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Abstract Small interfering RNA (siRNA)-based RNA interference has emerged as a promising therapeutic strategy
for the treatment of a wide range of incurable diseases. However, the safe and effective delivery of
siRNA therapeutics into the interior of target cells remains challenging. Here, we disclosed novel
amphiphilic peptide dendrimers (AmPDs) that composed of hydrophobic two lipid-like alkyl chains and
hydrophilic poly(lysine) dendrons with different generations (2C18-KK2 and 2C18-KK2K4) as nanove-
hicles for siRNA delivery. These AmPDs are able to self-assemble into supramolecular nanoassemblies
that are capable of entrapping siRNA molecules into nanoparticles to protect siRNA from enzymatic
degradation and promote efficient intracellular uptake without evident toxicity. Interestingly, by virtue
of the optimal balance of hydrophobic lipid-like entity and hydrophilic poly(lysine) dendron genera-
tions, AmPD 2C18-KK2K4 bearing bigger hydrophilic dendron can package siRNA to form stable, but
more ready to disassemble complexes, thereby resulting in more efficient siRNA releasing and better
gene silencing effect in comparison with AmPD 2C18-KK2 bearing smaller dendron. Additional studies
confirmed that 2C18-KK2K4 can capitalize on the advantages of lipid and peptide dendrimer vectors for
effective siRNA delivery. Collectively, our AmPD-based nanocarriers indeed represent a safe and
effective siRNA delivery system. Our findings also provide a new perspective on the modulation of self-
assembly amphiphilic peptide dendrimers for the functional and adaptive delivery of siRNA
therapeutics.
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INTRODUCTION

Small interfering RNA (siRNA), a double-stranded RNA
molecule with 19–23 nucleotides, has the powerful
capacity to silence the expression of any gene, such as
disease-linked genes, with complementary mRNA

sequence via Watson–Crick base pairing (Bajan and
Hutvagner 2020; Castanotto and Rossi 2009; Weng et al.
2019). SiRNA-based RNA interference (RNAi) (Castan-
otto and Rossi 2009; Kay 2015; Setten et al. 2019;
Wittrup and Lieberman 2015) is exploited as a
promising therapeutic modality for the treatment of
both genetic and acquired diseases, particularly culmi-
nating with the approval of siRNA therapeutics Pati-
siran� and Givosiran� (Ledford 2018; Mullard 2020)
by the USA Food and Drug Administration (FDA) and
European Commission (EC). Although very promising,
the clinical implementation of siRNA therapeutics has
been impeded by the poor druggability of naked siRNA
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molecules resulted from their relatively large molecular
weight (*13 kDa), polyanionic and hydrophilic nature,
as well as their vulnerability to nuclease degradation
(Juliano 2016; Kanasty et al. 2013; Whitehead et al.
2009) and clearance. Therefore, the development of
siRNA-based drugs relies on the exploitation of safe and
effective delivery vehicles to deliver siRNA molecules to
the cytoplasm of the target cell.

To date, myriad delivery systems have been devel-
oped for efficient transportation of siRNA therapeutics
(Mullard 2020; Yin et al. 2014). Cationic lipids and
polymer are the two most advanced representatives (Li
et al. 2018; Ozpolat et al. 2014; Wagner 2012; Wu et al.
2017). They are able to form stable complexes with
siRNA via electrostatic interactions, protect it from
enzymatic degradation, and promote cellular uptake of
siRNA. Dendrimers, a special class of synthetic poly-
mers, have emerged as extremely appealing siRNA
delivery vehicles by virtue of their precisely defined
dendritic structures and unique multivalent features
(Kesharwani et al. 2014; Khandare et al. 2012; Lee et al.
2005; Mintzer and Grinstaff 2011; Svenson and Tomalia
2005). In particular, amphiphilic dendrimers married
the characteristics of dendrimers and the self-assembling
feature of lipids, hence taking the advantages of both
dendrimers and lipids carriers for excellent performance
on the transportation of siRNA therapeutics (Chen et al.
2016; Dong et al. 2018; Liu et al. 2014, 2015, 2016;
Percec et al. 2010; Yu et al. 2012).

The success of amphiphilic dendrimer-based delivery
systems has encouraged further exploitation of their
diversity. Peptide dendrimers are type of dendrimers
composed of amino acids in branch fashion and hold
great potentials for biomedical applications by virtue of
their unique properties such as protein-mimic struc-
tural features, good biocompatibility, and high resis-
tance to proteolytic digestion (Bracci et al. 2003; Crespo
et al. 2005; Darbre and Reymond 2006; Sadler and Tam
2002; Sapra et al. 2019). Novel-designed amphiphilic
dendrimers featuring peptide dendrimers as hydro-
philic heads are expected to show suitable flexibility,
good safety profile, and protein-like properties; there-
fore, they are of particular interest for siRNA delivery
(Dong et al. 2020; Heitz et al. 2019; Inoue et al. 2008;
Malhotra et al. 2012).

Herein, we reported a new class of amphiphilic pep-
tide dendrimers (AmPDs) for siRNA delivery (Fig. 1).
Our previous results have demonstrated that the length
of lipid chain in the structure of amphiphilic dendrimers
plays a very important role in their self-assembly and
their capacity for siRNA delivery (Chen et al. 2016). In
the present study, we designed the AmPDs-embedded
two lipid-like alkyl chains with different generations of

hydrophilic poly(lysine) dendrons (2C18-KK2 and
2C18-KK2K4) (Fig. 1A) to gain the more insightful
understanding that how the generations of hydrophilic
dendron entities of the AmPDs influence their ability for
siRNA delivery. We performed systematical investiga-
tion on the self-assembling behavior, the secondary
structures, siRNA binding ability, and siRNA delivery
performance of these two AmPDs. We expected to dis-
close the rationale behind their different performance
on siRNA delivery, thereby providing a new perspective
on the modulation of self-assembly amphiphilic peptide
dendrimers for safe and effective siRNA delivery.

RESULTS AND DISCUSSION

Robust and reliable synthesis of AmPDs
and their physicochemical properties

The structure of amphiphilic peptide dendrimers bear-
ing double C18 alkyl chains and poly(lysine) dendrons
with different generations is shown in Fig. 1A and the
detailed synthesis procedures are described in supple-
mentary materials. In brief, hydrophobic double C18
alkyl chains and poly(lysine) dendron (KK2) were syn-
thesized as described previously (Liu et al. 2014; Luo
et al. 2012). Thereafter, the hydrophobic part was
successfully covalent connected with hydrophilic
poly(lysine) dendron via Cu(I)-catalyzed azide-alkyne
cycloaddition (CuAAC) click reaction to achieve AmPD
2C18-KK2. Then AmPD 2C18-KK2 was coupled with the
protected lysine (Boc-Lys-Boc-OH) and followed the
deprotection of Boc to obtain AmPD 2C18-KK2K4 (sup-
plementary Scheme S1). These newly synthesized
AmPDs were characterized by 1H-NMR and MS spec-
trums (Data are shown in supplementary materials).

Next, we assessed the self-assembly behavior of
AmPDs in aqueous solution. We first determined the
critical aggregation concentration (CAC) of AmPDs using
the hydrophobic fluorescent probe Nile Red. As shown
in Fig. 2A, the determined CAC values of 2C18-KK2 and
2C18-KK2K4 were 8.3 and 10.4 lmol/L, respectively,
confirming that 2C18-KK2 and 2C18-KK2K4 have the
similar self-assembly capacity. And the measurements
by dynamic light scattering (DLS) and transmission
electron microscopy (TEM) showed that the assemblies
formed by AmPDs were spherical and *200 nm in
diameter (Fig. 2B and C). TEM images further revealed
the vesicle-like structures formed by the self-assembly
of AmPDs in water (Fig. 2C). The zeta potential values of
the nanostructures formed by 2C18-KK2 and 2C18-KK2K4

were ?29.5 mV and ?24.1 mV, respectively (Table 1),
indicating that the colloidal state of these
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nanoassemblies was stable. All the above results con-
firmed that the AmPDs (2C18-KK2 and 2C18-KK2K4)
could combine the self-assembling characteristics of
lipids with the stability and mechanical strength of
dendrimer to form stable nanoassemblies in water.

Furthermore, we examined the secondary configura-
tions of these AmPDs using circular dichroism (CD)
analysis. The CD spectra of the AmPDs (Fig. 2D) toge-
ther with their analysis data calculated by CDNN soft-
ware (Table 1) demonstrated the presence of the

secondary structure, implying that the AmPDs retain the
protein-mimic features of peptide dendrimers.

Stable formation of siRNA/AmPDs nanoparticles
for efficient cellular uptake

The ability of nanocarriers to entrap siRNA to form
stable complexes plays a very important role for effi-
cient siRNA delivery, as the so-formed complexes can
protect siRNA from enzymatic degradation and facilitate

Fig. 1 Graphic illustration of
amphiphilic peptide
dendrimers (AmPDs)-based
supramolecular
nanoassemblies for siRNA
delivery. A Chemical structure
of the AmPDs. B Cartoon
illustration of AmPDs-
mediated siRNA delivery
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Fig. 2 Characteristics of the AmPDs. A The CAC measurements of 2C18-KK2 and 2C18-KK2K4 using fluorescent probe Nile Red. B, C DLS
analysis (B) and TEM images (C) of the 2C18-KK2 and 2C18-KK2K4. D CD spectrum of AmPDs at concentrations of 0.50 mg/mL in H2O

Table 1 Physical properties of AmPDs and siRNA/AmPDs

Diam (nm) PDIa Zeta potential (mV) a-heilx (%) Parallel (%) b-turn (%) Rndm. Coil (%)

2C18-KK2 182 0.213 29.5 ± 0.5 12.7 30.4 13.9 43.0

2C18-KK2K4 189 0.282 24.1 ± 2.5 8.0 41.6 13.0 37.3

siRNA/2C18-KK2 50 0.221 12.1 ± 0.5 27.3 14.9 14.1 43.5

siRNA/2C18-KK2K4 67 0.315 15.4 ± 1.4 30.0 14.1 14.3 41.6

aPolydispersity index
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efficient cell uptake (Kim et al. 2019). Hence, we first
studied the capacity of AmPDs for siRNA entrapment
using a gel shift assay (Fig. 3A). Results of RNA migra-
tion in gel electrophoresis showed that both 2C18-KK2

and 2C18-KK2K4 could entrap and completely retard the
migration of siRNA at an N/P ratio C5.0 (N/P
ratio = Total terminal amines in AmPD/phosphates in
siRNA). And the so-formed complexes could protect
siRNA from RNase digestion (Fig. 3B). We then exam-
ined the size and morphology of the siRNA/AmPDs
complexes using TEM and DLS. The TEM images
revealed that the resulting siRNA/AmPDs complexes
were spherical nanoparticles with about 50 nm in size
(Fig. 3C). Additional DLS analysis showed that the
average size of siRNA/2C18-KK2 complexes was 50 nm
with PDI 0.221, while that of siRNA/2C18-KK2K4 com-
plexes was 67 nm with PDI 0.315 (Fig. 3D; Table 1),
which correlated well with the observations in TEM. The
surface charges of siRNA/2C18-KK2 and siRNA/2C18-
KK2K4 complexes were characterized by zeta potential
of ?12.1 mV and ?15.4 mV, respectively (Table 1),
implying that both of them were stable colloidal
nanoparticles.

Additional CD measurements confirmed that even
after entrapping siRNA molecules, the AmPDs
nanoassemblies still kept their secondary configuration
(Fig. 3E). Following data analysis by CDNN software
showed that the percentage of alpha-helical conforma-
tion of the siRNA/AmPDs complexes increased to
*30% (Table 1), which will be beneficial for subse-
quent intracellular uptake.

Further assessments of the cellular uptake of siRNA/
AmPDs complexes were carried out with Cy5-labeled
siRNA in human prostate cancer PC-3 cells and human
ovarian cancer SKOV-3 cells using flow cytometry and
confocal microscopy. Both Cy5-siRNA/2C18-KK2 and
Cy5-siRNA/2C18-KK2K4 complexes exhibited efficient
uptake in PC-3 cells (Fig. 3F and H) and SKOV-3 cells
(Fig. 3G and I). All the above findings demonstrated that
the AmPDs were able to entrap siRNA to form
stable nanoparticles, providing efficient protection of
the resulting siRNA/AmPDs nanoparticles against
enzymatic degradation and promoting their rapid and
efficient intracellular uptake.

Safety assessment of AmPDs-mediated siRNA
delivery systems

Before moving to examine the siRNA delivery and gene
silencing mediated by AmPDs, we first assessed the
safety of AmPDs-mediated siRNA delivery systems using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and lactate dehydrogenase (LDH) as

well as hemolysis assays. MTT assays ascertain the
metabolic toxicity by measuring cell viability, whereas
LDH assays monitor the toxicity resulted from cell
membrane damage by detecting LDH release in the cells.
Results from MTT assays in both cancer cells (prostate
cancer PC-3 cells and ovarian cancer SKOV-3 cells) and
normal cells (human embryonic kidney HEK293 cells
and mouse fibroblast L929 cells) showed no significant
inhibition on cell growth after treating with siRNA/
2C18-KK2 and siRNA/2C18-KK2K4 complexes (Fig. 4A
and B). Meanwhile, neither siRNA/2C18-KK2 nor siRNA/
2C18-KK2K4 induced, obviously, LDH release in those
cell lines (Fig. 4C and D). The results from the above
two studies indicated that siRNA/AmPDs complexes did
not induce notable metabolic toxicity and cell mem-
brane damages under the conditions for siRNA delivery.
Moreover, the results of hemolysis assays confirmed
that neither siRNA/2C18-KK2 nor siRNA/2C18-KK2K4

exhibited hemolytic toxicity (Fig. 4E). All the results
suggest that AmPDs-based siRNA delivery systems have
non-toxic characteristics.

Different performance of AmPDs for siRNA
delivery and the rationale behind

Encouraged by the promising cell uptake and safety
profile of AmPDs-based delivery systems, we investi-
gated their siRNA delivery capacity in prostate cancer
PC-3 cells and ovarian cancer SKOV-3 cells. The siRNA
molecules used in this study were designed to target
either heat shock protein 27 (Hsp27) or protein kinase
B (AKT2), both of which are oncogenes related to cell
survival and apoptosis, and have been considered as
promising therapeutic targets in cancer treatments
(Rocchi et al. 2004; Testa and Bellacosa 2001). As
shown in Fig. 5A and B, the expression of Hsp27 and
AKT2 proteins was attenuated effectively after the
treatment with siRNA/2C18-KK2K4 complexes in PC-3
cells and SKOV-3 cells, whereas siRNA/2C18-KK2 com-
plexes did not induce evident silencing of Hsp27 and
AKT2. This finding indicated that 2C18-KK2K4 featuring
bigger hydrophilic dendron delivered siRNA more
effectively than 2C18-KK2 bearing smaller dendron.

Next, we performed investigations to explore the
underlying rationale of the different performance of
AmPDs in siRNA delivery and gene silencing. Since the
siRNA/2C18-KK2 and siRNA/2C18-KK2K4 complexes
showed similar cellular uptake in both these two cell
lines (Fig. 3F and G), we hypothesized that the siRNA
release process might be more efficient for siRNA/2C18-
KK2K4 than for siRNA/2C18-KK2, as efficient siRNA
release also plays a very important role for the ultimate
gene silencing effect. In order to validate this
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speculation, we used heparin replacement assay to
study the siRNA dissociation from the corresponding
siRNA/AmPDs complexes at pH 5.0, which mimics the
acidic environment of the endosome. Heparin is a kind
of negatively charged polysaccharide that is frequently
employed to compete with siRNA for binding to cationic
vectors. As showed in Fig. 5C, with the increasing of
heparin concentration, the siRNA molecules were dis-
placed more effectively from siRNA/2C18-KK2K4 com-
plexes than from siRNA/2C18-KK2 complexes. This
finding is in accordance with our hypothesis: 2C18-
KK2K4 are indeed endowed with better siRNA releasing
ability than 2C18-KK2. This may be attributed to AmPD

2C18-KK2K4 possessing a good balance between
hydrophobic portion and hydrophilic dendron genera-
tions, providing it with idea features to self-assemble
into supramolecular nanoassemblies with optimal
siRNA binding strength. Such nanovehicles are able to
form stable complexes with siRNA, but more ready to
disassemble during endosome escape, ultimately lead-
ing to better siRNA delivery and more potent silence
than AmPD 2C18-KK2.

Furthermore, we studied the gene silencing of siRNA/
2C18-KK2K4 complexes in the presence of the fusogenic
lipid dioleoylphosphatidylethanolamine (DOPE) to cor-
roborate that the good delivery capability of 2C18-KK2K4
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is also benefited from the advantages of lipid vectors.
DOPE is a kind of fusogenic lipid, which can usually be
harnessed to improve the delivery capacity of lipid
vehicles. In line with our expectation, the gene silencing
efficiency of siRNA/2C18-KK2K4 complexes was signifi-
cantly enhanced in the presence of DOPE, implying the
lipid-vector-like features of 2C18-KK2K4 (Fig. 5D). This
finding, together with the protein-mimic properties of
2C18-KK2K4 observed by CD analysis, suggested that the
AmPD 2C18-KK2K4 indeed combines the advantages of
both lipid and peptide dendrimer vectors.

CONCLUSIONS

In this study, we developed novel amphiphilic peptide
dendrimers (AmPDs), composed of hydrophobic two
C18 alkyl chains and hydrophilic poly(lysine) dendrons
of different generations (2C18-KK2 and 2C18-KK2K4), as
safe and efficient nanovehicles for functional siRNA
delivery. Our studies revealed that AmPDs were able to
self-assemble into supramolecular nanoassemblies,
form stable complexes with siRNA, protect siRNA from
enzymatic degradation, and facilitate efficient cell
uptake of siRNA without notable toxicity. Further
investigations demonstrated that, compared with AmPD
2C18-KK2 bearing smaller dendrons, AmPD 2C18-KK2K4

bearing bigger generation of hydrophilic dendrons was
able to entrap siRNA to form stable but more ready to
disassemble nanoparticles by virtue of its optimal bal-
ance between hydrophobic lipid-like portion and
hydrophilic poly(lysine) dendron generations, therefore
resulting in better performance on releasing of siRNA
molecules and silencing targeted genes. Our findings
open a new perspective on the design of self-assembly
amphiphilic dendrimers for functional and adaptive
delivery of siRNA therapeutics.

MATERIALS AND METHODS

Synthesis and characterization of AmPDs

The detailed synthetic processes and characterization
data of AmPDs can be found in the Supplementary
materials.

Materials

The human Hsp27 siRNA, AKT2 siRNA, scramble siRNA,
and Cy5-siRNA were purchased from Guangzhou Ruibo
(Guangzhou, China). All the other reagents and solvents

were used without any further purification from com-
mercial sources.

Critical aggregation concentration (CAC) values

CAC of AmPDs was determined using 2.5 9 10-6 mol/L
Nile Red as a fluorescence probe. After ultrasonic
treatment for 30 min, solution rests at room tempera-
ture for 2 h, and then Cytation5 (BioTek, Vermont, USA)
is to detect the solution. The excitation wavelength and
emission wavelengths were 550 nm and 650 nm,
respectively.

Dynamic light scattering (DLS)

siRNA solution or H2O were mixed with AmPDs solution
in H2O. The solution was incubated for 30 min, and then
size distribution and zeta potential measurement of the
solution were performed using NanoBrookOmni (Broo-
khaven, Long Island, N.Y.).

Transmission electronic microscopy (TEM)

The solution of siRNA was mixed with AmPDs solution
in H2O and incubated for 30 min. The dried complexes
were inspected in a transmission electron microscope
(TEM) operated at 100 kV (HT7700).

Circular dichroism (CD) analysis

The CD experiments were executed on the Chirascan
spectrometer (Applied Photophysics Ltd., Leatherhead,
UK) by using CDNN software to analyze the data.
The concentration of AmPDs samples in water was
0.50 mg/mL.

Gel retardation analysis

The siRNA solution was mixed with AmPDs solution in
H2O at N/P ratios from 1/1 to 10/1 and then incubated
the siRNA/AmPDs complexes at room temperature for
30 min. The complexes were mixed with 69 loading
buffer and then shifted in 1% agarose gel which is
stained by GoodViewTM (Solarbio) in standard 19 TAE
buffer. The results were detected by a Tanon CCD
camera (type 2500) (Tanon, Shanghai, China).

RNase A assay

siRNA (200 ng/well) and AmPDs with N/P ratio 10
were kept at room temperature for 30 min, and then the
complexes were incubated with RNase A (0.25 lg/mL)
at 37 �C for different times and then treated with 1%
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SDS solution at 4 �C. Then, samples were run in a 1%
agarose gel and then detected by a Tanon CCD camera
(type 2500) (Tanon, Shanghai, China). Naked siRNA was
used as a control.

RNA dissociation assay

Ethidium bromide and siRNA were incubated in 19 PBS
buffer (pH 5.0) for 10 min. Then AmPDs solution with
N/P ratio 10 and additional PBS (or PBS alone) were
added into those siRNA solutions and the complex was
incubated for 30 min. Heparin with different concen-
trations diluted in PBS was mixed with siRNA complexes
to incubate for another 30 min. And then the mixture
was excited at 360 nm and recorded at 590 nm using
Cytation5 (BioTek, Vermont, USA). All samples were
repeated in triplicate.

Cell culture

Human prostate cancer PC-3 cells were cultured in
HyCloneTM DMEM (GE, Logan. UT. USA) containing 10%
GibcoTM fetal bovine serum (FBS) (Thermo Fisher SCI-
ENTIFIC, Carlsbad, CA, USA). Human ovarian cancer
SKOV-3 cells were cultured in McCOY’S 5A (Hyclone,
USA) with 10% FBS. Human embryonic kidney HEK293
cells were maintained in MEM (Hyclone, USA) with 10%
FBS. Mouse fibroblast L929 cells were cultured in RPMI-
1640 (Hyclone, USA) with 10% FBS. All cells were cul-
tured in an incubator with a humidified environment of
5% CO2 and a constant temperature of 37 �C.

Cellular uptake

Flow cytometry

24 h before transfection, PC-3 cells and SKOV-3 cells
(5 9 104) were seeded into 24-well plates and then
incubated with Cy5-siRNA/AmPDs complex (50 nmol/L
Cy5-siRNA, N/P ratio 10) at 37 �C. The cells were
washed with PBS and collected to analyze by the Attune
NxT acoustic focusing cytometer (Thermo Fisher SCI-
ENTIFIC, Carlsbad, CA, USA).

Confocal microscopy

PC-3 cells and SKOV-3 cells (1 9 105) were seeded in
confocal plates (NEST, China) and grown for 24 h, and
then the cells were incubated with Cy5-siRNA/AmPDs
complex (50 nmol/L Cy5-siRNA, N/P ratio 10) for 8 h at
37 �C and stained with Hoechst33342 and Lyso Tracker
Red for 15 min at 37 �C. A Zeiss LSM880 Meta laser
scanning confocal microscope (Carl Zeiss, Jena,

Germany) was used for visualization, utilizing ZEN2.3
pro software (Carl Zeiss GmbH) to acquire images.

In vitro transfection

Cancer cells (1 9 105) were seeded in 6-well plates and
grown for 24 h. The solutions of Hsp27 siRNA/AmPDs
complexes (50 nmol/L siRNA, N/P ratio 10) or AKT2
siRNA/AmPDs complexes were prepared before trans-
fection. After transfected for 8 h, the transfection mix-
ture was replaced with the complete medium and cells
were incubated for an additional 72 h for Western blot
assay.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) assay

Cancer cells (SKOV-3 cells and PC-3 cells) and normal
cells (HEK293 cells and L929 cells) (5 9 103) were
seeded in 96-well plates and cultured for 24 h. Cells
were then treated with siRNA/AmPDs (50 nmol/L
siRNA, N/P ratio 10) for 8 h. After transfection, the
medium was replaced with fresh medium. 24 h later, the
cells were treated with MTT solution and incubated for
another four hours. After removing the solution, the
cells were re-suspended in DMSO. The optical density
(OD) of DMSO solutions was read at 570 nm via Cyta-
tion5 (BioTek, Vermont, USA). The difference between
the OD values of the treated and non-treated cells
reflects the viability of cells after treatment and, thus,
represents the metabolic toxicity. All samples were
repeated in triplicate.

Lactate dehydrogenase (LDH) assay

Cancer cells (SKOV-3 cells and PC-3 cells) and normal
cells (HEK293 cells and L929 cells) were treated with
siRNA/AmPDs complex. After 24 h, we used a com-
mercial LDH kit (Cytotoxicity Detection Kit, Roche) to
measure the LDH concentration, and the LDH reaction
mixture was freshly prepared according to the manu-
facturer’s protocol (Roche Diagnostics). Control was
performed with lysis buffer and medium and set as
100% and 0% LDH release, respectively.

Hemolysis experiment

Red blood cells (RBCs) were isolated from mice blood
and diluted to achieve a solution with a concentration of
2%. The RBC solution was added into siRNA/AmPDs.
PBS or 1% TritonX-100 (Beyotime Biotechnology,
Shanghai, China) solution was used as the negative
control and positive control, respectively. The samples
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were left at 37 �C for 2 h and then centrifuged. The
absorbance of hemoglobin at 540 nm was measured.
Each assay was performed in triplicate.
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