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Abstract

Background and purpose: Cancer stem cells (CSCs), as the subpopulation of cancer cells, are associated with
carcinogenesis, chemoresistance, and metastasis in malignancies. Also, CSCs are considered as the major
reason for treatment failure in prostate cancer (PCa). Alantolactone (ALT), exerts anticancer activity in
different types of cancers. In the present study, the relationship between ALT and CSCs in PCa metastasis and
the molecular mechanisms involved in the progression of PCa were investigated.

Experimental approach: In this study, to evaluate cell viability, MTT assay was performed. Then, PC3 cells
were treated with nontoxic concentrations of ALT and after this step wound-healing assay, colony-formation
assay and chemosensitization assay were applied to determine cell migration, the ability of colony formation,
and chemoresistance, respectively. Also, real-time polymerase chain reaction and western blotting were used
for the determination of genes and protein expression, respectively.

Findings/Results: Our finding showed that ALT at nontoxic concentrations (0.01 and 0.1 uM) for 72 h
suppressed the STAT3 phosphorylation and signaling pathway. Also, ALT was able to modulate the stemness
of PCa cells through downregulation of expression of SOX2, Oct-4, Nanog, CD133, CD44, and upregulation
of p53 expression. On the other hand, we further found that ALT in nontoxic concentrations sensitized PCa
cells to cisplatin

Conclusion and implications: ALT combated the stemness of cancer cells and metastasis by antagonizing of
STATS3 signaling pathway. In addition, ALT exhibited anti-metastatic properties and may have potential as a
new chemotherapy agent for the reduction of PCa metastasis.
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INTRODUCTION role in tumor initiation, unlimited growth,
proliferation, invasion, and heterogeneity of the
tumor mass and is one of the main challenges in
the treatment of PCa (4). Cancer stem cells

(CSCs) play a crucial role in PCa development,

Prostate cancer (PCa), as one of the most
common cancers in men, is a major cause of
cancer-associated death worldwide (1). Its

metastasis has a heavy financial burden on
countries' health systems (2). The molecular
mechanism of PCa metastasis is still unknown,
so one of the hot topics of scientists' research is
the clarification of the PCa metastasis (3).
According to previous studies, like most human
tumors, PCa has a heterogeneous cell
population. The main small subpopulation of
these cells is cancer stem cells which have a key
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metastasis, and chemo-/radiotherapy resistance
(5). CSCs are characterized by the ability of
self-renewal, high metastatic potential, and
chemotherapy resistance. These cells express
pluripotent stem cell markers on the cell surface
as the hallmark of stemness (6).
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A complex network of regulatory pathways
is contributed to the functional regulation of
CSCs including nuclear factor-kxB (NF-kB),
Wnt/B-catenin, Hedgehog, Notch, epidermal
growth  factor/vascular-endothelial  growth
factor, and signal transducer and activator of
transcription 3 (STAT3) (7).

STAT3 is one of the main oncogenes with
upregulated expression levels in prostate
tumors and further hematological and solid
tumors (8). Line of evidence confirms that
sustained activity of STAT3 is a substantial
factor in the maintenance of pluripotency and
self-renewal in embryonic stem cells and CSCs.
Importantly, the aberrant activity of STAT3
affects CSCs modulation of master genes that
control stemness (9). For better illustration of
master genes function in stemness, several
investigations demonstrated that octamer-binding
transcription factor 4 (Oct-4), sex-determining
region Y (SOX2), Nanog, Kruppel-like factor 4,
and c-Myc are some of the transcription factors
that preserve the stemness property of
embryonic stem cells. Moreover, several
studies showed that these transcription factors
play a key role in tumorigenesis, metastasis of
tumor cells, and recurrence of cancer.
Furthermore, increased expression of these
transcription factors led to increased invasion and
metastasis of cancer cells (10,11). Therefore,
STAT3 is a possible candidate for therapeutic
targeting of CSCs function for the treatment of
advanced tumors (8).

It is confirmed that STAT3 contributes to the
regulation of stemness properties in cancer cells
by modulating p53 expression level. STAT3
activity decreases the expression of p53
(12,13). Therefore, the inhibitory effect of p53
on stemness factors is suppressed and supports
the stemness proprieties in cancer cells (14).
PCa treatment faces main challenges including
metastasis, drug resistance, and tumor recurrence
which are due to the presence and function of
CSCs in tumor mass, therefore exploring novel
therapeutic agents is an urgent demand.

Natural compounds are diverse resources for
the identification of new therapeutic agents for
targeting CSCs (15). Sesquiterpene lactones are
a group of natural compounds that have been
extracted from Asteraceae family plants, and
their  anti-inflammatory and  anticancer
activities have been confirmed previously (16).
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Alantolactone (ALT) is one of the most active
sesquiterpene lactones existing in Inula
helenium with antibacterial, antifungal, and
anticancer  activities  (17). Extensive
investigations on ALT have suggested that this
compound has an inhibitory effect on STAT3
(16-18).  Nevertheless, the  molecular
mechanism of ALT in the metastasis of cancer
cells is still unclear. This study was aimed to
investigate the molecular mechanism of ALT in
the stemness of PCa cells by targeting STAT3
in the PCa-PC3 cell line.

MATERIAL AND METHODS

Reagents

ALT (Cat. No: SMLO0415), cisplatin,
interleukin (IL)-6, and Dulbecco's phosphate-
buffered saline (DPBS) were purchased from
Sigma-Aldrich (St Louis, MO; USA). The
primary antibodies against p-STAT3 (Tyr705),
STAT3, SOX2, and Nanog, and secondary
antibody (mouse IgGk light chain binding protein
conjugated to horseradish peroxidase) were
obtained from Santa Cruz Biotechnology (Santa
Cruz Biotechnology, CA, USA). RPMI 1640,
fatal bovine serum (FBS), penicillin, and
streptomycin were purchased from Biowest
(Nuaille, France). GeneAll Hybrid-R TM total
RNA purification kit (GeneAll, Korea) was used
for total RNA extraction. Additionally, cDNA
synthesis kit and SYBR green qPCR master mix
were purchased from Yekta Tajhiz Azma (Iran).

Cell culture

Prostate cancer cell line, PC3, was
purchased from the National Cell Bank of Iran
(NCBI), Tehran, Iran. The cells were cultured
in RPMI1640 medium with 10% FBS,
streptomycin (100 upg/mL) and penicillin
(100 U/mL). These cells were cultured at 37 °C
provided in an incubator with 5% CO2 and 90%
humidified atmosphere.

MTT assay for cell viability

Cell viability was assessed by MTT assay.
The cells were cultured in a 96-well plate with
5 x 103 cells per well. Then PC3 cells were
treated with various concentrations of ALT
(0.01-150 uM) for 24, 48, and 72 h. PC3 cells
in the control group were treated with dimethyl
sulfoxide (DMSOQO). A stock solution was



prepared in PBS at 5 mg/mL, filtered, and kept
at -20 °C under dark condition. After the
treatment period, the cells were washed with
PBS and then, 20 puL of MTT solution (MTT
reagent) was added to each well (final
concentration of MTT was 0.5 mg/mL). Then,
they were incubated at 37 °C with 5% CO2 and
humidified atmosphere for 3 h. For analysis of
the formation of formazan crystals, an inverted
microscope was used. The media of the wells
were removed and for solvation of formazan
crystals, 100 pL of DMSO was added to each
well. After 5 min of mild shaking, the optical
absorption at the 570 nm and a reference filter
of 630 nm was assessed by BioTek microplate
reader (USA). ICso values were assessed by
nonlinear fitting based on the log-transformed
dose-response curve.

RNA extraction

In order to extract total RNA, PC3 cells
seeded in a culture dish at a density of 1 x 10°
and incubated at 37 °C for 24 h. Then, these
cells were treated with nontoxic concentrations
of ALT (0.01 and 0.1 uM) for 72 h. Control
cells were also treated with DMSO. Total RNA
was extracted from the treated and untreated
cells according to the manufacturer's protocol.
At first, the media was removed from the wells,
and then, they were washed by PBS buffer. In
the following, 1 mL of cell lysis solution
(RiboEx™) was added to each well. Then, the
content of the wells was transferred into the
microtubes and was kept at room temperature
for 5 min. Afterward, 200 pL chloroform was
added and were incubated at room temperature
for 2 min. In the next step, they were
centrifuged at 12000 g for 15 minat 4 °C. Then,
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the upper phase was transferred to another
microtube and the same volume of resuspension
Buffer 1 was added to the solution. After that,
700 pL of the solution was transferred into a
mini spin column and centrifuged at room
temperature and 10000 g for 30 sec. Then, 500
puL of SW1 and RNW buffers were added to the
mini spin column and were centrifuged at
10000 g for 30 s at room temperature. In the
end, 50 pL of RNase-free water was added to
the middle part of the mini spin column and was
centrifuged at room temperature and 10000 g
for 1 min. The extracted RNA was restored at -
70 °C. The quantity and quality of the extracted
RNA were checked by a 260/280 absorption
ratio and agarose gel electrophoresis,
respectively.

Stemness-related mRNA profiling

More than 1 pg of RNA was used for
complementary DNA (cDNA) synthesis.
cDNA synthesis was done by random hexamer.
The tubes were first kept at room temperature
for 5 min. Then, they were kept at 50 °C for 30
min. After that, to deactivate RNase, the tubes
were placed at 95 °C for 5 min. All the primer
sets were designed by oligo 7 software and the
specificity of primers were checked by NCBI
Primer-BLAST. The primers sequence is
presented in Table 1. Gene expression was
assessed by Syber green-based quantitative
PCR by biomolecular systems thermal-
magnetic induction cycler (Mic, Bio Molecular
Systems, Australia). After normalization of the
results using a reference gene (GAPDH), the
relative expression of the target genes was
assessed via 224 formula (Livak and
Schmittgen method).

Table 1. List of primer sequences used for the real-time polymerase chain reaction

Gene name Primer sequence ( 5'-3') Product size(bp)

Nanog Forward: AGTCCCAAAGGCAAACAACCCACTTC 161
Reverse: TGCTGGAGGCTGAGGTATTTCTGTCTC

SOX-2 Forward: CACATGTCCCAGCACTACCAG 141
Reverse: CCCCTCCCATTTCCCTCGTT

OCT-4 Forward: CCATGCATTCAAACTGAGGT 146
Reverse: CCTTTGTGTTCCCAATTCCT

CD133 Forward: GCAAATCACCAGGTAAGAACCC 193
Reverse: CAAGAATTCCGCCTCCTAGCA

CDa4 Forward: GCAACTCCTAGTAGTACAACGGAA 123
Reverse: AGCTGTCCCTGTTGTCGAA

053 Forward: TCAGTCTACCTCCCGCCATA 399
Reverse: TTACATCTCCCAAACATCCCT

GAPDH Forward: GGTCTCCTCTGACTTCAACA 116

Reverse: AGCCAAATTCGTTGTCATAC
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Western blot analysis

PC3 cells were seeded with 10° cells/dish
density in a cell culture dish and then, treated
with a nontoxic concentration of ALT (0.01 and
0.1 uM) for 72 h. Control cells were also treated
with DMSO. After this, to extract total protein,
all of the cells in our study were incubated in
lysis buffer containing protease inhibitor for 20
min. Subsequently, the lysate was centrifuged
at 14000 RPM for 10 min at 4 °C and the
quantity of protein was measured by Bradford
assay. In the following step, protein
electrophoresis was carried out using sodium
dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and then, the
proteins were transferred to polyvinylidene
difluoride (PVDF). Then, the blotted membrane
was blocked by 5% skim milk solution and after
that, an adequate concentration of the primary
antibodies  (p-STAT3 (Tyr705), STATS,
Nanog, SOX2) were added and incubated at 4
°C overnight (GAPDH antibody was used as
the internal control). Then, the membrane
incubated with  horseradish  peroxidase-
conjugated secondary antibodies for 3 h. In the
following, the signals were visualized by
enhanced chemiluminescence (ECL) method
(GE Healthcare, Boston, MA, USA) and
exposed to X-ray film. Finally, the protein
bands quantified using ImageJ software.

Wound-healing assay

For analysis of cell migration ability, in vitro
wound-healing assay was performed. PC3 cells
seeded into 6-well plate (5 x 10° cells per well)
and allowed to reach 80-90% confluency.
When cells reached confluence, a wound was
made with a 10 pL blunt-end pipette tip.
Consequently, cell debris was removed with
PBS and cells treated with ALT (0.01 and 0.1
UM) for 72 h. Control cells were also treated
with DMSO. In the following, the images of the
same wound area were captured at 0, 24, 72 h
after scratching. Finally, the size of the wound
area was analyzed by Image J software.

Colony-formation assay

Colony-formation assay was applied for
investigating the effect of ALT on PC-3 cells’
viability. PC-3 cells were seeded at 500 cells
per well into a 6-well plate. On the next day, the
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cells were treated by ALT at 0.01 and 0.1 uM
for 72 h. Control cells were also treated with
DMSO. After 72 h, the cells incubated for
14 days until the formation of colonies (about
50 cells in every colony). Then, the colonies
were fixed by methanol/acetic acid (3:1)
solution for 20 min, and the fixed colonies were
stained by crystal violet (0.5%) for 10 min.
Colonies with more than 50 cells counted under
a microscope.

Chemosensitization assay

The toxicity of different concentrations of
cisplatin (ranging from 1 to 100 pM) in
untreated cells and pretreated cells with ALT
was assessed by MTT assay already described.
The ICsp of cisplatin in cells were determined in
untreated cells and ALT-pretreated cells (0.01
and 0.1 uM) after 72 h of pretreatment cells.
The effect of ALT on the toxicity of cisplatin
was presented as an 1Csp shift and percentage of
cell viability.

Statistical analyses

All of the statistical analyses were carried
out using GraphPad 8 (GraphPad Software,
USA) and were presented as mean + standard
deviation (SD). For multiple comparisons
between groups, one-way analysis of variance
(ANOVA) with post-hoc Tukey's test was
utilized. P < 0.05 was considered statistically as
a significant difference.

RESULTS

Effect of ALT on the viability of PC3 cells

In order to investigate the cytotoxic effects
of ALT on prostate cancer cells (PC-3), MTT
assay was used in various concentrations of
ALT (0,0.01,0.1, 1, 5, 10, 25, 50, 75, 100, and
150 uM) in different periods 24, 48, and 72 h
(Fig. 1). Our results demonstrated that ALT
decreased cell viability in a concentration- and
time-dependent manner. ICso values were
obtained as 3.063, 1.666, and 1.557 uM for 24,
48, and 72 h, respectively. Since the cell
viability at 0.01 and 0.1 pM were not
significantly different from the control group in
all time periods, therefore the concentration of
0.01 and 0.1 pM, for 72 h were used for the
following experiments.
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Fig. 1. The effect of ALT on PC3 cell viability was evaluated using MTT assay. PC3 cells were treated with various
concentrations of ALT in (A) 24 h, (B) 48 h, and (C) 72 h. The control group cells were treated with DMSO. The results
were presented as mean + SD, n = 3. ***P < 0.001 Indicates significant differences compared to the control group. ALT,
Alantolactone.
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Fig. 2. ALT inhibits inducible STAT3 activity and STAT3 tyrosine 705 phosphorylation. PC3 cells were pretreated with
a nontoxic concentration of ALT (0.01 and 0.1 uM) for 72 h. Subsequently, these cells were stimulated by IL-6 (10
ng/mL) for 30 min and analyzed with western blotting (in one repeat). GAPDH was used to normalize the expression
value. ALT, Alantolactone.

ALT inhibits IL-6-induced STAT3 tyrosine activity in a dose-dependent manner. We also

705 phosphorylation evaluated the effect of ALT on STAT3
Studies on PCa suggested that STAT3 and expression. The results showed that ALT was

its upstream activator i.e. IL-6 play a major role not significantly affected STAT3 expression in

in metastasis of PCa and can be considered as a a dose-dependent manner.

therapeutic target in PCa treatment (8). Besides,

immunohistological studies reported that levels ALT decreased mesenchymal stem cell surface

of phosphorylated STAT3 (p-STAT3 (Tyr705)) markers

and its mRNA were significantly elevated in In order to investigate the effect of ALT on

metastatic PCa (8,19). In order to clarify the cell surface markers of CSCs, the expression

inhibitory molecular mechanism of ALT on levels of CD133 and CD44 were assessed by

STAT3 phosphorylation, we first pretreated real-time polymerase chain reaction (RT-PCR)
PC3 cells with a nontoxic concentration of ALT (Fig. 3A and B). The results showed that ALT
(0.01 and 0. 1 pM) for 72 h. In the following at 0.01 and 0.1 pM significantly decreased the

step, these cells were treated with IL-6 (10 expression of CD44 and CD133 in comparison
ng/mL) for 30 min. Our results demonstrated with the control group, in a concentrations-
that STAT3 phosphorylation was increased in dependent manner. Based on our findings, ALT
the IL-6-treated cells (Fig. 2). Furthermore, in decreased the subpopulation of cancer cells

the ALT-pretreatment groups (0.01 and 0.1 with CSCs properties in PC3 cells in a dose-
MM), ALT inhibited IL-6 stimulated STAT3 dependent manner.
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Fig. 3. ALT decreased the expression level of stemness’s factors in PC3 cells. Protein and mRNA levels of stemness’s
factors in PC3 cells, which were treated by nontoxic concentrations of ALT for 72 h, were evaluated with western blotting
and RT-PCR. (A-E, and 1) mRNA expression levels of CD133, CD44, Oct-4, Nanog, SOX2, and p53. (F-H) Protein
expression levels of SOX2 and Nanog (in one repeat), GAPDH was used as a reference gene. All data represent the mean
+ SD, n = 3. *P < 0.05, **P < 0.01, ***P <0.001 Indicate significant differences compared to the control group. *P <
0.05 refers to the significant differences between indicated groups. ALT, Alantolactone; RT-PCR, real-time polymerase

chain reaction.

ALT decreased expressions of genes involved
in stemness and self-renewal of PC3 cells
Several studies depicted that uncontrolled
self-renewal of cells causes the initiation and
progression of various cancers. A growing body
of evidence showed that tumors may have a
subpopulation of cells that possess stem cell
features including self-renewal and
pluripotency (20). Stemness is defined the
potential of cancer cells for self-renewal and
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differentiation to other cells that are associated
with cancer progression and metastasis. RT-
PCR and western blotting were used to
investigate the effect of ALT on certain chief
genes involved in the stemness of PC3 cells
through STAT3 signaling pathway. Based on
the results obtained from the gene expression
levels, ALT was significantly decreased the
expression of Oct-4, Nanog, and SOX2 in a
dose-dependent  manner  (Fig.  3C-E).



Furthermore, analyzing of protein expression
levels, showed that this compound reduced the
expression of SOX2 and Nanog proteins
compared to the control group (Fig. 3F-H).

ALT increased the expression of p53 in PC3
cells

Loss of p53 is one of the main causes of
many cancers development. In the lack of this
guardian of the genome, cells are not protected
enough from mutation. As a tumor suppressor,
p53 plays a key role in many cellular events
such as DNA replication and repair, cell cycle
arrest, proliferation, apoptosis, angiogenesis
inhibition, and cellular stress responses.
According to recent studies, p53 plays a key
role in asymmetric and symmetric divisions in
stem cells and CSCs (21). Recent studies
suggest that p53 is one of the gene targets of
STAT3. Activation of STAT3 was led to
inhibition of p53 expression in cancer cells
(12). To evaluate the effect of ALT on p53
expression through STAT3 signaling pathway,
p53 expression was assessed via RT-PCR. Our
findings suggested that ALT significantly
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increased p53 expression in a dose-dependent
manner (Fig. 3I).

ALT decreased cell migration and colony
formation ability in PC3 cells

Invasion and cloning ability of PC3 cells
were assessed by wound healing assay and
colony formation, respectively. The results of
the colony formation assay showed that
the cell cloning ability was inhibited in
a dose-dependent manner (Fig. 4A and B).
In cells treated with ALT at 0.01 and 0.1 pM,
the colony formation ability was significantly
decreased compared to the control group
cells. Moreover, cell invasion was significantly
decreased in a dose-dependent manner
(Fig. 4C and D). An inverted microscope was
used to evaluate the morphologic changes and
the effect of ALT on pseudopodia formation in
PC3 cells. Pseudopodia are specialized
membrane protrusions that facilitate the
dissemination of metastatic cancer cells. Our
results indicated that ALT decreased
pseudopodia formation in a dose-dependent
manner (Fig. 5).
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Fig. 4. ALT decreased cell migration and colony formation ability in PC3 cells. The wound-healing assay and colony
formation assay was carried out in PC3 cells undergoing the nontoxic concentration of ALT. (A and B) The representative
images of the colony and the quantitative analysis number of colonies, respectively. (C) Represents the image of the
wound area at 0, 24, 72 h. (D) The quantitative analysis of the migration rate is presented in the column charts. All data
represent the mean + SD. n = 3. **P < 0.01 indicates significant differences compared to the control group; #P < 0.05
refers to the significant differences between indicated groups. ALT, Alantolactone.
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Fig. 5. ALT decreased pseudopodia formation in PC3 cells. Change in the morphology of PC3 cells evaluated with
inverted phase-contrast microscopy. PC3 cells treated with the nontoxic concentration of ALT (0.01 and 0.1 uM); the

magnification was 40x. ALT, alantolactone.
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Fig. 6. ALT enhanced the chemosensitization of PC3 cells. PC3 cells were pretreated with ALT at 0.01 and 0.1 uM for
72 h. Then, these cells were treated with various concentrations of cisplatin (1 to 100 uM) for 24 h. All data were
represented as mean + SD, n = 3. ***P < 0.001 indicates significant differences compared to the control group. *#P < 0.01
refers to the significant differences between indicated groups. ALT, Alantolactone.

ALT enhanced chemosensitization of PC3
cells

In order to evaluate the effect of ALT on
drug resistance in PC3 cells, we evaluated the
sensitivity of PC3 cells to cisplatin. Our results
indicated that nontoxic concentrations of ALT
made the cells sensitive to cisplatin. Also,
pretreatment of cells with the nontoxic
concentrations of ALT, strongly enhanced the
anti-proliferative effects of cisplatin in PC3
cells in a dose-dependent manner. As shown in
Fig. 6, pretreatment of PC3 cells by ALT (0.01
and 0.1 pM) for 72 h significantly shifted the
cisplatin inhibitory concentration (ICso) from
13.245 pM to0 6.13 and 2.176 uM, respectively.

DISCUSSION

PCa is one of the most common
malignancies and major causes of cancer-
related deaths among men in developed
countries (22). One of the main challenges in
the treating PCa is the metastasis of this type of
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cancer to distant organs. Scientists have clearly
revealed that, like other human tumors, CSCs
play a pivotal role in PCa metastasis (4,5). In
the present study, the effect of ALT on
metastasis and CSC properties of PCa cells was
investigated. To help the optimal treatment of
PCa due to the lack of sufficient therapeutic
strategy against metastasis of this cancer, our
study investigated the targeted treatment of this
disease by discovering cellular and molecular
pathways of metastasis. To the best of our
knowledge, there is no previous study to
elucidate the molecular mechanisms of ALT on
metastasis of PCa through reduced stemness
properties of cancer cells. The results showed
that ALT inhibited the CSC features of PCa
cells as well as metastasis and chemoresistance
in these cells by inhibiting the STAT3 signaling
pathway.

Clinical studies on PCa patients have shown
that the main clinical complication in PCa is
bone metastasis which brings about in death of
80% of patients with bone metastasis (23). In



addition to bone, lymph nodes, brain, and
visceral organs such as the liver and lungs are
involved by PCa (24). Therefore, metastasis
was considered a substantial cause of PCa
related deaths. In spite of various treatments
used for combating PCa including surgery,
radiation therapy, and chemotherapy, tumor
recurrence occurs in 20-30% of the patients
after 5 years. Of note, PCa usually occurs in old
men and these people are sensitive to
chemotherapy medicines. Therefore, one of the
therapeutic strategies for the reduction of the
side effects of chemotherapy and the recurrence
of PCa is using natural compounds (25).

The potential capacity of natural compounds
as anticancer agents has recently attracted a lot
of attention (26,27). Recent reports suggested
that the compounds extracted from plants are
strongly effective in cancer treatment (28).
Sesquiterpene lactones are a subclass of
sesquiterpenes and a secondary compound
existing in Asteraceae family plants. These
compounds have different anti-malarial, wound
healing, anti-inflammatory, and anti-tumor
effects (29). ALT was shown to exert various
biological activity including antimicrobial,
anti-inflammatory, and anticancer  (30).
Previous studies have reported that ALT
induces apoptosis in many types of cancer cells.
For example, Maryam et al. reported that ALT
inhibited STATS3, induced apoptosis, and
increased doxorubicin toxicity in lung cancer
cells by inducing oxidative stress (17). Also,
Khan et al. reported that ALT inhibits STAT3
phosphorylation and oxidative stress in liver
cancer cells by reducing GSH levels, thereby
inducing apoptosis in these cells (16). Lu et al.
showed that ALT induced apoptosis in breast
cancer cells by reducing the expression of
nuclear expression levels of p65 and nuclear
factor erythroid 2 -related factor 2 (Nrf2),
increasing p38 phosphorylation and inhibiting
the NF«kB signaling pathway (30).

Despite various studies on ALT, the
molecular mechanisms affecting cancer cell
metastasis are still poorly understood. One of
the molecular candidates which recently
evaluated as a therapeutic target in the
invasiveness of PCa is STAT3. It is the most
important oncogenes of PCa that becomes
constitutively activated by phosphorylation at
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Tyr705 and finally translocated into the nucleus
to affects the target genes in the nucleus and
causes anti-apoptosis, anti-proliferation, and
anti-metastasis effects (8). STAT3 signaling
pathway has been reported to have an essential
role in the expression of the genes involved in
stem cell properties which ultimately result in
invasion and metastasis of cancer cells (10,31).
CSCs are also known as tumor-initiating
cells which play a fundamental role in self-
renewal and formation of new tumors. Also,
evidence indicated that CSCs are involved in
metastasis, invasion, and chemoresistance of
tumors. Nowadays, one of the researcher’s
goals is to try to target CSCs based on surface
markers and intrinsic signaling pathways of
CSCs (10,14,32). Therefore, inhibitors of
STATS3 signaling pathway have the potential
for cancer treatment. In the present study, we
showed that ALT acts as a STAT3 inhibitor.
The results of our study suggested that this
compound inhibited phosphorylation of STAT3
at Tyr705 and hence, it prevented the
translocation of STAT3 into the nucleus and
inhibited the expression of target genes. Our
results were supported by Chun et al. which
indicated that ALT directly interacted with SH2
domain of STAT3 and significantly reduced
phosphorylation and dimerization in MDA-
MB231 breast cancer cells. It has been reported
that this compound inhibits metastasis and cell
invasion, colony formation, and suppresses
tumor growth in breast cancer cells by reducing
the expression levels of cyclin D1, c-myc,
cyclooxygenase-2 (COX-2), matrix
metalloproteinase-9 (MMP-9) that are STAT3
target genes (18). Khan et al. also reported that
ALT suppressed the activation of STAT3 in
HepG2 cells by inhibition of Tyr705
phosphorylation in  SH2 domains (16).
Moreover, Amara et al. conducted that ALT
inhibited STAT3 activation and blocked
nuclear translocation. This study also showed
that ALT is involved in inducing apoptosis in
these lung cancer cells by inhibiting the
expression of anti-apoptotic genes and
increasing the expression of pro-apoptotic
genes. ALT also inhibits lung cancer by
inhibiting the expression of inducible nitric
oxide synthase (iNOS), COX-2, and MMP-9 as
markers of invasion and metastasis (17).
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STAT3 was capable to regulate the
biological characteristics of CSCs by affecting
Nanog, Oct-4, and SOX2 (10). According to
our findings, ALT decreased gene expression of
Oct-4 and gene and protein expression of SOX2
and Nanog. In addition to the abovementioned
transcription factors, several cell surface
markers are widely used for identifying CSCs.
Recent findings demonstrated that, in different
cancer cells especially in PCa and breast cancer,
cells with CD133*/CD44* properties have a
higher invasion and metastasis (6,33). Our
findings also suggested that ALT decreased the
expression of CD133 and CD44 in a dose-
dependent manner. This finding is consistent
with the results of our cell invasion study which
showed that ALT inhibited PC3 cell migration
in a dose-dependent manner. Our results
confirmed by Liu et al. study, reported
that ALT suppressed cell migration and
inhibited colony formation ability of MCF-7
cells (30).

Therefore, these results suggested that ALT
through inhibition of gene expression involved
in self-renewal and CSC surface markers
reduced the stemness of PC3 cells, and finally,
it inhibited cancer cell migration and invasion.

Recent studies demonstrated that STAT3
activation can be considered as a potential
suppressive  target for chemosensitizing
strategies; because constitutive activation of
STAT3 signaling pathway plays an important
role in the chemoresistance of many cancers
(34). Our findings confirmed that STAT3 plays
amajor role in PC3 cell's resistance to cisplatin.
Also, we found that ALT decreased cisplatin
ICso for PC3 cells in a dose-dependent manner.
According to these findings, by inhibiting
STAT3 activity, ALT overcame the resistance
of PC3 cells to cisplatin.

Studies on cancer cells found that p53 is one
of the gene targets of STAT3. Increased
expression of STAT3 by binding to p53
promoter inhibits the expression of this protein
(13). As a guardian of the genome, p53 has a
substantial role in the regulation of senescence,
apoptosis, and cell-cycle arrest. Moreover,
recent studies have indicated that in addition to
the role of p53 in genome stability, this protein
plays a key role in the differentiation of
pluripotent stem cells and in reprogramming for
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the generation of pluripotency in cells.
Remarkably, activation of p53 signaling
pathways by inhibition of stem cell-related
mechanisms can lead to inhibition of cancer
metastasis (35,36). We found that ALT
enhanced the expression of p53 in a dose-
dependent manner. According to our results and
given the association between STAT3 and p53
in cancer cells, it is possible that ALT also
affects the expression of genes involving in
stemness through the STAT3-p53 signaling
pathway. However, further investigations are
needed in the future.

CONCLUSION

ALT noticeably can mitigate the migration
of PCa cells and attenuate stemness properties
as well as colony formation mainly through
suppressing the STAT3 signaling pathway,
suggesting that ALT may have enormous
anticancer potential, especially the treatment of
metastatic PCa.
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