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Purpose: The overexpression of Her-2 in 25-30% breast cancer cases and the crosstalk
between Her-2 and fatty acid synthase (FASN) establishes Her-2 as a promising target for
site-directed delivery. The present study aimed to develop the novel lipid base formulations
to target and inhibit the cellular proliferation of Her-2-expressing breast cancer cells through
the silencing of FASN. In order to achieve this goal, we prepared DSPC/Chol and DOPE/
CHEMS immunoliposomes, conjugated with the anti-Her-2 fab’ and encapsulated FASN
siRNA against breast cancer cells.

Methods: We evaluated the size, stability, cellular uptake and internalization of various
formulations of liposomes. The antiproliferative gene silencing potential was investigated by
the cell cytotoxicity, crystal violet, wound healing and Western blot analyses in Her-2" and
Her-2 breast cancer cells.

Results: The data revealed that both nanosized FASN-siRNA-encapsulated liposomes
showed significantly higher cellular uptake and internalization with enhanced stability. The
cell viability of Her-2" SK-BR3 cells treated with the targeted formulation of DSPC/Chol-
and DOPE/CHEMS-encapsulating FASN-siRNA reduced to 30% and 20%, respectively,
whereas it was found to be 45% and 36% in MCF-7 cells. The wounds were not only failed
to close but they became broader in Her-2" cells treated with targeted liposomes of siRNA.
Consequently, the amount of FASN decreased by 80% in SK-BR3 cells treated with non-
targeted liposomes and it was 30% and 60% in the MCF-7 cells treated with DSPC/Chol and
DOPE/CHEMS liposomes, respectively.

Conclusion: In this study, we developed the formulation that targeted Her-2 for the
suppression of FASN and, therefore, inhibited the proliferation of breast cancer cells.

Keywords: gene therapy, pH-sensitive liposomes, DRVs, stealth pegylated

Introduction
Recently, gene therapy has appeared as a critical approach that allows an efficient and
specific alteration in the expression of a gene in tumor cells.! The mainly activated proto-
oncogenes are targeted as the overexpression of them can be restored to the normal level
in cancer cells.” However, the development of a secure and effective system for gene
therapy is a challenging task. The targeted delivery of siRNAs using the competent
system in the silencing of targeted genes has made revolutionary development as
compared to other gene therapeutic approaches.® However, siRNA therapy is still facing
the challenge of site-directed delivery as of other organic compounds of therapeutic
efficacy. These challenges include

serum degradation, site-specific binding,
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internalization and distributions as well. Moreover, siRNA is
required to be delivered into the cytosol of targeted cells in
order to achieve the gene silencing effect.* Several types of
delivery systems have been employed in the clinical trials of
gene therapy, that include viral and non-viral vectors.
Noticeably, most of the trials were executed with various
viral vectors due to the high transfection efficiency.”®
Despite all of the advancements of viral vectors, there are
certain limitations due to the immunogenicity, toxicity, com-
plexity of vector design and carcinogenesis as well.”'
Keeping these limits into consideration, the use of non-viral
vectors, including liposomes, is a practical way and exhibits an
excellent potential as it showed low immunogenicity, inexpen-
siveness, and suitable surface alteration.'" Specifically, coating
of polyethylene glycol (PEG) to make it long circulating stealth
liposomes has opened the new window of lipid-based drug
delivery system.'* Liposomes comprising DOPE and CHEMS
are the most recognized pH-sensitive liposomes due to the
fusogenic property of DOPE. The fusogenicity and pH-
sensitive properties of DOPE/CHEMS combination exploit
higher cellular uptake and undergo endo/lysosomal escape
upon acidification.'* Additionally, CHEMS is also the essential
component to provide the sufficient stability to pH-sensitive
liposomes.'*! The incorporation of antibodies or their frag-
ments could be exploited on the surface of targeted liposome
for the site-specific targeting in cancer cells are known as
immunoliposomes. The recent advancements in liposome
research and the recombinant Mab technology are associated
with the site-specific targeting to cancer cells.'®!” However, as
evident from several studies, intact antibody engrafted on the
liposomes was not competent to penetrate solid tumors due to
its large molecular size.'®?° Moreover, it showed immuno-
genicity and rapidly removed through Fc-mediated phagocy-
tosis by macrophages.”' Therefore, the use of fab’ fragments
demonstrated superior pharmacokinetics for tissue penetration,
exhibited more favorable than their full-length (185 kDa)
counterparts, because of their small size (45 kDa). The Fab’
fragments retained the antigen-binding affinity of the parental
antibody comprising both VL and VH domains.***

Her-2 has been shown to be overexpressed in 25-30%
human breast cancer, making it an attractive target for site-
siRNA 2327

specific gene.
Correspondingly, the overexpression of FASN appears fre-

delivery of  target
quently due to change in the mechanism of lipogenesis, as
evident by the upregulation of associated enzymes of the
same lipogenic pathway.”® Several studies suggested that
in the activity of FASN plays

a significant role in the development of cancer by

the amplification

regulating oncogenic proteins associated with malignant
transformation.”” ! The role of FASN-mediated pathway,
to regulate the expression, activity, and cellular localiza-
tion of Her-2 in breast and ovarian cancer cells has already
been discussed.*>** Remarkably, there is a bidirectional
crosstalk between Her-2 and FASN, as Her-2 directly
FASN,
upregulation.”>* The present study is focused to develop
FASN siRNA-encapsulated Her-2 targeting fab’-
immunoliposomes against cells. We
attempted to accomplish Her-2 mediated breast cancer-

phosphorylates and activates leading to its

breast cancer
specific novel delivery system of pegylated stealth and pH-
sensitive immunoliposomes.

Materials and Methods

Reagents

Distearoyl phosphatidylcholine (DSPC), 1,2-distearoyl-sn-
glycero-3-phosphoethanolamine-N-[maleimide(polyethylene
glycol)-2000] (PEG-DSPE-Mal),
-3-phosphoethanolamine-methoxy-polyethylene glycol
(mPEG-DSPE), Cholesterol (Chol), Cholesteryl hemisucci-
nate (CHEMS), DiIC18(3)-DS [1,1-Dioctadecyl-3,3,3,3-tetra-
methylindocarbocyanine-5,5-disulfonic acid] were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The scrambled
and FASN siRNAs, primary, and secondary antibodies, BCA
protein assay kit were procured from the Santa Cruz

1,2-distearoyl-sn-glycero

Biotechnology (Heidelberg, Germany), Fab’ fragment of
Her-2 was procured from the CD Biosciences, Shirley, NY,
USA. The cell cytotoxicity assay kit was purchased from
Abcam (Cambridge, USA). MCF-7 (ECAC 86012803) and
MDA-MB-231 (ECACC 92020424) were commercially pur-
chased from ECACC (European Collection of Cell Cultures),
Salisbury, UK. SK-BR3 (ATCC HTB30) was procured from
ATCC (American Type Culture Collection), VA, USA.

Liposome Preparation

The pegylated stealth, DSPC/Chol and pH-sensitive, DOPE/
CHEMS comprising mPEG-DSPE and/or PEG-DSPE-Mal
liposomes were prepared as described in our earlier study
with minor modifications.'*> Briefly, DSPC: Chol (49
mmol-chol: 21 mmol), DOPE-CHEMS (54 m mol: 36
mmol) with mPEG-DSPE and/or PEG-DSPE-mal (3—6%
of total phospholipids) were prepared by a lipid film method.
In the preparation of fluorescent liposomes, 0.1% DiIC18(3)-
DS of total lipid molar ratio were added in the liposomal
formulation for tracing liposomes. Consequently, the unila-
mellar nano-scale liposomal vesicles (ULVs) were prepared
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by extruding the multilamellar liposome vesicles (MLVs) by
using the automated extruder device or handheld extruder at
ambient temperature. It was performed sequentially from
800, 400, 200, and/or 100 nm decreasing pore sized mem-
branes with 5-10 cycles for each size of membrane. The
liposomes were lyophilized for 16—18 h after mixing with
9% sucrose solution (Figure 1).

Conjugation of Anti-Her2 Fab’ to

Liposomes

In the preparation of immunoliposomes, the Fab’ frag-
ments of rhuMAb-HER?2 were thiolated by Traut’s reagent
in the molar ratio of 100:1 (Traut’s reagent: Fab’). Then,
the thiolated Fab’ was mixed with the liposomes compris-
ing DSPE-PEG-Mal at the molar ratio of 1:10 (Fab’:
DSPE-PEG-Mal) in HEPES-buffered saline and incubated
12—-16 hours at ambient temperature in N, atmosphere.
The unconjugated Fab’ fragments were separated by gel
chromatography on Sepharose 4B following quenching of
excessive maleimide groups with [-mercaptoethanol.
Subsequently, the immunoliposomes were sterilized using
0.2 um syringe filters following collection in the void
volume fraction, and store at 4°C as illustrated in
Figure 1. The conjugation of Fab’ in the liposomes was
determined by BCA protein assay and converted into the
number of Fab’ per liposome vesicle by Marsh 1990,
considering the molecular weight of Fab’ fragment equal
to 46 kDa.”®

Entrapment of siRNA in Liposomes

siRNA was entrapped by the preparation of dried, recon-
stituted vesicles (DRVs) with minor modifications. The
complex of targeted or non-targeted liposomes and
siRNA solution were lyophilized following two to three
freeze-thaw cycles as explained in Figure 1. The non-
entrapped siRNAs were separated using 30k MW filter
units after rehydrating the dried lyophilized powder with
120 mL distilled water followed by reconstitution
with PBS.

Characterization of Liposomes

Transmission Electron Microscopy (TEM)
A drop of liposome suspension was placed on parafilm.
A formvar and carbon-coated grid were floated on the
suspension for one to 2 minutes. The excess suspension
was removed, and then 2% Potassium Phosphotungstic
Acid (PTA) at pH 7.0 was placed on the grid for

approximately 1 minute, followed by the removal of all
the liquid. The grid was viewed in the transmission elec-
tron microscope using 120 kV.

The Size, Zeta ({) Potential and Poly
Dispersity Index (PDI) of Liposomes

The mean particle sizes, zeta potentials and PDI of pre-
pared liposomes were determined by dynamic light scat-
tering (DLS) using the Zetasizer Nano system (Malvern
Instruments, Malvern, Worcestershire, UK).

Entrapment Efficiency of siRNA in

Liposomes

To determine the entrapment potential of siRNA using the
Quant-iT RiboGreen RNA detection kit calibration line of
various known concentrations of siRNAs were prepared
following the manufacturer’s instructions. The concentra-
tion of siRNA in the liposomes was measured at 495Ext/
525Em in the spectrofluorophotometer before and after the
addition of 0.5% Triton X-100.

Serum Stability Assay

Free or liposome-encapsulated siRNA (0.25 pg/mL) were
incubated in 50% FBS at 37°C followed by collection of
aliquots at different lengths of time (0, 3, 6, 9, 12, 24h).
The samples of siRNA were run on a nondenaturing 20%
polyacrylamide TBE gel followed by the visualization of
bands by ethidium bromide staining.

To confirm that nuclear protection of siRNA was con-
ferred by lipid encapsulation, the lipid bilayer integrity was
disrupted instantly using 0.1% before incubation with serum.

To determine the resistance to RNase, liposomes
(siRNA-Lip and/or siRNA-Immunoliposomes) were
mixed with 40 ng RNase at 37°C for 6 hours followed
by the addition of 10% SDS to stop the reaction.

Binding and Internalization of
Immunoliposomes to SK-BR3, MCF-7 and
MDA-MB-231 Cells for Her-2

To determine the binding and internalization of immuno-
liposomes, 2.5 X 10° cells were incubated for 1 h, at 4°C
with 25 nmol immunoliposomes (IL-DOPE/CHEMS) in
the 100 pL cell growth medium with 10% FBS. Cell
binding was analyzed indirectly by the incorporation of
DiIC18(3)-DS in the liposomal membrane. After incuba-
tion, the cells were washed, and the images were taken by
the confocal microscope.
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Figure | Schematic illustration of the procedure for the preparation of FASN siRNA-encapsulated Her-2 targeted stealth and pH-sensitive immunoliposomes.

Notes: (A) DSPC/Chol (B) DOPE/CHEMS. The combination of lipids in the ratio described in the Materials and Methods section was added to make the dry lipid film
followed by hydration making MLVs. Then the progressive extrusion of the MLVs was done to make ULVs by automated extruder device at ambient temperature followed by
the conjugation of thiolated Her-2 fab’ fragments to maleimide terminated linker of DSPE-PEG-Mal in ULVs. The resultant immunoliposomes were lyophilized and then
hydrated with siRNA (FASN/siRNA) solution comprising 9% sucrose to obtain Her-2 specific FASN siRNA-encapsulated pegylated immunoliposomes.

In vitro Targeting of Fluorescent
Liposomes to SK-BR3, MCF-7 and
MDA-MB-231 Breast Cancer Cells

The in vitro targeting of fluorescent liposomes to the
cells was measured by the flow cytometry. Briefly, the
cells were treated with various formulations of lipo-
somes incorporated with DiIC18(3)-DS in the liposomal
membrane after achieving the density of 5 X 10° per
well in 12-well plates. The cells were incubated at 37°C
for 24 h and harvested at different time points viz. 1, 2,
4, 6, 12, 18 and 24 h following trypsinization. The mean
fluorescence intensity (MFI) of samples was measured
using MACS Quant Analyzer 10 (Miltenyi Biotec,
Germany).

Cell Cytotoxicity Assay

Firstly, the primary screening of siRNA at various concen-
trations was conducted in SK-BR3 breast cancer cell lines to
select the dose for further in vitro study. The cell cytotoxicity
assay kit from Abcam was used to determine the percentage
viability of SK-BR3 cells following exposure to various
formulations. Briefly, the cells were grown into 96-well
plates (1x10* cells per well) and incubated overnight, fol-
lowed by the treatment of cells with various liposomal for-
mulations containing 0, 10, 25, 50, 75, 100, 125, 150, 175
and 200 nM of siRNA for 48 h. Then, the reagent (20uL)
from the kit was added in each well and incubated the plate at
37°C in a humidified 5% CO2 atmosphere for 4 h and the

absorbance was measured at 590 nm in a microplate reader.
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The viability of the cells was measured using the following
formula.
%Cellviability = 100 x (Asample — Ao)/(Actrl — Ao)

Asample is an absorbance of liposomal formulation
treated cells

Actrl is the absorbance of untreated cells

Ao is the absorbance of the background of non-cell
control (only media)

Following primary screening, the percentage viability of
cells was determined in SK-BR3, MCF-7, MDA-MB-231
cells following exposure to various liposomal formulations
entrapping 100 nM of siRNA using the same kit. The sham
liposomes contained the scrambled siRNA instead of FASN.

Crystal Violet Staining Assay

In the crystal violet staining cell viability assay, the cells
were treated with various liposomal formulations for 48
h. The cells were gently washed and stained with 0.2%
crystal violet in 10% formalin solution. Then the staining
solution was removed, and the cells were washed three
times with phosphate-buffered saline (PBS) and were air-
dried for taking macrographic images.

Wound Healing Assay

The potential of various liposomal formulations was assessed
by directional cell migration and wound-healing assay by
following standard method.>’ Briefly, 1x 10° cells were
grown in each well of a 12-well plate for 24 h, followed by
making the straight scratch across the center with the help of
pipette tip. The cells were then treated with various formula-
tions followed by imaging of the cells at 0 h using an inverted
microscope (Optika-TB-3W, Ponteranica, Italy) and incu-
bated for 48 h. The width of the wound was measured and
quantified. The cell migration ability was compared as the
relative mobility index, to the gaps filled by untreated control
in 48 h.

In vitro Silencing Efficiency by the
Western Blotting

The potential of various formulations on in vitro silencing
of FASN was evaluated by the Western blotting. The cells
were seeded in 6-well plates with a density of 0.3 x 10°
cells per well for overnight and treated under the same
conditions as described above for cell viability. The immu-
noblotting analyses were done by probing the protein on
the PVDF membrane with a-FAS Ab, after harvesting of
the cells, 48 of the treatment.

Statistical Analysis

The mean values and standard deviation for all samples
were calculated for different treated groups. The signifi-
cant difference between the groups of various formulations
was measured by the Student’s #-test for the paired sam-
ples with the help of Sigma Stat 3.5. P-value <0.05 was
considered statistically significant.

Results

Characterization of Liposomes

Size, Zeta Potential, Polydispersity Index and
Encapsulation Efficiency

The TEM micrographs demonstrated the size of the IL-DSPC
/Chol and IL-DOPE/CHEMS within the range of 150 nm
(Figure 2A). The DLS data revealed the mean particle size
of the prepared liposomes between 125 and 155 nm with <0.2
PDI homogeneity among all formulations. The targeted lipo-
somes exhibited a size increase to approximately 155 nm from
125 nm and 112 nm to 140 nm in DSPC/Chol and DOPE/
CHEMS liposomes, respectively. The increase in the overall
negative charge was also measured in the zeta potential of
immunoliposomes (Figure 2B). Considering the mean particle
size (140-155 nm) of the immunoliposomes, the conjugation
of Fab’ was estimated to be 112-124 Fab’/liposome vesicle
(data not shown). The entrapment efficiency of siRNA was
found to be 90-93% in targeted and non-targeted DSPC/Chol,
as well as DOPE/CHEMS liposomes (Figure 2B).

siRNA Degradation in Serum

The degradation of siRNA in various liposomal formulations
was assessed to characterize their stability in 50% FBS. The
data demonstrated that free form of siRNA was degraded
completely as no band was seen after 9 h, but 25% of total
siRNA remained in non-targeted liposome. The siRNA in IL-
DSPE/Chol and IL-DOPE/CHEMS showed the lowest
degrading rate, the remaining 35% of total siRNA provides
better protection for siRNA than non-targeted liposomes
(Figure 2C). As depicted in Figure 2C, 15-20% of total
siRNA still remained in targeted liposomes even after 24
h of incubation in the serum.

In vitro Cellular Uptake of Liposomes

The specific binding of immunoliposomes to the Her-2
target was examined indirectly by the incorporation of
DiIC18(3)-DS in the liposomal membrane using the con-
focal microscopy. As shown in Figure 3, the cellular
uptake and internalization were seen in all Her-2 expres-
sing SK-BR3 (Figure 3A), and MCF-7 cells (Figure 3B) as
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fluorescence were diffused on the cells, but no fluores-
cence was visibly observed in Her-2® MDA-MB-231
breast cancer cells (Figure 3C). These results demonstrated
that Her-2 targeting immunoliposomes specifically bind to
Her-2 and get the entry inside the cells through receptor-

mediated endocytosis.

The in vitro Targeting of Liposomes to Breast Cancer
Cells

The mean fluorescence intensity of DilC18(3)-DS, incor-
porated in the liposomal membrane was measured among
all formulations in the cells at various time points by the
flow cytometry. The data showed the uptake of targeted
IL-PEG-DSPC/Chol and IL-PEG-DOPE/CHEMS were
prominently higher in Her2” SK-BR3 (Figure 4A) and
MCF-7 cells (Figure 4B) as compared to non-targeted
liposomes at each time point. However, similar uptake
was detected in Her-2 MDA-MB-231 cells (Figure 4C),
among all formulations at corresponding time points, but
significantly lower cellular uptake of immunoliposomes in
comparison to Her2" cells.

IL-DSPC/Chol-siRNA

FASN siRNA Encapsulated Immunoliposomes
Enhanced the Inhibition of Proliferation in Her-2"
Cells

The data from the primary screening of FASN siRNA in
SKBR-3 cells by cell cytotoxicity assay assisted us to
select the dose for further analyses (Supplementary
Figure 1). Following the selection of 100 nM FASN
siRNA, we tested the cytotoxic potential of various lipo-
somal formulations after treating the cells for 48 hours.
Sham liposomes of DSPE/Cho, and DOPE/CHEMS were
found to be nontoxic to all types of cells. As shown in
Figure 5, a slight decrease (insignificant) was observed in
the viability of cells treated with sham immunoliposomes.
However, the exposure to non-targeted liposomes resulted
in significant inhibition in Her2” SKBR3 and MCF-7 cells
relative to the Her2 MDA-MB-231 cells were recorded
against sham liposomes treated cells (P<0.05). As
expected, there was 70% and 80% inhibition in SK-BR3
(Figure 5A) treated with IL-DSPE/Chol and IL-DOPE
/CHEMS, whereas MCF-7 showed 55% and 64% inhibi-
tion in cell growth (Figure 5B), respectively. Interestingly,

IL-DOPE/CHEMS-SiRNA
. £ 8

% : + + + + + siRNA
o € i ; ; - + - + - DSPC/Chol
3 e o : 3 - - + - +  DOPE/CHEMS
¥ X - .4 + L
200 nm ‘200 nm
B
Formulations Size (nm) PDI Zeta ({) Encapsulation
Potential (mV) Efficiency (%)
DSPC/Chol-siRNA 125.44 £ 6.17 0.136 + 0.023 -12.85 + 0.59 93+4
DOPE/CHEMS-siRNA 111.65+5.2 0.145 + 0.051 -13.79+0.73 91+5
IL-DSPC/Chol-siRNA 154.55 + 6.95 0.159 + 0.055 -15.77 £ 0.63 92+3
IL-DOPE/CHEMS-siRNA 139.87 £ 5.79 0.174 + 0.064 -16.56 + 0.94 90+4

Figure 2 The characterization of liposomes.

Notes: (A) The size determination of targeted siRNA encapsulated IL-DSPC/Chol and IL-DOPE/CHEMS liposomes by TEM. (B) The average size distribution, zeta potential
and PDI of liposomes by DLS using Zetasizer and EE. The concentration of siRNA in the liposomes was measured by comparing the RiboGreen fluorescence before and
after the addition of Triton X-100 at 495Ext/525Em in Spectro-fluorometer as described in the Materials and Methods section. The encapsulation efficiency of siRNA was
determined by the following formula: (CT X CN)/CT X 100%. CT and CN are denoted as siRNA concentration after and before the addition of 0.5% Triton X-100,
respectively. (C) The stability of liposomes in 50% FBS. The naked and liposomal formulations of siRNA were incubated in a I:1 volume with FBS at 37°C for 24 hours. An
aliquot of the formulation was taken in buffer containing 0.1% SDS and run on a nondenaturing 20% polyacrylamide TBE gel and visualized by ethidium bromide. Data are
presented as mean * SD (n = 3).

Abbreviations: TEM, transmission electron microscopy; DLS, dynamic light scattering; PDI, polydispersity index; EE, encapsulation efficiency.
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Figure 3 In vitro binding of targeted fluorescent liposomes.

Notes: (A) SKBR-3, (B) MCF-7 and (C) MDA-MB-231 cells. The cells were treated with targeted immunoliposomes (IL-DOPE/CHEMS) for 2 h at 37°C. The cells’ binding
were analyzed indirectly by the incorporation of DilC18(3)-DS in the liposomal membrane by confocal microscopy. The images were taken using Andor Confocal Revolution
DSD2 System on 40X and 100X objectives with Z-stack images of the relevant slices.
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no significant change was documented in Her2 MDA-
MB-231 cells (Figure 5C) treated with any liposomal
formulation.

In crystal violet staining assay, when Her-2" SKBR-3
and MCF-7 cells transfected with siRNA encapsulated
immunoliposomes, there was a consistent trend showing
more efficient inhibition of cell proliferation against non-
targeted liposomes. As depicted in Figure 6, the quanti-
tative analysis of cell growth inhibition was estimated to
be 40% and 50% in SK-BR3 cells (Figure 6A), whereas
30% and 35% in MCF-7 cells (Figure 6B) treated with
siRNA encapsulated in DSPE/Chol and DOPE/CHEMS
non-targeted liposomes, respectively. Correspondingly, it
was shown to be 80% and 85% in SK-BR3 cells, and
70% and 75% in MCF-7 cells transfected with siRNA-
encapsulated IL-DSPE-Chol and IL-DOPE/CHEMS for-

mulations. However, there was no significant difference

in the staining of Her-2© MDA-MB-231 cells
(Figure 6C) exposed to various formulations.
300
SK-BR3
250 = DSPC/Chol » IL-DSPC/Chol e
-
z DOPE/CHEMS ® IL-DOPE/CHEMS T
§200 v
& £
- -
5150
§ #an
o
e
§ 100
@ I I
= . I
50
)
1 2 6 12 18 24
Time (hours)
C m MDA-MB-231
= DSPC/Chol
100
DOPE/CHEMS

Mean fluorescence intensity
] g

~N
o

Targeted Immunoliposomes Augment the Inhibition
of Cell Migration of Her” Breast Cancer Cells

We evaluated the effect of various formulations of lipo-
somes with or without siRNA on cell migration by wound
healing assay in Her-2" and Her-2™ cells. The results
showed that the wound gaps were failed to be closed in
siRNA-encapsulated targeted and non-targeted formula-
tions. However, it was more prominent in Her-2* SK-
BR3 (Figure 7A), and MCF-7 cells (Figure 7B) treated
with siRNA-encapsulated targeted liposome in comparison
to the treatment with non-targeted system. Interestingly,
the gaps did not close in the Her-2~ MDA-MB-231 cells
(Figure 7C), but they became broader in non-targeted

liposomes in comparison to targeted liposomes.

Immunoliposomes Silenced the Expression of FASN
in Her” Breast Cancer Cells

Finally, we evaluated the potential of various liposomal
formulations in the silencing of FASN by the Western

300
MCF-7
# DSPC/Chol # IL-DSPC/Chol
250 DOPE/CHEMS ¥ IL-DOPE/CHEMS -

g

Mean fluorescence intensity
(3 -
8 8

18 24
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Figure 4 In vitro cellular uptake and internalization of fluorescent targeted and non-targeted liposomes at different lengths of time.

Notes: (A) SK-BR3, (B) MCF-7 and (C) MDA-MB-231 cells. The cells were incubated at 37°C for 24 h and MFI was analyzed after |, 2, 4, 6, 12, 18 and 24 h by flow
cytometry. Data represent mean cellular uptake and internalization + SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.01 vs corresponding DSPC/Chol
non-targeted liposomes; #p<0.05, #p<0.01, ##p<0.001 vs corresponding DOPE/CHEMS non-targeted liposomes; *p<0.05 vs corresponding DSPC/Chol immunoliposomes,
“p<0.05 vs corresponding DOPE/CHEMS immunoliposomes.

Abbreviation: MFl, mean fluorescence intensity.
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Figure 5 The analysis of cell viability by cell cytotoxicity assay.

Notes: (A) SK-BR3 (B) MCF-7 (C) MDA-MB-231 cells (I X 10%) were treated with various formulations (100 nM siRNA) for 48 hours in 96 well plates and the percentage
of cell viability was measured by cell cytotoxicity assay. Data represent mean percentages of viable cells + SD of three independent experiments. *p<0.05, **p<0.| vs sham

liposomes, #p<0.01 vs non-targeted liposomes.

blotting for which the siRNA was entrapped to develop
a novel system. As depicted in Figure 8, the expression of
FASN was negligible and/or faintly detected in the HER-
2" cells treated with targeted liposomes. Interestingly, the
significant change in the reduction of FASN was also
observed in the cells treated with sham IL-DOPE
/CHEMS liposomes. The amount of FASN decreased by
80% in SKBR-3 cells (Figure 8A) treated with non-
targeted liposomes, whereas it was 30% and 60% in the
MCF-7 cells (Figure 8B) treated with DSPC/Chol and
DOPE/CHEMS liposomes, respectively. However, it was
found that any of the formulations failed to make signifi-
cant changes in the expression of FASN Her-2© MDA-MB
-231 cells (Figure 8C).

Discussions

The continuous efforts are being made to develop the new
strategies that allow an efficient and specific alteration in the
expression of the gene in tumor cells.”® Gene silencing using

siRNA reduces the expression of the gene at the transcrip-
tional level, has been acknowledged progressively as
a preferred approach in the treatment of various types of
cancers.””*! Therefore, the site-directed delivery of siRNA
to downregulate the expression of chosen gene targets is
likely to lead to a promising therapeutic strategy. The major
bottleneck in site-specific delivery of siRNA is the develop-
ment of an effective system.**** A molecular association
between Her-2 and FASN has made Her-2 fab’ as targeting
ligands and FASN siRNA as gene target.*’ In the present
study, we prepared and demonstrated the potential of Her-2
targeted two different phospholipids-based pegylated liposo-
mal carrier systems for the delivery of FASN siRNA against
breast cancer cells.

The conjugation of fab’ fragments with PEG-DSPE-
Mal on the surface of targeted liposomes had shown
than  the
immunoliposomes.**™** Noticeably the addition of malei-

greater targeting  ability non-pegylated

mide-terminated linkers for the conjugation of ligands in
the pegylated stealth liposomes provides spacer arm for
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Figure 6 Crystal violet staining assay.

Notes: (A) SK-BR3 (B) MCF-7 (C) MDA-MB-231 cells (1 X 10°) were treated with various formulations (100 nM siRNA) for 48 hours in 12 well plates. The representative
images and density index of viable cells after being stained with 0.2% crystal violet as * SD of three independent experiments. *p<0.05, **p<0.001 vs sham liposomes;

#p<0.001 vs non-targeted liposomes.

improved binding and internalization. The attachment of
targeting moieties at distal end of PEG also support to
minimize the steric hindrances by neighboring polymer
chain.*>*° Such type of targeted liposomes reduces the
association with plasma proteins due to the availability
of PEG chains that are not conjugated with the fab’ or
scFv fragments. Therefore, it escapes the uptake of immu-
noliposomes by the cells of the reticuloendothelial system
(RES), leading to increased blood concentration and
enhanced site-specific delivery of the payloads.®!

The pore sizes are varied from 100 to 800 nm in tumor
tissues due to discontinuous vasculature, while it appears 2
nm in most of the healthy vascular endothelium. In order
to make liposomes to extravasate (to pass through the
walls of a vessel into the surrounding tumor tissues),
they should be around 200 nm or less to pass through
the pores.’> To prepare nano-scale unilamellar vesicles,
liposomal formulations were extruded through an extruder
by using progressively decreasing pore-sized membranes.
Our results demonstrated the size of prepared siRNA
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Notes: (A) SK-BR3 (B) MCF-7 (C) MDA-MB-231 cells (I X 10°) were treated with various formulations (100 nM siRNA) for 48 hours in 12 well plates. Photomicrographs
were obtained after 48 h of treatment using 4X objective on Optika inverted microscope and recorded using TBS-3 software. The representative images and analyses of
wound healing assay as * SD of three independent experiments. *p<0.05, *p<0.001 vs sham liposomes; *p<0.001 non-targeted liposomes.
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Figure 8 FASN Gene silencing effect of various formulations using Western blotting.
Notes: (A) SK-BR3 (B) MCF-7 (C) MDA-MB-231 cells (3 X 10°) were treated with various formulations (100 nM siRNA) for 48 hours in 6 well plates. The cells were lysed
to isolate the whole cell protein for immunoblotting using antibodies specific for FASN and B-actin (protein loading control). The data shown as the mean * SD of triplicate
experiments. *p<0.05, *p<0.001 vs sham liposomes; "p<0.001 vs non-targeted liposomes.

encapsulating immunoliposomes within the range of
140-155 nm (Figure 2).

The stability of liposomes depends on the types and the
ratio of constituents used in their preparation.’*>* The
usage of suitable stabilizer can protect the liposomal
damage occurred by the process of lyophilization. The
addition of disaccharides can provide the cushion to the
liposomes and prevent the membrane fusion and leakage
during lyophilization. Several studies suggest that sucrose
maintains the integrity of liposomes in the dried state.
Therefore, the physical properties of the DRVs, ie, size,

fluidity showed the resemblance to the fully hydrated
liposomes by which the integrity is maintained following
the interaction between sugar and lipid.>> >’

However, the immunoliposomes of these characteristics
maybe failed to release the entrapped content into the cyto-
plasm of the cells if degraded by the lysosomes following
endocytosis.'#**%? Keeping this view into consideration,
we prepared pH-sensitive liposomes that could release the
entrapped siRNA into the cytoplasm following internaliza-
tion and endosomal escape due to the mild acidic pH of early
endosomes. The binding and internalization of siRNA
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encapsulated targeted pH-sensitive liposomes to Her-2" and
Her-2- cell lines were investigated indirectly by the incor-
poration of DilC18(3)-DS in the liposomal membrane
(Figure 3). The mean fluorescence intensity (MFI) of both
types of targeted liposomes was significantly higher in Her-
2" cells on nontargeted liposomes at each time point
recorded from 1 to 24 h. Noticeably, significantly lower
uptake was detected in Her2  MDA-MB-231 cells, among
the targeted liposomes at corresponding time points in com-
parison to non-targeted liposomes. However, the MFI was
considerably very low at each time point among all the
formulations in MDA-MB-231 cells (Figure 4).

The data revealed that the inhibition of cellular prolif-
eration, as well as silencing FASN expression, were sig-
nificantly higher in targeted liposomes in comparison to
non-targeted liposomes. Besides, pH-sensitive IL-DOPE
/CHEMS immunoliposomes showed greater efficacy as
compared to stealth IL-DSPC/Chol formulation.

Obviously, the idea of any type, the preparation of
pegylated sterically stabilized long circulatory liposomes,
pH-sensitive liposomes, and ligand-mediated targeting
have already been explored, as evident by several studies.
As a proof-of-concept, the present study demonstrated the
development of effective novel formulations for the deliv-
ery of siRNA against the breast cancer. We inducted the
benefit of each of these properties while combining selec-
tively, ensuing improved therapeutic efficacy in vivo.

Conclusions

This study is the first report to demonstrate the potential
use of lipid-based nanoformulations in the suppression of
FASN using ligand-mediated site-specific delivery in Her-
2 expressing breast cancer system. The cell specificity of
Her-2 targeted FASN-encapsulated immunoliposomes,
drastically enhanced, and reduced FASN that led to inhibit
the proliferation of breast cancer cells.
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