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Abstract

Background: Prostate cancer is known as one of the most prevalent health disorders in the male population
globally. The aim of the current study was to evaluate the effects of separate and concomitant use of MK-
2206 and salinomycin on prostate cancer cell line.

Methods: The antitumor potential of separate and concomitant use of MK-2206 and salinomycin was
evaluated in a panel of prostate cancer cell line (PC-3). To get insights into the underlying mechanism of
action, different assays including the rate of apoptosis, cell viability, and gene expression were performed
in treated prostate cancer cells.

Results: A significant reduction was detected in the viability percentage of prostate cancer cells (p< 0.001)
and the rate of Akt expression (p< 0.001) in all salinomycin, MK-2206, and salinomycin+MK-2206 groups
compared to the negative control group. Furthermore, in comparison with the negative control group, there
was a notable increase in both the rate of Bad expression (p< 0.001) and prostate cancer cells apoptosis after
salinomycin, MK-2206, and salinomycin+MK-2206 treatments. Moreover, the concomitant use of
salinomycin+MK-2206 revealed synergistic improvements regarding the viability of prostate cancer cells
and the rate of the Akt and Bad expressions compared to the separate administration of salinomycin and
MK-2206 (all p< 0.05)

Conclusions: The findings of the present study may contribute to improving the efficacy of the therapies
regarding the management of prostate cancer and providing a beneficial strategy in clinical trials.
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Introduction

Prostate cancer (PC) is the most frequent
health disorder among men, representing one
of the foremost causes of cancer-related
morbidity and mortality worldwide (1).
Several factors have been suggested to be
involved in the pathogenesis of PC such as age,
genetics, environmental toxins, hazardous
chemicals, and radiation, but the exact
mechanism remains unknown (2). Considering
the severity of PC, it can be localized or
progressive. Lymphatic system may play an

important role in penetrating the metastasized
version of this cancer into the bones (3, 4).
Different treatment procedures including
chemotherapy, radical prostatectomy,
radiotherapy, and hormone therapy have been
practiced providing recommendations for the
management of this disease (5-7). Yet, the
efficacy of all available treatment protocols is
limited due to their major side effects such as
erectile impairment, obesity, and the loss of
bone mass density (8). Hence, finding natural
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alternatives with fewer adverse effects is
necessary in order to overcome the negative
health impacts which are associated with PC
treatment (9).

The irregular activation of
phosphatidylinositol 3 kinase (PI3K) has been
confirmed as a critical condition in cancer
onset and progression (10). Furthermore, Akt
also known as protein kinase B (PKB), is a
principal serine-threonine kinase downstream
of PI3K which involved in promoting cell
growth and preventing the apoptosis (11). MK-
2206 is a small orally active allosteric Akt
inhibitor which binds to Akt protein through a
site in the second pleckstrin-homology domain
leading to Akt deformation and preventing its
localization to the plasma membrane (12).
According to the previous studies, this novel
compound has been reported as an effective
anticancer agent in both adult and pediatric
tumors (13, 14).

Salinomycin is a  monocarboxylic
ionophore antibiotic isolated from the
bacterium Streptomyces albus (15). Also, there
are convincing evidences regarding the
antifungal,  antiparasitic, antiviral and
anti-inflammatory properties of this compound
(15). Lately, the anticancer effect of
salinomycin has been highlighted due to its
potential in apoptosis induction and down-
regulating the growth of various types of
chemotherapeutic-resistant cancer cells (16).
Moreover, it has been reported that treating
cancer cells with high concentrations of
salinomycin would reduce the total Akt protein
activity in the body (17). Therefore, in the
present study, it was hypothesized that the
separate and concomitant use of MK-2206 and
salinomycin might be helpful treatment
procedures in PC. This study was approved by
the Ethics Committee in Biomedical Research
of Shahid Sadoughi University of Medical
Sciences
(IR.SSU.MEDICINE.REC.1399.204).

Materials and Methods

Cell line and culture

The human PC cell line (PC-3) was purchased
from Pastor Institute (Tehran, Iran). These
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cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; INOCLON, LOT
number: C1419005) accompanied respectively
with 10% fetal bovine serum (FBS), 2 mM of
L-glutamine, 100 U/ml of penicillin and 100
pug/ml  of streptomycin (WelGENE) and
maintained in a humidified incubator at 37 °C
in 5% CO2. All experiments were performed
in the logarithmic phase, in which the cells are
actively proliferating, and the number of cells
increases logarithmically.

Cell viability

In order to evaluate cell survival, PC-3 cells
were seeded in a 96-well plate at the density of
3 x 10*/well. After 24 h incubation, cells were
treated with 1.13 pM salinomycin (Sigma-
Aldrich Chemical Co., Cat. No. S4526) or 11
uM MK-2206 (Cayman Chemical Company,
USA, Item No. 11593) or 10 uM compound C
(as the positive control for the inhibition of
PI3K/Akt signaling pathway; Sigma-Aldrich
Chemical Co., Cat. No. 171260) or 7.8 uM
salinomycin+MK-2206 for 72 h. Then, these
cells were added with 0.5 mg/ml of the MTT
solution (Sigma-Aldrich Chemical Co., LOT
number: MKCL9866) and the precipitates
were dissolved in dimethyl sulfoxide (DMSO,
as the negative control; Lifebiolab, Germany,
Cat. No. LB17067). A colorimetric analysis
was implemented at 570 nm with an ELIZA
Microplate  Reader  (Lx800, Biotech,
Germany). Cell viability was assessed as
relative percentage of the treated cells to
untreated cells by comparing optical densities.

Apoptosis Assessment

To measuring apoptosis, the 4,6-diamidino-2-
phenylindole (DAPI) (Sigma-Aldrich Chemical
Co., LOT number: 066M4053V) was employed
to counterstain the nuclei. PC-3 cells were
seeded in six-well plates and treated with 5 uM
salinomycin or 10 uM MK-2206 or 12 uM
compound C or 7 uM salinomycin+MK-2206
salinomycin for 24 h. Then, cells were washed
three times with PBS (pH 7.4) and incubated for
5 minutes with 0.5 ug/mL DAPI staining. All
images were observed under a fluorescence
microscope (Carl Zeiss, Jena, Germany).
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Total RNA isolation

The total RNA was extracted using RNX- Plus
kit (SinaClon BioScience, Tehran, Iran, Cat.
No. EX6101) based on the manufacturer’s
instructions.  Then,  concentration  and
absorbance of the extracted RNA were
measured at 260/280 nm by a nanodrop.
Additionally, 28S, 18S, and 5S rRNAs bands
were observed on 2% agarose gel, representing
optimum extraction quality of RNA. Finally,
the RNAs were stored in 0.2 ml sterile
microtubes at -80 °C.

cDNA Synthesis

After the procedure of RNA extraction, the
cDNA synthesis was done using Easy cDNA
Synthesis Kit Parstous (Tehran, Iran) based on
the manufacturer’s instructions.  After
normalization, the aliquots were stored at -80
°C until performing the real-time polymerase
chain reaction (RT-PCR).

Real Time PCR (RT-PCR)

Real time PCR is known as the gold standard
for gene expression assessment in terms of its
high assay specificity, high detection
sensitivity and extensive linear dynamic range
(18). To analysis of gene expression, -Actin
was considered as the reference/housekeeping

gene and the expression levels of target genes
including Akt and pro-apoptotic protein Bad
(BCL2 associated agonist of cell death) were
assessed in comparison to this reference gene.
It is worth mentioning that the housekeeping
gene is expressed in all body cells and external
variables have no effect on its expression rate
(19). Primer Blast, Gene Runner and UCSC
gene sites were selected for checking non-
primer binding to the non-specific genomic
locus or non-formation homodimer and
heterodimer. Besides, the “Tm Calculate site”
was used for checking the primers Tm. The
primer sequence of B-Actin, Akt, and Bad
genes were purchased from the BONMIR
company (Stem Cell Technology, Iran) (Table
1). In the present study, PCR procedure was
done using an Opticon | thermal cycler (MJ
Research PTC-200) with YTA SYBR Green
gPCR MasterMix 2X Kit (Yektatajhiz, Tehran,
Iran, Cat No. YT2551). Thermal cycling
settings were as follows: 95 °C for 15 min,
followed by 40 cycles of 95 °C for 15 s, 55 °C
for 15 s, and 72 °C for 30 s. Also, a final
extension of 72 °C for 5 min was performed.
All PCR reactions were done in duplicate.
Reproducibility of SYBR Green real-time
PCR was assessed by running samples
independently on different days.

Table 1: Primer sequences of AKT, Bad, and B-Actin.

Product size

Gene name Forward primer (5' — 3') Reverse primer (5’ — 3') (bp)
AKT AGCGACGTGGCTATTGTGAAG GCCATCATTCTTGAGGAGGAAGT 96

Bad CCCAGAGTTTGAGCCGAGTG CCCATCCCTTCGTCGTCCT 249
B-Actin CGCGAGAAGATGACCCAGATC GATAGCACAGCCTGGATAGCAAC 77

Statistical analysis

The Statistical Package for Social Sciences
(version 22.0; SPSS Inc) was used for
statistical analyses. One-way ANOVA,
followed by Tukey's multiple range post-hoc
tests were used to compare the study
quantitative variables. P-values< 0.05 were
statistically significant.

Results

The viability of PC cells

The effects of treatments on the viability of
PC cells have been shown in (Fig. 1). The
total amount of PC cells viability was
significantly decreased in cells treated by
compound C compared to the negative
control (p< 0.001). Also, there was a
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significant reduction in the percentage of cell
viability in salinomycin, MK-2206, and
salinomycin+MK-2206 treated cells when
compared to those in the negative control
group (all p< 0.001). Although salinomycin
and MK-2206 showed significant differences
in comparison with the compound C (p=
0.03, p=0.03, respectively), there was no

statistically significant difference detected
between the salinomycin+Mk-2206 group and
the compound C in terms of the cell viability
(p=0.07). Furthermore, the concomitant use of
salinomycin+MK-2206  showed  further
decrease in cancer cells viability in comparison
with  the separate  administration  of
salinomycin and MK-2206 (p< 0.05).
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Fig. 1. The viability percentage of prostate cancer cells. The viability percentage of prostate cancer cells Data presented
as Mean£SD. *P-values obtained from the One-way ANOVA, followed by Tukey's multiple range post-hoc tests.
p-value< 0.05 was considered as significant. Graph columns bearing different superscripts are significantly different at

p-value< 0.05.

Apoptosis assessment

According to the macroscopic results of DAPI-
stained PC-3 cells, salinomycin, MK- 2206,
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and salinomycin+MK-2206 inhibited the
proliferation and induced apoptosis in the
study cell line (Fig. 2).
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Fig. 2. Macroscopic images of DAPI-stained prostate cancer cells. Macroscopic images of DAPI-stained prostate cancer
cells. A) Negative control, B) Compound C treated cells, C) Salinomycin treated cells, D) MK-2206 treated cells, E)

Salinomycin+MK-2206 treated cells.

Gene Expression
The expression of Akt the expression of Akt in PC-3 cells have been

The results of the study treatments regarding presented in (Fig. 3).

Akt expression

Fig. 3: The expression rate of Akt in prostate cancer cells. The expression rate of Akt in prostate cancer cells. Data
presented as Mean+SD. P-values obtained from the One-way ANOVA, followed by Tukey's multiple range post-hoc
tests. P-value< 0.05 was considered as significant. Graph columns bearing different superscripts are significantly different

at p-value< 0.05.
By the end of the study, lower expression of compared to the negative control group (p<
Akt was detected in the positive control group 0.001). Likewise, there was a significant
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decrease regarding the rate of Akt expression
in salinomycin, MK-2206, and
salinomycin+MK-2206 groups when
compared to the negative control group (p<
0.001). Meanwhile, salinomycin, MK-2206,
and  salinomycin+MK-2206  treatments
revealed significant differences compared to
the compound C (p= 0.03, p= 0.009, and p=
0.04, respectively). Moreover, the reduction in
Akt expression was notably higher in the
salinomycin+MK-2206 treated cells in
comparison with salinomycin and MK-2206
(both p< 0.05).

3.3.1. The expression of Bad

The findings of the study treatments relating to
the expression of Bad in PC-3 cells have been
shown in (Fig. 4).

The higher expression of Bad was found in
the positive control group in comparison with
the negative control group (p< 0.001). As well,
a significant enhancement was observed
regarding the rate of Bad expression in
salinomycin, MK-2206, and salinomycin +
MK-2206 groups when compared to the
negative control group (p< 0.001). Besides,
compared to the compound C, salinomycin,
MK-2206, and  salinomycin+MK-2206
showed significant differences associated with
the Bad expression progression (p= 0.008, p=
0.002, and p= 0.01, respectively). In addition,
the up regulation in Bad expression was
notably higher in the salinomycin+MK-2206
treated cells compared to salinomycin and
MK-2206 (both p< 0.05).

BAD expression
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Fig. 4. The expression rate of Bad in prostate cancer cells. The expression rate of Bad in prostate cancer cells. Data
presented as Mean+SD. P-values obtained from the One-way ANOVA, followed by Tukey's multiple range post-hoc
tests. P-value< 0.05 was considered as significant. Graph columns bearing different superscripts are significantly different

at p-value< 0.05.

Discussion
To the best of our knowledge, this study was
the first effort to investigate the effects of

162 Rep. Biochem. Mol. Biol, Vol.11, No.1, Apr 2022

separate and concomitant use of MK-2206 and
salinomycin on PC cell line. The results of the
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current study revealed that single and
concomitant use of MK-2206 and salinomycin
caused  viability  reduction,  improved
apoptosis, higher expression of the Bad
together with lower expression of the Akt in
PC-3 cell line.

It has been documented that abnormal
activation of the PI3K/Akt signaling pathway
may play as the survival mechanism of cancer
cells due to apoptosis inhibition through
phosphorylation of the pro-apoptotic protein
Bad (20). Therefore, it would not be
unexpected if cancer cells decrease Akt and
Bad expression as the crucial characters of
apoptosis regulation (21).

Consistent with the results of the present
study, Choi et al. (17) described lower total
Akt protein levels after salinomycin and MK-
2206 treatment in breast cancer cells. Also, the
researchers suggested that co-treatment with
salinomycin and MK-2206 increased
apoptosis of the cancer cells by reducing total
Akt expression. There are convincing reports
regarding the synergistic effect of MK-2206
with several therapeutic drugs through
enhancement of apoptotic cell death and
autophagy (22-24). In one study by Hirai et al.
(10), they have indicated that MK-2206
suppressed the Akt activation procedure in
human cancer cell lines. Furthermore, MK-
2206 synergistically inhibited Akt pathway in
combination with cytotoxic drugs such as
topoisomerase inhibitors, antimetabolites,
anti-microtubule agents, and DNA cross-
linkers in lung NCI-H460 or ovarian A2780
tumor cells. In one study, Sangai et al. (11) also
documented the Akt signaling and cell-cycle
progression inhibition in a dose-dependent
manner of MK-2206 treatment in breast cancer
cell lines. In 2014, Neri et al. (25) found that a
combination of MK-2206 with one more
mTOR inhibitor (RADO0O01) induced a caspase-
dependent apoptosis in B-precursor acute
lymphoblastic leukemia cells. The researchers
described this synergistic effect through the
extrinsic and intrinsic molecular pathways
which involved in increase cleaved caspase-8,

caspase-9, and poly adenosine diphosphate-
ribose polymerase (PARP). Similarly, in 2013,
Parajuli et al. (26) showed a remarkable
reduction in cisplatin resistant ovarian cancer
cell viability in a dose dependent manner. The
investigators also found salinomycin as an
inhibitor factor for the Akt and Bad expression,
which are all in agreement with our results.
Moreover, Kim et al reported that concomitant
use of salinomycin with other PI3K inhibitors
may result in higher apoptosis in comparison
with single treatment (27). It has also been
documented that salinomycin may decrease
oxidative stress and cell migration as well as
downregulating the expression of MYC, AR
and ERG in PC cells (28). Although the exact
action mechanism of salinomycin is still
uncertain,  different  experiments have
suggested that salinomycin may prevent
cancer stem cell proliferation as a result of the
autophagy activation and interfering with
Whnt/S-catenin signaling pathway which is
involved in the maintenance of progenitor cells
in numerous cancer cells (29, 30).

Our findings should be interpreted while
considering the main limitations. As a result of
limited funding, the comparative effects of
other important cytotoxic medications
including doxorubicin, gemcitabine,
docetaxel, and carboplatin were not evaluated.
Therefore, future well-designed studies are
needed to simultaneously evaluate other
specific agents which may clarify the
beneficial underlying mechanisms related to
the effects of MK-2260 and salinomycin on
PC-3 cells.

The findings of the current study may
contribute to improving the efficacy of the
therapies regarding the PC management and also
providing a beneficial strategy in clinical trials.
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