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ABSTRACT

Small interfering RNAs (siRNAs) have emerged as powerful tool to manipulate gene expression 

in vitro. However, their potential therapeutic application encounters significant challenges, such

as degradation in vivo, limited cellular uptake and restricted biodistribution, amongst others. This 

study evaluates the siRNA delivery efficiency of three different lipid-substituted polyethylenimine

(PEI) based carriers, named Leu-Fect A, B and C, to different organs in vivo, including xenograft 

tumors, when injected into the bloodstream of mice. The siRNA analysis was undertaken by stem-

Loop RT-PCR, followed by qPCR or digital droplet PCR. Formulating siRNAs with Leu-Fect 

series of carriers generated nanoparticles that effectively delivered the siRNAs into K652 and 

MV4-11 cells, both models of leukemia. The Leu-Fect carriers were able to successfully deliver 

BCR-Abl and FLT3 siRNAs into leukemia xenograft tumors in mice. All three carriers

demonstrated significantly enhanced siRNA delivery into organs other than liver, including the 

xenograft tumors. Preferential biodistribution of siRNAs was observed in the lungs and spleen. 

Amongst the delivery systems, Leu-Fect A exhibited the highest biodistribution into organs. In 

conclusion, lipid-substituted PEI-based delivery systems offer improvements in addressing 

pharmacokinetic challenges associated with siRNA-based therapies, thus opening avenues for 

their potential translation into clinical practice.



INTRODUCTION

During the last two decades, there has been a growing interest in therapeutic nucleic acids and 

their potential to become a central paradigm in the treatment or prevention of common diseases

[1]. Advances in gene sequencing and gene therapy have allowed scientist to identify causative 

gene defects, or potential immunogens in the case of vaccines, and quickly develop therapies based 

on nucleic acids that is tailored for particular diseases [2]. The most well-known example of such 

an approach is the recent COVID-19 pandemic, where exogenous mRNA was used to instruct 

human cells to produce a immunogenic viral protein, and therefore create long-term immunity in 

the vaccine recipients [3]. Alternatively, nucleic acids can be also used to reduce the production 

of a harmful protein when required. For instance, Patisiran (Ompattro®, Alnylam) is based on 

small interfering RNA (siRNA), designed to decrease the production of transthyretin (TTR) in 

patients suffering from hereditary variant TTR amyloidosis (ATTRv), a rare autosomal dominant 

disorder where misfolded mutated TTR accumulates in various tissues throughout the body, 

causing neuropathy and/or cardiomyopathy in said patients [4]. Therapeutic nucleic acids are also 

being explored for more prevalent conditions, as in the case of siRNA drug Zilebesiran (Roche 

and Alnylam), which is designed to decrease the liver production of angiotensinogen, a key player 

in the pathophysiology of high blood pressure [5]. Zilebesiran was effective in decreasing serum 

angiotensinogen levels and 24h ambulatory blood pressure in patients enrolled in a Phase 1 study 

[5] and, at the time of writing of this manuscript, is being tested in 2 separate Phase 2 studies.

One of the main challenges facing therapeutic nucleic acids when attempting to transition into the 

clinic is that nucleic acids display physical characteristics that do not favor biodistribution and 

cellular uptake, meaning that their negative charge, large molecular mass and low hydrophobicity, 

make cell membranes almost impermeable to them. Time spent in circulation poses a major treat 



to efficacy since most of the molecules will not reach their destination with the same ease as small 

molecules and they could be degraded by endogenous enzymes during this time. For this reason, 

delivery vehicles have been designed to facilitate in vitro delivery and in vivo biodistribution [6].

While viral carriers provide high transfection efficiency, their efficacy is quickly overcome by the 

host’s immune system. Moreover, using viruses as delivery vehicles have higher rates of side 

effects and the amount of therapeutic nucleic acids that can be packed into a virus (vector capacity) 

is limited [7,8]. On the other hand, non-viral carriers, including nanoparticles constructed from 

lipids, inorganic molecules (such as gold) and cationic polymers (such as chitosan and

polyethylenimine, PEI) are safer with low immunogenicity and mutagenic potential, and offer 

manufacturing advantages especially at the scale-up step [9]. The advantages and disadvantages 

of viral vectors vs. non-viral delivery vehicles are summarized in Table 1.

Viral Vectors Non-viral vectors
High delivery efficacy Low delivery efficacy

Tissue/cell tropism Challenging targeting
Immunogenic Low immunogenicity

Non-versatile (one type of cargo) Versatile (multiple types of cargo)
Larger cargo capacity Smaller cargo capacity

Complex manufacturing Relatively easy production and scaling-up

The PEI is a cationic polymer that has been on the spotlight for nucleic acid delivery as an 

alternative to viral vectors. The PEI and PEI-derived polymers (>20 kDa) in high molecular weight 

form display multivalent binding to nucleic acids that lead to stable nanoparticles that can 

withstand membrane penetration [10,11]. However, they also display significant toxicity on 

sensitive human cells, although PEI cytotoxicity has been successfully reduced by modifying it 

with peptides, vitamins, amino acids, etc. [12–14]. The low molecular weight PEI (<2 kDa) is 

relatively non-toxic due to weaker cell membrane interactions but also unable to act as a carrier. 

Our studies have shown that lipid modifications on low molecular weight PEI can convert the non-



effective small molecular weight PEI into an effective carrier for a range of nucleic acids due to 

increased uptake of resultant nanoparticles, so that it can be safely used to deliver siRNA, pDNA 

and mRNA in vitro [10,15–21]. However, in vivo delivery efficiency of the modified PEIs for 

nucleic acids remained to be explored.

In this manuscript, we explore the siRNA delivery efficiency of a series of three lipid-substituted 

PEI-derived polymers, namely Leu-Fect A, B and C, which are commercially available. The 

polymers were designed to implement siRNA therapy for the hematological cancer leukemia and

in vitro studies previously indicated effective encapsulation of siRNA into nanoparticles and 

robust delivery into leukemic cells [19,20]. Here, using 2 leukemia xenograft models, 

biodistribution and delivery to various organs were investigated to better assess the feasibility for 

clinical translation.

MATERIALS and METHODS

Materials. The lipopolymers (i.e., Leu-Fect line of transfection reagents) used in this study and 

Trans-Booster additive were prepared by RJH Biosciences Inc. (Edmonton, Canada). The 

reference transfection reagent LipofectamineTM 2000 was from Invitrogen, a division of Thermo-

Fisher (Walthman, MA). The MTT solvent dimethyl sulfoxide (DMSO) was obtained from 

SIGMA-ALDRICH (St Louis, MO). Cell culture medium Roswell Park Memorial Institute 

(RPMI), and penicillin (10,000 U/mL)/streptomycin (10 mg/mL) mixture were obtained from

Thermo-Fisher (Walthman, MA). Fetal bovine serum (FBS) was purchased from VWR (Radnor,

PA). SYBR Green I was purchased from Cambrex Bioscience (Rockland, MD). Whole blood for 

isolation of red blood cells (RBCs) were obtained from Canadian Blood Services (Vancouver, 

Canada). The RNAlater used for preservation of extracted RNA, Trizol® used in RNA extraction 



and TaqMan™ MicroRNA Reverse Transcription Kit (#4366596) for cDNA synthesis were 

obtained from Thermo-Fisher Scientific (Walthman, MA). The MGB-TaqMan probes as well as 

forward and reverse primers for Bcr-Abl and FLT3 were also from Thermo-Fisher (Walthman, 

MA). The siRNAs used in this study were obtained from IDT (Coralville, IA) or from Biospring 

(Frankfurt, Germany). The sequences of the siRNAs were:

- BCR-Abl siRNA sense: rGrCrArGrArGrUrUrCrArArArArGrCrCrCrUrUTT; antisense: 
rArArGrGrGrCrUrUrUrUrGrArArCrUrCrUrGrCTT.

- FLT3 siRNA sense: rArUrGrCrUrArCrCrArArUrUrCrArArGrUrGrArArGrArUTA; 
antisense: rUrUrUrArCrGrArUrGrGrUrUrArArGrUrUrCrArCrUrUrCrUrArArU

- Negative Control siRNA sense: rGrCrGrUrArUrUrArUrArCrGrCrGrArUrUrArACG; 
antisense: rCrGrUrUrArArUrCrGrCrGrUrArUrArArUrArCGC

The consumables for the digital droplet PCR (ddPCR) on QX100 Droplet Generator (BioRad), 

ddPCR™ Supermix for Probes (#1863010), DG8™ Cartridges for QX200™/QX100™ droplet 

generator (#1864008) and droplet generation oil (#1863005) were from BioRad (Hercules, CA). 

Particle Size and -potential Measurement: Leu-Fect complexes with siRNA were prepared by

mixing 46.9 µg of the Leu-Fect A/B/C with 6.25 µg of siRNA (carrier:siRNA weight ratio of 

7.5:1), and diluted in 50 µL Phosphate Buffered Saline (PBS) at room temperature (RT). 

Complexes were incubated at RT for 30 min to allow complete binding and then diluted in 950 µL 

of PBS before being transferred to a Univette for particle size and -potential measurement in a 

Litesizer 500® particle analyzer (Anton Paar).

Transmission Electron Microscopy (TEM): The complexes were prepared as described above. 

A total of 10 µL of suspension was dropped on top of a carbon-coated copper TEM grid and air 

dried for 10 mins at RT. For negative staining, uranyl acetate (1% w/v, 5 µL) was further added 



on the copper grid and dried naturally overnight. The morphology of complexes was visualized by 

TEM using a JEOL JEM-2100 electron microscope.

Binding Assay: The complexes of siRNA were prepared by mixing 0.56 µg of siRNA with Leu-

Fect A, B and C at different weight/weight ratios (see Results), and diluted in 50 µL of PBS. 

Complexes were transferred to a black-bottom 96-well plate and incubated at RT for 30 min. Then, 

50 µL of SYBR Green 2X (in PBS) were added to each well and fluorescence was read in a 

fluorometer at an excitation/emission wavelength of 485 nm/527 nm. A control sample (100% free 

siRNA) was generated by diluting 0.56 µg of siRNA as in above without any carrier being added 

to it. The binding concentration required for 50% binding (BC50) was calculated by fitting the 

fluorescence curves using a 4-parameter logistic regression. In addition, amount of unbound 

siRNA was assessed by loading the complexes onto a 1.2% agarose gel stained with ethidium 

bromide. The proportion of unbound siRNA was calculated using a reference of 100% free siRNA 

with no carrier.

Hemolysis Assay: Red blood cells (RBCs) were separated from the whole human blood (obtained 

from Canadian Blood Services, under an approved protocol) as per the Ficoll-Paque protocol [17].

In brief, the whole human blood was diluted with equal volume of HBSS. 20 mL of diluted blood 

was carefully layered over 15 mL of Ficoll-Paque plus and centrifuged 40 mins at 400 g. The 

bottom RBCs were collected and washed with HBSS before use. To assess for hemolysis caused 

by the complexes, 100 µL of Leu-Fect/siRNA complexes at various ratios were pipetted into a 96-

well plate. Then, 100 µL of RBC in HBSS were added to each well. Plate was incubated at 37°C 

for 30 minutes and then centrifuged at 500 x g for 10 minutes. Supernatant was transferred to a 



clean flat-bottom 96-well plate and absorbance was measured at 540 nm (Spectramax 250). A 

100% hemolysis control was achieved by incubating RBCs with Triton X100 at a final 

concentration of 0.1% v/v, while incubation with HBSS served as negative control. The hemolytic 

activity percentage was calculated as follows:

Hemolysis (%) =
Abs (test) − Abs (negative ctrl)

Abs (positive ctrl) − Abs (negative ctrl)
× 100%

Heparin Displacement Assay: The complexes of siRNA were prepared by mixing 2.8 µg of the 

indicated Leu-Fects with 0.56 µg of siRNA (ratio 5:1), diluted in 50 µL of PBS at RT. Complexes 

were transferred to a black-bottom 96-well plate and incubated at RT for 30 min. Then, 50 µL of 

heparin solution were added to each well to reach a final concentration from 0 to 100 U/mL for 

Leu-Fect A, and 0-20 U/mL for Leu-Fect B and Leu-Fect C. After 1h at RT, 100 µL of SYBR 

Green 2X (in PBS) were added to each well, and fluorescence was read in a fluorometer at an

excitation/emission wavelength of 485 nm/527 nm. A 100% displacement control was done by 

using the same amount of siRNA without any Leu-Fect being added to it. Alternatively, amount 

of unbound siRNA was measured by agarose gel electrophoresis. The proportion of released 

siRNA was calculated using a reference of 100% free siRNA.

Cell Uptake by Flow Cytometry. The leukemia cell lines MV4-11 cells (acute myeloid leukemia) 

and K562 cells (chronic myeloid leukemia) were cultured at 37 C with 5% CO2 and saturated 

humidity with RPMI medium. The RPMI medium was supplemented with 10% fetal bovine serum 

(FBS) and 10 g/mL penicillin-streptomycin. Regular cell passage was executed when cells reached 

75% confluency. For uptake studies, Leu-Fect/FAM-labeled siRNA complexes were prepared at 

different ratios. Reverse transfection was performed by incubating the FAM-labeled siRNA 



complexes at a final concentration of 60 nM with MV4-11 or K562 cells at a density of 150,000 

cell/mL. Complexes were pipetted first into 48-well plates, followed by the cell suspension. 

LipofectamineTM 2000 was used as a reference reagent and siRNA complexes were prepared at 

the manufacturer recommended reagent/siRNA ratio of 2:1. FAM-siRNA uptake was assessed 

after 24 hours of reverse transfection by flow cytometry using an Attune NxT Flow Cytometer 

(Thermo-Fisher). Data was analyzed using the Attune NxT acquisition and analysis software.

Confocal Microscopy: MV4-11 cells were reverse transfected at a density of 150,000 cells/mL 

with 60 nM of FAM-labeled siRNA for 24 hours using Leu-Fect A, B and C at a 7.5:1 Leu-

Fect:siRNA ratio. After 24 hours of incubation, cells were fixed with 4% paraformaldehyde and 

stained with 1 µg/mL DAPI solution for 15 min. Cells were washed and mounted on glass 

coverslips. Imaging was done on a LSM 710/Observer.Z1 laser scanning confocal microscope 

using a 63X/oil objective. Images were processed and analyzed using the NIH open-source

software Image J.

MTT Assay: To assess acute toxicity caused by the carriers, the leukemic MV4-11 and K562 cells 

were incubated with 60 nM of control (scrambled) siRNA, complexed with Leu-Fect A, B and C 

at various Leu-Fect/siRNA ratios for 24 h at 37°C. Then, MTT reagent was added to the wells to 

a final concentration of 0.5 mg/mL and incubated at 37°C for 2h. MTT-containing media was 

removed by centrifugation and aspiration, and cells were lysed using 100 µL of pure DMSO. 

Absorbance was read at 570 nm and proportion of survival was calculated based on absorbance of 

untreated cells.



Animal Husbandry: All animal studies were approved by the University of Alberta Health 

Sciences Approval Board. Animals were maintained following the Canadian Council on Animal 

Care (CCAC) guidelines. Immunodeficient triple mutant NCG (NOD CRISPR Prkdc, Il2r, 

gamma/NjuCrl) mice were purchased from Charles River (Quebec, QC) and were allowed to 

acclimate for 1-2 weeks in an ABL-2 facility, caged 4-5 animals per cage. Food and water were 

provided ad libitum. Animals were euthanized using a CO2 chamber according to the protocols 

stablished by CCAC and the University of Alberta Research Ethics Board. 

Establishment of K562 or MV4-11 Tumors. Mice were anesthetized using isoflurane vapour 

and a Patterson Scientific Model SAS3 rodent anesthesia machine. Human K562 or MV4-11 cells 

were injected subcutaneously into the right thigh of each mouse at 2.5-5 x106 cells per mouse, 

suspended in 200 µL of RPMI-1640 medium. Tumor growth was assessed every 3 days by external 

inspection, which usually became visible a week after injection. The length (l) and width (w) of 

the tumors were measured using a caliper and tumor volume was calculated based on the formula: 

volume = length (l) x width (w)2 x 0.5. The animals have undergone injections of siRNA 

complexes once the tumors reached a volume of 50-100 mm3.

Preparation of BCR-Abl siRNA containing Lipid Nanoparticles (LNPs)

BCR-Abl siRNA-containing LNPs were synthesized by micromixing lipid solutions with an 

aqueous solution of siRNA duplexes, following a previous report with slight modifications [22]. 

In brief, D-Lin MC3 DMA (TargetMol. Wellesley Hills, MA), DSPC (Avanti Polar Lipids, 

Alabaster, AL), cholesterol (Sigma-Aldrich, St. Louis, MO), and DMG-PEG-2000 (Avanti Polar 

Lipids, Alabaster, AL) were dissolved in ethanol at a mole ratio of 50:10:38.5:1.5, respectively. 



BCR-Abl siRNA was prepared in 25 mM acetate buffer solution at pH 4.0. Both siRNA solution 

and lipid mixture were then injected into microfluidic mixer (NanoAssemblr™ 1.5 by Precision 

Nanosystems, BC, Canada) at a 3:1 volume with a flow rate ratio of 3 mL/min aqueous, and 1 

mL/min ethanol. The resultant siRNA/LNPs were immediately dialyzed using a 12-14kD dialysis 

tubing (Thermo-Fisher, Waltham, MA) against a buffer (pH 6.7) containing 50 mM sodium citrate 

and 50 mM MES for 4 hrs. Subsequently, an overnight dialysis was carried out in PBS at pH 7.4 

(Sigma- Aldrich, St. Louis, MO). siRNA/LNPs were then filtered through a 0.2 μm filter (Thermo-

Fisher, Waltham, MA) for further use. The entire procedure was conducted at room temperature.

LNPs Z-average was assessed by Dynamic Light Scattering (DLS) using a Litesizer 500® particle 

analyzer (Anton Paar) set at 25 °C and measurement angle of 173°. 

In vivo siRNA Administration: Mice were injected with complexes formed by mixing 187.5 µg 

of Leu-Fect A, B or C with 25 µg of either control (scramble), FLT3 or BCR-Abl siRNA (ratio 

7.5:1), diluted in 200 µL of RPMI medium. Complexes were incubated at RT for 30 min before 

being injected via tail vein as a single injection.

Quantification of siRNA in Organs: After euthanasia, mice were dissected and organs were 

preserved in 250-500 mL of RNAlater at -80 °C. The amount of siRNA delivered into tumor and 

other tissues was measured by first isolating total RNA from a fraction of tissue (10-20 mg), which 

was homogenized in a RNase-free microcentrifuge tube containing 500 mL of Trizol® following 

the manufacturer’s instructions. The concentration and integrity of extracted RNA was examined 

by spectrophotometry (NanoDropTM, Thermo-Fisher Scientific). Next, reverse transcription was 

performed using a proprietary custom-designed stem-loop primer from Thermo-Fisher Scientific 



or an in-house designed stem loop primer: BCR-Abl: 5’ GTC GTA TCC AGT GCA GGG TCC 

GAG GTA TTC GCA CTG GAT ACG ACA AAA GG 3’; FLT3: 5’ GTC GTA TCC AGT GCA 

GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT AAT CT 3’ and the TaqMan™ 

MicroRNA Reverse Transcription Kit according to the protocol from the manufacturer, using 10 

ng of total RNA as template. Once the cDNA was synthesized, the number of copies of BCR-Abl 

or FLT3 siRNA was measured by one of two methods: 

1) ddPCR: For this, the equivalent of 0.0001 to 0.1 ng of cDNA were amplified using proprietary 

custom-designed MGB-TaqMan probes as well as forward/reverse primers, or the following 

oligonucleotides: BCR-Abl Fwd primer: 5’ CAC GCA GCA GAG TTC AAA 3’; BCR-Abl MGB 

fluorescent probe: /56-FAM/CTG GAT ACG ACA AAA GG /3MGB-NFQ/; FLT3 Fwd primer: 

5’ CAC GCA ATG CTA CCA ATT C 3’; FLT3 MGB fluorescent probe: /56-FAM/CA CTG GAT 

ACG ACT AAT CTT C/3MGB-NFQ/; Universal Reverse Primer: 5’ CCA GTG CAG GGT CCG 

AGG TA 3’. The cDNA templates, primers and probes were mixed with ddPCR™ Supermix for 

Probes and droplets were generated in DG8™ Cartridges for QX200™/QX100™ Droplet 

Generator using Droplet Generation Oil for Probes and a QX100 Droplet Generator. Droplets were 

read in a QX100 Droplet Reader and data collection/analysis were done using QuantaSoft 

Software, v1.7 (BioRad). 

2) Quantitative Real-Time PCR (qPCR):  A standard curve was created with BCR-Abl or FLT3 

siRNAs, complexed with the appropriate Leu-Fect at a ratio of 7.5:1 Leu-Fect/siRNA. Starting 

concentration was 1 nM, followed by 1:5 serial dilutions for up to 8 points. For the qPCR reaction, 

1 uL of cDNA sample or standard was used in combination with TaqMan Universal Master Mix.

Proprietary custom-designed MGB-TaqMan probe, as well as forward and reverse primers were 

used. Thermocycling parameters were followed as per manufacturer’s instructions, and 



concentration of BCR-Abl or FLT3 siRNAs was calculated by extrapolating Ct values of the 

unknowns to the standard curve.

Statistical Analysis: Statistical analysis was performed in GraphPad Prism Software (Version 

8.0.2). Statistical significances were analyzed by student t-test when comparing two groups. When 

comparison was made between 3 or more groups, ordinary One-way ANOVA followed by a 

Tukey’s multiple comparisons test, or Kruskal-Wallis followed by Dunn’s multiple comparison 

tests was performed. Alpha was set as 0.05 across the studies. 

RESULTS

Physical properties of complexes made with siRNA and Leu-Fects

The surface charge density, given by the -potential, can directly affect how a nanoparticle 

interacts with biological elements, such as serum proteins and cellular membranes [23,24] and thus 

impact its delivery capacity. It was previously shown that efficacious nanoparticles made with 

lipid-substituted PEI-derived polymers have positive -potentials [19,25]. As expected, the siRNA 

complexes made with Leu-Fect A, B and C show positive -potentials of +24.0, +19.1 and +30.8 

mV, respectively (Fig. 1A), consistent with previous findings. In terms of particle size, the siRNA 

complexes made with Leu-Fect A and Leu-Fect C showed sizes averaging between 133 nm and 

194 nm, respectively. Conversely, Leu-Fect B resulted in nanoparticles averaging 405 nm (Fig. 

1B). The size of siRNA complexes was further confirmed by the TEM (Fig. 2). Despite the 

differences, the sizes of siRNA complexes made with the three carriers fall within the typical range 

of other gene delivery nanoparticles, such LNPs [26]. To investigate whether the presence or 

absence of salts affects the -potential or size of the complexes, we complexed Leu-Fect A with 



siRNA in either pure water or PBS. In the absence of ions, we observed that the -potentials of 

complexes prepared in water was significantly higher than particles prepared in PBS. On the other 

hand, the particle size showed a non-significant difference between the solvents (Supp Fig. 1).

Figure 1: -potential and particle size of siRNA complexes using lipid-substituted PEI polymers: -
potential (A) and particle size (B) of nanoparticles made using siRNA and the carriers Leu-Fect A, Leu-Fect 

B and Leu-Fect C. -potential for all three siRNA complexes was in the range of 19-31 mV. Particle size was
significantly bigger for particles made with siRNA and Leu-Fect B (*=p<0.05; **=p<0.01; ***=p<0.001. 
ANOVA followed by Tukey's multiple comparisons test). 



Figure 2: TEM of siRNA complexes with Leu-Fect carriers: Representative images of complexes made with 
siRNA and Leu-Fect A, Leu-Fect B and Leu-Fect C (from left to right). The lower pictures are from high 
magnification images.

Binding Capacity of Leu-Fect Carriers

To assess the siRNA binding capacity of the carriers, complexes were prepared using a variable 

ratio of Leu-Fect to siRNA and the free siRNA was measured after the binding. Amongst the three 

lipopolymers, Leu-Fect A has the highest affinity with a BC50 of 0.33±0.04, while Leu-Fect B and 

Leu-Fect C showed BC50 values of 0.54±0.03 and 0.63±0.03, respectively (Fig. 3A). To confirm 

our findings, we used agarose gel electrophoresis to assess the amount of free siRNA after 

complexation at different Leu-Fect/siRNA ratios. As before, Leu-Fect A showed greater affinity 

for siRNA. However, we observed that Leu-Fect B showed unbound siRNA even at a higher

carrier/siRNA ratio than the Leu-Fect C (Fig. 3B). This could be due to the electrical current in 

the gel electrophoresis set-up exhibiting an extra force and uncovering a weaker affinity of Leu-



Fect B, which was only observable when the binding was challenged by external forces (as in gel 

electrophoresis). 

Figure 3: Binding assay of siRNA by Leu-Fect carriers: (A) Free siRNA was determined after complexation 
with various amounts of Leu-Fect, represented as ratio of the carrier to siRNA (w/w). Leu-Fect A showed a 
higher affinity (BC50 = 0.33 ±0.04), followed by Leu-Fect B (BC50 = 0.54±0.03) and Leu-Fect C (BC50 =
0.63±0.03). (B) Agarose gel electrophoresis showing unbound siRNA when siRNA/Leu-Fect complexes are 
prepared at different ratios. Free siRNA with no polymer was loaded as control (Ratio P/s = Ratio of carrier
to siRNA). 

To further explore the binding affinity of lipopolymers, complexes were exposed to increasing

concentrations of heparin to assess their propensity for dissociation. In line with the previous 

observations, complexes made with Leu-Fect B were susceptible to dissociation by heparin at 

lower concentrations than the other two lipopolymers with a DC50 value of 2.03±0.07 U/mL, while 

complexes made with Leu-Fect C had a DC50 value of 5.35±0.15 U/mL (Fig. 4A). Interestingly, 

complexes made with Leu-Fect A were very resistant to heparin displacement, not reaching to 



50% dissociation even at high heparin concentrations of 100 U/mL (Fig. 4A). These findings were 

in line with agarose electrophoresis results. While heparin concentrations of 5 U/mL dissociated

all of the siRNA complexed with Leu-Fect B or C, complexes prepared with Leu-Fect A required

much higher concentrations of heparin to produce similar dissociations (Fig. 4B).

Figure 4: Heparin displacement assay of siRNA complexes: (A) Once the siRNA complexes were formed, 
siRNA was displaced using various concentrations of heparin. Free siRNA was measured after displacement 
using SYBR green fluorescence. Leu-Fect B (DC50 = 2.0±0.1 U/mL) and Leu-Fect C (DC50 = 5.3±0.1 U/mL) 
show effective displacement with heparin, while high concentrations of heparin did not cause siRNA 
displacements in complexes made with Leu-Fect A. (B) Agarose gel electrophoresis showing unbound siRNA 
when displaced from the siRNA complexes by different concentrations of heparin. Free siRNA (Fs) with no 
polymer is loaded as control.

Since the lipopolymers were designed for delivery of siRNAs in vivo, it is important to assess

whether the serum components could dissociate and/or digest the siRNA when complexed with 

the carriers. For this, we prepared the complexes and incubated them with FBS up to a final FBS 

concentration of 50%. Agarose gel electrophoresis showed that FBS did not cause dissociation of 



the siRNA complexes (Fig. 5A), since no free siRNA was detected on the gel. To rule out the

possibility of siRNA degradation (hence lack of free siRNA), complexes were resuspended in 25-

50% of FBS, incubated for 24 h at 37°C and siRNA within the complexes was released using 

heparin (final concentration: 200 U/mL). In contrast to free siRNA that was totally degraded by 

the FBS, complexation with the lipopolymers protected the siRNA against degradation (Fig. 5B). 

It was interesting to note that FBS contributed to the release of siRNA form Leu-Fect A and Leu-

Fect B complexes (i.e., higher recovery of siRNA in the presence of 50% FBS), but not from the 

Leu-Fect C complexes (Fig. 5B).

Figure 5: Effect of serum siRNA complexes. (A) Once the siRNA complexes were formed, they were 
exposed to increasing concentrations of FBS for 1h. FBS was not able to dissociate any detectable siRNA 
from the complexes. Free siRNA (Fs) was loaded onto the gel as positive control. (B) The siRNA complexes 
are resistant to serum-mediated degradation, while free siRNA is not. Presence of serum also facilitates 
heparin-mediated siRNA dissociation. Unless otherwise stated, samples were incubated at 37° for 24 h. 1. 
Free siRNA freshly diluted; 2. Free siRNA + 25% serum; 3. Free siRNA + 50% serum; 4. Complex freshly 
prepared; 5. Complex – no serum; 6. Complex + 25% serum; 7. Complex + 50% serum.

In vitro siRNA Uptake by Leukemic Cells



To assess the cellular siRNA delivery capacity of the chosen carriers, we delivered FAM-labeled 

siRNA (60 nM) into MV4-11 and K562 cells, models of acute and chronic amyloid leukemia, 

respectively. Assessment of transfection efficiency was performed by flow cytometry. In MV4-11 

cells, Leu-Fect A was more efficient in delivering the FAM-siRNA at all carrier/siRNA ratios 

when compared to Leu-Fect B and C. Moreover, at most carrier/siRNA ratios, we found that all

Leu-Fect carriers generated higher FAM-siRNA uptake compared with a commercial lipofection 

reagent LipofectamineTM RNAiMAX. Similar results were obtained when K562 cells were used

for uptake studies instead of MV4:11 cells (Fig. 6). 

Figure 6: In vitro uptake of FAM-labeled siRNA by flow cytometry. MV4-11 cells (left) and K562 cells 
(right) were treated with 60 nM of FAM-siRNA at various polymer/siRNA ratios. Proportion of FAM-positive 
cells was measured by flow cytometry 24h after transfection. Horizontal red line represents uptake obtained 
using LipofectamineTM RNAiMAX at a reagent/siRNA ratio 2:1.

To corroborate that FAM-siRNA was in fact being internalized by the leukemia cells, MV4-11 

were transfected with Leu-Fect or LipofectamineTM RNAiMAX complexes of FAM-siRNA. Cells 

were fixed and stained with DAPI, and analyzed by confocal microscopy. Images showed a clear 

intracellular localization of FAM-siRNA in all cells transfected with the Leu-Fect complexes, and 

a particularly high uptake in cells transfected with Leu-Fect A was observed (Fig. 7 and Supp. Fig. 

2), supporting the results obtained using flow cytometry.  



Figure 7: In vitro uptake of FAM-labeled siRNA by confocal microscopy. Representative images obtained 
by confocal microscopy of MV4:11 cells treated with 60 nM of FAM-siRNA complexes at a 7.5:1 
carrier/siRNA ratio. LipofectamineTM RNAiMAX complexes were prepared at a reagent/siRNA ratio 2:1.
NT: No treatment.

Toxicity of Leu-Fect Carriers

To evaluate the potential toxicity of Leu-Fect carriers, MV4-11 and K652 cells were treated with 

scrambled (no target) siRNA complexes at different carrier/siRNA ratios, and cell viability was 

compared to complexes prepared by the leading lipofection reagent. In MV4-11 cells, Leu-Fect A 

and B toxicity increased with increasing carrier/siRNA ratio, but even at high ratios, the observed



toxicity was lower than the lipofection reagent. Conversely, toxicity of complexes formulated with 

Leu-Fect C at ratios 5:1 and 7.5:1 was comparable to lipofection reagent toxicities, and it became

more toxic when used at higher ratios (Fig. 8A). Similar outcomes were observed with the K562 

cells when are treated with the same complexes (Fig. 8B).

Figure 8: Direct toxicity of siRNA complexes with Leu-Fect. MV4-11 cells (left) and K562 cells (right) were 
treated with 60 nM of negative control (no target) siRNA at various carrier/siRNA ratios. Cell viability was 
assessed using the MTT assay. Horizontal red line represents cell viability after using siRNA complexes of 
LipofectamineTM RNAiMAX at a reagent/siRNA ratio of 2:1.

The hemolytic effect of the Leu-Fect carriers was also tested using human RBCs isolated from 

whole blood. Leu-Fect A and Leu-Fect B, at carrier/siRNA ratios up to 7.5:1 showed ~5% of 

hemolysis, which increased with increasing amount of the carrier. Instead, Leu-Fect C showed 

significantly higher rates of hemolysis than Leu-Fect A and B at similar ratios (Fig. 9). 

Figure 9: Hemolysis caused by the siRNA complexes of Leu-Fect carriers. Two separate human RBC
samples were treated with siRNA complexes at various carrier/siRNA ratios. Hemolysis was measured by 
absorbance at 540 nm. Horizontal red line represents hemolysis caused by the LipofectamineTM RNAiMAX 



complexes at the reagent/siRNA ratio of 2:1. Total hemolysis control (100%) was generated by treating 
RBCs with Triton X-100 at 0.1% v/v.

Biodistribution of siRNA in CML Xenograft Model

In previous studies, we evaluated the antitumoral efficacy of systemic injections of BCR-Abl 

siRNA complexes in an in vivo model of CML. We found that treating mice carrying CML 

xenografts with BCR-Abl siRNA complexes caused a significant reduction in tumor growth when 

compared to Ctrl siRNA delivered by Leu-Fect C [27]. For this study, the biodistribution of siRNA 

to different organs were investigated using the Leu-Fect C in a mouse model bearing CML 

xenografts. The NCG mice were injected subcutaneously with 2.5 x 106 K625 cells in one of the 

hindlimbs. Once tumors were visible, mice received 5 IV injections, every second day, of either 

vehicle (RPMI medium) or 25 µg of BCR-Abl siRNA or Ctrl siRNA complexed with Leu-Fect C 

at a 7.5:1 Leu-Fect/siRNA ratio. The weight ratio was selected based on efficacy data previously 

published [16,27], as well as our in vitro direct toxicity and hemolysis data shown in figures 8 and 

9. Two days after the last injection, the grafted tumors and major organs were collected for 

quantification of BCR-Abl siRNA in the tissues, using stem-loop RT-PCR followed by ddPCR.

First, we tested the specificity of the stem-loop primer designed to detect the BCR-Abl siRNA, 

represented as number of copies per ng of total RNA used in the reaction. In tumors, lungs and 

hearts of animals treated with BCR-Abl siRNA complexes, significant amounts of BCR-Abl

siRNA were detectable, while organs obtained from animals treated with vehicle or Ctrl siRNA 

showed considerably less signal, suggesting that stem-loop RT-PCR followed by ddPCR is a 

method of high sensitivity and specificity for the assessment of in vivo siRNA biodistribution 

(Supp. Fig 3). Importantly, the amount of BCR-Abl siRNA detected was higher in lungs, liver and 

spleen, and the quantification revealed strikingly similar numbers regardless of whether the 



number of siRNA copies was normalized over amount of total RNA used in the reaction, or by 

mass of tissue utilized in the preparation (Supp. Fig 4). The latter was particularly important when 

analyzing siRNA biodistribution to tissues whose weight is not easy to obtain and register (e.g., 

blood or bone marrow).

We next compared the performance of Leu-Fect A, B and C in delivering siRNAs to major organs 

and the xenografts. After a single 25 µg of BCR-Abl siRNA injection, either free or complexed 

with Leu-Fect carriers, organs and xenograft tumors were collected after 48 h for quantitation

using the stem-loop RT-PCR followed by ddPCR. As expected, free siRNA was not effectively 

delivered when compared to siRNA formulated with the Leu-Fect carriers (i.e., siRNA levels 

equivalent to background levels in the absence of a carrier), presumably due to a combination of 

factors including degradation and poor transport across membranes (Fig. 10). Furthermore, with 

exception of the heart, Leu-Fect A showed the highest average delivery among the organs. Leu-

Fect C showed higher average biodistribution than the Leu-Fect B in xenograft tumor, blood, and 

lung, although these differences were not statistically significant due to the high variability across 

animal subjects. As observed before, the organs that showed the highest biodistribution of BCR-

Abl siRNA were lung, liver and spleen (Fig. 10). 



Figure 10. Biodistribution of siRNA in different organs. The amount of BCR-Abl siRNA in the tissues collected 
after 48 hours from mice injected with either free siRNA or complexed with Leu-Fect A, B or C, was expressed 
as number of copies per mg of tissue. Statistical analysis was performed using Ordinary One-way ANOVA 
followed by a Tukey's multiple comparisons test, comparing all columns to each other (****=p<0.0001; 
***=p<0.001**=p<0.01; *=p <0.05). 

Next, we compared the biodistribution of BCR-Abl siRNA using Leu-Fect A vs LNPs. The CML 

xenograft model was prepared as before and, once tumors were established, mice were subjected 

to a single injection with either vehicle (RPMI medium), 25 µg of BCR-Abl siRNA/Leu-Fect A 

complex (ratio of carrier/siRNA 7.5:1), or with 7 µg BCR-Abl siRNA/LNPs via tail vein. Lower 

amount of injection was necessary due to low encapsulation efficiency in LNPs in the maximal 

volume that could be injected IV (Supp. Fig. 5). Mice were euthanized 24 h or 7 days later, when

organs and the xenograft tumors were collected for siRNA content analysis by ddPCR. Results 

showed that, after normalizing by the amount of siRNA injected, siRNA delivery by Leu-Fect A 

was significantly higher than LNPs into tumor, spleen, and liver after 24 hours of injection (Fig. 

11). After 7 days, mice that were injected with BCR-Abl siRNA/Leu-Fect A complexes still 

showed considerable amounts of siRNA within bone marrow, spleen, and liver, while mice 
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injected with BCR-Abl siRNA/LNPs show almost undetectable levels of siRNA in these organs 

(Fig. 11).

Figure 11: Comparison of biodistribution between Leu-Fect A or LNP delivered siRNA. The extent of BCR-
Abl siRNA in different tissues was quantitated after collection from mice injected with either siRNA complexed 
with Leu-Fect A or encapsulated in LNPs after 24 hours or 7 days, expressed as number of copies per ng or 
RNA. (Kruskal-Wallis test, followed by Dunn's multiple comparisons test comparing Leu-Fect A vs LNPs. 
**=p<0.01; *=p <0.05).

Consistently with a high delivery of BCR-Abl siRNA into the xenograft tumor using Leu-Fect A, 

we found a significant decrease in the relative expression of tumoral BCR-Abl mRNA in animals 

treated with BCR-Abl siRNA/Leu-Fect A complexes in comparison with animals injected with 

vehicle only, after 24 hours of treatment (Fig. 12A). Any conclusion about the difference in 

silencing between Leu-Fect A an LNPs was considered not appropriate due to the difference in the 

total amount of siRNA injected between the 2 groups (data not shown).  After 7 days of injection, 

Leu
-F

ec
t A LN

P

Leu
-F

ec
t A LNP

Leu
-F

ec
t A LNP

Leu
-F

ec
t A LNP

Le
u-

Fec
t A LN

P

Leu
-F

ec
t A LN

P

Leu
-F

ec
t A LNP

Le
u-F

ec
t A LN

P

Leu
-F

ec
t A LNP

Le
u-F

ec
t A LN

P

Leu
-F

ec
t A LNP

Leu
-F

ec
t A LNP



when the silencing effect has passed, we observed an increase in the relative expression of BCR-

Abl in Leu-Fect A-treated mice, presumably due to a compensatory mechanism (Fig. 12B).

Figure 12: Comparison of BCR-Abl expression in mice treated with Leu-Fect A complexes. Analysis of 
the relative expression of BCR-Abl mRNA using actin B (ACTB) as housekeeping gene, in xenograft tumors 
collected from mice injected with either siRNA complexed with Leu-Fect A or vehicle after 24 hours (A) or 7 
days  (B) post-injection (* = p<0.05; Kruskal-Wallis followed by with Uncorrected Dunn's test).

Biodistribution of siRNA in AML Xenograft Model 

We next investigated whether the biodistribution of other siRNAs were similar to the BCR-Abl

siRNA, but also whether we could use the more common TaqMan qPCR, considering that the 

availability of ddPCR is not as widespread. For this, NCG mice were used to establish MV4-11 

AML xenografts and an siRNA against oncogenic FLT3 was utilized for assessment of 

biodistribution. Once tumors were visible, mice received four IV injections every third day of 

either vehicle (RPMI medium) or 25 µg of FLT3 siRNA or Ctrl siRNA complexed with Leu-Fect 

B. Three days after the last injection, xenograft tumor and major organs were collected for 

quantification of FLT3 siRNA, using stem-loop RT-PCR followed by TaqMan qPCR. Contrary to 

the ddPCR, TaqMan qPCR requires a standard curve with changing concentrations of the target 

siRNA. To investigate the effect of carriers on the standard curve, we used the xenograft tumor 

RNA to run a stem-loop PCR followed by TaqMan qPCR using two standard curves: with free 



siRNA or complexed with Leu-Fect B. We confirmed that the presence of Leu-Fect reagent in the 

qPCR reaction dramatically altered the standard curve (Supp. Fig. 6A) and as a result, quantitation

of the unknown samples based on a standard curve might be affected with the presence of the 

carrier (Supp. Fig. 6B). It’s worth to mention that such a shift in standard curves would affect 

absolute quantitation but not relative quantitation since the slope was almost identical.

Furthermore, as with ddPCR, the TaqMan qPCR approach detected specifically the FLT3 siRNA,

since no signal was present in the tumors of vehicle or Ctrl siRNA treated animals (Supp. Fig 6B). 

We next compared the dynamic range of both techniques by running a standard curve made out of 

an initial concentration of 1 nM of FLT3 siRNA and 7 serial 1:5 dilutions in the presence of Leu-

Fect B carrier. In the case of ddPCR, we observed an S-shaped resulting curve with loss of linearity 

in both the extremes of the concentration curve. Conversely, in TaqMan qPCR, linearity is 

maintained throughout the entirety of the standard curve (Supp. Fig. 7A, 7B).

Once the ideal conditions for TaqMan qPCR were established, the FLT3 siRNA content was 

measured in major organs. Since we already established that the probe was specifically detecting 

FLT3 siRNA and not Ctrl siRNA, only one random animal was run from NT and Ctrl siRNA 

groups when measuring siRNA content outside of the xenograft tumor. Spleen, liver and lung were

once again the organs with the highest concentration of FLT3 siRNA, while tumor, heart and 

kidney were the organs with the lowest concentration (Fig. 13), which was in line with our previous 

results in the CML model with BCR-Abl siRNA. 

Lastly, in order to further confirm if TaqMan qPCR was accurate in measuring the amount of 

siRNA in a particular tissue, samples obtained from the heart were also run using ddPCR. We 

found a strong correlation between the amount of siRNA detected by TaqMan qPCR and ddPCR 



(Supp. Fig 8), confirming that both techniques, although different in some features, are of use 

when studying in vivo biodistribution of siRNAs. 

Figure 13. Biodistribution of siRNA in different organs in a xenograft AML model: Amount of FLT3 siRNA 
was determined in the tumor and other organs of mice injected with either vehicle, control siRNA or FLT3 
siRNA, expressed as concentration of siRNA (pM) per 10 ng of total RNA. Organ collection was performed 
72 hours after the last FLT3 siRNA injection. For tumors, all animals in all groups were analyzed. For the 
remaining organs, one single mouse was randomly selected from the untreated and control siRNA groups to 
validate qPCR specificity. Ordinary one-way ANOVA followed by a Tukey's multiple comparisons test, 
comparing all columns to each other (** p <0.01). NT: No treatment.

DISCUSSION

Pharmacotherapy involves the modification of the pathophysiology of a diseased cell or tissue, 

interfering with pathological processes and ultimately, aiming to bring back the tissue into normal 
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homeostasis. Therapeutic nucleic acids such as siRNAs are powerful tools that allow us to achieve 

the desired intervention for homeostasis by silencing the expression of harmful mRNAs into

proteins, such as in the case of oncogenes and resultant neoplasms. Unfortunately, the 

physicochemical characteristics of nucleic acids such as their high charge density, large molecular 

size and low hydrophobicity, are not favourable for their biodistribution once injected into an 

animal model or a patient [28]. In this study, we explore how lipid-modified PEI-derived Leu-

Fect carriers and the nanoparticles made with their complexation with siRNAs, can overcome 

some of these obstacles and become suitable delivery vehicles for siRNA for both in vitro and in 

vivo models of disease. We explored the delivery features in the context of hematological cancer 

leukemia, using CML and AML xenograft tumor models as paradigms.

The physical properties of the nanoparticles created with siRNA and the Leu-Fect carriers were 

first assessed. Regarding size, Leu-Fect A and C produced nanoparticles that were below the 200 

nm mark, a size that is comparable to other successful delivery vehicles such as LNPs [29,30]. 

However, nanoparticles made with Leu-Fect B were almost double in size, perhaps posing a 

potential barrier to get the cargo across membranes, hindering biodistribution. This was in line 

with our observations in the animal model that Leu-Fect B formulated siRNA was in general 

poorly distributed when compared to nanoparticles made with the other two carriers. Although 

flocculation was not observed in the TEM analysis, the fact that Leu-Fect B nanoparticles had the 

lowest zeta potential and this perhaps facilitated the generation of few aggregates that may have 

skewed the results obtained in the zetasizer. 

The binding affinity of carriers for siRNA is expected to play a crucial role when it comes to its 

delivery. It is known that polymers with higher affinities confer the cargo protection against serum 

degradation, but could also hinder the intracellular release of the cargo, reducing the silencing 



efficacy [31,32]. Previous studies from our group have shown that distinct lipopolymers show 

adequate affinity for siRNAs since they have been successfully used for silencing a variety of

target genes  [16,18,19,33], but this is the first time we compare the physical properties of our 

distinct carriers head-to-head, finding that Leu-Fect A had the highest affinity based on binding 

and heparin dissociation analysis. We also demonstrated all three carriers conferred protection 

against serum degradation, a feature that is upmost required when attempting to deliver nucleic 

acids to cells in culture or in an animal model.

When siRNA was delivered to non-adherent cells such as leukemia cells, which are traditionally 

known to be more difficult to transfect [34,35], the polymeric Leu-Fect carriers were superior to 

lipofection in the case of siRNA delivery. Of the three carriers explored, Leu-Fect A was the best 

performer in MV4-11 under all conditions tested, and was the best performer in K562 cells at 

carrier/siRNA ratios up to 7.5:1. This was evidenced by flow cytometry and confocal microscopy 

experiments. It is likely that the high affinity for siRNA, and smaller size and higher -potential 

of the resultant nanoparticles made Leu-Fect A display more favorable delivery capacity. 

Although a carrier:siRNA ratio of 1:1 was enough to bind most of the siRNA in in vitro conditions 

where no other mayor negatively charged macromolecules were present, previous studies made 

with these carriers both in vivo and in cultured cells [16,27] have  shown that efficacy is only 

observed at higher carrier:siRNA ratios. This may be explained by the presence of other negatively 

charged macromolecules present in the serum or blood that may compete for the binding sites at 

the carriers. Therefore, an excess of carrier may be needed to overcome this issue. 

Needless to say, toxicity is a major consideration when a delivery vehicle is used as part of a 

therapy in animals and/or humans. In general, nanoparticles made with Leu-Fect carriers did not

show toxicity when used at carrier/siRNA ratios up to 7.5:1, except for Leu-Fect C. The latter also 



showed a higher hemolytic effect than their counterparts, suggesting that the toxic effect could be 

due to a direct interaction of the particle with the cellular membrane, rather than a specific 

biochemical event. This observation is supported in the fact that amongst the Leu-Fect carriers, 

Leu-Fect C generated complexes with the highest positive -potential, a well-known risk factor 

for hemolysis [36]. It is interesting however that, when administered in vivo to mice, we did not 

observe an immediate or delayed effect on mouse health in any of our studies with the Leu-Fect 

carriers. We used a semi-quantitative scoring scale to assess the health of the mice on our study, 

as well as changes of mice weight among the study groups; there was no indication of undesirable 

effects in our studies. More subtle signs of toxicity were not evaluated in this study (e.g., hepatic 

ALT/AST levels in serum, bilirubin or LDH serum levels) and therefore more detailed studies will 

be needed in the future to unequivocally conclude on subtle toxicity, if any, of the carriers when 

used in vivo.

In terms of in vivo siRNA delivery performance, not all Leu-Fect carriers behaved the same and 

Leu-Fect A was undoubtably the best of the three carriers tested in our hands. This advantage could 

be the result of nanoparticles to be smaller in size with more positive -potential and the carrier 

displaying a higher affinity for siRNA. It is also possible that the siRNA delivered with Leu-Fect 

A may have lasted inside the cells to a greater extent than other carriers (i.e., increased half-life 

intracellularly), facilitating its detection by the PCR techniques used in our study. However, the 

fact that we observed significant silencing of BCR-Abl mRNA in CML xenografts using Leu-Fect 

A confirmed the success of the siRNA delivery. It is also important to note that there seems to be 

a correlation between the siRNA binding affinity and efficacy of delivery, at least within the three 

Leu-Fect carriers assessed in the present study. While this study indicates effective delivery and 

availability of siRNA for target silencing, it is not known if all siRNA becomes available for 



silencing or whether a fraction of the complexes remained intact, not providing the full siRNA 

dose. There was some evidence that not all bound siRNA was released from the complexes 

(especially with Leu-Fect A; see Fig 4), but whether a similar issue is valid under in vivo conditions 

remains to be seen. This will be the subject of future studies. 

In all animal studies performed for this manuscript, we found that the Leu-Fect carriers 

preferentially delivered the siRNA into lungs, spleen and liver, being the delivery more widespread 

than what has been reported for other vehicles such as LNPs, where most of the therapeutic nucleic 

acid is delivered to the liver [37,38]. The carriers seem to preferentially deliver therapeutic nucleic 

acids to organs that are part of the reticuloendothelial system, a concern that has been explored in 

the past since it may reduce the delivery of nanoparticles to the desired target [39–41]. In addition, 

we also observed a better biodistribution of medicinal RNAs when using Leu-Fect A compared to 

LNPs, not only to the xenograft tumor, but also in the liver. Better protection of the encapsulated 

siRNA is the likely reason for this, given multivalent interactions between the polymeric Leu-Fect

carrier and the siRNA that is bound to lead to better protection against the endogenous nucleases.

In conclusion, nanoparticles made with PEI-based Leu-Fect carriers are emerging as safe, reliable 

and effective vehicles for the delivery of medicinal nucleic acids, in this particular case, of siRNAs.

In this pursuit, we found the molecular analysis tools such as stem-loop PCR followed by either 

qPCR or ddPCR are methods with high sensitivity and specificity, allowing us to accurately assess 

whether a medicinal nucleic acid has reached the target tissue. This may obviate the tracer methods 

based on radiolabeling and spectroscopic labels, which may alter the native physicochemical 

properties of the investigated ligand and lead to erroneous biodistribution information. The 

availability of reliable methods for the evaluation of biodistribution of siRNAs will certainly 



accelerate the development of nanomedicines, not only for blood cancers, but for any disease 

where the silencing of a harmful gene may stop or delay the pathophysiological process.  
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