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T
he advent of ceramic-based nanoma-
terials has revolutionized the field of
medicine (in both diagnosis1,2 and

therapy3–5) owing to their robustness, safety,

and most importantly, multimodality, that is,

the ability for multiple functions.6,7 Advan-

tages that such macromolecular, nanopartic-

ulate agents will have over traditional molec-

ular agents include the following: (a) they

provide a fluorescent nanoplatform upon

which targeting agents (antibodies, peptides,

or small molecules) can be added or substi-

tuted to suit a specific need;8 (b) they allow

for multimodality (e.g., optical, magnetic reso-

nance [MR], and radionuclide) imaging,9

thus permitting cross-evaluation with the

same nanoparticle across different imaging

platforms; (c) they can be functionalized to

possess both imaging and therapeutic abili-

ties (i.e., “theranostic” nanoparticles); (d) they

may be designed to provide salutary benefits

related to pharmacokinetics by exclusive re-

nal excretion; (e) they are of sufficient size to

permit multivalency and, therefore, the po-

tential for higher affinity binding than stan-

dard agents; and (f) they enable imaging

from the single cell level to the entire, intact

organism in vivo. That last attribute further

enables validation of the imaging marker by

correlating results obtained in vitro, for ex-

ample, relying on the optical aspects (fluores-

cence) of the probe, with those obtained in

vivo, which may also rely on optical (if a near-

infrared [NIR] emitting core is used), radioac-

tive, or MR imaging.

Compared to other nanomaterials (e.g.,

silica and iron-oxide nanoparticles, gold

nanospheres/nanorods and quantum dots/

rods, etc.), the organically modified silica

(ORMOSIL) nanoparticles stand out in their
versatility as an ideal platform for “building
up” of multimodal “theranostic” nanoparti-
cles. These inert, optically transparent mate-
rials can be doped with any desired fluoro-
phore (visible/NIR), leading to the
generation of robust, fluorescent
nanoparticles.10–13 They can be incorpo-
rated with bioactive molecules such as en-
zymes, genetic materials, and chemothera-
peutic drugs, etc., for a specific biological
function.14–16 In addition, the chemistry of
silica provides the opportunity for a variety
of surface functionalities (hydroxyl/amino/
thiol/carboxyl groups),17–20 which can be
used to incorporate additional functional-
ities such as probes for MR/radio imaging
and therapeutic and biotargeting mol-
ecules, etc.21 Using silica nanoparticles
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ABSTRACT In this paper we report the synthesis and characterization of organically modified silica (ORMOSIL)

nanoparticles, covalently incorporating the fluorophore rhodamine-B, and surface-functionalized with a variety

of active groups. The synthesized nanoparticles are of ultralow size (diameter �20 nm), highly monodispersed,

stable in aqueous suspension, and retain the optical properties of the incorporated fluorophore. The surface of the

nanoparticles can be functionalized with a variety of active groups such as hydroxyl, thiol, amine, and carboxyl.

The carboxyl groups on the surface were used to conjugate with various bioactive molecules such as transferrin,

as well as monoclonal antibodies such as anti-claudin 4 and anti-mesothelin, for targeted delivery to pancreatic

cancer cell lines. In vitro experiments have revealed that the cellular uptake of these bioconjugated (targeted)

nanoparticles is significantly higher than that of the nonconjugated ones. The ease of surface functionalization

and incorporation of a variety of biotargeting molecules, combined with their observed noncytotoxicity, makes

these fluorescent ORMOSIL nanoparticles potential candidates as efficient probes for optical bioimaging, both in

vitro and in vivo.

KEYWORDS: ORMOSIL nanoparticles · optical imaging · bioconjugation · cellular
uptake · pancreatic cancer
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conjugated with fluorophores and targeting ligands, ef-

ficient optical imaging of tumor cells in vitro has al-

ready been demonstrated.22,23

In our laboratory, we have developed ORMOSIL

nanoparticles for a variety of therapeutic applications,

including photodymanic therapy (PDT) of cancer and

gene delivery.24–26 These nanoparticles can have a

number of advantages over their unmodified counter-

parts. Unlike the water-in-oil microemulsion mediated

synthesis reported for silica nanoparticles, these nano-

particles can be easily and reproducibly synthesized

with ultralow size (diameter � 20 nm) and narrow size-

distribution in simple aqueous phase (oil-in-water mi-

croemulsion), where corrosive nonpolar solvents and

complex purification steps such as solvent evaporation,

ultracentrifugation, etc. can be avoided.27 Since low

size is a critical determinant toward unimpeded sys-

temic circulation and easy infiltration to tumor and

other tissues, these nanoparticles are well suited for in

vivo applications when compared with other reported

luminescent silica-based nanoparticles with bigger sizes

(diameter 70 nm).23,28,29 In addition, such materials are
mesoporous and have tunable pore size, and therefore
can be potentially used as vehicles for controlled, exter-
nally activated release of lipophilic therapeutic mol-
ecules such as anticancer drugs. Also, the presence of
an organic group imparts a certain degree of flexibility
to the otherwise rigid silica matrix, which is expected to
enhance the stability of such particles against floccula-
tion/precipitation in aqueous systems. In addition, a de-
sired surface charge can be introduced in the organic
arm of ORMOSIL, which can be used for further conju-
gation with diagnostic/therapeutic/biotargeting agents
for the fabrication of “multimodal” nanoparticles.

Here, we report the synthesis and characterization
of ORMOSIL nanoparticles, covalently conjugated with
the fluorophore rhodamine (RORM) and presenting a
variety of active (hydroxyl/amine/thiol/carboxyl) groups
on its surface, using the oil-in-water microemulsion
method. Covalent conjugation, as opposed to simple
encapsulation, obviates the possibility of fluorophores
being leached out of the ORMOSIL matrix in physiologi-
cal fluids. The carboxyl-functionalized nanoparticles
were further conjugated with a variety of bioactive mol-
ecules such as transferrin, anti-claudin 4, and anti-
mesothelin, in order to demonstrate active targeting,
aimed at their corresponding receptors which are over-
expressed on pancreatic cancer cells/tissues.30–33 The
in vitro uptake of these nanoparticles with these target-
ing properties was found to be significantly higher
than that of the nontargeted ones. Cell viability assay
revealed no indication of cytotoxicity of these nanopar-
ticles within the experimental conditions. The ease of
surface functionalization and incorporation of a variety

Figure 1. Release behavior of rhodamine conjugated ORMOSIL nano-
particles with different functional groups on the surface.

Figure 2. TEM images of RORM-NH2 and RORM-COOH nanoparticles.
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of biotargeting molecules, combined with their ob-
served noncytotoxicity, makes these fluorescent nano-
particles potential candidates as efficient probes for op-
tical bioimaging, both in vitro and in vivo.

RESULTS AND DISCUSSION
Figure 1 shows the relative optical densities (read

at 563 nm, the long-wavelength absorbance peak for
rhodamine as used here) of the filtrates and retentates,
as well as the original nonfiltered samples for RMic,
RORM-OH, RORM-SH, RORM-NH2, and RORM-COOH.
From the figure, it is evident that while rhodamine-
silane (RS) alone does not form any nanoparticles (i.e.,
remains in the nonpolymerized or partially polymerized
form), almost all of it is associated with the Tween-80
micellar filtrate. In contrast, �90% of rhodamine is asso-
ciated with the nanoparticles in RORM-OH, RORM-SH,
RORM-NH2, and RORM-COOH which is collected as re-
tentate. This indicates the high efficiency of incorpora-
tion of the fluorophore within the nanoparticles. The
above synthesized nanoparticles (RORM -OH, RORM-SH,
RORM-NH2, and RORM-COOH) are highly monodis-
persed, with a diameter range of 20 –25 nm, as deter-
mined from their TEM images (Figure 2).

To prove that rhodamine is conjugated with the
nanoparticles, and not merely physically associated,
we compared spin filtered rhodamine-conjugated
nanoparticles against rhodamine-encapsulated nano-
particles and rhodamine/micelles (1% aqueous Tween
80) on thin layer chromatography (TLC) plates (Figure
S1, Supporting Information). We observed an antici-
pated difference between the rhodamine-conjugated
nanoparticles versus the rhodamine-encapsulated
nanoparticles or the rhodamine/micelle preparations.
As expected, rhodamine-encapsulated in nanoparticles
and the rhodamine/micelles behave as free dye and run
on silica-TLC plates (Rf � 0.5 in 10% methanol/dichlo-
romethane); however, the rhodamine-conjugated with
nanoparticles remain at the base. The organic phase is
not able to wash away the rhodamine molecules when
they are covalently linked to the nanoparticles. On the
other hand, the loosely bound rhodamine molecules (in
case of encapsulated in nanoparticles) can be easily ex-
tracted from the nanoparticles by organic solvents.
Thus conjugation of a fluorophore with the carrier
nanoparticle is necessary as this eliminates the possibil-
ity of “leakage” of the fluorophore in the free form, par-
ticularly during in vivo circulation.

The optical absorption and fluorescence spectra of
the dispersion of the nanoparticles-conjugated
rhodamine as well as the solutions of rhodamine�NHS
ester and rhodamine�silane precursor are shown in
Figure 3A. As one can see, the spectra are very similar;
with an exception of the rhodamine�NHS ester which
demonstrated a lower fluorescence emission intensity.
The fluorescence quantum yield of the
rhodamine�NHS ester in water was �0.37, whereas

that of same precursor when conjugated within the OR-

MOSIL nanoparticles was �0.52. This increase in the

fluorescence quantum yield is apparently associated

with a reduction in aggregation when the

rhodamine�NHS ester is converted to

rhodamine�silane form with increased water solubility

and conjugated within the ORMOSIL nanoparticles.

To demonstrate that the dye is indeed bound within

the particle we have performed fluorescence anisot-

ropy measurements presented in Figure 3B. The anisot-

ropy of the fluorescence from a rhodamine�NHS ester

solution and that from a suspension of fluorescently la-

beled ORMOSIL nanoparticles were measured. The ani-

sotropy is defined as r � (IVV � GIVH)/(IVV � 2GIVH),

where IVV, IVH, IHV, and IHH (V and H corresponds to ver-

tical and horizontal positions, respectively) are emis-

sion intensities for different positions of excitation and

emission polarizers; the first subscript indicates the po-

sition of the excitation polarizer; the second indicates

that of the emission polarizer. G � IVH/IHH is a grating

factor that must be included for correction in a

monochromator.34,35

Figure 3. (A) Absorbance and fluorescence spectra of
rhodamine�NHS ester (dotted), rhodamine�silane con-
jugate (dashed), and ORMOSIL nanoparticles with conju-
gated rhodamine (solid line). Fluorescence was excited
with 532 nm, where optical density of rhodamine moi-
ety was matched. (B) Fluorescence anisotropy:
rhodamine�NHS ester water solution (1), rhodamine-
conjugated ORMOSIL nanoparticles (2), and nonlabeled
ORMOSIL nanoparticles (3).
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The free rhodamine�NHS ester solution exhibits al-

most no fluorescence anisotropy. However, the fluores-

cence of the dye bound within the particles manifests

strong anisotropy. This is understandable because of

the limitation of the rotational mobility of the

rhodamine molecules bound to the particles.36 The ab-

solute value of anisotropy, which is experimentally

measured in the spectrofluorimeter, is sensitive to the

excitation light that scatters off the sample. The anisot-

ropy r(�) for the suspension of unlabeled ORMOSIL

nanoparticles is shown as curve 3 in Figure 3B. The rela-

tive change in r(�) as shown in Figure 3B clearly points

to the binding of the dye molecules with the particles

(curve 2).

The surface properties of nanoparticles, modulated
by the presence of free functional groups, play a criti-
cal role in their stability as aqueous dispersion, feasibil-
ity of conjugation with other bioactive/biotargeting
molecules, in vivo pharmacodynamics, etc. Here, the
presence of free amino groups on RORM-NH2 and thiol
groups on RORM-SH were confirmed by the Fluores-
camine and Ellman’s reagent assays, respectively (Fig-
ure 4A).37,38

We have also studied the surface charge of these
nanoparticles by measuring their �-potential values. It
can be seen from Figure 4B that the overall surface
charge of the nanoparticles is dependent on the func-
tional group present on their surface, being positive for
RORM-NH2, and negative for RORM-SH, RORM-COOH,
and RORM-OH.39

To demonstrate “active targeting” of these nanopar-
ticles to cells in culture, we have conjugated various
biotargeting molecules (Transferrin, anti-claudin 4, and
anti-mesothelin) with the carboxyl-terminated nano-
particles, using carbodiimide chemistry. The bioconju-
gation was confirmed by (a) �-potential measurements
and (b) agarose gel electrophoresis (Figure 5).
�-Potential measurements revealed that the net an-
ionic charge on the nanoparticles is reduced as a result
of bioconjugation, which is attributed to the partial
shielding of their surface carboxyl groups by the bio-
conjugated proteins. The bioconjugation is also evident
from the reduced mobility of the bioconjugated nano-
particles toward the positive terminal through the aga-
rose gel (lanes B�D), as opposed to the nonconjugated
one (lane A). This reduced mobility is a result of the in-
creased overall size of the nanoparticles (data not
shown), as well as a reduction in the anionic surface
charge, following bioconjugation with the various
proteins.

Confocal microscopy was used to study the selec-
tive uptake of the various nanoparticles by pancre-
atic cancer cells in vitro, using pre-equated amounts
of the fluorophore content in each (Figure 6). It can
be seen that there is a sizable difference between
the intracellular uptake of the amino-terminated
(panel A) and the carboxyl-terminated (panel B)
nanoparticles, the uptake of the amino-terminated
nanoparticles being much higher than that of the
carboxyl-terminated ones. It is speculated that the
favorable electrostatic interaction between the cat-
ionic amino-functionalized nanoparticles and an-
ionic cellular membrane is responsible for this high
uptake, which is not the case for the anionic
carboxyl-terminated nanoparticles. However, the up-
take of these carboxyl-terminated nanoparticles
was dramatically enhanced upon bioconjugation
with various targeting molecules. It is evident that
all the three types of bioconjugated nanoparticles
(with transferrin, anti-claudin 4, and anti-mesothelin)
stained the cells with high efficiency (Figure 6, pan-

Figure 4. (A) Fluorescamine and Ellman’s reagent assays with differ-
ent functionalized ORMOSIL nanoparticles; (B) �-potential values of
different surface modified rhodamine conjugated ORMOSIL
nanoparticles.

Figure 5. Agarose gel electrophoresis showing (lane A) -NH2-
terminated ORMOSIL nanoparticles (�5.35 mV*), (lane B) -COOH-
terminated ORMOSIL nanoparticles (�11.31 mV*), (lane C) transferrin-
conjugated ORMOSIL nanoparticles (�8.6 mV*), (lane D) anti-claudin
4-conjugated ORMOSIL nanoparticles (�7.74 mV*), and (lane E) anti-
mesothelin-conjugated ORMOSIL nanoparticles (�10.75 mV*). *Nu-
merical values denote the corresponding �-potential.
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els C�E). This enhanced efficiency is a result of

receptor-mediated uptake of these bioconjugated

nanoparticles with their corresponding receptors

which are known to be overexpressed on the sur-

face of these cells (active targeting).28–31

To confirm this receptor-mediated active uptake of

the bioconjugated RORM nanoparticles, comparative

uptake studies of transferrin and anti-claudin 4 conju-

gated ORMOSIL nanoparticles were carried out in pan-

creatic cancer (MiaPaCa) versus normal (COS-1,

fibroblast-like cells derived from kidneys of African

green monkey) cells, using confocal microscopy. Since

neither the transferrin-receptor nor claudin 4 receptors

are known to be overexpressed in COS-1, no uptake of

the bioconjugated nanoparticles are observed in COS-1

cells, as opposed to robust uptake observed in Mia-

PaCa cells (Figure S2, Supporting Information). This con-

firms the active or receptor-mediated nature of cellular

uptake of these bioconjugated nanoparticles.

Further, the extent of cellular uptake of the various

nanoparticles was quantified by determining the red

(rhodamine) fluorescence from the treated cells using

flow cytometry,40 as shown in Figure 7. The logarithmic

fluorescence intensity of untreated cells was set be-

tween 100 and 101, hence cells that exhibited red fluo-

rescence intensity higher than 101 were taken as posi-

tively labeled with nanoparticles. The number of

positively labeled cells was represented as the percent-

age of total cell counts in each panel. The superior up-

take of the various bioconjugated nanoparticles (with

anti-claudin 4, anti-mesothelin, and transferrin) is evi-

dent from the fact that more than 90% of the cells are

positively labeled for rhodamine in each of these cases,

as opposed to only 55.9% of positively labeled cells in

the case of nonbioconjugated “nanoparticles only”

control.

Finally, we have also demonstrated the absence of

cytotoxicity of these nanoparticles using a cell viability

Figure 6. Confocal images of MiaPaca cells treated with RORM-NH2 (panel A), RORM-COOH nanoparticles (panel B), transferrin-
conjugated RORM-COOH (panel C), anti-claudin 4-conjugated RORM-COOH (panel D), and anti-mesothelin conjugated RORM-COOH
(panel E) nanoparticles.

Figure 7. Flow cytometry data showing the relative uptake of various RORM nanoparticles in MiaPaCa cells. The number of
positively labeled cells was represented as the percentage of total cell counts in each panel.
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(MTS) assay, with similar nanoparticle dosages as used

during imaging experiments (Figure S4, Supporting In-

formation).

CONCLUSIONS

In conclusion, we have synthesized monodispersed

ORMOSIL nanoparticles, having a covalently incorpo-

rated fluorophore, with a variety of functional groups on

their surface. These nanoparticles were readily conju-

gated to various bioactive molecules and their selective

targeting to tumor cells in vitro is demonstrated, without
any indication of cytotoxicity. Owing to the ultralow size
(diameter � 20 nm) of these nanoparticles, we expect
that the in vitro tumor targeting data presented here can
be successfully extended to in vivo tumor imaging studies.
In addition, these studies underline the foundation for
the development of theranostic multifunctional nanopar-
ticles, combining the conjugation of other suitable fluoro-
phores (e.g., a NIR dye) and incorporating therapeutic
molecules, drugs, for the purpose of combined diagnosis
and therapy.

EXPERIMENTAL SECTION
Materials. ORMOSIL precursors vinyltriethoxysilane (VTES),

aminopropyltriethoxysilane (APTES), mercaptopropyltrimethox-
ysilane (MPTMS), N=-[3-(trimethoxysilyl)-
propyl]diethylenetriamine (DETA) (technical grade), the fluoro-
phore 5(6)-carboxy-X-rhodamine N-succinimidyl ester
(rhodamine�NHS) and transferrin were purchased from Sigma-
Aldrich. Microfuge membrane-filters (NANOSEP 100K OMEGA)
are a product of Pall Corporation. Anti-claudin 4 and anti-
mesothelin were purchased from Invitrogen. The pancreatic can-
cer cell line MiaPaCa was obtained from ATCC, VA, and cultured
according to instructions supplied by the vendor. Unless other-
wise mentioned, all cell culture products and antibodies were
obtained from Invitrogen.

Synthesis of Rhodamine-Conjugated ORMOSIL (Rhodamine�Silane)
Precursor. To prepare rhodamine-conjugated silane precursor, as
depicted in scheme 1, commercially available 5(6)-carboxy-X-
rhodamine N-succinimidyl ester was used. In a typical proce-
dure, in an oven-dried 10 mL round-bottom flask were taken
rhodamine-NHS ester (10.0 mg, 0.0158 mmol),
3-aminopropyltriethoxysilane (4.19 mg, 0.0189 mmol), and neat
triethylamine (10 �l). To this, anhydrous DMF (3.0 mL) was
added, and the resultant mixture was stirred for 12 h at room
temperature under N2 atmosphere. The reaction mixture was
concentrated under high vacuum; a crude reaction mixture thus
obtained was triturated with EtOAc-hexane mixture and finally
dried in a desiccator. The product was characterized using EI-MS
(Figure S3, Supporting Information).

Synthesis and Purification of Rhodamine-Conjugated ORMOSIL
Nanoparticles with a Variety of Surface Functional Groups. The different
functional group terminated ORMOSIL nanoparticles, covalently
incorporating the fluorophore rhodamine, were synthesized in
the nonpolar core of an oil-in-water microemulsion system
(Scheme 2). For this, three ORMOSIL precursors,
rhodamine�silane (RS), VTES, and APTES or MPTMS or DETA
were copolymerized. Briefly, 0.2 g of the surfactant Tween-80
and 300 �l of the cosurfactant 1-butanol, and 100 �l of DMSO
were dissolved in 10 mL distilled water by magnetic stirring,
forming an oil-in-water microemulsion. To this microemulsion

system, 100 �l of a solution of RS (2.5 mg/ml DMSO) was dis-
solved, followed by addition of 100 �l of neat VTES. After stir-
ring the reaction mixture for about an additional hour, the po-
lymerization reaction was started by the addition of 10 �l
aqueous ammonia followed by 10 �l of neat APTES, MPTMS, or
DETA. The stirring was allowed to go overnight. It should be
noted that in one microemulsion set none of the ORMOSIL pre-
cursors (except for RS) were added, which served as ‘micellar’
control (RMic). Following the synthesis of the rhodamine-
conjugated ORMOSIL nanoparticles, the surfactant, cosurfac-
tant, and other unreacted molecules were removed by dialysis
against distilled water, using a cellulose membrane with a cut-
off size of 12–14 kD. Following dialysis, the nanoparticles were
sterile filtered and stored at 4 °C for future use.

To separate from the Tween-80 micelles, the synthesized
nanoparticles were centrifuged in a microfuge membrane-filter
(NANOSEP 100K OMEGA, Pall Corporation) at 14000 rpm for 30
min (spin-filtration). The Tween-80 micelles (and any nonconju-
gated rhodamine) flow through this membrane and are col-
lected (filtrate). The nanoparticles are captured in the mem-
brane of the filter and are easily redispersed in water by
sonication/vortexing (retentate). A comparison of the amount
of fluorophore in the filtrate and retentate fractions can be used
to estimate the efficiency of incorporation of the fluorophore
within the nanoparticles. All subsequent studies are carried out
with the micelle-free retentate fraction of the nanoparticles.

Conversion of Amine-Terminated ORMOSIL Nanoparticles to Carboxyl
Groups. The amine groups of the DETA-modified ORMOSIL nano-
particles were modified according to the method described ear-
lier.41 The DETA-modified ORMOSIL nanoparticles were treated
with 10% succinic anhydride in DMF for 6 hrs with constant stir-
ring. The resulting carboxylate-modified nanoparticles were dia-
lyzed against deionized water for 14 hrs.

Conjugation of -COOH Terminated ORMOSIL Nanoparticles with
Transferrin/Anti-claudin 4 and Anti-mesothelin. A 1 mL portion of stock
solution of -COOH-terminated ORMOSIL nanoparticles was
mixed with 25 �l of 0.1 M EDC solution and gently stirred for
30 min. Next, 5 �l of 5 mg/mL of transferrin or 5 �l of anti-claudin
4 or anti-mesothelin (0.5 mg/mL) was added into this mixture,

and the mixture was incubated at room temper-
ature for 2 h to allow the protein to covalently
bond to the COOH group of the ORMOSIL nano-
particles. The conjugation was confirmed by
agarose gel electrophoresis and measuring the
�-potential values of the resulting
nanoparticles.

Cell Staining Studies. For in vitro imaging with
different functionalized ORMOSIL nanoparti-
cles, the human pancreatic cancer cell line Mia-
PaCa was cultured in Dulbecco minimum essen-
tial media (DMEM) with 10% fetal bovine serum
(FBS), 1% penicillin, and 1% amphotericin B.
The day before nanoparticles treatment, cells
were seeded in 35 mm culture dishes. On the
treatment day, the cells, at a confluency of 70 –
80%, in serum-supplemented media were
treated with the ORMOSIL nanoparticles at aScheme 1. Synthesis of rhodamine conjugated to APTES
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specific concentration (100 �l/1 mL media) for two hours at
37 °C.

Cell Viability Assay. The MiaPaCa cells were dispensed into a 96-
well flat-bottom microtiter plate (Nunc) (10000 cells/well) and al-
lowed to attach overnight using DMEM medium with 10% FBS.
Cell viability was assessed by the Cell Titer-Glo luminescent cell
viability assay (Promega Corporation, Madison, WI). This assay is
a homogeneous method to determine the number of viable cells
in culture based on quantity of the ATP present, which signals
the presence of metabolically active cells. In brief, after 4 h treat-
ment with different bioconjugated ORMOSIL nanoparticles, me-
dia was changed, and the Cell Titer-Glo reagent was added to the
cells, Each was mixed for 2 min and allowed to incubate for 10
min at room temperature. Luminescence was measured using a
microplate luminometer (Bio-Tek Synergy HT microplate reader)
and data ewere expressed as a percentage of the control. Tests
were performed in quadruplicate. Each point represents the
mean � SD (bars) of replicates from one representative
experiment.

Flow Cytometry Analysis. The cellular uptake of Rhodamine con-
jugated ORMOSIL nanoparticles, with and without conjugation
with various targeting molecules, was quantified by flow cytom-
etry. MiaPaCa cells were seeded at 1.0 � 106 cells per T25 flask
and allowed to attach for 24 h. To determine the extent of nano-
particles uptake, the cells were incubated with 25 �l of nanopar-
ticle solution per 1 mL serum-free medium for 2 h. Treated cells
were then washed three times with phosphate-buffered saline
(PBS) and then harvested by trypsinization. The red-emitting
rhodamine conjugated to the ORMOSIL matrix served as the
fluorescent marker to quantitatively determine their cellular up-
take, and the results are analyzed by FACS Calibur flow cytome-
try and CellQuest Pro software (Becton Dickenson, Mississauga,
CA).
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