RPMI and 10µL MTT (5 mg/mL in phosphate buffered
saline (PBS) added to each well and incubated for 4 hours.
The medium was removed, and 150 µL DMSO was added to
solubilize the formazan crystals. Absorbance of formazan
solution was evaluated using a plate reader (Stat Fax 3200,
Awareness Technology, USA) at 490 nm (3). The percentage
viability was calculated as follows:

Percentage viability = A (sample)/ A (control) × 100.

3.2. Real-Time Quantitative Polymerase Chain Reaction for IL-6

Prostate cancer PC3 cells in the exponential growth
phase were treated with different concentrations of TQ
(0, 30, 40, 45, and 50 µM) in a 6-well plate for 48 hours.
Then, the media were removed and the total RNA of the
cells was extracted by Biozol reagent according to the
manufacturer’s instructions. Total RNA were measured
by 260/280 nm absorbance ratio (3) using the Nanodrop-
2000 Spectrophotometer (Thermo-USA). The procedure
of cDNA reverse transcription was carried out using
PrimeScriptTM reagent Kit (Takara Bio Inc.) according to
the manufacturer’s instructions. Then, cDNA was am-
plified by RT-q PCR using SYBR® Green PCR Master Mix
(Qiagen, Germany) in the presence of specific primers
for IL-6 (forward: 5’-AAGCCAGAGCTGTGCAGATGAGTA-3’;
reverse: 5’ TGTCCTGCAGCCACTGGTTC -3’) and GAPDH
(forward: 5´ACACCCACTCCTCCACCTTTG-3’; reverse: 5’-
CCACCACCCTGTTGCTGTAG-3’). The primers were designed
using Oligo 6.0 software (Molecular Biology Insights Inc.,
Cascade, CO), confirmed by blast (NCBI) and purchased
from Eurogentec (Seraing, Belgium). The IL-6 gene expres-
sion was determined using Rotor-Gene 3000 (Corbett, Aus-
tralia) for each mentioned concentration. Amplification
involved a first denaturation at 95°C for 10 minutes, RT-q
PCR was down for 35 cycles in a 3-step program (including
15 seconds at 95°C, 20 seconds at 62°C, and 25 seconds at
72°C). A housekeeping gene, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), was used as an endogenous con-
trol for values of mRNA expression and normalizing the
data.

3.3. Western Blotting

PC3 cells were cultured in RPMI 1640 medium with var-
ious concentrations of TQ (0, 30, 45, and 50 µM) for 48
hours. Then, the whole-cell proteins were extracted us-
ing RIPA buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1%
Triton X-100, 0.5% sodium deoxycholate, 1 mM ethylenedi-
aminetetraacetic acid (EDTA), 0.1% sodium azide, 50 mM
NaF, and 0.1% sodium dodecyl sulfate (SDS), and 1 mM
phenylmethanesulfonyl fluoride (PMSF) (26). Protein con-
centrations were determined in supernatant by Nanodrop-
2000 Spectrophotometer. Protein lysates prepared with an
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equal volume of loading buffer (0.125 M Tris-HCl, 4% SDS,
20% glycine, and 10% 2-mercaptoethanol) and boiled for 5
minutes. Equal amounts of denatured proteins were sub-
jected to 10% SDS–polyacrylamide gel electrophoresis (SDS-
PAGE). Pre-stained blue protein markers (Bio-Rad) were
used to determine molecular-weight. The gels were trans-
ferred and blotted onto polyvinylidene difluoride mem-
branes (PVDF). Then, the membranes were placed into a
blocking buffer containing 5% skim milk powder in TBS-
Tween buffer (10 mM Tris, 100 mM NaCl, 0.1 mM Tween-
20), and pH 7.4 for overnight at 4°C (26). The membranes
were rinsed 3 times in TBS-Tween buffer for 10 minutes and
subjected to primary antibodies against phosphorylated
STAT3, phosphorylated p44/42 ERK1/2, and phosphorylated
AKT at room temperature for 3 hours. The membranes
were rinsed with TBS-Tween buffer 3 times for 10 minutes
and incubated with an appropriate dilution of horseradish
peroxidase-conjugated secondary antibody at room tem-
perature for 2 hours. After rinsing the membranes 3 times
for 10 minutes in TBS-Tween buffer, they were visualized us-
ing Western blotting BM Blue POD substrate; β-actin was
assessed as an internal control.

3.4. Measurement of Il-6

PC3 cells were seeded in regular culture medium at a
density of 2 × 105 cell/well in a 6-well plate at 37°C in a
5% CO2 incubator. Then, the cells were treated with dif-
ferent concentrations of TQ (0, 30, 45, and 50 µM) for 48
hours. The concentrations of secreted IL-6 protein in the
supernatants were assessed using the enzyme-linked im-
munosorbent assay (ELISA) technique (AViBion Human IL-
6 ELISA kit) according to the manufacturer’s instructions.

3.5. Statistical Analysis

Statistical analysis was carried out with SPSS version
20.0 (SPSS, Chicago, IL). Data were expressed as mean ±
standard deviation (SD) for each replicated treatment. For
expression analysis, the relative levels of quantitative gene
expression were calculated with the 2-∆∆Ct method and
data were expressed as fold change. P values < 0.05 were
considered significant. Western blot experiments were re-
peated 3 times.

4. Results

4.1. Effects of TQ on PC-3 Cell Viability

TQ decreased the cell viability gradually with increased
concentration of TQ (Figures 1 and 2) after 48 hours. In the
current study, the IC50 value of TQ was calculated at 45µM.

4.2. Effect of TQ on the Expression of IL-6 in PC3 Cells

Treated PC3 cells with/without TQ were analyzed for IL-
6 gene expression using RT-q PCR. The expression of IL-6 in
the treated PC3 cells after 48 hours with TQ significantly
downregulated (P < 0.05) in a dose-dependent manner (Ta-
ble 1) with respect to the control cells. There was a signif-
icant decline (P < 0.05) in IL-6 expression by almost 50%,
59%, 68%, and 70% at 30, 40, 45, and 50µM of TQ concentra-
tions, respectively in TQ-treated PC-3 cells compared with
the control cells.

Table 1. Effect of Thymoquinone on the Secretion and Expression of IL-6 in PC3 Cells

Thymoquinone
Concentration (µM)

IL-6 Secretion, pg/mL IL-6Gene Expression,
Fold Change

0 217.33 ± 17.61 1.00 ± 0.00

30 73.21 ± 8.22a 0.050 ± 0.021a

40 62.66 ± 7.49a 0.041 ± 0.019a

45 34.01 ± 6.12a, b 0.032 ± 0.012a, b

50 30.61 ± 5.24a, b 0.030 ± 0.090a, b

a P < 0.05 compared with the control cells.
b P < 0.05 compared with 30 and 40 µM of TQ treated cells.

Figure 1. Inhibitory Effects of TQ on PC3 Cell Viability
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Data are expressed as mean ± SD 3 independent observations.

4.3. Effects of TQ on the Cellular Signaling Pathways in PC3 Cells

The Western blot data showed that PC3 treated cells
with TQ resulted in a moderate to strong reduction of the
cytoplasmic phosphorylated STAT3, ERK1/2, and AKT levels
in a dose-dependent pattern after treatment with differ-
ent doses of TQ for 48 hours (Figure 3). TQ resulted in the
strong reduction of pSTAT3 and pERK1/2 at above 30 µM
concentrations; however, TQ had moderate reduction of
AKT at above 30 µM concentrations.
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Figure 2. Effects of TQ on Morphological Changes and Proliferation of PC3 Cells

PC3 cells were treated with or without (untreated) various concentrations of TQ (A: 0, B: 30, C: 40, D: 45, and E: 50 µM, respectively).

4.4. Effect of TQ on IL-6 Secretion

The IL-6 secretion by TQ-treated PC3 cells is shown in Ta-
ble 1. TQ significantly resulted in a salient reduction (P <
0.05) of IL-6 in PC3 cells media in a dose-dependent man-
ner compared with the control cells (56.89%, 71.12%, 84.32%,
and 85.89% at 30, 40, 45, and 50 µM of TQ, respectively).

5. Discussion

Many studies showed that IL-6 protein has a central
role in the development of PC by affecting cellular regula-
tory signaling pathways (11, 12). Previous studies showed
that TQ exhibited many biological effects including antiox-
idant, anti-inflammatory, antitumor, and particularly an-
tiproliferative activities on PC cells (17, 18, 27). In the cur-
rent study, TQ resulted in the decrease of PC3 cells viabil-
ity and proliferation (Figures 1 and 2). Thus, TQ had strong
potential antiproliferative effects on PC3 cells as reported
by other investigators (28). On the other hand, TQ treat-
ment of PC3 cells led to a reduction of IL-6 protein secre-
tion by PC3 cells (Table 1). Also in the current study, results

of RT-q PCR confirmed the reduction of IL-6 expression due
to TQ treatment (Table 1), which was in accordance with
the reduction of IL-6 protein secretion by PC3 cells. Previ-
ous investigations demonstrated that IL-6 protein plays a
major role in the promotion, growth, and proliferation of
PC3 cells (10, 12). Therefore, in the current study the reduc-
tion of viability and proliferation of PC3 cells may be due
to the effects of TQ on decreasing IL-6 cytokine production.
Many published data showed that TQ led to the reduction
of the number of cytokines including IL-4, IL-5, IL-13, attenu-
ated lipopolysaccharides (LPS)-induced IL-1b, tumor necro-
sis factor alpha (TNF-a), matrix metalloproteinase (MMP)-
13, cyclooxygenase-2, and prostaglandin E2 (10, 29). It is re-
ported that IL-6, due to its receptor, uses many cellular me-
diators and transducers such as Janus kinase-signal trans-
ducers and activators of transcription (JAK-STAT), phospho-
rylated ERK1/2 (T202/Y204), and phospho-AKT (S473) for its
signaling pathways (11, 13). In the current study, treat-
ment of PC3 cells with TQ led to the reduction of pAKT,
pSTAT3, and ERK1/2 protein signaling pathways (Figure 3),
which were in line with those reported in other studies
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Figure 3. Effects of TQ on the Level of Cellular Signaling Pathways in PC3 Cells

PC3 cell lysates were subjected to SDS-PAGE followed by Western blotting with anti-
phospho-ERK1/2, anti-phospho-STAT3, and anti-phospho-Akt antibodies. The β-actin
was used as an internal control.

(11, 13). According to the reported studies, STAT3 regu-
lates the transcription of genes involved in cell differen-
tiation, inflammation, proliferation, apoptosis, angiogen-
esis, metastasis, tumor cell transformation, immune re-
sponses, and chemoresistance of tumor cells (11, 13, 30),
which can be a reason for the reduction of cell prolifera-
tion and viability in the current study. Also, overexpres-
sion of antiapoptotic genes such as Bcl-2 and Bcl-XL is as-
sociated with constitutive STAT3 activity. Then, STAT3 in-
hibition induces apoptosis (31). Therefore, in the current
study decreased IL-6 and pSTAT3 may be, at least in part,
a strong potential to reduce viability and proliferation of
PC3 cells, which is in agreement with the results of Li et
al., who found that TQ downregulated the expression of
STAT3 (32). Also, previous studies demonstrated that TQ
suppresses IL-6-inducible STAT3 phosphorylation in U266
multiple myeloma cells (32). On the other hand, AKT is im-
plicated in the progression of many human cancers, be-
cause it controls several factors involved in the apoptosis
and cell cycle progression (33), which is in agreement with
the findings of the current study. Also, ERK is a key regula-
tory kinase to control endothelial cell cycle, proliferation,
growth, migration, and apoptosis in various types of can-
cers (34, 35). Therefore in the current study, another pos-
sible mechanism for antiproliferative effects of TQ on PC3
cells, at least in part, can be applied by reducing pAKT sig-
naling pathway. Also, the ERK1/2 MAPK pathway (depend-
ing on the individual ligand, cell surface receptor, and cell
type) is involved in the invasive, proliferation, differentia-
tion, survival, metastatic, apoptosis, and development of

several cancers through the phosphorylation of both cyto-
plasmic and nuclear targets including phosphatases, tran-
scriptional factors, and cytoskeletal proteins (36, 37). TQ
can prevent proliferation and angiogenesis by suppress-
ing ERK and AKT phosphorylation in human umbilical vein
endothelial cells (HUVECs). The current study findings
demonstrated that pERK1/2 signaling pathways were di-
minished by TQ (Figure 3), which was in line with previ-
ously published papers (34, 35, 38). Thus, additional mech-
anism for antiproliferative effects of TQ on PC3 cells may be
applied by inhibiting pERK1/2 signaling pathway.

The current study did not evaluate the effect of TQ
on other protein signaling pathways such as the nuclear
translocation level of p53, caspase3, and regulatory effec-
tors such as Bcl2 level, Bax level, etc. These factors can in-
fluence cell apoptosis and survival. Therefore, it was sug-
gested that future studies focus on the effects of TQ on
other cell signaling and effector proteins.

In conclusion, the current study results demonstrated
that inhibition of IL-6 signaling by TQ treatment may be a
beneficial way to reduce pSTAT3, pAKT, and pERK1/2 signal-
ing pathways in PC3 cells, which leads to the reduction of
cell proliferation and viability.
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