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24 SUMMARY:
25  Methods to prepare and characterize the physicochemical properties and bioactivity of neutrally-
26  charged, pH-responsive siRNA nanoparticles are presented. Criteria for successful siRNA
27  nanomedicines such as size, morphology, surface charge, siRNA loading, and gene silencing are
28  discussed.
29
30 ABSTRACT:
31 The success of siRNA as a targeted molecular medicine is dependent upon its efficient cytosolic
32  delivery to cells within the tissue of pathology. Clinical success for treating previously
33  ‘undruggable’ hepatic disease targets with siRNA has been achieved. However, efficient tumor
34  siRNA delivery necessitates additional pharmacokinetic design considerations, including long
35 circulation time, evasion of clearance organs (e.g., liver and kidneys), and tumor penetration and
36 retention. Here, we describe the preparation and in vitro physicochemical/biological
37 characterization of polymeric nanoparticles designed for efficient siRNA delivery, particularly to
38 non-hepatic tissues such as tumors. The siRNA nanoparticles are prepared by electrostatic
39 complexation of SiRNA and the diblock copolymer poly(ethylene glycol-b-[2-
40 (dimethylamino)ethyl methacrylate-co-butyl methacrylate]) (PEG-DB) to form polyion complexes
41  (polyplexes) where siRNA is sequestered within the polyplex core and PEG forms a hydrophilic,
42  neutrally-charged corona. Moreover, the DB block becomes membrane-lytic as vesicles of the
43  endolysosomal pathway acidify (< pH 6.8), triggering endosomal escape and cytosolic delivery of
44  siRNA. Methods to characterize the physicochemical characteristics of siRNA nanoparticles such
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as size, surface charge, particle morphology, and siRNA loading are described. Bioactivity of siRNA
nanoparticles is measured using luciferase as a model gene in a rapid and high-throughput gene
silencing assay. Designs which pass these initial tests (such as PEG-DB-based polyplexes) are
considered appropriate for translation to preclinical animal studies assessing the delivery of
siRNA to tumors or other sites of pathology.

INTRODUCTION:

Because siRNAs inhibit the translation of proteins from mRNA sequences, they can theoretically
be used to drug all known pathologies'. However, the use of siRNA in medicine is limited by the
comprehensively poor pharmacokinetic profile of siRNA molecules®’. When injected
intravenously, siRNAs are rapidly cleared through the kidneys and/or degraded by nucleases®?.
Due to its large size and negative charge, siRNA cannot enter cells or escape the endolysosomal
pathway to access the RNA-Induced Silencing Complex (RISC) that resides in the cytosol?13, Thus,
extensive effort has focused on the design and implementation of siRNA delivery strategies!4.
This effort has largely focused on the development of lipid- and polymer-based nanoparticles
which package siRNA, protect it from clearance and degradation in vivo, and initiate cellular
uptake and endosomal escape through ionizable, cationic amine groups. Many pre-clinical
successes have been reported and most recently, the first clinical success has been reported for
nanoparticle-based hepatic siRNA delivery to treat hereditary transthyretin-mediated (hATTR)
amyloidosis®>.

There are many cancer-causing genes that are currently “undruggable” by conventional
pharmacology (i.e., small molecule drugs), motivating the design of polymeric siRNA
nanoparticles (si-NPs) to treat cancer'®. However, there are a separate set of design parameters
that must be considered for non-hepatic siRNA delivery. The delivery system must shield the
cationic charge of the polyplex which causes agglutination within the systemic circulation!’-1°,
For tumor delivery, specifically, si-NP stability is essential to endow long circulation and thus
increased accumulation within tumors via the enhanced permeability and retention (EPR)
effect?®2!, Moreover, control over si-NP size is essential since only nanoparticles approximately
20 — 200 nm diameter in size leverage EPR?2, and smaller si-NPs (~20 — 50 nm diameter) exhibit
improved tumor penetration over larger sized nanoparticles and microparticles?3.

To address these additional design constraints for systemic tumor delivery of siRNA following
intravenous administration, neutrally-charged, pH-responsive si-NPs have been developed
(Figure 1)%*. These si-NPs are PEGylated, or most recently, Zwitterionated?®, for neutral surface
charge and resistance to protein adsorption and opsonization in circulation. Since they cannot
rely solely on cationic character to drive intracellular delivery, extremely efficient endosomal
escape is imperative for achieving potent gene silencing. Accordingly, the core of these si-NPs is
composed of a highly endosomolytic core which is inert at extracellular pH (7.4), but which is
triggered in a switch-like manner in the acidified conditions of the endolysosomal pathway [pH
6.8 (early endosomes) — 5.0 (lysosomes)]. Lastly, a mixture of cationic and hydrophobic content
within the core of si-NPs provide both electrostatic and van der Waals stabilization forces,
improving stability of the si-NPs in blood compared to merely cationic systems.
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The integration of many functions into a relatively simple design is possible using Reversible
Addition-Fragmentation chain Transfer (RAFT) controlled polymerization to produce polymers
with complex architecture and precise composition. To produce si-NPs with neutral surface
charge, pH-responsiveness, and NP stability, RAFT is used to synthesize poly(ethylene glycol-b-
[2-(dimethylamino)ethyl methacrylate-co-butyl methacrylate]) (PEG-DB; Figure 1A). PEG-DB is
electrostatically complexed with siRNA, forming si-NPs with a PEG corona and DB/siRNA core
(Figure 1B). PEG forms an inert, neutrally-charged hydrophilic layer on the si-NP corona. The DB
block consists of a 50:50 molar ratio of 2-(dimethylamino)ethyl methacrylate (DMAEMA) and
butyl methacrylate (BMA). Cationic DMAEMA electrostatically complexes negatively-charged
siRNA. BMA self-associates within the NP core by van der Waals interactions, increasing NP
stability. Together, DMAEMA and BMA impart pH-dependent lipid bilayer-lytic behavior to the
DB polymer block. At extracellular pH, the DB block is sequestered to the si-NP core and is inert
to lipid bilayers. Under acidic conditions, such as those within the endolysosomal pathway,
ionizable DMAEMA within the DB block facilitates the proton sponge effect, where endosomal
buffering leads to osmotic swelling and rupture?®. Additionally, hydrophobic BMA moieties within
the DB block actively integrate into and lyse lipid bilayers, resulting in potent endosomolysis.
Thus, siRNA is complexed with PEG-DB to form si-NPs that are neutrally-charged and highly stable
at extracellular pH but which disrupt lipid bilayers at acidic pH, ensuring cytosolic delivery of the
siRNA payload.

Herein are described the experimental procedures to produce si-NPs from PEG-DB. Methods to
characterize the physicochemical parameters and bioactivity of si-NPs are presented and
discussed. In order to rapidly assess si-NP bioactivity, luciferase is used as a model gene for
knockdown studies. Firefly Luciferase is the protein responsible for the ‘glow’ of fireflies?’.
Accordingly, mammalian cells transfected with the firefly luciferase gene produce a
bioluminescent ‘glow’ that can be captured using a luminometer to quantify levels of Luciferase
expression. Here, we use Luciferase to assess bioactivity of si-NPs by delivering siRNA against
Luciferase and quantifying the corresponding reduction in bioluminescence in Luciferase-
expressing cells compared to cells that receive a scrambled siRNA.

PROTOCOL:
1. Preparation and characterization of si-NPs
1.1.  si-NP preparation

1.1.1. Dissolve polymer in 10 mM citric acid buffer (pH 4.0) at 3.33 mg/mL. Polymer can first be
dissolved at 10x concentration in ethanol to ensure dissolution.

NOTE: Polymer can be dissolved at lower concentrations, but use at concentrations above 3.33
mg/mL can prevent homogenous NP formation.

1.1.2. Add siRNA (50 uM in diH;0) to result in N*:P- ratio of 10. Mix polymer and siRNA solutions
thoroughly by pipetting and let incubate for 30 min. The N*:P ratio represents the number of
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positively-charged amine groups on the polymer to the number of negatively-charged phosphate
groups on the siRNA and is calculated by the formula below:

N+ p- = (mol Pol)(RU amine)
"7 (mol siRNA)(bp siRNA)(2)

where, mol Pol is the molar amount of polymer, RU amine is the number of repeating units of
positively-charged amines per polymer, mol siRNA is the molar amount of siRNA, and bp siRNA
is the number of base pairs per siRNA molecule.

1.1.3. Add a 5-fold excess of 10 mM phosphate buffer (pH 8.0) and mix gently either by pipetting
or inverting the tube. To confirm that the final pH is neutral (~7.2-7.5), pipette 10 uL of si-NP
solution onto pH test strips.

NOTE: Citric acid and phosphate buffers are prepared according to the Millipore Sigma Buffer
Reference Center Charts.

1.2.  Physicochemical characterization of si-NPs

1.2.1. Record the size and surface charge of resulting si-NPs using dynamic light scattering (DLS).
Prepare a DLS sample by filtering 1 mL of si-NPs (0.1 — 1.0 mg/mL) through 0.45 um pore-size
syringe filters into a square quartz or polystyrene cuvette. Record size and surface charge

measurements using a DLS instrument according to the manufacturer’s specifications.

1.2.2. Confirm the size and morphology of si-NPs by imaging analysis using transmission
electron microscopy (TEM).

1.2.2.1 Add 5 pL of si-NP solution at 1 mg/mL to TEM grids and incubate for 60 s. Blot dry for 3 s.

1.2.2.2 Add 5 pL of 3% uranyl acetate solution and incubate for 20 s. Blot dry for 3 s. Dry grids
overnight under desiccation.

1.2.2.3 Image grids according to the protocol established for the specific microscope to be used.

1.2.3. Characterize the loading of siRNA in si-NPs at various N*:P~ ratios using agarose gel
retardation.

1.2.3.1 To produce 2% agarose gel, add 2 g of electrophoresis grade agarose powder to 100 mL
of 1x TAE (Tris-acetate-EDTA) buffer at pH 8.0. Stir to suspend agarose. Heat uncovered in
microwave until all agarose is dissolved (1-3 min).

1.2.3.2 Once cooled, add 5 pL of ethidium bromide (10 mg/mL in H20), and mix well. Pour agarose
into a gel tray and place comb to produce wells, letting dry for 30 min. Carefully remove comb to
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leave behind loading wells, and fill the gel tray to the max fill line with 1x TAE buffer.

1.2.3.3 Generate si-NPs (according to the procedure above) at 0, 1, 2, 5, 7, 10, 20, and 40 N*:P
ratios. Place 2 ulL aliquots of loading dye (no SDS and reducing agents) on paraffin film for each
si-NP formulation. Mix 10 uL of si-NP solution with loading dye on paraffin film by pipette.

1.2.3.4 Add si-NP/loading dye solutions to agarose gel wells. Run voltage source at 100 V for 35
min (or until samples have traversed 80% of gel length).

1.2.3.5 Visualize siRNA bands on a UV transilluminator according to the manufacturer’s
specifications.

2. Determining in vitro bioactivity of si-NPs
2.1.  Knockdown of the model gene luciferase

2.1.1. Generate luciferase si-NPs (according to the procedure above) using luciferase siRNA and
scrambled si-NPs using a scrambled siRNA sequence as a control. Formualte both si-NPs at the
same final N*:P" ratio and at the optimum ratio identified by agarose gel retardation studies.
Example siRNA sequences are included in the Table of Materials.

2.1.2. Seed luciferase-expressing cells [MDA-MB-231/Luciferase (Bsd) stable cells] in 96-well
black-walled plates at a density of 2,000 cells per well. Allow to adhere overnight in full media
(DMEM, 10% FBS) in an incubator (37 °C, 5% CO3, 95% humidity).

2.1.3. Dilute si-NPs into full serum media for a final volume of 100 pL per well and siRNA
concentration of 100 nM. Treat cells for 24 h with si-NPs.

2.1.4. After 24 h, remove treatments and replace media with full serum media containing 150
pg/mL D-luciferin. Incubate cells for 5 min before measuring luminescence on a plate reader or
in vivo optical imaging system according to the manufacturer’s specifications.

2.1.5. Replace luciferin-containing media with fresh, full serum media, and incubate 24 h more.
Repeat the step above, removing media and replacing with full serum media containing 150
pg/mL D-luciferin, followed by a 5 min incubation prior to measuring luminescence at the 48 h
timepoint.

2.1.6. For longitudinal studies, maintain cells under sterile conditions while measuring
luminescence and can continue to be cultured after replacing luciferin-containing media with
fresh, full media.

NOTE: The appropriate siRNA concentration will vary with different si-NPs and siRNA molecules.
When using neutrally-charged polyplexes with an endosomolytic core (e.g., PEG-DB), 100 nM is
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typically well-tolerated by the cells and produces >75% luciferase knockdown. The mass ratio of
PEG-DB to siRNA at 10 N*:P ratio and 100 nM siRNA treatments (assuming 26 bp siRNA) is 23.3,
i.e., add 23.3 ng of PEG-DB for every 1.0 ng of siRNA. For example, add 1.16 pL of 3.33 mg/mL
polymer for 166.5 ng of siRNA to treat one well at 100 nM in a 96-well plate (100 uL media volume
per well).

REPRESENTATIVE RESULTS:

Some essential characteristics of effective si-NPs for in vivo siRNA delivery are the proper size
(~20 — 200 nm diameter), siRNA packaging, and gene silencing bioactivity. While this is not an
exhaustive list (as addressed in the Discussion), these basic characteristics should be confirmed
before considering further testing of a formulation.

Figure 2 illustrates the characterization of si-NP size and surface charge upon formulation. DLS
and TEM are used as complementary methods to observe si-NP size (both), polydispersity (DLS),
and morphology (TEM). DLS measurements show that si-NP 1 has an average diameter of 35 nm,
unimodal distribution indicated by the presence of a single peak, and low polydispersity indicated
by a relatively narrow peak width (Figure 2A). TEM measurements confirm the size measurement
from DLS, suggest the presence of a uniform population of si-NPs, and reveal the spherical
morphology of the si-NPs (Figure 2C). DLS and TEM measurements of si-NP 2 reveal that it has
undesirable size (>200 nm diameter) of average diameter 1,500 nm, a multimodal and
polydisperse population, and aggregates in solution, forming no distinct particle morphology
(Figure 2B,D). Both si-NPs 1 and 2 display neutral surface charge, indicated by near-zero mean
zeta potential values (Figure 2E).

Loading efficiency of siRNA into si-NPs is characterized using an agarose gel retardation assay.
Un-complexed siRNA migrates through the agarose gel and is visualized (due to binding of
ethidium bromide) at the gel bottom. When siRNA is complexed with the polymer to form si-NPs,
migration through the agarose gel is obstructed and siRNA is visualized at the gel top (or where
it was loaded into wells). For PEG-DB-based si-NPs, complexation increases with increasing N*:P-
ratios until full complexation is achieved at ~10-20 N*:P-ratio (Figure 3).

Luciferase is used as a model gene for the rapid assessment of si-NP gene silencing bioactivity.
Bioluminescence measurements via a plate reader or in vivo optical imaging system allow for the
rapid, high-throughput quantification of luciferase protein expression in well-plate format. This
technique is considerably faster, cheaper, and less burdensome than analyzing gene silencing
through traditional molecular analyses such as PCR (gene expression) and western blot (protein
expression). By this method, luciferase-expressing cells are treated with luciferase si-NPs and
scrambled si-NPs (as a control), and %Luciferase Activity is calculated by comparing luminescence
signal to untreated cells. Bioactive luciferase si-NPs will exhibit significantly diminished
%Luciferase Activity when compared directly to scrambled si-NP control, as can be seen for si-NP
1 in Figure 4. In contrast, luciferase si-NPs that do not reduce %Luciferase Activity compared to
scrambled si-NP control (such as si-NP 2) are not considered bioactive (Figure 4). Often 48 h is
the time of maximum gene silencing (Figure 4), but we have observed significant gene silencing
at time points ranging from 24 h to 240 h post-treatment.
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FIGURE AND TABLE LEGENDS:

Figure 1. Polymer chemistry and si-NP schematic. (A) Chemical composition of PEG-DB diblock
copolymer that composes si-NPs and endows neutral surface charge (PEG block) and pH-
responsive behavior (DB block). (B) Self-assembly of si-NPs. At pH 4.0, DB block is water-soluble
because DMAEMA tertiary amines are highly protonated. The positively-charged DB block
electrostatically complexes negatively-charged siRNA molecules. The pH is then adjusted to ~7.4
by the addition of 5x pH 8.0 phosphate buffer, resulting in the “hydrophobization” of DB block
and sequestration of siRNA and DB within the core of si-NPs.

Figure 2. DLS and TEM characterization of si-NP size, surface charge, and morphology. (A, C) si-
NP 1 represents a uniform sample with appropriate size (~50-100 nm diameter), whereas (B, D)
si-NP 2 has formed undesirable, large and polydisperse aggregates. (E) Both si-NPs display near-
neutral surface charge (zeta potential). Error bars represent standard error.

Figure 3. Agarose gel retardation assay to assess si-NP siRNA loading efficiency. The
disappearance of siRNA bands at the gel bottom indicate complexation of siRNA to polymer.
Polymer-complexed siRNA is unable to migrate through the gel and is thus visualized at the top
of the gel nearby the loading wells. As the N*:P-ratio is increased, siRNA complexation increases,
as indicated by decreased intensity of the siRNA band at the gel bottom.

Figure 4. Si-NP-mediated knockdown of the model gene Luciferase in Luciferase MDA-MB-231
cells. Luciferase activity at (A) 24 h and (B) 48 h post-treatment with either scrambled si-NPs or
luciferase si-NPs at 10 N*:P-ratio and 100 nM siRNA dose. %Luciferase Activity is calculated by
dividing the luminescence signal of treatment samples (scrambled and luciferase) by the
luminescence signal of untreated cells. NOTE: si-NP 1 represents an effective formulation with
gene silencing bioactivity, whereas si-NP 2 represents a formulation without gene silencing
bioactivity. (*) indicates a statistically significant difference (p < 0.05) compared to the Scrambled
group for a formulation at a given timepoint. Error bars represent standard error.

DISCUSSION:

The si-NPs described here are formed by electrostatic association of anionic siRNA and cationic
polymers into polyion complexes (polyplexes). Electrostatic complexing of siRNA and the cationic
DB block of PEG-DB polymers is facilitated by mixing at low pH (4.0). At pH 4.0, DMAEMA is highly
protonated, and consequently the DB block is highly charged. This ensures that the polymers
dissolve as unimers in solution as opposed to forming micelles and that DB complexes efficiently
with siRNA. Subsequently, the pH of solution is adjusted to neutral (pH 7.4), causing
‘hydrophobization’ of the DB block, micelle formation, and entrapment of the complexed siRNA
within the core of the resulting polyplexes. These polyplexes are designed such that PEG forms a
hydrophilic, inert shell around the DB/siRNA core, resulting in neutral surface charge that is
necessary for systemic administration. The polymer chemistry and process of polyplex formation
are outlined in Figure 1.

Rigorous physicochemical characterization of si-NPs is essential for determining whether
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formulations are appropriate for moving into biological testing. Size, surface charge, and particle
shape/morphology are all important parameters that can impact biological performance. For
systemic delivery to tumors, si-NP size should fall between 20 — 200 nm diameter??, and most
recent studies suggest 20 — 50 nm diameter particles are ideal?3. Surface charge should be neutral
or slightly negative to minimize protein adsorption and opsonization?®. Studies have investigated
the connection between particle shape and pharmacokinetics/particle clearance, suggesting
particles with high aspect ratio are desirable over spherical particles?®3!, However, to date
spherical particles are still most commonly employed, and to our knowledge, are the only particle
shape to have been translated to human studies in oncology.

It is important to note that the uniform and consistent formation of polyplexes, such as the si-
NPs presented here, is dependent upon a range of physicochemical parameters. We have found
empirically that polyplex concentration, pH of the solution, and the ratio of polymer to siRNA
(N*:P-ratio) all drastically impact polyplex formation. In our hands, siRNA concentration does not
have a large impact on polyplex formation, but using polymer concentrations in excess of 3.33
mg/mL results in formation of large aggregates and inconsistent polyplex size. As these si-NPs
are pH-responsive, a variety of problems can arise when the final pH of si-NP solutions is too
acidic (< pH 7.2). Two ways to prevent these complications are to lyophilize polymers in pure
diH20 so that there are no salts to change buffer composition upon dissolution and to re-make
buffers frequently to prevent the “drifting” of buffer pH over time. To be cautious, the pH of
buffers should be confirmed each time before making si-NPs, and the final pH of si-NP solutions
should always be verified. Finally, the N*:P~ratio of si-NPs impacts siRNA loading efficiency and
polyplex physicochemical parameters. There typically exists an ideal N*:P ratio at which all siRNA
is loaded but there is not an overabundance of un-complexed polymer which forms separate
populations of micelles and increases cytotoxicity. For the si-NPs presented here, N*:P~ 10-20 is
the range in which optimum consistency and performance have been observed.

Luciferase reporter cell lines are used here for the rapid and high-throughput analysis of si-NP
bioactivity. Luciferase reporter cell lines must be generated or purchased before starting
bioactivity analysis, thus requiring an initial investment in time and expense. However, use of the
luciferase reporter cells to assess gene silencing is faster, more amenable to high-throughput
analysis, and cheaper over time than performing RT-PCR (to measure mRNA expression) or
western blots (to measure protein expression). For instance, measuring luminescence in this
assay typically takes just a few minutes as opposed to all-day or multi-day processes necessary
to perform RT-PCR or western blots. Moreover, luminescence measurements can be conducted
on well-plates, allowing for the simultaneous quantification of many samples (up to 96-well
plates have been used by the authors). Lastly, D-luciferin is the only reagent needed above and
beyond typical cell culture reagents, making the method much more affordable than RT-PCR or
western blot. It should be noted however, that the luciferase reporter cell assay is limited to only
assessing gene silencing of the model gene luciferase and cannot be used to measure gene
silencing of other “therapeutic genes” of interest. Thus, the authors refer readers to several
studies where RT-PCR and/or western blot has been used to assess gene silencing of therapeutic
genes of interest?432-34,
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In addition to bioactivity, researchers should ideally consider a comprehensive gamut of in vitro
biological tests to characterize si-NP performance. The luciferase assay described above can also
be used to assess cell viability by comparing the luminescence signal of scrambled si-NP treated
cells to untreated cells. Since the siRNA is a non-targeting sequence, any change in luminescence
can be attributed to non-specific impact of the si-NPs on cell viability, and this effect is typically
dependent on the polymer chemistry and molar amount. Techniques in flow cytometry and
fluorescent microscopy can be used to assess cell uptake of si-NPs using fluorescently-labeled
siRNAs, polymers, or both. Additionally, molecular techniques such as stem-loop PCR and
Argonaut 2 immunoprecipitation can be used to precisely measure intracellular siRNA levels.
Since siRNA is only bioactive if delivered to the cytosol, where it is loaded into RISC, si-NPs must
trigger endosomal escape of siRNA once internalized by the cell. Assays used to experimentally
measure endosomal escape include the red blood cell hemolysis assay (described in detail by
Evans et al.®), fluorescent imaging of the colocalization of fluorescently labeled si-NP cargo and
LysoTracker3®, and most recently, fluorescent imaging of the recruitment of Galectin 8 to
punctured endosomal vesicles3”38, Gathering data and synthesizing the results from in vitro
experiments for cell viability, cell uptake, endosomal escape, and bioactivity provide the
researcher complementary pieces of information from which to draw interpretations and garner
mechanistic insight about si-NP (in)effectiveness.

In sum, nanoparticles capable of efficiently delivering siRNA have tremendous potential to treat
disease. For example, in oncology, many genes that cause cancer progression, resistance to
therapy, and metastasis are ‘undruggable’ by conventional pharmacology but could be treated
using siRNA. However, prerequisite to their use in animal models of disease, siRNA
nanomedicines (referred to here as si-NPs) require extensive physicochemical and biological
characterization to ensure both their safety and effectiveness. To this end, methods have been
described herein to produce and characterize si-NPs in vitro, by which the si-NPs can be assessed
for suitability to carry forward into animal studies.
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0.45 um pore-size syringe filte Scientific

0-14 pH test strips

10x TAE buffer
6-7.7 pH test strips

96-well black walled plates

Agarose Powder
Citric acid monohydrate
dibasic sodium phosphate

dihydrate

D-luciferin
DMEM

Ethanol

ethidium bromide
FBS

loading dye

Millipore Sigma
Thermo Fisher
Scientific/Invitr
ogen

Millipore Sigma

Corning
Thermo Fisher
Scientific/Invitr
ogen

Millipore Sigma

Millipore Sigma
Thermo Fisher
Scientific

Gibco

Millipore Sigma
Thermo Fisher
Scientific/Invitr
ogen

Gibco

Thermo Fisher
Scientific/Invitr
ogen
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Catalog Number Comments/Description

F25133 17 mm diameter, PTFE membrane

P4786

AM9869
P3536

3603 Tissue-culture treated

16500
C1909
71643

88294 Monopotassium Salt
11995065 High glucose and pyruvate

459836

15585011
26140079

RO611

*


https://www.editorialmanager.com/jove/download.aspx?id=975831&guid=8e8cadc3-f265-453a-91c9-f026ff3e4ef4&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=975831&guid=8e8cadc3-f265-453a-91c9-f026ff3e4ef4&scheme=1

Antisense Strand Sequense:
GAGGAGUUCAUUAUCAGUGCAAUUGUU
Sense Strand Sequense:
CAAUUGCACUGAUAAUGAACUCCT*C*
Luciferase siRNA IDT N/A *DNA bases
MDA-MB-231 / Luciferase
(Bsd) stable cells
monobasic sodium

phosphate monohydrate

GenTarget Inc  SC059-Bsd Luciferase-expressing cells sued to assess si-NP bioactivity
Millipore Sigma S9638
Antisense Strand Sequense:
AUACGCGUAUUAUACGCGAUUAACGAC
Sense Strand Sequense:
CGUUAAUCGCGUAUAAUACGCGUA*T*
Scarmbled siRNA IDT N/A *DNA bases
Fisher Scientific 14-955-129 4.5 mL capacity

PELCO Center-Marked Grids, 50 mesh,

square polystyrene cuvettes

1GC50

TEM grids
Trisodium citrate dihydrate

uranyl acetate

Ted Pella, Inc.

Millipore Sigma S1804
Polysciences,
Inc. 21447-25

3.0mm 0.D., Copper
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ltem 1. The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

tandard Access

Item 2: Please select one of the following items:

|:|Open Access

he Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collectlve Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JOVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JOVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author({s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JOVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13, Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder, This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Response to Review of JoVE59549 - Preparation of neutrally-charged, pH-responsive
polymeric nanoparticles for cytosolic siRNA delivery

We thank the reviewers for their insightful reviews of our work. We believe that we have
adequately addressed all reviewer concerns and accordingly, this revision is greatly improved.
Particularly, both reviewers requested that we include more information of the luciferase reporter
cell line used for assessing siRNA gene silencing in Protocol Section 2. Thus, we have included
the information and source of the luciferase cell line in the protocol and have added this
information to the table of materials as well. Moreover, we have taken care to update the narrative
of the manuscript such that it highlights in vitro si-NP characterization. The goal of this manuscript
is to highlight the imperative experiments for in vitro si-NP characterization prior to performing in
vivo studies. We believe that the use of methods presented herein will help researchers ensure
that novel si-NP formulations are appropriate for carrying forward into in vivo studies.

In addition to the reviewers’ concerns, we have taken care to address all formatting issues brought
to light by the JoVE editorial staff. We thank you for the opportunity to contribute a timely and
important topic to the journal.

Editorial Comments:

* Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammatical errors.
We have thoroughly proofread this revised version of the manuscript.

* Protocol Language: Please ensure that all text in the protocol section is written in the
imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”,
“‘Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a
“Note”, however, notes should be used sparingly and actions should be described in the
imperative tense wherever possible.

1) Examples NOT in imperative voice: 1.2.1.
2) Please split up steps so that each step contains no more 3-4 actions and 4 sentences. For
example, 1.2.3.1 is too long and needs to be split up.

We have, to our knowledge, changed all text to the imperative tense and broken up steps that
were longer than 3-4 actions or 4 sentences.

* Protocol Detail: Please note that your protocol will be used to generate the script for the video,
and must contain everything that you would like shown in the video. Please add more specific
details (e.g. button clicks for software actions, numerical values for settings, etc) to your
protocol steps. There should be enough detail in each step to supplement the actions seen in
the video so that viewers can easily replicate the protocol. Some examples:

1) 2.1.2: which cell line was used? Mention culture conditions such as temperature and humidity.
We have added information on the cell line to both the manuscript and table of materials.

2) Please describe the imaging step in detail. Mention acquisition conditions etc.

For details about specific instrument use, we have referred readers to the manufacturer’s
specifications for the particular instrument that researcher is using. We do this because there are
so many different companies and models which produce various instruments that to go into detalil
about our specific process is 1) very difficult due to the restriction of not using “commercial
sounding language’, and 2) irrelevant to any researcher using a different model instrument.

» Discussion: JOVE articles are focused on the methods and the protocol, thus the discussion

L]
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should be similarly focused. Please ensure that the discussion covers the following in detail and
in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the
technique, 3) significance with respect to existing methods, 4) future applications and 5) critical
steps within the protocol.

We believe that the discussion section of the revised manuscript addresses each of these
categories.

* Figure/Table Legends:

1) Fig 4: define error bars.

We have defined the error bars in the figure legend. The error bars represent standard error of
the means.

» References: Spell out journal names.
We have fully spelled out all journal names in the references section.

« Commercial Language: JoVE is unable to publish manuscripts containing commercial
sounding language, including trademark or registered trademark symbols (TM/R) and the mention
of company brand names before an instrument or reagent. Examples of commercial sounding
language in your manuscript are parafilm, IVIS
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding
language in your manuscript with generic names that are not company-specific. All commercial
products should be sufficiently referenced in the table of materials/reagents. You may use the
generic term followed by “(see table of materials)” to draw the readers’ attention to specific
commercial names.

We have removed both instances of commercial sounding language mentioned above.

* If your figures and tables are original and not published previously or you have already obtained
figure permissions, please ignore this comment. If you are re-using figures from a previous
publication, you must obtain explicit permission to re-use the figure from the previous publisher
(this can be in the form of a letter from an editor or a link to the editorial policies that allows you
to re-publish the figure). Please upload the text of the re-print permission (may be copied and
pasted from an email/website) as a Word document to the Editorial Manager site in the
"Supplemental files (as requested by JOVE)" section. Please also cite the figure appropriately in
the figure legend, i.e. "This figure has been modified from [citation]."

All figures are original to this publication.

Reviewer #1.:
Manuscript Summary:

Hendershot et al. describe the synthesis of pH-responsive diblock copolymers for delivery of
siRNA and methods to characterize polymer/siRNA nanoplexes. They further offer a method for
screening knockdown activity in cell culture.

Major Concerns:

The use of Luciferase reporter cells is provided as a mechanism for assessing knockdown.
However, no details are provided as to how to generate these cells; at minimum, the plasmid used
for the luciferase gene should be provided as this will be important for matching to this sSiRNA
sequence. ldeally, a commercially available Luc expressing cell line would be used to screen
knockdown, but if unavailable some additional details and/or relevant references where adequate



details are provided should be included for generation of Luc expressing cells. Also, assessment
of KD via PCR or western analysis is more common; while its not necessary to include methods
on these, it would be helpful to the reader to mention these and direct them to good protocols (for
example, other Jove articles or Methods-type papers) in case they wanted to evaluate KD via
another method.

Thank you for bringing this omission to our attention. We agree that it is essential to provide
information about the source of the luciferase reporter cells and have thus added that information
to the protocol and table of materials. Moreover, we agree that the use of a commercially available
cell line is ideal to expand access of this assay and to minimize lab-to-lab variability. Accordingly,
we use MDA-MB-231 / Luciferase (Bsd) stable cells (GenTarget Inc., San Diego, Ca) to conduct
screens of luciferase knockdown by siRNA. These cells are generated by GenTarget Inc. by
transduction with lentivirus expressing the firefly luciferase gene. Luciferase is expressed under
a constitutive CMV promoter, and Blasticidin resistance is expressed under Rsv promoter to
maintain stable luciferase expression.

Updated Section of Protocol:
“Seed luciferase-expressing cells [MDA-MB-231 / Luciferase (Bsd) stable cells
(GenTarget Inc., San Diego, Ca)] in 96-well black-walled plates at a density of 2,000 cells
per well. Allow to adhere overnight in full media (DMEM, 10% FBS) in an incubator (37
T, 5% CO2, 95% humidity).

Dilute si-NPs into full serum media for a final volume of 100 xL per well and siRNA
concentration of 100 nM. Treat cells for 24 h with si-NPs.

After 24 h, remove treatments and replace media with full serum media containing 150
ug/mL D-luciferin. Incubate cells for 5 min before measuring luminescence on a plate
reader or in vivo optical imaging system according to the manufacturer’s specifications.

Replace luciferin-containing media with fresh, full serum media, and incubate 24 h more.
Repeat the step above, removing media and replacing with full serum media containing
150 pg/mL D-luciferin, followed by a 5 min incubation prior to measuring luminescence at
the 48 h timepoint.”

Additionally, we have added to the discussion to briefly examine the use of western blotting (to
assess protein expression) and RT-PCR (to assess mMRNA levels) to screen siRNA knockdown,
endeavoring to highlight how these methods compare and contrast with the use of luciferase
reporter cells. Specifically, we have described the advantages and disadvantages of using the
luciferase reporter cells for knockdown assays as compared to using western blotting or PCR.

Updated Section of Discussion:
“Luciferase reporter cell lines are used here for the rapid and high-throughput analysis of
si-NP bioactivity. Luciferase reporter cell lines must be generated or purchased before
starting bioactivity analysis, thus requiring an initial investment in time, expense, or both.
However, use of the luciferase reporter cells to assess gene silencing is faster, more
amenable to high-throughput analysis, and cheaper over time than performing RT-PCR
(to measure mRNA expression) or western blots (to measure protein expression). For
instance, measuring luminescence in this assay typically takes just a few minutes as
opposed to all-day or multi-day processes necessary to perform RT-PCR or western blots.
Moreover, luminescence measurements can be conducted on well-plates, allowing for the



simultaneous quanitification of many samples (up to 96-well plates have been used by the
authors). Lastly, D-luciferin is the only reagent needed above and beyond typical cell
culture reagents, making the method much more affordable than RT-PCR or western blot.
It should be noted however, that the luciferase reporter cell assay is limited to only
assessing gene silencing of the model gene luciferase and cannot be used to measure
gene silencing of other “therapeutic genes” of interest. Thus, the authors refer readers to
several studies where RT-PCR and/or western blot has been used to assess gene
silencing of therapeutic genes of interest®*31-33 ”

Minor Concerns:

1. The choice of PEG-PDB as an abbreviation is a bit confusing considering the second block
contains only 2 monomers - D and B.

We agree that the ‘P’ is misleading as used. We have changed all instances of ‘PEG-PDB’ to
‘PEG-DB".

2. "The siRNA nanoparticles are prepared by electrostatic complexation of siRNA and the diblock
copolymer  poly([(ethylene  glycol)-b-[(2-(dimethylamino)ethyl  methacrylate)-co-  (butyl
methacrylate)]) (PEG-b-PDB) to form polyion complexes (polyplexes) where siRNA is
sequestered within the polyplex core and PEG forms a hydrophilic, neutrallycharged corona.”
-open square bracket, before ethylene glycol, either remove or place before poly and before b to
define the block, or remove

Thank you for the suggestions to edit the full chemical name for clarity and accuracy. We have
updated the diblock polymer nomenclature to:

poly(ethylene glycol-b-[2-(dimethylamino)ethyl methacrylate-co-butyl methacrylate])

3. "Cationic DMAEMA condenses negatively-charged SiIRNA."
97-98 It's more accurate to say that cationic DMAEMA electrostatically complexes negatively
charged siRNA, which facilitates siRNA condensation. At least use the term on line 239,
electrostatically condenses.

Yes, it is more accurate to use the term electrostatically complexes to describe this phenomenon.
We have changed the term ‘condenses’ to ‘electrostatically complexes.’

4. "Under acidic conditions, such as those within the endolysosomal pathway, the PDB block both
facilitates the proton-sponge effect through ionizable amines of DMAEMA and actively integrates
into and lyses lipid bilayers through hydrophobic BMA moieties, resulting in potent
endosomolysis."

101-104 Proton sponge effect has no dash, and this is the first mention of proton sponge in the
methods and therefore should have a source and/or further explanation of proton sponge.

We have removed the dash from proton sponge, referenced prior literature that explains the
mechanism in detail, and added a sentence here for clarity and readability. Thank you for pointing
this out.

Updated Text Reads:
“Under acidic conditions, such as those within the endolysosomal pathway, ionizable
DMAEMA within the DB block facilitates the proton sponge effect, where endosomal
buffering leads to osmotic swelling and rupture?®. Additionally, hydrophobic BMA moieties
within the DB block actively integrate into and lyse lipid bilayers, resulting in potent
endosomolysis.”



5. 123 Almost every transfection agent provides a mass ratio for their products in a table (i.e. add
X uL of 3.33 mg/mL polymer for 25ug RNA injection). This protocol could be enhanced with an
example table for a 25 BP siRNA and a carrier.

We agree that clarifying the mass ratio will help with ease of formulation and provide a good
reference to other commonly employed transfection reagents. We have added this information in
the following text (Ins. 200-202):

“The mass ratio of PEG-DB to siRNA at 10 N*:P"ratio and 100 nM siRNA treatments
(assuming 26 bp siRNA) is 23.3, i.e. add 23.3 ng PEG-DB for every 1.0 ng siRNA. For
example, add 1.16 xL of 3.33 mg/mL polymer for 166.5 ng siRNA to treat one well at 100
nM in a 96-well plate (100 4L media volume).”

6. 1.2 (141) You should probably test at an NP ratio according to your gel results from 1.2.3. It
should be around 10 N:P, but depending on the polymer properties it could be different. If the
number is 10, you probably don't need to include all of the NPs for the gel, just test N:P of 10 and
state that if the band runs, you need to run multiple NPs on a gel to determine the NP for in vitro
bio-activity. You should run the gel first in case the NP of 10 is not appropriate for the synthesized
polymer, and you can do sizing, surface charge, and morphology determination at the appropriate
NP.

We agree with the approach laid out here by the reviewer. This is the approach we typically take
when developing new si-NPs and which we have highlighted within this manuscript. With regards
to the N*:P" ratio, we do start by running the gels first to confirm the optimal N*:P" ratio (or range
of N*:P ratios) for efficiently complexing siRNA. Accordingly, we tested for the knockdown of si-
NPs at 10 N*:P" ratio, which shows siRNA complexation and as we have discovered empirically
elicits an optimal combination of gene silencing and biocompatibility. We have updated Figure 4
and accompanying text to clarify that these results were obtained with si-NPs formulated at 10
N*:P" ratio.

7. 163,159 TAE is Tris-acetate-EDTA buffer, and | believe it should be about pH 8 to run a gel.
Please confirm these details and include them in the protocol

Yes, the reviewer is correct. We have updated the manuscript to define TAE and indicate that it
is used at pH 8 for running agarose gel electrophoresis.

8. 178 - whichever N:P ratio is appropriate. You even write in the conclusion that 10-20 is usually
optimal, so it would make more sense to explore which NP to use for a new polymer with similar
properties.

The reviewer brings up another good point about the N*:P" ratio here. We should change the
wording to indicate that ideal N*:P" ratios should be determined by the gel electrophoresis assay
and used accordingly. For the si-NPs used here, we have empirically found that 10 N*:P" ratio
displays an ideal balance of target gene silencing and biocompatibility. However, as the reviewer
points out, this could change for different polymers and/or si-NP formulations. We have updated
the text in line 178 accordingly.

9. 203/Figure 2 should include surface charge characterization, as it was mentioned in the
abstract, intro, and throughout the method.

We apologize for this omission. We have added surface charge characterization data to Figure 2,
as shown below.
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Figure 2. DLS and TEM characterization of si-NP size, morphology, and surface charge. (A,
C) si-NP 1 represents a uniform sample with appropriate size (~50-100 nm diameter), whereas
(B, D) si-NP 2 has formed undesirable, large and polydisperse aggregates. (E) Both si-NPs
display neutral surface charge (zeta potential).

10. Figure 1 - The final si-NP in 1B looks to be part of 1A. Consider reformatting the figure for
clarity.
We have reformatted Figure 1 to make it less confusing. Thank you for this suggestion.

11. Figure 2 - Would it be possible to use the same scale for both TEM images?

These images are acquired at different magnification and thus, should not be manipulated to
appear at the same scale. The images were acquired at different levels of magnification because
of the extremely large size of the aggregates of “si-NP 2”. It was difficult to appreciate the scale
and morphology of the aggregates at the higher magnification that was used to image “si-NP 1”.

12. Figure 4 - It would be very nice to show significance here, but probably not necessary.
Statistical significance is now indicated on Figure 4.

We thank the reviewer for their detailed and constructive review of the manuscript. We are
confident that the revision is much improved due to their insightful comments.

Reviewer #2:

Manuscript Summary:

The article described the preparation of SiRNA nanoparticles (siNP) by electrostatic complexation
of siRNA and the diblock copolymer (PEG-b-PDB) to form polyion complexes where siRNA is



sequestered within the polyplex core and PEG forms a hydrophilic, neutrally charged corona. The
complex with a relative small size should have better tumour tissue penetration and can exploit a
charge reversal in tumour which allow endosomal escape, thus release siRNA effectively. This is
excellent formulation design to the reviewer, and is a fine example of how drug delivery science
helps deliver siRNA to the target, make the undruggable large molecules druggable.
In general terms the manuscript is well-prepared and easy to follow, especially the Introduction. |
believed the authors have followed the journal format, structure (but no video was found).

We thank the reviewer for these positive comments about our manuscript and are glad they found
our work both interesting and useful.

Major Concerns:

*48 h results are presented but information in PROTOCOL is missing

Thank you for pointing out this unintentional omission. We have updated the protocol to include
the 48 h timepoint in addition to the existing text (In. 189) that informs the reader how to perform
a longitudinal version of the assay.

*Long-circulation is curtail for site target delivery, it would be useful if a simple release study
demonstrate this property is included using the biological test.

We agree with the reviewer that long-circulation is an essential in vivo characteristic for si-NPs
to achieve efficient delivery to tumors. However, it is not our goal in this manuscript to describe
the in vivo properties of these si-NPs. We believe that doing so would cloud the focus of the
current manuscript and a separate article is warranted to discuss in vivo experimental
approaches. Our goal in the current manuscript is to highlight the imperative in vitro
characterizations that are necessary to ensure newly-developed si-NP formulations are
appropriate to carry forward for in vivo administration. This has always been our approach, and
we believe that the experiments described in the current manuscript will assist researchers as
they develop novel si-NP formulations in vitro with future ambitions of administering the si-NPs in
vivo in pre-clinical animal models. We refer the reviewer elsewhere to several published studies
within which we have described in vivo results using these si-NPs in detail*.

Minor Concerns:

Luciferase siRNA should be introduced in Introduction.

We agree that this would help the flow of the manuscript and reduce confusion when the luciferase
gene silencing assay is presented later in the protocol. We have updated the Introduction with the
following text:

“In order to rapidly assess si-NP bioactivity, Luciferase is used as a model gene for
knockdown studies. Firefly Luciferase is the protein responsible for the ‘glow’ of fireflies?’.
Accordingly, mammalian cells transfected with the firefly luciferase gene produce a
bioluminescent ‘glow’ that can be captured using a luminometer to quantify levels of
Luciferase expression. Here, we use Luciferase to assess bioactivity of si-NPs by
delivering siRNA against Luciferase and quantifying the corresponding reduction in
bioluminescence in Luciferase-expressing cells compared to cells that receive a
scrambled siRNA.”

SUMMARY is misleading as there was no in vivo study to prove this conclusion.
We agree that our development of the narrative for this manuscript could be misleading. We have
revised the summary (as shown below) to de-emphasize the focus form in vivo studies and have



done the same throughout various parts of the manuscript. Again, our goal is to highlight that the
goal of our research is to use these si-NPs to treat disease in pre-clinical animal models aimed at
future clinical translation, but also that the focus of this manuscript is to highlight the steps that
must be taken to properly characterize si-NPs in vitro to ensure their suitability for administration
to animals.

Updated Summary:
“Methods to prepare and characterize the physicochemical properties and bioactivity of
neutrally-charged, pH-responsive siRNA nanoparticles are presented. Criteria for
successful siRNA nanomedicines such as size, morphology, surface charge, siRNA
loading, and gene silencing are discussed.”

loading efficiency: Is N+:P ratio molar or weight ratio? And why name the ratio of polymer to SiRNA

‘N+:P ratio'?

The N*:P" ratio is a molar ratio. As described in Protocol section 1.1.2.:
“N*:Pratio represents the number of positively-charged amine groups on the polymer to
the number of negatively-charged phosphate groups on the siRNA and is calculated by
the formula below:

N+ - = (mol Pol)(RU amine)
"7 (mol siRNA)(bp siRNA)(2)

Where, mol Pol is the molar amount of polymer, RU amine is the number of repeating
units of positively-charged amines per polymer, mol siRNA is the molar amount of SiRNA,
and bp siRNA is the number of base pairs per siRNA molecule.”

The authors stated the optimal size and gave a Figure, but is hard to read the real size range from
a Figure.

We have updated Figure 2 to include the average size for each formulation and have added this
information to the manuscript text as well.

Please provided cell type for the luciferase-expressing cells

We apologize for the omission of this information from the original manuscript. As described in
detail in response to a major concern of Reviewer 1 above, we have revised the manuscript to
include information on the cell line and its source.

The conclusions are not supported by adequate experimental data. Authors need to revised by
focusing on the existing results.

As outlined above, we have updated the manuscript to de-emphasize in vivo aspects of si-NP
development and focus on the initial in vitro characterization of si-NPs. We believe that adequate
data is provided to support any claims made within the manuscript about in vitro si-NP
characterization.

References are not all up to date. Many newer publications are easily found.

We have endeavored to reference and include as many relevant and recent publications as
possible. We are not aware of where we have omitted relevant references but are more than
willing to add appropriate references if identified by the reviewer. Moreover, we have taken care
to reference original articles where findings were first published. We do not believe the age of
the reference is the primary concern, rather its content and relevance. However, many references
to papers published within the last five years are included.



We thank the reviewer for their constructive feedback and assistance in focusing the narrative of
our manuscript on in vitro si-NP characterization.
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