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A catalytic self-assembled DNA dendritic complex was herein
reported and used for siRNA-based gene silencing. This kind of
one-pot DNA dendrimer can be conveniently prepared as needed,
and it was demonstrated to have better silencing efficiency and
lower cytotoxicity than commercial cationic lipid transfection
agents.

RNA interference (RNAi)-based gene silencing interferes with the
expression of specific genes with complementary nucleotide
sequences, causing mRNA to deteriorate after transcription.! As
such, it has powerful implications for biological studies and gene
therapy.? However, because of the negative backbone, siRNAs with
21-23 base pairs cannot traverse the cell membrane without
additional instruments or carriers.®> To overcome this problem,
numerous viral and nonviral approaches have been developed for
efficient siRNA delivery.* Although promising, viral vectors are
hindered by some obvious drawbacks, such as low scalability, high
immunogenicity, potential malignant transformation, and high
manufacturing cost, thus constraining their applications in
biological research.> Previously reported nonviral carriers, such as
cationic lipids,® nanogels,” cell-penetrating peptides (CPPs)® and
cationic polymers,® often suffer from inhomogeneous size, complex
components, high biotoxicity and sophisticated preparation, making
their implementation difficult for researchers with a basic
background in the biological sciences. The lack of specificity also
limits further applications of these traditional nonviral carriers, such
as liposomes.

DNAs are naturally water-soluble and biocompatible molecules,*®
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and they have shown potential in nanocarrier construction base”
on their programmable sequence design and regular Watson-C..cn
hydrogen-bonding interactions.'* Our group formerly reported a
DNA dendrimer scaffold as an efficient nanocarrier to de...

functional nucleic acids (FNAs) for in situ monitoring of biologic. '
molecules.!? Such DNA dendrimers were demonstrated to posses

obvious advantages like easy preparation, enhanced enzymat -
stability, high stability under very low concentration, and good s -
delivery capability. These properties, in our opinion, could alse
make DNA dendritic structures efficient siRNA delivery platforn s
and, hence, overcome the above-noted weaknesses or
viral/nonviral approaches. However, the formerly reported DN A
dendritic carriers were prepared by a multi-step strand annealing
and hybridization process,'? which is somewhat time-consuming.
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Scheme 1. Catalytic self-assembly of DNA dendritic complex for
gene silencing. A) Initial strand triggered catalytic self-assembly
DNA dendritic complex. In this system, nine kinds of hairpins we 2
opened in order by a series of isothermal cascading hybridization
reactions, thus generating a 5-layer DNA dendrimer G5. Aptam: .
and siRNA were then hybridized to the outermost layer of G5 t.
form a G5-aptamer-siRNA complex (G6) for efficient gene silenc’ g.
B) G5-aptamer-siRNA complex could act as an efficient ¢ 'ne
silencing carrier and was used to silence the GFP expression in A545
cells.

In order to develop an effective and convenient siRNA delive.,
method, we herein reported an auto-catalyzed DNA dendrit’.
nanostructure for targeted gene silencing.’* As shown in Scheme 1.
a cascade hybridization reaction was triggered by an initial strand
and nine kinds of hairpins were opened in order, leading to - '
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generation DNA dendritic structure. The outermost layer of
dendrimer consists of two kinds of overhands and can be hybridized
with aptamer® and siRNA.'® The whole preparation process is very

simple and convenient, and can, therefore, be performed as needed.

Our experimental results showed that this kind of one-pot DNA
dendrimer could selectively bind to target cells and act as a gene
silencing carrier with an better efficiency and lower cytotoxicity
than that of a commercial cationic lipid transfection agent, e.g.,
Lipofectamine.

The cascade hybridization reaction was triggered by an initial strand
I, as shown in Scheme 1a. Strand | hybridized with hairpin A1 and
generated complex G1. G1 had an overhang and could open hairpin
A2 and B2 to form complex G2. Overhangs on G2 could further
open hairpin A3 and B3, forming complex G3. Following the same
strategy, hairpin A4 and B4 were opened by G3 to form G4, and
hairpin A5 and B5 were subsequently opened by G4 to form G5.
Complex G5 has two kinds of overhangs at the outermost layer and,
hence, could hybridize with aptamer and siRNA individually. The
generation of DNA dendrimers with 5 layers was first characterized
by agarose electrophoresis (Figure 1a) and polyacrylamide gel
electrophoresis (Figure S1). A reducing band shift was observed
from G1 (Figure 1a, lane 2) to G5 (lane 6) because of the increasing
molecular weight. In the presence of strand | and all nine kinds of
hairpins, this result indicated that the catalytic self-assembly of DNA
dendrimer was successful (lane 6, G5). Aptamer sgc8c, which can
specifically recognize PTK7 overexpressed on many cancer cells,’’
was first hybridized to the dendrimer and then used here as a
model to construct aptamer-G5 DNA dendritic complex. Sgc8c was
demonstrated to selectively recognize target CEM cells, but not
nontarget Ramos cells. A shorter migration was observed after the
integration of sgc8c (lane 7), indicating hybridization of sgc8c to the
outermost layer of G5 DNA dendrimer. AFM imaging of Sgc8c-G5
complex, as shown in Figure 1b, also illustrated the formation of
DNA dendrimer with a size of ~50 nm, which corresponds to former
reports.’* The monodispersity and stability of DNA dendrimer was
shown in Figure S2.
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Figure 1. Agarose gel electrophoresis and atomic force microscopy
(AFM) demonstrating triggered self-assembly. A) 1% agarose gel
electrophoresis was used to characterize the formation of G1 (line
2), G2 (line 3), G3 (line 4), G4 (line 5), G5 (line 6) and sgc8c-G5
complex (line 7). Line 1 indicates the monomer hairpin Al. A
reducing band shift was observed from lane 1 to lane 7 because of
the increasing molecular weight. B) AFM characterization of G5-
sgc8c dendritic complex.
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The selective cell recognition of G5-sgc8c complex was studied
confocal microscopy and flow cytometry. In order to give a visib' -
signal, FITC fluorophore was modified at the 3’-terminal of initi
strand I. The fluorescent imaging results were shown in Figure S~
After incubating with G5-sgc8c dendritic complex for 2 h, targ.t
CEM cells, but not nontarget Ramos cells, gave an obvious
fluorescence at 520 nm, indicating the selective endocytosis of FIT -
labelled G5-sgc8c dendritic complex by CEM cells. The selective
recognition was further evidenced by flow cytometry results shov
in Figure 2a (2h incubation) and Figure S4 (8 hour incubation)
because a signal shift was observed after incubating CEM cells with
FITC-labelled G5-sgc8c complex. Again, no obvious signal changc
was seen in the Ramos cell lines. Endocytosis efficiency was the .
estimated to be about 2% by lysing the cells and quantifyir _
fluorescence signal (Figure S5).
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Figure 2. A) Flow cytometric analysis indicating the selective bind
of sgc8c-modified DNA dendrimers toward target CEM cells. Cel'-
were incubated with 50 ul of 150 nM FITC-labeled DNA dendrime. =
for 2 h. B) AFM image of G5-s11e-siRNA dendritic complex with high
monodispersity.

After confirming the selective binding of G5-aptamer dendrit ©
complex, siRNA was then integrated into DNA dendrimers to
construct a G5-aptamer-siRNA complex (Figure 2b). A549 cells wi 1
stable and heritable GFP expression were used as model cells in
these experiments. Aptamer s1le,*® which can specifically bin®
A549 cells, and siRNA for GFP silencing'® were hybridized to trni
outermost layer of G5 dendrimer for selective gene silencing. The
gene silencing efficiencies of DNA dendrimers were studied usin~
confocal microscopy, flow cytometry and Western blot. Confoc. !
imaging results in Figure 3a and Figure S6 showed that dendrime -
mediated gene silencing obviously reduced the fluorescent intensitv
of A549 cells, indicating effective RNA interference. Flow cytomet v
results, as shown in Figure 3b, demonstrated the same results. 1
order to quantitatively estimate the silencing efficiency, Westein
blot was also carried out (Figure 3c). As a comparison, tk :
commercial cationic lipid transfection agent lipofectamine was als.
used for siRNA delivery and gave a slightly lower silencing rec t.
Confocal imaging, flow cytometry and Western blot result. of
lipofectamine-mediated GFP silencing were shown in Figure So,
Figure S7 and Figure 3c.

Another advantage of DNA dendritic complex as a siRNA carrier »
its outstanding biocompatibility when compared with oth_.
artificial carriers, as further validated by MTS assay. Data shown ",
Figure S8 demonstrated negligible inhibition of proliferation 1
cancer cells when treated with G5-aptamer-siRNA complex. ’
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contrast, cationic lipofectamine encapsulating the same amount of
siRNA showed relative higher cytotoxicity.
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Figure 3. Confocal laser-scanning microscopy imaging, flow-
cytometric analysis and Western blot results of DNA dendritic
complex-mediated gene silencing. (A) Fluorescent imaging of stable
GFP-expressing A549 cell lines with/without G5-s1le-siRNA
dendritic complex treatment. (B) Flow cytometric analysis of DNA
dendrimer-mediated gene silencing. (C) Western blot result of DNA
dendrimer/lipofectamine-mediated gene silencing. Line 1: no GFP-

expressing A549 cells without DNA dendrimer treatment. Line 2:

stable GFP-expressing A549 cells without DNA dendrimer treatment.

Line 3: stable GFP-expressing A549 cells with lipofectamine
treatment. Line 4: stable GFP-expressing A549 cells with DNA
dendrimer treatment. The average silencing efficiency was
calculated to be 70.88% for siRNA-aptamer-G5 dendritic complex
and 57.08% for lipofectamine-siRNA complex.

Conclusions

In summary, we reported catalytic self-assembly of DNA
dendritic complex for efficient gene silencing. In this paper, we
demonstrated that DNA dendritic complexes generated by a
series of cascading hybridization reactions could be uptaken
after selective binding to target cells. Also, for siRNA-based
gene silencing, this kind of dendritic complex demonstrated
better silencing efficiency and lower cytotoxicity than the
commercial siRNA delivery vehicle lipofectamine. Given the
convenient preparation, selective targeting, high silencing
efficiency and low cytotoxicity, this type of DNA dendrimer
could find wide application in biological research as a
substitute for other nonviral siRNA carriers.
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