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We report amethod of synthesis and optimization of amino-functionalized silica nanoparticles (SiNPs) and their in vitro evaluation
as targeted delivery vehicles for the potential treatment of pancreatic cancer. SiNPs can efficiently encapsulate doxorubicin and can
be attached to a targeting moiety such as anti-Claudin-4 (CLN4). e preferential uptake in pancreatic cancer cells, where CLN4
is overexpressed, of SiNPs when conjugated to CLN4 antibody (compared to nonconjugated SiNPs) was con�rmed by confocal
microscopy. SiNPs encapsulating doxorubicin had greater efficacy in MTT assays than free doxorubicin, and when conjugated to
CLN4, the efficacy was dramatically increased (at 1 𝜇𝜇M). No apparent carrier toxicity was observed when void SiNPs were used.
SiNPs carrying a chemotherapeutic drug have the potential to be used as a targeted therapy for lethal cancers, such as pancreatic
cancer. Also, incorporation of �uorescent probes in these SiNPs creates the possibility of their use as an imaging probe for diagnostic
purposes.

1. Introduction

Cancer is still one of the most lethal diseases and one of
the leading causes of death worldwide. Although there have
been signi�cant improvements in treating many cancers
including breast, prostate, and lung with advances in medical
technology, improvements in pancreatic cancer treatment
have lagged behind. In the United States, pancreatic cancer is
the fourth leading cause of cancer-related death. Aggressive
disease progression and difficulties in early detection (before
it metastasizes) are the two major factors that contribute to
the ∼95% death rate for patients suffering from pancreatic
cancer. In most cancer treatments, the key to success relies
mainly on early diagnosis, but in the case of pancreatic cancer
currently available diagnosis technology is largely ineffective
until the cancer progresses to late stages [1]. According
to the American Association for Cancer Research, in 2012
there were an estimated 43,920 new cases of pancreatic
cancer expected to occur, with 37,390 deaths [1]. Conven-
tional treatment, which relies mainly on highly invasive
chemotherapy, radiation, and surgery, has failed to impact

the pancreatic cancer death rate because pancreatic cancer
is resistant to most of the currently available chemo- and
radiation therapies, and surgical removal of the primary
tumor is fruitless owing to its high tendency tometastasize to
distant organs.is is particularly true for individuals known
to be “at risk” for developing pancreatic cancer because they
have an inherited predisposition to it [2–5]. erefore, the
development of new alternative modalities and technologies
is urgently needed in order to diagnose and treat pancreatic
cancer at an early and hence potentially curative stage.

In the last 10 years, nanotechnology has profoundly
impacted various �elds of contemporary medicine [6–8],
and its use has provided unprecedented opportunities to
tackle many of the challenges in cancer treatment [9–12].
Nanotechnology has the potential to be used as an effective
alternative in diagnosing and treating pancreatic cancer.
Conventional cancer chemotherapy drugs are hampered by
many problems including poor solubility and toxic side
effects [13–15]. Nanoparticle-mediated drug delivery has the
ability to reduce the unwanted toxic side effects by masking
the drug via nanoparticle encapsulation and thus has the
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potential to prevent adverse effects in normal cells. Another
distinguishing feature of nanoparticle-mediated drug deliv-
ery is its potential use for targeted delivery to the cancer
cells, thus signi�cantly increasing the drug’s availability to the
tumor. Via targeted delivery of the chemotherapeutic load, a
nanoparticle carrier system allows efficient and noninvasive
treatment and may eliminate the need for invasive surgery
and radiation therapy.

In last two decades, silica nanoparticles (SiNPs) have
become a well-accepted choice for drug and gene therapy due
to their safe history, good biocompatibility and biodegrad-
ability, and easily “tunable” surface functionality [16–18].
ey have been used extensively for various applications
including photothermal therapy [19], photodynamic therapy
[20, 21], magnetic resonance imaging [22], peptide delivery
[23], and gene delivery [24, 25]. SiNPs are “tunable” because
they are easily modi�ed with functional groups like –COOH
and –NH2, which allows conjugation with a target moiety for
targeted delivery and, therefore, promotes better therapies as
well as prognosis [26, 27]. Additionally, the use of SiNPs for
drug delivery eliminates the use of toxic organic solvents in
drug formulations because SiNPs can be dispersed in water
and can help to increase the half-life of the encapsulated drug
by sustained release.

us, considering their tremendous potential, we
hypothesized that SiNPs might have the ability to provide
an alternative method to address many of the challenges
associated with conventional pancreatic cancer diagnosis
and therapy. In particular, amino-functionalized SiNPs
can be used to target to speci�c cell types by conjugating a
cell-line-speci�c ligand or antibody in a relatively easy way.
SiNPs will also enable us either to incorporate an anticancer
drug or a �uorescent dye, or both, for more sensitive and
effective imaging as well as therapies. In this study, we report
the synthesis of amino-functionalized SiNPs encapsulating
doxorubicin. ese nanoparticles also can be labeled with
Alexa Fluor 488 and conjugated to Claudin-4 antibody
(CLN4), an antibody known to be speci�c to pancreatic
cancer, and we describe the superior anticancer activity of
doxorubicin-conjugated SiNPs conjugated to CLN4.

2. Materials andMethods

2.1. Materials. Ethanol, tetraethyl orthosilicate (TEOS),
ammonium hydroxide, 3-aminopropyl triethoxysilane
(APTES), doxorubicin, and formaldehyde were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s
modi�ed eagle medium (DMEM), phosphate buffered saline
(PBS), fetal bovine serum (FBS), mouse anti-Claudin-4, and
Alexa Fluor 488 N-hydroxysuccinimide dye were purchased
from Invitrogen (Grand Island, NY, USA). 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC)
was obtained from Polysciences, Inc. (Warrington, PA,
USA). e human pancreatic carcinoma cell line Panc-1 was
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA).

2.2. Nanoparticles Synthesis. Amino-functionalized SiNPs
were synthesized by synchronized hydrolysis of tetraethyl
orthosilicate (TEOS) and 3-aminopropyl triethoxysilane
(APTES) in the presence of ammonium hydroxide and
ethanol by a method modi�ed from St�ber [28–30]. In a
typical experiment, 500 𝜇𝜇L of TEOS, 500𝜇𝜇L of ammonium
hydroxide, and 5 𝜇𝜇L of APTES were added to 5mL of
ethanol and stirred for 2 hours using a magnetic stirrer. e
solution was then dialyzed (10–12 kDa cutoff membrane)
against DI water for 24 hours to remove unreacted materials.
Similarly, SiNPs labeled with Alexa Fluor 488 were prepared
by following the same procedure with the addition of 10 𝜇𝜇L of
Alexa Fluor 488N-hydroxysuccinimide (1mg/mLDMSO) to
the 5mL nanoparticles solution.

To prepare doxorubicin-encapsulated SiNPs, 10 𝜇𝜇L dox-
orubicin (20mg/mLDMSO)were added to 250𝜇𝜇LTEOS and
2.5mL ethanol and stirred for 1 hour. en, 250𝜇𝜇L ammo-
niumhydroxide and 1 𝜇𝜇LAPTESwere added and stirred for 2
hours.e solution was diluted to 6mL total volume with DI
water, then dialyzed (10–12 kDa cutoff membrane) against
DI water for 24 hours to remove unreacted materials. e
nanoparticles were lyophilized and redispersed in DI water
for further use.

Anti-Claudin-4 (CLN4) was conjugated to the SiNPs
using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC). Ten𝜇𝜇L of EDC (10mg/mL DI water),
5 𝜇𝜇L of CLN4 (100 𝜇𝜇g/200 𝜇𝜇L DI water), and 1mL DI water
were stirred for 1 hour using a magnetic stirrer. en, 1.5mL
of a solution of the lyophilized powder of the doxorubicin-
encapsulated SiNPs dispersed in 10mL of DI water was
added and stirred for 4 hours using a magnetic stirrer. e
solution was then dialyzed (10–12 kDa cutoff membrane)
against DI water for 24 hours. en the solution was frozen
at −80∘C, lyophilized for 24 hours, and redispersed in DI
water.

2.3. Size, Zeta Potential, and Morphology. Nanoparticle size
and zeta potential were measured using a Zetasizer Nano ZS
(Malvern Instruments, Southborough, MA, USA). OnemL
of the SiNPs solution was added to a 1.5mL plastic cuvette
andmeasured using dynamic light scattering at 25∘C.e size
and morphology of the SiNPs were examined using a JEOL
JEM-100CX transmission electron microscope (JEOL, Inc.,
Peabody, MA, USA). One drop of nanoparticles redispersed
in DI water aer lyophilization was mounted on a thin
�lm of amorphous carbon deposited on a copper grid (300
meshes). It was then dried under clean conditions and the
grid was examined directly with the transmission electron
microscope.

2.4. Entrapment Efficiency. Entrapment efficiency of the
doxorubicin was determined by �ltering a known amount
of SiNPs through a 100 kDa �lter membrane to separate the
free doxorubicin before dialysis. e amount of doxorubicin
was determined using a Nanodrop UV spectrophotometer
(ermo Scienti�c, Wilmington, DE, USA). e entrapment
efficiency (𝐸𝐸𝐸𝐸 was calculated using the value for the total
concentration of doxorubicin (free + encapsulated) in the
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F 1: Schematic diagram showing the synthesis of amino-functionalized SiNPs encapsulating doxorubicin conjugated with anti-
Claudin-4. Anti-CLN4: anti-Claudin-4; APTES: 3-aminopropyl triethoxysilane; EDC: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride; TEOS: tetraethyl ortho-silicate.

system, [DOX]0, and that in the �ltrate, [DOX]𝑓𝑓, using the
equation:

𝐸𝐸𝐸 𝐸 
[DOX]0 − [DOX]𝑓𝑓

[DOX]0
 × 100. (1)

2.5. Release Kinetics of Doxorubicin from the Nanoparticles.
Aknown amount of lyophilized SiNPs encapsulating doxoru-
bicin was resuspended in 5mL PBS and the solution was kept
at room temperature. At predetermined time intervals, the
solution was vortexed and a 400 𝜇𝜇L aliquot was removed and
�ltered through a 100 kDa cutoffmembrane �lter by centrifu-
gation at 6000 rpm to separate the released doxorubicin from
the SiNPs. e concentration of the released doxorubicin at
each time point was determined using the Nanodrop UV
spectrophotometer. e percent release of doxorubicin at
each time point was calculated by using the equation [31]:

𝐸release 𝐸 
[DOX]𝑓𝑓𝑓𝑓𝑓
[DOX]0

 × 100𝑓 (2)

where [DOX]𝑓𝑓𝑓𝑓𝑓 is the concentration of doxorubicin in the
�ltrate at time t. Similarly, to study the release kinetics of
doxorubicin in FBS, a known amount of lyophilized SiNPs
encapsulating doxorubicin was suspended in 10mL of 20𝐸
FBS. e release kinetics were studied exactly as described
above for PBS.

2.6. Cell Culture and Confocal Imaging. A human pancreatic
carcinoma cell line (Panc-1) was maintained in DMEM
with 10𝐸 FBS, according to the manufacturer’s instructions.
e cells were trypsinized and resuspended in DMEM at
a concentration of around 5 × 105 cells/mL. Sixty 𝜇𝜇L of
this suspension were transferred to a 35mm culture plate
and 2mL of full medium were added. e plates were
then placed in an incubator (model 2400, VWR Scienti�c,
Radnor, PA, USA) at 37∘C with 5𝐸 CO2. Aer 24 hours,
the cells (70𝐸 con�uency) were rinsed with PBS, and 2mL
of fresh media were added to the plates. Fiy 𝜇𝜇L of either
CLN4-conjugated SiNPs or control SiNPs were added and
mixed. For competitive binding experiments, plates were
preincubated with 50𝜇𝜇L of anti-CLN4 for 4 hours and then

50 𝜇𝜇L of CLN4-conjugated SiNPswere added.e plates were
returned to the incubator (37∘C, 5𝐸 CO2). Aer 3 hours, the
plates were taken out, rinsed several times with sterile PBS,
and the cells were �xed with 1𝐸 formaldehyde. e plates
were imaged directly under a confocal microscope (Leica
TCS SP5, Exton, PA, USA). A 405 nm laser was used for
excitation and the emission was detected between 510 nm
and 550 nm.

2.7. MTT Assay. A human pancreatic carcinoma cell line
(Panc-1) wasmaintained in DMEMwith 10𝐸 FBS, according
to the manufacturer’s instructions.e cells were trypsinized
and resuspended in DMEM at a concentration of around
1.55 × 105 cells/mL. One hundred 𝜇𝜇L of this suspension
were added to each well of a 96-well plate. e plates
were then placed in an incubator at 37∘C with 5𝐸 CO2
for 48 hours. Fieen 𝜇𝜇L of either void SiNPs, doxorubicin-
encapsulated SiNPs, doxorubicin-encapsulated SiNPs conju-
gatedwithCLN4, or free doxorubicinwere added to eachwell
in a column. Aer 48 hours of incubation, cell viability was
estimated using a colorimetric MTT assay as per the protocol
provided by the supplier (Invitrogen).

3. Results

3.1. Nanoparticles Synthesis. A schematic diagram showing
the preparation of SiNPs encapsulating doxorubicin is shown
in Figure 1. e nanoparticles can be attached to a dye
through their free –NH2 group owing to the presence of
APTES. Depending on the amount of ethanol, APTES, and
TEOS, the size and surface charge (zeta potential) of the
nanoparticles can be manipulated.

3.2. Determination of Size, Zeta Potential, and Morphology.
Diagrams showing the typical sizes of the nanoparticles
are shown in Figures 2(a)–2(c). We have observed that
depending on various parameters like the amount of TEOS,
APTES, and ammonia, the size of the nanoparticles can
be manipulated; a SiNP size anywhere between 35 nm and
500 nm can be obtained by this method. To see the effect
of APTES, we synthesized nanoparticles only with TEOS in
the absence of APTES. From Figure 2(d), it is clear that the
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F 2: Size measurement by dynamic light scattering. (a) SiNPs that are not amino-functionalized (without APTES), (b) SiNPs that are
amino-functionalized (withAPTES), and (c) SiNPs-CLN4 (amino-functionalized nanoparticles conjugated to anti-Claudin-4).Measurement
of zeta potential (surface charge) of (d) SiNPs (not amino-functionalized) and (e) SiNPs amino-functionalized. (f) Transmission electron
microscope image showing the size and morphology of SiNPs encapsulating doxorubicin and conjugated to CLN4. 𝑑𝑑 nm: diameter in
nanometers.
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F 3: Release kinetics of doxorubicin from the SiNPs in
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zeta potential of the nanoparticles was around −45mV when
there was no APTES, that is, in the absence of an –NH2
group. But when synthesized with APTES, the zeta potential
decreased to around −31mV (Figure 2(e)). A transmission
electronmicroscope image showing the size andmorphology
of SiNPs encapsulating doxorubicin and conjugated to CLN4
is shown in Figure 2(f).

3.3. Entrapment Efficiency. e entrapment efficiency of
doxorubicinwas found to be∼70%, and the loading efficiency
of the nanoparticles was around 2%w/w of total weight of the
nanoparticles.

3.4. Release Kinetics. To evaluate the pattern of release of
doxorubicin from SiNPs, we studied the release kinetics in
two physiological systems, PBS and 20% FBS, for 7 days.
e cumulative percentage of doxorubicin released from the
nanoparticles at different time intervals is shown in Figure
3. e percentage of released doxorubicin, shown at absolute
zero time, is not truly zero time; there is always an inherent
delay between the mixing of the nanoformulation and the
separation of the released doxorubicin in both PBS and 20%
FBS. In FBS, there was rapid release of doxorubicin (>30%)
within the �rst 8 hours and then a steady but relatively slow
release of doxorubicin. In PBS, the release was slow compared
to that of FBS. Cumulatively, at the end of a one-week study,
we found that around 70% of doxorubicinwas released in FBS
whereas there was only 25% release in PBS.

3.5. Confocal Imaging. e confocal images showing the
uptake in Panc-1 cells of void SiNPs and CLN4-conjugated
SiNPs labeled with Alexa Fluor 488 are shown in Figure
4. It is clear that aer 3 hours of incubation, there was a
signi�cant increase in uptake of SiNPs when conjugated to
CLN4 antibody (Figure 4(a)) compared to the SiNPs only
(without CLN4, Figure 4(b)).ere was no signi�cant uptake
of the SiNPs-CLN4 when the cells were preincubated for
4 hours with anti-CLN4 (data not shown). e increase
of the �uorescent intensity was further con�rmed by the
confocal microscopy spectral intensity quanti�cation (data
not shown).is result is a proof of our hypothesis that there
is speci�c uptake of nanoparticles when conjugated to an
antibody speci�c to a tumor cell.

3.6. MTT Assays and In Vitro Efficacy Studies. Further evi-
dence for the increased uptake of SiNPs conjugated to CLN4
was found in the MTT assay data, as shown in Figure 5. It
is clear that at low concentrations (0.1𝜇𝜇M) of doxorubicin,
either encapsulated in SiNPs or encapsulated in SiNPs con-
jugated to CLN4, SiNPs do not have signi�cant cytotoxic
effects in Panc-1 cells. At higher concentrations (10𝜇𝜇M) of
doxorubicin, however, there was signi�cant toxicity, but this
activity appeared to be nonspeci�c. At a 1𝜇𝜇M concentration
of doxorubicin, free doxorubicin does not exert a toxic
effect on Panc-1 cells. However, when doxorubicin at a
concentration of 1 𝜇𝜇M is encapsulated in SiNPs, the toxicity
increases signi�cantly. Toxicity increases further when 1 𝜇𝜇M
doxorubicin-encapsulated SiNPs are conjugated with CLN4.

3.7. Nanoparticle SizeManipulation. e size of the nanopar-
ticles can be manipulated by altering various parameters
(Figure 6). By varying the amount of ammonium hydroxide
(75𝜇𝜇L to 500 𝜇𝜇L), wewere able to get a size as small as∼35 nm
to as big as 335 nm in diameter (Figure 6(a)). Ammonium
hydroxide was used as a catalyst and is well known to increase
the rate of hydrolysis.e size increase from 35 nm to 350 nm
with the increase in ammonium hydroxide is because of
the formation of a bulkier silica network due to increased
hydrolysis. Ethanol serves as the reaction medium, so when
the volume of ethanol is increased (Figure 6(b)) there is less
chance for interaction between the reactants. e size of the
SiNPs was also examined at various reaction time points to
determine the effect of the reaction time on the size of the
SiNPs and to obtain an optimum reaction time to get the
required size (Figure 6(c)). ere was a rapid increase in the
nanoparticles’ size in the initial reaction time period, and as
reaction time increased the size became more uniform. e
size remained more or less constant aer 1 hour. us, a
1 hour reaction time is the optimum reaction time for this
nanosynthesis.

4. Discussion

Our synthesis of amino-functionalized SiNPs by synchro-
nized hydrolysis of TEOS and APTES in the presence of
ethanol and ammonium hydroxide was based on modifying
a method originally developed by Stöber [28]. e main
advantage of thismethod is that the synthesis of nanoparticles
can be performed in organic solvent and the resultant
nanoparticles can be dispersed in aqueous medium. is
method can be used primarily as a platform for various
water-insoluble drugs, and, therefore, the use of toxic organic
solvents and excipients is avoided. e SiNPs synthesized by
this method can be controlled by various parameters and
therefore gives us more �exibility as per as the need. ough
we have tried to encapsulate doxorubicin in different-sized
nanoparticles (data not shown), the maximum entrapment
efficiency of doxorubicin was found to be around 70% with
nanoparticles sized around 150 nm in diameter.

e surface charge of the nanoparticles was measured in
order to see any difference due to the presence of the APTES,
which has positively charged –NH2 groups; the presence of an
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(a) (b)

F 4: Confocal images showing the uptake of SiNPs in Panc-1 cells aer 3 hours of incubation. (a) SiNPs-Alexa Fluor 488-CLN4; (b)
SiNPs-Alexa Fluor 488.
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F 5: Panc-1 cell proliferation and cytotoxic effect on Panc-
1 cells of different formulations. Void SiNPs and free doxorubicin
were used as controls. Medium only means nontreated cells. Dox:
doxorubicin.

amino group should increase the zeta potential because of its
positive charge.us, as per our comparison, we prepared the
same kind of nanoparticles without the presence of APTES,
and, as anticipated, the zeta potential increased from −45mV
to −31mV. is is also indirect evidence showing that the
amino group is conjugated to the SiNPs, and that there is
synchronized hydrolysis happening between the APTES and
TEOS.

e entrapment efficiency of doxorubicin was found to
be more than ∼70%, indicating that the loss of doxorubicin
during the synthesis was not signi�cant. �e predict that
the high encapsulation efficiency of doxorubicin in the silica
nanoparticles is because of charge interaction between silica

and doxorubicin [32]. In the case of FBS, aer the initial
∼30% release within the �rst 4 hours, there was a steady, con-
stant release of doxorubicin from the nanoformulation, with
the observation of ∼70% encapsulated doxorubicin released
within one week. us, this “burst effect” for doxorubicin
could be due to the presence of dissolved proteins, glucose,
clotting factor, and so forth present in FBS. Additionally,
the sustained release of doxorubicin in FBS (a system that
mimics the human blood system) shows the potential effect
these nanoparticles have as a nanoreservoir for doxorubicin,
and thus may be able to eliminate multiple-injection dose
regimens. e low release of doxorubicin in PBS is because
of stronger ionic interactions of doxorubicin in physiological
buffer [32].

Inmost pancreatic cell lines, including Panc-1, Claudin-4
is overexpressed [33–35]. To exploit this, we have conjugated
CLN4 antibody to dye-labeled nanoparticles for speci�c
delivery to Panc-1 cells. us, as hypothesized, the uptake
of the nanoparticles signi�cantly increased when they were
conjugated to dye-labeled nanoparticles. �uanti�cation of
the �uorescent intensity in the cells by confocal microscopy
(data not shown) also supports our hypothesis of targeted
delivery. Since Claudin-4 is overexpressed in the Panc-1 cell
line, SiNPs with the antibody can be taken up faster by
receptor-mediated endocytosis compared to SiNPs without
it, which can only be taken up by nonselective endocytosis.
No signi�cant uptake of the SiNPs-CLN4 in Panc-1 cells
preincubated with anti-CLN4 is strong evidence that it was
receptor-mediated uptake. e increased �uorescent inten-
sity observed in the Panc-1 cells by confocal imaging further
con�rms that there was receptor-mediated uptake due to the
presence of CLN4 antibody in the SiNPs. On the other hand,
there was little �uorescence observed from the Panc-1 cells
when the cells were incubated with void nanoparticles. is
little uptake of the void silica nanoparticles into the cells may
be due to nonspeci�c endocytosis.
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e potential of SiNPs as a delivery vehicle for targeted
delivery to pancreatic cancer cells was further evidenced
by delivering doxorubicin encapsulated into SiNPs with or
without conjugating CLN4 antibody on the surface of the
SiNPs. All the formulations, including free doxorubicin, were
not effective at lower concentrations (0.1𝜇𝜇M). At higher
concentrations, a higher cytotoxic effect was observed in all
formulations; however, there was little difference between
the different treatments. is may be because of the high
concentration of doxorubicin, and may not be the optimum
dose without harming the healthy cells when injected in vivo.
We found that the optimum concentration for doxorubicin
is a 1 𝜇𝜇M solution. Since Claudin-4 antigen is overexpressed

in Panc-1 cells, nanoparticles with CLN4 antibody have the
capacity to increase the uptake of the SiNPs to this type of
pancreatic cells. Alternatively, the doxorubicin uptake was
increased because of the presence of Claudin-4 antibody
on the surface of the SiNPs and thus the cytotoxicity of
the formulation was enhanced. One of the most important
observations during this experiment was that there was no
apparent void SiNPs-related toxicity on the Panc-1 cells, and
thus we can conclude from these preliminary in vitro results
that SiNPs are a potentially safe vehicle and have the potential
to be used for in vivo experiments for further studies.

5. Conclusions

We have synthesized amino-functionalized SiNPs encapsu-
lating doxorubicin conjugated to CLN4 antibody with a
relatively simple, one-step method. e size of the SiNPs was
found to be dependent on the amounts of ethanol, ammo-
nium hydroxide, and reaction time. ough we used SiNPs
of ∼150 nm in size, nanoparticles from 35 nm to 500 nm can
be synthesized bymanipulating various parameters. Confocal
imaging showed that there was a higher uptake of CLN4-
conjugated SiNPs in the Panc-1 cells compared to void SiNPs.
CLN4-conjugated SiNPs encapsulating doxorubicin have a
greater toxicity than free doxorubicin in the Panc-1 cell line.
e results from our preliminary in vitro experiments in
this study show that this tiny SiNP system has potential as a
targeted delivery vehicle for pancreatic cancer. ough there
is a need to perform in vivo studies to prove our hypothesis
of targeting pancreatic cancer with a nanoparticle-mediated
delivery system, we consider this current study might be a
major breakthrough towards developing treatments for pan-
creatic cancer in the near future. Furthermore, the tunable
surface functionality of this SiNPs systemhas the tremendous
potential to allow attachment of other imaging modalities
like an MR�/PET imaging probe instead of a �uorescent dye.
ese imagingmodalities are widely used in clinical practices
for cancer diagnosis.us, targeted delivery using SiNPswith
an imaging probe might have the potential to be used as a
sensitive probe to detect pancreatic cancer in an early stage,
and hence in a potentially curative stage.
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