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Cationic polymers have been widely used as promising non-viral gene carriers, but their

undesirable toxicity is a drawback. Hydrophobic modification has been developed as an
efficient strategy to overcome this disadvantage. In this study, 25 kDapoly ethyleneimine (PEI),
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the gold standard of polycations for effective gene delivery, was modified with the

hydrophobic luminogen tetraphenylethene (TPE), which shows aggregation-induced emission
(AIE) and has been utilized as a luminescent probe in various applications. The modified PEI
(TPEI) self-assembled into micelle-like nanoparticles (TPEI-NPs) and displayed AIE behavior
in aqueous media. The TPEI-NPs exhibited bright blue fluorescence and were suitable for
long-term cell imaging. Compared with PEI, TPEI-NPs showed lower cytotoxicity but the

transfection efficiency was nearly high. Therefore,

modification of polycations with

hydrophobic fluorescent molecules represents an advanced strategy for designing visible gene

vehicles with low toxicity.

Introduction

Gene therapy has become a promising strategy for treatment
of diseases ranging from hereditary disorders to acquired
illness.! The soaring interests and rapid progress in gene
therapy benefit from the development of gene delivery
systems.? Cationic polymers, one of the most important non-
viral gene delivery systems, have attracted intense research
efforts due to their facile manufacture, flexibility, stability and
proven gene delivery efficiency.® * However, low transfection
efficiency and undesirable cytotoxicity are still the greatest
obstacles preventing the clinical application of polycations.® A
wide range of modifications have been implemented to tackle
these disadvantages while maintaining or improving the gene
delivery efficiency, among which hydrophobic conjugation
exhibits great promise.® As shown in previous research, the
addition of hydrophobic segments can influence the formation
and stability of complexes formed by carriers and nucleic
acids,” and the interaction between hydrophobic groups and the
lipophilic cell membrane improves the compatibility of
complexes as they cross the plasma membrane, thus enhancing
cellular uptake® These properties all contribute to more
efficient gene transfer with reduced cytotoxicity.

Traditional cationic gene delivery systems lack a suitable
signal for long-term and real-time imaging of the process of
gene transfer.® In order to monitor gene delivery and release for
the improvement of current gene therapy protocols, carriers can
be modified with fluorescent reagents and tracked through
fluorescence microscope.’® However, fluorescent dyes often
suffer from the aggregation-caused quenching (ACQ) effect!
and poor photostability,’? which decrease their suitability for
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this purpose. These limitations can be overcome by using
quantum dots (QDs), which have been reported as a dual modal
gene delivery carrier and imaging agent thanks to their unique
optical properties. However, the intrinsic toxicity of QDs in
oxidative biological environments hinders their further
applications.** 4

The unique phenomenon of aggregation-induced emission
(AIE) holds great promise for the development of novel
fluorescent agents.!® An AIE fluorophore is almost non-
emissive in a monodisperse state but emits efficiently when
aggregated because of restriction of intermolecular rotation
(RIR).Y® Previously, we prepared amphiphilic polymeric
micelles as a visible drug delivery system with low cytotoxicity
and superior imaging quality.'® The micelles were comprised of
amino-methoxypolyethylene, which provided the hydrophilic
arms, and tetraphenylethene (TPE, an archetypal AIE
luminogen), which provided the hydrophobic imaging moieties.
Tang’s group also took advantage of the unique “turn on”
fluorescence of AIE molecules and fabricated a fluorogenic
probe by attaching large amounts of TPE to a chitosan (CS)
chain.? The resultant TPE-CS bioconjugate exhibited bright
emission when the molecules were aggregated, and the
aggregates were easily taken up into cells, where they remained
detectable for as long as 15 passages. All this evidence
indicates that TPE possesses hydrophobicity with high
biocompatibility, good photo-stability and accessible
functionaliz ation.

Herein, to overcome the poor performance of cationic
polymers in gene delivery while adding the advantages of a
hydrophobic AIE luminogen, we conjugated polyethyleneimine
(PEI) with carboxylated TPE (TPE-COOH) and palmitic acid
(PA). PA was introduced here to provide a larger hydrophobic
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segment than TPE alone. As shown in Scheme 1, the conjugate
(abbreviated as TPEI) was designed to self-assemble into
micelle-like nanoparticles (TPEI-NPs) in aqueous media and
display bright emission for long-term tracking. In addition, we
predicted that nucleic acids would interact with TPEI-NPs
through electronic adsorption and would be transferred
efficiently into cells with low cytotoxicity.
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Scheme 1 Synthetic route of TPElI and schematic illustration of the self-
assembly of TPEI nanoparticles (TPEI-NPs).

Results and Discussion

Synthesis and characterization of TPEI

As the gold standard for effective gene transfection, 25 kDa
branched PEI was chosen as the skeleton of the cationic
polymer. TPEI was synthesized simply by conjugating TPE-
COOH and PA to PEI via amide linkage. The molar ratios
between primary amino on PEI and carboxy | groups were 10:1,
20:1, and 40:1 (denoted as 10-1 TPEI, 20-1 TPEI, and 40-1
TPEI), with TPE-COOH and PA contributing equal amounts of
carboxyl groups. According to the *H NMR characterization
shown in Figure S1-S4, the appearance of new peaks at 1.26
ppm and 7.30 ppm suggested that the PEI skeleton was
successfully modified with hydrophobic segments, and their
integrals indicated that the degrees of substation were 1.25%
for 10-1 TPEI, 0.96% for 20-1 TPEI and 0.71% for 40-1 TPEI
respectively. Moreover, it could be learned from 'H NMR
spectrums that the molar ratio of TPE-COOH and PA was
about 1:3 on per-molar PElI modification, thus molecular
weights of 10-1 TPEI, 20-1 TPEI and 40-1 TPEI were
calculated as 27130, 26639 and 26216 respectively. The solid
TPEI powders had a faint yellow colour under daylight, and
became emissive when excited by a UV light (Fig. 1A). The
blue fluorescence intensified as theratio of TPE increased. 10-1
TPEI powder showed the highest intensity of fluorescence,
which is 1.41 times that of 20-1 TPEI powder and 1.75 times
that of 40-1 TPEI under the same mass (Figure S5). This result
confirmed the successful modification of PEIl by the TPE
moiety with increasing feed ratios. It also suggested that TPEI
has characteristics of AIE rather than ACQ, as a powdered
polymer labelled with an ACQ fluorescent dye would show a
dramatically weakened emission as the degree of labelling
increased.!’

2 | J. Name., 2012, 00, 1-3

The AIE behaviour of TPEI was further investigated
spectroscopically. In a benign solvent (DMSO), TPEI (100
pg/ml) dissolved completely and showed rather weak
fluorescence due to the free intramolecular rotation of the
phenyl rings of TPE. The fluorescence intensity of TPEI rose
dramatically as the water fraction of the DMSO solution
gradually increased (Fig. 1B-1D). This is consistent with the
RIR mechanism, and suggests that TPEI shows typical AIE
characteristics. It is notable that, unlike other TPE derivatives
reported previously, TPEI still showed faint emission in the
benign solvent and its fluorescence increased nonlinearly when
water was gradually added. The polymer chain might tangle
with and enwrap TPE fluorogen, thus strengthening the RIR
process.'®
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Fig. 1 AIE behaviors of TPEIl. (A) Fluorescent images of TPEl under
daylight (upper panel) and UV-light (bottom panel). Fluorescence spectra
of (B) 10-1 TPEI, (C) 20-1 TPEl and (D) 40-1 TPElI (100 pg/ml) in
DMSO/water mixtures with different water fractions (vol %) (Aex = 330 nm).

Preparation and characterization of TPEI-NPs

Based on its amphiphilic properties, TPEI should self-
assemble into TPEI-NPs in aqueous media, and this process
should induce intense emission due to the RIR of TPE. This
sudden increase in fluorescence is convenient for measuring the
critical micelle concentration (CMC) of TPEI. As shown in Fig.
2A, 10-1 TPEI, 20-1 TPEI and 40-1 TPEI had different CMCs
of 12 pg/ml, 24 pg/ml and 96 pg/ml respectively. Fluorescence
images of the different polymer solutions (100 pg/ml), shown
in the inset of Figure 2A, indicates that 10-1 TPEI and 20-1
TPEI can aggregate in aqueous media and provide efficient
fluorescence for cell imaging. A higher concentration of 40-1
TPEI is needed for formation of aggregates. Based on these
results, only 10-1 TPEI and 20-1 TPEI were used in the
subsequent experiments, because the aggregates are stable at a
lower concentration and are less likely to be cytotoxic. Next,
the morphologies of 10-1 TPEI-NPs and 20-1 TPEI-NPs were
imaged by transmission electron microscopy (TEM) (Fig. 2B
and C), and size distributions (Fig. 2D and E) and zeta
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potentials were measured via dynamic light scattering (DLS).
Above the CMC, both 10-1 TPEI and 20-1 TPEI self-assembled
into tight and wuniform aggregates with good optical
performance. The zeta potentials were 40.1 mV for 10-1 TPEI-
NPs and 45.3 mV for 20-1 TPEI-NPs. Thus, the aggregates
have a high positive charge, which lay the foundation for
electrostatic interactions with negatively charged nuclei acids.
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Fig. 2 Characterization of TPEI-NPs. (A) Measurement of the critical
micelle formation concentration (CMC). Inset: Fluorescent image s of TPEI
and PEI solutions (100 pg/ml). TEM images of (B) 10-1 TPEI-NPs and (C)
20-1 TPEI-NPs, and their respective size distributions (D and E).

Characterization of complexes

To investigate the potential of TPEI-NPs in gene delivery
and transfection, we chose plasmid DNA (pDNA) encoding
green fluorescent protein (GFP) as a model nucleic acid. An
important parameter of the carrier in a gene delivery system is
the ability to bind pDNA and condense it into complexes.
Herein, agarose gel electrophoresis was performed to
characterize the complexes of TPEI-NPs and pDNA at different
N/P ratios, and the particle sizes and zeta potentials were also
determined. For the sake of simple calculation of N/P ratio, the
amount of amino groups on TPEI were considered to be same
as PEI with the low grafting degree of hydrophobic groups on
PEI. As shown in Fig. 3, the results indicated that the
introduction of hydrophobic segments affected the ability of
TPEI-NPs to bind and condense pDNA. 10-1 TPEI-NPs
inhibited pDNA migration at an N/P ratio of 6, while 20-1
TPEI-NPs required an N/P ratio of 4. These results can be
compared with a previous report that 25 kD PEI comp letely
retards pDNA migration at an N/P ratio of just 2.1° The
different binding affinity for pDNA might be due to the
different level of free amino groups on the polycations. In 10-1
TPEI, more of the PEI amino groups were coupled with TPE
and PA. The zeta potentials of complexes showed an upward
trend as the N/P ratios increased. The 10-1 TPEI-NPs/pDNA
and 20-1 TPEI-NPs/pDNA complexes got the smallest size at
an N/P ratio of 10. It is worth noting that the 20-1 TPEI-
NPs/pDNA complexes were smaller in size at all the N/P ratios

tested, which might result in higher gene transfection efficiency.
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Fig. 3 (A) Agarose gel electrophoresis assay of TPEI-NPs/pDNA
complexes. Sizes and zeta potentials of (B) 10-1 TPEI-NPs/pDNA
complexes and (C) 20-1 TPEI-NPs/pDNA complexes at different N/P
ratios.

Biocompatibility in vitro

To demonstrate the biocompatibility of TPEI-NPs in vitro,
their cytotoxicity to cells from the human embryonic kidney
cell line 293T was evaluated by MTT assay. As shown in Fig.
4A, cells treated with 10-1 and 20-1 TPEI-NPs displayed high
viabilities at all the tested concentrations. For PEI, the parental
cationic polymer, the cell viabilities dropped sharply at high
concentrations. When TPEI-NPs and PEIl were mixed with a
fixed amount of pDNA (0.1ug) at different N/P ratios, the 10-1
and 20-1 TPEI-NPs/pDNA complexes showed much better
biocompatibility (Fig. 4B), while the PEI/pDNA complexes
gradually became more toxic with increasing N/P ratios. The
toxicity of PEI arises mainly from the strong interaction
between the positively charged polymer and the negatively
charged cell membrane, which subsequently disrupts the
membrane.?’ The introduction of hydrophobic segments helps
to reduce this undesired toxicity due to the hydrophobic
interaction with cell membrane conferred to the resulting
amphiphilic poly cation derivatives and the enhancement of cell
uptake.?*' 2 Therefore, TPE modified PEI showed much lower
cytotoxicity than its parental polymer, a crucial property for
subsequent cell-based experiments.
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Fig. 4 Evaluation of the toxicity of TPElI and PEI at different concentrations
(A) and of the binary complexes at different N/P ratios (B) using 293T cells.

Cell imaging

Next, to test whether TPEI-NPs are suitable for cell imaging,
we treated 293T cells with 10-1 or 20-1 TPEI-NPs and
observed them by confocal laser scanning microscopy (CLSM).
As shown in Fig. 5A, the TPEI-NPs treated cells displayed
obvious blue fluorescence in the cytoplasm. Lysosomes were
further stained with LysoTracker® Deep Red to identify the
subcellular localization of the TPEI-NPs. The fluorescence
overlap between TPEI-NPs and LysoTracker® Deep Red
indicated that TPEI-NPs were efficiently internalized by cells
and mainly accumulated in the perinuclear area. TPEI-NPs
were then studied as a vehicle to deliver pDNA encoding GFP.
293T cells were treated with 10-1 and 20-1 TPEI-NPs/pDNA
complexes and then imaged by CLSM. 24 h after transfection,
when GFP was expressed and showed green fluorescence, the
blue fluorescence of TPEI-NPs in the cellular cytoplasm
remained visible (Fig. 5B). This suggested that TPEI-NPs can
deliver pDNA efficiently and serve as bioprobes for long-term
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cell tracking. Thus, TPEI-NPs provide an optical tool for real-
time and long-term tracing of gene delivery and transfection.

Transfection in vitro

Even though TPEI-NPs show high biocompatibility and good
optical properties in cells, they also need to guarantee
transfection efficiency similar to PEI, which has the highest
transfection efficiency at an N/P ratio of 10,225 in order to be
useful in future applications. Flow cytometry was used to
evaluate the transfection efficiency of TPEI-NPs/pDNA
complexes at different N/P ratios from 6 to 30 (Fig. 6A). The
results indicated that 20-1 TPEI-NPs/pDNA comp lexes showed
higher transfection efficiency than 10-1 TPEI-NPs/pDNA
complexes at all tested N/P ratios. For both 10-1 and 20-1
TPEI-NPs/pDNA  complexes, the greatest transfection
efficiency was observed when the N/P ratio was 10. The better
transfection efficiency of 20-1 TPEI-NPs might result from the
higher level of free groups on the backbone, which would offer
better pDNA binding capacity and enhance the formation of
small, compact polyplexes as indicated by DLS measurements.’
Fluorescence microscope was utilized to examine 293T cells
transfected with 10-1 and 20-1 TPEI-NPs/pDNA complexes at
their optimized N/P ratio of 10. As shown in Fig. 6B-6D, cells
treated with 10-1 TPEI-NPs/pDNA comp lexes expressed a low
level of GFP and exhibited weak green fluorescence. However,
cells treated with 20-1 TPEI-NPs/pDNA complexes and 25 kDa
PEI/pDNA complexes showed bright green emission due to
high expression of GFP.

>
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Fig. 5 (A) CLSMimages of 293T cells treated with TPEI-NPs. Lysosomes,
stained by LysoTracker® Deep Red, exhibited red emission. (Scale bar =
20 pm) (B) CLSM images of 293T cells treated with 10-1 and 20-1 TPEI-
NPs/pDNA complexes for24 h. (scale bar = 10 ym).

Conclusions

In conclusion, we designed and successfully synthesized
TPEI (PEI modified with the AIE luminogen TPE) to tackle the
problem of undesired cytotoxicity of cationic poly mers used for
gene transfection, and also to provide an optical tool for cellular
imaging of the gene delivery process. Following the
incorporation of hydrophobic TPE and PA, TPEI can self-
assemble into micelle-like nanoparticles (TPEI-NPs) above the
CMC. The TPEI-NPs exhibit bright blue emission based on the
RIR of the TPE moieties, and this fluorescence was utilized for
real-time and long-term cell imaging. TPEI-NPs have uniform
morphologies and a high positive charge, and can bind and
condense pDNA efficiently. Compared with PEI, the
hydrophobic  conjugation  dramatically improved the
biocompatibility of the cationic poly mer, while the transfection
efficiency of 20-1 TPEI-NPs remained as high as that of 25
kDa PEIl. These features and capabilities of TPEI represent a
major step toward designing gene delivery systems with low
toxicity and high visibility.
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Fig. 6 (A) Evaluation of the expression of GFP in 293T cells using flow
cytometry. Fluorescence microscopy of 293T cells transfected by (B) 10-1
TPEI-NPs/pDNA, (C) PEI/pDNA and (D) 20-1 TPEI-NPs/pDNA in vitro
(N/P=10, scale bar =50 ym).

Expe rimental section

Materials

O-(7-azabenzotriazole-1-yl)-1,1,3,3-tetramethy luronilum
hexafluorophosphate (HATU) and diisopropylethylamine
(DIEA) were purchased from BO MAI JIE Technology Co.,
Ltd (Beijing, China). Branched PEI (MW=25 kDa), dimethyl
formamide (DMF), dimethyl sulfoxide (DM SO), ethidium
bromide, agarose, and 3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyltetrazolium bromide (MTT) were purchased from
Sigma Aldrich (St. Louis, MO). LysoTracker® Deep Red was
purchased from Molecular Probes Inc. (Eugene, OR, USA).
EGFP-N1 plasmid (4700 bp) was supplied by Clontech

This journalis © The RoyalSociety of Chemistry 2012
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Laboratories, Inc. (Mountain View, CA). The human
embryonic kidney cell line 293T was obtained from American
Type Culture Collection (ATCC, Manassas, VA). Cell culture
medium and fetal bovine serum were from Wisent Inc.
(Multicell, Wisent Inc., St. Bruno, Quebec, Canada). 0.25%
Trypsin-EDTA and antibiotic solutions of penicillin and
streptomycin were obtained from Invitrogen (Invitrogen,
Carlsbad, CA). Culture dishes and plates were purchased from
Corning (Corning, New York, USA).

Synthesis of TPEI

In order to obtain TPEI, carboxylated tetraphenylethylene
(TPE-COOH) was first synthesized according to our previously
published procedures.?® To synthesize TPEI, equimolar TPE-
COOH and PA were dissolved in DMF at room temperature.
HATU and DIEA were then added to the solution, which turned
yellow after stirring for 3 min. According to the different feed
ratios, TPE-COOH and PA solutions were added dropwise into
PEI solution in DMF and the mixture stirred continuously at
room temperature for 48 h. The product solution was
precipitated by cold diethyl ether and the precipitation was then
dissolved in 2 mL TFA, subsequently precipitated by cold
diethyl ether again to remove the TPE-COOH and PA. Next, to
remove the PEI, the precipitation was dissolved in the solution
of DMF/H20 (1:100) and then dialyzed with a molecular
weight cutoff of 34 kDa. The pure product was lyophilized and
analysed by nuclear magnetic resonance (NMR, AVANCE IIl,
Bruker Biospin).

Determination of the critical micelle formation concentration
(CMC) of TPEI-NPs

The CMC of 10-1, 20-1 and 40-1 TPEI was determined by
detecting the sudden increase in TPE fluorescence when TPEI
assembled into aggregates in aqueous media. A series of TPEI
solutions with concentrations from 0.1 pg/mL to 300 pg/mL
were placed in vials then sonicated for 10 min. Then
fluorescence intensity at a wavelength of 460 nm (excited at
330 nm) was evaluated using a fluorescence sp ectrophotometer
(LS55, Perkin Elmer). A graph was plotted of the fluorescence
intensity as a function of TPEI concentration and the CMC was
obtained from the junction of the two linear portions.

Preparation and characterization of TPEI-NPs

A solvent displacement method was used to prepare TPEI-
NPs. TPEI was dissolved in DMSO and the DM SO solution
was added dropwise into distilled water under sonication for 10
min. The mixture was then placed in adialysis bag (Mn=10 kD)
and dialyzed against water to remove DM SO for 24 h. After the
TPEI-NPs had formed, their size distributions and zeta
potentials were determined using a Zetasizer 5000 (Malvern
Instruments, Malvern, Worcestershire, U.K.), and the
morphologies were imaged using a Tecnai G2 20 transmission
electron microscope (TEM) with 200 kV acceleration voltage.

Preparation and characterization of TPEI-NPs/pDNA complexes

The N/P ratios of complexes were calculated as the molar
ratio of the amino groups (N) on TPEI to the phosphate groups
(P) on the plasmid DNA (pDNA). pDNA (1 pg/50 pl) was
mixed using a pipette with 50 ul of TPEI-NPs at different N/P
ratios to form binary complexes. All the complexes were
incubated for 30 min at room temperature before being used in
experiments. An agarose gel electrophoresis was performed to

This joumnal is © The Royal Society of Chemistry 2012
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evaluate the DNA binding and condensing ability of TPEI-NPs
and the stability of the complexes. 10 ul of TPEI-NP/pDNA
complex solution was mixed with 2 ul 6 x loading buffer, and
10 pl of the mixture was loaded into a 0.8% (wt) agarose gel
containing 0.5 pg/ml ethidium bromide. Electrophoresis was
performed in 1 x< TAE buffer at 120 V for 20 min. DNA
retardation was analysed under UV light at a wavelength 254
nm to visualize the DNA, and the images were obtained using
an Image M aster VDS Thermal Imaging System (Bio-Rad, CA).
Based on the results of agarose gel electrophoresis, the size
distributions and the zeta potentials of TPEI-NP/pDNA
complexes at different ratios were measured using a Zetasizer
Nano ZS (Malvern Instrument, Inc., Worcestershire, UK), and
the morphologies of the complexes were investigated via TEM.

Cell culture

The human embryonic kidney cell line 293T was maintained
in Dulbecco's modified Eagle's medium/high glucose with 10%
fetal bovine serum in a humidified atmosphere containing 5%
CO, at 37<C.

Cytotoxicity studies by MTT assay

293T cells were seeded at 5 < 10° cells per well in a 96-well
plate, incubated for 24 h, and then cultured for another 24 h
with TPEI-NPs at different concentrations ranging from 0.05
UM to 1.00 uM or with TPEI-NP/pDNA complexes at different
N/P ratios. The cell culture medium was replaced with 100 pl
0.5 mg/mI MTT and 3 h later the MTT solution was replaced
by 100 pul DM SO solution. The results were evaluated by the
absorbance measured at 570 nm versus a reference wavelength
of 630 nm using an Infinite M200 microplate reader (Tecan,
Durham, USA). Untreated cells in medium were used as a
control and all experiments were performed with three
replicates. The cytotoxicity of PEI and PEI/pDNA complexes
were evaluated by the same method.

Confocal laser scanning microscope imaging

293T cells were seeded at 1 < 10° cells per dish in a 35 mm
glass dish, pre-incubated for 24 h in complete DM EM and then
incubated with TPEI-NPs for 3 h at 37<C. Cells were then
washed three times with PBS and stained with LysoTracker®
Deep Red (diluted 1000 times in PBS) for 12 min. Cells were
then washed a further three times with PBS and imaged using a
confocal laser scanning microscope (PerkinElmer UltraVIEW
VoX) with excitation at 405 nm for TPE and 630 nm for
LysoTracker® Deep Red. To confirm the capacity of TPEI-NPs
to delivery and track gene delivery effectively, cells were
washed with PBS and incubated in 1 ml of reduced serum Opti-
MEM, to which complexes were added containing 1 pg
pEGFP-N1 plasmid at an N/P ratio of 10. After 4 h incubation
at 37°C in a 5% CO, humidified atmosphere, the transfection
medium was removed and replaced with serum-containing
medium for a further 20 h of incubation. Subsequently, cells
were washed with PBS, stained with Lyso Tracker® Deep Red
for 10 min, and washed with PBS again. After that, cells were
imaged under a confocal laser scanning microscope (CLSM)
(LSM 710, Carl Zeiss Microscope Co. Ltd., Germany).

Invitro plasmid transfection

The pEGFP-N1 plasmid was utilized
transfection efficiency of binary complexes.

to assess the
PEI/pDNA

J.Name., 2012,00,1-3 |5
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(N/P=10) was used as the positive control. 293T cells were
seeded at 5 < 10* cells per well in a 24-well plate and incubated
for 24 h, and then the complete medium was replaced with
Opti-MEM. Subsequently, comp lexes containing 1 pg pEGFP-
N1 plasmid at different N/P ratios were added to each well.
Each transfection was carried out with three replicates. After
incubation for 4 h at 37°C in a5% CO, humidified atmosphere,
the transfection solution was removed and replaced by fresh
DMEM containing 10% FBS. The cells were incubated for
another 24 h under the same conditions. Cells were then
obtained by treatment of Trypsin-EDTA, and transfection
efficiency was determined using an Attune® acoustic focusing
cytometer (Applied Biosystems, Life Technologies, Carlshad,
CA). After that, an inverted fluorescence microscope (Oly mpus
IX 70, Olympus, Tokyo, Japan) was utilized to examine 293T
cells that were transfected with 10-1 and 20-1 TPEI-NP/pDNA
complexes at their optimized N/P ratio of 10, and micrographs
were obtained with Cool SNAP-Pro (4.5.1.1) software.
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Luminescent nanoparticles (TPEI) were synthesized to tackle the undesired cytotoxicity of
cationic polymers and also were used for visible gene transfection.



