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Abstract
Backgroud: Gene therapy has attracted widespread attention as a potential method of treating some
autoimmune diseases, genetic diseases and cancer. It is critical to discover a new nanocarrier for the
effectiveness of gene therapy. Reportedly, the dual-targed nano-delivery system as a novel strategy
could improve targeting e�ciency and deliver more drugs or genes to tumor sites over current single-
targed nano-delivery delivery system.

Methods: We synthesized and characterized the hyaluronic acid (HA)-folic acid (FA) polymer, and then
prepared the cationic liposomes by ultrasonic dispersion . The liposome was coated with HA-FA to obtain
HA-FA-Lip nanoparticles. HA-FA-Lip formed complexes with siRNA Bcl-2 (siBcl-2) through electrostatic
adsorption for delivering siBcl-2 to the tumor site.

Results: HA-FA-Lip showed stronger tumor accumulation and better targeting e�ciency than HA-lip.
Meanwhile, HA-FA-Lip delivered more siBcl-2 to tumor cells and played a role in down-regulating Bcl
protein levels, thus inducing obvious apoptosis.

Conclusions: As a new type of dual-targeted drug delivery system, HA-FA-Lip was expected to be an
effective nanocarrier with high transfection e�ciency and good biocompatibility.

Background
Cervical cancer is one of the most common gynecological malignancies in the world [1]. Traditional
surgical treatment and chemotherapy for cervical cancer have serious side effects and could not achieve
the desired effect [2]. Gene therapy refers to a biological treatment method that uses foreign gene transfer
technology to introduce foreign genes into normal target cells to repair or correct genetic abnormalities
and defects [3,4]. RNA interference(RNAi)technology has become a trend in the development of tumor
treatment due to its safety, effectiveness and speci�city [5]. And it has been reported that small interfering
RNA (siRNA) could trigger the degradation of homologous mRNA and down-regulate the expression of
the target protein [6]. Many studies have shown that some important signaling pathways such as
apoptotic play a key role in the occurrence and development of tumors [7–9]. Researchers have also
found that the Bcl-2 protein as a major anti-apoptotic member of Bcl-2 family proteins is closely related to
apoptotic pathway[10,11]. Tumor cells avoid apoptosis by overexpressing Bcl-2 protein, which is helpful
for tumorigenesis and metastasis [12,13]. Therefore, the use of RNAi technology to reduce the expression
levels of Bcl-2 protein would induce apoptosis of cancer cells and have a good therapeutic effect [15–17].

However, due to the hydrophilicity and instability of siRNA, how to e�ciently deliver to the tumor site
becomes a challenge [18]. Cationic liposomes which is a commonly used gene vector with high
transfection e�ciency, are able to adsorb siRNA and protect it from enzymatic hydrolysis [19]. However,
the positive charge of cationic liposomes makes it poor in stability during blood circulation and causes
systemic toxicity [20–22]. Therefore, the surface of cationic liposomes needs to be modi�ed to overcome
these obstacles [23, 24]. For example, the modi�cation of PEG has been shown to be less easily
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recognized by the reticuloendothelial system and prolong the half-life [25]. In order to achieve higher
targeting e�ciency, liposomes usually modify ligands on their surface and interact with speci�c receptors
on the target cells to promote the internalization of liposomes [26–28]. Currently, the receptors commonly
used that are overexpressed on the surface of tumor cells include hyaluronic acid receptor, folic acid
receptor, integrin receptor and others. [29–31].

Reportedly, the dual-ligand modi�ed liposomes are better than single-ligand modi�ed liposomes for
delivering drugs to tumor sites and increasing their accumulation in tumor sites [32–34]. In this study, we
covalented hyaluronic acid with folic acid to form a polymer (HA-FA), and the cationic liposomes were
coated with HA-FA polymer through electrostatic adsorption to construct a dual-targeted nanocarrier (HA-
FA-Lip), which shielded positive charges and reduces cytotoxicity (Fig. 1).Then HA-FA-Lip binded siBcl-2
completely, remained stable in the blood circulation and accumulated in tumor sites through the EPR
effect and the active targeting capability by dual-ligand modi�cation. The HA-FA polymer targeted folate
receptors and CD44 receptors on the surface of Hela cells and increased the cellular uptake of
nanoparticles. Finally, siBcl-2 played an important role in down-regulating Bcl-2 protein expression,
induced apoptosis of cancer cells and showed excellent treatment e�ciency.

Materials
Folate acid was purchased from Shanghai Qiangshuo Chemical Reagent Co., Ltd (Shanghai, China).
Hyaluronic acid and formamide were provided from Anaiji Chemical Co., Ltd (Shanghai, China). Dimethyl
sulfoxide (DMSO), chloroform (CHCl3), methanol (CH3OH), and cholesterol (Chol) were from Sinopharm
Chemical Reagent Co., Ltd. 2,3-Dioleoyl-propyl-trimethylamine (DOTAP) and Dioleoylethanolamine
(DOPE) were from Corden Pharma (Switzerland). siRNA targeting Bcl-2 (sense sequence: 5’-ACG UGA CAC
GUU CGG AGA ATT-3’), and siRNA-NC or siRNA-NC labeled with FAM (siRNA FAM ) were obtained from
GenePharma Co., Ltd (Shanghai, China). Fetal bovine serum (FBS) was provided by Hangzhou Sijiqing
Engineering Materials Co., Ltd (Hangzhou, China). Bovine serum albumin (BSA), agarose, Gel Red, 6 × 
DNA loading buffer and bicinchoninic acid (BCA) protein assay kit were provided by Biyuntian
Biotechnology Co., Ltd (Shanghai, China). 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) was provided from SigmaeAldrich (St. Louis, Missouri, USA).

Hela cells (human cervical cancer) were provided by Soochow University (Suzhou, China) and cultured in
DMEM with 10% (v/v) fetal bovine serum and 1% (v/v) penicillin − streptomycin solution at37 °C in a
humidi�ed atmosphere containing 5% CO 2.

Femal nude mice (age of 4 − 6 w) were obtained form the Experimental Animal Center of Soochow
University (Suzhou, China). All mice are housed in an environment that complies with the National
Institutes of Health guidelines for the care and use of laboratory animals. All animal procedures were
performed in accordance with protocols approved by the Institutional Animal Care and Use Committee.

Methods
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Synthesis and characterization of HA-FA polymer

FA was added in dimethyl sulfoxide and stirred to dissolve completely. Then dicyclohexylcarbodiimide
(DCC) and N-hydroxysuccinimide (NHS) were added to the FA solutions and stirred at 30 ℃ for 5 h, and
the precipitate was removed by �ltration. Then HA was dissolved in formamide, the previously prepared
FA solution was added dropwise to the HA solution. The mixture was stirred constantly at 40 ℃ for 48 h
and protected from light .The liquid obtained after �ltration was dialyzed (MWCO = 3000) in deionized
water for 48 h and lyophilized to obtain the �nal product (HA-FA). The structure of HA-FA was studied
through 1H nuclear magneticresonance ( 1H NMR) spectroscopy (400 MHz, Varian, Palo Alto, CA, USA)
and Fourier transform-infrared (FT-IR) spectrometry (Varian, Palo Alto, CA, USA)

Preparation and characterization of Lip, HA-Lip and HA-FA-Lip

The cationic liposomes (Lip) are prepared by ultrasonic dispersion using DOTAP, DOPE and cholesterol as
raw materials. Then, Lip was slowly dripped into the HA or HA-FA solution (1 mg/mL) according to the
volume ratio of 1: 1. The mixture was continuously stirred for 15min to obtain HA-Lip or HA-FA-Lip. The
particle distribution of and zeta potential of black Lip, HA-Lip and HA-FA-Lip was observed by dynamic
light scattering (DLS) method (Zetasizer Nano ZSP; Malvern Instruments, Ltd.,).The morphology of HA-
FA-Lip was studied by a transmission electron microscope(TEM) instrument (JEOL Ltd., Japan)

The adsorption e�ciency of Lip, HA-Lip, HA-FA-Lip on siRNA

Garose gel electrophoresis was used to investigate the ability of Lip to adsorb siRNA. Agarose gel (1.5%)
was prepared, then lip was mixed with siRNA solution at nitrogen/phosphate (N/P) ratios of 0: 1, 1: 1, 2:
1, 4: 1, 6: 1, and 8: 1. Lip was adsorbed to siRNA through electrostatic adsorption. We took 10 μL of
Lip/siRNA complexes with different N/P ratios, added 2 μL of DNA loading buffer (6×) to prepare the
mixture. Then, the mixture was vortexed and loaded in 1.5% agarose gel. The optimal N/P ratio was
obtained by image analysis. Lip/siRNA was prepared according to the optimal N/P ratio ( N/P = 6), and
then dropped into the HA and HA-FA solutions slowly, and mixed by vortexing, equilibrated at room
temperature for 15 min to obtain HA-Lip/siRNA and HA-FA-Lip/siRNA. We detected the adsorption of
siRNA on different liposomes through the same method.

Serum stability and protein adsorption

The serum stability and protein adsorption rate of nanoparticles are very important for the stable delivery
of nanoparticles to tumor sites. To observe the serum stability of diferent lipsomes, we added 100 μL of
Lip, HA-Lip or HA-FA-Lip solutions into a 96-well plate and incubated with 100μL of fetal bovine serum
(FBS) at 37 ℃. The absorbance values of each well were measured at 630 nm via a full-wavelength
microplate reader at predesigned time points. Saline (0.9%) was set as negative control. The relative
turbidity was obtained by calculating the ratio of absorbance of each sample group and saline group at
each time point.
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To detect protein adsorption, we mixed blank Lip, HA-Lip, or HA-FA-Lip nanoparticle solutions (each 1
mg/mL) with BSA solution (1mg/ml) in equal amounts, and incubated the mixture at 37 °C for 6 h.After
that, the mixture was centrifuged at 12000 rpm and 4 ° C for 15 minutes. We took 20 μL of the
supernatant from each group and added it to a 96-well plate. The protein concentration of each group
was measured by the BCA kit. The protein adsorption rate (PAR%) was calculated as follows: Par%=(C0-
C1)/C0

Among them: C0 and C1 are the protein concentration of the supernatant of the control group and the
sample group after centrifugation, respectively.

Cytotoxicity by MTT assay

The MTT assay was employed to detect the cytotoxicity of various blank lipsomes in vitro. Hela cells in
the logarithmic growth phase were seeded into 96-well plates (5000 cells/well) and cultured for 24 h. The
cells were cultured in 200 μL of fresh medium containing various concentrations of blank Lip, HA-Lip and
HA-FA-Lip respectively for 24 h. After that, MTT (20 μL, 5mg/mL) were added to each well. Four hours
later, the supernatant was discared, and 150μL of DMSO were added to dissolve formazan in the 96-well
plates. We shaked them on a microplate shaker for 15 minutes and measured the absorbance of each
well at 570 nm with a full-wavelength microplate reader. Cell viability of each group was calculated using
the following equation: Cell viability = (A570(sample) – A0)/( A570(control) – A0)×100%, where A570(sample) and 
A570(control) represent the absorbance of cells group treated with different formulations and the non-
treated cells group, respectively. A0 represents medium-only group.

Cellular uptake assay

For quantitative evaluation, the ability of hela cells to internalize siRNAFAM  was investigated by �ow
cytometry. Hela cells in the logarithmic growth phase were seeded in 6-well plates (1×106 per well) and
cultured for 24 h. After treatment with Lip/siRNAFAM, HA-Lip/siRNAFAM, or HA-FALip/siRNAFAM for 4h, cells
were collected and washed with PBS several times, and �nally the cells were resuspended with PBS. The
�nal concentration of siRNAFAM in each group was 100 nM. The FAM �uorescence signal in the cells was
analyzed by a �ow cytometer (FC500, Beckman Coulter, USA).

In order to observe the localization of siRNAFAM after being taken up by hela cells, the images were
observed by confocal laser scanning microscopy (CLSM) (ZEISS, Germany). Hela cells in the logarithmic
growth phase were seeded in glass-bottomed dishes (1×106 cells/ dish) and cultured for 24 h. Briely, cells
were incubated with Lip/siRNAFAM, HA-Lip/siRNAFAM, and HA-FA-Lip/siRNAFAM for 2 h or 4h. After that,
the cells nuclei were stained with Hoechst 33258 (10 ug/ml ), �xed with 4% paraformaldehyde and rinsed
with PBS several times. Then cells were added with an appropriate amount of anti-�uorescent quencher,
covered with coverslips, and we obtained images by CLSM.

Transfection e�ciency of siBcl-2 and cell apoptosis in vitro
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It has been reported that siRNA could down-regulate the expression of target protein in cells [15]. Hela
cells in logarithmic growth phase were seeded into 6-well plates and cultured for 24 h, then treated with
Lip/siBcl-2, HA-Lip/siBcl-2 or HA-FA-Lip/siBcl-2 for 6h. The �nal concentration of siBcl-2 was 100 nM per
well. After replacing the serum-free medium with the serum-containing medium, the cells were further
cultured for 48h. Then we extracted the protein and performed Western blot assay to investigate the
expression of Bcl-2 protein in different groups. The gray value of each group of protein bands was
analyzed with Image J software and statistical analysis was performed.

We also found that the concentration of siRNA and the incubation time after treating siBcl-2   had some
effects on the transfection e�ciency of HA-FA-Lip/siBcl-2. Hela cells were seeded and cultured in the
same way as before. The cells were treated with HA-FA-Lip/siBcl-2, containing different concentrations of
siBcl-2 for 6h. The �nal concentration of siBcl-2 was 100 nM or 200nM per well . After treating with
different formulations, the drug-containing medium was changed to fresh serum-containing medium. In
order to observe the optimal transfection time, the cells were cultured for 24h or 48 h, protein extraction
and Western blot assay were performed as before.

The changes in Bcl-2 protein levels maybe have a great effect on tumor cell apoptosis[9]. Hela cells in the
logarithmic growth phase were seeded in 96-well plates (5000 cells /well) and cultured for 24 h. The
medium was changed to a serum-free medium, then Lip/siBcl-2, HA-Lip/ siBcl-2, and HA-FA-Lip/siBcl-2
were added, respectly. And the �nal concentration of siBcl-2 was 100 nM per well. After 6 hours, the drug-
containing medium was changed to a serum-containing medium, and transfection was continued for 48
h. We removed the cell culture medium, added 100 μL 4% paraformaldehyde �xative solution to each
well. The cells were stained with the TUNEL TdT-mediated dUTP nick end labeling apoptosis detection
kit, and images were captured by CLSM.

Targeting evaluation of nanoparticles in vivo

Each nude mouse was inoculated with 0.1 mL of cell suspension (105 cells/ml) on the right side. When
the tumor volume increased to 100 ± 20 mm3, we obtained the tumor-bearing mice for our study. Dir was
dissolved with organic solvent, then added to the prepared Lip for probe-ultrasound. The organic solvent
was rotated and evaporated to obtain Lip/Dir. The concentration of Dir was 1 mg/mL. HA-Lip/Dir and HA-
FA-Lip/Dir was parepared according to the same method. Nude mice were injected with 0.1 mL of HA-
Lip/Dir and HA-FA-Lip/Dir in the tail vein. After administration of 12, 24, and 48 h, �uorescence intensity
and bio-distribution of Dir in each group were investigated by the IVIS® Spectrum imaging system (Caliper
Life Sciences). Then the mice were sacri�ced, and the heart, liver, spleen, lung, kidney and tumor were
dissected out to examine the �uorescence intensity. Fluorescence intensity was determined via region-of-
interest (ROI) analysis.

In vivo pharmacodynamics and safety of nanoparticles

Subcutaneous tumor-bearing nude mice models were produced by the methods previously described.
When the tumors grew to about 100 mm3, they were randomly divided into three groups, which were
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administered with 100ul of saline, HA-Lip/siBcl-2, and HA-FA-Lip/siBcl-2, respectively. siBcl-2 was at a
concentration of 0.33 mg/kg in all groups. Treatments were performed at days 1, 3, 5, and 7. The mice
were sacri�ced after the last treatment, and tumor tissues and main organs were stripped for subsequent
experiments.

The Bcl-2 protein expression in tumor tissues were detected by an important mean of Western blot
analysis. We put an appropriate amount of tumor tissue in an EP tube, added radioimmunoprecipitation
assay (RIPA) buffer containing 1 mM Phenylmethanesulfonyl �uoride (PMSF). The tumor tissue was cut
with small scissors, sonicated and then lysed on ice. After centrifugation, the supernatant was transferred
to a clean EP tubes to obtain protein solution. Western blot assay were performed according to the
previously described procedures. Hematoxylin–eosin (H&E) staining and TUNEL staining were used to
further study the safety of nanoparticles in vivo and cell apoptosis in tumor tissues.

Statistical analysis

All the experimental data were represented as mean ± standard deviation (SD). Student’s test or one-way
analysis of variance was performed for Statistical analysis. Statistical signi�cance was de�ned as * p<
0.05 , ** p< 0.01 and ***p< 0.001.

Results
The characterization of HA-FA polymer

The synthesis of HA-FA polymer follows the route shown in the Fig.2A. The HA-FA polymer was dissolved
in D2O and its structure was characterized by 1H-NMR. From the results of the spectrum (Fig.2B), the
characteristic peaks of HA appeared at δ = 6.6-8.6 ppm, and the characteristic absorption peaks of FA
and HA were all visible along the spectrum of the HA-FA polymer. The grafting rate of HA was calculated
to 44.8% by peak area integration .

As shown in Fig.2C, HA-FA showed that the stretching vibration peaks of ester bond C = O at 1565 cm-1,
the enhancement of the stretching vibration peaks of carboxyl –COOH  at 3277 cm-1 and the amino (–
NH2) at 1606 cm-1. It was proved that FA has been successfully grafted onto HA. Therefore, the results of
1H-NMR and FT-IR both indicated the successful synthesis of HA-FA. HA-FA would be used as a polymer
that double-targets hyaluronic acid receptor and folic acid receptor.

The characterization of Lip, HA-Lip and HA-FA-Lip

The size distribution of different liposomes was shown in Fig.3A. It was revealed that Lip has a uniform
size of 67.6 nm PDI = 0.222 and showed a very signi�cant increase in size with HA-FA coating. The
particle sizes of HA-Lip and HA-FA-Lip were aroud 130.6 nm (PDI = 0.185) and 125.6 nm (PDI = 0.105).
The zeta potential also changed from positive to negative (Fig.3B).The potential of Lip was around +40.8
mv and showed strong positive charge, while HA-lip became around -22.6 mv and HA-FA-Lip became
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around -22.4 mv. These changes in particle size and zeta potential proved that HA and HA-FA had been
successfully coated the surface of cationic Lip through electrostatic adsorption. Notably, both HA-lip and
HA-FA-Lip were stable and had good dispersibility. The morphology of HA-FA-lip was round and uniformly
distributed (Fig.3C). The diameter of HA-FA-lip was about 120nm, which was consistent with the results
of DLS. It was likely that HA-FA-Lip could not only accumulate in tumor sites through the EPR effect
because they have an appropriate nanosize, but also can target tumor sites through the dual receptors of
hyaluronic acid and folict acid.

The adsorption e�ciency of Lip, HA-Lip, HA-FA-Lip on siRNA

As was evident from Fig.3D, the band of free siRNA (N/P = 0) was bright and with the increase of N/P
ratio, the brightness of band gradually decreased until it disappeared almost completely at N/P = 6. This
indicaterd that siRNA had been completely adsorbed by Lip. In subsequent experiments, the optimal N/P
ratio (N/P=6) was used to prepare Lip/siRNA. And Lip/siRNA, HA-Lip/siRNA and HA-FA-Lip/siRNA did not
show obvious bright bands (Fig.3E), which proved that the coating of HA and HA-FA would not cause the
leakage of siRNA.

Serum stability and protein adsorption

Reportedly, negatively charged nanoparticles have better serum stability during blood circulation [9].
Notably, this showed that that the turbidity of the Lip group increased signi�cantly with time after
incubation with fetal bovine serum (Fig.4A). Because the uncoated Lip had a strong positive charge, it
interacted strongly with serum. However, the interaction of HA-Lip or HA-FA-Lip with serum after coating
was signi�cantly reduced, and there was no signi�cant change with time. Besides, the positively charged
Lipsome easily adsorbs the negatively charged BSA. It appeared that the protein adsorption rate of Lip
was about 42.5% (Fig.4B). After HA and HA-FA coating, the protein adsorption rate decreased to 9.4% and
7.6%, respectively. It was suggested that HA or HA-FA coating would reduce serum-induced aggregation
and reduce the adsorption of protein to improve the stability of nanocarrier during the blood circulation in
vivo. It was also bene�cial for HA-FA-Lip to maintain a relatively stable particle size in the circulation, so
as to facilitate the subsequent EPR effect.

Cell cytotoxicity of blank lipsome

The MTT results showed that the cell survival rate of the Lip group was only 61% when the concentration
of blank lipsomes was 62.5 μg/mL, while the cell survival rate of the HA-Lip group and the HA-FA-Lip
group were higher than 90% (Fig.4C). Additionally, HA-Lip and HA-FA-Lip had no signi�cant toxicity in the
concentration range of 0-250 ug/ml, which proved good safety. When the concentration was greater than
31.25ug/ml, the cell survival rate of Lip group decreased  signi�cantly with the increase of concentration.
The result demonstrated that HA-Lip and HA-FA -Lip had less toxicity and good biocompatibility. The
coating of HA and HA-FA could be able to signi�cantly reduce the cytotoxicity of the cationic nanocarrier.

Cellular uptake assay
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When the nanoparticles reach the tumor site, whether the nanoparticles are effectively taken up by the
cells is the key to whether the loaded drug can have a therapeutic effect. We quanti�ed the cellular uptake
of siRNA by �ow cytometry. Results showed that that the �uorescence intensity of HA-FA-Lip/siRNAFAM

was 2.1 times that of Lip/siRNAFAM group and 1.8 times that of HA-Lip/siRNAFAM Fig.5A and B). This
proved that HA-FA-coated liposomes had the ability to target the hyaluronic acid and folic acid receptors
on the surface of tumor cells, which signi�cantly increased the internalization of HA-FA-Lip/siRNAFAM by
Hela cells, allowing more siRNA to enter the cells. We also found that the uptake of the Lip/siRNAFAM

group and HA-Lip/siRNAFAM were not signi�cantly different. It might be due to that the positive charge of
Lip was favorable for cellular uptake. However, the endocytosis in the HA-Lip/siRNAFAM group was
mediated by recognition and binding between single ligand and receptor.

The liposomes we prepared contained DOPE, which could promote membrane fusion and  increase the
instability of the lipid membrane, so the complex was more easily released into the cytoplasm. The
images showed that liposomes carried siRNA into cells, and siRNA FAM was mainly localized in the cell
cytoplasm (Fig5C). The stronger green �uorescence of the siRNA FAM was observed in the cells at 4 h. It
was likely that the cellular uptake of siRNA signi�cantly increased with time. And the co-localization of
siRNA in HA-FA-Lip/siRNA group was signi�cantly increased compared with Lip/siRNA group and HA-
Lip/siRNA group at 2h or 4h, which was consistent with the results of �ow cytometry.

Transfection e�ciency of siBcl-2 and cell apoptosis in vitro

It has been reported that siRNA forms an RNA induced silencing complex (RISC), which degrades the
mRNA of target genes in cells and silences the expression of target proteins [6]. Compared with
Lip/siRNAFAM,HA-Lip/siRNAFAM showed almost equivalent transfection e�ciency (Fig.6A). This may be
caused by the similar results of cellular uptake. The down-regulating espression of Bcl-2 protein in the
HA-FA-Lip/siBcl-2 group was better than the other two groups. And the e�ciency of silencing Bcl-2 protein
was about 77% at a concentration of 200 nM and a transfection time of 48 h (Fig.6B). And the silencing
effect of siBcl-2 on Bcl2 protein was obviously time and concentration dependent. Considering that when
the concentration of siRNA was high, more liposomes were needed to prevent leakage. But according to
MTT results, the cell toxicity of liposomes would also increase. Therefore, the HA-FA-Lip/siBcl-2 group
had shown a good silencing effect and very low cytotoxicity when the siRNA concentration was set to
100 nM.

Meanwhile, Bcl-2 protein plays a important role in inhibiting cell apoptosis in vivo. The images
demonstrated that the cells treated with HA-FA-Lip/siBcl-2 showed more intense �uorescent staining
spots (Fig. 6C). The cell apoptosis induced by HA-FA-Lip/siBcl-2FAM was higher than that of Lip/siBcl-
2FAM group and HA-Lip/siBcl-2FAM group. These observations suggested that the coating of dual-targed
HA-FA increased the internalization of the lipsomes by Hela cells and enhanced the transfection e�ciency
of the cationic nanocarrier in vitro. And more siBcl-2 entered the cells and had the effect of inducing
obvious apoptosis of cancer cells.
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Targeting evaluation of nanoparticles in vivo

The two groups of nanoparticles have a suitable nanosize between 100-200nm, which could aggregate to
the tumor site through the EPR effect. By monitoring the distribution of Dir �uorescence in tumor-bearing
mice, the tumor site in the HA-FA-Lip/Dir group had obvious �uorescence at 12h (Fig.7A). But in the HA-
Lip/Dir group, �uorescence appeared in the tumor site at 24 h, and it may be due to metabolism that the
�uorescence of the tumor site slightly weakened at 48h. But in the HA-FA-Lip/Dir group, more
nanoparticles aggregated at the tumor site at 48h, and the accumulation of DiR-loaded nanoparticles in
tumor areas increased with time. The �uorescence intensity of the tumor site in the HA-FA-Lip/Dir group
was signi�cantly higher than that in the HA-Lip group (Fig.7B). At the same time, there was also obvious
�uorescence in mouse liver, which caused by phagocytosis of the reticuloendothelial system. It was
evident that dual-targeted HA-FA-Lip/Dir group had stronger �uorescence in the tumor area than single-
targeted HA-Lip/Dir group, and showed higher accumulation in tumor sites. This demonstrated that HA-
FA-coated liposomes have better tumor targeting than HA-coated liposomes, and deliverd more siBcl-2 to
tumor sites to exert therapeutic effect.

Gene silencing assessment in vitro

We injected tumor-bearing mice with siBcl-2-loaded nanoparticles, and extracted proteins from tumor
tissues for Western Blot assay. As shown in Fig.8A, both HA-FA-Lip and HA-Lip signi�cantly
downregulated the expression of Bcl-2 protein in tumor tissues. Compared with the HA-Lip/siBcl-2 group,
the HA-FA-Lip/siBcl-2 group has a higher silencing e�ciency on Bcl-2 protein of tumor tissues. Cell
apoptosis in tumor tissues was analyzed via TUNEL assay. Furthemore, the results of TUNEL staining in
the HA-FA-Lip/siBcl-2 group showed more red �uorescent spots, which represented a larger proportion of
apoptotic tumor cells. After treatment, H&E staining was performed on the mice in each group. The
nanoparticles in all groups did not cause damage to the main organs, and had good safety in vivo.

Discussion
The approach of modifying the surface of liposomes with some speci�c ligands plays an important role
in targeted drug delivery systems[35]. Due to the shortcomings of traditional single-ligand modi�ed
liposomes, such as limited targeting e�ciency and low cellular uptake, many researchers continue to
explore the use of two or more different ligands to modify liposomes [36,37]. In our study, we successfully
prepared HA-FA-Lip nanoparticles, and it has been proven to achieve the effectice delivery in vivo, which
might be due to the EPR effect and the active targeting capability by dual-ligand modi�cation. The dual-
targeted HA-FA-Lip interacted with CD44 and folate receptors on the cell surface and increased the
internalization of nanoparticles through dual-receptor mediated endocytosis. However, the HA-Lip had a
single target and only binded to the CD44 receptor, so its interaction with the receptor was limited, and its
localization effect wass less precise than HA-FA-Lip. We suspected it might be that dual-ligand
modi�cation has the advantage of increasing the chance of liposomes to adhere to target cells, thereby
enhancing targeting accuracy and e�ciency.
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Therefore, the dual-targed nanocarrier provided a novel strategy to improve targeting e�ciency over
current single-targed drug delivery system, and the results demonstrated the utility of these dual or
multiple ligand modi�cation in this study. These different ligands could play a synergistic or additive role,
so it will be possible to customize nanocarriers containing dual or multiple targeting ligands to suit the
characteristics of targeted tissues and allowe patients to receive speci�c treatments in the future. We look
forward to more discovery and application of those speci�c ligands, and the more ingenious combination
of these modi�ed ligands will help us to build more novel targeted drug delivery system.

Conclusion
In this study, we have successfully prepared the HA-FA polymer with good water solubility and used it to
coat Lip to obtain HA-FA-Lip. These results showed that the particle size of HA-FA-Lip was about
125.6 nm and homogenously distributed. And the shape of nanoparticles was round and uniform. The
coating of HA and HA-FA shielded the positive charge of Lip, improved the safety of the nanocarrier and
reduce the cell cytotoxicity. Compared with HA-Lip, dual-targeted HA-FA-Lip increased intracellular uptake
of the nanoparticles through dual-receptor mediated endocytosis pathway. It was worth noting that HA-
FA-Lip show stronger tumor accumulation and better tumor targeting e�ciency than HA-lip. Meanwhile,
we found that HA-FA-Lip e�ciently delivered siBcl-2 to tumor cells and played a role in down-regulating
Bcl protein levels, thus inducing obvious apoptosis. Moreover, no signi�cant pathological changes
occurred in the main organs of the mice in each group after treatment. In summary, the HA-FA-Lip
prepared in this study could be used as a new type of nanovehicles with high transfection e�ciency and
good biocompatibility.
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Figure 1

The schematic diagram of dual-targeted cationic liposomes (HA-FA-Lip) delivering siBcl-2 to tumor sites
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Figure 2

(A) Synthesis route of HA-FA; (B) 1H NMR spectra of HA-FA polymer; (C) FT-IR spectra of FA,HA and HA-
FA.
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Figure 3

A Particle size and B Zeta potential of Lip, HA-Lip and HA-FA-Lip; (C)TEM images of HA-FA-Lip ; (D) Gel
electrophoresis image of Lip/siRNA with different N/P ratio; (E) Gelelectrophoresis image of siRNA,
Lip/siRNA , HA-Lip/siRNA and HA-FA-Lip/siRNA at optimal N/P ratio. The results are expressed as the
mean ± SD (n = 3)
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Figure 4

(A) Serum stability and (B) Protein adsorption of Lip, HA-Lip and HA-FA-Lip; (C) Viability of Hela cells after
incubation with Lip, HA-Lip and HA-FA-Lip. The results are expressed as the mean ± SD ( n = 3, ***p<
0.001)
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Figure 5

(A) Quantitative uptake of control Control (a) , Lip/siRNAFAM (b), HA-Lip/siRNAFAM (c) and HA-FA-
Lip/siRNAFAM (d) by �ow cytometry; (B) Mean �uorescence intensity (MFI) of and siRNAFAM in cell with
different treatments ; (C) Cellular distribution of siRNAFAM in different formulations at 2 h and 4 h by
CLSM. The results are expressed as the mean ± SD (n = 3, *p< 0.05)
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Figure 6

(A) Bcl-2 protein expression level of Hela cells by Western blot after incubation with Lip/siBcl-2, HA-
Lip/siBcl-2 and HA-FA-Lip/siBcl-2; (B) In vitro gene silencing effects detected in different transfection
conditions ; (C) In vitro cell apoptosis observed by CLSM. The results are expressed as the mean ± SD (n
= 3,***p< 0.001 )
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Figure 7

(A)HA-Lip/Dir and HA-FA-Lip/Dir distribution obtained by IVIS Spectrum at the certain time; (B) tumors
and major organs retrieved to observe �uorescence and distribution after 48h. (C) The Dir �uorescence
intensity in tumor. The results are expressed as the mean ± SD (n= 3,***p< 0.001)



Page 23/23

Figure 8

(A) The Bcl-2 expression of tumors detected by Western blot; (B) TUNEL staining of tumor harvested from
different groups of mice; (C) H&E staining (100×) of heart, liver, spleen, lung, kidney and tumor harvested
from different groups of mice. The results were expressed as the mean ± SD (n= 3,*p< 0.05).


