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Recently, breast cancer stem cells (BCSCs) have rapidly emerged as a novel target for
the therapy of breast cancer as they play critical roles in tumor growth, maintenance,
metastasis, and recurrence. Let-7 miRNA is known to be downregulated in a variety of
cancers, especially BCSCs, whereas CDK4 being overexpressed in human epidermal growth
factor receptor 2 (HER-2) overexpressing tumor cells. In this study, let-7 miRNA and CDK4-
specific siRNA were chosen as therapeutic agents and co-encapsulated in Herceptin-
conjugated cationic liposomes for breast cancer therapy. Particle size, zeta potential, and
encapsulation efficacy of mi/siRNA-loaded PEGylated liposome conjugated with Herceptin
(Her-PEG-Lipo-mi/siRNA) were 176 nm, 28.1 mV, and 99.7% =+ 0.1%, respectively. Enhanced
cellular uptake (86%) was observed by fluorescence microscopy when SK-BR-3 cells were
treated with Her-PEG-Lipo-mi/siRNA. Also, the increased amount of let-7a mRNA and
decreased amount of cellular CDK4 mRNA were observed by gRT-PCR when SK-BR-3 cells
were treated with Her-PEG-Lipo-mi/siRNA, which was even more so when SK-BR-3 stem
cells were used (197 vs 768 times increase for let-7a, 62% vs 68% decrease for CDK4). Growth
inhibition (65%) and migration arrest (0.5%) of the cells were achieved by the treatment of the
cells with Her-PEG-Lipo-mi/siRNA, but not with mi/siRNA complex or other formulations. In
conclusion, an efficient liposomal delivery system for the combination of miRNA and siRNA
to target the BCSCs was developed and could be used as an efficacious therapeutic modality
for breast cancer.
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1. Introduction

Breast cancer shows the highest rate of cancer incidence
in women in many countries including the USA and
the resistance against chemotherapy and radiation therapy
makes it very hard to treat the breast cancer even with
aggressive surgery [1,2]. One of the reasons for the occurrence
of these resistances is known to be due to the presence
of breast cancer stem cells (BCSCs) which exist in small
population, usually less than 5%, within the tumor mass
[3,4]. BCSCs exert self-renewal and differentiation properties,
like other cancer stem cells, with a characteristic of
CD44tCD24~1°% cells and are regarded as culprit of tumor
generation, metastasis, and recurrence [5].

RNA interference (RNAi) is a naturally occurring
phenomenon that silences the expression of specific
genes in mammalian cells and the small-interfering RNA
(siRNA), the most representative synthetic RNAi material,
can silence target genes by degrading a specific mRNA post-
transcriptionally [6]. Micro-RNA (miRNA) is a small noncoding
RNA molecule that consists of 22 nucleotides in general and
plays an central role in the regulation of gene expression
either as oncogenes or tumor suppress genes [7].

Let-7 miRNA is known to be downregulated in a variety
of cancers including breast cancer and the restoration of
let-7 expression to normal levels restricts several mitogenic
pathways and the expression of oncogenes, resulting in the
reduction of cancer-related proteins such as H-RAS, high
mobility group AT-hook 2 (HMGA2), and c-MYC [8-10]. Let-7
mediates apoptosis and differentiation of cancer stem cells
(CSCs) to reduce the stem-like properties of the cells [11-13].
Let-7a, one of the members of let-7 family, is usually selected
as the representative mRNA [14,15]. Moreover, deficiency of
let-7a is required for tumor development and self-renewal
of BCSC as the increased let-7a not only suppresses cell
proliferation and self-renewal but also converts metastatic
BCSCs to unaggressive cells [16]. Cyclin-dependent kinase
4 (CDK4) and Cyclin D1 are known to be overexpressed in
breast cancer, specifically in human epidermal growth factor
receptor 2 (HER-2) overexpressing tumor cells and to play a
critical role in cell growth and tumorigenesis in a form of
CDK4/cyclin D1 complex [17].

Application of miRNA and/or siRNA for the treatment of
breast cancer is possible only when these genetic materials
are effectively delivered to the cells because their large
molecule weights (over 10 kDa) and negative charges make
them hard to penetrate into the cells [18]. Cationic liposome
is a representative non-viral gene delivery system owing to its
high transfection efficiency and low toxicity [19,20]. However,
lipoplex, which is a complex of cationic liposome and genetic
materials, often exerts unstable properties and low delivery
efficiency due to the low charge density and high stiffness of
miRNA or siRNA [21]. These problems could be overcome in
part by using condensing agents such as hyaluronic acid (HA)
and protamine.

In this study, Herceptin-conjugated cationic liposomes
consisting of DC-chol and DOPE were used to co-encapsulate
the let-7 miRNA and CDK4-specific siRNA with the help of
HA and protamine as condensing agents and tested for the
anticancer effect both in SK-BR-3 cells and BCSCs.

2. Materials and methods
2.1. Materials

Human breast cancer cells, SK-BR-3, were purchased from
the Korean Cell Line Bank (Seoul, Korea). RPMI 1640,
Dulbecco’s phosphate-buffered saline (DPBS), penicillin-
streptomycin, fetal bovine serum (FBS), and trypsin-
ethylenediaminetetraacetic acid (EDTA) were purchased
from WelGENE Inc. (Daegu, Korea). Forward and reverse
primers of CDK4 and c-Myc, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) and let-7a miRNA and siRNAs
corresponding to the CDK4 (siRNA 179, 185, and 189)
were chemically synthesized and modified using Cy5.5
fluorescence probe by Bioneer Inc. (Daejeon, Korea). RNA
to cDNA EcoDry™ Premix (Oligo dT) was purchased from
TAKARA BIO Inc. (Shiga, Japan). DSPE-PEG(2000)-Maleimide,
383-[N-(N’,N’-dimethyl-aminoethane)-carbamoyl] cholesterol
hydrochloride (DC-chol), and 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (DOPE) were purchased from Avanti
Polar Lipids, Inc. (Alabaster, AL, USA). Dimethyl sulfoxide
(DMSO), hyaluronic acid (HA) sodium salt, protamine sulfate
(fraction X from salmon sperm), chloroform (CHCI3), methanol
(MeOH), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES), and 2-propanol, diethylpyrocarbonate (DEPC) were
purchased from Sigma-Aldrich Chemical Co. (St. Louis, USA).
Anti-Ras and Anti-HMGA?2 antibodies were purchased from
Abcam (Cambridge, UK). Lipofectamine™?2000 transfection
reagent and TRIzol® reagent were purchased from Invitrogen
(Carlsbad, USA). All other reagents and solvents were of
analytical grade or higher.

2.2.  Preparation of RNAs and reagents

2.2.1. Preparation of miRNA and siRNAs

Let-7a miRNA was chemically synthesized as follows:
Sense primer of let-7a: UGA GGU AGU AGG UUG UAU

AGUU

Antisense primer of let-7a: AAC UAU ACA ACC UAC CUCA
Three different siRNAs (179, 185, and 189) corresponding to

the CDK4 gene were designed and synthesized as follows:
Sense primer of siRNA 179: CUG ACU UUU AAC CCA CAC A

Antisense primer of siRNA 179: UGU GUG GGU UAA AAG
UCAG

Sense primer of siRNA 185: CCA GAA UCU ACA GCU ACC A

Antisense primer of siRNA 185: UGG UAG CUG UAG AUU
CUGG

Sense primer of siRNA 189: CCG ACC AGU UGG GCA AAAU

Antisense primer of siRNA 189: AUU UUG CCC AAC UGG
UCGG

2.2.2.  Preparation of mi/siRNA complex and cationic liposome
To prepare the mi/siRNA, HA, and protamine mixture
(mi/siRNA complex), 2.5 pl of protamine (700 pg/ml) and 4 pl
of mi/siRNA mixture, and HA (700 pg/ml) were mixed in a
1.5 ml tube (1:1.6, w/w). The mixture was incubated at ambient
temperature for 10 min before analyzing the size distribution
and zeta potential.

Small unilamellar liposomes composed of DOPE and
DC-chol (DOPE:DC-chol molar ratio=1:0.5, 1:1, and 1:1.5)
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were prepared using a thin film hydration method. Briefly,
DOPE and DC-chol mixtures were dissolved in chloroform.
After evaporating the solvent under nitrogen gas at room
temperature using a rotary evaporator (Laborota 4000;
Heidolph, Italia), the formed lipid film was rehydrated in
HEPES buffer (pH 7.5) and sonicated (Laboratory Supplies Co.
Inc., NY, USA) for 30 s. Then, liposomes were downsized by
extrusion through 0.2 and 0.1 pm polycarbonate membranes
five times using a Lipex™ extruder (Avestin Inc., Toronto,
Canada).

2.2.3. Preparation of cationic liposome co-encapsulating
mi/siRNA complex

To prepare cationic liposome co-encapsulating mi/siRNA
complex (Lipo-mi/siRNA), the mi/siRNA complex was
mixed with cationic liposome (DOPE/DC-chol, total lipid
concentration=20 mM) by electrostatic interaction. The
mixture was incubated at ambient temperature for 20 min.

2.2.4. Preparation of Herceptin-conjugated liposome co-
encapsulating mi/siRNA complex

For antibody conjugation, Herceptin (1 mg/ml) was thiolated
with 2-iminothiolane (1 mg/ml) for 2 h at ambient
temperature. The thiolated Herceptin was purified by
dialysis kit (Spin DIALYZERS™; Harvard Apparatus, MA, USA)
overnight at ambient temperature. After 24 h purification,
the thiolated Herceptin was mixed with DSPE-PEG(2000)
Maleimide (DSPE-PEG-Mal) at room temperature for 2 h.

The Herceptin-conjugated liposome co-encapsulating
mi/siRNA complex (Her-PEG-Lipo-mi/siRNA) was prepared
using a post-insertion method [22]. The Herceptin-conjugated
DSPE-PEG(2000) (10 mg/ml) was incubated with Lipo-mi/siRNA
at 50 °C for 10 min.

2.3. Determination of size distribution, zeta potential
analysis, and encapsulation efficiency

Size distribution and zeta potential of the liposomes were
measured using a dynamic laser-light scattering (DLS) system
(DLS, NICOMP 380XLS; Inc., Santa Barbara, CA, USA) using a
He-Ne laser light source.

Quant-iT™ RiboGreen® RNA assay kit (Molecular Probes®,
Warrington, UK) was used to measure the encapsulation
efficiency of siRNA and miRNA in the liposomes. When the
RiboGreen interacts with RNA, it exhibits fluorescence
quantitatively. Briefly, 50 pl of the liposomes was diluted
with Tris-EDTA buffer and added to 100 pl of 200-fold diluted
RiboGreen reagent in 96-well plates. After 5 min incubation in
a dark place, the fluorescence intensity was measured using
a spectrofluorometer at excitation wavelength (iex) =480 nm
and emission wavelength (Aem) =520 nm. The encapsulation
efficiency was calculated using the following equation:

EO —Eun

Encapsulation efficiency (%) = (
0

) x 100%

Where, Eyn and Ep are the unencapsulated and loading
amounts of the miRNA plus siRNA, respectively.

2.4. SK-BR-3 cell culture

Human breast cancer cells, SK-BR-3, were cultured in RPMI
1640 media with 100 unit/ml penicillin/streptomycin, L-
glutamine, and 10% FBS at 37 °C in a 5% CO, incubator
(Sanyo Electric Co. Ltd., Osaka, Japan). When the cells reached
approximately 80% confluency, they were rinsed with DPBS,
detached, and harvested. After centrifugation at 2000 rpm for
5 min, the cells were resuspended with culture media and
seeded in culture flasks. The culture media was changed to
fresh one periodically.

2.5.  SK-BR-3 sphere cell culture

SK-BR-3 sphere cells were cultured in MammoCult® media
(Gibco®, USA) with fresh hydrocortisone and heparin at
37 °C in a 5% CO, incubator. When confluence reached
approximately 70%, cells were harvested. After centrifugation
at 2000 rpm for 5 min, cells were dissociated with accutase
(Sigma-Aldrich, St. Louis, USA) for 10 min at 37 °C. After
centrifugation, cells were resuspended with fresh media and
seeded in polyHEMA-coated culture dishes.

2.6.  Transfection

Transfection of siRNA was performed wusing the
Lipofectamine™2000 reagent (Invitrogen, Carlsbad, USA)
in accordance with manufacturer’s instructions. Briefly,
Lipofectamine™?2000 and siRNAs were mixed with Opti-MEM
(Gibco®, Warrington, UK). After incubation for 5 min, the
solutions were mixed gently and incubated for 20 min at
ambient temperature. The cells were washed with serum-free
media three times, and placed in the culture dishes with
serum-free media, followed by the addition of the mixtures
to each dish.

2.7. Cell viability and inhibition of proliferation

Cells were seeded in 96-well plates at 1 x 10* cells/well
concentration. After incubation for 24 h at 37 °C, cells were
rinsed three times with serum-free media and transfected
with siRNAs for 4 h at 37 °C. After then, fresh culture media
was treated to the cells and further incubated for 20 h at
37 °C. After transfection, each well was treated with 100 pl
of MTT solution (5 mg/ml). After incubation for 4 h at 37 °C,
the media was gently removed and 100 pl of DMSO was
added to each well. To confirm the dissolution of the formazan
crystal, the 96-well plates were incubated for 5 min at 37 °C
and agitated using a shaking plate (FINE CR 100; Finemould
Precision Ind. Co., Seoul, Korea) for 10 min. The absorbance
was determined at 570 nm using an ELISA reader (EL 800; BIO-
TEK, Winooski, USA). Cell viability was calculated using the
following equation:

[OD570(sample) - OD570(original)} 100%
X (]

Relative viability (%)=
[OD57O(control) - OD570(original)i|

Where, ODsygsample) @0d ODsg(control) are the absorbance
values of the sample and control, respectively, at 570 nm.
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2.8.  qRT-PCR

gRT-PCR was performed to evaluate the suppression of CDK4
and c-Myc mRNA by treatment of SK-BR-3 cells with the
corresponding siRNAs. Cells were seeded in 6-well plates
(1 x 10° cells/well) and incubated for 24 h and treated with
three different siRNAs or liposomes and incubated for 6 h. The
culture media was replaced with fresh media and incubated
for 18 h at 37 °C. After transfection, the RNA was extracted
using TRIzol® reagent in accordance with the manufacturer’s
instructions. The concentration and purity of RNA were
detected using a NanoDrop spectrometer (Epoch; BioTeck,
Arcugnano, Italy). cDNA was synthesized from the isolated
RNA using a PCR thermal cycler Dice (Takara, Shiga, Japan)
using RNA to cDNA Ecodry™ (TAKARA Bio Inc., Shiga, Japan).
gRT-PCR was performed with 50 ng RNA using Power SYBR®
Green (Applied Biosystems, Warrington, UK). To synthesize
cDNA from miRNA let-7a, a TagMan® miRNA assay kit
(Applied Biosystems, Warrington, UK) was used. qRT-PCR was
performed with 50 ng RNA using Tagman® Universal Master
Mix II (Applied Biosystems, Warrington, UK). The designed
primer sequences were as follows:

c-Myec (forward): GGA ACG AGC TAA AAC GGA GCT

(reverse): GGC CTT TTC ATT GTT TTC CAACT

GAPDH (forward): AAC GTG TCA GTG GAC CTG

(reverse): AGT GGG TGT CGC TGT TGA AGT

2.9.  Transfection efficiency

The transfection efficiencies of the siRNA and miRNA
delivery systems were determined in SK-BR-3 and SK-
BR-3 sphere cells. SK-BR-3 cells were seeded in 6-well
plates (1 x 10° cells/well). SK-BR-3 sphere cells were
seeded in 60 mm dishes (5 x 10* cells/well). After
incubation for 24 h, the culture media was aspirated
and transfected with Cy5.5-labeled miRNAs in various
delivery systems with fresh media. After 6 h of incubation,
the cells were rinsed and observed using a fluorescence
microscope (IX71IX51; Olympus, Tokyo, Japan). In addition
to quantifying the transfection efficiency, Cy5.5 labeled
miRNA-transfected cells were examined using cytometric
analysis with a FACSCalibur™ system (BD Bioscience,
USA).

2.10. Migration assay

SK-BR-3 cells were maintained in a 60 mm dish until they
were confluent. Then, scratch wounds were created on the
confluent cells using a P200 pipette tip. The wounded cells
were carefully washed with DPBS and incubated with DPBS
(control), empty liposome (empty-Lipo), naked mi/siRNA,
mi/siRNA complex, and Her-PEG-Lipo-mi/siRNA in the media.
After incubation for 6 h, the cells were washed two times
and the media was replaced with fresh media. Cells were
subsequently observed using a microscope after 18 h and
the percentage migration was calculated using the following
equation:

(Initial width — Final width)

(Initial width) x100%

Migration (%)=

Where, the initial width is the cell-free area of wounded cells
at the time of sample treatment and the final width is the cell-
free area of migrated cells after 24 h.

2.11. Western blot

The western blot analysis was performed to determine the
inhibition of cancer proteins (RAS and HMGA2) by let-7a.
Briefly, 1 x 10® SK-BR-3 cells and 1 x 10> SK-BR-3 sphere cells
were seeded in 60 mm dishes. After 2 days of incubation, the
cells were transfected with DPBS (control), empty-Lipo, naked
mi/siRNA, mi/siRNA complex, Her-PEG-Lipo-mi/siRNA, and
PEGylated liposomes encapsulating scrambled siRNA (PEG-
Lipo-scrambled siRNA) for 6 h at 37 °C. Then, the media
was replaced and the cells were incubated for 42 h at 37 °C
and then lysed with radioimmunoprecipitation assay (RIPA)
buffer (iNtRON Biotechnology, Seongnam, Korea) and added to
1.5 ml tubes. The lysed cells were vortexed for 1 min and then
incubated for 30 min on ice. The western blot analysis was
performed using the Power Pac 300 system (Bio-Rad, Hercules,
USA).

2.12. Statistical analysis

The results are expressed as the means + standard deviation
(SD). Statistical analysis was carried out using the Student’s
t-test. Statistical significance was accepted ata P < 0.050r P <
0.01 (95% and 99% confidence levels, respectively).

3. Results and discussions
3.1. Optimization of lipoplex formulation

RNAi technology has gained much attention as a new
therapeutic modality since its finding in 1990s but
physiological barriers including instability and low cellular
uptake have remained unsolved [23,24]. Various approaches
to overcome these huddles were introduced by using
appropriate gene delivery systems including micelles, lipid-
based nanoparticles, cyclodextrins, etc. [25,26]. Cationic
immunoliposome could serve as a good delivery system
owing to numerous advantages such as target-specific
delivery, biocompatibility and safety [27-29]. To formulate
a lipoplex with the mi/siRNA complex, cationic liposomes
were prepared with DOPE:DC-chol at 1:0.5, 1:1 and 1:1.5
molar ratios. Various ratios of neutral lipid DOPE and cationic
lipid DC-chol were tested for cytotoxicity and 1: 0.5 molar
ratio (DOPE: DC-chol) was used to form the lipoplex as
they showed the lowest cytotoxicity among tested (Fig. 1).
The mean diameter and zeta potential of the 1:0.5 cationic
liposomes were 126 + 58 nm and 28.0 + 0.2 mV, respectively
(Fig. 52).

3.2. Cell viability and qRT-PCR assay of three different
siRNAs

To select the best sequence for the designed siRNAs, a cell
viability assay was carried out. To test the downregulation
effect of siRNAs, the well-known transfection reagent
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Fig. 1 - Cell viability assay of SK-BR-3 cells with treatment
of cationic liposomes prepared with DOPE:DC-chol at 1:0.5,
1:1, and 1:1.5 molar ratios.
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Fig. 2 - Cell viability assay with three different siRNAs with
Lipofectamine™2000 (**P < 0.01).

Lipofectamine™2000 was used. Among the three different
sequences of the CDK4-specific siRNA (siRNA 179, 185 and
189), siRNA 179 was found to be the most effective in the
inhibition of proliferation of SK-BR-3 cells as revealed by MTT
assay (Fig. 2). qRT-PCR analysis was also carried out to test the
suppression of CDK4 mRNA in SK-BR-3 cells by siRNA 189,
siRNA 185, and siRNA 179. The suppression of CDK4 mRNA
by siRNA 179 was most significant (>90% down-regulation)
among tested (Fig. 3).

3.3.  Optimization of mi/siRNA complex
Condensation of the siRNA or miRNA before encapsulation

in the liposome was performed by using HA and protamine
as condensing agents, which resulted in much smaller
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Fig. 3 - CDK4 mRNA expression following treatment with
siRNA and Lipofectamine™2000 by qRT-PCR.

size of mi/siRNA complex with increased stability (Fig.
S1A). By considering the smallest size (212 nm) and
appropriate negative charge (—32.8 mV), the optimal ratio of
(mi/siRNA+HA)/protamine was fixed as 1.6 (w/w).

3.4. Optimization of liposome co-encapsulating mi/siRNA
complex

Cationic liposomes were formulated with the mi/siRNA
complex and analyzed for their particle size and zeta
potential (Fig. S1B). The molar ratios of mi/siRNA complex
and cationic liposomes were established from 1:500 to
1:6000. The amount of the cationic liposome was correlated
with the zeta potential. When the cationic liposomes were
mixed with the mi/siRNA complex, the particle size was
decreased and the zeta potential was changed to a neutral
charge. This observation suggests that the cationic liposomes
and mi/siRNA complex formed condensed particles through
electrostatic interactions. We chose a molar ratio of 5000:1 as
this ratio exhibited a stable particle size of 150 nm.

3.5.  Optimization of Herceptin-conjugated liposome
co-encapsulating mi/siRNA complex

Conjugation of Herceptin to the liposomes was performed via
the post-insertion method, followed by the co-encapsulation
of let-7a miRNA and CDK4-specific siRNA in the liposome.
The particle size and zeta potential of Her-PEG-Lipo-mi/siRNA
particles were 176 + 54 nm and 28.1 + 1.8 mV, respectively. The
encapsulation efficiency of miRNA and siRNA was measured
using the RiboGreen dye-binding assay. The amount of
unencapsulated miRNA and siRNA was determined from the
calibration curve of standard RNA solution. The encapsulation
efficiency of the produced liposomes was 99.7% + 0.1%
(Table 1).
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Table 1 - Characterization of various liposomes.

Formulation Mean diameter (nm) Zeta potential (mV) Encapsulation efficiency (%)
Empty-Lipo 126 + 58 28.0£0.2 =

PEG-Lipo-mi/siRNA 135+ 16 26.4+£1.23 99.6 £ 0.1
Her-PEG-Lipo-mi/siRNA 176 £ 54 281+18 99.7 £0.1
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Fig. 4 - Characterization of SK-BR-3 and SK-BR-3 sphere
cells. (A) Shape of SK-BR-3 and SK-BR-3 sphere cells. (B)
Expression of CD44/CD24 analyzed by flow cytometry. (C)
Relative expression of let-7a in SK-BR-3 cells and SK-BR-3
sphere cells analyzed by qRT-PCR.

3.6. Characterization of SK-BR-3 and SK-BR-3 sphere cells

SK-BR-3 sphere cells or BCSCs were obtained from the SK-BR-3
breast cancer cells by sphere formation and not only the high
CD44/low CD24 expression but low let-7a expression were
identified as stem cell-like properties of BCSCs. Fig. 4A shows
the shapes of the SK-BR-3 and SK-BR-3 sphere cells. SK-BR-3
cells were small adherent cells, whereas the SK-BR-3 sphere
cells were grape-shaped suspended cells. As shown in Fig. 4B,
CD44 was expressed in SK-BR-3 sphere cells by approximately
40% more than in SK-BR-3 cells. The CD24 expression

showed no difference between SK-BR-3 and SK-BR-3 sphere
cells. Fig. 4C shows that a relative let-7a expression in
SK-BR-3 sphere cells was only 2% of that in SK-BR-3
cells.

3.7.  Transfection efficiency

Enhanced cellular uptake of mi/siRNA was obtained by using
Herceptin-conjugated liposomal formulation compared with
non-formulated one as revealed by fluorescence microscopy.
As shown in Fig. 5A, the quantitative flow cytometric
analysis revealed that cell uptake efficiency of Her-PEG-
Lipo-mi/siRNA was 86.78%. By contrast, naked mi/siRNA and
mi/siRNA complex showed < 20% uptake. Then, the samples
were observed by fluorescence microscopy. As shown in
Fig. 5B, the mi/siRNA complex was hardly taken up by the
cells, whereas a higher amount of Cy5.5-labeled miRNA
was internalized into the SK-BR-3 cells when Her-PEG-Lipo-
mi/siRNA was used as a delivery system.

3.8.  Let-7a expression following treatment with
liposomal formulation

Expression of let-7a miRNA by treatment with Her-PEG-Lipo-
mi/siRNA was elevated than the DPBS control in SK-BR-3 cells
and this increase was intensified when the BCSCs were used.
As shown in Fig. 6A, the amount of let-7a in the Her-PEG-
Lipo-mi/siRNA-treated group was increased 197 times more
than that in the control group. In SK-BR-3 sphere cells, the
amount of let-7a in the Her-PEG-Lipo-mi/siRNA-treated group
was increased 768 times more than that of the control group
(Fig. 6B). The naked mi/siRNA- or mi/siRNA complex-treated
groups did not show a significant increase.

3.9. CDK4 and c-Myc mRNA expression following
treatment with liposomal formulation

Expression of CDK4 mRNA was inhibited both in SK-BR-3
cells and BCSCs by the treatment of CDK4-specific siRNA
in Herceptin-conjugated liposomal formulation. As shown
in Fig. 7A, the amount of CDK4 mRNA in the SK-BR-
3 cells was decreased by 62% by treatment with Her-
PEG-Lipo-mi/siRNA compared with the control group. The
group treated with the mi/siRNA complex showed only
a slight decline in CDK4 mRNA (~30%). In the SK-BR-
3 sphere cells (Fig. 7B), the amount of CDK4 mRNA was
decreased by 68% in the Her-PEG-Lipo-mi/siRNA-treated
group compared to the control (DPBS) group. No significant
amount of decrease in CDK4 mRNA was observed by other
treatment.
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Fig. 5 - Transfection efficiency of Her-PEG-Lipo-mi/siRNA. Cellular uptake of Cy5.5-labeled let-7 miRNA in SK-BR-3 cells was
(A) quantified by flow cytometry and (B) observed under a fluorescence microscope (x10 magnification). The assay was

performed three times.

Moreover, expression of c-Myc mRNA was also suppressed
by the treatment of CDK4-specific siRNA in Herceptin-
conjugated liposomal formulation as the CD4 is known
as a target of c-Myc [30]. The amount of c-Myc mRNA
was decreased by 50% in the Her-PEG-Lipo-mi/siRNA-treated
group compared to the control group (Fig. S3). The empty-
Lipo group showed a slight decline of c-Myc mRNA, which is
presumably due to the cationic charge of the liposome.

3.10.
cells

Inhibition of proliferation and migration of SK-BR-3

Suppression of CDK4 and c-Myc as well as elevation of let-7a
miRNA leads to the cell death and migration arrest of both SK-
BR-3 cells and BCSCs. As shown in Fig. 8, the proliferation of
naked mi/siRNA and mi/siRNA complex was not dramatically
decreased compared with that of the control. The empty-
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Fig. 7 - Relative expression of CDK4 mRNA in (A) SK-BR-3 and (B) SK-BR-3 sphere cells after treatment with various

formulations of mi/siRNA (**P < 0.01).

Lipo showed a cationic charge and, therefore, the cell viability
of the empty-Lipo was slightly low. In the Her-PEG-Lipo-
mi/siRNA-treated group, over 50% inhibition of proliferation
was observed.

To evaluate the migration of SK-BR-3 cells, a wound-
healing assay was carried out. As shown in Fig. 9, the control
group showed 36.4% cell migration, whereas the mi/siRNA
complex, naked mi/siRNA, and empty-Lipo groups showed
30.0%, 22.2%, and 20.0% migration, respectively. In contrast,

the group treated with the Her-PEG-Lipo-mi/siRNA showed
only 0.5%, which could be due to the death of the cells.

3.11. Determination of RAS and HMGA2 by western blot
Increase of let-7a levels reduced the RAS and HMGA2 which
are known to be related with self-renewal and differentiation

of CSCs, respectively, and overexpressed in breast cancer
cells and BCSCs. In western blotting assay, there was no
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Fig. 8 - Inhibition of proliferation in SK-BR-3 cells by
treatment of liposomal mi/siRNA formulations (**P < 0.01).

significant decrease in RAS and HMGA2 in the naked
mi/siRNA- and mi/siRNA complex-treated group (Fig. S4).
The treatment of Her-PEG-Lipo-mi/siRNA reduced the of RAS
protein in SK-BR-3 cells. HMGA?2 protein was reduced in SK-

DPBS (control)

BR-3 and SK-BR-3 sphere cells by treatment with Her-PEG-
Lipo-mi/siRNA. So, treatment with Her-PEG-Lipo-mi/siRNA
could regulate the BCSC’s stem-like properties through the
suppression of additional targets [16].

4, Conclusion

In conclusion, let-7a miRNA and CDK4-specific siRNA were
found to be used as therapeutic agents for the regulation of
BCSCs as well as breast cancer cells when they are formulated
in Herceptin-conjugated cationic immunoliposome with HA
and protamine. Further studies are highly expected for the
development of new therapeutic modality for breast cancer
in the future.
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