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Small interfering RNAs (siRNAs) are revolutionizing the treat-
ment of liver-associated indications. Yet, robust delivery to
extrahepatic tissues remains a challenge. Conjugating lipids
(e.g., docosanoic acid [DCA]) to siRNA supports extrahepatic
delivery, but tissue accumulation remains lower than that
achieved in liver by approved siRNA therapeutics. Early evi-
dence suggests that functionalizing DCA with a head group
(e.g., phosphatidylcholine [PC]) may enhance delivery to
certain tissues. Here, we report the first systematic evaluation
of the effect of PC head group chemistry on the extrahepatic
distribution of DCA-conjugated siRNAs. We show that func-
tionalizing DCA with a PC head group enhances siRNA accu-
mulation in heart, muscle, lung, pancreas, duodenum, urinary
bladder, and fat. Varying the size of the linker between the
phosphate and choline moiety of the PC head group altered
the extrahepatic accumulation of siRNA, with the optimal
linker length being different for different tissues. Increasing
PC head group valency also improved extrahepatic accumula-
tion in a tissue-specific manner. This study demonstrates the
structural impact of the PC moiety on the biodistribution of
lipid-conjugated siRNA and introduces multiple novel PC var-
iants for the chemical optimization of DCA-conjugated siRNA.
These chemical variants can be used in the context of other
lipids to increase the repertoire of conjugates for the extrahe-
patic distribution of siRNAs.
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INTRODUCTION
Therapeutic oligonucleotides, including small interfering RNAs
(siRNAs), promise to revolutionize medicine because of their infor-
mational nature, duration of effect, and potential to silence target
genes previously considered “undruggable.”1 The evolution of siRNA
technologies from benchtop to a clinically effective therapeutic mo-
dality depends on target specificity, chemical stability, and delivery
to disease tissues, all of which are achieved through full chemical
modification and conjugation.1–6 The chemical modifications collec-
tively form the siRNA scaffold, which can be applied, in theory, to any
siRNA molecule by simply switching out one targeting sequence for
another. The development of N-acetylgalactosamine (GalNAc)-con-
jugated siRNA has paved the way for multiple FDA-approved siRNA
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therapeutics targeting liver hepatocytes,7 demonstrating the value of
conjugation as a delivery platform. Despite these advancements in
chemical engineering, the ability to deliver siRNA to extrahepatic tis-
sues at the same levels as GalNAc-mediated hepatocyte delivery re-
mains an outstanding problem.

One promising class of extrahepatic delivery technologies is lipid
conjugation, which provides hydrophobicity-driven systemic distri-
bution to a wide range of tissues. Lipid-conjugated siRNAs associate
with plasma low- and high-density lipoproteins (LDLs and HDLs)
and utilize lipoprotein transport and uptake pathways to deliver
siRNA to the liver and extrahepatic tissues.4,8,9 A diverse range of
lipid conjugates have been explored in previous studies, including ste-
rols, vitamins, saturated and unsaturated fatty acids with different
chain lengths, position of the conjugate in the oligonucleotide chain
as well as with and without a polar phosphatidylcholine (PC) head
group.3,10 Interestingly, the distribution profiles of siRNA conjugated
to lipids with similar hydrophobicity (based on retention time in a
reverse-phase high-performance liquid chromatography [HPLC] col-
umn) were different, indicating that other properties of the lipid con-
jugate in addition to hydrophobicity may influence tissue uptake.
However, since chemical structure and hydrophobicity are inter-
linked, the determinants of lipid-conjugated siRNA distribution are
complex and difficult to disentangle. Therefore, a systematic analysis
of chemical structure is needed to understand the factors influencing
tissue accumulation and identify strategies to enhance extrahepatic
delivery.

In this study, we focus on modulating the chemistry of PC-docosanoic
acid (PC-DCA)-conjugated siRNA. Specifically, we explore the chemi-
cal structure of the PC head group, which was previously shown to
enhance placental delivery of DCA.11 PC-DCA is currently one of the
most clinically advanced lipid conjugates and is being used for placental
delivery of CBP-4888, an experimental siRNA therapeutic in phase 1
sevier Inc. on behalf of The American Society of Gene and Cell Ther-
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Figure 1. Head group variants can be used to alter the hydrophobicity of

DCA-siRNA

(A) Schematic of conjugate head group variants used in this study and (B) high-

performance liquid chromatography spectra of DCA- (blue), PC-C2-DCA- (red), PC-

C3-DCA- (light green), PC-C6-DCA- (pink), PC-C9-DCA- (gold), PC-PC-DCA-

(purple), and PEth-DCA-conjugated (dark green) siRNAhtt sense strands.
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clinical trials (ClinicalTrials.gov: NCT05881993).12–14 We sought to
explore the impact of the PC head group chemistry of DCA by varying
two parameters—(1) the distance between the negatively charged phos-
phate group and the positively charged choline group and (2) the
charge-lipid ratio. We demonstrate that increasing the linker length
significantly increases siRNA accumulation in extrahepatic tissues in
a tissue-specific manner. We also show that increasing the charge by
adding an extra PC moiety to DCA enhances accumulation in a tis-
sue-specific manner. This work introduces head group chemistry as a
novel modulator of lipid-conjugated siRNA biodistribution in vivo.

RESULTS
Head group variants can be used to alter the hydrophobicity of

DCA-siRNA

To systematically evaluate the impact of head group chemical struc-
ture on the properties of lipid-conjugated siRNA, we synthesized
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DCA functionalized with variants of a single PC head group (PC-
DCA).3,11 PC-DCA variants were synthesized with ethyl (PC-C2-
DCA), propyl (PC-C3-DCA), hexyl (PC-C6-DCA), or nonyl (PC-
C9-DCA) linkers bridging the phosphate and choline moieties,
named C2, C3, C6, and C9, respectively (Figure 1A; supplemental in-
formation). C2 is the linker used in the PC-DCA siRNAs currently
being evaluated in clinical trials and reflects the structure of naturally
occurring PC-lipids. All other PC-DCA variants are novel. We also
synthesized PC-PC-DCA—a single DCA functionalized with two
PC head groups, each with a C2 linker—and DCA functionalized
with phosphatidylethanolamine (PEth), which replaces the charged
trimethylammonium group of PC with a non-substituted amino
group connecting to the phosphate group by the C2 linker (Figure 1A;
supplemental information). All PC-DCA variants were conjugated
to previously validated siRNA targeting mouse cd47 mRNA
(siRNAcd47), mouse huntingtinmRNA (siRNAhtt), or a non-targeting
control sequence (siRNAntc). We also conjugated non-functionalized
DCA to siRNAcd47, siRNAhtt, and siRNAntc. Mouse cd47 and htt
mRNAs were chosen as targets because lead siRNAs for these two
genes have been previously developed and characterized by our labo-
ratory.15,16 These two targets are ubiquitously expressed, allowing for
the measurement of gene silencing in multiple tissues.

Since hydrophobicity has traditionally been considered the determi-
nant of systemic distribution (through plasma LDL/HDL binding),
we decided to benchmark the hydrophobicity of each PC-DCA
variant being tested. We analyzed sense strands of DCA siRNAhtt

and PC-DCA siRNAhtt variants by reverse-phase HPLC and
measured the retention times (Figure 1B). A longer retention time
correlates with greater hydrophobicity. Consistent with previous re-
ports, C2 siRNAhtt was less hydrophobic than non-functionalized
DCA siRNAhtt, owing to the polar PC head group. Increasing the
linker length from C2 to C3 or C6 did not significantly affect hydro-
phobicity. C9 siRNAhtt was more hydrophobic than the C2, C3, and
C6 siRNAhtt variants but less hydrophobic than non-functionalized
DCA siRNAhtt. PEth was less hydrophobic than C9 and only slightly
more hydrophobic than C2, C3, and C6. PC-PC was the least hydro-
phobic of all variants tested, as expected, due to the presence of two
PC head groups. Thus, this study explored a wide range of hydropho-
bicity in the context of the DCA conjugate.

Increasing phosphate-choline linker length promotes broad

biodistribution

We next evaluated the biodistribution of DCA siRNA and the 6 PC-
DCA siRNA variants in adult wild-type FVBmice. Mice were injected
subcutaneously (intrascapular) with 20 mg/kg of each variant conju-
gated to siRNA cd47, siRNAhtt, or siRNAntc and were sacrificed 2 weeks
post-injection. As the distribution of siRNA is sequence indepen-
dent,1 we focused on the measurement of siRNAcd47 in eleven tissues
using the peptide nucleic acid (PNA) assay. To investigate the effect of
adding a single PC head group and increasing the phosphate-choline
linker length on biodistribution, we compared siRNAcd47 accumula-
tion of the PC-DCA linker variants to the non-functionalized DCA
conjugate. Linker variants exhibited higher accumulation in a
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tissue-specific manner (Figure 2A). Whereas C3 was the only variant
exhibiting significantly higher accumulation than DCA in muscle
(183.5 vs. 88.02 pmol/g, p < 0.05), lung (331.7 vs. 177.6 pmol/g,
p < 0.001), and urinary bladder (321 vs. 94 pmol/g, p < 0.001), C6
was the only variant that performed better than DCA in duodenum
(103.7 vs. 36.9 pmol/g, p < 0.01). Both C3 and C6 performed better
than DCA in the kidney (4,586 and 5,308 vs. 2,605 pmol/g,
p < 0.05) and pancreas (404.5 and 465.5 vs. 181.9 pmol/g,
p < 0.001). C3 and C9 performed better than DCA in the heart
(613.2 and 448.1 vs. 220.2 pmol/g, p < 0.001), but only C9 performed
better than DCA in the liver. The addition of the PC head group
and changing the phosphate-choline linker length did not affect
siRNAcd47 accumulation in the spleen, adrenal gland, or fat.

To explore whether the observed differences in siRNA accumulation
translated into differences in siRNA efficacy, we measured cd47 and
htt mRNA expression in a subset of these tissues using the
QuantiGene assays. DCA siRNAcd47 and all linker variants of PC-
DCA siRNAcd47 significantly and similarly reduced cd47 mRNA
expression compared to siRNAntc (p < 0.0001 in liver, heart, and mus-
cle; p < 0.01 in lung), with no significant differences among variants
(Figure 2B). DCA siRNAhtt and linker variants of PC-DCA siRNAhtt

also reduced httmRNA expression compared to siRNAntc but did not
reach statistical significance for some variants (Figure 2C), indicating
perhaps that the in vivo potency of siRNAhtt is lower than that of
siRNAcd47 and may be helpful in differentiating between the linker
variants. In the liver, C2 (33.7%, p < 0.01), C6 (33.9%, p < 0.01),
and C9 (34.6%, p < 0.01) variants produced similar levels of silencing.
In the heart, maximal silencing was produced by the C3 (53.8%,
p < 0.001) and C6 (58%, p < 0.001) variants. The C2 (44.5%,
p < 0.001) and C6 (40.5%, p < 0.001) variants produced maximal
silencing in muscle, while C9 (24.1%, p < 0.01) showed maximal
silencing in the lung. Similar to previous reports,3 the highest accu-
mulation did not produce maximal silencing, indicating that some
chemical variants may be internalized through unproductive path-
ways to initiate RNA interference (RNAi).

Increasing the valency of the PCheadgroup affects extrahepatic

tissue accumulation

In the same experiment, we evaluated siRNA accumulation of the PC-
PC variant to determine the effect of increasing PC head group va-
lency on biodistribution (Figure 3A). Variants differing in PC:lipid
ratios may be found in nature and are relatively unexplored. We
sought to examine the effect of doubling the PC valency on siRNA
accumulation and silencing. Introducing the double PC head group
did not affect siRNAcd47 accumulation in the liver, muscle, kidney,
Figure 2. Increasing phosphate-choline linker length enhances extrahepatic ti

(A) siRNAcd47 accumulation measured using the peptide nucleic acid hybridization assay

and (C) relative htt mRNA expression levels measured by the QuantiGene 2.0 assay in

Conjugate with the highest accumulation in each tissue represented as colored bars. Ba

computed using one-way ANOVAwith DCA as the comparator in (A) or non-targeting co

hash symbol [#]) as comparators in (B) and (C) with �Sı́dák’s correction for multiple com

differences have not been marked.
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spleen, or adrenal gland. However, significantly higher levels of
siRNAcd47 were found for the PC-PC variant compared to the DCA
conjugate in the heart (519.8 vs. 220.2 pmol/g, p < 0.001), lung
(341.4 vs. 177.6 pmol/g, p < 0.001), pancreas (565.9 vs. 181.9 pmol/
g, p < 0.0001), urinary bladder (266.5 vs. 94 pmol/g, p < 0.001), duo-
denum (116.1 vs. 36.9 pmol/g, p < 0.01), and perigonadal fat (167.2 vs.
80.5 pmol/g, p < 0.01).

The PEth head group is a primary alkyl amine and is commonly
found in plasma membrane phospholipids. The pKa of PEth
is �8.5, suggesting that the amine exists mostly in its protonated,
charged form. The addition of a PEth head group did not affect
siRNAcd47 accumulation compared to DCA in any tissue except the
heart (466.6 vs. 220.2 pmol/g, p < 0.01) and pancreas (397.5 vs.
181.9 pmol/g, p < 0.01).

DCA siRNAcd47 and head group variants of siRNAcd47 significantly
reduced cd47 mRNA expression compared to siRNAntc in all tissues
tested, with no significant differences between variants in heart and
muscle (Figure 3B). In the liver, PEth performed significantly better
than C2 (36% vs. 52% expression, p < 0.01), and in the lung, both
PC-PC (54% expression, p < 0.01) and PEth (53% expression,
p < 0.01) performed better than C2 (74% expression). PEth also out-
performed DCA in the lung (53% vs. 69% expression, p < 0.05). DCA
siRNAhtt and head group variants of siRNAhtt significantly reduced
htt mRNA levels in the heart, muscle, and lung (Figure 3C), with
no significant differences between variants in the heart. In muscle,
PC-PC (47% expression, p < 0.01) and PEth (52% expression,
p < 0.05) performed better than DCA (72% expression), and in the
lung, PEth performed better than C2 (72% vs. 93% expression,
p < 0.01). In the liver, htt mRNA expression was minimally affected,
with only C2 showing statistically significant silencing compared to
NTC control (66% expression, p < 0.05).

DISCUSSION
The evolution of oligonucleotides into a class of therapeutics was pre-
ceded by incremental innovations in chemistry that support the sta-
bility, safety, and tissue distribution of these molecules. In the field of
siRNA therapeutics, the most clinically advanced delivery platform is
the GalNAc conjugate, which provides receptor-targeted delivery to
hepatocytes and unprecedented levels and durations of silencing in
humans.17–21 Receptor-mediated delivery to extrahepatic organs is
yet to be discovered. This lacuna in the siRNA toolbox is partially
compensated for by the development of hydrophobic conjugates,
which allow for potentially therapeutic doses of siRNA to accumulate
in extrahepatic tissues like the placenta and skeletal and cardiac
ssue accumulation

, (B) relative cd47 mRNA expression levels measured by the QuantiGene 2.0 assay,

various tissues of female FVB mice injected with 20 mg/kg of conjugate variants.

rs represent the mean ± SEM of individual animals (n = 5). Statistical significance was

ntrol (NTC) (significancemarked as an asterisk [*]) and DCA (significancemarked as a

parisons (*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001). Non-significant
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muscles after systemic administration and the skin, central nervous
system, eye, and lung after local administration.10–12,22,23 However,
the functionalization of hydrophobic conjugates using charged or
neutral head groups has not been systematically explored.

Here, we explored the roles of head group chemical structure and
found that varying the size of the linker between the phosphate and
the choline moiety from C2 (conventional) to C3, C6, or C9 was
able to change the degree of siRNA accumulation in a tissue-specific
manner. Interestingly, the increased accumulation was not related to
the hydrophobicity of the conjugate as measured by the retention
time on reverse-phase HPLC, indicating that characteristics beyond
hydrophobicity may be useful in the study of lipid-conjugated
siRNAs.

While this study provides empirical evidence for the role of phos-
phate-choline linker length in tissue accumulation, the molecular
mechanisms underpinning this property remain to be explored.
Changes in the affinity of conjugate variants to plasma proteins
may contribute to increased circulation time and extrahepatic tissue
exposure. One would expect that increased plasma residence time
will result in increased extrahepatic tissue-to-liver ratios in accumu-
lation. However, organ-to-liver ratios did not correspond to absolute
siRNA concentrations for many extrahepatic tissues (Figure S34). For
example, while PC-C3-DCA improved accumulation in muscle, lung,
and pancreas, the organ-to-liver ratios for PC-C3-DCA were not
significantly different from those of DCA for these tissues. Moreover,
conjugates with similar organ-to-liver ratios had different absolute
levels of siRNA in the tissue. For example, PC-C2-DCA and PC-
C3-DCA had similar pancreas-to-liver ratios of 0.098 and 0.085,
respectively. However, PC-C2-DCA resulted in a pancreatic accumu-
lation of 266.5 pmol/g, while the pancreatic accumulation of PC-C3-
DCA was 404.5 pmol/g (Figure S34). One possible explanation is that
increased separation between the negatively charged phosphate and
the positively charged choline may allow for local charge-based inter-
actions with the extracellular matrix at each ionic pole, thereby
increasing the residence time of siRNA in the tissue. However, we
observed significant differences in tissue accumulation among vari-
ants with minor differences in charge separation (i.e., C2 vs. C3).
Perhaps increasing the linker length increases metabolic stability
against endogenous phospholipases that are known to cleave natural
PC-modified phospholipids.24 One of the other factors affecting
siRNA accumulation after subcutaneous administration is injection
site retention and bioavailability. We have previously shown that in-
jection site retention of lipid-conjugated siRNAs is correlated with
hydrophobicity,3 and the degrees of injection site retention of DCA
Figure 3. Increasing the valency of PC head group affects accumulation in som

(A) siRNAcd47 accumulation measured using the peptide nucleic acid hybridization assay

and (C) relative htt mRNA expression levels measured by the QuantiGene 2.0 assay in

Conjugate with the highest accumulation in each tissue is represented as colored bars.

computed using one-way ANOVA with DCA as the comparator in (A) or NTC (significan

comparators in (B) and (C) with �Sı́dák’s correction for multiple comparisons (* or #p < 0.05

not been marked.
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and PC-DCA are very similar. Since the hydrophobicity of the conju-
gate variants tested falls between the hydrophobicity of PC-C2-DCA
and DCA (except for PC-PC-DCA), it is unlikely that differences in
bioavailability are sufficient to explain the increases in tissue accumu-
lation for these head group variants. Future work should determine
how accumulation is affected by replacing the charged choline group
with a neutral butyl group and/or replacing the DCA with other hy-
drophobic conjugates like palmitic acid (C16) andmyristic acid (C14)
to fully explore the utility of conjugate head groups. It should be noted
that while increased accumulation was observed in multiple tissues,
target silencing measured at 2 weeks post-injection did not correlate
with the accumulation increase. Previously, we have shown that the
effect of increased accumulation of siRNA is apparent in the duration
of the effect but not in short-term efficacy. Regions with higher siRNA
accumulation did not show greater gene silencing in the short term,
but the duration of target silencing was prolonged compared to re-
gions with lower siRNA accumulation.25 This is probably because
short-term silencing is limited by Ago2 expression levels, target
mRNA accessibility, and competition with endogenous Ago2 sub-
strates,26–28 while the presence of endosomal depots of siRNA enables
continuous RNAi activity over time and leads to a prolonged duration
of effect.29,30 Therefore, the increased siRNA accumulation seen in
this study may not show improved efficacy in the short term due to
limited Ago2 availability but may be productive for long-term
silencing through endosomal leakage. A second explanation for the
lack of short-term efficacy improvement may be that the modified
PC head groups interfere with RNA-induced silencing complex
(RISC) loading of the siRNA duplex. However, we have previously
shown that lipid conjugation of siRNA does not affect RISC cleavage
rates.31 Additionally, in the present study, we have used previously re-
ported cleavable deoxythymidine linkers between the sense strand
and the conjugate to limit the interference of the conjugate with
Ago2 loading post-internalization.32 Therefore, the lack of short-
term efficacy is likely not due to steric hinderance from the conjugate.
Future studies should investigate the optimal duration and dosing at
which correlates of accumulation and target silencing become more
apparent.

Overall, this study provides evidence that the PC head group can
greatly enhance broad extrahepatic delivery of the DCA conjugate.
Among the variants tested, PC-C3-DCA was the best-performing
conjugate with maximal accumulation in a broad range of tissues.
However, we believe that there is potential for further chemical opti-
mization by exploring different kinds of head groups as well as
different kinds of lipid conjugates. Head group modulation could
serve as a novel strategy to modulate pharmacokinetics in the context
e tissues

, (B) relative cd47 mRNA expression levels measured by the QuantiGene 2.0 assay,

various tissues of female FVB mice injected with 20 mg/kg of conjugate variants.

Bars represent the mean ± SEM of individual animals (n = 5). Statistical significance

ce marked as an asterisk [*]) and DCA (significance marked as a hash symbol [#]) as

, ** or ##p < 0.01, ***p < 0.001, and ****p < 0.0001). Non-significant differences have
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of hydrophobically conjugated siRNA. Additionally, while the conju-
gates tested in this study were tolerated at the dose administered,
future work should include toxicology intended to characterize the
safety profile of lead conjugates and the consequences of enhanced
tissue accumulation on the therapeutic index of the siRNA.

MATERIALS AND METHODS
General methods for oligonucleotide synthesis, deprotection,

and purification

Oligonucleotides were synthesized using standard phosphoramidite-
based solid-phase synthesis, deprotected, and purified by HPLC.
Custom-made lipid-functionalized controlled pore glass (CPG) was
used for the synthesis of sense strands (see supplemental information;
Figures S1–S5). Antisense strands were synthesized on UnyLinker-
functionalized CPG (ChemGenes). Standard deprotection and cleav-
age conditions specific to sense strands or antisense strands were used.
All siRNAs synthesized were fully modified with 20-O-methyl or
20-fluoro groups, phosphorothioate backbones in the termini, and
5’-(E)-vinylphosphonate on the antisense strand. Oligonucleotides
were purified by standard HPLC methods specific to sense and anti-
sense strands. The identity of custom synthesized lipid conjugate pre-
cursors was verified using nuclear magnetic resonance and LC-mass
spectrometry (MS), and the identity and quality of synthesized oligo-
nucleotides were verified using LC-MS (Figures S6–S33).

Animal administrations

All animal experiments were conducted in accordance with the guide-
lines of the University of Massachusetts ChanMedical School (UMass
Chan) Institutional Animal Care and Use Committee (IACUC). All
procedures were performed as approved under IACUC protocol
#A-2411. Female wild-type FVB mice were purchased from The Jack-
son Laboratory (Bar Harbor, ME, USA). Mice were 6–8 weeks old at
the time of the experiments. The mice were divided into 14 groups
with five mice per group and injected with siRNA variants formulated
in phosphate-buffered saline and administered in a volume of 150 mL
subcutaneously between the shoulder blades. siRNA variants
included siRNAhtt and siRNAcd47 sequences synthesized with one of
the following 7 conjugates: DCA, PC-C2-DCA, PC-C3-DCA, PC-
C6-DCA, PC-C9-DCA, PC-PC-C2-DCA or PEth-C2-DCA. Animals
were terminated at 2 weeks post-injection, and the liver, heart, mus-
cle, lung, kidney, pancreas, urinary bladder, duodenum, spleen, adre-
nal gland, and perigonadal fat tissue were collected and immersed in
RNAlater (Thermo Fisher Scientific) solution as per the manufac-
turer’s recommendations. Mice were housed in pathogen-free animal
facilities at UMass Chan with a 12 h/12 h light/dark cycle, controlled
temperature (23�C ± 1�C), humidity (50% ± 20%), and ad libitum
food and water.

PNA hybridization assay

Quantification of antisense strand accumulation in tissues was per-
formed by the PNA hybridization assay as previously described.
Briefly, �0.2-7 mg of tissue was weighed and lysed in QuantiGene
Homogenizing Solution (Invitrogen) containing 0.2 mg/mL Ambion
Recombinant Proteinase K Solution (Invitrogen) using the
TissueLyser II (Qiagen) and 3 mm Tungsten Carbide Beads (Qiagen)
and incubated at 65�C for half an hour. Following incubation, tissue
lysates were treated with 3Mpotassium chloride to precipitate sodium
dodecyl sulfate and pelleted by centrifugation at 4,000� g for 15 min.
Supernatants were hybridized with Cy3-labeled PNA probes
(PNABio, Thousand Oaks, CA, USA) fully complementary to the
siRNAcd47 antisense strand and analyzed by HPLC (Agilent, Santa
Clara, CA, USA) over a DNAPac PA100 anion-exchange column
(Thermo Fisher Scientific). Cy3 fluorescence was monitored, and
peaks were integrated using a custom python script. Final concentra-
tions of siRNAcd47 in tissue lysate were determined using a standard
curve generated from samples containing known concentrations of
siRNAcd47.

QuantiGene Singleplex 2.0 (bDNA) assay

Tissue lysates prepared in the same manner as above (see PNA hy-
bridization assay) were used to measure htt and cd47 mRNA levels
using the QuantiGene Singleplex assay kit (Invitrogen) with
the following probe sets, mouse htt (SB-14150), mouse cd47 (SB-
3029698), and mouse hprt (SB-15463), according to the manufac-
turer’s instructions. siRNAhtt-treated animals were used as the non-
targeting control for the normalization of cd47 expression levels,
and siRNAcd47-treated animals were used as the non-targeting control
for the normalization of htt expression levels.

DATA AND CODE AVAILABILITY
All data generated from this study have been made available in this
manuscript.
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Supplemental information can be found online at https://doi.org/10.
1016/j.omtn.2024.102230.
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