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Abstract

Small interfering ribonucleic acid (siRNA), 20 – 25 base pairs in length, can interfere with the 

expression of specific genes. Recently, many groups reported the therapeutic intervention of 

siRNA in various cancer cells. In this study, dendrimer type bio-reducible polymer (PAM-ABP) 

which was synthesized using arginine grafted bio-reducible poly(cystaminebisacrylamide-

diaminohexane) (ABP) and polyamidoamine (PAMAM) was used to deliver anti-VEGF siRNA 

into cancer cell lines including human hepatocarcinoma (Huh-7), human lung adenocarcinoma 

(A549), and human fibrosarcoma (HT1080) cells and access their potential as a siRNA delivery 

carrier for cancer therapy. PAM-ABP and siRNA formed polyplexes with average diameter of 116 

nm and charge of around +24.6 mV. The siRNA in the PAM-ABP/siRNA polyplex released by 5 

mM DTT and heparin. VEGF gene silencing efficiency of PAM-ABP/siRNA polyplexes was 

shown to be more effective than PEI/siRNA polyplexes in three cell lines with the following order 

HT1080>A549>Huh-7.
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1. Introduction

In the gene delivery field, the study of small interfering RNA (siRNA) has increased due to 

their potential as a therapeutic macromolecule for the treatment of cancer therapy. siRNA 

can inhibit production of oncogenic regulators associated with tumor growth, 

transformation, and metastasis by a sequence-specific gene silencing effect [1-4]. The 
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introduced siRNA interacts with the RNA-induced silencing complex (RICS) in the cell 

cytoplasm and promotes cleavage of messenger RNA (mRNA) which consists of 

complementary sequences [5-7]. Therefore, siRNA has a very powerful mechanism of 

silencing specific genes that has been reported both in vitro and in vivo with various cell 

types and diseases including solid tumors, respiratory syncytial virus infection, inherited 

skin disorder, and age-related macular degeneration [8-12]. However, siRNA still has 

limited to clinical applications due to the lack of efficiency and the low stability in the 

human body. Therefore, siRNA has not been approved by the Food and Drug 

Administration (FDA or USFDA).

To overcome the drawbacks of siRNA, various non-viral vectors, such as polycationic 

polymer, polyanionic polymer, liposomes, and micelles have been studied. These non-viral 

vectors shown lower transfection efficiency than viral vectors but have several advantages 

including lower cytotoxicity, non-immunogenicity, stability, and large-scale production. 

Hence, the studies using non-viral vector in the field of gene therapy has increased and 

various strategies have been developed to enhance transfection efficiency. These include 1) 

nano-sized polyplexes that easily accumulate at the tumor site through the enhanced 

permeability and retention (EPR) effect [13-15], 2) cell penetrating peptide (CPP) modified 

non-viral vectors to increase cellular uptake [16, 17], 3) increased numbers of amine groups 

in non-viral vectors to enhance the gene condensing ability and increase escape property 

from endosome to cytoplasm [14, 18-20], 4) bio-reducible non-viral vectors for easily 

release of genetic materials from polyplex in reductive environments [16, 17, 21, 22], and 5) 

targeting ligand conjugated non-viral vectors for specific delivery to the target site [23, 24]. 

The results of these researches showed the enhanced transfection efficiency.

In our previous work, dendrimer type bio-reducible polymer (PAM-ABP) was synthesized 

using arginine grafted bio-reducible poly(cystaminebisacrylamide-diaminohexane) (ABP) 

and polyamidoamine (PAMAM) and evaluated for application as a pDNA delivery carrier 

[22, 25]. PAM-ABP consist of dendrimers, arginine, and di-sulfide bonds. These 

components form a polyplex with genetic material at a low complex ratio (weight ratio or 

N/P ratio) to increase cellular uptake of polyplex into the cells and to easily release genetic 

material from polyplex. In this study, we evaluate the potential of PAM-ABP as a siRNA 

delivery carrier for cancer therapy in human hepatocarcinoma (Huh-7), human lung 

adenocarcinoma (A549), and human fibrosarcoma (HT1080) cells using anti-vascular 

endothelial growth factor (VEGF) siRNAto silence the vasculogenesis and angiogenesis of 

cancer cells.

2. Materials and Methods

2.1. Materials

ABP was synthesized as in our previous work.[16] Poly(amido amine) (PAMAM) 

dendrimer (G0), poly(ethylenimine) (PEI; branched form, Mw = 25 kDa), 

dimethylformamide (DMF), dithiothreitol (DTT), 3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide (MTT), and trypan blue solution (0.4%) were purchased from 

Sigma-Aldrich (St. Louis, MO). Traut's reagent and N-succinimidyl-3-(2-pyridyldithio) 

propionate (SPDP) were purchased from pierce (Rockford, IL). Spectrapor dialysis 
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membranes (molecular weight cut off, MWCO = 500 Da, 1,000 Da, and 3,500 Da) were 

purchased from Spectrum Laboratories, Inc. (Rancho Dominguez, CA). YOYO-1 iodide (1 

mM solution in DMSO) and all cell culture products such as fetal bovine serum (FBS), 

SYBR safe DNA gel stain, Dulbecco's phosphate buffered saline (DPBS), Dulbecco's 

modified Eagle's medium (DMEM), and trypsin-like enzyme (TrypLE™ Express) were 

purchased from Invitrogen (Carlsbad, CA). A siRNA sequence targeting the human VEGF 

gene was purchased from Bioneer Co. (Alameda, CA). The sense sequence was 5′-

GGAGUACCCUGAUGAGAUCdTdT-3′ and the anti-sense sequence was 5′-

GAUCUCAUC AGGGUACUCCdTdT-3′.

2.2. Synthesis of PAM-ABP

PAM-ABP was synthesized and characterized as previously detailed.[22] In brief, ABP was 

reacted in 0.1 M phosphate buffered saline (pH 7.2, 0.15 M NaCl) with SPDP (eq. 1.2, in 

DMF) at room temperature (RT) for 1 h. After 1 h, the product dialyzed using a dialysis 

membrane (MWCO = 1,000 Da) against ultrapure water and then lyophilized. To introduce 

thiol groups to the PAMAM back bone, PAMAM was reacted in 0.1 M phosphate buffered 

saline (pH 8.0, 0.15 M NaCl, 2.0 mM EDTA) with Traut's reagent (eq. 2, per primary amine 

group of PAMAM) at RT for 2 h and then dialyzed using a dialysis membrane (MWCO = 

500 Da), followed by lyophilization. The purified PAMAM-SH was reacted in 50 mM 

phosphate buffered saline (pH 7.2, 0.15 M NaCl, 10 mM EDTA), with ABP-SPDP (eq. 4.4) 

at RT for 4 h. To detect the presence of released pyridine-2-thione, mixture solution was 

monitored by UV spectroscopy at 343 nm. The final product was purified by dialysis using a 

dialysis membrane (MWCO = 3,500 Da) and then lyophilization.

2.3. Agarose gel retardation assay

2.3.1. siRNA condensation ability—PAM-ABP/siRNA polyplexes were formed by 

simple vortexing at various weight ratios ranging from 1:0.2 to 1:5 based on siRNA (300 ng) 

in Hepes buffered saline (10 mM HEPES, 1 mM NaCl, pH 7.4), followed by incubation for 

30 min. PEI/siRNA polyplexes were prepared at the same condition. Then, the polyplexes 

containing siRNA were electrophoresed onto a 1% agarose gel plate containing a SYBR safe 

gel staining solution. The electrophoresis was run in TAE (10 mM Tris/HCl, 1% acetic acid 

(v/v), 1 mM EDTA) buffer at 100 V for 30 min.

2.3.2. siRNA release assay—To confirm the siRNA release from PAM-ABP/siRNA 

polyplexes by degradation of the disulfide bond of PMA-ABP, each polyplex was incubated 

in the presence of 5 mM DTT for 30 min in 37°C incubator. PEI was used as a control group 

at the same condition. In addition, the release of siRNA from PAM-ABP/siRNA polyplexes 

was carried out by treatment of heparin. Briefly, PAM-ABP/siRNA polyplex (1:5, weight 

ratio, based on siRNA (300 ng)) was incubated with different amounts of heparin ranging 

from 0 to 5 units for 30 min in a 37°C incubator. After incubation, the samples were 

electrophoresed as described above. The nucleic acids bands were visualized on an UV 

illuminator (gel Documentation System, Bio-Rad, Hercules, CA).
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2.4. Particle size and zeta-potential measurement

The particle sizes and zeta potentials of PAM-ABP/siRNA polyplexes were characterized 

using a Nano ZS (ZEN3600, Malvern Instruments) with a He-Ne ion laser (633 nm). The 

polyplexes were formed in HEPES buffer with various weight ratios from 0.2 to 10 based on 

siRNA (4 μg). After incubation, the each of the polyplex solutions were diluted using 

distilled water to a final volume of 600 μL before measurement. In addition, to confirm the 

dissociated polyplex by DTT, the particle size and zeta potential of PAM-ABP/siRNA 

polyplex (1:5, weight ratio, based on siRNA (μg)) was measured with both conditions (with 

5 mM DTT and without DTT). PEI was used as a control group at the same experimental 

condition.

2.5. Cell culture

Human hepatocarcinoma (Huh-7) cells, human lung adenocarcinoma (A549) cells, and 

human fibrosarcoma (HT1080) cells were selected to investigate cell cytotoxicity, cellular 

uptake, and VEGF silencing activity. The cells were cultured in full medium (high glucose 

DMEM, 10% FBS, without antibiotic agent) at 37°C in a humidified atmosphere containing 

5% CO2. When the confluence reached 70 ∼ 80%, the cells were harvested by trypsinization 

(TrypLE™ Express) and centrifugation. Then, the cell suspensions were used to measure for 

the following cell tests.

2.6. MTT assay

The cytotoxicity assay of the PAM-ABP was confirmed by the MTT assay in Huh-7, A549, 

and HT1080 cells. The cells were seeded in a 24-well plate at a density of 3 × 104 cells/well 

in 500 L DMEM medium containing 10% FBS and then incubated at 37°C in a humidified 

atmosphere containing 5% CO2. When the cell confluence reached 70 ∼ 80%, the cells were 

treated the various amounts of PAM-ABP ranging from 5 to 10 μg in 500 μL fresh pure 

DMEM for another 48 h. PEI was also treated to the cells with the various amounts ranging 

from 1 to 2 μg. The amounts of PAM-ABP and PEI are same the used amounts to prepare 

polyplexes with siRNA. Then 10 μL of stock solution of MTT (5 mg/mL in PBS) was added 

to each well. After an additional 2 h, the medium and unreacted MTT were removed by 

aspiration and 300 μL DMSO was procedurally added to each well.

The Tecan Infinite M200 Pro was used to measure the optical density at 570 nm and the 

relative cell viability was calculated by the following equation: Relative cell viability (%) = 

(OD sample – OD blank)/(OD control – OD blank) × 100.

2.7. Cellular uptake assay

To investigate the cellular uptake, siRNA was labeled by YOYO-1 with the method 

recommended by manufacturer. The cellular uptake behavior was assessed using a BD 

FACScan analyzer at a minimum of 5 × 103 cells gated per sample. Huh-7, A549, and 

HT1080 cells (6 × 104 cells/well) were seeded into 12-well plate in DMEM medium 

containing 10% FBS and incubated for 24 h. PAM-ABP was formed the polyplex with 

YOYO-1 labeled siRNA at weight ratio 1:5 based on siRNA (2 μg) for 30 min. When the 

confluence reached 70 ∼ 80%, the media in each well was replaced with serum-free 

DMEM, and then cells were treated with polyplex. After 4 h, the cells washed with PBS and 
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trypsinized. The cells were collected by centrifugation for 3 min at 3,000 rpm. The collected 

cells were re-suspended in 300 μL of PBS and measured to assess cellular uptake. Analysis 

of cellular uptake was performed by using De NoVo FCS Express 4 Plus software. The 

quantitative cellular uptake of the polyplexes was calculated as a percentage of cell counts in 

the M gate region.

2.8. In vitro gene silencing

Huh-7, A549, and HT1080 cells (6 × 104 cells/well) were seeded using DMEM medium 

containing 10% FBS in a 12 well plate and incubated for 24 h. PAM-ABP/siRNA 

polyplexes were prepared with 2 μg of anti-VEGF siRNA at weight ratio of 1:5 based on 

siRNA in 50 μL. PEI/siRNA polyplexes were also prepared at weight ratio of 1:1 as a 

control group. After 24 h, the media in each well was replaced by 950 μL serum-free 

DMEM and then cells were treated with polyplexes. After 4 h, the medium was exchanged 

with 1 mL of fresh medium containing 10% FBS. Cells were incubated further for 48 h and 

then the levels of secreted VEGF in culture supernatants were obtained by using a human 

VEGF ELISA kit (Pierce, Rockford, IL) by the method of recommended by the 

manufacturer. Briefly, 50 μL of assay diluent and 200 μL of culture supernatants were added 

to each VEGF microplate well which was coated with a monoclonal antibody against VEGF 

and then incubated for 2 h at room temperature. The wells were aspirated and washed three 

times with wash buffer. The wash buffer clearly removed then 200 μL of VEGF conjugate 

added to each microplate well. After additional incubation for 2 h, the wells were aspirated 

and washed three times and then 200 μL of substrate solution added to each microplate well 

in the dark. After 20 min, the reaction was stopped by adding 50 μL stop solution to each 

well. The absorbance was investigated at 450 nm using the Tecan Infinite M200 Pro.

3. Results and Discussion

3.1. Formation and characterization of PAM-ABP/siRNA polyplex

In our previous work, we assessed the optimal weight ratio to form the polyplex with DNA 

by gel retardation assay [22]. However, siRNA consists of smaller sequences than DNA. 

Therefore, the siRNA condensing ability of PAM-ABP was measured by an agarose gel 

retardation assay at various weight ratios ranging from 0.2 to 5. As shown Figure 1A, free 

siRNA showed distinct bands, whereas polyplexes formed with PAM-ABP were retarded at 

weight ratio above 1:0.5 based on siRNA. PAM-ABP/siRNA displayed no siRNA migration 

at weight ratio above 1:0.5, indicating that PAM-ABP completely formed polyplexes with 

siRNA. These results were similar to the positive control PEI group. In the case of DNA, 

PAM-ABP formed polyplexes at weight ratio above 1:2 [22]. These results suggests that the 

genetic material condensing ability of PAM-ABP is dependent on sequence of genetic 

materials.

To confirm the siRNA release ability from the polyplex through the cleaved disulfide bond 

of PAM-ABP, DTT was used to simulate an intracellular reducing agent like glutathione 

(GSH). After cellular uptake, 0.5–10 mM of an intracellular reducing agent can easily cleave 

the disulfide bond of bio-reducible polymer in the cytoplasm [21, 26]. Figure 1B showed 

that the band of PAM-ABP/siRNA polyplexes was located in same position with free siRNA 
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at all weight ratios after incubation with 5 mM DTT. Meanwhile, PEI was not influenced by 

5 mM DTT. This result means that the disulfide bond of PAM-ABP can be cleaved by 

reducing agents in the cytoplasm and siRNA can easily release from polyplex. We also 

confirmed the release of siRNA after incubation with the anionic polysaccharide, heparin as 

an electrostatic competition agent, in Figure 1C. The released amount of siRNA from 

polyplex was increased with increasing heparin ranging from 0 to 5 units. This result 

predicts an easy release of Particle size and zeta-potential values of PAM-ABP/siRNA 

polyplexes were measured at various weight ratios ranging from 0.2 to 10 to confirm the 

details of polyplex formation (Figure 2A). Zeta-potential values of PAM-ABP/siRNA 

polyplexes were increased with increasing weight ratios from 0.2 to 2, and at weight ratio 

above 2, PAM-ABP/siRNA polyplexes had similar zeta-potential values. At weight ratios 

0.2 and 0.5, particle sizes were below 100 nm. However, at the same weight ratios, the zeta-

potentials were negatively charged. This result means that PAM-ABP was not surrounded 

by siRNA and polyplexes were not formed. When the weight ratio was increased 0.5 to 1, 

the particle size was increased sharply. This phenomenon means that the PAM-ABP/siRNA 

were formed polyplexes at a weight ratio 1 with positive surface charge. However, PAM-

ABP did not completely and tightly bind to siRNA. Therefore, the particle size is bigger 

than other weight ratios such as 2, 5, and 10. At the weight ratio 2 to 10, the particle sizes of 

PAM-ABP/siRNA were 154 ∼ 130 nm. The particle size was not dramatically changed 

when increased weight ratios 2 to 10. Our previous work, PAM-ABP/pDNA polyplexes 

showed similar transfection efficiency both weight ratio 5 and 10. However, at a weight 

ratio 10, PAM-ABP/pDNA polyplexes showed slight cytotoxicity [22]. Therefore, we 

optimized the weight ratio to form the polyplex with siRNA at 5. Particle size and zeta-

potential values of PAM-ABP/siRNA polyplexes were determined to be 116 nm and + 24.6 

mV, respectively. In addition, after incubation with 5 mM DTT, particle size and zeta-

potential values were measured at a weight ratio 5 (Figure 2B). Particle size was increased 

and zeta-potential was decreased after incubation with 5 mM DTT, while PEI/siRNA 

polyplexes were not influenced by 5 mM DTT. When the di-sulfide bond of bio-reducible 

carrier cleaved by DTT, the particle size of polyplexes was increased due to the decreased 

condensing ability of bio-reducible carrier [27]. This results indicate that the disulfide bond 

of PAM-ABP is cleaved by DTT and PAM-ABP/siRNA polyplex can more easily release 

the siRNA from polyplexes in reductive environments by dissociation than PEI/siRNA 

polyplexes.

3.2. MTT assay to investigate cytotoxicity of PAM-ABP

The cytotoxicity of PAM-ABP at the transfection condition was investigated in Huh-7, 

A549, and HT1080. The amounts of PAM-ABPs were 5, 7.5, and 10 μg/mL. PEI were also 

tested as a control group. The amounts of PEIs were 1, 1.5, and 2 μg/mL. As shown in 

Figure 3, PAM-ABP has approximately 100% of the relative cell viability at all 

concentrations in all of the cell lines. This result suggests that PAM-ABP is a stable polymer 

when used as a siRNA delivery carrier at the transfection condition of this study. The 

cytotoxicity of PAM-ABP was reported to be low, retaining approximately 80% of the 

relative cell viability at 60 μg/mL of polymer concentration in both HeLa human epithelial 

carcinoma (HeLa) and C2C12 (mouse myoblast) cells [22]. In the case of the PEI control 
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group, the relative cell viability was decreased with increasing concentration from 1 to 2 

μg/mL in all of the cell lines.

3.3. Cellular uptake of PAM-ABP/siRNA polyplexes

Cellular uptake of PAM-ABP/siRNA polyplexes were evaluated by using flow cytometry in 

various cell lines. siRNA was labeled by YOYO-1 to verify the cellular uptake ability of the 

polyplexes after treating the cells. PEI/siRNA polyplexes were also used as a positive 

control group. Figure 4 showed the cellular uptake efficiency of PAM-ABP/siRNA 

polyplexes at weight ratio 1:5 and PEI/siRNA polyplexes at weight ratio 1:1 based on 

YOYO-1 labeled siRNA (2 μg) in Huh-7, A549, and HT1080 cells. Both PAM-ABP and 

PEI polyplexes with siRNA showed similar cellular uptake and quantified cellular uptake 

(%) of 39.9, 96.7, and 90.4 (PAM-ABP) and 46.9, 94.1, and 96.7 (PEI) in Huh-7, A549, and 

HT1080 cells, respectively. As mentioned above, PAM-ABP/siRNA formed nano-sized 

polyplex and has positive surface charge. The small size and positive surface charge of 

polyplexes are important to delivering genetic material into the cell. Several studies reported 

that small sized and positive charged carriers can facilitate better uptake by the cell in 

comparison with both large sized and negatively charged carriers [14, 16, 28-30]. As 

mentioned above, nano-sized polyplexes can preferentially accumulate in the tumor site via 

the EPR effect and tend to circulate for longer times when injected via intravenous injection 

[13-15, 30]. Our previous work demonstrated that the ability of PAM-ABP to form compact 

polyplexes showed the enhanced cellular uptake about 5 folds more than ABP at a weight 

ratio 5 [22]. In addition, arginine residues, a constituent of the cell penetrating peptides 

(CPP), in PAM-ABP can increase cellular uptake [16, 22]. Generally, arginine residues is 

well known that assist in enhancing membrane permeability, facilitating nuclear 

localization, and adsorptive endocytosis [31, 32]. Zhang and co-works reported that the 

cellular uptake of arginine conjugated chitosan nanoparticles is significantly higher in 

comparison with arginine unconjugated chitosan nanoparticles [33].

3.4. Down-regulation of gene expression in vitro

In order to estimate the gene silencing efficiency of PAM-ABP polyplex with anti-VEGF 

siRNA, the VEGF expression was determined by ELISA protein assay in three cell lines 

(Huh-7, A549, and HT1080). The gene silencing efficiency was measured at the fixed 

weight ratio 1:5 (PAM-ABP) and 1:1 (PEI), respectively. An anti-VEGF siRNA only treated 

group was used a negative control. As shown Figure 5, the negative control (only siRNA) 

did not show gene silencing effects in the three cell lines. Meanwhile, PAM-ABP and PEI 

polyplexes caused decreased VEGF expression compared with non-treated cells and the 

siRNA only group. PAM-ABP/siRNA polyplexes showed the lowest VEGF expression in 

all of the cell lines. Figure 5D shows the relative VEGF expression (%), after treatment with 

PAM-ABP/siRNA polyplexes, VEGF expressions were decreased to 36.7%, 33.9%, and 

21.6% in Huh-7, A549, and HT1080 cells, respectively. Gene inhibition efficiency of PAM-

ABP in cell lines followed order HT1080>A549>Huh-7. In the case of PEI/siRNA polyplex, 

VEGF expressions were 65.9%, 78.0%, and 78.2% in Huh-7, A549, and HT1080 cells, 

respectively. The cellular uptake of PEI/siRNA polyplexes was similar to or above that of 

PAM-ABP/siRNA polyplexes (Figure 4). However, the gene down-regulation effect was 

actually lower than PAM-ABP. This phenomenon suggests that siRNA was not completely 
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release from PEI/siRNA polyplexes because PEI is not degraded by intracellular reducing 

agents in reductive environments. While, PAM-ABP which has disulfide bonds, can be 

cleaved by reducing agents, leading to easy release of siRNA from PAM-ABP/siRNA 

polyplexes. This hypothesis was supported by the result of the gel retardation assay (Figure 

1). As mentioned above, several researches reported that the gene delivery carriers which are 

consisted disulfide bond, showed the increased transfection efficiency [16, 17, 21, 22]. In 

addition, Hahn and co-works demonstrated that the reducible polyethyleneimine-hyaluronic 

acid ((PEI-ss)-b-HA) formed polyplexes with VEGF siRNA and showed more significant 

VEGF gene silencing than PEI/siRNA polyplexes [34]. Kim and co-works also reported that 

the reducible poly(oligo-D-arginine) (rPOA) rapidly dissociated in the cytoplasm and showed 

enhanced bioactivity of siRNA against VEGF [35]. These reports supported that the di-

sulfide bond of bio-reducible polymer can increase transfection efficiency, leading to high 

gene silencing activity.

4. Conclusion

In this study, we accessed the potential of PAM-ABP as a siRNA delivery carrier for 

applications in cancer therapy. PAM-ABP formed nano-sized (116 nm) and positively 

charged (+24.6 mV) polyplexes with siRNA, and the siRNA in the PAM-ABP/siRNA 

polyplex released by 5 mM DTT and heparin. In addition, VEGF gene silencing efficiency 

of PAM-ABP/siRNA polyplexes was shown to be more effective than PEI/siRNA in three 

cell lines with the following order HT1080>A549>Huh-7. PAM-ABP/siRNA polyplexes 

showed no cytotoxicity in all cell lines. Our results demonstrated that PAM-ABP consisting 

of arginine groups, disulfide bonds, and dendrimers is an effective siRNA carrier for 

applications in cancer therapy.
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Fig. 1. 
Agarose gel electrophoresis retardation assay of PAM-ABP/siRNA and PEI/siRNA 

polyplexes at weight ratios ranging from 0.2 to 5 based on siRNA (300 μg). (A) siRNA 

condensation ability, (B) siRNA releasing behavior from polyplexes by 5 mM DTT, and (C) 

siRNA releasing behavior from PAM-ABP/siRNA polyplex (weight ratio 1:5, siRNA (300 

μg)) by increasing unit of heparin.
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Fig. 2. 
(A) Particle size and zeta potential of PAM-ABP/siRNA polyplexes at weight ratios ranging 

from 0.2 to 10 based on siRNA (4 μg). (B) Particle size and zeta potential of PAM-ABP/

siRNA polyplex (weight ratio 1:5, siRNA(4 μg)) and PEI/siRNA polyplex (weight ratio 1:1, 

siRNA (4 μg)) with 5 mM DTT or without DTT. The results are presented as mean ± SD 

(n=3).
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Fig. 3. 
Cytotoxicity of PAM-ABP at various amounts ranging from 5 to 10 μg in (A) Huh-7, (B) 

A549, and (C) HT1080 cells (3 × 104 cell/well) without anti-VEGF siRNA. PEI was used 

the compared group at various amounts ranging from 1 to 2 μg. The results are presented as 

mean ± SD (n=3).
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Fig. 4. 
Cellular uptake by FACs in (A) Huh-7, (B) A549, and (C) HT1080 cells (6 × 104 cell/well). 

PAM-ABP/YOYO-1 labeled siRNA poloyplex was formed at weight ratio 1:5 and PEI/

YOYO-l labeled siRNA polyplex was formed at weight ratio 1:1 based on YOYO-1 labeled 

siRNA (2 μg). (D) Bar graph representing the mean percentages of cellular uptake by M 

region gating. The results are presented as mean ± SD (n=3).
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Fig. 5. 
Expression of VEGF determined using ELISA kit in (A) Huh-7, (B) A549, and (C) HT1080 

cells (6 × 104 cell/well). PAM-ABP/siRNA poloyplex was formed at weight ratio 1:5 and 

PEI/siRNA polyplex was formed at weight ratio 1:1 based on siRNA (2 μg). (D) 

Quantification of VEGF expression is shown by relative VEGF expression %. Relative 

VEGF expression (%) = Amount of VEGF (Treated)/Amonut of VEGF (Control) × 100. 

The results are presented as mean ± SD (n=3).
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