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Abstract 

This review examines ALN-APP, a small interfering RNA (siRNA) formulated for intrathecal 
injection, intended to reduce the formation of beta-amyloid precursor protein (APP), a critical factor 
in the pathology of Alzheimer’s disease (AD). ALN-APP incorporates a 16-carbon chain (C16-siRNA) 
to enhance its delivery to the central nervous system (CNS) while integrating advancements in 
specificity and duration of action based on previous FDA-approved drugs. The development of ALN-
APP involved a thorough analysis of the optimal carbon chain length and its conjugation position to 
the siRNA. Preclinical studies conducted in male Sprague Dawley rats, mice, and non-human 
primates demonstrated the efficacy of ALN-APP. In rats, intrathecal (IT) injection of C16-siRNAs at 
a concentration of 30 mg/mL, delivering a dose of 0.9 mg, resulted in cranial distribution via 
cerebrospinal fluid and led to a 75% reduction in copper-zinc superoxide dismutase 1 (SOD1) mRNA 
levels. These effects were dose-dependent and persisted for over three months across multiple brain 
regions. Furthermore, studies in non-human primates indicated reductions in soluble APP levels 
(sAPPα and sAPPβ) to below 25% sustained for two months. In the CVN mouse model of AD, 
administration of 120 µg of siRNA via the intracerebroventricular route produced reductions in APP 
expression, with mRNA levels remaining suppressed for 60 days in the ventral cortex. Following 
these promising results in animal models, ALN-APP advanced to a Phase 1 trial, designated ALN-
APP-001, assessing its safety and efficacy in 12 participants with early-onset Alzheimer's disease 
(EOAD). Initial findings revealed a 55% reduction in soluble APPα and a 69% reduction in APPβ by 
day 15. In a subsequent cohort of 36 patients, the administration of the 75 mg dose via IT injection 
produced mean reductions of 61.3% in sAPPα and 73.5% in sAPPβ after one month. These silencing 
effects persisted over a six-month period and were associated with important decreases in Aβ42 and 
Aβ40 levels. These results highlight ALN-APP's potential to address Alzheimer’s pathology while 
maintaining a favorable safety profile. Collectively, advancements in ALN-APP represent a 
promising strategy to reduce beta-amyloid formation in AD, with significant biomarker reductions 
suggesting potential disease-modifying effects. Continued development may pave the way for 
innovative treatments for neurodegenerative diseases. 

Keywords: gene therapy; RNA interference; β-amyloid; Alzheimer’s disease; C16-siRNA 
 

1. Introduction 

Dementia has increasingly become a focal point in scientific research and public health 
initiatives. This attention is driven by the condition’s rising prevalence among the aging global 
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population, as well as its profound impact on both affected individuals and their families [1]. 
Currently, approximately 50 million individuals worldwide are diagnosed with dementia, a figure 
projected to triple by 2050 [2]. Alzheimer’s disease (AD) is the most common form of dementia 
globally. Despite considerable progress in understanding the brain pathology associated with AD, 
treating this complex disorder remains challenging [1,3]. 

The incidence of AD is influenced by non-modifiable factors such as advancing age, female sex, 
lower educational attainment, and genetic predisposition, particularly the presence of the APOE 
(Apolipoprotein E) ε4 allele. Modifiable factors include cardiovascular conditions (hypertension, 
diabetes, hypercholesterolemia), lifestyle elements (Mediterranean diet, physical activity, cognitive 
engagement), and environmental exposures (e.g., air pollution). Depression, obesity, subjective 
cognitive decline, neurodegenerative markers on imaging, and co-pathologies also contribute to AD 
risk [4–12]. 

The pathological features of AD encompass the accumulation of β-amyloid (Aβ) plaques and 
neurofibrillary tangles (NFTs) composed of tau protein within the brain. Additional changes of note 
include an increase in reactive oxygen species, the proliferation of glial cells, impaired insulin 
sensitivity, and modifications in the microbiome [13]. These characteristics have been extensively 
studied due to their critical importance for both diagnostic and potential therapeutic applications 
[14]. Amyloid plaques are extracellular deposits of Aβ peptides that follow a predictable regional 
progression, starting in the neocortex and advancing to other brain areas [15–19]. 

Under normal physiological conditions, Aβ exists in a balance between its production and 
clearance. Several mechanisms aid in clearing Aβ from the brain, including non-enzymatic pathways, 
such as its transport across blood vessel walls into the bloodstream, and enzymatic pathways 
involving neprilysin and insulin-degrading enzymes [20,21]. Cerebral Aβ is transported across the 
blood-brain barrier through scavenger receptors such as lipoprotein receptor-related protein 1 (LRP1) 
and very low-density lipoprotein receptor (VLDLR), which facilitate its clearance into the 
bloodstream in the human brain. Sequester proteins have been shown to enhance the binding affinity 
of Aβ to these scavenger receptors [22], stabilizing monomeric Aβ and inhibiting its aggregation [23]. 
Aβ is primarily present in two forms: Aβ40 and Aβ42. The main difference between them lies in the 
two extra residues at the C-terminus in the Aβ42, which alter its metabolism, physiological functions, 
toxicities and aggregation mechanism [24,25]. Among these forms, Aβ42 is more toxic and more 
strongly associated with the development of AD-related pathologies compared to Aβ40 [22]. 
Growing evidence establishes that Aβ42 begin to accumulate in the brain many years, or even 
decades, before the clinical symptoms of AD appear [26]. 

Currently, the treatment landscape for AD is limited, with only two major classes of drugs 
available: cholinesterase inhibitors and N-methyl D-aspartate (NMDA) antagonists. These 
medications primarily provide symptomatic relief and do not cure or prevent the disease. 
Furthermore, they often come with undesirable side effects, highlighting the significant limitations 
of current therapies [27–29]. Monoclonal antibodies (mAbs) have recently gained attention as 
potential disease-modifying therapies for AD. The Food and Drug Administration (FDA) has 
approved mAbs like aducanumab and lecanemab, which show promise in their ability to potentially 
modify disease progression. However, the long-term efficacy and safety of these treatments remain 
uncertainties that require further investigation [30–32]. 

Given the existing limitations of current therapies, including their focus on symptom 
management and associated side effects, there is a pressing need to explore new treatment strategies 
and targets. This ongoing search for safer and more effective interventions is critical to improving the 
outcomes for individuals affected by AD. 

2. siRNAs – Concept and Mechanism of Action 

Small interfering RNAs (siRNAs) are short, double-stranded RNA molecules that play a crucial 
role in the regulation of gene expression through a process known as RNA interference (RNAi). These 
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molecules, composed of 19 to 23 ribonucleotides, exhibit specificity in binding to messenger RNA 
(mRNA) via Watson-Crick base pairing [33]. 

The discovery of siRNAs and the elucidation of the RNAi process can be traced back to the 
groundbreaking research conducted by Andrew Fire and Craig Mello, who were awarded the Nobel 
Prize for their work in this area. They characterized the gene-silencing effects of short RNAs and 
introduced the term “RNA interference” in their seminal publication [34]. The mechanisms governing 
RNAi-mediated gene silencing are illustrated in Figure 1 and have been reviewed extensively in the 
literature [35–40]. 

Inside the cell, siRNA duplexes are first processed by enzymes that remove the sense strand, 
after which they are incorporated into a protein complex known as the RNA-induced silencing 
complex (RISC). Upon entry, RISC first removes one strand of the siRNA duplex, referred to as the 
passenger strand, thereby retaining the guide strand. This guide strand subsequently searches for 
complementary nucleotides in target mRNAs through a trial-and-error mechanism, eventually 
forming stable hydrogen bonds with matching sequences [41,42]. Once bound, the RISC complex, 
assisted by the guide strand, executes cleavage of the targeted mRNA [43,44]. 

 

Figure 1. The siRNA pathway mediating post-transcriptional gene silencing. RNA interference (RNAi) is a 
highly conserved cellular pathway that allows for targeted gene silencing at the post-transcriptional level. 
Synthetic siRNA duplexes, typically delivered to the cytoplasm via nanoparticle carriers, consist of a guide 
(green) and a sense (red) strand. Once inside the cytoplasm, the duplex is recognized by a protein complex that 
includes the ribonuclease Dicer, the transactivation response RNA-binding protein (TRBP), and the protein 
activator of the interferon-induced protein kinase (PACT). This complex facilitates the removal and degradation 
of the sense strand, while the guide strand is retained and incorporated into the RNA-induced silencing complex 
(RISC). The mature RISC, which includes Argonaute 2 (AGO2) and the guide strand, is directed by the guide 
RNA to bind complementary sequences on target messenger RNAs (mRNAs). Upon binding, AGO2 catalyzes 
the cleavage of the target mRNA, resulting in sequence-specific degradation and subsequent gene silencing. 
Abbreviations: AGO2, Argonaute 2 enzyme; mRNA, messenger RNA; PACT, protein activator of the interferon-
induced protein kinase; RISC, RNA-induced silencing complex; RNAi, RNA interference; siRNA, small 
interfering RNA; TRBP, HIV-1 transactivation response (TAR) RNA-binding protein. 
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siRNAs have successfully transitioned into clinical settings and are now recognized as U.S. Food 
and Drug Administration (FDA)-approved therapeutics. Patisiran, for instance, was the first siRNA 
therapeutic to complete all phases of clinical development successfully and receive regulatory 
approval for market entry. This drug operates as a short RNA molecule that selectively binds to and 
induces the cleavage of target mRNA through the RNAi pathway (Figure 2), a process facilitated by 
RNAi-associated proteins [45–47]. 

Patisiran is indicated for the treatment of hereditary transthyretin-mediated (hATTR) 
amyloidosis [47,48], and it represents a leading example among ten RNAi-based therapeutics that 
entered Phase II–III clinical trials beginning in 2017, ultimately receiving approval from the FDA in 
the following year [35,49]. This innovative class of therapeutics represents a substantial advancement 
in pharmacology, introducing a unique mechanism of action based on sequence-specific gene 
silencing at the post-transcriptional level [35]. 

Additionally, the biopharmaceutical company Alnylam has developed a potentially 
revolutionary treatment for porphyria, known as givosiran. This siRNA, which is a double-stranded 
RNA, is specifically designed for the knockdown of ALAS1 mRNA [50,51]. 

 

Figure 2. RNAi-mediated gene silencing by the mechanism of action and cell effects of patisiran. (A) The TTR 
gene expresses the TTR mRNA that in the 3′-UTR region contains a sequence conserved across wild-type (wt) 
and all TTR variant forms. (B) Patisiran is a ds-siRNA composed by a passenger and guide strand with overhangs 
at the 3′ ends. (C) The passenger strand is eliminated and the guide strand (without overhangs) finds the 
complementary nucleotides in the 3′ UTR region of TTR mRNA (mutated or wt) for base pairing. (D) The binding 
of patisiran to TTR mRNA induces the RISC complex to execute RNAi-mediated gene silencing by cleavage of 
this 3′ UTR region and synthesis of the TTR protein is suppressed. siRNA- double-strand small-interfering RNA, 
mRNA- messenger RNA, iRNA- RNA interference, TTR transthyretin, UTR- untranslated region, wt- wild-type. 

3. Reaching the Liver: The First Two FDA-Approved siRNAs, Patisiran and 
Givosiran 

The therapeutic efficacy of patisiran heavily relies on its lipid nanoparticle (LNP) delivery 
system, which facilitates targeted delivery to hepatocytes (Figure 3). The LNPs used for patisiran are 
coated with ApoE, which mediates opsonization of the nanoparticles. This process allows the 
particles to traverse the fenestrated hepatic endothelium and bind specifically to ApoE receptors on 
the surface of hepatocytes. After receptor-mediated endocytosis, the LNPs are internalized, and the 
ionizable lipids within the particles are protonated in the acidic endosomal environment. This 
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protonation induces fusion of the LNP membrane with the endosomal membrane, destabilizing the 
lipid structure and leading to the release of free siRNAs into the cytoplasm [52,53]. 

Once in the cytoplasm, the siRNAs are incorporated into the RISC, where the antisense (guide) 
strand directs the complex to its complementary sequence on the TTR mRNA. This interaction 
triggers RNAi-mediated degradation of the TTR transcript (Figure 3F). The specificity of this process 
is determined by the base-pairing between the siRNA guide strand and its target mRNA. For 
instance, the guide strand of patisiran, with the sequence 3′-CAUUGGUUCUCAUAAGGUA-5′, 
exhibits perfect complementarity to the TTR mRNA sequence 5′-GUAACCAAGAGUAUUCCAU-3′, 
as shown in Figure 2C. Notably, the 3′ terminal triplet "CAU" of the siRNA pairs precisely with the 
5′ triplet "GUA" of the TTR mRNA, underscoring the critical importance of sequence 
complementarity for efficient RNAi-based gene silencing [54–56]. 

 

Figure 3. Mechanism of patisiran therapy for the treatment of hereditary transthyretin amyloidosis (hATTR 
amyloidosis). Patisiran, the first FDA-approved siRNA therapeutic for hATTR amyloidosis, reduces 
transthyretin (TTR) expression through RNA interference (RNAi). (A) Patients receive patisiran via intravenous 
(IV) infusion. (B) Patisiran is encapsulated in lipid nanoparticles (LNPs), which are naturally opsonized by 
apolipoprotein E (ApoE) in the circulatory system. (C) The ApoE-coated LNPs bind to ApoE receptors on 
hepatocytes and are internalized via receptor-mediated endocytosis. (D) Within the acidic environment of 
endocytic vesicles, the ionizable lipids in the LNPs become protonated, acquiring a positive charge. This 
promotes electrostatic interaction with the negatively charged endosomal membrane, leading to membrane 
fusion and cytoplasmic release of the double-stranded siRNA (ds-siRNA). (E) In the cytoplasm, the ds-siRNA is 
processed by a protein complex consisting of Dicer (a ribonuclease), TRBP (HIV-1 trans-activation response 
RNA-binding protein), and PACT (protein activator of the interferon-induced protein kinase). This complex 
removes the passenger (sense) strand, while the guide (antisense) strand is loaded into the RNA-induced 
silencing complex (RISC). (F) The Argonaute 2 (AGO2) enzyme within RISC directs the guide strand to bind 
complementary sequences in TTR mRNA, resulting in targeted cleavage and degradation of the transcript. (G) 
Suppression of TTR mRNA translation reduces the production of unstable TTR tetramers, thereby preventing 
their misfolding and aggregation into amyloid fibrils. This reduction in amyloid burden stabilizes or improves 
clinical manifestations such as neuropathy and cardiomyopathy. Abbreviations: AGO2, Argonaute 2 enzyme; 
ApoE, apolipoprotein E; ds-siRNA, double-stranded small interfering RNA; hATTR amyloidosis, hereditary 
transthyretin amyloidosis; IV, intravenous; LNPs, lipid nanoparticles; mRNA, messenger RNA; PACT, protein 
activator of the interferon-induced protein kinase; RISC, RNA-induced silencing complex; RNAi, RNA 
interference; siRNA, small interfering RNA; TRBP, HIV-1 trans-activation response (TAR) RNA-binding protein; 
TTR, transthyretin. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 July 2025 doi:10.20944/preprints202507.0868.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0868.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 22 

 

Givosiran was the second FDA-approved siRNA and brought two significant improvements 
compared to patisiran: the absence of a nanoparticle for delivery and a different route of 
administration [51]. First, the company identified a ligand capable of vectorizing siRNAs to 
hepatocytes without the LNP previously used in patisiran, illustrating their commitment to site-
specific delivery [57]. Consequently, a novel hepatic-targeting strategy was developed by conjugating 
N-acetylgalactosamine (GalNAc) to the siRNA passenger strand (Figure 4). GalNAc specifically 
binds to the asialoglycoprotein receptor (ASGPR) on hepatocytes, facilitating efficient siRNA uptake 
and gene silencing without the need for nanoparticle-based delivery systems (Figure 4C). Gene 
knockdown was observed in a dose-dependent manner [57–59]. 

Upon internalization by hepatocytes, the siRNA duplex engages the Dicer/TRBP complex, which 
processes the duplex and loads the antisense strand into the RISC. Within RISC, the guide strand 
directs the complex to the complementary ALAS1 mRNA sequence, leading to its degradation 
through the RNAi pathway. This reduction in ALAS1 enzyme levels results in decreased synthesis 
of the neurotoxic heme intermediates δ-aminolevulinic acid (ALA) and porphobilinogen (PBG), 
addressing a central pathological mechanism in acute hepatic porphyria. 

Second, a key advancement of the GalNAc-conjugated givosiran formulation is the transition 
from intravenous administration, which previously required medical supervision, to subcutaneous 
injection. This modification significantly enhances patient convenience and allows for a more user-
friendly administration regimen at home [58,59]. 

 

Figure 4. Givosiran therapy for reducing acute hepatic porphyria attacks (AHP). (A) Patients with AHP receive 
givosiran by subcutaneous injection. (B) Anti-ALAS1 siRNA contains an N-acetyl galactosamine (GalNac) 
molecule conjugated at the 3’-end of the passenger strand. (C) GalNac moiety binds to asialoglycoprotein 
receptor (ASGPR) on hepatocytes. (D) An endocytic vesicle is formed and internalize the siRNA molecule into 
the cell cytoplasm. (E) siRNA GalNac conjugated is delivered in the cytoplasm. (F) The siRNA molecule forms 
a complex with Dicer, TRBP, and PACT proteins, that will eliminate the passenger strand. (G) The remaining 
siRNA guide strand loaded in RISC complex binds to complementary sequences in ALAS1 mRNA, allowing 
AGO enzyme to execute the cleavage of ALAS1 mRNA. (H) Knock-down of ALAS1 expression prevents further 
formation of toxic intermediates (ALA and PBG), reducing clinical signs of porphyria. AGO, Argonaute 2; Dicer, 
ribonuclease enzyme; PACT, Protein activator of the interferon-induced protein kinase (PKR); RISC, RNA-
induced silencing complex; TRBP, HIV-1 Trans-activation response (TAR) RNA-binding protein. 
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4. C16-siRNAs 

The therapy for chronic-degenerative diseases of the central nervous system (CNS), whether 
stemming from genetic dysfunction or other origins, remains a significant challenge in the field of 
medicine [28,60]. Many of these diseases are characterized by the accumulation of pathological 
proteins that lead to neuronal death, as observed in conditions such as Parkinson's and Alzheimer's 
disease, with alpha-synuclein and beta-amyloid peptides being notable examples, respectively 
[27,29,61]. In Parkinson's disease, despite the majority of cases being idiopathic, a percentage can be 
attributed to genetic mutations, including the A53T mutation, which involves the substitution of the 
amino acid alanine with threonine at position 53 [62]. This mutation promotes the formation of 
aggregates of the protein, resulting in neuronal damage. In genetic disorders that cause neurological 
impairments, such as de novo DEAF1 (deformed epidermal autoregulatory factor-1), specific 
mutations compromise the function of this protein, which serves as a zinc-finger to regulate the 
activity of promoter regions, thereby adversely affecting the expression of various cerebral genes [63–
65]. 

Given these examples, the strategy of silencing pathogenic proteins through RNAi has emerged 
as a promising alternative. This approach became more tangible in 2018 when the first siRNA, 
patisiran, was approved by the FDA, as mentioned earlier. However, the utilization of siRNAs for 
the treatment of diseases posed significant challenges, particularly regarding the delivery to the 
brain, due to the blood-brain barrier and the inherent difficulty of transfecting neuronal cells. While 
siRNA therapies have proven effective in treating hepatic diseases using vectorization molecules, as 
seen in patisiran and givosiran, the brain poses a considerably greater challenge [66,67]. This led to 
skepticism regarding the progress of gene therapy in the CNS, where many diseases manifest [68]. 
Thus, the development of an effective strategy to overcome these obstacles is commendable [69–71]. 

The seminal study conducted by Brown et al., published in 2022, provided compelling evidence 
that the attachment of a hexadecyl lipid at the 2’ position of the ribose in siRNA molecules 
significantly enhances their biodistribution across various regions of the brain [72]. These 
meticulously engineered oligonucleotides, referred to as 2'-O-Hexadecyl (C16)-siRNA Conjugates, 
are administered through the intrathecal route, paving the way for siRNA-based therapeutic 
interventions for neurological disorders. Furthermore, C16-siRNAs demonstrate notable 
biodistribution in ocular and pulmonary tissues, thereby expanding the potential for addressing 
diseases affecting these important organs. 

The research began over a decade before the publication of the article. In 2019, Alnylam 
Pharmaceuticals, Inc. was granted a patent titled "Extrahepatic Delivery" (WO 2019/217459 A1). The 
abstract of the patent states: ‘The invention relates to a method of gene silencing, comprising 
administering to a cell or a subject in need thereof a therapeutically effective amount of lipophilic 
moieties-conjugated double-stranded iRNAs at one or more internal positions on at least one strand, 
optionally via a linker or carrier.’ The term “therapeutically effective amount” holds particular 
importance in pharmacology, as it aligns with the widely recognized notion that a drug will produce 
the desired therapeutic effect when it reaches an adequate concentration in the target organ or 
biophase. This concept is thoroughly discussed in our pharmacology textbook, Goodman & Gilman’s 
The Pharmacological Basis of Therapeutics. 

Vasant Jadhav and Martin Maier were the corresponding authors of the cited article that 
warrants consideration for the cover of Nature Biotechnology journal [72]. The proposed design 
features a detailed 3D model that illustrates the interaction between the C16-conjugated siRNA 
(depicted in orange), the RISC (shown in white), and the mRNA (represented in green) involved in 
the process of gene silencing. This model was constructed by Erin Dewalt from Alnylam 
Pharmaceuticals. At the top of the cover, the phrase "Extrahepatic Delivery of RNA Therapeutics" 
would prominently headline the visual representation 
(https://www.nature.com/nbt/volumes/40/issues/10). 

The complete history of C16 development was told by the authors that measures in two decades 
the time needed for scientific basic studies until testing the clinical potential of a siRNA-based drug 
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[73]. The previous experiences with other siRNAs make a significant contribution. The development 
of siRNAs and their efficient in vivo delivery to target cells are of paramount importance. For liver-
targeted delivery, this was achieved either by encapsulating siRNAs within LNPs or by directly 
conjugating stable siRNAs to a targeting ligand that includes GalNAc, recognized by the ASGPR 
present on liver hepatocytes, as previously discussed [51,56]. 

The authors referenced several studies that have investigated lipophilic compounds for 
conjugation with siRNAs, including cholesterol, aiming to achieve robust activity in biological 
systems, such as cell culture and animal model assays [74–76]. In this context, researchers have 
explored alternative molecules that could enhance the ability of siRNAs to cross the lipid bilayer of 
cells, thereby improving their lipophilicity and overall delivery efficiency. Importantly, these 
compounds are designed to be non-toxic to the organism. Vasant Jadhav and Martin Maier noted 
that the first successful outcome of an siRNA conjugated with a lipophilic compound was achieved 
in 2018 after intrathecal injection in rats. Following this breakthrough, a series of assays were 
conducted to optimize the performance of this siRNA, with the objective of developing a product 
suitable for clinical application. This section will first provide an overview of siRNA itself, followed 
by a discussion of the experimental results that demonstrate its enhanced distribution, particularly 
within the brain [72]. 

4.1. Innovations in the Design of Brain-Delivered C16-siRNAs: A Functional Perspective 

C16 conjugates are characterized by the 2’-O-hexadecyl (C16) modification, which involves the 
covalent attachment of a short fatty acid chain to siRNA molecule. This modification is illustrated in 
Figure 5 as a blue tail, identified as number 1 within the yellow-filled circle. The hydrophobic nature 
of this modification significantly enhances the lipophilicity of the siRNA, thereby improving its 
interaction with cellular membranes and associated membrane proteins. This interaction is illustrated 
by the blue C16 tail, which is connected to schematic representations of membrane proteins (number 
2). Such interactions are crucial for the effective uptake of siRNA across diverse cell types, including 
those found in the CNS, as well as in lung and ocular tissues. The diagram also illustrates the 
mechanism of cellular uptake, which involves the internalization of siRNA into endosomes, followed 
by the critical process of endosomal escape (numbers 3 and 4). This endosomal escape is essential for 
allowing siRNA to exit the endosome and freely access the cytosol (number 5), where it can initiate 
its silencing effects, as previously described. 
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Figure 5. The role of C16 molecules in siRNA internalization across lipidic cell membranes. This illustration 
depicts the mechanism of internalization for C16-modified siRNA molecules into cells. (1) The 2’-O-hexadecyl 
(C16) modification is represented as a blue tail, signifying a short fatty acid chain that enhances the siRNA's 
lipophilicity. (2) The C16 tail interacts with cellular membranes and membrane proteins, facilitating initial 
contact. (3, 4) Subsequently, siRNA is internalized into endosomes. (5) Endosomal escape enables the siRNA to 
exit the endosomal compartment and subsequently initiate RNAi-mediated gene silencing. Modified from 
Anlylam, Delivery Platforms – C16 Conjugates (2023) [77]. 

In Figure 6, we depict the interaction between C16 and siRNA from both a chemical perspective 
and through spatial modeling, as outlined by Vasant Jadhav and Martin Maier [73]. The schematic 
representation illustrates the interaction between the oxygen atom located at the 2′ position of the 
adenine ribose in the sense strand of siRNA and the 16-carbon chain (2′-O-C16). This interaction is 
highlighted on the left by a dashed red circle and is labeled as number 1 within a yellow-filled circle. 
In the middle, the C16 chain, which consists of 16 carbon atoms, is identified as number 2. On the 
right, the figure presents a spatial representation of the siRNA, where the C16 molecule is depicted 
as a protruding gray structure (labelled as number 3). It is crucial to acknowledge that the lipophilic 
C16 molecule resembles a tail, functioning effectively as an anchor with significant spatial 
implications. While its size is relatively modest compared to the overall siRNA molecule, Brown et 
al. (2022) undertook a thorough investigation of the potential effects of C16 incorporation and 
determined the optimal positioning for its integration, as detailed below. The spatial conformation of 
siRNA is pivotal for its recognition by the RISC and the subsequent initiation of RNAi-mediated gene 
silencing [72]. 

 

Figure 6. Schematic Representation of a Lipophilic-siRNA Conjugate. This figure presents a chemical and 
spatial modeling approach to illustrate the interaction between C16 and siRNA. (1) On the left, the oxygen atom 
at the 2′ position of the adenine ribose in the sense strand of siRNA interacts with the 16-carbon chain (2′-O-C16), 
indicated within a dashed red circle. (2) The central section displays the C16 chain, which consists of 16 carbon 
atoms. (3) On the right, a spatial representation of siRNA is shown, with the C16 molecule depicted as a 
protruding gray structure. Modified from Vasant Jadhav and Martin Maier (2022) [73]. 

The authors conducted a series of experimental tests to optimize the design of C16-siRNAs, 
beginning with the most critical component: the lipophilic moiety. The C16, a relatively large 
molecule consisting of 16 carbon atoms, was conjugated to a small double-stranded RNA with 21 
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nucleotides (siRNA moiety) to enhance biodistribution across CNS regions. This modification was 
meticulously considered to ensure that it did not interfere with silencing efficacy, which depends on 
the incorporation and activation of the RISC, as previously outlined. 

To achieve a carbon chain length of 16, this study investigated the in vivo efficacy of siRNAs 
targeting the enzyme copper-zinc superoxide dismutase 1 (SOD1), composed of 10, 12, 14, 16, and 18 
carbon atoms [72]. The effects of RNAi were assessed in the brain and spinal cord tissues of rats two 
weeks after intrathecal administration of 0.9 mg of siRNA (n=4 per group). Furthermore, the research 
explored the optimal positioning for the attachment of the C16 tail by evaluating the silencing 
efficiency of siRNA attachments at various nucleotide positions on the sense (1-21) and antisense (2-
23) strands in cell culture. In rat tissues, the evaluated sense strands included nucleotides 1, 2, 5, 6, 7, 
10, 11, 16, 17, and 21, while the antisense strands comprised nucleotides 5, 15, and 16, with 
assessments conducted on day 28. The most effective RNAi silencing was observed at nucleotide 
number 6 of the sense strand. At this point, the research successfully identified the optimal lipophilic 
chain length of 16 carbon atoms, as well as the advantageous attachment position at the 6th nucleotide 
of sense strand of the siRNAs. 

The double-stranded C16-siRNA structure, composed of 21 nucleotides, was designated as 
compound number XVIII, as outlined in Supplementary Table S1 of the original article [72]. Figure 7 
illustrates the key components, highlighting the central feature: the sixteen carbon atoms of the 
lipophilic moiety, referred to as C16, which are represented by 16 blue filled circles. A double-headed 
orange arrow indicates the conjugation of the 2′-O-C16 ligand to the sixth nucleotide from the 5’ end 
of the sense strand, N6, which is shown as the adenine nucleotide (also depicted in blue). Upper-case 
and lower-case letters in the diagram signify the modifications of the ribosugar: upper-case for 2′-
deoxy-2′-fluoro (2′-F) and lower-case for 2′-O-methyl (2′-OMe). Additionally, the underlined 
uppercase letters, such as the letter "A" found in the antisense strand, signify a specific modification 
of glycol nucleic acid (GNA). The symbol (•) denotes phosphorothioate (PS) linkages, while "VP" 
indicates the presence of 5'-(E)-vinylphosphonate [72]. 

 

Figure 7. Structure of Human APP-Targeting siRNA XVIII. This illustration depicts the C16-siRNA structure, 
as referenced in Brown et al. (2022) [72]. The key components include: (i) the sixteen carbon atoms of the 
lipophilic moiety (C16), represented by blue-filled circles; (ii) a double-headed orange arrow indicating the 
conjugation of the C16 ligand to the 2' position of the pentose in the adenine nucleotide (colored blue); (iii) upper-
case and lower-case letters denoting the 2′-deoxy-2′-fluoro (2′-F) and 2′-O-methyl (2′-OMe) ribosugar 
modifications, respectively; (iv) vertical orange lines connecting the sense and antisense strands, illustrating 
Watson and Crick hydrogen bonds between complementary nucleotides; (v) underlined uppercase letter A in 
the antisense strand indicates a modification of glycol nucleic acid (GNA); (vi) the symbol (•) indicating 
phosphorothioate (PS) linkages; and (vii) "VP," which refers to the incorporation of 5'-(E)-vinylphosphonate. 
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The assessment of these additional enhancements aimed to enhance siRNA efficacy and 
included a series of chemical modifications that were gradually integrated into the original siRNAs 
developed by the manufacturer, such as patisiran and givosiran [51,56]. Notably, one of the primary 
modifications involved substituting certain phosphodiester linkages with phosphorothioate (PS) 
linkages. This alteration was specifically aimed at decreasing the susceptibility of siRNA to enzymatic 
degradation, particularly by ribonucleases, thereby improving the overall stability of the siRNA 
molecules. These structural changes are critical for increasing the therapeutic potential of siRNAs by 
ensuring longer-lasting effects in biological systems [78]. 

The incorporation of 2′-deoxy-2′-fluoro and 2′-O-methyl modifications in C16-siRNAs is a 
feature previously utilized in other siRNAs developed by Alnylam, resulting in enhanced potency, 
as reported in the literature [79–84]. Additionally, the C16-siRNA contains glycol nucleic acid (GNA) 
in the antisense seed region, which contributes to increased specificity in vivo [85,86]. Furthermore, 
the authors incorporated a vinylphosphonate at the 5' end of the antisense strand. This stable 
phosphate mimic enhances the efficacy of siRNAs in vivo by improving loading onto the RISC, 
ultimately increasing the potency of RNA interference (RNAi) in cells [87,88]. SiRNAs engineered 
with both C16 and the 5'-vinylphosphonate modifications demonstrated increased RNAi activity 
compared to the individual components, achieving 75% and 95% silencing of SOD1 rat mRNA in the 
brain and spinal cord on day 28, respectively, following intrathecal administration of 0.9 mg. 

An elegantly detailed image of the work was produced using immunohistochemistry (IHC) with 
an in-house anti-siRNA rabbit polyclonal antibody, which was subsequently detected with an anti-
rabbit HRP secondary antibody. This analysis revealed a notable penetration of siRNAs conjugated 
with C16 on the right, in contrast to the unconjugated on the left (Figure 8). C6-siRNAs demonstrated 
a notable biodistribution throughout the rat brain following intrathecal injection, effectively reaching 
the cortex and hippocampus − regions critically involved in cognition and memory, which are 
negatively impacted in Alzheimer’s disease, the target condition for the current C16-siRNA 
therapeutics. Additionally, the signal was observed in the olfactory bulb and brainstem. Interestingly, 
C16-siRNAs exhibited limited penetration into the striatum, an area of considerable relevance in 
other neurodegenerative disorders, such as Parkinson's disease. 

 

Figure 8. Biodistribution of C16-siRNAs across various brain regions after intrathecal injection in rats. 
Immunohistochemistry (IHC) was performed using an anti-siRNA rabbit polyclonal antibody, which was 
detected with an anti-rabbit HRP secondary antibody. C16-siRNAs (right) demonstrated substantial penetration 
compared to unconjugated siRNAs (left), effectively reaching the cortex and hippocampus. Additionally, signals 
were detected in the olfactory bulb and brainstem. 

During the progression of neurodegenerative disorders such as AD, various cell types are 
involved, including neurons and glial cells associated with neuroinflammation, particularly 
astrocytes and microglia [89,90]. Thus, the cellular uptake of siRNAs across these different cell types 
is crucial for the therapeutic outcome. To investigate this aspect, the authors conducted 
immunohistochemistry assays using siRNAs targeted to mRNAs uniquely expressed in the studied 
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cell types: neurons, astrocytes, microglia, oligodendrocytes, and perivascular/endothelial 
macrophages. The target proteins included MAP2, GFAP, Iba1, MBP, and PECAM1, respectively. The 
results demonstrated successful uptake of the siRNAs in neurons, astrocytes, and microglia. In 
contrast, no signals were detected in oligodendrocytes. 

It is important to clarify the route of administration for this innovative siRNA delivered to CNS: 
intrathecal (IT) injection. IT injection was performed in male Sprague Dawley rats. The C16-siRNAs 
were initially diluted in artificial cerebrospinal fluid (aCSF) at a concentration of 30 mg/mL, and a 
volume of 30 µL was administered. Consequently, each animal received an administered dose of 0.9 
mg. The IT injection was executed by puncturing the lumbar region of the spinal cord between the 
L3 and L5 vertebrae (Figure 9). Notably, there was cranial distribution of the siRNAs, presumably 
via the CSF, from the lumbar injection site to other spinal regions as well as to brain areas, as 
evidenced by qPCR results. Three regions of the spinal cord were assessed: lumbar, thoracic, and 
cervical, in addition to the cerebellum and brainstem. Gene expression assays via RT-qPCR were 
consistent with the biodistribution results obtained from immunohistochemistry in the 
aforementioned areas. A marked silencing of the targets under investigation was observed following 
IT injection of 0.9 mg siRNA in neurons (MAP2 C16-siRNA at 28 days), astrocytes (GFAP C16-siRNA 
at 14 days), and microglia (Iba1 C16-siRNA at 32 days) (n=3-6 animals per group). 

 

Figure 9. Intrathecal injection of C16-siRNAs. Intrathecal (IT) injections were performed in male Sprague 
Dawley rats using C16-siRNAs diluted in artificial cerebrospinal fluid at a concentration of 30 mg/mL. A total 
volume of 30 µL was administered, resulting in a dose of 0.9 mg per animal. The IT injection was executed by 
puncturing the lumbar region of the spinal cord between the L3 and L5 vertebrae. 

Visual analysis of the bar graph indicates a greater intensity of gene silencing in the spinal cord 
segments, particularly in regions closer to the intrathecal injection site, compared to the cerebellum 
and brainstem, specifically for GFAP, Iba1, and MAP2. The graphs demonstrate the effects of gene 
silencing, with GFAP, Iba1, and MAP2 levels reduced to less than 50% in all spinal cord segments. In 
the cerebellum, reductions below 50% were observed for GFAP and MAP2, indicating effects on 
astrocytes and neurons, but not on microglia. In the brainstem, similar reductions were noted for 
GFAP and Iba1, though not for MAP2. As statistical analyses of the experiments were not provided, 
it is prudent to consider that the observed differences may not have reached statistical significance. 
However, it can be inferred that the efficacy of gene silencing following IT injection in the L3-L5 
lumbar region was influenced by the distance from the injection site and the specific neuronal or glial 
cell type present in the spinal cord, cerebellum, and brainstem. As anticipated, silencing effects were 
minimal in oligodendrocytes and vascular/perivascular macrophages, suggesting that other 
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neuropathologies involving these specific cell types may not benefit from treatment with C16-
siRNAs. 

This anatomical aspect represents a limitation of the IT administration route in the lumbar 
region, particularly considering the necessity for siRNA to reach more cranial areas of the CNS, such 
as the cerebral cortex and hippocampus, which are affected in AD. However, the targets examined 
(GFAP, Iba1, and MAP2) were utilized more to characterize the penetration of siRNAs into different 
cell types rather than to present a pattern of physiological gene expression within the brain. In this 
context, the authors aim to conduct further tests utilizing the mRNA of the enzyme SOD1 as the 
target. SOD1 is an intracellular enzyme with antioxidant properties, thereby regulating baseline 
levels of oxidative stress in healthy individuals, while also playing a role in mechanisms underlying 
various neurodegenerative diseases, including amyotrophic lateral sclerosis (ALS) and Parkinson's 
disease [91]. The genetic structure of SOD1 and its gene expression regulation are well characterized, 
making it a widely expressed gene within the nervous system and suitable for assessing the efficacy 
of silencing systems such as those described in this study [92,93]. 

The study conducted two significant pharmacological analyses: a dose-response curve and a 
temporal analysis regarding the duration of siRNA silencing, initiated after a single IT administration 
of 0.9 mg [72]. The siRNAs reduced the expression of SOD1 mRNA to below 50% for all three tested 
doses (0.07 mg, 0.3 mg, and 0.9 mg) at day 28, across the thoracic spinal cord, cerebellum, and frontal 
cortex. Notably, only the experimental group that received the lowest dose of 0.07 mg exhibited a 
minimal reduction in the frontal cortex. 

The silencing effect was found to be dose-dependent, with the highest dose of 0.9 mg reducing 
SOD1 mRNA to 25% of the control value in all three regions assessed. This dose also produced a 
durable effect across various brain regions, with a silencing effect exceeding 50% that persisted for 
over three months in most regions analyzed, including all spinal cord segments. The silencing effects 
followed an expected gradient, being most pronounced near the injection site (lumbar), followed by 
thoracic and cervical regions. Additionally, effects were observed in the cerebellum, frontal cortex, 
temporal cortex, and hippocampus. 

In both the spinal cord and frontal cortex, the RNAi effect remained above 50% after five months 
post-IT injection. The authors also tested the administration of a reduced dose of one-third of the 
original concentration (0.3 mg), given monthly for five months, which yielded positive results. 

Assays conducted with non-human primates (NHPs) confirmed the findings obtained from rat 
studies. In this phase of the research, cynomolgus monkeys were administered 60 mg of IT siRNAs. 
The results indicated that the efficacy of siRNAs featuring both the C16 tail and VP modifications 
was higher than that of the isolated use of these modifications in most brain regions. Similar to the 
rat studies, NHPs also exhibited limited penetration of siRNAs in the striatum. An important finding 
in rats and NHP was the absence of RNAi effects on organs outside the CNS, liver and kidney. This 
indicates that the C16-siRNAs administered via the IT route maintain a target-specific distribution. 
Notably, the siRNAs reduced the CSF levels of soluble APPα (sAPPα) and soluble APPβ (sAPPβ) to 
below 25% for up to two months, and subsequently to below 50% for five months. 

The authors subsequently conducted studies using the CVN mouse model of Alzheimer's 
disease, administering siRNA via the intracerebroventricular (ICV) route at a dose of 60 µg. The 
siRNA treatment resulted in a significant reduction of amyloid precursor protein (APP) expression 
at 30 days post-administration, affecting both mRNA and peptide levels. Notably, the effect on APP 
mRNA in animals treated with 120 µg persisted for 60 days in the ventral cortex and was also 
observed in other brain regions over extended time points. Additionally, behavioral assessments 
indicated changes in total distance traveled and rearing frequency during the open-field test in the 
siRNA-treated animals. 

Based on the positive pharmacological results from preclinical testing of C16-siRNAs in rodents 
and non-human primates, which demonstrated their potential for durably lowering amyloid 
precursor mRNAs and protein levels, the compound has progressed to a Phase 1 clinical trial 
involving patients with early-onset Alzheimer’s disease (EOAD). 
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5. Phase 1 Clinical Trial – NCT05231785: Experimental Design and Preliminary 
Results 

The Phase 1 clinical study (ALN-APP-001; NCT05231785) is a multi-center, randomized, double-
blind, placebo-controlled trial designed to evaluate the safety, tolerability, pharmacokinetics (PK), 
and pharmacodynamics (PD) of intrathecally administered ALN-APP in patients with EOAD. The 
trial is structured in two parts: Part A: Single ascending dose (SAD); Part B: Multiple ascending dose 
(MAD) [94]. 

ALN-APP utilizes Alnylam’s proprietary C16-siRNA conjugate technology to facilitate 
enhanced delivery into CNS cells via intrathecal administration. The prolonged PD effects suggest 
sustained CNS exposure and long tissue half-life, although full PK profiles are still under analysis. 
The intrathecal route allows direct access to the CSF, maximizing CNS bioavailability while 
minimizing systemic exposure. 

Eligible participants were adults with symptom onset before the age of 65 and a Mini-Mental 
State Examination (MMSE) score greater than 20 [95]. All participants had confirmed amyloid 
pathology, either through CSF analysis or positron emission tomography (PET) imaging. They were 
at the stage of mild cognitive impairment (MCI) or mild dementia, representing early-stage AD in a 
young-onset population. Unlike traditional Phase 1 trials conducted in healthy individuals, this study 
was designed to evaluate safety and preliminary efficacy in patients who may potentially benefit 
from the reduction or suppression of amyloid production [96]. 

In the initial patient cohort, 12 participants were enrolled and randomized in a 2:1 ratio to receive 
either ALN-APP or placebo within the 25 mg and 75 mg dose groups. ALN-APP demonstrated robust 
target engagement following a single IT administration. Dose-dependent reductions in CS levels of 
soluble APPα and APPβ (sAPPα and sAPPβ) were observed on day 15 post-administration. Mean 
reductions from baseline were 55% for sAPPα and 69% for sAPPβ, with maximal reductions of 71% 
and 83%, respectively, observed in the 75 mg cohort (n = 4) [95]. 

ALN-APP also demonstrated a favorable safety profile in this initial cohort. All reported adverse 
events (AEs) were mild to moderate in severity. The most commonly observed AEs included back 
pain, headache, post-lumbar puncture syndrome, and syncope, each occurring in 2 participants 
(17%). Additional AEs were reported in 1 participant each (8%) and included constipation, 
hemorrhoids, injection site pain, procedural pain, elevated alanine aminotransferase (ALT), amyloid-
related imaging abnormalities with microhemorrhages and hemosiderin deposits (ARIA-H), 
presyncope, and vomiting. No serious AEs or dose-limiting toxicities were observed. Moreover, no 
safety signals were identified based on routine CSF biomarkers or exploratory markers such as 
neurofilament light chain (NfL) [95]. 

In a new cohort study involving 36 patients with EOAD (mean age 60.9 years; mean MMSE score 
24.6), participants were assigned to escalating dose cohorts (25, 35, 50, and 75 mg) and evaluated over 
a minimum follow-up period of six months. Extended monitoring continued for up to 12 months to 
assess the durability of treatment effects [97]. CSF samples were collected on Day 15 and at Months 
1, 2, 3, 4, 5, and 6 for the analysis of APP and Aβ biomarkers [96]. 

AEs were common; however, the majority were mild to moderate in severity and not classified 
as serious. The most frequently reported AE was post–lumbar puncture headache, observed in 41.7% 
of participants. This event was more prevalent in the lower dose groups, occurring in 75% of 
participants in the 50 mg cohort, 50% in both the 25 mg and 35 mg cohorts, and only 14.3% in the 75 
mg cohort [97]. 

Only three participants experienced AEs that were considered possibly related to the 
investigational drug. One individual in the 50 mg group reported mild headache and nausea, both 
deemed related to IT administration as well as to the study drug. Two participants in the 75 mg group 
experienced moderate AEs, including headache, neck pain, vomiting, and lymphocytopenia. The first 
three events were also attributed to the lumbar puncture procedure. A serious and fatal AE of acute 
pancreatitis was reported in the 75 mg group on day 277 following administration of a single dose; 
however, this event was assessed as unrelated to mivelsiran [97]. 
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Regarding pharmacodynamics, a dose-dependent and sustained reduction in the levels of 
sAPPα and sAPPβ was observed in the CSF. In the 25 mg cohort, reductions were modest and 
transient. In contrast, doses of 35 mg and above resulted in marked and sustained decreases. The 75 
mg dose elicited the most pronounced effect, with mean reductions of 61.3% in sAPPα and 73.5% in 
sAPPβ observed at one month post-administration. These reductions were maintained through six 
months in all cohorts receiving ≥35 mg, and persisted for up to 12 months in the 50 mg and 75 mg 
groups [97]. 

In addition, the effects of mivelsiran on Aβ peptides were assessed. Significant reductions in CSF 
Aβ42 and Aβ40 levels were noted in cohorts receiving 35 mg or higher, with the magnitude of 
reduction increasing with dose escalation. Once again, the 75 mg dose was the most effective, 
achieving mean reductions of 49.3% for Aβ42 and 66.5% for Aβ40 at one month. These effects were 
sustained for at least six months in the 35 mg, 50 mg, and 75 mg groups, suggesting effective 
inhibition of the amyloidogenic cascade in response to APP gene silencing [97]. 

These findings support the hypothesis that ALN-APP may suppress the production of all APP-
derived cleavage products, both intracellular and extracellular, thereby potentially addressing 
multiple pathological pathways involved in AD and cerebral amyloid angiopathy (CAA). 

The consistency of the pharmacodynamic effects, coupled with a favorable safety profile, 
supports the continued clinical development of ALN-APP as a potential disease-modifying therapy 
for AD and other conditions associated with Aβ deposition, such as cerebral amyloid angiopathy 
[97]. 

6. Conclusions 

Advancements in therapeutic siRNAs, particularly ALN-APP, represent a significant step 
forward in the effort to address neurodegenerative diseases, notably AD. The approval of patisiran 
in 2018 set an important precedent, while the development of ALN-APP showcases innovative 
strategies to overcome the challenges associated with delivering siRNAs to the CNS. The IT is 
particularly critical as it allows direct access to the cerebrospinal fluid, facilitating effective delivery 
to target neurons that are otherwise difficult to transfect with nucleic acids. Historically, anatomical 
barriers have limited the effectiveness of available treatments; however, ALN-APP presents a 
promising alternative. 

This specific siRNA formulation targets the reduction of beta-amyloid protein production, 
which is a key contributor to the pathogenesis of AD. As a C16-siRNA, ALN-APP incorporates a 16-
carbon chain to enhance specificity and extend its therapeutic effects, building on the successes of 
earlier FDA-approved therapies. Preclinical studies conducted in various animal models, including 
rats, mice, and non-human primates, have demonstrated its efficacy by showing significant 
reductions in critical biomarkers related to amyloid production. 

The positive outcomes from the Phase 1 trial, ALN-APP-001, further highlight this potential, 
revealing reductions in soluble APP levels that indicate meaningful impacts on the pathology of the 
disease. Importantly, reductions of 55% in soluble APPα and 69% in APPβ by day 15, along with 
sustained effects across patient cohorts for up to six months, suggest that ALN-APP may represent a 
disease-modifying therapy capable of influencing the progression of AD. 

Moreover, the favorable safety profile of ALN-APP enhances its suitability as a therapeutic 
option, suggesting its potential for long-term use in patients with EOAD. As research continues to 
progress, the insights gained from studies involving ALN-APP will be crucial for refining siRNA 
delivery methods and developing effective therapeutic strategies for neurodegenerative diseases. 

In summary, the ongoing development and testing of ALN-APP not only expand our 
understanding of siRNA technology but also hold promise for innovative treatments for Alzheimer's 
disease and related neurodegenerative disorders, marking an important progression in the field of 
neurological therapeutics. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

aCSF  Artificial cerebrospinal fluid 
AD  Alzheimer’s disease 
AEs  Adverse events 
AGO2 Argonaute 2 enzyme Argonaute 2 enzyme 
AHP  Acute hepatic porphyria 
ALA  δ-aminolevulinic acid 
ALS  Amyotrophic lateral sclerosis 
ALT  Alanine aminotransferase 
APOE  Apolipoprotein E 
ApoE  Apolipoprotein E 
ARIA-H  Amyloid-related imaging abnormalities-haemosiderin  
ASGPR  Asialoglycoprotein receptor 
Aβ  β-amyloid  
CAA  Cerebral amyloid angiopathy 
CNS  Central nervous system 
DEAF1 Deformed epidermal autoregulatory factor-1 
ds-siRNA  Double-stranded siRNA  
EOAD  Early-onset Alzheimer’s disease 
FDA  Food and Drug Administration 
GalNAc  N-acetylgalactosamine  
GNA  Glycol nucleic acid 
hATTR  Hereditary transthyretin amyloidosis  
IT  Intrathecal 
IV  Intravenous 
LNP  Lipid nanoparticle 
LRP1  Lipoprotein receptor-related protein  
MAD  Multiple ascending dose 
MCI  Mild cognitive impairment 
MMSE  Mini-Mental State Examination 
mRNA  Messenger RNA 
NfL  Neurofilament light chain 
NFT’s  Neurofibrillary tangles 
NHPs  Non-human primates 
PACT  Protein activator of the interferon-induced protein kinase 
PBG  Porphobilinogen  
PD  Pharmacodynamics 
PET  Positron emission tomography 
PK  Pharmacokinetics 
PS  Phosphorothioate  
RISC  RNA-induced silencing complex 
RNAi  RNA interference 
ROS  Reative oxygen species 
SAD  Single ascending dose 
sAPPα  Soluble APPα 
sAPPβ  Soluble APPβ 
siRNA  Small interfering RNA 
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Sod1  Superoxide dismutase 1 
TRBP  Transactivation response RNA-binding protein 
TTR  Transthyretin 
VLDLR  Very low-density lipoprotein receptor 
VP  Vinylphosphonate 
Wt  Wild type 
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