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ABSTRACT

Objective: Curcumin is considered an epigenetic regulator 
with anticancer effects. The micro-RNA (miRNA) miR-145-5p is 
a tumor suppressor that shows low expression levels in various 
cancers, including breast cancer (BC). This study aims to investi-
gate whether curcumin inhibits MCF-7 human BC cell line prolif-
eration and migration by regulating miR-145-5p and its possible 
target genes.

Material and Method: MCF-7 cells were treated with curcumin 
and its solvent control. Additionally, cells were transfected with 
an miR-145-5p mimic and a non-targeting miRNA mimic. Cell 
viability was then evaluated, and the scratch wound assay was 
used to assess cell migration. The study predicts the miR-145-
5p putative target genes by searching for overlapping genes in 
the miRNet and miRTarBase v8 databases via the overexpressed 
genes in the BC tissue samples in the Cancer Genome Atlas 
(TCGA) datasets. Expression levels of miR-145-5p and the se-
lected genes were detected using the quantitative real-time 
polymerase chain reaction (qRT-PCR). The 2-ΔΔCt method was 
used for the quantification analysis, with p<0.05 being consid-
ered statistically significant.

Result: Curcumin treatment and overexpression of miR-145-
5p via the transfection of an miR-145-5p mimic significantly 
decreased the proliferation and migration of MCF-7 cells. 
Moreover, curcumin treatment significantly increased the 

ÖZET

Amaç: Kurkumin anti-kanser etkileri olan bir epigenetik regüla-
tör olarak kabul edilmektedir. miR-145-5p, meme kanseri (MK) 
dahil olmak üzere bir çok kanserde ekspresyon düzeyi düşük 
olan bir tümör baskılayıcı mikroRNA'dır (miRNA). Bu çalışmada, 
kurkuminin miR-145-5p’yi ve olası hedef genlerini regüle ederek 
MCF-7 insan MK hücre hattının proliferasyonunu ve göçünü inhi-
be edip etmediğinin araştırılması amaçlanmıştır.

Gereç ve Yöntem: MCF-7 hücreleri kurkumin ve onun solvent 
kontrolü ile muamele edildi. Ayrıca hücreler miR-145-5p mimi-
ği ve negatif kontrol miRNA mimiği ile transfekte edildi. Hücre 
canlılığı değerlendirildi ve hücre göçü scratch yara (wound) testi 
kullanılarak değerlendirildi. miR-145-5p’nin potansiyel hedefle-
ri, MK doku örneklerinde aşırı eksprese edilen genlerle miRNet 
ve miRTarBase v8 veri-tabanları ile örtüşen genlerin Kanser Ge-
nom Atlası (TCGA) datasetlerinde araştırılması yoluyla belirlendi. 
miR-145-5p ve seçilen genlerin ekspresyon düzeyleri, kantitatif 
gerçek-zamanlı polimeraz zincir reaksiyonu (qRT-PCR) ile tespit 
edildi.  Kantifikasyon analizi için 2-ΔΔCt yöntemi kullanıldı. p-değeri 
<0,05 istatistiksel olarak anlamlı kabul edildi.

Bulgular: Hem kurkumin ile muamele edilmiş hem de miR-145-5p 
mimiği ile transfekte edilmiş MCF-7 hücrelerinde, proliferasyonun 
ve göçün, kontrollere kıyasla azaldığı gözlenmiştir. Ayrıca, kurku-
min ile muamele edilen hücrelerde miR-145-5p'nin ekspresyo-
nunun anlamlı düzeyde arttığı görülmüştür. miR-145-5p’nin olası 
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INTRODUCTION

Breast cancer (BC) is the most commonly diagnosed can-
cer among women, with approximately 2.26 million cases 
occurring in 2020. BC is the major leading cause of mor-
tality in female cancer patients (1, 2). By 2040, more than 
three million new cases of BC and one million deaths are 
predicted to occur each year due to population growth 
and aging. Global efforts and public health awareness pro-
grams aimed at managing the incidence and mortality of 
BC should include screening, early diagnosis, treatment, 
and follow-up of BC patients (3). The MCF-7 cell line is a 
luminal A subtype of BC that expresses both the proges-
terone receptor (PR) and the estrogen receptor (ER) (4).

Numerous molecular mechanisms have demonstrated 
the impact of natural nutritional sources such as curcumin 
on cellular processes (5, 6). Curcumin is a yellow pigment 
found in Curcuma longa Linn rhizome (7). In vitro and in 
vivo studies have shown curcumin to have anticancer ef-
fects on various tumors by reducing the proliferation and 
migration of cells and by inducing apoptosis (8). Recent 
studies have suggested curcumin to be able to act as 
an epigenetic regulator in several cancers by acting on 
non-coding RNAs (5, 9).

MicroRNAs (miRNAs) are noncoding RNAs of about 22 
nucleotides (10); miRNAs regulate the expression of 
genes as oncogenes or tumor suppressors and affect dif-
ferent biological processes (e.g., proliferation and apop-
tosis) through their involvement in tumor development 
and progression (2, 11).

miRNA-145-5p (miR-145-5p) is a miRNA with tumor sup-
pressor activity and has low expression in different malig-
nant tissues such as BC compared to normal tissues. miR-
145-5p decreases tumor cell proliferation and migration, 
as well as invasion, and increases cell sensitivity to che-
motherapy drugs by acting on a variety of genes. Some 
studies suggested miR-145-5p to perhaps have value as 
a target molecule in cancer treatment, apart from its di-
agnostic and prognostic benefits during the assessment 
of cancers (12, 13).

By regulating multiple genes, miR-145-5p can serve as a 
potential biomarker for risk assessment in BC patients (14, 
15). miR-145-5p could be a potential predictive biomarker 
for BC stemness by acting on the SRY-box transcription fac-
tor 2 (SOX2) gene (14). Moreover, studies have significantly 
linked decreased miR-145-5p expression to higher Ki-67 
expression levels, larger tumors, metastasis, and shorter 
overall survival (OS)  (15). Another study has demonstrat-
ed the oncogenic hepatitis B X-interacting protein (HBXIP) 
gene as a target of miR-145 in MCF-7 cells (16).  In addition, 
a recent study has reported that, compared to their con-
trols, both BC cell lines and patient BC tissues significantly 
showed lower expression levels of miR-145-5p and a neg-
ative association with the expression of the programmed 
death-ligand 1 (PDL1) gene (17). The regulatory role of cur-
cumin in miR-145-5p has been investigated in several can-
cers  such as laryngeal squamous cell carcinoma (18). Many 
studies have also determined low expression levels of miR-
145-5p in both BC cell lines and patient tissue samples, 
thus establishing it as a known tumor suppressor miRNA in 
BC. However, how curcumin affects BC cells via miR-145-
5p and its target genes remains unclear. This study aims to 
investigate whether curcumin inhibits the proliferation and 
migration of the MCF-7 human BC cell line by acting on 
miR-145-5p and its target genes.

MATERIALS and METHODS

Cell culture 
The MCF-7 human BC cell line was obtained from the 
İstanbul University Faculty of Sciences Department of 
Biology. The cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) high glucose (EcoTech Biotech-
nology, Türkiye) supplemented with 10% fetal bovine se-
rum (FBS; Gibco, UK) and 1% antibiotic (penicillin-strep-
tomycin; Gibco, NY, USA). Cells were incubated at 37°C, 
> 90% humidity, and 5% CO2.

Curcumin treatment
High-purity curcumin (Bio Basic Inc., Canada) was dis-
solved in dimethyl sulfoxide (DMSO; 1mg/mL; EcoTech 
Biotechnology, Türkiye). Based on the recommendations 
of previous literature, the study performed a 10 μM cur-
cumin treatment for 24 h (19-21).

expression of miR-145-5p. The possible target genes of miR-145-
5p (i.e., MCM2, MMP1, MMP9, EEF1A2) were downregulated in 
curcumin-treated MCF-7 cells. Additionally, miR-145-5p mimic-
transfected cells showed low expression levels of the MCM2, 
MMP1, and MMP9 genes.

Conclusion: Curcumin inhibits the proliferation and migration 
of MCF-7 cells by acting on miR-145-5p and its possible target 
genes. 

Keywords: Breast cancer, MCF-7 cell line, curcumin, miR-145-
5p, target genes

hedef genlerinin, MCM2, MMP1, MMP9 ve EEF1A2, kurkumin 
ile muamele edilmiş MCF-7 hücrelerinde ekspresyon düzeyinin 
azaldığı saptanmıştır. Bunun yanı sıra, miR-145-5p mimiği ile trans-
fekte edilmiş hücrelerde, MCM2, MMP1 ve MMP9 genlerinin eks-
presyon düzeyinin düşük olduğu belirlenmiştir.

Sonuç: Kurkuminin, miR-145-5p ve olası hedef genleri üzerinden 
etki ederek MCF-7 hücrelerinin hem proliferasyonunu hem de 
göçünü inhibe ettiği gösterilmiştir.

Anahtar Kelimeler: Meme kanseri, MCF-7 hücre hattı, kurku-
min, miR-145-5p, hedef genler
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miR-145-5p mimic transfection 
A commercial miR-145-5p mimic was used for transfec-
tion with the following sequence:  5′-GUCCAGUUUUC-
CCAGGAAUCCCU-3′ (Thermo Fisher Scientific, USA); 
a non-targeting miRNA mimic (NT miRNA mimic) with 
validated random sequences  producing no identifiable 
effects on known miRNA function (Ambion, USA) were 
used for transfection. Transfection with 30 pmol miR-145-
5p mimic and NT mimic miRNA was achieved using the 
Lipofectamine 2000 Transfection Reagent (Invitrogen, 
USA) in accordance with the manufacturer’s instructions. 
In short, 1.5 μL transfection reagent and 3 μL 5nmol miR-
145-5p mimic were mixed with 125 μL Opti-MEM medium 
(Gibco, USA) separately and incubated for 5 min at room 
temperature. Both tubes were then mixed and incubated 
for 20 min at room temperature. The same was done for 
the NT mimic miRNA transfection. All transfection pro-
cesses were performed for 24 h.

Cell proliferation assay
MCF-7 cells were seeded in quadruplicate (5,000 cells per 
well) in four columns of 96-well plates (Nest Biotechnolo-
gy Co., China) and incubated under suitable conditions. 
After 24 h of cell culturing, cells were treated with 10 μM 
curcumin and its solvent control (DMSO). Additionally, the 
cells were transfected with 30 pmol miR-145-5p mimic and 
NT mimic miRNA using the Lipofectamine 2000 Transfec-
tion Reagent (Invitrogen, USA). 24 h later, 10 μL of the cell 
viability detection kit 8 (CVDK8) solution (NutriCulture, 
Türkiye) were added. After 3 h of plate incubation, absor-
bance was measured using a microplate reader at 450 nm. 
The medium was then discarded by flipping the plate. All 
wells were washed with phosphate-buffered saline (PBS), 
and cell morphology was evaluated using a phase contrast 
microscope to capture images (Argenit, Türkiye).

Cell migration 
The wound-healing assay was used for evaluating cell 
migration. MCF-7 cells were seeded in six-well plates 
(Nest Biotechnology Co., China) and incubated. After 
the cells became almost completely (90%) confluent, 
the monolayer was scratched using a sterile 10 μl pi-
pette tip. The wound area was recorded at 0 h and 24 h 
using a phase contrast microscope. The migration area 
was calculated as:

Migration area (%) = [(M0 – M24) / M0] × 100                    (1)

where M0 is the wound area at 0 h, and M24 is the wound 
area at 24 h. 

Gene expression analysis
Analyzing the miR-145-5p expression level
MCF-7 cells were cultured and treated with curcumin 
and its solvent control. Cells were also transfected with 
the miR-145-5p mimic and NT miRNA mimic. 24 h later, 
the cells were harvested and resuspended in 1 mL TRIzol 
Reagent (Invitrogen, USA) for total RNA isolation. The 
concentration and purity of the isolated RNAs were eval-
uated utilizing a NanoDrop ND-2000c spectrophotome-
ter (Thermo Fisher Scientific Inc.). Complementary DNA 
(cDNA) synthesis for miRNAs was performed to validate 
the transfection and to evaluate the relative expression 
levels of miR-145-5p using miRNA reverse transcription 
primers (Thermo Fisher Scientific Inc.) and Taqman miR-
NA Reverse Transcriptase Kit (Applied Biosystems, Ther-
mo Fisher Scientific Baltics UAB, Lithuania).

The LightCycler® 480 instrument (Roche, Germany) was 
used for transfection validation and for evaluating the 
alterations in miR-145-5p expression. All reactions were 
conducted in duplicate using the TaqMan miRNA probes 
(Thermo Fisher Scientific Inc.) and TaqMan Universal Mas-
ter Mix Kit (Applied Biosystems, Thermo Fisher Scientific 
Baltics UAB, Lithuania). RNU43 expression was used to 
normalize miRNA expression. The quantitative real-time 
polymerase chain reaction (qRT-PCR) protocol was con-
ducted as presented in Table 1.

Analyzing the expression levels of the identified genes
The cDNA synthesis was conducted utilizing the Re-
vertAid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific Baltics UAB, Lithuania). The LightCycler® 480 
instrument (Roche, Germany) was used to determine the 
expression levels of the  identified genes. All reactions 
were conducted in duplicate using the 5X HOT FIREPol 
EvaGreen qPCR Supermix (Solis Biodyne, Estonia). The 
β-actin (ACTB) gene was used for expression normal-
ization. The sequences of the primers are presented in 
Table 2 (22-27). The qRT-PCR protocol was conducted as 
presented in Table 3.

Table 1: The qRT-PCR cycles protocol for TaqMan Universal Master Mix regarding miRNA detection

Cycle step Temperature Time Cycles

Enzyme Activation 95ºC 15 min 1

Quantification Denaturation 95ºC 15 s 40

Annealing 60ºC 60 s

Elongation 60ºC 1 s

Cooling 40ºC 30 s 1

min: Minutes, s: Seconds 
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Bioinformatic analyses 
Predicting the target genes of miR-145-5p 
Different in silico analyses were conducted to find the 
possible target genes of miR-145-5p. Overexpressed 
genes that met the logFC>+2 and p<0.001 criteria were 
determined in the Cancer Genome Atlas (TCGA) BC 
datasets (1,135 tumor tissue samples against 114 normal 
tissue samples). The expression analyses were performed 
using GEPIA2 (28, 29), an interactive web tool for gene 
expression evaluation based on thousands of cancers 
and normal specimens from the TCGA and GTEx data-
bases that are processed through a standard RNA se-
quencing workflow. The miRNet 2.0 and miRTarBase v8 
databases were also used to identify the target genes of 
miR-145-5p (30, 31). Subsequently, the genes that over-
lapped between those overexpressed in TCGA BC and 
the miR-145-5p probable candidate targets in the miR-
Net and miRTarBase databases were identified.

The identified genes were searched in PubMed using 
words such as “gene name”, “breast cancer”, “BC”, 
“overexpression”, “downregulation”, “oncogene”, and 
“tumor suppressor”. Other databases were used to search 
for these genes, including Ensembl and Genecards (32, 
33). Additionally, enrichment analyses for the identified 
genes were performed using the Metascape and the Dis-
GeNET databases (34, 35). Moreover, the OS rates for BC 

associated with the selected genes were investigated uti-
lizing the Kaplan-Meier plotter tool (36). While gene co-ex-
pression analysis involves a number of complex processes, 
it is an effective approach for identifying gene partners 
and predicting gene function (37). The current study used 
the Correlation AnalyzeR tool (Bishop Lab, UT Health San 
Antonio), with Pearson correlation being preferred in the 
analysis, for performing a genome-wide co-expression 
correlation analysis in order to determine the genes that 
correlate with those studied in BC (38).

Statistical analysis 
Statistical analyses were performed using Statistical 
Package for the Social Sciences (SPSS) version 26.0 (IBM 
Corp., Armonk, NY, USA). Student’s t-test was used to 
compare the means of the two groups. The 2-ΔΔCt method 
was performed for the relative quantitation analysis. All 
study results were presented as mean ± SD, with p<0.05 
being considered statistically significant. The figures 
were drawn using GraphPad Prism 5.

RESULTS

Curcumin treatment and overexpression of miR-145-
5p decrease cell proliferation
Microscopic images of MCF-7 cells at 24 h after curcumin 
treatment and miR-145-5p mimic transfection were cap-

Table 2: Forward and reverse primer sequences of the studied genes

Gene Forward Primer Reverse Primer Ref.

MCM2 5′-CTACCAGCGTATCCGAATCCA-3′ 5′-CCTACAGCAACCTTGTTGTCCT-3′ (22)

MMP1 5′-ATTTGCCGACAGAGATGAAGTCC-3′ 5′-GGGTATCCGTGTAGCACATTCTG-3′ (23)

MMP9 5′-TCCCTGGAGACCTGAGAACC-3′ 5′-CGGCAAGTCTTCCGAGTAGTT-3′ (24)

EEF1A2 5′-GGACCATTGAGAAGTTCGAGA-3′ 5′-AGCACCCAGGCATACTTGAA-3′ (25)

FN1 5′-GTGTGACCCTCATGAGGCAAC-3′ 5′-CTGGCCTCCAAAGCATGTG-3′ (26)

ACTB 5′-GCCTCGCCTTTGCCGATC-3′ 5′-CCCACGATGGAGGGGAAG-3′ (27)

Ref.: Reference, MCM2: minichromosome maintenance com plex component 2, MMP1: matrix metalloproteinase 1,  MMP9: matrix metallo-
proteinase 9, EEF1A2: eukaryotic translation elongation factor 1 alpha 2, FN1: fi bronectin 1, ACTB: actin beta

Table 3: The qRT-PCR cycles protocol for Hot FirePol EvaGreen qPCR Super mix regarding gene expression 
detection

Cycle step Temperature Time Cycles

Enzyme activation 95ºC 12 min 1

Quantification Denaturation 95ºC 15 s 40

Annealing 60ºC 25 s

Elongation 72ºC 25 s

Melting curve 95ºC 5 s 1

62ºC 60 s

Cooling 40ºC 20 s 1

min: Minutes, s:  Seconds
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tured and compared to their controls (Figure 1a). Both 
cell viability and morphology results indicate the curcum-
in treatment to have statistically significantly reduced 
the proliferation of MCF-7 cells compared to the control 
group at 24 h (p<0.01). Additionally, the miR-145-5p mim-
ic transfection had statistically significantly decreased the 
proliferation of MCF-7 cells compared to the NT miRNA 
mimic transfected group at 24 h (p<0.001; Figure 1b).

Curcumin treatment and overexpression of miR-145-
5p reduce cell migration
According to the wound healing assay results, curcumin 
treatment statistically significantly decreased MCF-7 cell 
migration compared to the control cells at 24 h (Figure 
1a). Moreover, miR-145-5p mimic transfection significant-
ly reduced the migration compared to NT mimic miR-
NA-transfected cells at 24 h (Figure 2b). 

Curcumin increases the expression level of miR-145-5p
The MCF-7 cells transfected with mimic miR-145-5p ex-
pressed significantly higher levels of miR-145-5p than the 
NT mimic miRNA control (p<0.001). This finding indicates 
the miR-145-5p mimic transfection into cells to have been 
successfully achieved. The MCF-7 cells treated with cur-
cumin had higher levels of miR-145-5p expression than 
the control group (p<0.01; Figure 3a).

Bioinformatic analyses results
miR-145-5p candidate genes
In total, 261 overexpressed genes with logFC values great-
er than +2 and p<0.001 were chosen from the TCGA BC 
dataset. The miRNet and miRTarbase v8 databases were 

used to identify 881 potential target genes of miR-145-
5p (Figure 1). The minichromosome maintenance com-

 
Figure 2: Scratch wound assay for evaluating the cell 
migration of MCF-7 cells. a) The effects on cell migration 
at 24 h post-curcumin treatment. b) The effects on cell 
migration at 24 h after miR-145-5p mimic transfection.

 
Figure 3: a) Expression level of miR-145-5p in MCF-7 cells 
after 24 h of curcumin treatment and miR-145-5p mimic 
transfection compared to their controls. b) Expression 
levels of the studied genes in MCF-7 cells after 24 h of 
curcumin treatment compared to the solvent control 
(DMSO) group. c) Expression levels of the studied genes in 
MCF-7 cells after 24 h of miR-145-5p mimic transfection 
compared to the NT mimic miRNA control group.
*p<0.05, **p<0.01, ***p<0.001, MCM2: minichromosome 
maintenance com plex component 2, MMP1: matrix 
metalloproteinase 1,  MMP9: matrix metalloproteinase 9, 
EEF1A2: eukaryotic translation elongation factor 1 alpha 
2, FN1: fi bronectin 1

 
Figure 1: The effects of curcumin and miR-145-5p on MCF-7 
cell proliferation. a) microscopic images for MCF-7 cells 24 h 
after curcumin treatment and miR-145-5p mimic transfection 
compared to their controls. b) Cell proliferation (%cell viability) 
of cells was evaluated by the CVDK8 assay 24 h after curcumin 
treatment and mimic miR-145-5p transfection compared to 
their controls (NT mimic = non-targeting mimic).
**p<0.01, ***p<0.001
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plex component 2 (MCM2), matrix metalloproteinase 1 
(MMP1), matrix metalloproteinase 9 (MMP9), eukaryotic 
translation elongation factor 1 alpha 2 (EEF1A2), and fi-
bronectin 1 (FN1) genes were found to overlap among 
the TCGA BC data and probable targets of miR-145-5p 
in the miRNet and miRTarbase v8 databases (Figure 4).

Significance of the selected genes 

Because all five genes are oncogenes and associated with 
BC, they are considered good candidates for the in vitro 
investigations, as shown in Figure 5a. In the enrichment 
analysis, the identified possible target genes of miR-145-
5p were associated with many malignancies, with BC being 
one of these (Figure 5b). Upregulation of MCM2, MMP1, 
and MMP9 reduced OS for BC. In contrast, expression 
changes in the FN1 and EEF1A2 genes had no influence 
on the OS (Figure 6). In the correlation analysis, the top 
genes likely to be correlated with the studied genes (i.e., 
MCM2, MMP1, and MMP9) were selected and are present-
ed in Table 4. These genes were shown to be associated 
with BC through both in silico and in vitro methods.

Curcumin modulates the expression of MCM2, MMP1 
and MMP9 genes by regulating miR-145-5p
Relative quantification analysis of the MCM2, MMP1, MMP9, 
EEF1A2, and FN1 genes was performed using the primers 
described in Table 2. The MCM2, MMP1, MMP9, and EEF1A2 
genes were significantly downregulated in curcumin-treated 
MCF-7 cells compared to the controls (p<0.05; Figure 3b). 
Moreover, the MCM2, MMP1, and MMP9 genes were signifi-
cantly downregulated in the mimic miR-145-5p-transfected 
cells compared to the NT miRNA mimic control cells (p<0.05; 
Figure 3c). The MCM2, MMP1, and MMP9 genes were the 
commonly less-expressed genes in both the curcumin-treat-
ed and miR-145-5p mimic-transfected MCF-7 cells. These 
findings suggest that curcumin may be a negative regulator 

 
Figure 4:  The miR-145-5p in silico target genes. Yellow 
nodes involve 881 genes, including MCM2, FN1, EEF1A2, 
MMP1 and MMP9. The red square is miR-145-5p. 
Interaction edges number 2,723 (Created using miRNet).

 
Figure 5:  a) GEPIA2 relative expression analysis of the studied miR-145-5p target genes in BC samples. All five genes 
are overexpressed in the BC tumor tissue samples. GEPIA2 TCGA. (log2FC Cutoff = 1; pCutoff=0.01; 1085 tumor samples 
vs. 291 normal samples). b) The associations the five identified miR-145-5p potential targets (i.e., MCM2, FN1, EEF1A2, 
MMP1, and MMP9) have with different diseases. Invasive BC is one of the diseases related to these genes, as seen in 
the red box. According to the figure, these genes are also linked to other cancers such as squamous cell skin carcinoma, 
nasopharynx cancer, and tongue cancer.
MCM2: minichromosome maintenance com plex component 2, MMP1: matrix metalloproteinase 1,  MMP9: matrix 
metalloproteinase 9, EEF1A2: eukaryotic translation elongation factor 1 alpha 2, FN1: fi bronectin 1
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that modulates the expression of MCM2, MMP1, and MMP9 
genes by acting on miR-145-5p in MCF-7 cells.

DISCUSSION

Turmeric (Curcuma longa) is a famous Indian spice. Poly-
phenol curcumin is the primary constituent of turmeric 
and the one accountable for the majority of its biological 
effects (9). Curcumin has been utilized for an extensive 
period to address issues regarding the gastrointestinal 
tract, liver, respiratory system, and sinusitis; to promote 
wound healing; and to alleviate pain and burning sen-
sations. Studies have demonstrated the pharmacological 
properties of curcumin, including its anti-oxidant, anti-in-
flammatory, cell death-inducing, and anticarcinogenic 
effects in various diseases (5). The potential of curcumin 
to alter miRNA expression and its target genes has creat-
ed new opportunities for cancer-targeted treatment (39). 
The present study has investigated the effects of curcum-
in on the proliferation and migration of the MCF-7 hu-
man BC cell line and whether its anticancer effects are 
mediated by acting on miR-145-5p and its possible tar-
get genes. The findings have shown curcumin treatment 
and the overexpression of miR-145-5p to decrease the 
proliferation of MCF-7 cells as well their migration. Ad-
ditionally, the relative expression level of the tumor sup-
pressor miRNA miR-145-5p was significantly elevated in 
the curcumin-treated cells. Curcumin treatment reduced 
the relative expression of the putative miR-145-5p target 
genes MCM2, MMP1, MMP9, and EEF1A2. Furthermore, 
the overexpression of miR-145-5p decreased the expres-
sion levels of the MCM2, MMP1, and MMP9 genes.

Previous studies have demonstrated the expression  of 
miR-145-5p to be lower in BC tissues compared to nor-
mal breast tissues, with this being linked to large tumors, 
metastasis, and high Ki-67 expression levels (14, 15, 17, 
40). By modifying the expression of different signaling 
proteins and molecular pathways, curcumin suppresses 
the proliferation of BC cells. Consequently, one of the 
best ways to treat cancer is to target oncogenes and tu-
mor suppressor genes (41). Studies have shown curcum-
in to be able to successfully inhibit the proliferation of 
different cancerous cells by acting on miR-145-5p, such 
as in laryngeal squamous cell carcinoma and in human 
prostate cancer stem cells (18, 42). When considered 
together, no study has been conducted evaluating the 
regulatory effect of curcumin on miR-145-5p in BC. The 
current results suggest curcumin treatment and miR-145-
5p overexpression to both markedly suppress MCF-7 cell 
proliferation and migration by modulating the expression 
of the MCM2, MMP1, and MMP9 genes.

MCM2 is a promising proliferative marker in numerous 
different cancer types (e.g., thyroid, rectal, and BC). 
MCM2 is also a more effective proliferative and prog-
nostic marker in BC than Ki-67 (39). Samad et al.’s study 
demonstrated MCM2 gene expression levels to be high-
er in BC patients, suggesting MCM2 as a useable bio-
marker for the prognosis of BC (43).

The genes studied herein have been shown to be correlat-
ed with many genes previously linked to BC (Table 4), with 
the flap structure-specific endonuclease 1 (FEN1) being 
one example of a gene correlated with the MCM2 gene. 
FEN1 overexpression has been shown to promote BC. 

 
Figure 6:  The effect of the selected genes on BC survival using the Kaplan-Meier plotter. Overexpression of MCM2, 
MMP1 and MMP9 decreases OS for BC. However, alterations in the expression of FN1 and EEF1A2 genes have no 
effect on OS for BC.
MCM2: minichromosome maintenance com plex component 2, MMP1: matrix metalloproteinase 1,  MMP9: matrix 
metalloproteinase 9, EEF1A2: eukaryotic translation elongation factor 1 alpha 2, FN1: fi bronectin 1
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Zou et al. showed a negative association between FEN1 
expression and cisplatin sensitivity in BC cells. Moreover, 
curcumin treatment (dose-dependent) downregulated 
the expression of FEN1. In addition, they showed an in vi-
tro and in vivo combination of curcumin with cisplatin to in-
crease the sensitivity to cisplatin, which was found to occur 

through the downregulation of FEN1 in BC. Interestingly, 

their study concluded that curcumin sensitizes cells to cis-

platin via the downregulation of FEN1 (44). As a result, this 

opens up a new approach to treatment by increasing can-

cer cells’ sensitivity to chemotherapy treatments.

Table 4: The top 10 co-expression correlations of MCM2, MMP1, and MMP9 in BC according to the Correlation 
AnalyzeR results

Studied 
gene

Correlated 
genes 

Gene name r p

M
C
M
2

MCM5 Minichromosome Maintenance Complex  
Component 5

0.861 4.235e-08

FEN1 Flap Structure-Specific Endonuclease 1 0.859 4.35e-08

MCM7 Minichromosome Maintenance Complex  
Component 7

0.848 5.016e-08

MCM6 Minichromosome Maintenance Complex  
Component 6

0.845 5.207e-08

CDCA5 Cell Division Cycle Associated 5 0.843 5.338e-08

CDK2 Cyclin Dependent Kinase 2 0.837 5.741e-08

RACGAP1 Rac Gtpase Activating Protein 1 0.835 5.879e-08

MYBL2 MYB Proto-Oncogene Like 2 0.833 6.02e-08

PRC1 Protein Regulator of Cytokinesis 1 0.832 6.091e-08

MCM3 Minichromosome Maintenance Complex 
Component 3

0.829 6.307e-08

M
M
P1

PRDM8 PR/SET Domain 8 0.756 1.334e-07

LAYN Layilin 0.741 1.529e-07

G0S2 G0/G1 Switch 2 0.739 1.557e-07

PTX3 Pentraxin 3 0.734 1.627e-07

COL13A1 Collagen Type XIII Alpha 1 Chain 0.732 1.656e-07

ROBO4 Roundabout Guidance Receptor 4 0.718 1.872e-07

PRSS3 Serine Protease 3 0.715 1.921e-07

ANTXR2 ANTXR Cell Adhesion Molecule 2 0.712 1.971e-07

HBEGF Heparin Binding EGF-Like Growth Factor 0.711 1.987e-07

SERPINE1 Serpin Family E Member 1 0.71 2.004e-07

M
M
P9

IL10RA Interleukin 10 Receptor Subunit Alpha 0.667 2.863e-07

C1QA Complement C1q A Chain 0.664 2.934e-07

PIK3R5 Phosphoinositide-3-Kinase Regulatory Subunit 5 0.649 3.309e-07

CD86 CD86 Molecule 0.633 3.758e-07

SPI1 Spi-1 Proto-Oncogene 0.625 4.003e-07

CD2 CD2 Molecule 0.621 4.131e-07

C1QB Complement C1q B Chain 0.619 4.196e-07

C1QC Complement C1q C Chain 0.618 4.229e-07

IGHG1 Immunoglobulin Heavy Constant Gamma 1 0.611 4.468e-07

IGHG1 Immunoglobulin Heavy Constant Gamma 1 0.611 4.468e-07

r:  Pearson correlation coefficient. The p values are presented by the scientific mathematical method. All p values indicate p<0.001.
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MMP1 is associated with many physiological processes 
via the modification of the tumor microenvironment and 
the extracellular matrix (45). MMP1 is upregulated in BC 
tissues and has been shown to be associated with inva-
sion and metastasis (46). The current study has demon-
strated curcumin’s ability to alter the expression of on-
cogenic genes such as MMP1 by down-regulating their 
expression.

MMP9 is also a member of the MMP family that pro-
motes the invasion and migration of BC cells. MMP9 
gene was found to be linked to the signal transducer 
and activator of transcription 3 (STAT3) gene activation, 
which is involved in cellular proliferation, apoptosis, 
tumorigenesis, and angiogenesis. Furthermore, the 
knockdown of STAT3 suppressed MMP9 expression and 
metastasis in BC cells (47). These findings suggest the 
inhibition of MMP1 and MMP9 expression by curcumin 
and miRNA miR-145-5p to be possible novel strategies 
for controlling BC.

The present study has investigated the prognostic sig-
nificance of the five hub genes with regard to the OS 
of BC patients and revealed the overexpression of the 
MCM2, MMP1, and MMP9 genes to decrease the OS of 
BC patients. However, no influence was found regard-
ing alterations in the expression of the FN1 and EEF1A2 
genes (Figure 6). A comprehensive bioinformatics anal-
ysis study assessing the significant value of MCMs in BC 
demonstrated the MCM2-7 genes to be significantly 
overexpressed in BC, particularly in tumor subtypes that 
proliferate and spread quickly. This predicted a worse 
prognosis with shorter OS and relapse-free survival 
(RFS) for BC patients, providing insight into the prog-
nostic value of MCMs regarding the various molecular 
subtypes of BC (48). Consequently, the current and other 
findings have suggested MCM2 to be a possible good 
prognostic biomarker for BC and to perhaps be a po-
tential therapeutic target. One study showed the Y-box 
binding protein-1 (YB-1) to mediate the invasion and 
metastasis of BC by acting on MMP1 and beta-catenin 
(CTNNB1). That study’s analysis of breast tumor samples 
from the Gene Expression-Based Outcome for Breast 
Cancer Online (GOBO) database showed a markedly 
reduced 10-year distant metastasis free survival to be 
predicted with the overexpression of the YB-1, MMP1, 
and CTNNB1 genes (49). MMP1 may be a good mark-
er of the prognosis for BC metastases (49). Moreover, 
the elevated expression level of the MMP9 gene in both 
blood and tumor tissue samples of 108 BC patients has 
indicated worse prognoses (50). Accordingly, MMPs are 
being extensively investigated as potential therapeutic 
targets for cancer progression.

This study has combined a bioinformatic analysis with 
in vitro experiments, including cell proliferation assays, 

scratch wound assays, and expression studies, to in-
vestigate the effect of curcumin in combating cancer 
through miR-145-5p and its target genes. One limitation 
of the study is that it only examined the expression of 
the selected genes at the mRNA level. It did not eval-
uate changes in protein levels to verify the relationship 
between miR-145-5p and its target genes. Additional 
research is required to analyze the collective influence 
of miR-145-5p and curcumin on cell proliferation and 
migration, as well as their effects on the expression of 
target genes.

CONCLUSION

Curcumin exerts a strong anticancer impact on BC MCF-
7 cells by suppressing cellular growth. This effect is like-
ly mediated by the upregulation of miR-145-5p and the 
downregulation of the MCM2, MMP1 and MMP9 genes. 
The upregulation of MCM2, MMP1 and MMP9 genes 
is negatively associated with the OS in BC. Obviously, 
different studies should validate the findings of the  in 
silico and in vitro studies at the protein levels. These will 
be valuable for evaluating the potential therapeutic role 
and clinical utility of curcumin and the miR-145-5p mimic 
prior to clinical trials and therapeutic usage when con-
sidering a tumor’s pathological results. Additionally, due 
to the study’s bioinformatic analysis providing informa-
tion about the potential the target genes of miR-145-5p 
have regarding OS, further studies are recommended 
on patient-derived BC samples based on their clinical, 
biological and pathological characteristics for a better 
understanding of the impact these genes have on OS.
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