
Vol.:(0123456789)1 3

Journal of Cluster Science (2023) 34:2537–2546 
https://doi.org/10.1007/s10876-023-02404-z

ORIGINAL PAPER

Potential Anti‑Proliferative Effect of Nano‑formulated Curcumin 
Through Modulating Micro RNA‑ 132, Cyclin D1, and hTERT Genes 
Expression in Breast Cancer Cell Lines

Somayeh Amirsaadat1 · Davoud Jafari‑Gharabaghlou2 · Mehdi Dadashpour3,4 · Nosratollah Zarghami1,2,5

Received: 17 September 2022 / Accepted: 8 January 2023 / Published online: 8 February 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
Curcumin (CUR) a phenolic compound originally derived from the turmeric plant is known as a promising therapeutic agent 
for several human diseases including malignancies. Despite remarkable anti-cancer effects, disadvantages including short 
half-life time and low bioavailability limit its usage for efficient cancer therapy. Curcumin was first encapsulated into PLGA-
PEG nanoparticles. Then, using DLS, FE-SEM, and FTIR assays, the synthesized NPs were characterized. Furthermore, 
MCF-7 cells were exposed to different concentrations of free CUR and NP-CUR, and then the cell survival rates and gene 
expression profile were followed utilizing the MTT and qRT-PCR techniques, respectively. The obtained results illustrated 
that CUR was efficiently encapsulated into PLGA-PEG NPs. Also, MTT assay indicated that NP-curcumin more effectively 
inhibited MCF-7 cell viability than free curcumin treatment. Besides, qRT-PCR results evidenced that exposure of cells to 
CUR and NP-CUR led to upregulation of P53 and miR-132, and subsequent downregulation of hTRET and Cyclin D1 genes 
expression. However, changes in the expression profiles of these genes were remarkably higher in NP-CUR group. Taken 
together, the findings of this study suggested that encapsulation of curcumin into PLGA-PEG could increase its anti-cancer 
effects on breast cancer cells by modulating P53, Cyclin D1, hTRET, and MicroRNA-132 axis.
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Introduction

Cancer, one of the most severe threat to human health, 
remains a major challenge and steadily increases the mor-
tality rate worldwide. Breast cancer is considered the most 
prevalent malignancy, with an estimated 2.3 million new 
cases (11.7%) in 2020 and a leading health challenge among 
females. According to some estimates in recent years, it is 
responsible for 6.9% of mortality cases in female breast can-
cers [1, 2]. Despite the significant progression in therapeu-
tic strategies for breast cancer, many patients suffer from 
relapse and metastasis. The etiology of insufficient therapies 
can be related to ambiguous insight into molecular mecha-
nisms involved in breast cancer initiation, progression, and 
metastasis. Various genomic and epigenetic events have long 
been considered hallmarks for the incidence of cancer for-
mation and development of the disease [3]. According to 
studies, 90% of cancer cells have activated telomerase which 
Inhibition of the telomerase function disrupts cell prolifera-
tion and leads to shortening of telomere and apoptosis [4].
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As a reverse transcriptase enzyme, telomerase ribonu-
cleoprotein maintains the length of repetitive sequences of 
telomeres via modeling its ribonucleic acid portion. Telom-
eres, or nucleoprotein compounds, are complexes located at 
the ends of chromosomes in eukaryotic with several main 
functions, including protecting the ends of chromosomes, 
regulating some gene expression, and the standard of cellular 
living time. Due to the terminal replication problem, tel-
omere lengths continuously decrease during each cell divi-
sion, causing the cell cycle to stop. Therefore, telomeres, 
as the internal control clock, determine the number of cell 
divisions [5]. Cells with oncogenic modifications maintain 
their proliferative immortality via activating or upregulat-
ing the telomerase coding gene, Human telomerase reverse 
transcriptase (hTERT). hTERT is usually not expressed 
in somatic cells and is involved in aberrant cell differen-
tiation, stemness, and most tumor metastasis [6]. Although 
the molecular mechanisms that regulate the activation and 
function of hTERT remain unclear, hTERT-based therapy 
approaches such as gene therapy and immunotherapy have 
indicated that Inhibiting hTERT may lead to the eradication 
of cancer cells through telomere shortening [7, 8].

MicroRNAs, endogenic short non-coding RNAs with 20 
to 24 nucleotides, negatively regulate gene expression pro-
tein translation through interaction with target messenger 
RNAs (mRNAs) [9]. Dysregulation of miRNAs has been 
identified in many types of tumors. Various cellular and 
molecular processes in the initiation and development of 
breast cancer, including aberrant cell division, self-renewal 
capacity, apoptotic response, metastatic spread, the poor 
response to chemotherapy, and relapse of the tumor, are 
mediated via either the downregulation of tumor suppres-
sor miRNAs (tsmiRs) or upregulation of oncogenic miR-
NAs (oncomiRs) [10]. Among these miRNAs, downregu-
lated miR-132 has been mentioned in the tissues of patients 
with breast cancer, especially high-grade tumors, also in 
other cancers as diverse as colorectal, prostate, non-small 
cell lung, and hepatocellular carcinomas [11]. Furthermore, 
miR-132 can be considered a prominent tumor marker for 
many types of cancers, including breast cancer. miR-132 
functions as tumor suppressor and its exogenous overexpres-
sion restrains the ability of breast cancer cell to proliferate 
and form colonies through targeting FOXA1 [11]. It was 
shown that, miR-132 reduces the invasion and migration 
in breast cancer cells by downregulating LAPTM4B and 
subsequently modulating signaling pathways involved in 
epithelial-mesenchymal transition [12]. The potential effects 
of miR-132 expression regulation and associated signaling 
pathways can relieve symptoms and reduce the disease’s 
severity.

Cyclin-dependent kinases (cdks) are known as key regu-
latory factors in the cell cycle. Therefore, it plays an impor-
tant role in maintaining cell cycle [13]. Cyclin D1 has been 

reported to be associated with cancer aggressiveness when 
overexpressed [14]. It has been widely reported in several 
reports on human breast cancer that overexpression of the 
cyclin D1 gene is present in 50% of breast cancer cases [15, 
16]. Therefore, ablation of cyclin D1 appears to be a strong 
target for future research in breast cancer therapy.

According to recent studies, curcumin, an herbal com-
pound isolated from the plant Curcuma longa, alone or 
combined with other agents can have anti-cancer therapeutic 
effects in clinical oncology. There is evidence of curcumin 
biological activities including antioxidant, antimicrobial, 
antiviral, and anti-cancer in various diseases [17, 18], intro-
ducing curcumin as a medicinal agent in clinical studies. 
Especially, curcumin has been reported to diminish breast 
cancer cell proliferation, induce apoptosis and decrease 
in vivo and in vitro angiogenesis, invasion and metastasis 
[19]. Also, accumulating studies indicated that curcumin 
inhibits tumor initiation via interfering with different 
molecular mechanisms, especially telomerase and microR-
NAs [20, 21]. In fact, curcumin causes changes in expression 
profiles of multiple miRNAs such as miR-21, miR-19 and 
miR-181a in various human cancer cells, including breast 
cancer cells [22]. For instance, exposure to curcumin leads 
to Bcl-2 suppression through miR-15a and miR-16 expres-
sion resulting in apoptosis induction in MCF-7 breast cancer 
cells [23]. Despite curcumin application in clinical medi-
cine, including cancer therapy, its inadequate bioavailability, 
low-aqueous solubility, and poor absorption are considered 
as disadvantages in oral administration [24]. To overcome 
these obstacles and enhance its anticancer efficiency, the 
use of a nanotechnology-based strategy, as an alternative 
strategy, is suggested to improve the chemopreventive and 
chemotherapeutic effects of curcumin [25, 26]. More impor-
tantly, due to their capacity in slow, constant, and controlled 
release of therapeutic agents, using nanoparticles (NPs), 
including polyethylene glycol–poly lactic acid-co-glycolic 
acid (PEG–PLGA) copolymers have been illustrated to be an 
effective way to overwhelm these drawbacks. The presence 
of PLGA-PEG copolymer prevents fat cells from approach-
ing curcumin nanoparticles, and thus curcumins easily reach 
cancer tissues and destroy them by connecting with cancer 
cells [27, 28].

Subsequently, in the current study, we aimed to encapsu-
late curcumin compound into PEG–PLGA NPs and investi-
gate the improvement of its therapeutic outcomes in MCF-7 
breast cancer cells through modulating the expression of 
miR-132 and hTRET, as the important molecules involved 
in tumorigenesis.
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Methods and Materials

PLGA/PEG Copolymer Synthesis

Ring open polymerization of glycolide and DL-lactide in a 
3:1 molar ratio was used to synthesis PLGA-PEG copoly-
mers. PEG and PLGA preparation as the initiators, were 
done through a melt polymerization method under nitrogen, 
in the presence of Sn(Oct)2 catalyst. Subsequently, glycolide 
(0.57 g), PEG4000 (1.54 g), and DL-lactide (2.882 g) in 
a bottleneck flask, under nitrogen gas atmosphere, were 
warmed to 140  °C for complete melting. Afterward, 
Sn(Oct)2 (0.05% w/w) was inserted and reaction heat was 
set at 180 °C for 4 h to polymerization be completed. Finally, 
the recovery of synthesized copolymers was done by means 
of dissolving in Dichloromethane (DCM) and subsequent 
precipitation in chilled diethyl ether.

Nanoparticle Formulation

To prepare curcumin-loaded PLGA-PEG NPs, the Water-
in-Oil-in-Water (W/O/W) double emulsions technique was 
employed. For this aim, curcumin in amount of 20 mg and 
PLGA-PEG in amount of 200 mg were suspended in DCM 
and 0.5% PVD, respectively, in a weight ratio of 1:10. Then, 
PLGA-PEG solution was homogenized for 20 min while, 
drop by drop, curcumin solution was added gradually to gen-
erate W/O emulsion. In the next step, the remainder of sol-
vents in the emulsion was extracted by 15 min evaporation 
using a Heidolph Instruments rotary evaporator (Hei-VAP 
series, Germany) under a low vacuum. Finally, the formed 
NPs were collected using Amicon® Ultra Centrifugal fil-
ters by centrifugation at 14,000 g for 40 min. The gathered 
emulsion was moved to micro vials, then lyophilized and 
deposited at − 20 °C.

The Characterization of Designed Nanoparticle

To characterize the surface charge (zeta potential), hydrody-
namic size of particle [29] and polydispersity index (PDI) 
of designed NPs, we used a DLS (dynamic light scattering) 
system (Zetasizer Nano ZS; Malvern Instrument) possessing 
a helium–neon laser beam at 633 nm wavelength. Further-
more, to determine the shape and surface morphology of 
designed NPs, they were coated with gold and then sub-
jected to Hitachi S-4800 field emission scanning electron 
microscopy (FE-SEM) system (Japan). Also, to further eval-
uate curcumin’s successful loading on designed NPs, free 
curcumin, free NPs, and NP-curcumin first were prepared 
in KBr disks in the region of 4000–400  cm−1 and then by 
means of Perkin-Elmer Spectrum One model FT-IR, their 
IR spectra were determined. Moreover, the HPLC technique 

was employed to assess the drug loading efficiency (DLE) 
and drug loading capacity (DLC) of designed NPs, as 
described previously [30].

Drug Release Assessment

To investigate in vitro release of curcumin from PLGA-PEG 
NPs, the dialysis technique was employed. For this aim, NP-
curcumin in amount of 25 mg was suspended in PBS buffer  
(5 ml) (Ph 7.4 and pH 4.4) and then transferred into dialy-
sis membrane tubing which was placed in vials containing 
25 ml PBS on a heat block stirrer set at 37 °C and 125 rpm. 
At the certain time periods, vial solution containing released 
curcumin was switched with 25 ml of new PBS and then 
subjected to PerkinElmer Visible–UV spectrophotometer 
(Lambda 950, CA, USA) to measure the concentration of 
curcumin according to a calibration curve at its maximum 
absorbance (427 nm wavelength). The function of time was 
regarded as the accumulative ratios of the released curcumin.

Cell Culture

MCF-7 (breast cancer cell line) and HEK 293 (normal cell 
lines) were attained from the Pasteur Institute’s National 
Cell Bank (Tehran, Iran) and cultured in Gibco Roswell 
Park Memorial Institute (RPMI) 1640 medium containing 
2 g glucose, pH indicator, salts, amino acids, and vitamins 
supplement with 10% FBS (, USA) and antibiotics, includ-
ing streptomycin (100 μg/mL and penicillin (100 IU/mL). 
The cultivation condition was 37 °C temperature, 5%  CO2, 
and 80% humidity. As they reached 80–90% confluence, the 
cells were harvested using Trypsin–EDTA (0.25%, Gibco) 
and sub-cultured.

MTT Assay

To evaluate the effect of synthesized NPs in increasing the 
cytotoxicity of curcumin on MCF-7 cells while HEK 293 
normal cell line was used for evaluating the toxicity, MTT 
assay was carried out. Consequently, MCF-7 cells, at a den-
sity of 10 ×  103 cells per well, were seeded into 96-well cul-
ture plates and after incubation for 24 h to become confluent, 
they were treated with various concentrations of curcumin 
and NP-curcumin (5 μM–50 μM) and further incubated for 
24, 48, and 72 h. Then, the medium was aspirated and MTT 
solution (5 mg/ml suspended in PBS, Sigma Aldrich) in 
volume of 50 μL was added to each well. Following the 
4 h incubation at 37 °C, to solve formed formazan crystals, 
MTT solution was substituted with 100 μL dimethyl sulfox-
ide and the plate was incubated for 30 min. Finally, using 
the Thermo Fisher Scientific’s Varioskan Flash microplate 
reader, the wells’ absorbance at the wavelength of 570 nm 
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was calculated to estimate the inhibitory concentrations, 
including IC50, according to the following equation:

RNA Extraction and qRT‑PCR

To further evaluate mechanisms underlying curcumin cyto-
toxicity on MCF-7 cells, qRT-PCR was operated to follow 
changes in P53, Cyclin D1, hTRET and miR-132 expression 
levels through different treatments. At the density of 20 ×  104 
cells per well, MCF-7 cells were seeded into 6-well plates 
and cultivated for 48 h. Then, the cells reached to confluency 
were treated with curcumin and NP-curcumin in various 
concentrations, including 2, 5, and 10 μM and further cul-
tivated for 48 h. Hereinafter, total RNA in treatment groups 
was extracted by means of Trizol RNA extraction kit (Gene-
All, Korea) regarding supplied protocols. Then, considering 
the optical densities at 260 nm and 280 nm wavelengths, 
the concentration and quality of RNA were evaluated by the 
Thermo Fisher Scientific’s NanoDrop spectrophotometer. 
Additionally, total RNA was electrophoresed on agarose gel 
(1% in TAE buffer) to investigate its integrity. The quali-
fied RNA samples were subjected to complementary DNA 
(cDNA) synthesis; to evaluate miRNA and mRNA expres-
sion levels, 1000 nanogram of RNA was initially consumed 
to synthesize cDNA using the Universal cDNA Synthesis 
miRCURY LNATM kit and BioFACT cDNA synthesis kit 
(Korea), respectively. Then, real-time PCR was carried out 
in n the StepOnePlus Real-Time PCR instrument (Applied 
Biosystems) using a Real-Time PCR Master Mix (Bio-
FACT). To normalize miR-132 and hTRET expression, U6 
and beta-actin were used as internal controls. The reactions 
were carried out in triplicates and the obtained data were 
analyzed according the comparative  2−ΔΔCT (Livak) method. 

%viable cells =
absorbanceSample − absorbanceblank media

absorbanceControl − absorbanceblank media
× 100

Table 1 represents the primer sequences that are used though 
the current study.

Statistical Analysis

To perform all statistical analysis and design the graphs, we 
used GraphPad 8 Prism software (CA, USA). All experi-
ments in the current research were repeated three times and 
all data were stated as mean values ± standard error (SE). 
The comparison between two groups and more than two 
groups was done using t-test and two-way analysis of vari-
ance (ANOVA), respectively. Statistical significance and 
multi-group comparisons of data were analyzed using two-
way ANOVA followed by Tukey's post hoc test. A p-value 
of < 0.05 was considered significant between groups.

Results and Discussion

The Properties of Designed NPs

Due to their remarkable advantages, including being 
bioavailable, stability in blood, less toxic effects, better 
encapsulation, and controlled release of drugs, biode-
gradable polymeric nanomaterials have been increasingly 
subjected to innovate novel drug delivery systems in appli-
cations aiming to improve cancer therapy [30–32]. More 
importantly, as the well-known biocompatible biomate-
rials, PLGA-PEG copolymers, are widely used in nano-
capsulation of anti-cancer therapies and their delivery, 
which have been illustrated the effects of therapies [33, 
34]. Subsequently, considering the therapeutic significance 
of curcumin through the treatment of human malignan-
cies, including breast adenocarcinoma [35], to improve its 
cytotoxic effects and better follow underlying mechanisms, 
curcumin was loaded on PLGA-PEG copolymers.

In this study, encapsulation of curcumin in PLGA-PEG 
NPs was performed using the emulsion solvent evaporation 
method. Our results showed that curcumin was efficiently 
loaded on PLGA-PEG NPs, regarding the high encapsu-
lation efficiency equal to 80.22% and remarkable loading 
capacity around 13.5 ± 3.5. Subsequently, the hydropho-
bic nature of curcumin was suggested to be the main rea-
son for its efficient encapsulation [36]. Furthermore, the 
results obtained from DLS analysis (Fig. 1B) illustrated 
that the average hydrodynamic diameter of PLGA-PEG 
NPs was approximately 180 nm with uniform dispersion. 
Also, it was estimated that in designed NPs loaded by cur-
cumin, the average hydrodynamic diameter was approxi-
mately 205 nm with a particle size distribution between 
100 and 300 nm. Besides, as represented in Fig. 1A, FE-
SEM analysis showed that curcumin loaded-PLGA-PEG 
NPs had a spherical shape and uniform distributions with 

Table 1  Oligonucleotide sequences

Target Type Sequence

miR-132 Forward 5′-GTA ACA GTC TAC AGC CAT GGTCG-3ˊ
Reverse 5′-CTC GTA TCC AGT GCA GGG TCC GAG 

GTA TTC GCA CTG GAT ACG ACC GAC 
CA-3ˊ

U6 Forward 5′-CTT CGG CAG CAC ATA TAC TAA AAT 
TGG-3ˊ

Reverse 5′-TCA TCC TTG CGC AGGGG-3
hTRET Forward 5′-CCC ATT TCA TCA GCA AGT TTGG-3ˊ

Reverse 5′-CTT GGC TTT CAG GAT GGA GTAG-3ˊ
Beta-actin Forward 5′- GGT GAA GGT GAC AGC AGT -3ˊ

Reverse 5′- TGG GGT GGC TTT TAG GAT -3ˊ
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an averaged diameter of 250 ± 11.43 nm. Considering that 
NPs should have diameters less than 400 nm can internal-
ize to cancer cells as well as they should be large enough 
to avoid quick and uncontrolled release into the blood cap-
illaries and evade from macrophages [37], the designed 
NPs through this study could be considered as an effective 
delivery system for curcumin.

To more approve the loading of curcumin on designed 
NPs, we employed FTIR spectroscopy to characterize the 
structures of PLGA-PEG and curcumin-loaded PLGA-PEG 

NPs. The major peaks for PLGA-PEG NPs were observed 
at 2840–3000  cm−1,1750–1765  cm−1 and 1090–1300  cm−1 
and 1085–1150  cm−1 that were indicators for stretching 
vibration of C–H bond, carbonyl ester bond, C–C/C–O, 
and polyethylene glycol ether bond, respectively. Further-
more, FTIR spectroscopy of NP-curcumin showed absorp-
tion at 2944  cm−1 related to stretching vibration of C–H 
bond, at 1756  cm−1 representing carbonyl ester bond, at 
1095  cm−1 C–C/C–O bonds, and at 1385  cm−1 related to 
polyethylene glycol ether bond. Also, absorption peaks 

Fig. 1  Characterization of NP-curcumin size and morphology using Field emission scanning electron microscopy (FE-SEM) (A). Characteriza-
tion of NP-curcumin size distribution using Dynamic light scattering (DLS) (B)

Fig. 2  IR spectra of NP, cur-
cumin, and NP-curcumin
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were detected at 950, 1189, and 1634  cm−1, which were in 
accordance with the IR absorption spectrum of curcumin 
(Fig. 2); further illustrating successful encapsulation of 
curcumin in designed NPs [38].

The Profile of in Vitro Release of Curcumin

Controlled/sustained release of drugs, especially chemo-
therapy agents, is an important factor for improving drug 
bioavailability and effectiveness through reducing side 
effects, inhibiting premature degradation, and maintaining 
drug concentration within the therapeutic range [39–41]. 
Consequently, in this study, the kinetics of in vitro release 
of curcumin from designed NPs was investigated for 7 days 
at pH 7.4 as the simulator of body fluid condition and pH 4.4 
as the simulator of lysosome condition. The results (Fig. 3) 
evidenced that nearly 20% of curcumin was increasingly 
released from copolymeric NPs during the first 3 h, at 
pH 7.4. After that, during 5 days approximately 75% of cur-
cumin was released from NPs in a moderately slower release 
pattern (steady controlled release phase) despite the initial 
quick release. Furthermore, curcumin was shown to exhibit 
a quicker release rate at pH 4.4 compared to its release at 
pH 7.4. In fact, 80% of curcumin was released from NPs 
only during 2 days. Considering that, due to the instability 
of the bonds between curcumin and NPs at lower pH, it may 
be released at the tumor site efficiently where pH is acidic.

The Synthesized NPs Increased the Cytotoxicity 
of Curcumin on MCF‑7 Cells

For evaluating the effectiveness of designed curcumin 
loaded NPs on inhibition of MCF-7 cell proliferation, MTT 
assay was carried out. As illustrated in Fig. 4 and presented 
in Table 2, the obtained results indicated that curcumin in a 
dose-dependent manner was capable to decrease MCF-7 cell 

viability compared to the control. However, encapsulation of 
curcumin using PLGA-PEG NPs remarkably increased the 
curcumin cytotoxic effects on these cells. As seen in Table 2, 
the  IC50 of curcumin was reduced from 50.5 ± 1.11 μM in 
free curcumin-treated cells to 23.7 ± 1.06 μM in cells treated 
with NP-curcumin during 24 h incubation. Besides, despite 
that free curcumin showed no significant time-dependent 
effect on MCF-7 cells, the IC50 of NP-curcumin was dra-
matically decreased from 23.7 ± 1.06 μM at 24 h after incu-
bation to 7.3 ± 1.15 μM during 72 h incubation. Overall, 
these results established that designed NPs improved the 
cytotoxic effect of curcumin on MCF-7 cells.

In consistent with our results, Fatemeh Tavakoli and col-
leagues previously reported that encapsulation of curcumin 
into PLGA-PEG NPs also improved its inhibitory power on 
melanoma tumor growth and progression through upregula-
tion of tissue inhibitors of metalloproteinase (TIMPs) and 
subsequent downregulation of MMP-2 and MMP-9 [37]. 
Furthermore, the same effect was observed by Javid Lotfi-
Attari and colleagues on colorectal cancer cells. They encap-
sulated curcumin into PEGylated PLGA NPs and illustrated 
its elevated anti-proliferation effects through downregulation 
of hTRET in Caco-2 colorectal cancer cells [38].

Curcumin and NP‑Curcumin Inhibits MCF‑7 Cell 
Proliferation Through Modulating P53, Cyclin D1, 
hTRET, and miR‑132 Expression

In recent years, accumulating studies have illustrated that 
curcumin exerts its suppressive effects on tumorigenesis via 
modulating multiple genes and miRNAs involved in vari-
ous cellular pathway mechanisms [21]. Accordingly, cur-
cumin was illustrated to downregulate miR-21 expression 
as a promising oncomiR in MCF-7 cells, which in turn lead 
to upregulation of PTEN and deactivation of Akt signal-
ing; resulting in the inhibition of cell viability and apoptosis 
induction through cleavage of caspase-3 and caspase-9 [42]. 
Furthermore, it was shown that curcumin also could upregu-
late p53 expression and signaling, which in turn induces 
apoptosis through regulating Bax activity in breast cancer 
cells [43].

Notably, curcumin was revealed to participate in inhib-
iting tumor development through regulating hTRET 
expression [37]. TERT, as an important catalytic subunit 
of telomerase responsible, was established to be overex-
pressed in human malignancies and participate in tumo-
rigenesis through modulating cell proliferation, metasta-
sis, and stemness [44]. Interestingly, it was reported that 
curcumin suppresses telomerase activity through down-
regulating hTRET expression in breast and cervical cancer 
cells [37, 45–47]. Besides, miR-132 which is known as a 
tumor suppressor miRNA was also shown to be involved 
in curcumin-mediated anti-cancer effects on malignant 

Fig. 3  The profile of in  vitro release of curcumin from PLGA-PEG 
NPs at pH 7.4 and pH 4.4
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cells [48]. miR-132 was previously reported to be down-
regulated through breast tumorigenesis [49] and its elevated 
expression could inhibit cell proliferation and metastasis by 
directly targeting HN1 and FOXA1 genes [11, 50]. Consist-
ently, curcumin was reported to synergistically with Chrysin 
decrease cell viability and induce cell cycle arrest at G2/M 
phases as well as apoptosis through miR-132 upregulation 

and consequent downregulation of HN1, as its direct target, 
in MDA-MB-231 breast cancer cells [30]. Consequently, in 
the current study, to evaluate whether curcumin is involved 
in the inhibition of MCF-7 cells via regulating hTRET and 
miR-132 expression, qRT-PCR was employed. As presented 
in Fig. 5, our results illustrated that increasing curcumin 
contractions lead to dose depended downregulation hTRET 
mRNA expression levels compared to the control. Moreover, 
NP-curcumin significantly increased the suppressive effect 
of curcumin on hTRET expression. Conversely, treatment 
of cells with free curcumin and NP-curcumin upregulated 
miR-132 expression in a dose-dependent manner in com-
parison with control cells; suggesting the negative regula-
tory effect of miR-132 on hTRET expression. Furthermore, 
it was shown that miR-132 expression levels were higher 
in NP-curcumin treated cells than that of free curcumin-
treated cells. Collectively, these results indicated curcumin 

Fig. 4  MTT assay results. Encapsulation of curcumin into designed NPs improved its cytotoxic influence on MCF-7 breast cancer cells

Table 2  IC50 value of curcumin and NP-curcumin in various incuba-
tion times including 24, 48, and 72 h

IC50 (μM)

Incubation time Curcumin NP-Curcumin

24 h 50.5 ± 1.11 23.7 ± 1.06
48 h 29.1 ± 1.43 13.6 ± 1.32
72 h 18.3 ± 1.29 7.3 ± 1.15
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may affect MCF-7 in vitro cell proliferation through modu-
lating the miR-132/hTRET axis and this effect was improved 
through the loading of curcumin into PLGA-PEG NPs.

Conclusion

Taken together, the results of this study further confirmed 
the anti-proliferative effects of curcumin on breast can-
cer cells. Also, it was shown that curcumin may exert its 
cytotoxic effects on MCF-7 cells through modulating P53, 
Cyclin D1, miR-132, and hTRET expression, revealing a 
new promising therapeutic axis that is affected by curcumin. 
Furthermore, our results showed that encapsulation of cur-
cumin in PLGA-PEG NPs remarkably improved its inhibi-
tory effects on breast cancer cells, which may be regarded 
as a promising and potential drug delivery system for better 
management of breast cancer.
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