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Abstract
Background Ovarian cancer is one of the most lethal gynecological cancers among women worldwide. Cisplatin (Cis) is 
an effective chemotherapeutic agent used to treat several types of cancer. Silymarin (SLM) is an extract of medicinal plant 
Silybum marianum (milk thistle) with anti-inflammatory, anti-angiogenesis, antioxidant, and anticancer properties used 
alone or in combination with other drugs.
Objective This study aimed to explore the effects of co-treatment with SLM and Cis on A2780 human ovarian cancer cell 
lines.
Methods In this study, A2780 cells were treated with various concentrations of SLM and Cis, separately and in combination. 
Cell cytotoxicity, scratch, clonogenic, and flow-cytometry assays were accomplished to estimate cell viability, migration, 
colony formation, and apoptosis, respectively. Real-time PCR was utilized to determine the expression levels of miR-155 
and miR-27a.
Results SLM significantly reduced the proliferation of A2780 cells in a concentration- and time-dependent manner. Combina-
tion treatment with SLM and Cis was more potent than either single treatment in reducing viability, suppressing migration, 
inhibiting colony formation, and promoting the induction of apoptosis. Additionally, gene expression analysis revealed a 
significant decline in the expression levels of miR-155 and miR-27a in response to all separate and combined treatments, 
and co-treatment was more effective than individual treatments in altering miRNAs expression.
Conclusion Based on our findings, SLM boosts the anticancer activity of Cis and mitigates its side effects. Thus, the co-
treatment of SLM and Cis can be proposed as a promising therapeutic strategy for further investigation.
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Introduction

Cancer is a lethal disease caused by dysregulation in cell 
proliferation and cell death. This disease has turned into a 
serious health risk worldwide and in addition to the physical 
health, it also overshadows the mental health of the patient 
Cancer cell genotypes cause malignant and unlimited growth 
in cells in response to changes including self-sufficiency 
in growth signals, avoidance of apoptosis, insensitivity to 
anti-growth signals, stable angiogenesis, tissue invasion, and 
metastasis. Cancer treatment methods depend on the type 
and stage of cancer, and based on this, conventional meth-
ods such as surgery, chemotherapy, radiotherapy, or recent 
methods such as immunotherapy, targeted therapy, hormone 
therapy, and photodynamic therapy may be prescribed for 
the patient [1]. Anticancer drugs are often associated with 
adverse reactions and may produce an unfavorable effect in 
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the cancer treatment due to drug resistance, since chemo-
therapy drugs usually target a single pathway and in addition 
to cancer cells, they also target normal cells [2]. Cisplatin 
(Cis) is a well-known chemotherapeutic drug used to treat 
all types of solid cancers, including bladder, lung, ovarian, 
and testicular cancers. Its mode of action involves covalent 
binding to DNA, causing cell death through a cascade of 
biochemical mechanisms including oxidative stress, DNA 
damage, and interference with several signal transduction 
pathways [3, 4]. Cisplatin activates apoptosis through two 
pathways: one involves p53 protein, which is a tumor sup-
pressor, and the other is mediated by p73 protein related to 
p53 [5]. Side effects and drug resistance are two important 
challenges for cisplatin, which limit its application and effi-
cacy for cancer treatment [6]. Due to the emergence of these 
problems during cancer treatment with cisplatin, multiple 
studies have demonstrated alternatives to boost the bioactiv-
ity of cisplatin and to reduce or eliminate its adverse effects. 
This is why the combination of cisplatin with other drugs, 
especially herbal products, is a better choice for the treat-
ment of cancer cells [7]. The significance of combination 
treatment with chemotherapy is that it enhances the antitu-
mor immune response, reduces the possibility of developing 
chemotherapy-resistant cancer cells, increases the sensitiv-
ity of cancer cells to chemotherapy, and decreases the side 
effects of chemotherapeutic drugs on normal cells [8].

The mechanisms of action of natural products in combi-
nation with chemotherapy drugs can be briefly explained by 
three conditions: Reversing chemo-resistance by reducing 
drug efflux or overcoming other accumulation mechanisms to 
enhance chemotherapy drugs in cancer cells, directly boost-
ing the effect of tumor killing by sensitizing cancer cells to 
respond more to chemotherapy drugs, and reducing the toxic-
ity of chemotherapy drugs by promoting the repair mechanism 
in normal cells against the damage of chemotherapy drugs 
[9]. Flavonoids are a class of nature-derived compounds with 
a polyphenolic structure. Flavonoids enhance the potential of 
chemotherapy through depletion of the cellular oxidative sys-
tem, resulting in disruption of mitochondrial function and sub-
sequent apoptosis [10, 11]. Flavonoids possess several phar-
macological and biological properties, including antibacterial, 
antifungal, antipyretic, antiparasitic, and anticancer activities. 
Several studies have demonstrated that various nature-derived 
compounds lower the resistance of cancer cells to cisplatin 
and the side effects of cisplatin in normal organs as well as 
systems, such as the liver, kidneys, together with cardiovas-
cular, hematopoietic, reproductive, and nervous systems [12]. 
Silymarin (SLM) is one of the flavonoid compounds with 
anti-inflammatory and anti-cancer effects confirmed in vari-
ous studies. Silymarin derived from milk thistle contains the 
flavonolignan silybin, which protects normal cells against vari-
ous toxic molecules or the harmful effects of chemotherapy 
agents on normal cells [13, 14]. In addition, silymarin and its 

key bioactive compounds inhibit organic anion transporters 
(OATs) and ATP-binding transporters (ABC), thereby assist-
ing in combating chemoresistance. Thus, silymarin acts as a 
chemical sensitizer and reduces the drug resistance of cancer 
cells [15]. The present study aimed to enhance the anticancer 
activity of Cis against A2780 cells by combining it with SLM. 
In addition, to determine the effect of these compounds on 
epigenetic processes in cells, the expression of miR-27a and 
miR-155 was also measured in cell treatments. Various studies 
have shown that nutraceuticals and phytochemicals can act as 
molecular inhibitors for miRNAs [16, 17]. The regulation of 
miRNAs by phytochemicals can be effective on tumor progres-
sion and development, and in combination with other drugs, 
it can produce a synergistic effect on the expression level of 
miRNAs [18]. As a result, it leads to an increase in the sen-
sitivity of some cancer cells to drugs. miR-27a and miR-155 
play an oncogenic role in various cancers [19]. Thus, in this 
study, in addition to determining the effect of simultaneous 
silymarin and cisplatin treatment on cancer cells, the expres-
sion of miR-155 and miR-27a was also measured.

Materials and methods

Cell lines and cell cytotoxicity assay

In this study, A2780 cell line derived from ovarian endome-
trioid adenocarcinoma tumor was used. The Ovarian cancer 
cell line was obtained from the Iranian Biological Resources 
Center. It was cultured in T25 flasks (37 °C, 5% CO2) contain-
ing RPMI640 (L-Glutamine) medium with 10% fetal bovine 
serum (FBS), and 1% antibiotics. The cells were used for 
further experiments after reaching a density of 70–80%. The 
MTT colorimetric assay was used to investigate the effect of 
silymarin and cisplatin (individually and in combination) on 
growth inhibition and cytotoxicity and also to calculate the 
survival rate of A2780 cells. First, the cells were cultured at 
the number of 1 ×  104 cells/well, and after 24 h, Cells were 
exposed to various concentrations of cisplatin (0–6 µg/ml) and 
silymarin (0–500 µM/ml) separately for 48 h. After determin-
ing the effect of single treatment on the cells, four concentra-
tions of silymarin (0, 10, 30 and 100) were combined with a 
concentration gradient of cisplatin (0–100µM/ml) and the cells 
were treated with the prepared combinations for 48 h. After 
the completion of the treatment time, MTT solution (5 mg/ml 
PBS) was added to each well and the cells were incubated for 
4 hours at 37 °C in the dark. Next, to dissolve the formazan 
crystals, the 100 µl of DMSO was added to the wells and the 
optical density was measured using a 96-well plate-reader at 
490 nm. The percentage of cell survival after both separate 
and combined treatments was calculated using the following 
formula:
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Synergistic effect of silymarin and cisplatin

The combined effect of SLM and Cis was analyzed using the 
CompuSyn software. Combination index (CI) is an impor-
tant factor in pharmacology and combination drug therapy. 
This index measuring the effect of the combination of two or 
more than two drugs. CI <, =, and > 1 represented synergis-
tic, additive, and antagonistic combined effects, respectively. 
In the present study, to determine this effect, the effective 
value for each specific treatment was first entered into the 
software, which then calculated the amount of CI.

The rate of cell migration

In the scratch test, the attached cells were scratched at the 
middle of each well and a cell-free area was created. The 
migration rate from around the scratched site towards the 
center was analyzed by taking photos 0, 24, 48, and 72 h 
after scratching. Briefly, cells were cultured in the 6-well 
plate with a density of 7 ×  105 cells per well. After 24 h of 
cell culture, the cell density reached about 95% and a verti-
cal scratch could be created in the middle of the well. Then 
the cells were washed twice with PBS, and then exposed to 
medicinal medium containing silymarin, cisplatin and the 
combination of cisplatin and silymarin at a concentration 
of IC30. The amount of cell migration was investigated by 
imaging at the time intervals of 0, 24, 48, and 72 h and then 
the scratch distance was calculated using Image J software.

Determination of colony formation

Cells were seeded in a 6-well plate (1 ×  103 cells/well) and 
incubated for 24 h at 37 °C in 5%  CO2. Next, Cells were 
treated with IC30 of SLM/Cis individually and in combina-
tion with IC30 of Cis and incubated for 48 h. Then, cells 
were washed with PBS and re-cultured with a complete 
medium for 14 days. Cells were analyzed for colony forma-
tion. Colonies were fixed using methanol and acetic acid. 
After 20 min, 0.5% crystal violet (Sigma-Aldrich) was used 
to stain colonies for 1 h. Subsequently, colonies were washed 
twice with distilled water and after the plate was dried, the 
colonies were counted using image J software. The ratio of 
the number of colonies to the number of cultured cells was 
calculated.

Percentage (%) cell survival =
[

(mean absorbency in test wells)

∕ (mean absorbency in control wells)
]

× 100

Cellular apoptosis test

Cells were cultured in 6-well plates at 80% density and keep 
for 24 h at 37 °C in 5%  CO2. Subsequently, cells were treated 
with IC10 of SLM and Cis individually and in combination 
with IC10 of Cis. After 48 h, cell death was investigated 
using a Mab-Tag apoptosis kit based on AnnexinV-FITC 
and PI according to the manufacturer’s guidelines. Briefly, 
cells were harvested and centrifuged at 300 g for 5 min. The 
pellets of the cells were washed with PBS twice and resus-
pended in 1X AnnexinV buffer. Then, 5 µL of AnnexinV-
FITC and 5 µL of Propidium iodide were added to each sam-
ple and incubated in a dark at 37 °C for 20 min. Next, 400µL 
of AnnexinV binding buffer was added to each sample sepa-
rately and centrifuged at 400 g for 5 min. Finally, the sam-
ples were analyzed using a flow cytometer (BD Bioscience, 
Ex. 488 mm and Em. 530 nm) and Flowjow 7.6.1 software.

Gene expression assay

qPCR was used to evaluate the effect of separate and co-
treatment of cisplatin and silymarin on the expression of 
miR-155 and miR-27a in A2780 cell line. The cells were 
cultured at 1 ×  106 cells/well and after 24 h, the treatment 
with the IC30 of each of the compounds was done separately 
and in combination. 48 h after treatment, total cell RNA was 
extracted using TRIzol solution. cDNA synthesis was done 
by stem loop primers of miRNA with the help of MMLV 
enzyme. The real-time PCR reaction was performed by spe-
cific primers and SYBR green mastermix, and the U6 gene 
was used as the internal control of the reaction. Finally, the 
 2−ΔΔCT method was used to analyze the results.

Data analysis

GraphPad Prism v.9.0 software was used to investigate the 
statistical results of colony formation, migration, and flow 
cytometry tests, as well as to calculate and compare the 
expression level in control and treated samples. In order to 
do comparisons, student t-test and ANOVA were used for 
more than 2 groups. P-value less than 0.05 was considered 
as significance level. All experiments were performed in 
triplicates for statistical reliability.

Results

Cell proliferation assay (separate and combination 
treatments)

The effect of separate and combined treatments of SLM and 
Cis on A2780 cells were evaluated using MTT assay. A2780 
cells were treated with different concentrations of SLM 
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(0–500 µM/ml) and Cis (0–100 µM/ml) separately for 24 and 
48 h. The results indicated that separate treatment with SLM 
and Cis decreased the viability of A2780 cells in a dose- and 
time-dependent manner. As shown in Fig. 1A, reduction in 
cell viability after treatment with Cis occurred at concen-
trations above 1 µM, which was more after 48 h of treat-
ment compared to 24 h. The IC50 (concentration required 
for 50% cell death) of Cis calculated to be 2.7 ± 0.22 and 
1.76 ± 0.36 µM after 24 and 48 h, respectively. Figure 1B 
also shows that separate treatment with SLM decreased 
the viability of A2780 cells in a concentration- and time-
dependent manner. The IC50 value of SLM calculated to 
be 347.18 ± 0.81 and 207.82 ± 0.21 µM after 24 and 48 h of 
treatment, respectively.

To understand the anti-proliferative effect of SLM and 
Cis co-treatment on A2780 cells, four concentrations of 
SLM (0, 10, 30, and 100 µM) were selected and combined 
with various concentrations of Cis. As shown in Fig. 1C, 

after 48 h of co-treatment with SLM and Cis, the cell via-
bility decreased significantly. Based on the results of this 
experiment, the reduction in cell viability was visible with a 
combination of 0.5 and 1 µM Cis with 30 and 100 µM SLM. 
The IC50 value of Cis in combination with 10, 30, and 100 
µM of SLM was calculated to be 1.06 ± 0.85, 0.91 ± 0.87, 
and 0.59 ± 0.98 µM, respectively. Therefore, combination 
treatment with Cis and high concentrations of SLM led to 
a decrease in the consumption of Cis. CompuSyn software 
was used to evaluate the combined effects of SLM and Cis. 
The Fa-CI curve demonstrated a CI of less than one, indicat-
ing synergistic effects (Fig. 1D).

Migration rate

A wound-healing assay was performed to determine the 
effect of SLM and Cis, separately and in combination, on 
the migration of A2780 cells. To this end, A2780 cells in 

Fig. 1  Cell viability analysis. A2780 cells were exposed to different 
concentrations of Cis A, SLM B, or their combination C. Combina-
tion treatment exerted a greater inhibitory effect on cell growth com-

pared with SLM or Cis separate treatment. D CI Value-Fa (Fa: frac-
tion affected level) curve for SLM and Cis derived from CompuSyn, 
indicating a synergistic effect with CI < 1
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scratched wells were treated with IC30 of SLM and Cis sep-
arately and in combination. Figure 2 illustrates the scratch 
width ratio and cellular migration under a light microscope 
after 24 and 48 h of treatment. Based on these results, sepa-
rate treatment with SLM and Cis inhibited the migration of 
A2780 cells after 24 and 48 h compared to that in the control 
group. Furthermore, co-treatment with SLM and Cis was 
more effective in inhibiting migration than both separate 
treatments, and the scratched area was larger, confirming 
the synergistic effect of SLM and Cis.

Colony formation assay

In the colony formation assay, the number of colonies is 
considered as an indicator of cell survival. A clonogenic 

assay was used to investigate the effect of SLM and Cis, 
separately and in combination, on the colony formation abil-
ity of A2780 cells. Figure 3A shows colony formation under 
treatment with SLM and Cis separately and in combination 
compared to the control group. Separate treatment with SLM 
and Cis decreased the number of colonies compared with the 
untreated control group, and co-treatment with SLM and Cis 
led to a significant reduction compared with both separate 
treatments, indicating the synergistic effect of SLM and Cis. 
Figure 3B also shows the ratio of the number of colonies to 
the number of cultured cells as colony formation ratio, which 
decreased significantly with the combination of SLM and 
Cis compared to both separate treatments (p-value < 0.01). 
Based on the diagram, the ratio of colony formation in the 
control group was calculated to be 48%, in the SLM- and 

Fig. 2  Scratch assay analysis. A A2780 cell morphology after 0, 24, and 48 h of separate and in combination treatments with IC30 of SLM and 
Cis. B The width of the scratch area at 0, 24, and 48 h post-scratching in treated and untreated cells was calculated using the image J software

Fig. 3  determination of colony formation inhibition after separate and 
combined treatments with SLM and Cis in A2780 cell line. A Clono-
genic assay was performed after 2 weeks of treatment, and colonies 
were then stained with crystal violet 5%. B  the ratio number of col-

onies to the number of cultured cells. Experiment was conducted in 
triplicates. Co-treatment was significantly more effective than sepa-
rate treatments (* <0.05, ** <0.001)
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Cis-treated cells was 35% and 27.5%, respectively, and in 
the co-treated cells was 19.5%.

Apoptosis induction

The extent of apoptosis after treatment with IC10 of SLM 
and Cis separately and in combination was evaluated using 
Annexin V-FITC/PI dual staining. As shown in Fig. 4A, 
separate treatments with SLM and Cis induced apoptosis in 
A2780 cells. Co-treatment with SLM and Cis significantly 
increased apoptosis induction compared with both sepa-
rate treatments. In calculating the percentage of these cells 
according to the division of different parts of the diagram 

based on the percentage of positive and negative cells for 
each color, the percentage of cells undergoing apoptosis 
in the separate treatments with SLM and Cis was 17.25% 
and 28.3%, respectively. However, co-treatment with SLM 
and Cis increased the apoptosis rate to approximately 38% 
(Fig. 4B). Collectively, these results indicate the synergistic 
pro-apoptotic effects of SLM and Cis combination treatment 
in A2780 cells.

qPCR analysis

The effects of separate and combined treatments with SLM 
and Cis on the expression levels of miR-155 and miR-27a 

Fig. 4  Cell death analysis using Mab-tag apoptosis kit and Annexin-
V/PI dual staining. A Apoptosis rate after treatment with IC10 of 
SLM and Cis, separately and in combination. Q3 (the lower right; 
Annexin V+/PI−), Q2 (the upper right; Annexin V+/PI+), and Q1 
(the upper left; Annexin V−/PI+) indicate the percentage of cells 

undergo early apoptosis, late apoptosis, and necrosis, respectively. 
Q4 (lower left; Annexin V−/PI-) shows the percentage of live cells. 
B Co-treatment with SLM and Cis resulted in ~ 38% apoptosis in the 
A2780 cell population, which was much greater than that observed 
with SLM (17.25%) or Cis (28.3%)

Fig. 5  The expression levels 
of miR-155 and miR-27a in 
ovarian cell line A2780 in the 
presence of SLM and Cis alone 
and combination
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in A2780 cells were evaluated using qPCR. In this study, 
the expression of both miRNAs significantly decreased 
under co-treatment with SLM and Cis. In the comparison 
between the effect of SLM and Cis separatly on the expres-
sion of miR-155 and miR-27a, a significant difference was 
observed for miR-155 (p < 0.001). Regarding miR-27a, the 
expression difference between SLM, Cis and control was 
not significant and no difference was observed (Fig. 5).

Discussion

Several therapeutic strategies have been developed to tar-
get various cancer pathways. Combination therapies have 
provided the most effective results in the field of antican-
cer effects. The superiority of combination therapy is due 
to its ability to target several pathways. This minimizes 
drug resistance, because cancer cells treated with com-
bination therapy are often unable to adapt to the simul-
taneous toxic effects of the two treatment agents [20]. In 
many cases, when the tumor size increases or cancer cells 
metastasize, combined chemotherapy can prolong patient 
survival. In addition, combining chemotherapy with natu-
ral products such as flavonoids, as the largest class of phy-
tonutrients and secondary polyphenolic metabolites, has 
provided promising results in inhibiting cancer progres-
sion, metastasis, and sensitizing chemotherapy-resistant 
phenotypes [21]. Polyphenols are among the substances 
that have antioxidant and anti-inflammatory properties and 
modulate cell signaling pathways. Numerous in vitro and 
in vivo tests have shown the effectiveness of combining 
polyphenols with chemotherapy drugs compared to con-
ventional antineoplastic drugs and have highlighted the 
possible use of these compounds in clinical settings [22]. 
Silymarin (SLM) is one of these phenolic compounds, 
extracted from the seed of Silybum marianum. SLM pos-
sesses several biological and pharmacological properties, 
including anti-inflammatory, antiangiogenic, and antioxi-
dant properties. SLM also exerts anticancer activities by 
inhibiting proliferation and invasion, suppressing migra-
tion and metastasis, inducing apoptosis and autophagy, 
and arresting cell cycle in various types of cancers such 
as hepatocellular carcinoma, skin, breast, cervical, colon, 
lung, bladder, prostate, and renal cancers [23, 24]. In 
this study, we found that separate treatment with SLM 
inhibited proliferation, migration, and colony formation 
and induced apoptosis in A2780 ovarian cancer cells. 
These results are consistent with those of Kala et al., who 
reported that SLM inhibited proliferation and enhanced 
apoptosis in MCF7 breast cancer cells and NCI-H23 lung 
cancer cells, owing to alterations in the expression lev-
els of apoptotic genes such as caspase-3 and p53 [25]. 
Kim et al. also indicated that SLM inhibits proliferation, 

and migration and induces apoptosis by modulating the 
MAPK signaling pathway in AGS gastric adenocarci-
noma cell [26], MCF7 and MDA-MB-231 breast cancer 
cells [27]. It has been also reported that the active sub-
stance of silymarin (silybin) increases the cytotoxicity of 
chemotherapeutic drugs, such as doxorubicin, cisplatin 
(Cis), 5-FU, and carboplatin [28–31]. SLM can also exert 
protective effects against chemotherapy-induced toxicity 
such as nephrotoxicity, neurotoxicity, cardiotoxicity, and 
hepatotoxicity [32–35]. In addition, the effect of silyma-
rin in competition with membrane transporters, including 
P- glycoprotein (P-gp), Breast Cancer Resistant-Protein 
(BCRP), and Multi Drug Resistant-Proteins (MRPs), can 
cause a decrease in resistance to chemotherapy, as silyma-
rin inhibits membrane transporters [30, 36]. This type of 
drug use can target different pathways, thus reducing the 
chances of cancer cells becoming malignant and incur-
able. Thus, the main purpose of the current study was to 
examine the combination of SLM and Cis in enhancing 
the sensitivity of A2780 ovarian cancer cells to Cis and to 
reduce its consumption dosage. According to our findings, 
co-treatment with SLM and Cis effectively inhibited cell 
viability in a concentration- and time-dependent manner 
in A2780 cells. In addition, co-treatment with SLM and 
Cis significantly boosted the lethal effect of Cis on ovar-
ian cancer cells at lower concentrations. Separate treat-
ment with 2.7 ± 0.22 and 1.76 ± 0.36 µM Cis resulted in 
50% cell death after 24 and 48 h, respectively. However, 
0.59 ± 0.98 µM of Cis was required for 50% cell death 
when combined with 100 µM of SLM. We also showed 
that co-treatment with SLM and Cis significantly reduced 
the number and size of colonies, and migration rate of 
A2780 cells compared with both SLM and Cis separate 
treatments, confirming the effect of SLM on enhancing the 
chemotherapeutic potential of Cis against A2780 cells. We 
then evaluated the effect of the co-treatment of SLM and 
Cis on apoptosis. Flow cytometry analysis with Annexin 
V-FITC and PI double staining revealed that separate treat-
ments with SLM and Cis resulted in a 17.25% and 28.3% 
increase in the apoptotic rate of cancer cells, respectively, 
and co-treatment with SLM and Cis resulted in a 38% 
increase in the apoptotic rate, suggesting the synergistic 
pro-apoptotic effects of the SLM and Cis cotreatment on 
cancer cells. To confirm the synergistic effect of the com-
bination of SLM and Cis, the CI was then calculated using 
the Compusyn software. A CI of less than one indicates a 
synergistic effect of SLM and Cis. The results of the pre-
sent study were also in line with those of Ninsontia et al.., 
who reported that SLM at concentrations up to 200 µM 
dramatically enhanced the cytotoxic effect of Cis against 
human lung cancer epithelial cells (H460) and that the 
addition of SLM to Cis-treated human melanoma cells 
(G361) significantly augmented the cytotoxicity of Cis in 
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a concentration-dependent manner and induced apoptosis 
[37].

MiRNA dysregulation is associated with the initiation 
and progression of several malignancies such as cancer. 
Previous studies have demonstrated that miR-155 and 
miR-27a are two oncomiRs that are commonly upregulated 
in several types of cancers and have the potential to be 
considered as biomarkers for cancer diagnosis and treat-
ment [38–42]. Hence, we decided to investigate the effect 
of separate and combined treatments with SLM and Cis on 
the expression levels of miR-155 and miR-27a in A2780 
ovarian cancer cells. Real-time PCR analysis indicated that 
the expression level of miR-155 and miR-27a decreased 
significantly in response to SLM treatments. However, co-
treatment with SLM and Cis was more potent in down-
regulating miR-155 and miR-27a than either treatment 
alone. These results were consistent with those of previ-
ous studies that reported the effect of SLM, its deriva-
tion, or other drugs on miR-155 and miR-27a expression. 
As Maleki Zadeh et al. reported, silibinin decreased the 
expression of miR-155 in MCF7 cells compared to that in 
untreated cells [43]. Abtin et al. also reported that oleuro-
pein downregulated miR-155, resulting in migration retar-
dation, invasion suppression, and apoptosis induction in 
MCF7 breast cancer cells [44]. Xia et al. reported that gen-
istein significantly decreased the expression of miR-27a 
in treated pancreatic cancer cells compared to untreated 
control cells, leading to inhibition of growth, suppression 
of invasion, and induction of apoptosis [45]. Toden et al. 
also discovered that curcumin and boswellic acid down-
regulated miR-27a in colorectal cancer cells [39].

Conclusion

In summary, the results of our study specify that SLM boosts 
the anticancer activities of Cis in A2780 ovarian cancer cells 
with regard to proliferation reduction, migration and colony 
formation inhibition, as well as apoptosis induction through 
the downregulation of miR-27a and miR-155. Thus, the 
combined treatment of SLM and Cis can be potentially a 
favorable treatment for the chemoprevention and treatment 
of ovarian cancer.
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