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Introduc琀椀on
In recent years, nucleic acid (NA)-based 
medicines have emerged as a promising 
new biotherapeu琀椀c modality, with the 
poten琀椀al to target proteins considered 
‘undruggable’ by small molecules. 
These medicines could revolu琀椀onise 
the treatment of gene琀椀c disorders, 
infec琀椀ous diseases and even some types 
of cancer. There is a growing number of 
NA therapies that have been approved for 
clinical use and the market is forecast to 
reach USD 9.54 billion globally by 2028 
(es琀椀mated by Mordor Intelligence)1. This 
recent increase has been signi昀椀cantly 
in昀氀uenced by the success and the FDA 
approval of ONPATTRO® in 2018, 
and the SARS-CoV-2 lipid nanopar琀椀cle 
(LNP) vaccines in 2021 which deliver 
siRNA and mRNA, respec琀椀vely. This has 
resulted in an increase in the number 
of SMEs and larger pharmaceu琀椀cal 
companies inves琀椀ng in the development 
of NA medicines. RNA-based medicines 
(siRNA, mRNA and some an琀椀sense 
oligonucleo琀椀des) use RNA molecules to 
modulate the expression of speci昀椀c genes. 
However, to be e昀케cacious both in vitro 
and in vivo, they require a stable carrier. 
The development of suitable drug delivery 
vectors is therefore cri琀椀cal to realise 
therapeu琀椀c poten琀椀al. To date, LNPs are 
the most clinically advanced, non-viral  
NA delivery tool.

The role of the drug delivery system 
is to: 1) protect the NA cargo from 
degrada琀椀on by RNAses in the 
serum, 2) prevent unwanted pa琀椀ent 
immunogenicity and o昀昀-target e昀昀ects 
driven by exposure to naked NAs, and 
3) facilitate cellular tra昀케cking (uptake 
and endosomal escape) and cytoplasmic 
delivery of cargo. Once the vector, with 
its NA cargo, has successfully crossed 
the relevant biological barriers, the intact 
cargo must be released at an appropriate 
concentra琀椀on to exert the desired 
therapeu琀椀c e昀昀ect. 

Characterising the physical proper琀椀es 
and biological func琀椀on of nanopar琀椀cles 
(NPs) is cri琀椀cal for transla琀椀on to the 
clinic. Key Physical criteria include 
a par琀椀cle size of 200nm or less 
(typically closer to 100nm), a narrow 
size distribu琀椀on, high encapsula琀椀on 
e昀케ciency, and appropriate surface 
charge at physiological pH to balance 
both safety and e昀케cacy. In terms of 
biological requirements, par琀椀cles must 
have the capacity to internalise via  
direct fusion with the plasma membrane 

or endocytosis-mediated uptake  
(e.g. clathrin, dynamin, caveolin 
dependent and micropinocytosis),  
escape from a tra昀케cking vesicle and 
e昀케ciently deliver the cargo into the cell 
cytoplasm. Addi琀椀onally, the development 
of robust and scalable manufacturing 
processes capable of ensuring 
product quality that meet regulatory 
requirements is essen琀椀al. Comparability 
of LNP cri琀椀cal quality a琀琀ributes across 
batches used in preclinical and clinical 
studies is also required. 

Scope
This paper demonstrates the combined in vitro capabili琀椀es of Seda Pharmaceu琀椀cal 
Development Services in the manufacture and physical characterisa琀椀on of lipid-based 
nanopar琀椀cles for nucleic acid delivery, coupled with the advanced in vitro characterisa琀椀on 
capabili琀椀es of Medicines Discovery Catapult (MDC). Together, these organisa琀椀ons can 
support the design, prototype manufacture and screening of complex medicines ready for 
progression to preclinical in vivo tes琀椀ng and onwards to clinical development.

There is a growing number of NA therapies 
that have been approved for clinical  
use and the market is forecast to reach  
USD 9.54 billion globally by 2028.
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Liposomes, the pioneering lipid-based 
formula琀椀ons, are a bilayer system with 
an aqueous core and were originally 
designed to improve the therapeu琀椀c 
index of small molecule drugs. Liposome 
composi琀椀on has been enhanced over the 
years to improve stability, reduce cargo 
leakage and to evade immune responses 
in order to increase circula琀椀on 琀椀me 
(stealth liposomes). Ca琀椀onic liposomes 
have been inves琀椀gated for gene delivery 
applica琀椀ons as they are known to form 
polyplexes by electrosta琀椀c interac琀椀ons 
with anionic NA. More recently, LNPs 
speci昀椀cally developed for delivering new 
modali琀椀es such as NAs, are formed of 
a lipid monolayer with a reverse micelle 
as the core structure, and the NA is 
condensed with ca琀椀onic/ionisable lipids. 
Like liposomes, LNPs protect and stabilise 
the cargo, and improve pharmacokine琀椀cs 
and cellular uptake. A key feature of 
LNPs is their suitability for intracellular 
delivery due to their ability to escape the 
endosomal compartment via the presence 

of the ca琀椀onic/ionisable lipid. Ionisable 
lipids can transi琀椀on between charged and 
neutral states based on environmental 
pH. They remain deprotonated under 
neutral condi琀椀ons and acquire a posi琀椀ve 
charge in environments with a pH 
below their acid-dissocia琀椀on constant. 
Although the proton sponge e昀昀ect is the 
main theory for the endosomal escape 
mechanism, other hypotheses related to 
the fusion membrane are currently being 
debated in the literature2. 

The interplay between formula琀椀on and 
biological performance is more complex 
in NA-based therapies compared to 
conven琀椀onal small molecule drug 
development and demands a range of 
exper琀椀se and methods of analysis. This 
white paper is the result of a partnership 
between MDC and Seda with the primary 
aim of showcasing their respec琀椀ve but 
complementary laboratory capability 
in elucida琀椀ng this formula琀椀on/e昀케cacy 
rela琀椀onship (Fig. 1).  

In this study, siRNA-loaded liposomes 
(termed lipoplexes) and LNPs were 
chosen as representa琀椀ve molecules 
to inves琀椀gate the in昀氀uence of the 
manufacturing process of the lipid-based 
formula琀椀on on intracellular delivery. 
The design and manufacture, including 
process op琀椀misa琀椀on and physical 
characterisa琀椀on, of both nanopar琀椀cle 
(NP) formula琀椀on types was performed 
by Seda. The biological performance 
of the NPs was assessed by MDC. 
Advanced microscopy techniques were 
used to demonstrate the kine琀椀cs of 
uptake, visualise intracellular tra昀케cking 
and cytoplasmic delivery of siRNA by 
lipoplexes and LNPs. In addi琀椀on, MDC  
is developing new ways to characterise 
the physical proper琀椀es of NPs using  
single molecule localisa琀椀on microscopy 
(SMLM), a super resolu琀椀on microscopy 
technique that improves resolu琀椀on up 
to ten-fold compared to conven琀椀onal 
wide昀椀eld microscopy. 

   

Figure 1. Work昀氀ow from nanopar琀椀cles (NPs) prepara琀椀on to cellular analysis.
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MDC is developing new ways to characterise the 
physical proper琀椀es of NPs using single molecule 
localisa琀椀on microscopy.
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Cy3 昀氀uorescent labelling of  
siRNA targe琀椀ng euchroma琀椀c histone-
lysine N-methyltransferase (EHMT2)
EHMT2 was chosen as the siRNA target as 
it is highly expressed in many human cell 
lines and readily detectable in biochemical 
assays, for example, western blot. Prior to 
NP prepara琀椀on, siRNA targe琀椀ng EHMT2 
(siEHMT2) was labelled with a Cy3 
昀氀uorophore to allow visualisa琀椀on of cellular 
uptake and tra昀케cking using 昀氀uorescence 
microscopy. Results show that nearly 80% of 
the siRNA was recovered following labelling 
and the low ra琀椀o of base:dye indicated 
an e昀昀ec琀椀ve labelling of siRNA (data not 
shown). To ensure that the 昀氀uorescent 
label did not a昀昀ect the func琀椀onal integrity 
of the siRNA, HeLa cells were transfected 
with either Cy3-siEHMT2 or unlabelled 
siEHMT2 using a commercial transfec琀椀on 
reagent (Lipofectamine™ RNAiMAX). 
Expression of EHMT2 was assessed at 
di昀昀erent 琀椀me-points by western blo琀�ng. 
Both labelled and unlabelled siRNA showed 
protein knockdown with no notable 
di昀昀erence observed between the two at any 
琀椀mepoint. By 48 h EHMT2 expression had 
been reduced to 20% and appeared to be 
complete reduc琀椀on at 72 h, using western 
blot analysis. (Fig. 2).

Formula琀椀on manufacturing and 
physical characterisa琀椀on
Lipoplexes and LNPs were prepared using 
a combina琀椀on of commercially available 
lipids and loaded were prepared and 
loaded ini琀椀ally with polyadenylic acid 
(polyA) as a less expensive surrogate for 
the Cy3-siEHMT2 cargo to op琀椀mise the 
manufacturing process. Speci昀椀cally,  
DLin-MC3-DMA, (1,2-distearoyl-sn-glycero-
3-phosphocholine) (DSPC), 1,2-dimyristoyl-
rac-glycero-3-methoxypolyethylene 
glycol-2000 (DMG-PEG2000) and 
cholesterol were selected with a ra琀椀o of 
50:10:1.5:38.5 for both formula琀椀ons. A 
schema琀椀c representa琀椀on of the formula琀椀on 
process of lipoplexes and LNPs is shown 
in Fig. 3, di昀昀ering only in the point of NA 
addi琀椀on. NP fabrica琀椀on was performed at 
pH 3 ensuring that the ionisable lipid, MC3 
(pKa~ 6.4), was protonated and therefore 
able to complex with the anionic NA. For 
LNPs, NA was already present in the citrate 
bu昀昀er prior to addi琀椀on of the ethanol 
lipid mix, whereas for the prepara琀椀on of 
lipoplexes, the NA was added a昀琀er the 
liposomes were formed. A昀琀er 30 minutes 
complexa琀椀on 琀椀me, the solu琀椀ons were 
neutralised by adding 1 M tris HCl bu昀昀er.

   
   

   

Figure 2. E昀昀ect of labelling of siEHMT2 with Cy3 dye. 
(a) Western blot analysis of HeLa cell lysates for EHMT2 expression following 
treatment with Cy-3 labelled and unlabelled siEHMT2 at 24, 48 and 72 h. (b) 
Quan琀椀昀椀ca琀椀on of EHMT2 expression using densitometry analysis of EHMT2 
western blot using Licor’s Image Studio So昀琀ware.

a

b

   

Figure 3. Schema琀椀c representa琀椀on of the manufacturing process of the NA-
loaded lipoplexes and LNPs. 

   

   

Lipoplex

LNP
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Figure 5. z-Average and PDI measurement by DLS of 3 batches of polyA-loaded 
LNPs (n=3). 
PolyA-loaded lipoplexes were prepared using the manufacturing process described in 
Fig. 3 at the same scale and total lipid concentra琀椀on as used for the LNPs, and were of 
similar size, PDI and zeta poten琀椀al to the LNPs (see Fig. 4b). 

PolyA-loaded lipoplexes and LNPs
Ini琀椀ally, process development was 
performed using polyA to determine the 
in昀氀uence of key process parameters such 
as mixing, scale, total lipid concentra琀椀on, 
昀椀ltra琀椀on, and extrusion on the a琀琀ributes of 
the NPs such as size, size distribu琀椀on, NP 
concentra琀椀on and z-poten琀椀al measured by 
dynamic and electrophore琀椀c light sca琀琀ering 
(DLS/ELS). Brie昀氀y, polyA-loaded LNPs were 
prepared using nitrogen:phosphate (N/P) 
ra琀椀os ranging from 0.66 to 20. Based on 
size (z-average) and polydispersity index 
(PDI), the N/P ra琀椀o of 10 was selected 
as op琀椀mal, with values of 152 nm and 
0.32 for z-average and PDI, respec琀椀vely. 
Addi琀椀onally, the process was scaled up by 
a factor of 15 and the key a琀琀ributes of the 
LNPs were assessed. z-Average and PDI of 
the polyA-loaded LNPs which were found 
to be ~177.1 nm and ~0.26 respec琀椀vely 
remained similar to those produced at 
small scale. However, higher resolu琀椀on 
size determina琀椀on by mul琀椀 angle dynamic 
light sca琀琀ering (MADLS) revealed the 
presence of mul琀椀ple size popula琀椀ons, which 
could not be improved using extrusion. 
Increasing the total lipid concentra琀椀on by 
~7-fold was found to improve formula琀椀on 
characteris琀椀cs. The z-average and PDI were 
found to be 141.5 nm and 0.11, respec琀椀vely, 
indica琀椀ng narrow size distribu琀椀on (Fig. 4b). 
A further MADLS measurement con昀椀rmed 
the monomodal distribu琀椀on of the polyA-
loaded LNP solu琀椀on with the detec琀椀on of 
a single peak (Fig. 4a). Lipoplexes showed 
similar physical proper琀椀es to LNPs with an 
average size of 157 nm and PDI of 0.11.

Key a琀琀ributes remained similar a昀琀er 
昀椀ltra琀椀on through a 0.22 µm PVDF 
membrane 昀椀lter, providing an appropriate 
method for achieving low bioburden 
samples suitable for parenteral dosing in 
preclinical species. A琀琀ributes were also 
similar across 3 batches prepared under the 
same condi琀椀ons (Fig. 5) indica琀椀ng low batch 
to batch variability.

 
 

Figure 4. Summary of the physical characterisa琀椀on of polyA-loaded LNPs and 
lipoplexes. 
(a) Representa琀椀ve par琀椀cle size distribu琀椀on of polyA-loaded LNPs determined by 
MADLS (n=3). (b) z-Average and PDI measured by DLS (n=3).
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Cy3-siEHMT2-loaded lipoplexes and LNPs
Cy3-labelled siRNA-loaded lipoplexes and 
LNPs were prepared using the established 
manufacturing process and characterised 
using the Zetasizer. The average par琀椀cle 
size of the two formula琀椀ons was similar 
and PDIs were below 0.2 indica琀椀ng 
narrow size distribu琀椀on (Table 1). 
Z-poten琀椀al of the lipoplexes and LNPs 
was -1.9 and -2.3, respec琀椀vely, when 
samples were prepared by dilu琀椀ng 10-fold 
in 10 mM NaCl (pH ~7.4). Z-poten琀椀al 
values between -10 and 10 mV are 
generally considered to indicate the 
neutrality of the NP surface. 

For orthogonal determina琀椀on of 
nanopar琀椀cle size, the formula琀椀ons 
were examined with single molecule 
localisa琀椀on microscopy. To this end, 
NPs were 昀椀xed with paraformaldehyde 
and stained with DiD, a lipophilic tracer, 
prior to acquisi琀椀on of single 昀氀uorophore 
blinking events. The subpixel centroid of 
each 昀氀uorophore was determined using 

Zen (Zeiss), yielding an average resolu琀椀on 
of 42 nm (calculated with SR-Tesseler).3 
This increased resolu琀椀on enabled the 
iden琀椀昀椀ca琀椀on of individual par琀椀cles, 
approximately 100 nm in diameter, the 
size of which was vastly overes琀椀mated 
by di昀昀rac琀椀on-limited wide昀椀eld imaging 
(Fig. 6a). In agreement with the DLS data, 
there were no detectable di昀昀erences 
in diameter between the par琀椀cles with 
median diameters of 84.2 nm and 92.8 
nm for lipoplexes and LNPs, respec琀椀vely 
(Fig. 6b). These data suggest that SMLM 
performance is comparable to current 
DLS or electron microscopy approaches, 
and given its advantages in labelling and 
sample prepara琀椀on, it is well-posi琀椀oned 
as a tool for the determina琀椀on of par琀椀cle 
size and loading. In addi琀椀on, SMLM can 
be used to image mul琀椀ple labels and, 
therefore, it was possible to visualise both 
the lipids and the Cy3-siEHMT2. Example 
images of the DiD labelled NPs and  

Cy3-siEHMT2 for lipoplexes and LNPs are 
shown in Fig. 6c. These images suggest 
a di昀昀erence in cargo interac琀椀on with 
the lipids between lipoplex and LNPs. In 
LNPs, Cy3-siEHMT2 overlapped with the 
lipids sugges琀椀ng e昀케cient encapsula琀椀on 
into the core whereas in the lipoplexes, 
much of the cargo was localised outside 
of the lipid core with some lipid overlap, 
sugges琀椀ng presence of Cy3-siEHMT2 
both inside and outside of the NP. 

The total amount of Cy3-siEHMT2 within 
the two formula琀椀ons was assessed by 
Quant-it ™RiboGreen assay (Table 1). 
To facilitate the release of siRNA from 
LNPs and lipoplexes, the samples were 
incubated with 1% Triton X-100 for 10 
min prior to treatment with RiboGreen 
reagent. The concentra琀椀on of siRNA 
within the formula琀椀ons was comparable, 
indica琀椀ng that spa琀椀al arrangement 
visualised by SMLM did not have an 
impact on cargo loading of NPs.

     
 

     

Table 1. Summary of the characterisa琀椀on of the Cy3-labelled siRNA-loaded lipid-based NPs (n=3).

DiD labelled LNPa

Property Lipoplex LNP

Z-average (nm) 113.5 105.7

PDI 0.16 0.15

Zeta poten琀椀al (mV) -2.3 -1.9

Cy3- siEHMT2 concentra琀椀on (µM) 2.33 2
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Lipoplex LNPc
(c)

DiDsiRNA-Cy3 siRNA-Cy3
DiD

LNP

siRNA-Cy3 DiD siRNA-Cy3
DiD

Figure 6. Physical characterisa琀椀on of par琀椀cles using DLS and single molecule localisa琀椀on microscopy (SMLM). 
(a) SMLM enhances visualisa琀椀on of par琀椀cles in comparison to wide昀椀eld microscopy. (b) Par琀椀cle diameters were quan琀椀昀椀ed using SR-Tesseler and 
DLS. (c) Representa琀椀ve SMLM images of Lipoplexes and LNPs, labelled using DiD lipid dye (magenta in overlay) with cargo, Cy3-siEHMT2 (cyan 
in overlay). Overlay is presented as a gaussian rendered image. Scale bar is 100 nm.

The two formula琀椀ons were stored at 2-8 °C for 7 days and DLS measurements were performed at day 1, 3 and 7 to determine z-average 
and PDI (Fig. 7). With these a琀琀ributes remaining consistent, we could con昀椀dently surmise that formula琀椀ons could be prepared at Seda 
then shipped to MDC for further in vitro characterisa琀椀on without loss of physical stability. 

     
     

Lipoplex LNP

Figure 7. Colloidal stability assessment of the Cy3-labelled siRNA-loaded LNPs and lipoplexes over 7 days (n=3). 
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In vitro  performance of lipoplexes and LNPs
HeLa cells, treated with increasing doses of lipoplexes and LNPs, were assayed for cell growth and viability a昀琀er 24 h. No obvious 
morphological changes were observed, however, in all condi琀椀ons, including the bu昀昀er alone, there was a small decrease in growth and 
ATP produc琀椀on (Fig. 8a and b). This 昀椀nding corresponds to in vitro observa琀椀ons in the literature that lipid-based nanopar琀椀cles exhibit 
minimal toxicity at e昀케cacious dose2.

 
ai aii

Figure 8. Dose response determina琀椀on of toxicity of Lipoplexes and LNPs in vitro. 
(a) Cell growth was monitored by live cell imaging (Incucyte S3) of con昀氀uency every hour for 24 h a昀琀er treatment with increasing concentra琀椀ons 
of lipoplexes (i) or LNPs (ii). (b) Cell health/viability was measured at 24 h using the CellTiter-Glo® assay.
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The rate of internalisa琀椀on of both lipoplexes and LNPs was inves琀椀gated using high-content spinning disk microscopy (OperaPhenix 
Plus). Nanopar琀椀cles loaded with Cy3-siEHMT2 were dosed to cells at 100 nM and then cultures were 昀椀xed at 0.5, 1, 2, 4, 8 and 24 h. 
Following 昀椀xa琀椀on, cells were labelled for the nuclei (DAPI) and membrane (wheat germ agglu琀椀nin- WGA). Using Signals Image Ar琀椀st™ 
so昀琀ware, the WGA stain was used to create a cell boundary mask and Cy3 ‘spots’ within this mask were quan琀椀昀椀ed. To ensure the 
par琀椀cles counted were inside the cell and not simply adherent to the surface membrane, mul琀椀ple z-stack images were captured. Ini琀椀al 
uptake was seen at 2 h which increased con琀椀nuously and peaked at 8 h before reducing slightly at 24 h. No di昀昀erence between the rate 
or level of uptake was seen between the lipoplexes and LNPs (Fig. 9). 
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Figure 9. Time course internalisa琀椀on of lipoplexes and LNPs. 
(a) Representa琀椀ve high-content confocal images of HeLa cells treated with bu昀昀er only (i), Lipoplexes (ii) or LNPs (iii) and labelled for DAPI 
(grey) and membrane by WGA (magenta). Lipoplexes and LNPs were loaded with Cy3-siEHMT2 (cyan in combined image). The number of 
siRNA-Cy3 spots inside the cell (bi) and the mean intensity of the siRNA-Cy3 spots (bii) was quan琀椀昀椀ed. Graphs shown as mean ± standard 
devia琀椀on, 3 replicates.
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To determine the fate of Cy3-siEHMT2 cargo following uptake, a cell line was generated to visualise endosomal compartments by 
microscopy. CRISPR Cas-9 technology was employed to fuse Emerald GFP to the N-terminus of endogenous RAB7A, a protein 
localised to the late endosomes and lysosomes. Colocalisa琀椀on of Cy3-siEHMT2 and RAB7A was observed at approximately 2 h post 
treatment and con琀椀nued to increase reaching a plateau at 24 h, correla琀椀ng with the observa琀椀ons made during uptake (Fig. 10).
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Figure 10. Time course co-localisa琀椀on of lipoplexes and LNPs. 
(a) Representa琀椀ve high-content confocal images of HeLa GFP-RAB7A cells treated with lipoplexes (i) or LNPs (ii). Rab7a (magenta), DAPI 
(grey) and siRNA Cy3- siEHMT2 (cyan in combined image). (b) The total number of spots inside the cell and spots colocalised to Rab7a were 
quan琀椀昀椀ed and graph shows mean ± standard devia琀椀on for n=3 replicates.
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Figure 11. Mechanism of cellular internalisa琀椀on of Lipoplexes and LNPs. 
(a) Representa琀椀ve high-content confocal images of HeLa cells treated with, Lipoplexes 
(i) or LNPs (ii) and labelled for DAPI (grey) and membrane by WGA (magenta). Prior to 
treatment, internalisa琀椀on mechanisms were inhibited with Chlorpromazine, Nysta琀椀n 
or Cytochalasin D. The number of siRNA-Cy3 spots inside the cell was quan琀椀昀椀ed (bi) 
and the mean intensity of the siRNA-Cy3 spots (bii). Graphs shown are mean data ± 
standard devia琀椀on, 3 replicates. 

  

  

  

To iden琀椀fy the cellular mechanism 
involved in NP endocytosis, cells were 
pretreated with the following inhibitors: 

Chlorpromazine: A ca琀椀onic amphiphilic 
drug that modulates clathrin speci昀椀c 
endocytosis of various ligands receptors 
and nanopar琀椀cles

Nysta琀椀n: Primarily inhibits caveolae-
mediated endocytosis

Cytochalasin D: A ca琀椀onic amphilic 
drug that modulates clathrin-speci昀椀c 
endocytosis of various ligands, receptors 
and nanopar琀椀cles. 

Fig. 11 indicates that both the 
lipoplexes and LNPs were internalised 
predominantly via caveolae mediated 
endocytosis. Nysta琀椀n treatment inhibited 
the uptake of both NP, however, LNPs 
demonstrated a greater reduc琀椀on in 
total number of spots (~80%), compared 
to lipoplexes, which showed more 
variability in uptake e昀케ciency (40%). 
Chlorpromazine, however, did not 
appear to have any impact on cellular 
uptake, sugges琀椀ng that, under these 
condi琀椀ons, clathrin-mediated pathways 
are not cri琀椀cal. The literature suggests 
that depending on the condi琀椀ons, cell 
type and dis琀椀nct characteris琀椀cs of the 
nanopar琀椀cles, the mode of endocytosis 
can vary. Kubota et al. also showed 
signi昀椀cant reduc琀椀on in both lipoplexes 
and LNPs uptake in HeLa cells pretreated 
with nysta琀椀n4. However, there are also 
reports demonstra琀椀ng that clathrin 
mediated endocytosis is the primary 
endocy琀椀c pathway involved in LNP 
uptake5. Interes琀椀ngly, the mean Cy3 
spot intensity decreased substan琀椀ally 
with cytochalasin D treatment (~40% 
for both lipoplexes and LNPs), despite 
smaller changes in the total number of 
internalised spots, sugges琀椀ng ac琀椀n plays a 
role in internalisa琀椀on of the par琀椀cles. It is 
unsurprising that both the lipoplexes and 
LNPs had a similar mechanism of uptake 
as their physical proper琀椀es in terms of size 
and z-poten琀椀al were comparable. 
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One of the major bo琀琀lenecks with the adop琀椀on of NA-based therapies is that e昀케cacy is o昀琀en hampered due to poor cytoplasmic 
delivery of the payload or cargo. Endosomal escape of siRNA is essen琀椀al for subsequent processing by endogenous cell machinery. 
Addi琀椀onally, if the endosome containing payload merges with a lysosome, the entrapped molecules can become suscep琀椀ble to 
degrada琀椀on due to the presence of hydroly琀椀c enzymes. In this study, NP synthesis was conducted at pH 3 allowing the ionisable lipid 
to interact electrosta琀椀cally with the siRNA. Following cellular uptake, as the endosomal pH decreases, these ionisable lipids become 
ca琀椀onic, facilita琀椀ng endosomal escape. The endosomal escape assay described by Munson et al. was adapted and implemented  
to determine the onset of rupture induced by the lipoplexes and LNPs6. A len琀椀viral construct was generated encoding human 
galec琀椀n-9 (LGALS9) fused to eGFP. GAL-9 interac琀椀ons with glycan structures and β-galactosidases post-endosomal rupture  
are detectable as GAL9-eGFP transi琀椀ons from di昀昀use cytoplasmic distribu琀椀on to forming obvious puncta at the site.  
Live-cell imaging was performed on an Incucyte SX5 to capture puncta forma琀椀on at mul琀椀ple 琀椀mepoints and speck  
analysis was performed using the Incucyte 2021A so昀琀ware by 昀椀ltering on size and intensity of GFP spots. Both lipoplexes  
and LNPs showed rapid GAL9-eGFP recruitment, ini琀椀a琀椀ng within 2 h and increasing to 24 h (Fig. 12). This is consistent  
with both par琀椀cles containing D-Lin-MC3-DMA, a potent and clinically adopted ionisable lipid. 

  

     

Figure 12. GAL9-eGFP mediated sensing of endosomal rupture in HeLa cells treated with nanopar琀椀cles.
(a) Representa琀椀ve images of endosomal rupture over 琀椀me (0-24 h) post treatment with LNPs and lipoplexes (b) GAL9-eGFP puncta were 
counted for each condi琀椀on at each 琀椀mepoint and normalised to cell con昀氀uency. Graphs shown as mean ± standard devia琀椀on, 3 replicates.
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To determine potency of the NP, expression of the siRNA target, EHMT2, was analysed by western blot. Fig. 13 demonstrates that both 
lipoplexes and LNPs e昀케ciently knockdown EHMT2. Knockdown was comparable to a commercial transfec琀椀on reagent, Lipofectamine™ 
RNAiMAX demonstra琀椀ng over 80% knockdown at 48 h, (the 琀椀mepoint iden琀椀昀椀ed in Fig. 2), indica琀椀ng highly e昀케cient delivery of both 
LNP and lipoplexes to the cells.

     
  
a

     b

Figure 13. – Transfec琀椀on e昀케ciency of lipoplexes and LNPs. 
(a) Western blot analysis of EHMT2 expression following transfec琀椀on of HeLa cells with 100 nM of lipoplexes and LNPs for 48 h. (b) 
Normalised quan琀椀ta琀椀ve analysis of western blot data by densitometry analysis. Graphs shown as mean ± standard devia琀椀on, 3 replicates.

N
or

m
al

ise
d 

sig
na

l in
te

ns
ity

Bu昀昀er a
lone

Lip
oplex

RNAim
axLN

P

100

80

60

40

20

0

Bu昀昀er a
lone

Lad
der

Lip
oplex LN

P

RNAim
ax

Prepara琀椀on, characterisa琀椀on and in vitro assessment of siRNA-loaded lipid-based nanopar琀椀cles



14

Conclusions
Since the success of LNPs as 
nanocarriers  in the FDA and EMA 
approved mRNA SARS-Cov-2 
vaccines and the Onpa琀琀ro siRNA 
formula琀椀on, there has been a notable 
increase in the development of 
therapeu琀椀c lipid-based formual琀椀ons.

This study inves琀椀gated in vitro e昀케cacy 
of two di昀昀erent types of lipid-based 
nanoformula琀椀ons - lipoplexes and LNPs 
- which were composed of the same 
lipids but manufactured di昀昀erently. 
Both par琀椀cle types performed well
as evidenced by comparable uptake, 
endosomal escape, and e昀케cacy similar 
to a commercial transfec琀椀on reagent, 
Lipofectamine™ RNAiMAX. It was 
ini琀椀ally hypothesised that the LNPs 
may demonstrate be琀琀er e昀케cacy that 
lipoplexes due to the manufacturing 
condi琀椀ons i.e., mixing an alcoholic lipid 
solu琀椀on with aqueous NA solu琀椀on in 
one step for improved encapsula琀椀on. 
For example, in the Kubota et al (2017) 
study4, at a concentration of 100 nM,
‘one-step’ LNPs more e昀케ciently delivered 
siRNA compared to lipoplexes into 
HeLa cells. However, the composi琀椀on 
of lipids incorporated in that study was 
di昀昀erent using DODMA, PEG-DSPE, 
DSPC and cholesterol in a molar ra琀椀o 
of 50:1.5:10:38.5. In this study, we 
chose to inves琀椀gate a composi琀椀on like 
the clinically approved ONPATTRO® 
formula琀椀on. This incorporated MC3
as the ionisable lipid, which has been 
reported to demonstrate greater potency 
for in vitro transfec琀椀on than DODMA, 
poten琀椀ally a琀琀ributable to di昀昀erences in 
pKa and ultrastructural features7. 
Ionisable lipids which form the bulk of 
lipids among commercially approved LNP 
formula琀椀ons are neutral at physiological 
pH and posi琀椀vely charged at acidic pH.

This helps in minimising toxicity while 
simultaneously facilita琀椀ng endosomal 
release of siRNA through endosomal 
disrup琀椀on at low pH8. Perhaps, for this 
lipid composi琀椀on, a concentra琀椀on of 100 
nM exceeds the op琀椀mal concentra琀椀on 
for high transfec琀椀on e昀케ciency thus 
obscuring poten琀椀al di昀昀erences in 
performance between the formula琀椀ons. 
A concentra琀椀on response assay may 
have exposed the true impact of the 
di昀昀erent manufacturing method.

Importantly, dis琀椀nguishable di昀昀erences 
in the physical proper琀椀es of the 
lipoplexes and LNPs were observed. 
Super resolu琀椀on microscopy highlighted 
that the localisa琀椀on of Cy3-siEHMT2 
within the formula琀椀ons were di昀昀erent. 
In the lipoplexes, the siRNA appeared 
to be decorated more on the surface 
of the par琀椀cles, compared to the LNPs 
that showed be琀琀er encapsula琀椀on of 
cargo within the lipids. The protec琀椀on of 
cargo can be cri琀椀cal to func琀椀on of NPs, 
par琀椀cularly when considering  
in vivo applica琀椀ons. siRNA that is exposed 
on the surface of lipoplexes, when 
injected in vivo could be suscep琀椀ble to 
degrada琀椀on via nucleases in contrast to 
siRNA which is encapsulated within the 
core of LNPs. Moreover, naked siRNA has 
been shown to induce immunogenicity 
both in vitro and in vivo 9,10. HeLa cells 
are known to possess immune sensing 
capabili琀椀es as they express some Toll-like 
receptors, a class of protein that plays  
a role in innate immunity and can be 
responsive to double stranded RNA, 
including siRNA10. Kubota et al did also 
observe a signi昀椀cant upregula琀椀on of IL-1β 
produc琀椀on, a key in昀氀ammatory marker, 
in lipoplexes compared to LNPs in their 
study. Although immune pro昀椀ling was 
not explored in this study, it is possible 

that the loading di昀昀erences highlighted 
by SMLM, and undetectable in any of 
the physical characterisa琀椀on or e昀케cacy 
assays, could have played a signi昀椀cant role 
in predic琀椀ng the performance of each 
par琀椀cle in an in vivo se琀�ng. 

Nucleic acid therapies hold great 
promise for trea琀椀ng diseases considered 
undruggable by small molecules, however, 
they are intrinsically more complex  
and predic琀椀on of biodistribu琀椀on and 
e昀케cacy in vivo remains a challenge.  
This study demonstrates the requirement 
for in depth characterisa琀椀on in vitro  
prior to preclinical administra琀椀on  
in vivo. Both MDC and Seda have 
developed core capabili琀椀es to facilitate 
this characterisa琀椀on and aim to assist 
collaborators progress their nucleic acid 
therapies closer to the clinic.

Nucleic acid 
therapies hold great 
promise for trea琀椀ng 
diseases considered 
undruggable by  
small molecules.
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About Seda 
Seda, founded in 2015, provide 
integrated Pharmaceu琀椀cal Development 
and Clinical Pharmacology support to 
the Biotech sector. We enable rapid 
and e昀케cient development of op琀椀mal 
medicinal products, from conven琀椀onal 
to complex, through pragma琀椀c and 
coherent scien琀椀昀椀c excellence. 

Headquartered in Greater Manchester UK, our bespoke 
facility is well-equipped for the rapid design, development 
and evalua琀椀on of prototype formula琀椀ons. Through a 
combina琀椀on of laboratory, pharmacokine琀椀c modelling and 
consultancy services, we help clients design and develop 
formula琀椀ons with op琀椀mal in vivo performance alongside 
robust manufacturability.

Enhancing the value proposi琀椀on of our clients is our 
contribu琀椀on to bringing new, innova琀椀ve therapies to 
pa琀椀ents rapidly and successfully. 

More informa琀椀on: sedapds.com 

About MDC 
Medicines Discovery Catapult (MDC) is 
an independent, not-for-pro昀椀t innova琀椀on 
centre for drug discovery and part of  
the Catapult Network established by 
Innovate UK.

MDC’s vision is to reshape drug discovery for pa琀椀ent  
bene昀椀t by transforming great UK science into be琀琀er 
treatments through partnership. It supports drug discovery 
innovators by making world-class exper琀椀se, facili琀椀es, 
complex technologies and advanced analy琀椀cs accessible  
to enable successful medicines discovery. 

MDC develops pioneering, impac琀昀ul R&D collabora琀椀ons 
across biotech, academia, technology companies, chari琀椀es, 
and global pharma. It brings these communi琀椀es together in 
ac琀椀ve, focused na琀椀onal programmes that target high-risk 
areas of pa琀椀ent need.

In doing so, MDC helps to create a thriving UK drug discovery 
sector and translates the best of UK science into the best 
new treatments for the bene昀椀t of pa琀椀ents worldwide.

More informa琀椀on: md.catapult.org.uk 
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