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Acute Respiratory Distress Syndrome (ARDS) is characterized by lung inflammation and increased membrane
permeability, which represents the leading cause of mortality in ICUs. Mechanical ventilation strategies are at the forefront
of supportive approaches for ARDS. Recently, an increasing understanding of RNA biology, function, and regulation, as
well as the success of RNA vaccines, has spurred enthusiasm for the emergence of novel RNA-based therapeutics. The
most common types of RNA seen in development are silencing (si)RNAs, antisense oligonucleotide therapy (ASO), and
messenger (m)RNAs that collectively account for 80% of the RNA therapeutics pipeline. These three RNA platforms are
the most mature, with approved products and demonstrated commercial success.
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| 1. Introduction

There are over 60 known causes of Acute Respiratory Distress Syndrome (ARDS) W, including pneumonia (e.g.,
infection by bacteria B4l viruses BIBIE and fungi &), systemic diseases (e.g., sepsis) LU severe trauma 12,
multiple transfusions 3], chemotherapy 14!, toxic inhalations 121, pancreatitis 1€, and chemical/biological warfare 21—all
of which may require advanced respiratory support such as supplemental oxygen, mechanical ventilation (MV), or
extracorporeal membrane oxygenation (ECMO) 18],

Irrespective of the cause, all pathways of acute lung injury (ALI)—the biological process underlying ARDS—converge on
shared histological and molecular features, including flooding of the lung airspaces with edema fluid 2, activation of
immune cells and secretion of inflammatory mediators causing immune dysregulation 29, destruction of lung tissue, and
degradation of surfactant. Increased dead space (perfusion of non-aerated alveoli) and decreased pulmonary compliance
(stiffening of the lungs) result in impaired gas exchange; thus, the need for respiratory mechanical support 242122 \when
injury in the lung reaches a critical threshold, inflammation spills over into the circulation (loss of pulmonary
compartmentability), to affect other organs, leading to multi-organ failure (such as heart, kidney, brain, and liver failure)
and ultimately death [23],

In this new era of genomic medicine, RNA-based therapies are particularly attractive, especially when transient regulation
of gene expression profiles may be enough to redirect innate immune responses without permanently altering the genetic
makeup of the cell. MicroRNAs (miRs) are small RNAs with a length of 20-24 nucleotides that control gene expression
post-transcriptionally (2412511281 miRs work as gene silencers by complementary base-pairing to the 3' untranslated regions
(UTRs) of mRNAs [25127]28]: miRs can then destabilize and degrade the target mRNA or suppress its translation 22139,
The requirement for base-pairing by way of nucleotides at positions 2-8 of the mature miRNA termed the “seed
sequence” makes them highly specific 21, Herein lies the attraction of miRs as basic therapeutic agents: delivery of miR
mimics or inhibitors can be used to target therapeutically relevant miRs B2153],

| 2. Identifying Therapeutically Relevant microRNAs

miRs seem to be involved in all cellular processes; while detecting differentially expressed miRs associated with particular
conditions, distinguishing causally and therapeutically relevant miRNAs from epiphenomenal changes is challenging. The
approach taken by various groups, is to utilize advanced algorithms to effectively analyze large and complex networks of
relationships between biomedical entities, and to embrace data-driven decision-making in target assessment and
prioritization to promote innovation by using digital discovery platforms to generate innovative hypotheses about potential
therapeutic targets that can be tested in vitro and in vivo.



The discovery approach relies upon system perturbation and identification of attractor states in high dimensional data
analysis 24l In the case of the ARDS studies, authors perturbed the system by treating septic mice with mesenchymal
stromal cells (MSCs) B5IS8I37I38] MSCs have been shown to effectively prevent lung injury and organ dysfunction by
reducing inflammation and enhancing bacterial clearance BZE240I141142] Aythors investigated the transcriptome and
microRNAome of cases versus controls treated with MSCs versus placebo to identify mRNA:miR pairs regulated in both
cases and controls, as well as placebo vs. MSC in five major organs affected by sepsis (lungs, liver, kidney, spleen, and
heart). Authors combined gene set enrichment analysis with co-regulation of MRNAs and miRs to identify possible
therapeutic targets on the assumption that, while one regulated miR may be interesting, cumulative co-regulation of an
miR (or a group of related miRs) and its known putative target (or group of targets) in all conditions (e.g., sepsis) across
more than one organ denoted a highly causal relationship with the condition or trait of interest, allowing us to filter out
epiphenomenal changes 22, Candidate mRNA:miR pairs that emerged from this analysis were ranked and prioritized for
future empiric validation using strict criteria, including: (i) statistical significance of changes (standard deviation amongst
replicates), (i) magnitude of change (effect size), (iii) sequence homology between mice and humans (to facilitate future
translation to humans), (iv) pathways enrichment that related to disease of interest (biological plausibility), and (v) the
ability to experimentally test a novel in silico hypothesis—to measure and evaluate an effect on putative biotargets and
function in vitro and in vivo.

Importantly, identified biomarkers may be associated with but not causatively related to the disease pathophysiology. For
instance, Zhu et al. used miR profiles and logistic regression analyses to identify the miR markers associated with ARDS
(43l However, this does not imply a cause-effect relationship between the dysregulation of the miRNA and disease
pathogenesis. Experimental validation is fundamental to verifying in silico predicted relationships and biological effects.

In linking specific miRs with ‘treatable traits’, Garcia-Hidalgo et al. utilized statistical models to investigate the relationship
between miRs and pulmonary function, providing insight into the potential molecular pathways for SARS-CoV-2-induced
ARDS 44l | ung diffusing capacity for carbon monoxide (D.co) and total severity score (TSS) were used as outcome
variables. The association between them and miRs was determined by random forest (RF) for multivariate analyses and
generalized additive models (GAMs) for univariate analyses, adjusted for variables such as age, sex, and previous
pulmonary disease, to identify miRs that were thought to significantly contribute to pulmonary sequelae 441,

| 3. miRNA-Based Treatment for ARDS

Overexpressing miRs can be achieved with miR mimics, synthetic double-stranded RNA oligonucleotides, as shown in
Table 1. Mimics interact with endogenous miR processing machinery and are sorted into RNA-induced silencing
complexes (RISCs) to interact with their target transcript. Due to this interaction, minimal chemical modification of the
oligonucleotides is required to optimize efficacy. Modifying the passenger strand with 2'-methylated nucleosides ensures
that the correct strand is incorporated into RISCs 43, Ensuring that passenger strands are not also incorporated can
reduce the side effects of miR therapy by increasing target specificity 23],

Table 1. Summary of the use of miRNAs in models of lung injury in papers.

Target Expression
miRNA  Direct Target Pathway 9 When Carrier Route Source
Organ/Cell .
Therapeutic
miR- Injected [46]
SOCs1 NF-kB Macrophages Downregulated Exosome .
155 intravenously
miR- BEAS2b, HiPerfect Injected
Adverse 193b- Occludin Unknown HPMECs and  Downregulated . | £
reagent intratracheally
5p mouse lungs
miR- . A549 and L Injected [47]
762 NFIX miR-762/NFIX HEK293T Downregulated Lentivirus intranasally



Expression

miRNA  Direct Target Pathway Target When Carrier Route Source
Organ/Cell .
Therapeutic
miR- HiPerfect Injected [38]
27a-5p VAV3 Unknown Mouse lungs  Downregulated reagent intratracheally
miR- Lung Injected (48]
34b-5p PGRN Unknown homogenates Downregulated None intravenously
miR- RAW264.7 Injected
SOCS1 NF-kB cells and Downregulated None . | 9
221 intravenously
mouse lungs
miR- SPRED1 RAF/ERK HUVECand 0 lated Exosome _ Injected 1501
126 mouse lungs intravenously
. Alveolar Injected
miR- Possibly macrophages intravenousl
Beclin-1 Autophagy phag Upregulated Exosome Y S
384-5p (Not fully known) and and
Y Mouslungs intratracheally
. Human
miR- rimar Cell
371b- PTEN PI3K/Akt primary Upregulated Exosome X [52]
5 ATIICs and experiment
P mouse lungs
miR- Cell
125b- Keapl/Nrf2IGPX4 Keapl/Nrf2IGPX4 PMVEC Upregulated Lipofectamine experiment ;53
5p . o .
Table 2. Summary of miRNAs used in clinical trials.
Neutral lipid
Protective miR- emulsion Injected [54]
2 PARP-1 NF-kB/AP-1 Mouse lungs Up@ﬂwﬁtgﬁ'ﬁals 9oL ipid intratracheall
Drug fiRNA  Drug Type Carrier Phase - ‘90Wipid | egdntratracheally g, 00
Identifier nanopartic eP
23m';R- rdrecked NF-kB Moudsgll\;:;gs Upregulated Lentivirus  Autodofifded " ;581
~Hhti- nucleic acid an dditagheally 162]
RGLS4326 . Unknown Phase | NCT04536688 L
mim-'R'ﬂ (LNA) IgG Fey polycystlcé(éﬂney 1551
127 CR¢Hibitor Receptor | RAW264.7 Upregulated Lentivirus dl%ﬁﬁgﬁment
LNA-i-miR- miR- - Refractor
_ Inhibitor  p3s MAkRGWN RL NCT04811898 ory &3]
221 miR221 (rate alveolar . advancerhjeanger 571
ZEB1/2 TGF-B/smad3 Upregulated Lentivirus .
200c/b (Unknown) cell) and intratracheally
miR- . Liposomal = mouseHare | Refractor
MRX34 Mimic posom - NCT01829971 y (641
34a nanoparticle (Terminated) advanced can%er
miR- . Injecte [58]
506 p65 NF-kB Mouse lung Upregulated Lentivirus endotracheally

| 4. The fggyantgggﬁ of miRNA Therapy.for Complex Acute CondijfiQns

Wnt/B-catenin Upregulated Adenovirus ;59

Mouse lung intratracheally

3p
One of the main advantages of miR-based therapies is that they modulate a naturally occurring regulatory system.
anage exogenous RNA as a A °dgfence framepathogeng; by

Endogenous niiachanismé)J&ﬂg evowe&é?.‘iﬂ&?(&ﬂ' to ouse%ang (U]pregu ated associate

manipulating A&turally occurring regulatory systems, miR-based therapies may be lessitikely to trig§EF4ffs same host

65
fesponse 'miR Adeno- Tail vein
. i . [61]
4262 Bcl-2 associated injection

Second, the ability of miRs to target multiple transcripts in different pathways may inducd®Hroader response [B8I67] Thijs

Unknown Mouse lung Upregulated
is important given the complexity and the redundancy of the innate immune response and the heterogeneity of responses
to an acute insult €8l With this intricacy of the inflammatory response in mind, it has become clear that targeting a ‘single’
mediator is unlikely to effectively change outcomes in the critically ill—likely because of the complex and intricate
complementation and compensation circumventing any beneficial effect of single mediator therapy 2. MiRs target entire
networks of genes, which may enable us to stimulate or dampen the activity of a broad network effectively U],

Alternatively, the effects of an endogenous miR can be mitigated by miR inhibitors 2849 miR sponges, and molecular
iHinsibor Stvan ithise $e YRIR--ARREMMBIad iR mIRNBIEBItSIBILERe Rfi AN HItYifaradBlafioAciddridoioiI¥d Rstemirars
EiiBRRiengARRRERRS AaaRiwerk By binant e meteclid naplERrERsRgNBasHIBARNY IgbinPerMRReA affgntverHit
Workinerawekbregravitiaatsyinnade davouee RXsiyaciion AnddarristiBitpreomarerYais, anti-miR therapies have been

evaluated in Phase | and Il clinical trials, as shown in Table 2.
Fourthly, it may be possible to tailor therapy to specific miRs with both biomarker and biotarget function (theragnostic).

Given delivery vehicles can be manufactured on demand and be used to deliver various miR-based therapeutics
simultaneously, combination therapy would be relatively feasible and safe.

Finally, by creating a library of miR-based therapies tailored to address specific treatable traits, designing single or
combination miR-based delivery vesicles for individualized therapy may be feasible, making personalized off-the-shelf
therapeutics for complex acute care syndromes possible.



| 5. miRNA Can Be Modified to Optimize Delivery

As oligonucleotides, miR-based therapies must overcome degradation and avoid immune stimulation. This can be done

by modifying the 2'-OH of the ribose sugar backbone, such as a 2'-O-methyl group, which does not affect miRNA mimic
function [Z3Z4[75],

Additionally, chemically modifying miRs allows for direct manipulation of pharmacokinetic and pharmacodynamic
properties, which can be used to optimize dosing and therapeutic ranges. The dosing of miR-based therapies significantly
affects target interaction and off-target effects 8. The effects of an miRNA-based therapy may be investigated through
miR knockout transgenic mice lines and delivering the miR inhibitor as a control. Subsequently, RNA can be profiled using
transcriptomics. While these strategies address the effects that one miR may have on a variety of target transcripts, it is
also true that one transcript can be acted upon by more than one miR 4. Therefore, it can be challenging to predict the
extent to which a given dose of miR-based therapy will induce target gene silencing. It is also essential to recognize that
miR-based treatments rely on uptake by endogenous RISCs, which can lead to saturation and subsequent interference
with other endogenous miR pathways 8179,

| 6. Vectors Can Be Used for miRNA Delivery

As discussed, miRs are prone to extracellular degradation, off-target complementary binding, and immune stimulation. For
this reason, the vector used to deliver miR therapeutics can significantly impact efficacy, dosing, and toxicity. Vectors used
for miR delivery include lipid nanoparticles, exosomes, and viral vectors.

| 7. Lipid Nanopatrticles

Lipid nanoparticles (LNPs) are spherical membranes composed of ionizable lipids, which are positively charged at low pH
and neutral at physiological pH environments. LNP lipid composition promotes plasma membrane interaction and
facilitates systemic cellular uptake via receptor-mediated endocytosis. The use of lipid nanoparticles in mMRNA SARS-CoV-
2 vaccines demonstrates the potential of LNPs as vectors for nucleic acid delivery. Moreover, extensive research and now
widespread use of LNP technology can significantly reduce the burden of seeking pre-clinical approval, as demonstrated
by the expedited roll-out of the Pfizer-BioNTech (BNT162b2) and Moderna (mMRNA-1273) SARS-CoV-2 vaccines.

All FDA-approved LNP particles contain an ionizable cationic lipid, helper lipids, cholesterol, and polyethylene glycol
(PEG)-lipid conjugates [BY[81I[82] 'each contributing to LNP size, stability, cellular uptake, and other important factors that
impact vector efficacy (3. A commonly used lipid vector is the liposome. Liposomes can be cationic; however, the positive
charge can be toxic in high doses, promote inflammation, and interact with endogenous negatively charged proteins.

PEG-lipid components improve the half-life of circulating LNPs B4, but a high concentration of PEG-lipid in the LNP can
impede endocytosis 2. For this reason, the concentration of PEG-lipid in the LNP is minimized as much as possible;
Semple et al. aimed to optimize cationic lipids for siRNA delivery and noted vital findings such as optimal pKa constants
for LNPs, and ideal PEG-to-ionizable lipid component ratios B8, PEG-lipids that can diffuse out of the LNP have also been
explored, demonstrating a lengthened circulation time [EZE8IEI |n contrast, permanently PEGylated LNPs are more
immunogenic, resulting in rapid clearance, an antibody-driven reaction, and reduced potency upon subsequent exposure
[90][91]

| 8. Extracellular Vesicles

Extracellular vesicles (EVs) are endogenous cell-to-cell communicators that have also been explored as carriers of
oligonucleotide-based therapies. Exosomes are a subset of EVs, and can emerge from nearly all cell types. Exosomes
are formed via invagination of endosomal membranes, creating multivesicular bodies (MVBs) 2. They are then taken up
through fusion of the MVBs and target cell plasma membranes. Exosomes are composed of lipids and surface proteins
from their origin cells. This cell-specific lipid and protein composition can affect targeting and distribution. Transporter
proteins such as CD13, and fusion proteins including flotillin and annexin are key proteins that can differ depending on the
cell source and dictate target cell delivery [231,

Endogenous exosomes carry a variety of cargo, including miR 24, One such example includes miR-317b-5p, carried in
exosomes derived from alveolar progenitor type Il cells (ATIC) in the lungs, which was found to promote re-
epithelialization of injured alveoli and modify ATIIC proliferation in an in vitro model of alveolar injury 22,



| 9. viral Vectors

Viruses are another group of delivery vectors for miR-based therapeutics 22, To carry genetic material, the critical viral
genes are replaced with the desired transgene, including miRs 28l Types of viral vectors used in laboratory or clinical
settings to carry miRs include adenoviruses (Ad), adeno-associated viruses (AAV), herpes viruses, poxviruses,
retroviruses, and lentiviruses B2EZE5] One study used a retrovirus vector to deliver NF-kB p65 siRNA in a sepsis-induced
ALl mouse model €7, In the case of retrovirus-based vectors, the main limitation is that replicating their cargo and
delivering the gene therapy requires cell proliferation, which is not always present with lung cells 28 Alternatively,
lentiviral vectors can infect a range of dividing and non-dividing cells, integrating into the host genome stably without
affecting their normal function B2, Lentiviral vectors contain plasmids that fall into two parts: packaging system and
transfer vector 2. The packaging system is required for viral particle formation and infectivity, while the transfer vector is
required for mobilizing the viral genome 9. The transfer vector contains the transgene and cis-acting sequences for RNA
production and packaging 2. Lentiviral vectors have been used to deliver miR-127 to reduce CD64 expression and lung
inflammation (28], |_entivirus-carrying miR-23b-3p or miR-762 inhibitors have been used to promote lung repair and reduce
lung injury characterized by alveolar epithelial cell destruction, increased blood-air barrier permeability, and non-
cardiogenic pulmonary edema “455 pespite some degree of success in preclinical models, safety concerns—the most
pressing of which is the activation of protooncogenes—remain 199,

Ad and AAV-derived vectors are the most studied and commonly used viral vectors 204 AAV vectors have a protein shell
that protects a single-stranded genome with three genes, producing nine gene products essential for genome replication,
packaging, and cell binding 222, AAV depends on co-infection with other viruses for replication, and hundreds of unique
strains across different species are known 192, Recombinant AAV (rAAV), which lacks viral DNA, can be engineered to
deliver an oligonucleotide cargo to the nucleus of a cell 222, The advantages of rAAVs include low pathogenicity, low
immunogenicity, low risk for insertional effects, and the ability to infect both dividing and non-dividing cells in a broad
spectrum of tissues [22(201],

| 10. Delivery to Lungs

Most clinically tested miR therapeutic candidates are delivered through intramuscular or intravenous injection &4, While
systemic administration has been shown to provide treatment to the lungs, direct pulmonary routes of administration may
mitigate off-target effects and increase bioavailability at the target site.

While intratracheal and intranasal delivery methods still have clinical relevance, intranasal administration is hindered by
filtration in the human nasal cavity, and the invasive nature of intratracheal administration limits generalizability. Though
less common, animal models using inhalation have demonstrated the efficacy of oligonucleotide therapeutics 10311041

Inhalation delivery of RNAI therapeutics requires careful consideration of vector composition. While naked siRNA and
mMRNA have been successfully delivered to the lungs, it is essential to recognize that this is only effective for specific cell
types that reside in the lung 105]1106](107]

| 11. Lipid-Based Vectors for miR Delivery to Lungs

In direct pulmonary administration, a limitation to lipid-based vectors is structural stability due to fusion with lung
surfactant, resulting in premature RNA release 28], Specific composition profiles of LNPs have been shown to improve
stability, as is demonstrated by MRT5005 clinical studies transfecting mRNA via nebulization 199,

Advancements in direct lung delivery of mRNA via nebulization, in which the medication is aerosolized and inhaled, have
shown promise 128, One study compared different LNP compositions and molar ratios to define optimal LNP makeup for
low-dose delivery of mRNA to the lungs via nebulization in mice, which differed from optimization for systemic delivery
[111] This method was tested in an HIN1 mouse model, in which mRNA for a neutralizing antibody was loaded on the
LNP vector 114, PEG molarity, density, and structure significantly impacted delivery performance, as well as the inclusion
of cationic lipids 114,

Nebulized formulations of LNPs can have advantages for treatments for pulmonary targeting. Compared to naked
oligonucleotides, LNPs greatly decrease RNase-mediated degradation and ensure a significant proportion of the
therapeutic dose or active therapeutic ingredient is delivered to the lungs, thus exposing affected tissues to greater
therapeutic concentrations of the product 1221,



Furthermore, the deposition of inhaled substances in the respiratory tract depends on various factors, with the
aerodynamic diameter (AD) of the nebulized formulations playing a key role in where it will end up along the respiratory
conducting and non-conducting zones 1311141 | NPs with an AD between 1 and 5 pm are more likely to settle in the lower
airways, reaching even the farthest bronchioles and alveoli due to gravitational sedimentation. This is conducive for
deeper penetration into lung tissue [L141115],

| 12. Delivering Exosomes to the Lungs

Careful selection of exosome subtypes and genetic modification of exosome membrane proteins can facilitate targeted
biodistribution (118!, Exosomes used in pre-clinical studies have successfully delivered miR to the lungs in lung injury
disease models. For example, intravenous delivery of miR-155 results in macrophage activation and subsequent lung
injury in mice [“&.  Additionally, intravenously administered bone marrow mesenchymal stem cell (BMSC)-derived
exosomes containing miR-384-5p improved pulmonary vascular permeability in a rat model of LPS-induced ALI B4,

Alternatively, direct delivery of extracellular vesicles can also target therapy to the lungs. Bandeira et al. demonstrated that
intratracheally delivered extracellular vesicles obtained from MSCs mitigated fibrosis and reduced inflammation in the

lungs of a silicosis mouse model 1271,

| 13. A Few Words about Silencing-(siRNA-Based Therapies

RNAI involves double-stranded RNA that silences mRNA via complementary binding, resulting in post-transcriptional gene
regulation. RNAI includes miR and siRNA, which are both generated by double-stranded RNA processed by Dicer, and
incorporated into RISC with Ago2 interaction. miR and siRNA also share many physical properties as they are both
oligonucleotides. These connections between miR and siRNA implicate similar advantages and barriers in therapeutic
delivery, including extracellular degradation of nucleic acids and strategies of lung localization.

One key differentiating factor between siRNA and miR is that sSiRNAs are specific to a single mRNA transcript while miRs
can act on multiple transcripts in different cellular pathways. This difference is explained by the full complementarity of
siRNA to the target mMRNA, contrasting the complementarity of miR to shared target seed sequences.

Furthermore, miRs can be used as disease biomarkers as endogenous host entities. A shared barrier of RNAI includes
the reliance on endogenous RISC uptake, which can result in the saturation of this machinery and subsequently impede
endogenous miRNA pathways. The off-target effects in the perturbations of endogenous miR via RISC saturation can be
more unpredictable, making dosing in RNAi-based therapies an essential factor in risk assessment.

Interestingly, siRNA-based treatments may have ‘miR-like effects’ when an siRNA binds the 3'UTR of an off-target mRNA
[L18][119] Thijs can often be avoided with more careful sSiRNA design, such as preventing complementarity to miRNA seed
regions already identified in miRNA databases.

References

1. Matthay, M.A.; Zemans, R.L.; Zimmerman, G.A.; Arabi, Y.M.; Beitler, J.R.; Mercat, A.; Herridge, M.; Randolph, A.G.
Acute respiratory distress syndrome. ARDS 1967, 18, 238-245.

2. Bos, L.D.J.; Ware, L.B. Acute Respiratory Distress Syndrome 2022 1 Acute respiratory distress syndrome: Causes,
pathophysiology, and pheno-types. Lancet 2022, 400, 1145-1156.

3. Mohammed, A.; Alghetaa, H.; Sultan, M.; Singh, N.P.; Nagarkatti, P.; Nagarkatti, M. Administration of A9-
Tetrahydrocannabinol (THC) Post-Staphylococcal Enterotoxin B Exposure Protects Mice From Acute Respiratory
Distress Syndrome and Toxicity. Front. Pharmacol. 2020, 11, 893.

4. Alghetaa, H.; Mohammed, A.; Singh, N.; Wilson, K.; Cai, G.; Putluri, N.; Nagarkatti, M.; Nagarkatti, P. Resveratrol
attenuates staphylococcal enterotoxin B-activated immune cell metabolism via upregulation of miR-100 and
suppression of MTOR signaling pathway. Front. Pharmacol. 2023, 14, 1106733.

5. Short, K.R.; Kroeze, E.J.B.V.; Fouchier, R.A.M.; Kuiken, T. Pathogenesis of influenza-induced acute respiratory distress
syndrome. Lancet Infect. Dis. 2014, 14, 57-69.

6. Salihefendic, N.; Zildzic, M.; Ahmetagic, S. Acute Respiratory Distress Syndrome (ARDS) from Endemic Influenza
A/HIN1: Prehospital Management. Med. Arch. 2015, 69, 62—63.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Torres Acosta, M.A.; Singer, B.D. Pathogenesis of COVID-19-induced ARDS: Implications for an ageing population.

Eur. Respir. J. 2020, 56, 2002049.

. Bal, A.; Casalegno, J.; Melenotte, C.; Daviet, F.; Ninove, L.; Edouard, S.; Morfin, F.; Valette, M.; De Lamballerie, X.;

Lina, B.; et al. Influenza-induced acute respiratory distress syndrome during the 2010-2016 seasons: Bacterial co-
infections and outcomes by virus type and subtype. Clin. Microbiol. Infect. 2020, 26, 947.e1-947.e4.

. Prohaska, S.; Henn, P.; Wenz, S.; Frauenfeld, L.; Rosenberger, P.; Haeberle, H.A. A case report of fatal disseminated

fungal sepsis in a patient with ARDS and extracorporeal membrane oxygenation. BMC Anesthesiol. 2020, 20, 107.

Zhang, P,; Liu, B.; Zheng, W.; Chen, Y.; Wu, Z.; Lu, Y.; Ma, J.; Lu, W.; Zheng, M.; Wu, W.; et al. Pulmonary Microbial
Composition in Sepsis-Induced Acute Respiratory Distress Syndrome. Front. Mol. Biosci. 2022, 9, 862570.

Fleischmann, M.C.; Scherag, A.; Adhikari, N.K.J.; Hartog, C.S.; Tsaganos, T.; Schlattmann, P.; Angus, D.C.; Reinhart,
K.; International Forum of Acute Care Trialists. Assessment of Global Incidence and Mortality of Hospital-treated
Sepsis. Current Estimates and Limitations. Am. J. Respir. Crit. Care Med. 2016, 193, 259-272.

Kumar, M.; Jain, K.; Chauhan, R.; Meena, S.C.; Luthra, A.; Thakur, H.; Singh, A.; Nair, R.; Gupta, R. Hypoalbuminemia:
Incidence and its impact on acute respiratory distress syndrome and 28-day outcome in trauma patients. Eur. J.
Trauma Emerg. Surg. 2023, 49, 2305-2314.

Zilberberg, M.D.; Carter, C.; Lefebvre, P.; Raut, M.; Vekeman, F.; Duh, M.S.; Shorr, A.F. Red blood cell transfusions and
the risk of acute respiratory distress syndrome among the critically ill: A cohort study. Crit. Care 2007, 11, R63—-R69.

Young, A.Y.; Shannon, V.R. Acute Respiratory Distress Syndrome in Cancer Patients. In Oncologic Critical Care;
Springer: Cham, Switzerland, 2020; pp. 557-582.

Fu, M.; Feng, C.-M.; Cao, L.-J.; Hu, X.-W.; Xu, Q.-X.; Xia, H.-L.; Ji, Z.-M.; Hu, N.-N.; Xie, W.; Fang, Y.; et al. Acute
Respiratory Distress Syndrome Caused by Occupational Exposure to Waterproofing Spray: A Case Report and
Literature Review. Front. Public Health 2022, 10, 830429.

Zhou, M.-T.; Chen, C.-S.; Chen, B.-C.; Zhang, Q.-Y.; Andersson, R. Acute lung injury and ARDS in acute pancreatitis:
Mechanisms and potential intervention. World J. Gastroenterol. 2010, 16, 2094-2099.

Radbel, J.; Laskin, D.L.; Laskin, J.D.; Kipen, H.M. Disease-modifying treatment of chemical threat agent—induced acute
lung injury. Ann. N. Y. Acad. Sci. 2020, 1480, 14-29.

Combes, A.; Peek, G.J.; Hajage, D.; Hardy, P.; Abrams, D.; Schmidt, M.; Dechartres, A.; Elbourne, D. ECMO for severe
ARDS: Systematic review and individual patient data meta-analysis. Intensive Care Med. 2020, 46, 2048-2057.

Komiya, K.; Akaba, T.; Kozaki, Y.; Kadota, J.-I.; Rubin, B.K. A systematic review of diagnostic methods to differentiate
acute lung injury/acute respiratory distress syndrome from cardiogenic pulmonary edema. Crit. Care 2017, 21, 228.

Al-Saiedy, M.; Gunasekara, L.; Green, F.; Pratt, R.; Chiu, A.; Yang, A.; Dennis, J.; Pieron, C.; Bjornson, C.; Winston, B.;
et al. Surfactant Dysfunction in ARDS and Bronchiolitis is Repaired with Cyclodextrins. Mil. Med. 2018, 183, 207-215.

Milad, N.; Morissette, M.C. Revisiting the role of pulmonary surfactant in chronic inflammatory lung diseases and
environmental exposure. Eur. Respir. Rev. 2021, 30, 210077.

Beers, M.F.; Knudsen, L.; Tomer, Y.; Maronn, J.; Zhao, M.; Ochs, M.; Mulugeta, S. Aberrant lung remodeling in a mouse
model of surfactant dysregulation induced by modulation of the Abca3 gene. Ann. Anat. 2017, 210, 135-146.

Coletta, C.; Mddis, K.; Olah, G.; Brunyanszki, A.; Herzig, D.S.; Sherwood, E.R.; Ungvari, Z.; Szabo, C. Endothelial
dysfunction is a potential contributor to multiple organ failure and mortality in aged mice subjected to septic shock:
Preclinical studies in a murine model of cecal ligation and puncture. Crit. Care 2014, 18, 511.

Anglicheau, D.; Muthukumar, T.; Suthanthiran, M. MicroRNAs: Small RNAs with big effects. Transplantation 2010, 90,
105-112.

O'Brien, J.; Hayder, H.; Zayed, Y.; Peng, C. Overview of MicroRNA biogenesis, mechanisms of actions, and circulation.
Front. Endocrinol. 2018, 9, 402.

Ranganathan, K.; Sivasankar, V. MicroRNAs—Biology and clinical applications. J. Oral Maxillofac. Pathol. 2014, 18,
229-234.

Fang, Z.; Rajewsky, N. The Impact of miRNA Target sites in coding sequences and in 3'UTRs. PLoS ONE 2011, 6,
€18067.

Gu, S.; Jin, L.; Zhang, F.; Sarnow, P.; A Kay, M. Biological basis for restriction of microRNA targets to the 3'
untranslated region in mammalian mRNAs. Nat. Struct. Mol. Biol. 2009, 16, 144-150.

Wilczynska, A.; Bushell, M. The complexity of miRNA-mediated repression. Cell Death Differ. 2014, 22, 22-33.



30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

Orang, A.V.; Safaralizadeh, R.; Kazemzadeh-Bavili, M. Mechanisms of miRNA-Mediated gene regulation from common
downregulation to mRNA-specific upregulation. Int. 3. Genom. 2014, 2014, 970607.

Chipman, L.B.; Pasquinelli, A.E. miRNA Targeting: Growing beyond the Seed. Trends Genet. 2019, 35, 215-222.

Hum, C.; Loiselle, J.; Ahmed, N.; Shaw, T.A.; Toudic, C.; Pezacki, J.P. MicroRNA Mimics or Inhibitors as Antiviral
Therapeutic Approaches against COVID-19. Drugs 2021, 81, 517-531.

Fu, Z.; Wang, L.; Li, S.; Chen, F; Au-Yeung, K.K.-W.; Shi, C. MicroRNA as an Important Target for Anticancer Drug
Development. Front. Pharmacol. 2021, 12, 736323.

Bui, T.T.; Selvarajoo, K. Attractor Concepts to Evaluate the Transcriptome-wide Dynamics Guiding Anaerobic to Aerobic
State Transition in Escherichia coli. Sci. Rep. 2020, 10, 5878.

Santos, C.C.D.; Amatullah, H.; Vaswani, C.M.; Maron-Gutierrez, T.; Kim, M.; Mei, S.H.J.; Szaszi, K.; Monteiro, A.P.T.;
Varkouhi, A.K.; Herreroz, R.; et al. Mesenchymal stromal (stem) cell therapy modulates miR-193b-5p expression to
attenuate sepsis-induced acute lung injury. Eur. Respir. J. 2022, 59, 2004216.

Vaswani, C.M.; Varkouhi, A.K.; Gupta, S.; Ektesabi, A.M.; Tsoporis, J.N.; Yousef, S.; Plant, P.J.; da Silva, A.L.; Cen, Y;
Tseng, Y.-C.; et al. Preventing occludin tight-junction disruption via inhibition of microRNA-193b-5p attenuates viral load
and influenza-induced lung injury. Mol. Ther. 2023, 31, 2681-2701.

Ektesabi, A.M.; Mori, K.; Tsoporis, J.; Vaswani, C.; Gupta, S.; Walsh, C.; Varkouhi, A.K.; Mei, S.H.; Stewart, D.J.; Liles,
W.C.; et al. Mesenchymal Stem/Stromal Cells Increase Cardiac miR-187-3p Expression in a Polymicrobial Animal
Model of Sepsis. Shock 2021, 56, 133-141.

Younes, N.; Zhou, L.; Amatullah, H.; Mei, S.H.J.; Herrero, R.; Lorente, J.A.; Stewart, D.J.; Marsden, P.; Liles, W.C.; Hu,
P.; et al. Mesenchymal stromal/stem cells modulate response to experimental sepsis-induced lung injury via regulation
of miR-27a- 5p in recipient mice. Thorax 2020, 75, 556-567.

Mei, S.H.J.; Haitsma, J.J.; Dos Santos, C.C.; Deng, VY.; Lai, P.F.H.; Slutsky, A.S.; Liles, W.C.; Stewart, D.J.
Mesenchymal stem cells reduce inflammation while enhancing bacterial clearance and improving survival in sepsis.
Am. J. Respir. Crit. Care Med. 2010, 182, 1047-1057.

Enes, S.R.; Hampton, T.H.; Barua, J.; McKenna, D.H.; Santos, C.C.D.; Amiel, E.; Ashare, A.; Liu, K.D.;
Krasnodembskaya, A.D.; English, K. Healthy versus Inflamed Lung Environments Differentially Effect MSCs. Eur.
Respir. J. 2021, 58, 2004149.

A Matthay, M.; Calfee, C.S.; Zhuo, H.; Thompson, B.T.; Wilson, J.G.; E Levitt, J.; Rogers, A.J.; E Gotts, J.; Wiener-
Kronish, J.P.; Bajwa, E.K.; et al. Treatment with allogeneic mesenchymal stromal cells for moderate to severe acute
respiratory distress syndrome (START study): A randomised phase 2a safety trial. Lancet Respir. Med. 2018, 7, 154—
162.

Park, J.; Kim, S.; Lim, H.; Liu, A.; Hu, S.; Lee, J.; Zhuo, H.; Hao, Q.; Matthay, M.A.; Lee, J.W. Therapeutic effects of
human mesenchymal stem cell microvesicles in an ex vivo perfused human lung injured with severe E. coli pneumonia.
Thorax 2019, 74, 43-50.

Zhu, Z.; Liang, L.; Zhang, R.; Wei, Y.; Su, L.; Tejera, P.; Guo, Y.; Wang, Z.; Lu, Q.; Baccarelli, A.A.; et al. Whole blood
microRNA markers are associated with acute respiratory distress syndrome. Intensive Care Med. Exp. 2017, 5, 38.

. Garcia-Hidalgo, M.C.; Gonzélez, J.; Benitez, |.D.; Carmona, P.; Santisteve, S.; Pérez-Pons, M.; Moncusi-Moix, A.;

Gort-Paniello, C.; Rodriguez-Jara, F.; Molinero, M.; et al. Identification of circulating microRNA profiles associated with
pulmonary function and radiologic features in survivors of SARS-CoV-2-induced ARDS. Emerg. Microbes Infect. 2022,
11, 1537-1549.

Baumann, V.; Winkler, J. miRNA-based therapies: Strategies and delivery platforms for oligonucleotide and non-
oligonucleotide agents. Future Med. Chem. 2014, 6, 1967-1984.

Jiang, K.; Yang, J.; Guo, S.; Zhao, G.; Wu, H.; Deng, G. Peripheral Circulating Exosome-Mediated Delivery of miR-155
as a Novel Mechanism for Acute Lung Inflammation. Mol. Ther. 2019, 27, 1758-1771.

Zhang, X.-L.; An, J.; Deng, Y.-Z.; Fang, X.-Z.; Xu, C.-Y.; Liu, X.-F;; Bai, Z.-H.; Zhang, G.; Cui, M.-Y. A novel miRNA-
762/NFIX pathway modulates LPS-induced acute lung injury. Int. Immunopharmacol. 2021, 100, 108066.

Xie, W.; Lu, Q.; Wang, K,; Lu, J.; Gu, X.; Zhu, D.; Liu, F.; Guo, Z. miR-34b-5p inhibition attenuates lung inflammation
and apoptosis in an LPS-induced acute lung injury mouse model by targeting progranulin. J. Cell. Physiol. 2018, 233,
6615-6631.

Wang, T.; Jiang, L.; Wei, X.; Dong, Z.; Liu, B.; Zhao, J.; Wang, L.; Xie, P.; Wang, Y.; Zhou, S. Inhibition of miR-221
alleviates LPS-induced acute lung injury via inactivation of SOCS1/NF-kB signaling pathway. Cell Cycle 2019, 18,
1893-1907.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66

67.

68.

69

70.

71.

72.

Wu, X.; Liu, Z.; Hu, L.; Gu, W.; Zhu, L. Exosomes derived from endothelial progenitor cells ameliorate acute lung injury
by transferring miR-126. Exp. Cell Res. 2018, 370, 13-23.

Liu, X.; Gao, C.; Wang, Y.; Niu, L.; Jiang, S.; Pan, S. BMSC-Derived Exosomes Ameliorate LPS-Induced Acute Lung
Injury by miR-384-5p-Controlled Alveolar Macrophage Autophagy. Oxid. Med. Cell. Longev. 2021, 2021, 9973457.

Quan, Y.; Wang, Z.; Gong, L.; Peng, X.; Richard, M.A.; Zhang, J.; Fornage, M.; Alcorn, J.L. Exosome miR-371b-5p
promotes proliferation of lung alveolar progenitor type Il cells by using PTEN to orchestrate the PI3K/Akt signaling.
Stem Cell Res. Ther. 2017, 8, 138.

Shen, K.; Wang, X.; Wang, Y.; Jia, Y.; Zhang, Y.; Wang, K.; Luo, L.; Cai, W,; Li, J.; Li, S.; et al. miR-125b-5p in adipose
derived stem cells exosome alleviates pulmonary microvascular endothelial cells ferroptosis via Keapl/Nrf2/GPX4 in
sepsis lung injury. Redox Biol. 2023, 62, 102655.

Neudecker, V.; Brodsky, K.S.; Clambey, E.T.; Schmidt, E.P.; Packard, T.A.; Davenport, B.; Standiford, T.J.; Weng, T.;
Fletcher, A.A.; Barthel, L.; et al. Neutrophil transfer of miR-223 to lung epithelial cells dampens acute lung injury in
mice. Sci. Transl. Med. 2017, 9, 408.

Zhang, P.; Liu, L.; Yao, L.; Song, X. Improved Differentiation Ability and Therapeutic Effect of miR-23a-3p Expressing
Bone Marrow-Derived Mesenchymal Stem Cells in Mice Model with Acute Lung Injury. Int. J. Stem Cells 2021, 14,
229-239.

Xie, T.; Liang, J.; Liu, N.; Wang, Q.; Li, Y.; Noble, P.W.; Jiang, D. miRNA-127 Inhibits Lung Inflammation by Targeting
IgG Fcy Receptor I. J. Immunol. 2012, 188, 2437.

Cao, Y,; Liu, Y.; Ping, F.; Yi, L.; Zeng, Z. MiR-200b/c attenuates lipopolysaccharide-induced early pulmonary fibrosis by
targeting ZEB1/2 via p38 MAPK and TGF-B/smad3 signaling pathways. Lab. Investig. 2018, 98, 339—-359.

Zhu, M.; An, Y.; Zhang, X.; Wang, Z.; Duan, H. Experimental pulmonary fibrosis was suppressed by microRNA-506
through NF-k-mediated apoptosis and inflammation. Cell Tissue Res. 2019, 378, 255-265.

Yang, X.; Zhao, C.; Bamunuarachchi, G.; Wang, Y.; Liang, Y.; Huang, C.; Zhu, Z.; Xu, D.; Lin, K.; Senavirathna, L.K.; et
al. miR-193b represses influenza A virus infection by inhibiting Wnt/B-catenin signalling. Cell. Microbiol. 2019, 21,
e13001.

Tao, Z.; Yuan, Y.; Liao, Q. Alleviation of Lipopolysaccharides-Induced Acute Lung Injury by MiR-454. Cell. Physiol.
Biochem. 2016, 38, 65-74.

Bao, H.; Gao, F,; Xie, G.; Liu, Z. Angiotensin-Converting Enzyme 2 Inhibits Apoptosis of Pulmonary Endothelial Cells
during Acute Lung Injury Through Suppressing MiR-4262. Cell. Physiol. Biochem. 2015, 37, 759-767.

Bais, T.; Gansevoort, R.T.; Meijer, E. Drugs in Clinical Development to Treat Autosomal Dominant Polycystic Kidney
Disease. Drugs 2022, 82, 1095-1115.

Tassone, P.; Di Martino, M.T.; Arbitrio, M.; Fiorillo, L.; Staropoli, N.; Ciliberto, D.; Cordua, A.; Scionti, F.; Bertucci, B.;
Salvino, A.; et al. Safety and activity of the first-in-class locked nucleic acid (LNA) miR-221 selective inhibitor in
refractory advanced cancer patients: A first-in-human, phase 1, open-label, dose-escalation study. J. Hematol. Oncol.
2023, 16, 68.

Hong, D.S.; Kang, Y.-K.; Borad, M.; Sachdev, J.; Ejadi, S.; Lim, H.Y.; Brenner, A.J.; Park, K.; Lee, J.-L.; Kim, T.-Y.; et al.
Phase 1 study of MRX34, a liposomal miR-34a mimic, in patients with advanced solid tumours. Br. J. Cancer 2020,
122, 1630-1637.

Zhou, R.; Rana, T.M. RNA-based mechanisms regulating host—Virus interactions. Immunol. Rev. 2013, 253, 97-111.

. Winkle, M.; El-Daly, S.M.; Fabbri, M.; Calin, G.A. Noncoding RNA therapeutics—Challenges and potential solutions.

Nat. Rev. Drug Discov. 2021, 20, 629-651.

Diener, C.; Keller, A.; Meese, E. Emerging concepts of miRNA therapeutics: From cells to clinic. Trends Genet. 2022,
38, 613-626.

Nish, S.; Medzhitov, R. Host Defense Pathways: Role of Redundancy and Compensation in Infectious Disease
Phenotypes. Immunity 2011, 34, 629—-636.

. Cavazzana-Calvo, M.; Thrasher, A.; Mavilio, F. The future of gene therapy. Nature 2004, 427, 779-781.

Vidigal, J.A.; Ventura, A. The biological functions of miRNAs: Lessons from in vivo studies. Trends Cell Biol. 2014, 25,
137-147.

Tsang, J.; Zhu, J.; van Oudenaarden, A. MicroRNA-Mediated Feedback and Feedforward Loops Are Recurrent
Network Motifs in Mammals. Mol. Cell 2007, 26, 753-767.

Wu, X.; Jiang, J.; Gu, Z.; Zhang, J.; Chen, Y.; Liu, X. Mesenchymal stromal cell therapies: Imnmunomodulatory
properties and clinical progress. Stem Cell Res. Ther. 2020, 11, 345.



73.

74.

75.

76.

77.

78

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Zhao, X.-G.; Wu, J.-S.; He, X.-D.; Ma, Y.-F.; Zhang, M.; Gan, J.-X.; Xu, S.-W.; Jiang, G.-Y. Risk factors of mortality in
road traffic injury patients with acute respiratory distress syndrome. Chin. Med. J. 2008, 121, 968-972.

A Lennox, K.; A Behlke, M. Chemical modification and design of anti-miRNA oligonucleotides. Gene Ther. 2011, 18,
1111-1120.

Yoo, B.H.; Bochkareva, E.; Bochakarev, A.; Mou, T.C.; Gray, D.M. 2'-O-methyl-modified phoshorothioate antisense
oligonucleotides have reduced non-specific effects in vitro. Nucleic Acids Res. 2004, 32, 2008-2016.

Rupaimoole, R.; Slack, F.J. MicroRNA therapeutics: Towards a new era for the management of cancer and other
diseases. Nat. Rev. Drug Discov. 2017, 16, 203—-222.

Krek, A.; Grun, D.; Poy, M.N.; Wolf, R.; Rosenberg, L.; Epstein, E.J.; MacMenamin, P.; da Piedade, |.; Gunsalus, K.C.;
Stoffel, M.; et al. Combinatorial microRNA target predictions. Nat. Genet. 2005, 37, 495-500.

. AKhan, A.; Betel, D.; Miller, M.L.; Sander, C.; Leslie, C.S.; Marks, D.S. Transfection of small RNAs globally perturbs

gene regulation by endogenous microRNAs. Nat. Biotechnol. 2009, 27, 549-555.

Grimm, D. The dose can make the poison: Lessons learned from adverse in vivo toxicities caused by RNAI
overexpression. Silence 2011, 2, 8.

Schoenmaker, L.; Witzigmann, D.; Kulkarni, J.A.; Verbeke, R.; Kersten, G.; Jiskoot, W.; Crommelin, D.J. mMRNA-lipid
nanoparticle COVID-19 vaccines: Structure and stability. Int. J. Pharm. 2021, 601, 120586.

Kulkarni, J.A.; Cullis, P.R.; van der Meel, R. Lipid Nanoparticles Enabling Gene Therapies: From Concepts to Clinical
Utility. Nucleic Acids Ther. 2018, 28, 146-157.

Kulkarni, J.A.; Witzigmann, D.; Chen, S.; Cullis, P.R.; Van Der Meel, R. Lipid Nanoparticle Technology for Clinical
Translation of sSiRNA Therapeutics. Acc. Chem. Res. 2019, 52, 2435-2444,

Albertsen, C.H.; Kulkarni, J.A.; Witzigmann, D.; Lind, M.; Petersson, K.; Simonsen, J.B. The role of lipid components in
lipid nanoparticles for vaccines and gene therapy. Adv. Drug Deliv. Rev. 2022, 188, 114416.

Samaridou, E.; Heyes, J.; Lutwyche, P. Lipid nanoparticles for nucleic acid delivery: Current perspectives. Adv. Drug
Deliv. Rev. 2020, 154-155, 37—-63.

Song, L.; Ahkong, Q.; Rong, Q.; Wang, Z.; Ansell, S.; Hope, M.; Mui, B. Characterization of the inhibitory effect of PEG-
lipid conjugates on the intracellular delivery of plasmid and antisense DNA mediated by cationic lipid liposomes.
Biochim. Biophys. Acta (BBA) Biomembr. 2002, 1558, 1-13.

Semple, S.C.; Akinc, A.; Chen, J.; Sandhu, A.P.; Mui, B.L.; Cho, C.K.; Sah, D.W.Y.; Stebbing, D.; Crosley, E.J.;
Yaworski, E.; et al. Rational design of cationic lipids for siRNA delivery. Nat. Biotechnol. 2010, 28, 172—-176.

Ambegia, E.; Ansell, S.; Cullis, P.; Heyes, J.; Palmer, L.; MacLachlan, |. Stabilized plasmid-lipid particles containing
PEG-diacylglycerols exhibit extended circulation lifetimes and tumor selective gene expression. Biochim. Biophys. Acta
(BBA) Biomembr. 2005, 1669, 155-163.

Heyes, J.; Palmer, L.; Chan, K.; Giesbrecht, C.; Jeffs, L.; MacLachlan, I. Lipid encapsulation enables the effective
systemic delivery of polyplex plasmid DNA. Mol. Ther. 2007, 15, 713-720.

Webb, M.; Saxon, D.; Wong, F.; Lim, H.; Wang, Z.; Bally, M.; Choi, L.; Cullis, P.; Mayer, L. Comparison of different
hydrophobic anchors conjugated to poly(ethylene glycol): Effects on the pharmacokinetics of liposomal vincristine.
Biochim. Biophys. Acta (BBA) Biomembr. 1998, 1372, 272-282.

Judge, A.; McClintock, K.; Phelps, J.R.; MacLachlan, I. Hypersensitivity and loss of disease site targeting caused by
antibody responses to pegylated liposomes. Mol. Ther. 2006, 13, 328-337.

Semple, S.C.; Harasym, T.O.; Clow, K.A.; Ansell, S.M.; Klimuk, S.K.; Hope, M.J. Immunogenicity and rapid blood
clearance of liposomes containing polyethylene glycollipid conjugates and nucleic acid. J. Pharmacol. Exp. Ther. 2005,
312, 1020-1026.

Colombo, M.; Raposo, G.; Théry, C. Biogenesis, secretion, and intercellular interactions of exosomes and other
extracellular vesicles. Annu. Rev. Cell Dev. Biol. 2014, 30, 255-289.

Raposo, G.; Stoorvogel, W. Extracellular vesicles: Exosomes, microvesicles, and friends. J. Cell Biol. 2013, 200, 373-
383.

Bayraktar, R.; Van Roosbroeck, K.; Calin, G.A. Cell-to-cell communication: microRNAs as hormones. Mol. Oncol. 2017,
11, 1673-1686.

Escors, D.; Breckpot, K. Lentiviral vectors in gene therapy: Their current status and future potential. Arch. Immunol.
Ther. Exp. 2010, 58, 107-119.



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Verma, |.M.; Weitzman, M.D. GENE THERAPY: Twenty-first century medicine. Annu. Rev. Biochem. 2005, 74, 711—
738.

Jin, L.-Y,; Li, C.-F,; Zhu, G.-F.; Wu, C.-T.; Wang, J.; Yan, S.-F. Effect of sSiRNA against NF-kB on sepsis-induced acute
lung injury in a mouse model. Mol. Med. Rep. 2014, 10, 631-637.

Driskell, R.A.; Engelhardt, J.F. Current Status of Gene Therapy for Inherited Lung Diseases. Annu. Rev. Physiol. 2003,
65, 585-612.

Zheng, C.; Wang, S.; Bai, Y.; Luo, T.; Wang, J.; Dai, C.; Guo, B.; Luo, S.; Wang, D.; Yang, Y.; et al. Lentiviral Vectors
and Adeno-Associated Virus Vectors: Useful Tools for Gene Transfer in Pain Research. Anat. Rec. 2018, 301, 825—
836.

Hargrove, P.W.; Kepes, S.; Hanawa, H.; Obenauer, J.C.; Pei, D.; Cheng, C.; Gray, J.T.; Neale, G.; A Persons, D. Globin
lentiviral vector insertions can perturb the expression of endogenous genes in B-thalassemic hematopoietic cells. Mol.
Ther. 2008, 16, 525-533.

Katz, M.G.; Fargnoli, A.S.; Gubara, S.M.; Fish, K.; Weber, T.; Bridges, C.R.; Hajjar, R.J.; Ishikawa, K. Targeted Gene
Delivery through the Respiratory System: Rationale for Intratracheal Gene Transfer. J. Cardiovasc. Dev. Dis. 2019, 6,
8.

Naso, M.F.; Tomkowicz, B.; Perry, W.L., 3rd; Strohl, W.R. Adeno-Associated Virus (AAV) as a Vector for Gene Therapy.
BioDrugs 2017, 31, 317-334.

Jensen, D.M.K,; Cun, D.; Maltesen, M.J.; Frokjaer, S.; Nielsen, H.M.; Foged, C. Spray drying of sSiRNA-containing
PLGA nanoparticles intended for inhalation. J. Control. Release 2010, 142, 138-145.

Jensen, D.K.; Jensen, L.B.; Koocheki, S.; Bengtson, L.; Cun, D.; Nielsen, H.M.; Foged, C. Design of an inhalable dry
powder formulation of DOTAP-modified PLGA nanoparticles loaded with siRNA. J. Control. Release 2012, 157, 141—
148.

Ito, T.; Okuda, T.; Takayama, R.; Okamoto, H. Establishment of an Evaluation Method for Gene Silencing by Serial
Pulmo-nary Administration of SiRNA and pDNA Powders: Naked siRNA Inhalation Powder Suppresses Luciferase
Gene Expression in the Lung. J. Pharm. Sci. 2019, 108, 133.

Tiwari, P.M.; Vanover, D.; Lindsay, K.E.; Bawage, S.S.; Kirschman, J.L.; Bhosle, S.; Lifland, A.W.; Zurla, C. Engineered
mRNA-expressed antibodies prevent respiratory syncytial virus infection. Nat. Commun. 2018, 9, 3999.

Xu, S.; Yang, Q.; Bai, J.; Tao, T.; Tang, L.; Chen, Y.; Chung, C.-S.; Fallon, E.A.; Ayala, A. Blockade of endothelial, but
not epithelial, cell expression of PD-L1 following severe shock attenuates the development of indirect acute lung injury
in mice. Am. J. Physiol.-Lung. Cell. Mol. Physiol. 2020, 318, L801-L812.

Garcia-Mouton, C.; Hidalgo, A.; Cruz, A.; Pérez-Gil, J. The Lord of the Lungs: The essential role of pulmonary
surfactant upon inhalation of nanoparticles. Eur. J. Pharm. Biopharm. 2019, 144, 230-243.

Rowe, S.; Zuckerman, J.; Dorgan, D.; Lascano, J.; McCoy, K.; Jain, M.; Schechter, M.; Lommatzsch, S.; Indihar, V.;
Lechtzin, N.; et al. Inhaled mRNA therapy for treatment of cystic fibrosis: Interim results of a randomized, double-blind,
placebo-controlled phase 1/2 clinical study. J. Cyst. Fibros. 2023, 22, 656—664.

Sahu, I.; Haque, A.A.; Weidensee, B.; Weinmann, P.; Kormann, M.S. Recent Developments in mRNA-Based Protein
Supplementation Therapy to Target Lung Diseases. Mol. Ther. 2019, 27, 803-823.

Lokugamage, M.P.; Vanover, D.; Beyersdorf, J.; Hatit, M.Z.C.; Rotolo, L.; Echeverri, E.S.; Peck, H.E.; Ni, H.; Yoon, J.-
K.; Kim, Y.; et al. Optimization of lipid nanoparticles for the delivery of nebulized therapeutic mMRNA to the lungs. Nat.
Biomed. Eng. 2021, 5, 1059-1068.

Leong, E.W.X.; Ge, R. Lipid Nanoparticles as Delivery Vehicles for Inhaled Therapeutics. Biomedicines 2022, 10, 2179.
Darquenne, C. Deposition Mechanisms. J. Aerosol Med. Pulm. Drug Deliv. 2020, 33, 181-185.

Chen, D,; Liu, J.; Wu, J.; Suk, J.S. Enhancing nanoparticle penetration through airway mucus to improve drug delivery
efficacy in the lung HHS Public Access. Expert. Opin. Drug Deliv. 2021, 18, 595-606.

Ferguson, G.T.; Hickey, A.J.; Dwivedi, S. Co-suspension delivery technology in pressurized metered-dose inhalers for
multi-drug dosing in the treatment of respiratory diseases. Respir. Med. 2017, 134, 16-23.

Gupta, D.; Liang, X.; Pavlova, S.; Wiklander, O.P.; Corso, G.; Zhao, Y.; Saher, O.; Bost, J.; Zickler, A.M.; Piffko, A.; et al.
Quantification of extracellular vesicles in vitro and in vivo using sensitive bioluminescence imaging. J. Extracell.
Vesicles 2020, 9, 1800222.

Bandeira, E.; Oliveira, H.; Silva, J.D.; Menna-Barreto, R.F.S.; Takyia, C.M.; Suk, J.S.; Witwer, K.W.; Paulaitis, M.E.;
Hanes, J.; Rocco, P.R.M.; et al. Therapeutic effects of adipose-tissue-derived mesenchymal stromal cells and their
extracellular vesicles in experimental silicosis. Respir. Res. 2018, 19, 104.



118. Jackson, A.L.; Burchard, J.; Schelter, J.; Chau, B.N.; Cleary, M.; Lim, L.; Linsley, P.S. Widespread siRNA “off-target”
transcript silencing mediated by seed region sequence complementarity. RNA 2006, 12, 1179-1187.

119. Jackson, A.L.; Linsley, P.S. Recognizing and avoiding siRNA off-target effects for target identification and therapeutic
application. Nat. Rev. Drug Discov. 2010, 9, 57-67.

Retrieved from https://encyclopedia.pub/entry/history/show/125793



