Chapter 20

Intranasal Delivery of Antiviral siRNA

Sailen Barik

Abstract

Intranasal administration of synthetic siRNA is an effective modality of RNAI delivery for the prevention
and therapy of respiratory diseases, including pulmonary infections. Vehicles used for nasal siRNA deliv-
ery include established as well as novel reagents, many of which have been recently optimized. In general,
they all promote significant uptake of siRNA into the lower respiratory tract, including the lung. When
properly designed and optimized, these siRNAs offer significant protection against respiratory viruses
such as influenza virus, parainfluenza virus and respiratory syncytial virus (RSV). Nasally administered
siRNA remains within the lung and does not access systemic blood flow, as judged by its absence in other
major organs such as liver, heart, kidney, and skeletal muscle. Adverse immune reaction is generally not
encountered, especially when immunogenic and/or oftf-target siRNA sequences and toxic vehicles are
avoided. In fact, siRNA against RSV has entered Phase II clinical trials in human with promising results.
Here, we provide a standardized procedure for using the nose as a specific route for siRNA delivery into
the lung of laboratory animals. It should be clear that this simple and efficient system has enormous
potential for therapeutics.
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1. Introduction

RNA interference (RNAI) is a normal physiological mechanism
tor RNA-guided regulation of gene expression, common in all
higher eukaryotes (1). In this pathway, double-stranded RNA
(dsRINA) silences the expression of genes with sequences that are
complementary to the antisense strand of the dsRNA (2). In one
therapeutic approach to harness the power of RNAI, a class of
synthetic dsRNAs, known as siRNA (short or small interfering
RNA), is used (3, 4). The siRNA is 21-23 nucleotides long and
may be designed to contain 2-nt long 3’ extensions. The anti-
sense strand (also called “guide strand”) of the siRNA engages
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into a multiprotein RNAi-induced silencing complex (RISC).
A catalytic component of RISC, Argonaute-2, then specifically
cleaves the target RNA strand within RISC, thus destroying the
target (2). Clearly, RNAi oftfers high specificity and efficacy in
turning off the expression of target genes.

The first successful antiviral application of siRNA in mammals
was demonstrated against RSV (4) in cell culture, and the efficacy
was later translated into the mouse model of RSV infection (5).
RSV is a nonsegmented single-stranded RNA virus of the
Paramyxoviridae family. In addition to RSV, a number of serious
and life-threatening human and domestic animal viruses (e.g.,
mumps, measles, parainfluenza, borna, rabies, ebola, Hendra and
Nipah) belong to this family (6). Of note, the influenza (Flu)
virus, belonging to the Orthomyxoviridae family, is also an RNA
virus but contains a segmented genome. Thus, an intranasal RNAi
approach can also be effective against all respiratory viral diseases
(7, 8), including Flu (9) and SARS (10).

The nasal route represents an improved siRNA delivery regi-
men compared to systemic approaches such as intravenous, intra-
peritoneal, or hydrodynamic tail vein injections, since it is
convenient, noninvasive, and therapeutically effective. It may also
prove useful in treating debilitating noninfectious respiratory
diseases such as chronic obstructive pulmonary disease (COPD),
cystic fibrosis, asthma, and perhaps some forms of lung cancer,
when combined with existing anticancer drugs.

2. Materials

2.1. siRNA

2.2. SiRNA
Transfection Reagents

1. siRNA protected with 2'-ACE (5'-silyl-2’-acetoxy ethyl
orthoester) chemistry (see Notes 1-4).

. DEPC-treated water.

. RNase-free aerosol resistant pipette tips.

. RNase-free microfuge tubes.

9.5 M Ammonium acetate, made in DEPC-treated water.
. 95 and 100% Ethanol.

. 2'-Deprotection buffer: 100 mM acetic acid adjusted to pH
3.8 using TEMED (Dharmacon).

8. siRNA buffer: 20 mM KCl, 6 mM HEPES-KOH, pH 7.5,
0.2 mM MgCl,, made in DEPC-treated water.

N Gl N

1. TransIT-TKO siRNA transfection reagent (Mirus Bio
Corporation).

2. Opti-MEM I Reduced-Serum Medium (Invitrogen).
3. RNase-free microfuge tubes (Ambion).
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2.3. Animals and 1. BALB/c mice, 6-8 wecks old, averaging 18 g in weight
Anesthesia Reagents (Charles River Laboratories).
2. 5 mg/mL Sodium pentobarbital (Nembutal).
3. 25-Gauge single-use needles (VWR).
4. 1 cc (mL) Single-use syringes with BD Luer-Lok tip (VWR).
5. RNase-free gel-loading microcapillary tips.
3. Methods
3.1. siRNA 1. Add 200 pL of 2'-deprotection buffer to tube containing
"-Deprotection, 0.1 pumol 2'-ACE protected, single-stranded RNA (see
Annealing, Note 3).
and Desalting 2. Combine the two complementary strands of RNA, vortex for

3.2. siRNA-Vehicle
Gomplex Formulation

QN U1 W W

10 s and centrifuge for 30 s at 10,000 x 4.

. Heat the mixture at 60°C for 45 min.
. Remove from heat and centrifuge briefly, 5-10 s.

. Allow solution to cool to room temperature over 30 min.
. Add 40 uL of 9.5 M ammonium acetate and 1.5 mL of 100%

ethanol to the 400 puL of siRNA duplex solution, vortex.

. Place the tubes at —-20°C for more than 16 h or at -70°C

for 2 h.

. Centrifuge at 14,000 x g for 30 min at 4°C.

. Carefully remove the supernatant away from the pellet.
10.
11.
12.

Rinse the pellet with 200 pL of ice-cold 95% ethanol.
Dry under vacuum using Speed-Vac.

The dry pellet can be stored at -20°C until use or resus-
pended in the siRNA buffer or another appropriately buft-
ered solution.

Prepare the siRNA-vehicle complex immediately before nasal
administration. Determine the optimal siRNA amount by titering
from 3 to 15 nmol per mouse.

1.

In a sterile, RNase-free plastic tube, add 35 uL of Opti-MEM
reduced-serum medium.

. Add 5 pL of the TransIT-TKO transfection reagent into the

tube containing Opti-MEM medium.

. Mix thoroughly by vortexing for 10 s.

. Incubate at room temperature for 10 min.
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3.3. Animal Anesthesia

3.4. siRNA
Administration

5.

6.
7.

Add the desired amount of siRNA in 1 puL of siRNA buffer to
the diluted TransIT-TKO reagent.

Carefully mix by gentle pipetting.

Incubate at room temperature for 20 min.

Prior to nasal administration of siRNA, mice (see Note 5) must
be anesthetized to minimize any pain or discomfort. Nembutal is
administered by intraperitoneal (IP) injection at a recommended
drug dosage of 50 mg/kg.

1.
2.

Gently lift the mouse by the tail and place it on a cage lid.

Grip the loose skin of the neck to immobilize the head of the
animal.

. With the head immobilized, extend the tail to draw the skin

tight over the abdomen by gripping the tail with your little
finger.

4. The animal should be held in a head-down position.

. Disinfect injection site with 95% ethanol.

. Insert the 25-gauge hypodermic needle into the lower right

or left quadrant of the abdomen, and inject the recommended
amount of Nembutal in a volume of 0.2-0.25 mL (depend-
ing on the weight of the mouse).

. Place animal back into the cage and wait until anesthesia takes

effect.

. The animal is ready for siRNA administration when no volun-

tary movement is observed.

. Place the anesthetized mouse on a laboratory towel with face

up.

. With head immobilized, insert microcapillary tip containing

the siRNA transfection reagent complexes into nostril (see
Note 6).

. Instill the solution slowly over a 2—3-min period, allowing the

mouse to breathe the liquid in (see Notes 7 and 8).

. Place animal back into the cage and monitor for at least

45 min to avoid depression of cardiac and/or respiratory
functions.

. Test for the desired RNAI effect at appropriate intervals. For

antiviral studies, instill virus through the nostril as well. For
human RSV, which does not infect mice well, use 107-108
virus particles per animal, and measure standard lung titer
assay and clinical symptoms, such as body weight and respira-
tion rate.
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4. Notes

. Itis assumed that the reader has expertise in designing siRNA

against a given target. We generally follow the design suite
offered by the Dharmacon (Thermo Scientific) and the
Whitehead Institute (MIT, Cambridge, MA) web pages. We
also try to avoid the relatively strong immunogenic sequence:
5'GUCCUUCAA3’ (11).

. Essentially all RNA viral genes are essential for robust virus

growth, and hence the siRNA designed against any viral
mRNA will inhibit virus replication. Nonetheless, we generally
target components of the viral RNA synthesis machinery; for
Paramyxoviridae, they are: L (Large protein; RNA-dependent
RNA polymerase), P (Phosphoprotein; a transcription factor
for L), and N (Nucleocapsid protein; essential for the tem-
plate function of the viral genomic RNA).

. For reasons of animal ethics and cost-saving, we always test a

new siRNA sequence in cell culture for antiviral potency by
measuring the progeny viral titer. Use a range of concentra-
tions from 2 to 200 nM; a potent siRNA should exhibit 90%
inhibition at low nM concentrations (e.g., at a concentration
below 20 nM). With this criteria and using the design recom-
mendations in Note 1, we have experienced a success rate of
80% (8 out of 10 siRNAs) over the years.

. Steps in Subheading 3.1 are not needed if fully deprotected,

annealed, ready-to-use siRNA is purchased commercially,
which are more expensive. To save cost, we usually purchase
2'-ACE protected RNA and deprotect it. The 2'-ACE modi-
fication increases stability of the RNA during shipment and
storage.

. We have described a simple method of nasal delivery of siRNA

in the mouse model, but it can be successfully scaled up or
down to use in other laboratory animals.

. To diminish any possible toxic effect of delivery reagents,

siRNA can be introduced “naked,” i.c., without transfection
reagent, which exhibits about 70-80% activity of the reagent-
complexed siRNA. It is best not to use polyethyleneimine
(PEI). Although PEI is often used to form complexes with
nucleic acids, mice do not tolerate PEI through the nose,
although delivery through other avenues, such as intrave-
nous, are well tolerated. In our attempts, essentially all mice
died within minutes of inhalation of PEI-siRNA complex.
New generation of transfection reagents are constantly being
reported (12, 13) that may provide better delivery.
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7. Administration of excessive liquid will “drown” the mouse

and cause death. Try to keep the total volume under 45 pL in
routine application although up to 100 uL. may be tolerated.

. The intranasal procedure also works in an aerosolized applica-

tion. We have used small homemade enclosures in which the
anesthetized mouse is placed and the siRNA complex (made
as in Subheading 3.2) is sprayed by a hand-held nebulizer (the
common type used as an inhaler by asthmatics). In this
method, however, a larger amount of siRNA is needed because
most of the mist gets wasted and only a small fraction is inhaled
by the animal. To optimize cost vs. benefit, it is recommended
that various amounts of mist and duration of exposure is tested
and optimized for a given enclosure volume. If this method is
to be routinely used, a commercial motorized nebulizer can
be easily optimized. It is recommended to check with the local
pediatric department for the exact model, vendor, and usage.
Modify the system by removing the plastic face cup (or mask)
at the delivery end and insert the tube directly into the mouse
enclosure. Reagent cost can be reduced by designing a smaller
face cup to snugly fit the mouse nose area.
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