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ABSTRACT

To overcome the acquired Tamoxifen (Tam) resistance in Tam-resistant breast cancer cells without damaging normal cells, we have examined the
therapeutic efficacy of Tam-loaded solid lipid nanoparticles (SLNs). Tam-loaded SLNs were produced by hot homogenization method. After
characterization, in vitro cytotoxic and apoptotic activity of Tam-SLNs were evaluated in MCF7, MCF7-TamR (Tam-resistant breast cancer cells) and
MCF10A cells. Tam-SLNs had an average size nearly 300 nm and a zeta potential of approximately-40 mV. In vitro cytotoxicity results showed that
Tam-SLNs indicated the cytotoxic and apoptotic activity on MCF7 and MCF7-TamR cells. We found that MCF7-TamR cell viability was also
suppressed significantly by Tam-SLNs and thus, Tam-SLNs could delay and overcome Tam-resistance (p<0.05). Furthermore, the Tam-SLNs did not
induce apoptosis on MCF10A control cells. The lowest MCF10A cell viability was 83.0% whereas MCF7 and MCF7-TamR (R« and RT) cells viability
are reduced to 21.98%, 27.5% and 29.4% at 10 pM of Tam-SLNs, respectively (p<0.05). The obtained results were supported by apoptosis assays.
SLNs-delivery system provided therapeutic efficacy to overcome Tam-resistance thanks to unique features of SLNs including small size, drug
accumulation in the tumor site and controlled drug release. Therefore, Tam-SLNs may have therapeutic potential for the treatment of TAM-resistant

breast cancer.
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INTRODUCTION

Tamoxifen (Tam) has been commonly used in the treatment of
estrogen receptor positive (ER+) breast cancer patients [1, 2].
Nevertheless, acquired resistance to Tam is one of the most clinical
challenges for anti-estrogen therapy though long-term exposure to
Tam can cause serious the dose-dependent side effects [3-5]. In
order to overcome the acquired drug resistance and improve
features of chemotherapeutic drugs for long-term treatment of
breast cancers, colloidal drug delivery systems (DDS) have drawn
attention in recent years [6, 7].

Solid lipid nanoparticles (SLNs), which consist of lipid matrix
composition, have potentially wide applications as SLNs deliver the
necessary dose of the drug to target issue at the right time by
reducing adverse effects on normal cells. Furthermore, SLNs have
indicated a high potential for overcoming the multi-drug resistance
(MDR) by providing controlled drug release and high capacity for
the encapsulation of lipophilic and hydrophilic drugs [8-10].

In the present study, we produced Tam-loaded SLNs by hot
homogenization method to investigate the effects of Tam loaded
SLNs for overcoming the acquired Tam resistance. After
characterization, the cytotoxic and apoptotic effects of Tam-SLNs
were identified on the MCF7, MCF7-TamR (Tam-resistant MCF7
breast cancer cell) and MCF10A control cells. Consequently, Tam-
SLNs as a drug delivery system could be potential to overcome the
acquired Tam resistance.

MATERIALS AND METHODS
The preparation and characterization of Tam-SLNs

Tam-loaded SLNs can be prepared using the hot homogenization
technique [11, 12]. After the stearic acid (2.5%) was melted at 80 °C,
Tam (5.0%) and tween 80 (2.5%) were slowly added into the melted
lipid and mixture by the Ultra Turrax homogenizer (Ultra Turrax,
Ika) at 20.500 rpm for 10 min. The primary parameters including
particle size, polydispersity index and zeta potential of Tam-SLNs
were measured using Zetasizer Instrument (Malvern Instrument,
UK) at 90 °C to characterize SLNs.

Cell culture

MCF7 and MCF7-TamR cells were cultured in DMEM (Sigma, St.
Louis, MO) containing 5% FBS (Sigma, St. Louis, MO) and 100 U/ml
penicillin, and 100 lg/ml streptomycin (Sigma, St. Louis, MO)
whereas MCF10A mammary epithelial control cells were cultured in
DMEM/F12 medium supplemented with EGF, hydrocortisone,
choleratoxin, insulin, 10% FBS, penicillin and streptomycin in a 5%
CO: humified atmosphere at 37 °C. MCF7-TAMR-cells were
established by 4-OH Tam (Sigma, St. Louis, MO) exposure and called
as Re cells, which was treated with continuously 1 uM of 4-OH Tam
during three months and RT cells, which was firstly treated with the
minimum concentration (0.1 uM) of 4-OH and the concentration was
gradually increased to 1 pM of 4-OH Tam.

In vitro cytotoxic assay

To investigate the cytotoxic activity of the Tam-SLNs on MCF7,
MCF7-TamR and MCF10A cells, we used the WST-1 assay (Biovision,
California) according to the manufacturer’s instruction. Firstly, these
cells were seeded in 96-well plates at a density of 2x10* cells/well
and treated with 0.1-10 pM of 4-OH Tam. After 24, 48 and 72 h
treatment, 10 pl of the WST-1 reagent was added to each well and
incubated 30 min at 37 °C. After incubation, the absorbance was
measured at 450-620 nm using Elisa Reader (Sunrise TM,
Switzerland).

Apoptosis analysis

The apoptotic effects of Tam-SLNs on MCF7, MCF7-TamR and
MCF10A cells were determined by Annexin-V and dead cell reagent
(EMD Millipore) and cell cycle kit (EMD Millipore). The cells were
seeded into 6 well plates and then treated with 0.1, 1 and 10 uM of
Tam-SLNs during 72 h. After incubation, the apoptotic effects of
Tam-SLNs was carried out according to manufacturer’s protocol and
analyzed by Muse Cell Analyser (MuseTM EMD Millipore Co.,
Hayward, CA, USA). Additionally, the morphological changes of these
cells were showed by acridine orange/etidium bromide (AO/EtBr)
(Sigma, St. Louis, MO) staining. Images were taken with Nikon
Eclipse E600 (Nikon, Netherlands).
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Statistical analysis

The results were statistically evaluated by one-way analysis of
variance (ANOVA) for multiple comparisons. p value of less than
0.05 (p<0.05) was considered as statistically significant.

RESULTS
Physical characterizations of SLNs

Particle size and zeta potential of SLNs were determined using
Nano brook 90 Plus analyzer. The particle size was ranging from
289 to 302 nm as well as the zeta potential varied between38
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advantage for in vitro experiments. However, this negative
surface charge indicated the excess of Tam ionized at the
interface of SLN. Thus, the lipid ratio should be increased to load
into more Tam into SLNs.

In vitro drug sensitivity analysis

The results from WST-1 assay showed that the cytotoxic activity of
Tam-SLNs on MCF7 and MCF7-TamR cells increased with
concentration and time-dependent manner (fig. 1A,C,D). On the
other hand, Tam-SLNs was slightly affected (17%) on MCF10A
control cell growth at 10 uM of Tam-SLNs for 72 h exposure due to

and -45 mV. The small particle size provided a significant reducing side effects of Tam (fig. 1B).
A B
140 160 ~4h
G gy
2720 120
S100 -
é 80 —
4
= 60
40
20 20
o AEE Y N K 0 A . :
01 02 04 006 08 1 2 4 o 8 10 01 02 04 06 08 1 2 4 6 8 10
Concentration of tamoxifen-SLNs (udM) Concentration of tamoxifen-SLNs (ulM)
C D
130 140
; 24hm4shu72h
120 4\—\"'—

N

i
o
sl

Frri

02 04 06 08 1 2 4 6 8
Concentration of famoxifen-SI.Ns (u\

0.1

01 02 04 06 08 1 2 4 6 8
Concentration of tamoxifen-SLNs (n}M)

Fig. 1: (A) MCF7, (B) MCF10A4, (C) R and (D) RT cells were exposed to Tam-SLNs at the indicated doses (0.1-10 pM) for 24, 48 and 72 h the
apoptotic effects of Tam-SLNs
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Fig. 2: Dose-dependent effects of Tam-SLNs on apoptosis in (A) MCF7, (B) Re, (C) RT cell without damaging (D) MCF10A control cells
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The MCF?7 cell viability was reduced 98.85% and 26.65% at 0.1 and
1 pM concentration of Tam-SLNs at 72 h (p<0.05), respectively.
However, the maximum cytotoxic effects of Tam-SLN was 79.02% at
10 puM concentration (p<0.05) (fig. 1A).

In our previous study, we reported that R < and RT cells were 5.8 and 4
fold resistance to Tam compared to MCF7 cells, respectively. The R < and
RT cell viability was decreased 53.6% and 52.1% at 1 uM concentration
whereas, the cells viability was significantly reduced to 27.5% and 29.4%
(fig. 1C, D). Consequently, TAM indicated cytotoxic effect, even when
loaded into the SLNs on MCF7 and MCF7-TamR cells and thus, SLNs
formulation could overcome the acquired Tam-resistance.
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In the current study, we found that Tam-SLNs induced apoptotic cell
death on MCF7 and MCF7-TamR cells after 72 h treatment (fig. 2).
However, Tam-SLNs did not trigger cell death on MCF10A cells (fig.
2D). The percentage of apoptotic cells was 25% at 1 pM concentration
on MCF7 cells (fig. 2A), while the apoptotic cell death percentage of
Re and RT were 29.14% and 40.15%, respectively (fig. 2B,C)
compared with control cells. Furthermore, a total apoptotic cell death
(early and late apoptosis) of MCF7 cells was 59.66% at 10 pM, whereas
this rate was 75.50% and 88.1% on Re and RT cells, respectively for
72 h. As a result, Tam-SLNs showed apoptotic effect on MCF7 and
MCF7-TamR cells without damaging MCF10A control cells.
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Fig. 3: Dose-dependent analysis of cell cycle phases for 72 h. (A) MCF7, (B) Re, (C) RT and (D) MCF10A cells.

In the present study, cell cycle analysis revealed that Go/G1 phase of MCF7 and MCF7-TamR cells increased, while a slight increase in Go/G1 phase
of MCF10A cells was observed at 72 h when treated with Tam-SLNs (fig. 3). The percentage of Go/G1 phase in MCF7 cells was increased from 51.9%
to 61.0% whereas the percentage of Go/G1 phase in R~ and RT cells was significantly elevated to 62.6% and 65.3%, respectively (fig. 3A-C). The
effects of Tam-SLNs on MCF7-TamR cells led to a much higher proportion of cells accumulation in Go/G1 phase than MCF7 cells. In conclusion, the
percentage of the Go/G1 arrest and apoptotic cells of MCF7, MCF7-TaMR and MCF10A cells correlated with the cell proliferation result.

Morphological changes of human breast cancer cells

Control

0.01 uM 1 uM

Fig. 4: The morphological changes of (A) MCF7, (B) Re, (C) RT
and (D) MCF10A cells were exposed to Tam-SLNs at the
indicated doses for 72 h

10 uM
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AO/EtBr staining was choosen for detecting changes in MCF7, MCF7-
TamR and MCF10A cells morphology. As shown in fig. 4, Tam-SLNs
induced apoptosis on MCF7 and MCF7-TamR cells without damaging
MCF10A cells. The shape of MCF7 and MCF7-TamR cells were more
rounded in concentration-dependent (fig. 4A-C). Additionally, we
observed most notably the loss of epithelial-like features, chromatin
condensation and holes in these cells. However, the MCF10A cells
morphology was nearly similar that of control cells (fig. 4D).

DISCUSSION

The acquired Tam resistance is a major obstacle in the treatment of
ER+breast cancer patients and thus a better understanding of the
molecular mechanisms underlying the acquired resistance to Tam is
a considerable clinical significance to improve therapeutic strategies
for overcoming Tam resistance [13, 14].

Drug delivery systems have a great attention as a strategy because of
providing accumulation drug inside of the tumor, increasing the
therapeutic efficacy of treatment by reducing side effects and
overcoming drug resistance mechanisms. SLNs have been developed
to enhance the features of current chemotherapeutic drugs by
eliminating their drawbacks [7, 15].
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In the literature, different nanoparticle formulations (chitosan,
liposome, polymeric nanoparticles, etc.) were developed for Tam
[16-18]. SLN is especially a good carrier for Tam due to providing its
anti-tumoral activity, increasing the solubility of the drug and
facilitating the entrapment of high amounts of the drug in the
nanoparticles [19]. However, extensive research which determines
the role of SLNs on the acquired Tam resistance has not previously
been reported, to our knowledge [20, 21]. Our findings show that not
only Tam-SLNs enhance the anti-tumor effects of Tam but also
overcome the acquired Tam-resistance by inducing apoptosis in
MCF7 and MCF7-Tam R cells compared with control cells. In
conclusion, the TAM-loaded SLNs are promising carriers for breast
cancer therapy due to overcoming Tam-resistance and reducing the
side effects of Tam.

CONCLUSION

Nanoparticle-based drug delivery systems for cancer treatment have
significant potential for overcoming drug resistance and
development of tumor-targeting systems. Our findings suggest that
Tam loaded SLNs are a promising and effective strategy for
treatment of Tam-resistant breast cancer cells with optimal drug
encapsulation efficiency and minimal toxicity towards healthy cells.
However, additional studies including in vivo experiments are
necessary to evaluate the preclinical efficacy and safety of Tam-SLNs
before clinical evaluations in breast cancer patients.
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