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In this study, a facile strategy to effectively improve the gene and drug delivery efficiencies of
calcium carbonate based nanoparticles was developed by introducing a cell-penetrating peptide,
KALA, into the delivery systems. To evaluate the effect of KALA on the gene delivery efficiency,
luciferase reporter gene plasmid was encapsulated in CaCO;-KALA-DNA nanoparticles. The
measurements of a Zetasizer showed that the size and the zeta potential of CaCO;-KALA-DNA
nanoparticles increased with increasing KALA amount because of the addition of positively
charged KALA. Due to the existence of KALA, the gene expressions could be significantly
enhanced in both HeLa and 293T cells. Confocal microscopy observation showed that the cellular
uptake of CaCO;-KALA-DNA nanoparticles was obviously enhanced compared to
CaCOs-DNA nanoparticles. To investigate the gene and drug co-delivery property, p53
expression plasmid and doxorubicin hydrochloride (DOX) were loaded in
CaCO3-KALA-p53-DOX nanoparticles. The in vitro cell growth inhibition effect of
CaCO3-KALA-p53-DOX nanoparticles was evaluated by MTT assay. Compared with
CaCO;5—p53-DOX nanoparticles, CaCO3;—KALA-p53-DOX nanoparticles exhibited enhanced
delivery efficiency, which led to a stronger inhibition effect on HeLa cells. These results indicated
that the addition of KALA, which facilitated the cellular uptake of various agents, could improve
both gene and drug delivery efficiencies. The KALA modified CaCO; based nanoparticles have

promising applications in cancer treatments.

Introduction

In cancer treatments, existing clinical chemotherapy is still far
from perfect because of drug resistance, low bioavailability
and undesirable severe side effects. To overcome these limitations,
drug delivery techniques with the aim to improve the therapeutic
effect have been intensively investigated.! On the other hand, as
one of the most promising approaches for cancer therapy, gene
therapy has received increasing research interest.> For both drug
delivery and gene delivery, efficient and safe delivery systems,
which can deliver the therapeutic agents to particular tumor cells,
are the key to improve the therapeutic effect.

To achieve more effective gene delivery, plenty of efforts
have been made to modify delivery carriers by using functional
peptides.>> Among different peptides, cell-penetrating peptides
(CPPs) with the ability to transport across plasma membranes,
have been developed as delivery agents for various therapeutic
agents. KALA, a cationic endosomolytic and fusogenic peptide,
can destabilize lipid membranes and facilitate cellular uptake of
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various membrane-impermeable agents. Besides being directly
used as a gene vector to condense pDNA”® and siRNA,’
KALA and KALA derivatives such as PEG-KALA can also
be incorporated into vector—-DNA complexes as additives to
achieve enhanced transfection efficiency.'®

Compared to the widely investigated non-viral vectors based
on cationic polymers and cationic liposomes, the technique of
co-precipitation of Ca®> " with DNA in the presence of inorganic
anions, such as CO5>~ and PO,>~, has its unique advantages in
terms of safety and biocompatibility.'> ! In our previous study,
we used KALA to modified nanostructured Ca—P to achieve
enhanced gene delivery efficiency.'* The in vitro study showed
that the gene expression could be significantly enhanced with
the addition of KALA for both solution-based transfection and
substrate-mediated transfection.

In cancer treatments, considerable research interest has been
focused on the combined drug and gene therapy with
a synergistic therapeutic effect.’’* In current study, we
investigated the effects of KALA modification on nano-
structured CaCOj for the delivery of a reporter gene plasmid
(pGL3-Luc), as well as the co-delivery of an antitumor gene
plasmid (p53) and a chemotherapy drug (DOX). The in vitro
study showed the presence of KALA resulted in improved
efficiency for both gene and drug deliveries. The peptide
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modified nanostructured CaCOj; has promising applications in
cancer treatments.

Results and discussion
KALA modified CaCOj; based nanoparticles for gene delivery

In this study, a cationic endosomolytic and fusogenic peptide,
KALA, was used to modify nanostructured CaCO; based gene
delivery systems. Based on our previous study, the Ca®>*—CO5>~
ratio of 50 was suitable to prepare the CaCO;-DNA nano-
particles. So in the current study, we fixed the Ca?™—CO4* ratio
at 50 to prepare the CaCO; based nanoparticles.

To identify the precise role of KALA, we studied the effect
of the different methods of adding KALA in gene delivery
systems on the gene delivery efficiency. From our experiments,
we found that the presence of KALA could significantly improve
the gene delivery efficiency. However, the enhancement in gene
expression was strongly dependent on the method of adding
KALA. As shown in Fig. 1, as compared with method (a)
(CaCO;3;-KALA-DNA nanoparticles were added to the trans-
fection assay), the improvements of both method (b) (KALA
was added to the transfection assay together with CaCO;—
DNA nanoparticles) and method (c¢) (KALA was added to the
transfection assay together with CaCO3;—~KALA-DNA nano-
particles) were not so significant. For method (a), the positively
charged KALA could interact with negatively charged DNA
during the preparation of the nanoparticles, and the well
combination of KALA and DNA was favorable for the gene
delivery. In contrast, for method (b), KALA added after the
formation of CaCOs—DNA nanoparticles was mainly depos-
ited on the surface of the CaCO3;—DNA nanoparticles, which
was not so effective to enhance the gene delivery efficiency. For
method (¢), KALA could not well interact with CaCOs—
KALA-DNA nanoparticles to deposit on the surface of the
nanoparticles because both of them were positively charged
and the excess KALA could not improve the gene delivery
efficiency. Since adding KALA before the nanoparticle formation
resulted in the highest enhancement of gene expression, KALA was
added in the system before co-precipitation in this investigation
unless otherwise mentioned.
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Fig. 1 Normalized gene expressions of different gene transfection
methods. (a) CaCO;-KALA-DNA nanoparticles containing 5 pg
KALA was added to the transfection assay, (b) 5 pg KALA was
added to the transfection assay together with CaCO;-DNA nano-
particles, and (¢) 5 pg KALA was added to the transfection assay
together with CaCO;-KALA-DNA nanoparticles containing 5 pg
KALA. The data were normalized to the value of method (a).

The DNA encapsulation efficiencies of CaCO;-DNA nano-
particles and CaCO3;—KALA-DNA nanoparticles with different
KALA amounts are shown in Table 1. There were no obvious
changes in DNA encapsulation efficiency for CaCO;-KALA-
DNA nanoparticles as compared to CaCO;-DNA nano-
particles. All CaCO;—KALA-DNA nanoparticles could achieve
a high DNA encapsulation efficiency of about 90%. It can be
concluded that the addition of KALA did not have influence on
DNA encapsulation efficiency for the KALA amounts we used.

The sizes and zeta potential of CaCOs—DNA nanoparticles
and CaCO5;-KALA-DNA nanoparticles with different KALA
amounts were measured by a Zetasizer. From Table 1, the
sizes of all CaCO;-KALA-DNA nanoparticles were larger
than that of CaCO;—DNA nanoparticles, and the size of
CaCO;-KALA-DNA nanoparticles increased with increasing
KALA amount. As listed in Table 1, CaCO;-DNA nanoparticles
exhibited a slightly negative charge. With the addition of the
cationic peptide, all CaCO3;—KALA-DNA nanoparticles showed
positive charges, and the charge increased with increasing KALA
amount. This result is reasonable if we compare the amounts of
the positively charged KALA (1-10 pg) and negatively charged
DNA (1 pg). In this study, to prepare the KALA containing
nanoparticles, KALA was mixed with DNA in an aqueous
medium and then CaCl, solution was immediately added.
Thereafter CaCO3;—KALA-DNA nanoparticles were rapidly
formed after the addition of Na,COj solution. During this
process, KALA might not be well complexed with DNA, and
the excess KALA might be present on the surface of the
nanoparticles, which led to a positive zeta potential.

In this investigation, all the transfections were carried out in the
complete medium (DMEM containing 10% FBS). As shown in
Fig. 2, the gene expression mediated by all CaCO;-KALA-DNA
nanoparticles was higher than that mediated by CaCOs-DNA
nanoparticles in HeLa cells. Transfection efficiency of CaCO;—
KALA-DNA nanoparticles was strongly dependent on the
KALA amount, i.e. the gene expression increased with increasing
KALA amount and achieved a maximum value at the KALA
amount of 5 pg and then decreased if the KALA amount was
further increased to 10 pg. In addition, the maximum transfection
efficiency of CaCO;-KALA-DNA nanoparticles was much
higher than that of commercially available transfection reagent
Lipofectamine 2000 (LF). The gene expression results clearly
indicated that the transfection efficiency of CaCOj; based nano-
particles could be significantly enhanced with the modification of
KALA peptide.

According to previous studies, KALA could interact
with and destabilize lipid membranes, and thus facilitate the
cellular entry by its ability to form an amphipathic a-helical
structure. As a result, KALA could induce marked increase in
transfection efficiency when being used as a component to
form composite gene delivery systems with other polycation
vectors.”®?* In addition, it should be noted that, as compared
with the CaCO;-DNA nanoparticles, the increased zeta
potential and particle size of CaCO;-KALA-DNA nano-
particles could also affect their gene delivery efficiency. The
positive zeta potential of the CaCO;—KALA-DNA nano-
particles with a suitable amount of KALA, which was favorable
for gene delivery, also played a role in the enhanced gene
expression level.
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Table 1 Properties of nanoparticles with different KALA amounts

Sample KALA amount (pg) Encapsulation efficiency of DNA (%) Size (nm) Zeta potential (mV)
CaCO;-DNA 0 91.0 £ 0.8 1984 £ 11.5 —0.98 £ 0.18
CaCO3;-KALA-DNA 1 89.7 £ 1.1 301.0 £ 12.3 1.75 £ 0.37
CaCO5;-KALA-DNA 2 90.2 + 4.4 347.3 £ 10.0 3.96 + 0.57
CaCO5;-KALA-DNA 5 89.6 + 2.6 4329 + 242 20.95 + 3.28
CaCO5-KALA-DNA 10 88.6 £ 3.5 482.5 +£27.8 28.95 + 5.36
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Fig. 2 Luciferase expression in HeLa cells after transfection for 48 h c d

mediated by CaCO;-KALA-DNA nanoparticles with different KALA
amounts as compared with Lipofectamine 2000-DNA (LF-DNA).

Addition of excess KALA did not further increase the
transfection activity. The possible reason is as follows. Excess
KALA could not bind with DNA efficiently so that the
improvement in gene expression through facilitating the cellular
entry and endosomal escape could not be further improved.

To study the cellular uptake of CaCO;-KALA-DNA
nanoparticles, we used a confocal microscope to visualize the
cells after being transfected for 4 h. As depicted in Fig. 3, green
fluorescence dots could be observed inside the cells, indicating
the internalization of YOYO-1 labeled pGL3-Luc. With an
increase in the KALA amount, the green fluorescence dots
increased obviously. The highest density of the green fluorescence
dots was observed at the KALA amount of 5 pg. With a further
increase in KALA amount, the density of green fluorescence dots
decreased. This trend is in agreement with the gene expression
result. From this observation, we can confirm that the addition
of KALA peptide improved the transfection efficiency of CaCO;
based nanoparticles by enhancing the cellular uptake.

Practical applications of a gene delivery system require a
high level of gene expression as well as a low level of
cytotoxicity. In the current study, we evaluated the in vitro
cytotoxicity of the nanoparticles by MTT assay. From Fig. 4,
it could be found that the cell viabilities were higher than 90%
after being transfected by different nanoparticles for 48 h,
implying that CaCO;-KALA-DNA nanoparticles did not
have apparent cytotoxicity. This result indicated that the
presence of KALA did not lead to increased cytotoxicity.

In the present study, we also investigated the transfection
efficiencies of the CaCO;-KALA-DNA nanoparticles prepared
with different KALA amounts in 293T cells. As shown in Fig. 5,
for 293T cells, a similar trend was observed and the maximum

€

Fig. 3 Confocal images of HeLa cells after being treated by different
CaCO;-KALA-DNA nanoparticles with different KALA amounts
for 4 h. (a) CaCO3;-DNA nanoparticles. (b)—(e) CaCO3;-KALA-DNA
nanoparticles with different KALA amounts (1, 2, 5, and 10 pg,
respectively).
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Fig. 4 Cell viability of HeLa cells after transfection for 48 h mediated
by CaCO;-KALA-DNA nanoparticles with different KALA amounts.

expression level was achieved at the KALA amount of 5 pg.
Compared with HeLa cells, the luciferase expression levels for
293T cells were relatively high. The difference in expression
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Fig. 5 Luciferase expression in 293T cells after transfection for 48 h
mediated by CaCO;-KALA-DNA nanoparticles with different KALA
amounts as compared with Lipofectamine 2000-DNA (LF-DNA).

levels in different cells is a result of the specifications of the
different cell lines. As it is well known, 293T cells are relatively
easy to be transfected.

KALA modified CaCOj; based nanoparticles for co-delivery of
gene and drug

In the current investigation, gene and drug loaded CaCOs—
KALA-p53-DOX nanoparticles were prepared through a
facile co-precipitation method, i.e. the nanoparticles were
fabricated by mixing the solution containing KALA, p53
plasmid, DOX and Ca®>" ions with the solution containing
CO+>" ions. For comparison, other types of nanoparticles
loaded with the antitumor gene plasmid p53 or the reporter
gene plasmid pGL3-Luc were also prepared. Since the KALA
amount of 5 pug was suitable for improving the gene delivery
efficiency, we used this fed amount to prepare KALA containing
nanoparticles.

As listed in Table 2, the DOX encapsulation efficiencies of
CaCO;3;-KALA-p53-DOX nanoparticles and CaCO5;—p53-DOX
nanoparticles were both higher than 80%, indicating that a
co-precipitation technique could effectively encapsulate the
water soluble drug (doxorubicin hydrochloride). The addition
of positively charged KALA in the co-precipitation systems
did not affect the encapsulation efficiencies of DOX.

Based on our experiments, the ICsqo (half maximal inhibitory
concentration) of free DOX was about 0.2 pg ml~! for HeLa
cells. So in the current study, we prepared DOX loaded
nanoparticles with the DOX amount of 0.2 pg. To evaluate
the gene and drug co-delivery efficiency of the nanoparticles,
the cell growth inhibition effects were studied after the HeLLa were
treated by different nanoparticles. The results are summarized
in Fig. 6. Compared with the treatments by p53 and DOX
simultaneously, the treatments by p53 or DOX separately

Table 2 DOX loading properties of different nanoparticles

Encapsulation Loading content

Sample efficiency of DOX (%) of DOX (wt%)
CaCO3;-KALA-p53-DOX 81.3 0.7
CaCO;3—p53-DOX 86.2 1.0
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Fig. 6 Cell inhibition rate of HeLa cells after different treatments for
48 h. (a) CaCO;—KALA-p53-DOX nanoparticles, (b) CaCO;—p53-DOX
nanoparticles, (c) CaCO;-KALA-p53 nanoparticles, (d) CaCO;—p53
nanoparticles, (¢) CaCO;-KALA-DNA-DOX nanoparticles loaded with
the reporter gene plasmid pGL3-Luc, (f) CaCO;-DNA-DOX nano-
particles loaded with the reporter gene plasmid pGL3-Luc, and (g) free
DOX.

resulted in much lower cell inhibition rates. For example, the
cell inhibition rates of CaCO;-KALA-p53 nanoparticles,
CaCO5—p53 nanoparticles and free DOX were 30.4%, 20.8%
and 38.7%, respectively, and the cell inhibition rates of CaCOz—
KALA-p53-DOX nanoparticles and CaCO5;—p53-DOX nano-
particles were 81.9% and 57.7%. Clearly, the inhibition effects
of gene (p53) and drug (DOX) co-delivery systems were much
better than that of the individual application of the gene or
the drug.

As shown in Fig. 6, the cell growth inhibition effect of
CaCO3;—KALA-p53 nanoparticles was stronger than that of
CaCOs—p53 nanoparticles. This result was in accordance with
the transfection results of the reporter gene plasmid, indicating
KALA could improve p53 gene delivery efficiency.

In addition, the inhibition effect of CaCO3;—KALA-—p53—
DOX nanoparticles was much higher than that of CaCO5—
p53-DOX nanoparticles. As mentioned before, the addition of
KALA in the delivery systems could enhance the cellular
uptake. As a result, the KALA modification on the co-delivery
system led to a significantly enhanced cell growth inhibition,
implying that KALA could improve both gene and drug
delivery efficiencies.

To study the precise role of each component, we also tried to
fabricate CaCOj3 based nanoparticles loaded with DOX only.
However, due to the absence of positively charged DNA, DOX
loaded nanoparticles could not be formed with a controllable
size. Thus, we prepared CaCO;-KALA-DNA-DOX and
CaCO3;-DNA-DOX nanoparticles loaded with the reporter
gene plasmid pGL3-Luc and DOX. As mentioned before, the
CaCO; based nanoparticles loaded with pGL3-Luc did not
exhibit apparent cytotoxicity. Thus, we can assume that the
cell growth inhibition of CaCO;-KALA-DNA-DOX and
CaCO;-DNA-DOX nanoparticles was mainly caused by the
DOX component. As demonstrated in Fig. 6, compared with
free DOX, CaCO3—-DNA-DOX nanoparticles had a similar cell
inhibition growth effect. With the addition of KALA, CaCOs—
KALA-DNA-DOX nanoparticles exhibited an enhanced cell
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inhibition rate. In addition, through comparing the inhibition
effects of CaCO3;-KALA-—p53-DOX and CaCO;-KALA-
DNA-DOX nanoparticles, we can find CaCO;-KALA-
p53-DOX nanoparticles possessed higher inhibition effect,
which was due to the presence of p53.

The mechanism of cell growth inhibition of CaCOs-
KALA-p53-DOX nanoparticles was studied by using the
FITC Annexin V/Dead Cell Apoptosis Kit. As we know,
phosphatidylserine (PS) is only located on the cytoplasmic
surface of the cell membrane for normal live cells. In the initial
cell apoptosis period, PS is translocated from the inner to the
outer leaflet of the cell membrane and this change is earlier
than compaction and fragmentation of the nuclear chromatin,
shrinkage of the cytoplasm, and loss of membrane asymmetry.
The human anticoagulant, annexin V, is a Ca”-dependent
phospholipid-binding protein that has a high affinity for PS.
FITC Annexin V can identify apoptotic cells by binding to PS
exposed on the outer leaflet. The red-fluorescent propidium
iodide nucleic acid binding dye (PI) is impermeant to live cells
and apoptotic cells, but stains the nuclei of dead cells with red
fluorescence through binding to the nucleic acids in the cells.
After staining a cell population with FITC annexin V and PI,
apoptotic cells show green fluorescence, dead cells show red and
green fluorescence, and live cells show little or no fluorescence
under a confocal laser scanning microscope. Based on the
evaluation by the FITC Annexin V/Dead Cell Apoptosis Kit,
the living cells, dead cells, and cell apoptosis could be identified.

In this study, we stained HeLa cells with FITC annexin V
and PI after the treatment by CaCO;-KALA-p53-DOX
nanoparticles for 48 h. As shown in Fig. 7, after the treatment
for 48 h, most HeLa cells shrank and became rounded and
strong red and green fluorescence could be clearly detected,
indicating the cell death was mainly induced by apoptosis.

Experimental
Materials

Lipofectamine 2000 was purchased from Invitrogen. Anhydrous
calcium chloride and anhydrous sodium carbonate of analytical
grade were supplied by Sinopharm Chemical Reagent Co.
Ltd. (Shanghai, China) and used as received. KALA peptide
(WEAKLAKALAKALAKHLAKALAKALKACEA) with
M, = 3131 g mol~! was obtained from GL Biochem (Shanghai,
China).  3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was from Amresco. Dimethylsulfoxide (DMSO)
was from Sigma. Doxorubicin hydrochloride (DOX) was provided
by Zhejiang Hisun Pharmaceutical Co. Ltd. (China).

Human embryonic kidney cell line 293T and human cervical
carcinoma cell line HeLa were obtained from China Center for
Typical Culture Collection (Wuhan, China). The medium for
cell culture was Dulbecco’s Modified Eagle’s Medium (DMEM)
(Gibco) supplemented with 10% fetal bovine serum (FBS),
2 mg ml~' NaHCO;, and 100 U ml~! penicillin/streptomycin.
Cells were incubated at 37 °C in humidified air/5% CO,.

Luciferase plasmid (pGL3-Luc) and human wild-type p53 expres-
sion plasmids (p53) were amplified in Escherichia coli and extracted
and purified by the QIAfilter Plasmid Mega Kit (QIAGEN).
Plasmids were suspended in water and stored at —20 °C.

C

Fig. 7 Confocal images of HeLa cells after being treated by
CaCO3;-KALA-p53-DOX nanoparticles for 48 h. (a) Green fluores-
cence image, (b) red fluorescence image, (c) overlapped images of red
and green fluorescences, and (d) DIC images. The images were obtained
under the magnification of 400.

Preparation and characterizations of CaCO;-KALA-DNA
nanoparticles

KALA solution (1 pg pl~") containing a particular amount of
KALA (1, 2, 5 and 10 pg, respectively) was added to 1 pl of
DNA solution containing 1 pg of pGL3-Luc, and then 16 ul of
CaCl, solution (0.5 M), was immediately added. The mixture
was diluted with deionized water to make solution A with a
total volume of 50 pl. 16 pl of Na,COj solution (0.01 M) was
diluted with deionized water to make solution B with a total
volume of 50 pl. Solution A was rapidly added into solution B
under stirring to obtain CaCO3;—KALA-DNA nanoparticles.
The solution containing CaCO3-KALA-DNA nanoparticles
was immediately used for gene transfection.

For comparison, CaCO3;—DNA nanoparticles were prepared
in the absence of KALA. Other conditions were the same as that
for the preparation of CaCO;-KALA-DNA nanoparticles.

The size and zeta potential of the nanoparticles were
measured by a Zetasizer Nano ZS (Malvern Instruments).
Prior to measurements, 800 pl deionized water was added to
200 pl of the freshly prepared nanoparticles containing
solution (containing 2 pg of pGL3-Luc) for dilution. Data
were given as mean =+ standard deviation (SD) based on 3
independent measurements.

500 pl of CaCO3;—KALA-DNA nanoparticles containing
solution was prepared as mentioned before and centrifuged at
4 °Cfor I h at 18000 rpm. After centrifugation, the amount of
non-precipitated free DNA remaining in the supernatant of
solution was determined by the Quant-T™ PicoGreen™ dsDNA
Assay Kit (Molecular Probes) according to the manufacturer’s
protocol using a spectrofluorophotometer (RF-5301 PC,
Shimadzu). Data were given as mean + standard deviation
(SD) based on 3 independent measurements. The encapsulation
efficiency of DNA was calculated as follows.

Encapsulation efficiency = (Wt — Wg)/ Wt x 100%

where W is the total weight of DNA fed, and W is the weight
of non-encapsulated free DNA.
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In vitro transfection mediated by CaCO3;-KALA-DNA
nanoparticles

The cells in 1 ml of complete medium (DMEM containing
10% FBS) were seeded directly in the well of a 24-well plate
(5 x 10* cells per well) and incubated for 24 h. Then the
solution (100 pl with 1 pg pGL3-Luc) containing freshly
prepared CaCO;-KALA-DNA nanoparticles was added to
each well, and the cells were incubated at 37 °C. The gene
expression was evaluated after 48 h.

To assay the expression of luciferase, the medium was
removed and the cells were rinsed gently by phosphate buffered
saline (PBS, 0.1 M, pH 7.4). After thorough lysis of the cells with
reporter lysis buffer (Promega) (200 pl per well), the luciferase
activity was determined by detecting the light emission from 20 pl
cell lysate incubated with 100 pl of luciferin substrate (Promega)
in a luminometer (Lumat LB9507, Berthold). The protein content
of the cell lysate was determined by the BCA protein assay kit
(Pierce). The optical density (OD) value was determined at
570 nm using a microplate reader (Bio-rad 550). The data were
given as mean + standard deviation (SD) based on 3 independent
measurements.

For comparison, the expression of luciferase mediated by
Lipofectamine 2000-DNA complexes was measured. To prepare
the Lipofectamine 2000-DNA complexes, a Lipofectamine 2000
solution (1 pl in 50 pl deionized water) was added to a plasmid
DNA solution (1 pg in 50 pl deionized water) and mixed gently.
Then the mixture was incubated at room temperature for 30 min
to obtain Lipofectamine 2000-DNA complexes.

Study on cellular uptake of CaCO3;-KALA-DNA nanoparticles

1 pg of pGL3-Luc was mixed with 2.5 ul of YOYO-1 water stock
solution (10 pM) and incubated for 15 min at 37 °C. Then the
YOYO-1 labeled pGL3-Luc was used to prepare CaCO;-KALA—
DNA nanoparticles and CaCO;-DNA nanoparticles.

HeLa cells in complete medium (DMEM containing 10%
FBS) were seeded directly in the well of a 24-well plate (5 x 10*
cells per well). After incubation at 37 °C for 24 h, the
nanoparticles containing solution (100 pl containing 1 pg
YOYO-1 labeled pGL3-Luc) were added. After incubation
for 4 h at 37 °C, the medium was removed and the cells were
washed twice with PBS to remove the nanoparticles and free
YOYO-1 staying outside the cells. Then 1 ml of complete
medium was added. The cells were observed under excitation
at 488 nm using a confocal laser scanning microscope (Nikon
Cl1-si TE2000) under the magnification of 200. All confocal
images were slice images to distinguish YOYO-1 labeled
pGL3-Luc, internalized the cells, from that adhered to the
outside of the cellular membranes.

Evaluation of cytotoxicity of CaCO;-KALA-DNA
nanoparticles

After the HeLa cells were treated by the nanoparticles for 48 h,
the medium was removed, and then fresh medium (1 ml) and
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
(MTT) (60 pl, 5 mg ml~") were added to each well, followed
by incubation at 37 °C for 4 h. Then the supernatant was
carefully removed, and 1 ml DMSO was added to each well
to dissolve the formazan crystals produced by viable cells.

The absorbance of the solution was measured using a micro-
plate reader (Bio-Rad 550) at 570 nm to determine the OD
value. The data were given as mean =+ standard deviation (SD)
based on 3 independent measurements.

Preparation of CaCO;-KALA-p53—-DOX nanoparticles

KALA solution (1 pg pl™") containing 5 ug of KALA was
added to 1 pl of DNA solution containing 1 pg of p53, and
then the solution containing 0.2 pg of DOX and 16 ul of CaCl,
solution (0.5 M) was immediately added. The mixture was
diluted with deionized water to make solution C with a total
volume of 50 pl. 16 pl of Na,COj solution (0.01 M) was diluted
with deionized water to make solution D with a total volume of
50 pl. Solution C was rapidly added into solution D under stirring
to obtain CaCO;-KALA-p53-DOX by rapidly adding solution
C into solution D under stirring. The solution containing
CaCO;-KALA-—p53-DOX nanoparticles was immediately used
for gene transfection.

For comparison, CaCO3—p53-DOX, CaCOs;-KALA-—pS3
and CaCO3z—p53 nanoparticles were prepared in the absence
of particular agents. CaCO3;-KALA-DNA-DOX and CaCOs—
DNA-DOX nanoparticles were prepared by using the reporter
gene plasmid pGL3-Luc. Other conditions were similar to the
preparation of CaCO3;—KALA—p53-DOX nanoparticles.

Evaluation of in vitro cell growth inhibition of different
nanoparticles

HeLa cells in 1 ml of complete medium (DMEM containing
10% FBS) were seeded directly in the well of a 24-well plate
(5 x 10* cells per well) and incubated at 37 °C for 24 h. Then
the freshly prepared solution containing particular agents
(CaCOs-KALA-—p353-DOX, CaCO3p53-DOX, CaCO;-KALA-
p53, CaCO;3;p53, CaCO;-KALA-DNA-DOX, CaCO;-DNA-
DOX and free DOX, respectively) was added to each well, and the
cells were incubated at 37 °C for 48 h. Then the cell inhibition rate
was determined by MTT assay as follows. After the medium
containing co-precipitates was removed, 1 ml of complete medium
and (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)
(MTT) (60 pl, 5 mg ml™") were added to each well, followed by
incubation at 37 °C for 4 h. Then the supernatant was carefully
removed, and 1 ml DMSO was added to each well to dissolve the
formazan crystals produced by viable cells. The absorbance of the
solution was measured using a microplate reader (Bio-Rad 550) at
570 nm to determine the OD value. The data were given as mean +
standard deviation (SD) based on 3 independent measurements.
The cell inhibition rate was calculated as follows.

Cell inhibition rate = (1 — ODyeated/ODcontrot) X 100%

where ODyeaieq Was obtained from the cells treated by a
particular agent, and ODcyn01 Was obtained from the cells
without any treatments.

Determination of encapsulation efficiency and loading content of
DOX

2000 pl of nanoparticles containing solution (containing 20 pg
of p53 and 4 pg of DOX) was prepared as mentioned before
and centrifuged at 4 °C for 1 h at 18 000 rpm. After centrifu-
gation, the amount of free DOX remaining in the supernatant
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of solution was determined by the absorbance at 485 nm using
a UV-vis spectrophotometer (PerkinElmer Lambda Bio 40).
The encapsulation efficiency and loading content of DOX were
calculated as follows.

Loading content = (Wt — Wg)/Wnp x 100%

where Wt is the total weight of DOX fed, W is the weight of
non-encapsulated free DOX, and Wyp is the weight of
nanoparticles.

Encapsulation efficiency = (Wt — Wg)/ Wt x 100%

where W is the total weight of DOX fed, and W is the weight
of non-encapsulated free DOX.

Apoptosis assay

The cell apoptosis was assayed by the FITC Annexin V/Dead
Cell Apoptosis Kit with FITC annexin V and PI (Invitrogen).
HelLa cells exposed to CaCO;—KALA—p53-DOX nanoparticles
containing solution for 48 h were washed with cold PBS and 1x
annexin-binding buffer. Then 100 ul of 1x annexin-binding
buffer, 5 pl of the annexin V conjugate (Component A) and 1 pl
of the PI working solution (100 pug ml™") were added to the
cells. After incubation for 15 min, the cells were washed with 1 x
annexin-binding buffer and observed using a confocal laser
scanning microscope (Nikon C1-si TE2000) with excitation at
488 nm under the magnification of 400.

Conclusions

To enhance the delivery efficiency, KALA peptide was used to
modify the nanostructured calcium carbonate based gene and drug
delivery systems. The KALA peptide modification resulted in an
enhanced cellular uptake of the nanoparticles. The gene delivery
efficiency was strongly depended on the KALA amount. With
an appropriate amount of KALA, the gene transfection
efficiency of CaCO;—KALA-DNA nanoparticles could be
significantly improved. The cell growth inhibition study on
the CaCO;-KALA-p53-DOX anti-tumor gene and drug
co-delivery system showed that the KALA modification could
enhance the delivery efficiencies of gene and drug simulta-
neously to achieve an improved cell growth inhibition effect.
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