Labeling nanoparticles — dye leakage and altered cellular uptake
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Abstract

In vitro and in vivo behavior of nanoparticles (NPs) is often studied by tracing the NPs with
fluorescent dyes. This requires stable incorporation of dyes within the NPs, as dye leakage
may give a wrong interpretation of NP biodistribution, cellular uptake and intracellular
distribution. Furthermore, NP labeling with trace amounts of dye should not alter NP

properties such as interactions with cells or tissues.

To allow for versatile NP studies with a variety of fluorescence-based assays, labeling of NPs
with different dyes is desirable. Hence, when new dyes are introduced, simple and fast
screening methods to assess labeling stability and NP-cell interactions are needed. For this
purpose we have used a previously described generic flow cytometry assay; incubation of
cells with NPs at 4°C and 37°C. Cell-NP interaction is confirmed by cellular fluorescence

after 37°C incubation, and NP dye retention is confirmed when no cellular fluorescence is

detected at 4°C.

Three different NP-platforms labeled with six different dyes were screened, and a great
variability in dye retention was observed. Surprisingly, incorporation of trace amounts of
certain dyes was found to reduce, or even inhibit NP uptake. This work highlights the
importance of thoroughly evaluating every dye-NP combination before pursuing fluorescent

NP applications.
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Introduction

Nanotechnology has enabled development of multifunctional nanoparticles (NPs) for various
medical applications. Improved diagnostics and therapy of various diseases has been
achieved by incorporating contrast agents for imaging and drugs for therapy (1-5). In order to
understand the behavior of NPs in vitro and in vivo it is necessary to trace them. This is
commonly done by encapsulation of fluorescent dyes in the NPs, which allows their detection
with optical techniques (6-12). Encapsulating dyes and drugs in NPs might change the
properties both of the NPs and the encapsulated molecules. This could modify surface
properties (13) and change the NP charge (14) and interaction between the NPs and other
molecules and cells. It is well known that changing the size, shape or surface charge of NPs
can alter the NP uptake in cells (15-17). Furthermore, the NP and the fluorescent probe do not
always behave as a single unit; various examples of leakage of dyes from NPs have been
reported (18-21). Fluorescence from released dyes can wrongly be interpreted as NP-
fluorescence, causing the apparent cellular uptake, intracellular distribution, and
biodistribution to not represent that of the NPs (18,22-24). This emphasizes the importance of
choosing a fluorescent dye that is compatible with the NP-platform into which it is
incorporated. Various procedures have been developed to evaluate NP-labeling stability
(18,20,23,25-29). However, the majority of these assays do not include cells or serum, which
could strongly affect dye release as these serve as acceptor compartments for released dye in
vivo (18,24,29-33).

We have previously shown that Nile Red (NR) leaks out of poly(butyl cyanoacrylate)
(PBCA)-NPs upon cell contact (24), which is in line with various studies showing NR release
from NPs (18,19,25,26). The hydrophobic analogue NR668 was found to leak much less than
NR from nanoemulsions (NEs) (18), and to be suitable for tracing the PBCA-NPs, as it was

not released from the NPs until they were endocytosed and degraded (12). In search of



alternative dyes for stable NP labeling and potential Forster resonance energy transfer
(FRET) pairs, we performed the current study and applied a flow cytometric cell based assay
to screen a variety of dye-NP combinations. Cells were incubated with NPs at 4°C or 37°C,
and cellular binding and uptake of dyes or NPs were quantified by flow cytometry (FCM).
Energy depletion at 4°C (20,23) was used to determine whether cellular uptake was active or
passive (22,34,35). Energy dependent uptake (28,36) is likely the main mechanism for
internalization of NPs. Thus, lack of fluorescence at 4°C indicates no leakage of the dye from
the NP, whereas cellular fluorescence at 4°C might be due to dye leakage and subsequent
energy-independent transfer of the dye to the cell, or due to cell surface-associated NPs. No
fluorescence at 37°C indicates lack of NP uptake, and the enhanced fluorescence from
incubation at 4°C to 37°C results mainly from NPs being endocytosed (37) or associated with
the plasma membrane (38). Thus, the assay provides information both about dye retention in
NPs as well as how labeling NPs affects their association with and uptake by cells. Two
different cell lines, with different propensities to take up PBCA-NPs (12), were used. The rat
brain endothelial cell line RBE4 was chosen because of the reported ability of PBCA-NPs to
cross the blood brain barrier (39), and the human prostate cancer cell line PC3 was chosen
because it is a widely used cancer cell line.

Six different hydrophobic fluorophores (Figure 1) encapsulated in three commonly
used NP-platforms — PBCA-NPs, NEs and liposomes — were studied systematically.
Hydrophobic dyes are often used as models for hydrophobic drugs, which due to their low
solubility in water, benefit from encapsulation in a nanocarrier. Three of these dyes — NR, Dil
and DiD (Figure 1) — are commercially available and commonly used for NP encapsulation.
The other dyes were synthesized; NR668 designed to be more hydrophobic than NR, the
oligothiophene p-HTAM has been used in a previous study of cellular uptake of NPs (12),

and similarly to NR668, p-HTAH was designed to be more hydrophobic than p-HTAM. We



demonstrate a large variability in NP-dye retention, and surprisingly found that encapsulation

of different dyes significantly alters NP uptake in cells.

Materials and methods

Cell cultures

Human prostate adenocarcinoma cells (PC3, American Type Culture Collection, CRL-1435,
Manassas, USA) were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
Thermo Fischer Scientific, Waltham, USA) supplemented with 10% fetal bovine serum
(FBS, Sigma-Aldrich, St Louis, USA) at 37°C and 5% CO..

Rat brain endothelial cells (RBE4, a kind gift from Dr. Aschner, Vanderbilt University,
Nashville, USA) were cultured at 37°C and 5% CO; in 1:1 mix of Ham's F-10 medium and
MEM medium (both from Thermo Fischer Scientific) supplemented with 10% fetal bovine
serum, 300 pg/ml G418 and 1 ng/ml basic fibroblast growth factor (Thermo Fischer

Scientific).

Dyes used to label NPs

NR (Sigma-Aldrich, catalogue number 72485), NR668 (18), p-HTAM (40), p-HTAH, Dil
and DiD (last two from Thermo Fischer Scientific, catalogue numbers D-7757 and D-282
respectively) were encapsulated in NPs. The structures of the different dyes are shown in
Figure 1, along with their emission spectra in NPs at the excitation wavelengths used for

FCM.

Synthesis of p-HTAH

See supplementary information and Supplementary Scheme 1.



Synthesis of polymeric- and lipid-based NPs

PBCA-NPs were synthesized by the miniemulsion process as described previously (41) and
presented in Supplementary information. Oil-in-water NEs were prepared as described
previously (42) and presented in Supplementary information. Liposomes were prepared as the
NEs, with the following differences: no soybean oil was added, and the sonication time was

only 10 min.

Characterization of the NPs

The NPs were characterized for size and polydispersity index (PDI) using dynamic and
electrophoretic light scattering (Zetasizer Nano ZS, Malvern Instruments, Westborough,
USA) in 0.01M phosphate buffer, pH 7. Surface charge (zeta-potential) was measured for the
various PBCA-NPs.

To verify successful labeling of NPs, a spectrophotometer (Tecan Infinite 200Pro,
Mainnedorf, Switzerland) was used to measure the fluorescence spectra from NPs in
deionized water (20 pg/ml of PBCA for NPs, 76 pg/ml amphiphilic lipid for liposomes and

NEs) at the excitation wavelengths used in FCM.

Incubation with cells

125 000 PC3 cells (passage 40-70) were seeded in 12-well plates (Corning, Corning, USA).
48 h later the medium was changed, and at 72 h the medium was replaced with medium
containing 20 pg/ml PBCA-NPs or 76 pg/ml amphiphilic lipid for NEs and liposomes. The
cells were incubated at 37°C or 4°C for 3 h. The cells at 4°C were pre-incubated at 4°C for 15
min before addition of NPs. Before FCM, the cells were washed with PBS (4°C or 37°C) 3
times to remove surface-associated NPs, trypsinized, resuspended in 4°C medium and placed

on ice.



To study association with RBE4 cells, 100 000 cells (passage 14-18) were seeded in 12-well
plates (Corning). 48 h after seeding, the medium was changed to medium containing PBCA-
NPs, NEs or liposomes at concentrations given above, and the cells were prepared for FCM
after 3 h incubation as described above, except that no incubation at 4°C was performed.

For co-incubation of cells with NPs and free dyes, PC3 and RBE4 cells were co-incubated
with either Dil dye and PBCA-NPs containing p-HTAM or with P-HTAH dye and PBCA-
NPs containing NR668 for 3 h at 37°C, and the cells were prepared for FCM as described
above. Cells were also incubated with the free dyes only. Concentrations of free dyes were

similar to the amount of dye incorporated in NEs/liposomes.

Quantification by FCM

Fluorescence from cells was measured using FCM (Beckman Coulter Gallios, Fullerton,
USA). NR and NR668 were excited at 561 nm and fluorescence was detected at 620 nm
using a 30 nm bandpass filter. p-HTAM and p-HTAH were excited at 405 nm and
fluorescence was detected at 450 nm using a 50 nm bandpass filter. DiD was excited at 633
nm and fluorescence was detected at 660 nm using a 20 nm bandpass filter, while Dil was
excited at 561 nm and detected at 582 nm with a 15 nm bandpass filter.

A minimum of 10 000 cells were counted per sample, and cellular fragments and debris were
excluded from the analysis by subjectively choosing a collection gate from the distribution in
the side-scatter versus forward-scatter dot plot (an example is shown in Supplementary
Figure 1). The data were analyzed using Kaluza Flow Cytometry Analysis software v1.2

(Beckman Coulter). Additional FCM details are presented in the Supplementary information.



Results

The range of sizes and PDIs of the PBCA-NPs, NEs and liposomes are presented in Table 1.
All the NPs were successfully fluorescently labeled (Supplementary Table 1). Zeta-potential

of the various PBCA-NPs were -2 to -4 mV.

Dye retention in NPs

FCM analysis of PC3 cells incubated with the various NPs at 4°C showed that dye retention
varied greatly between the various dyes and NPs studied (Figure 2A). In general, dyes were
more stably incorporated in PBCA-NPs than in lipid-based NPs. The results are summarized

in Table 2.

NR leaked out of all three NP platforms. The cellular fluorescence was almost the same at
4°C and 37°C, indicating extensive NR release from the NPs, in accordance with our
previously reported study of PBCA-NPs (24) and NEs (18). The hydrophobic analogue of
NR, NR668 (12,18), was retained within the PBCA-NPs, but for the lipid-based NPs some
leakage was observed. The commonly used lipophilic carbocyanines, Dil and DiD, were
retained within all three NP-platforms as no cellular fluorescence was detected at 4°C. p-
HTAM was retained in PBCA-NPs and NEs, but some leakage from liposomes was
observed. Incubation using our newly synthesized oligothiophene, p-HTAH, which has
hexane alkyl chains instead of methyl like p-HTAM, did not show any cellular fluorescence
at 4°C, indicating that the dye is retained in the NPs. Surprisingly, no cellular fluorescence

was detected at 37°C either, and free p-HTAH did not stain cells (data not shown).

Dye encapsulation can prevent cellular NP uptake



The uptake of p-HTAH-NPs in PC3 cells was inhibited compared to those with p-HTAM.
Similar to NPs with p-HTAH, NEs labeled with the two carbocyanines and liposomes labeled
with Dil did not show cellular fluorescence at 37°C either (Figure 2A). We have also found
that PBCA-NPs encapsulating DiO were not taken up at 37°C (Supplementary Figure 2).
NR668 and p-HTAM encapsulated in all three NPs as well as Dil and DiD in PBCA-NPs and
DiD in liposomes showed higher cellular fluorescence at 37°C than 4°C, indicating

endocytosis and/or surface binding of the NPs (Table 3, Figure 2A).

To further study the lack of cellular uptake of the various NPs at 37°C, RBE4 cells which
internalizes PBCA-NP more efficiently than PC3 cells (12), were included. All PBCA-NPs,
including those with encapsulated p-HTAH, showed RBE4 cell-association (Table 3, Figure
2B). However, the uptake of p-HTAH-PBCA-NPs was reduced compared to p-HTAM-
PBCA-NPs, even though p-HTAH-PBCA-NPs showed higher fluorescence intensity
(Supplementary Table 1). For liposomes and NEs, however, the association with RBE4 cells
varied depending on the dye. NEs and liposomes labeled with NR668, p-HTAM or p-HTAH
all showed cellular fluorescence at 37°C. In accordance with results from PC3 cells, RBE4
cells showed hardly any cellular fluorescence after incubation at 37°C with neither NEs nor

liposomes labeled with Dil or NEs labeled with DiD.

To investigate whether the lack of fluorescence in PC3 cells incubated with p-HTAH
encapsulated in PBCA-NPs was due to NPs not being endocytosed, PC3 and RBE4 cells
were incubated at 37°C with PBCA-NPs labeled with both p-HTAH and NR668. No
fluorescence from either dye was detected by FCM in PC3 cells, but both fluorophores were
detected in RBE4 (Figure 2C and 2D, respectively). This strengthened the indication that p-

HTAH prevented NPs from being taken up in PC3 cells.
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Furthermore, PC3 cells were co-incubated at 37°C with one NP shown to be cell-associated
and one NP that was not. The combinations used were NEs or liposomes with Dil (no cell-
association) together with PBCA-NPs containing p-HTAM (cell-association), and NEs or
liposomes with p-HTAH (no cell-association) together with PBCA-NPs containing NR668
(cell-association). Only the combination of Dil liposomes and PBCA-NPs with p-HTAM
showed cellular fluorescence from PBCA-NPs. NEs with Dil and NEs/liposomes with p-
HTAH thus prevented cellular association of both NR668 as well as p-HTAM labeled PBCA-
NPs (Supplementary Figure 3A). Interestingly, free Dil and p-HTAH did not affect cellular

association of PBCA-NPs in co-incubation experiments (Supplementary Figure 3B and C).

Discussion

In the current study, a rapid FCM-based screening method was used to evaluate the retention
of six different dyes in three different NP-platforms. Various approaches are reported in the
literature to determine leakage of fluorescent dyes from NPs (12,18,20,23-29). Several
studies are based on in vitro dye/drug release in aqueous solution by separation methods (25).
Others have used lipid acceptor compartments to evaluate the dye’s propensity to leak out of
the NP (25-27). We chose to use a simple cell based FCM assay which can be used with a
wide variety of cell lines (20,22,24). The advantage of using FCM is that it is a rapid and
quantitative method allowing screening of a large number of samples. A limitation is that the
method does not separate fluorescence from internalized and surface-bound dyes or NPs (43).
Thus additional methods are needed to verify whether the NPs are internalized. Microscopy is
another method used for studying uptake and distribution of NPs (18,22,37,43). However,
microscopy should be employed with care in the assessment of dye leakage, as free
hydrophobic dyes will bind to intracellular hydrophobic molecules resulting in both diffuse

and spotted staining pattern (12,24,30,33), thereby making the dye hard to separate from the
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fluorescence of intact NPs. In a previous study, we have shown that PBCA-NPs with NR668
are taken up in PC3 cells by endocytosis, verified by the use of time consuming intracellular
spectral microscopy and fluorescence-lifetime imaging microscopy (FLIM) (12). This
illustrates that although highly useful, microscopy is not suitable for rapid screening of a
large number of samples. In several other studies, FRET has been used to study release from
NPs (18,21,28). Although this represents an elegant approach, and allows for real-time in
vivo follow up of dye release, it requires successful incorporation of two dyes, one donor and

one acceptor, and extensive optimization and control experiments.

Dye retention and leakage from NPs

In the current study, some dyes were found to be retained in the NPs (NR668 for PBCA-NPs,
p-HTAM for PBCA-NPs and NEs, and DiD and Dil in all NPs). In case of the other
fluorophores (NR for all NPs, NR668 for NEs and liposomes and p-HTAM for liposomes)
dye leakage could not be ruled out. These results demonstrate that dye retention is highly
dependent on both dye and NP-platform, and that thorough evaluation of labeling stability is

critical.

When no fluorescence was observed at 4°C, we concluded that the dyes are retained in the
NPs. This is correct when the assumption that free dyes would enter the cells via energy
independent processes holds. The free dyes NR, NR668 and p-HTAM have indeed been
confirmed to stain cells in our previous work using microscopy (12,24). In addition, DiD and
Dil are known to diffuse across the plasma membrane (28,44,45). Thus, Dil and DiD in NEs
and liposomes are most likely retained, as any leakage of the dyes from NPs would

presumably stain the cells. However, free p-HTAH was not found to label cells it is possible

12



that not even a DMSO formulation is enough to solubilize the very hydrophobic p-HTAH in

aqueous solutions, thus retention of this fluorophore by the NPs is uncertain.

The problem of fluorophore leakage has also been recognized by others, and their
observations are largely in agreement with our results (18,19,21,22,25,26,28,46-48). NR has
repeatedly been shown to leak out of various NPs (18,19,25,26), and we concluded in a
previous study that NR was taken up by cells through contact-mediated transfer within
minutes after addition of PBCA-NPs (24). The retention of a dye in a NP is largely governed
by hydrophobic and electrostatic interaction between the dye and NP. Its compatibility with
the hydrophobic phase in the NPs (polymer core in the case of PBCA-NPs, oil core and
phospholipid monolayer in the case of NE, and phospholipid bilayer in the case of liposomes)
plays an important role in dye release. For dyes which do not leak from the NPs, the dye is
likely to have a strong preference for the hydrophobic phase and to be confined within the
hydrophobic compartment. Thus, it is not released from the NP until the NP degrades. A dye
that is not retained efficiently is presumably more present at the NP-surface as compared to
non-leaky dyes (18). Accordingly, these dyes are present in the shell of the NP, and a

continuous release not associated with NP-degradation may occur.

Dye encapsulation can prevent cellular NP uptake

Studying cellular uptake of NPs is commonly done by labeling the NPs with fluorescent dyes.
In accordance with this practice, we studied uptake of PBCA-NP in PC3 and RBE4 cells and
to our surprise found that when encapsulating some dyes no cellular uptake was detected.
Thus we performed the systematic study presented here. Both the carbocyanines Dil and DiD

and the oligothiophene p-HTAH inhibited cellular uptake of NPs. To further study this
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inhibition we encapsulated both NR668 (that is taken up by PC3-cells) and p-HTAH (that is
not taken up) in PBCA-NP. As a result, the NP was not taken up in PC3 cells, however, a
clear uptake in RBE4 was still detected, in accordance with the uptake behavior of the
individually encapsulated dyes. Next, PC3 cells were co-incubated with a NP that was taken
up and one that was not. In three out of the four combinations, uptake of the NPs was
inhibited by the NP-dye that inhibits uptake. The mechanisms underlying the observed effect
are not clear. The reduced cellular uptake was not due to the size or zetapotential of the NPs;
the encapsulation of the dyes did not change the size of the NPs significantly, and for all the

PBCA-NPs the zetapotential was -2 to -4 mV.

The chemical composition and structure of the encapsulated dye might affect the cellular
uptake. The common denominators for NP-encapsulated dyes that inhibit cellular uptake are
long alkyl chains (hexyl or longer) and quartenary amines. However, NR668 has both these
functionalities but did not inhibit cellular uptake of NPs. The carbocyanines on the other
hand, having quartenary amines, inhibited cellular uptake of lipid based NPs. This inhibition
also depended on the interaction with the NPs, as cellular uptake of liposomes with DiD was
not inhibited. To fully elucidate how the NP-interaction with the cell changes upon a change
of dyes would require a more thorough study of both the NP chemistry and the processes

involved in endocytosis.

Conclusions

A systematic study of different hydrophobic dyes encapsulated in three different NP-
platforms has been performed. Dye retention was found to vary greatly between the various
dyes and NPs studied. Moreover, we have shown that the choice of dye may also impact the

uptake behavior of the NP. The implications of our observations are significant for anyone

14



that is studying the properties of NPs with fluorescence-based methods, or when trace
amounts of a fluorophore are replaced with high payloads of drugs for drug delivery
purposes. Our findings highlight the importance of evaluating every combination of
encapsulated agent and NP-platform before making conclusions about interactions with cells

and tissue or payload release.
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Figure 1: Chemical structures and emission spectra of the six dyes encapsulated in NPs at the
excitation wavelengths used for FCM; 561 nm for NR and NR668, 405 nm for p-HTAM and p-
HTAH, 561 nm for Dil and 633 nm for DiD. The detection bandpass filter used in FCM is shown in
grey. The lack of overlap between the detection bandpass and spectrophotometer fluorescence spectra

in some cases is due to limitations of the spectrophotometer (detection must start at least 35 nm above
excitation). Dil (1,1'-dioctadecyl-3,3,3',3'-tetramethylindocarbocyanine perchlorate), DiD (1,1'-
dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine 4-chlorobenzenesulfonate salt), NR668
(9-Dihexylamino-2-(2-ethyl-hexyloxy)-benzo[a]phenoxazin-5-  one), p-HTAH  ((3"-
carboxymethyl-[2,2';5',2";5",2";5" 2""|quinquethiophen-4'-yl)-acetic acid hexyl ester) and p-
HTAM ((3"'-carboxymethyl-[2,2";5',2";5",2";5",2""|quinquethiophen-4'-yl)-acetic acid methyl

ester).
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Figure 2: Flow cytometry histograms illustrating fluorescence from PC3 cells after incubation with
NPs at 4°C or 37°C (A). The histograms show one representative experiment. All experiments were
repeated 2-3 times. Flow cytometry histograms illustrating fluorescence from RBE4 cells after
incubation with NPs at 37 °C (B). The histograms show one representative experiment. All
experiments were repeated 2 times. Flow cytometry histograms illustrating association with PC3 or
RBE4 cells incubated with dual-labeled (p-HTAH and NR668) PBCA-NPs at 37°C (C and D

respectively). Autofluorescence (blue), incubation at 4°C (green) and incubation at 37°C (red).



Supplementary:

H,SOy4, hexanol,
dioxane, 50°C

65%

p-HTAM

Scheme 1: Synthesis of p-HTAH.

Synthesis of p-HTAH

All chemicals were purchased from Sigma-Aldrich. p-HTAM (0.085 g, 0.153 mmol) was
dissolved in dry dioxane (4 mL). Conc. H,SO4 (0.045 mL, 0.844 mmol) was added and the
solution was heated at 50 °C overnight. The reaction was quenched with saturated NaHCOs3
(aq) and extracted with dichloromethane. The organic phase was dried, filtered and
concentrated. Purification by high pressure liquid chromatography gave p-HTAH (0.069 g,
65%) as an orange glue. "H NMR (300 MHz, CDCl;) & 0.85 (t, J = 7.0 Hz, 6H), 1.18-1.40 (m,
12H), 1.54-1.70 (m, 4H), 3.76 (s, 4H), 4.14 (t, ] = 6.7 Hz, 4H), 7.01 (dd, J = 5.1, 3.6 Hz, 2H),
7.13 (s, 2H), 7.17 (dd, J = 3.6, 1.1 Hz, 2H), 7.19 (s, 2H), 7.22 (dd, J = 5.1, 1.1 Hz, 2H); °C
NMR (75 MHz, CDCls) ¢ 14.1, 22.7, 25.7, 28.7, 31.5, 35.9, 65.5, 124.1, 124.9, 126.9, 127 .4,
128.0, 131.3, 131.6, 135.6, 136.3, 136.8, 170.8. ESI-MS m/z 697.2 [(M+H)" calcd for

Ci6H4104S5" 697.2].

Synthesis of PBCA-NPs

PBCA-NPs were synthesized by the miniemulsion process as described previously (41).
Briefly, an oil-in-water emulsion was prepared by mixing a monomer oil phase with a water
phase containing a PEG stabilizer (Brij®L23, Sigma-Aldrich). The monomer phase contained

butyl cyanoacrylate (BCA, a kind gift from Henkel Loctite, Dublin, Ireland), a neutral oil as
1



co-stabilizer (Miglyol® 810N, kind gift from Cremer, Hamburg, Germany), a radical initiator
(V65, Azobisdimetyl valeronitril, Wako, Osaka, Japan) and 0.5 wt% of the fluorescent
dye(s). After emulsifying using sonication (Branson Ultrasonifier, Danbury, USA),
Jeffamine®M-2070 (a polyetheramine with a 19-unit PEG chain, Huntsman Corporation, Salt
Lake City, USA), was added to initiate the polymerization at the droplet surface.
Polymerization was carried out at room temperature overnight. Potential unreacted monomer
in the particle core was polymerized by increasing the temperature to 50°C for 8 h, activating
free radical polymerization by V65. The particles were rinsed by extensive dialysis and stored

in the dark at 4°C.

Synthesis of NEs

Oil-in-water NEs were prepared through a method based on swift evaporation of organic
solvents as previously described (42). The amphiphilic lipids 1,2-disteraoyl-sn-glycero-3-
phosphocholine (DSPC), cholesterol, and 1,2-disteraoyl-sn-glycerol-3-phosphoethanolamine-
N-[methoxy(polyethylene glycol)-2000] (PEG-DSPE) (all from Avanti Polar Lipids,
Alabaster, USA) were used at a molar ratio of 62:33:5. 0.5 mol% fluorophore and 2.6 mg of
soybean oil per umole of the amphiphilic lipid mixture were included. All components
(typically 5 umole of amphiphilic lipids) were combined in chloroform and dripped into
4.5 ml deionized H,O at 72°C under vigorous magnetic stirring (1300 rpm). The chloroform
evaporated instantly and the obtained crude emulsions were tip-sonicated for 20 min (Heat
System Ultrasonics, W-225R, duty cycle 35%, 30 W and 20 kHz) in a water bath in order to

maintain room temperature. The NEs were stored in the dark at 4°C until use.



Additional information about FCM experiments

The instrument was manufactured in 2009 and installed the same year. The optical filters
used are original. The instrument has been serviced at a yearly basis. Before each experiment
a quality control protocol was performed with to verify laser stability with Flow-check Pro

Fluorospheres (A63493 - Beckmann Coulter).

The following lasers were used:
488nm default, 405nm, 56 1nm, 633nm
Photo multiplier tubes (PMT) were used as analyte detectors (FL2 582 nm, BP 15 nm; FL3

620 nm, BP 30 nm; FL6 660 nm, BP 20 nm; FL9 450 nm, BP 50 nm).
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Figure 1: Example of a collection gate in the side-scatter versus forward-scatter dot plot and the

corresponding histogram.

Table 1: Fluorescence intensity from PBCA-NPs, liposomes and NEs measured by

spectrophotometer. Excitation/emission wavelengths were as follows: 561/620 nm for NR and



NR668, 405/450 nm for p-HTAH and p-HTAH, 633/668 nm for DiD and 561/596 nm for Dil.

Average and standard deviation are shown, n = 2-4.

NR NR668 p-HTAM  p-HTAH Dil DiD

PBCA-NPs  44473+431 34178+745 9130+104 43422+341 44796+110 46272+400
NEs 46352168 61432+2 8965+43 11026158  44101+227 46005+32°
Liposomes 12995+413  3014+39 560043 5367+34 53110+162 211324193

Water 315+11 315+11 4726181 4726+181 174+6 719+41

*Measured at lower gain compared to the other DiD-NPs
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Figure 2: Flow cytometric histograms illustrating fluorescence from PC3 cells incubated with DiO-

PBCA-NPs for 3 h and 20 h.
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Figure 3: Flow cytometric histograms from co-incubation of NEs/liposomes with Dil/p-HTAH and
PBCA-NPs with p-HTAM/NR668 in PC3 cells (A), and co-incubation of free dyes (Dil/p-HTAH)

with PBCA-NPs with p-HTAM/NR668 in PC3 (B) and RBE4 cells (C).



