
Concept Paper Not peer-reviewed version

Microglial Replacement and COURIER

or SPIT for Neuronal Gene Editing

Michael Renteln *

Posted Date: 24 April 2024

doi: 10.20944/preprints202404.1620.v1

Keywords: microglial replacement; adeno-associated viral (AAV) vectors; COURIER; SPIT; base editing;

prime editing

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2381733


 

Concept Paper  

Microglial Replacement and COURIER or SPIT for 
Neuronal Gene Editing 
Michael Renteln 

Independent Researcher; mrenteln@gmail.com 

Abstract: Adeno-associated viral (AAV) vectors can be used for gene delivery.  AAV.CAP-Mac was 
recently developed; it can cross the blood-brain barrier and transduce cells throughout the CNS.  
However, some brain regions were not transduced in adult rhesus monkeys.  Additionally, AAV 
vectors can only package 5 kb of DNA.  Also, AAV vectors may be genotoxic and cytotoxic, 
especially at high doses.  Finally, AAV vectors are very expensive to produce at sufficiently high 
titers for treatment.  Off-the-shelf cell-based delivery systems wherein the cells can infiltrate the 
target tissue and be hyper-motile would be ideal.  Also, mRNA-based gene editing would be a 
transient treatment, and thus be much safer. 
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Introduction 

The golden era of biotechnology ushered in a plethora of new tools for our toolkits, including 
precision gene editing via homologous recombination [1], base editing [2], prime editing [3–5], large 
serine recombinase-mediate gene insertion [6], and CRISPR transposases [7].  These have the 
potential to cure any genetic illness.  With adeno-associated viral (AAV) vectors, gene therapy has 
been brought to bear in the human body, sometimes greatly improving function in patients [8].  
However, full cures are generally not possible, and many genetic diseases remain untreatable 
currently.  In the cases wherein effective treatments or cures are not attainable, it is not for a lack of 
in vitro tools, but rather our ability to deliver them to the cells around the body that need to be 
repaired. 

Extravasation of the vector in the appropriate anatomical locales is the main issue here.  AAV 
treatments seeking to transduce the liver are fairly straightforward [9].  This is because AAVs have 
a capsid diameter of ~25 nm, and the pores in the human vascular endothelium of the liver and spleen 
are fenestrated, leading to particles between ~8 nm-150 nm in diameter being delivered to those 
organs [10].  Similarly, injecting AAV vectors directly into the retina for treatment is a somewhat 
straightforward option [11].  Finally, diseases affecting white blood cells can be treated by 
genetically manipulating some of the patient’s leukocytes ex vivo, expanding them, eliminating some 
proportion of the patient’s hematopoietic stem cells [12], and then infusing the edited leukocytes back 
into the patient [13]. 

However, some genetic illnesses affect tissues throughout the body.  Unfortunately - in terms 
of vector delivery, the diameter of the vascular endothelial pores in most regions may be between 5-
12 nm [14].  The vascular endothelial pores at the blood-brain barrier are more like 1-2 nm in 
diameter.  And particles ~5-8 nm or smaller are filtered out by the kidneys.  While AAVs can utilize 
transcytosis to extravasate [15] in some anatomical locales, it is unclear if a single serotype or capsid 
variant can do so systemically.  High doses can be cytotoxic as well [16]. 

Importantly, AAVs can only encode ~5 kb of DNA maximum, which is not enough to cure 
certain individuals with genetic disorders wherein long stretches of nucleotides are affected [17,18], 
[19–21] - e.g., at least some cases of Duchenne muscular dystrophy [22]. 
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According to Anzalone et al., “…in principle prime editing can correct up to ~89% of the 75,122 
pathogenic human genetic variants in ClinVar…” [23].  New prime editing-based techniques can 
almost surely cover even more pathogenic human genetic variants [24].  However, multiple 
proteins, RNAs, or DNA molecules (or at least a single, large DNA molecule) may be required in 
particular cases if more complex molecular machinery must be employed - e.g., if heterochromatin is 
an issue.  Also, the cost of producing sufficiently high titers of AAV vectors and other viral vectors 
for therapeutic purposes is at least currently very steep [25–27]. 

Intravenously injected lipid nanoparticle (LNP)-encapsulated CRISPR ribonucleoproteins 
(RNPs) have been successfully employed to treat genetic conditions affecting the liver and, to some 
degree, the lungs [28,29].  However, current LNP formulations at least do not effectively reach or 
target cells in the CNS, heart, or kidneys after intravenous injection [29,30].  Also, the larger the LNP 
- the less efficient it is at extravasation.  Thus, it cannot encapsulate very large cargos unless targeted 
to the liver or spleen.  Intrathecal and intracerebroventricular administration of RNPs - or direct 
intraparenchymal injection of RNPs into the striatum - will not result in widespread CNS editing [31]. 

Lastly, AAV.CAP-Mac was recently described, which can cross the blood-brain barrier and reach 
cells throughout the CNS [32].  However, some brain regions in the 17-year-old adult rhesus 
monkeys were not transduced [32].  Also, AAV therapies are currently expensive - and possibly 
genotoxic/cytotoxic [33].  Finally, it is possible that AAV.CAP-Mac may not work in humans as well 
as it did in non-human primates. 

Microglial Replacement 

The small molecule CSF1R inhibitor, PLX5622, potently depletes microglia [34].  PLX3397 is an 
FDA approved and also potently depletes microglia in mice and non-human primates.  It may do so 
in humans as well, although dosing.    and replace them in a fairly harmless manner [35].  I thought 
it might be possible to edit induced pluripotent stem cell-derived macrophages (iPSC-Macs) [36] ex 
vivo, and then infuse them intrathecally or intravenously to replace a patient's microglia with ones 
that can employ your COURIER system. 

Normally, the remaining population of microglia or peripheral monocytes might outcompete 
iPSC-Macs that are infused into the bloodstream [37,38], but an inhibitor-resistant CSF1R variant has 
been developed [39].  Thus, constant selection is possible - which should enable non-invasive 
microglial replacement. 

Also, while microglia sample their surrounding microenvironment constantly with protrusions 
that extend and retract, they may not move around much from place to place [40,41].  To address 
this potential issue, random migration of the iPSC-Mac-derived microglia in the CNS could be 
induced or enhanced by inhibiting LRRK2 [42].  Other methods of inducing hyper-motility are also 
possible [43,44]. 

For gene editing purposes, the iPSC-Macs could also be “off-the-shelf” [45].  After treatment, a 
small molecule like a rapamycin analog that can penetrate the blood-brain barrier (BBB) can be 
administered to eliminate them via caspase-9 activation [46], and the patient’s hematopoietic stem 
cells (HSCs) would repopulate the microglia. 

Neuronal Gene Editing 

Base editing of the SMN2 gene in neurons is a viable strategy for spinal muscular atrophy [47], 
[48].  In this case, the COURIER cargo could be an mRNA molecule encoding a zinc finger base 
editor.  However, they currently have too much off-target activity [49].  TALE base editors exist, as 
well [50].  Alternatively, the cargo could be a self-amplifying RNA (saRNA) vector [51].  An saRNA 
vector could enable the use of a CRISPR base editor, wherein a subgenomic promoter effectively 
replicates an sgRNA module but weakly replicates the proteinaceous component of the base editor 
[52,53].  As larger RNA molecules were packaged less efficiently in COURIER, but dual delivery was 
possible, a trans-amplifying RNA (taRNA) vector could be employed [54].  In either case, the RNA-
dependent RNA polymerase could be inhibited somehow in the edited microglia. 
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With saRNA and taRNA vectors, there may be some considerations with superinfection 
exclusion and possibly gene dosage compensation [55,56]. 

As opposed to an AAV vector, this process might be too slow for SMA1 patients.  However, as 
described in [47], clinicians could co-administer the antisense oligonucleotide drug nusinersen to 
extend the therapeutic window. 

Two other CNS genetic illnesses that microglial replacement could potentially help with are Tay-
Sachs, i.e., prime editing to remove a four-base duplication [57].  From what I saw, Tay-Sachs may 
have a somewhat longer therapeutic window than SMA1.  Also, I think Huntington’s disease can be 
mitigated by base editing - at least in some instances [58]. 

Secreted Particle Information Transfer (SPIT) could also be exported for gene editing [59].  
However, mRNA export may be more efficacious, as opposed to RNP secretion.  Also, SPIT utilizes 
viral capsid proteins, which would probably be potently immunogenic. 

COURIER Immunogenicity 

As Horns et al. mentioned in their COURIER article, the protein nanocages may not really cause 
an immune response.  Low-dose dexamethasone could possibly be sufficient to prevent undue 
inflammation from all of the COURIER components.  Dexamethasone has been used to counter 
excessive immune responses in patients with SARS-CoV-2 [60]. 

If not, there are other strategies.  The innate immune response to dsRNA generated from vector 
replication could possibly be attenuated by the expression of the MERS-CoV ORFa protein [61].  If 
cyclic induction is required over a long period of time, the adaptive immune response to the gene 
editing components may need to be attenuated as well.  First, the vector could encode a 
deimmunized dCas9 protein [62].  Second, it may help if the vector were to incorporate multiple, 
tandem miR-142-3p binding sites in the dCas9 mRNA 3’UTR [63].  Third, the vector could express 
the SARS-CoV-2 ORF6 protein, which inhibits the MHC class I pathway [64]. 

Of course, adding more elements requires a more packaging space.  If necessary, one could 
theoretically minimize the size of the required elements.  Or, as was also mentioned in the COURIER 
article, alternative nanocage architectures could tune cargo capacity. 

Testing This In Vitro 

There is a 2023 Nature paper that describes a method of integrating microglia into neuronal 
organoids by co-culturing said organoids with iPSC-Macs [65].  The iPSC-Macs take on a more 
microglia-like identity, as in vivo when transplanted into the brains of mice.  These “microglia-
sufficient“ organoids could possibly be used to test the gene editing approach in addition to 
traditional 2D culture. 

Conclusion 

Microglial replacement in combination with COURIER or SPIT could enable cheap and effective 
CNS gene editing. 

References 

1. Nambiar TS, Billon P, Diedenhofen G, Hayward SB, Taglialatela A, Cai K, et al. Stimulation of CRISPR-
mediated homology-directed repair by an engineered RAD18 variant. Nat Commun 2019;10:3395. 
https://doi.org/10.1038/s41467-019-11105-z. 

2. Davis JR, Wang X, Witte IP, Huang TP, Levy JM, Raguram A, et al. Efficient in vivo base editing via single 
adeno-associated viruses with size-optimized genomes encoding compact adenine base editors. Nat 
Biomed Eng 2022;6:1272–83. https://doi.org/10.1038/s41551-022-00911-4. 

3. Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW, Levy JM, et al. Search-and-replace genome 
editing without double-strand breaks or donor DNA. Nature 2019;576:149–57. 
https://doi.org/10.1038/s41586-019-1711-4. 
engineered RAD18 variant. Nat Commun 2019;10:3395. https://doi.org/10.1038/s41467-019-11105-z. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 April 2024                   doi:10.20944/preprints202404.1620.v1

https://doi.org/10.20944/preprints202404.1620.v1


 4 

 

4. Anzalone AV, Gao XD, Podracky CJ, Nelson AT, Koblan LW, Raguram A, et al. Programmable deletion, 
replacement, integration and inversion of large DNA sequences with twin prime editing. Nat Biotechnol 
2022;40:731–40. https://doi.org/10.1038/s41587-021-01133-w. 

5. Davis JR, Banskota S, Levy JM, Newby GA, Wang X, Anzalone AV, et al. Efficient prime editing in mouse 
brain, liver and heart with dual AAVs. Nat Biotechnol 2023:1–12. https://doi.org/10.1038/s41587-023-01758-
z. 

6. Durrant MG, Fanton A, Tycko J, Hinks M, Chandrasekaran SS, Perry NT, et al. Systematic discovery of 
recombinases for efficient integration of large DNA sequences into the human genome. Nat Biotechnol 
2022:1–12. https://doi.org/10.1038/s41587-022-01494-w. 

7. Tou CJ, Orr B, Kleinstiver BP. Precise cut-and-paste DNA insertion using engineered type V-K CRISPR-
associated transposases. Nat Biotechnol 2023;41:968–79. https://doi.org/10.1038/s41587-022-01574-x. 

8. Day JW, Finkel RS, Chiriboga CA, Connolly AM, Crawford TO, Darras BT, et al. Onasemnogene 
abeparvovec gene therapy for symptomatic infantile-onset spinal muscular atrophy in patients with two 
copies of SMN2 (STR1VE): an open-label, single-arm, multicentre, phase 3 trial. The Lancet Neurology 
2021;20:284–93. https://doi.org/10.1016/S1474-4422(21)00001-6. 

9. Pfizer. PHASE 3, OPEN LABEL, SINGLE ARM STUDY TO EVALUATE EFFICACY AND SAFETY OF FIX 
GENE TRANSFER WITH PF-06838435 (RAAV-SPARK100-HFIX-PADUA) IN ADULT MALE 
PARTICIPANTS WITH MODERATELY SEVERE TO SEVERE HEMOPHILIA B (FIX:C <=2%) 
(BENEGENE-2). clinicaltrials.gov; 2023. 

10. Sarin H. Physiologic upper limits of pore size of different blood capillary types and another perspective on 
the dual pore theory of microvascular permeability. J Angiogenes Res 2010;2:14. 
https://doi.org/10.1186/2040-2384-2-14. 

11. Russell S, Bennett J, Wellman JA, Chung DC, Yu Z-F, Tillman A, et al. Efficacy and safety of voretigene 
neparvovec (AAV2-hRPE65v2) in patients with RPE65-mediated inherited retinal dystrophy: a 
randomised, controlled, open-label, phase 3 trial. Lancet 2017;390:849–60. https://doi.org/10.1016/S0140-
6736(17)31868-8. 

12. Persaud SP, Ritchey JK, Kim S, Lim S, Ruminski PG, Cooper ML, et al. Antibody-drug conjugates plus 
Janus kinase inhibitors enable MHC-mismatched allogeneic hematopoietic stem cell transplantation. J Clin 
Invest 2021;131:e145501. https://doi.org/10.1172/JCI145501. 

13. Editas Medicine, Inc. A Phase 1/2 Study to Evaluate the Safety and Efficacy of a Single Dose of Autologous 
Clustered Regularly Interspaced Short Palindromic Repeats Gene-edited CD34+ Human Hematopoietic 
Stem and Progenitor Cells (EDIT-301) in Subjects With Severe Sickle Cell Disease. clinicaltrials.gov; 2023. 

14. Sarin H. Physiologic upper limits of pore size of different blood capillary types and another perspective on 
the dual pore theory of microvascular permeability. J Angiogenes Res 2010;2:14. 
https://doi.org/10.1186/2040-2384-2-14. 

15. Chuapoco MR, Flytzanis NC, Goeden N, Christopher Octeau J, Roxas KM, Chan KY, et al. Adeno-
associated viral vectors for functional intravenous gene transfer throughout the non-human primate brain. 
Nat Nanotechnol 2023:1–11. https://doi.org/10.1038/s41565-023-01419-x. 

16. Kishimoto TK, Samulski RJ. Addressing high dose AAV toxicity – ‘one and done’ or ‘slower and lower’? 
Expert Opinion on Biological Therapy 2022;22:1067–71. https://doi.org/10.1080/14712598.2022.2060737. 

17. Spinner NB, Loomes KM, Krantz ID, Gilbert MA. Alagille Syndrome. In: Adam MP, Feldman J, Mirzaa 
GM, Pagon RA, Wallace SE, Bean LJ, et al., editors. GeneReviews®, Seattle (WA): University of 
Washington, Seattle; 1993. 

18. Stoller JK, Hupertz V, Aboussouan LS. Alpha-1 Antitrypsin Deficiency. In: Adam MP, Feldman J, Mirzaa 
GM, Pagon RA, Wallace SE, Bean LJ, et al., editors. GeneReviews®, Seattle (WA): University of 
Washington, Seattle; 1993. 

19. Myerowitz R. Tay-Sachs disease-causing mutations and neutral polymorphisms in the Hex A gene. Hum 
Mutat 1997;9:195–208. https://doi.org/10.1002/(SICI)1098-1004(1997)9:3<195::AID-HUMU1>3.0.CO;2-7. 

20. Butchbach MER. Genomic Variability in the Survival Motor Neuron Genes (SMN1 and SMN2): 
Implications for Spinal Muscular Atrophy Phenotype and Therapeutics Development. International 
Journal of Molecular Sciences 2021;22:7896. https://doi.org/10.3390/ijms22157896. 

21. Daiger S, Sullivan L, Bowne S. Genes and mutations causing retinitis pigmentosa. Clin Genet 
2013;84:10.1111/cge.12203. https://doi.org/10.1111/cge.12203. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 April 2024                   doi:10.20944/preprints202404.1620.v1

https://doi.org/10.20944/preprints202404.1620.v1


 5 

 

22. Duan D, Goemans N, Takeda S, Mercuri E, Aartsma-Rus A. Duchenne muscular dystrophy. Nat Rev Dis 
Primers 2021;7:1–19. https://doi.org/10.1038/s41572-021-00248-3. 

23. Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW, Levy JM, et al. Search-and-replace genome 
editing without double-strand breaks or donor DNA. Nature 2019;576:149–57. 
https://doi.org/10.1038/s41586-019-1711-4. 

24. Zheng C, Liu B, Dong X, Gaston N, Sontheimer EJ, Xue W. Template-jumping prime editing enables large 
insertion and exon rewriting in vivo. Nat Commun 2023;14:3369. https://doi.org/10.1038/s41467-023-39137-
6. 

25. Collins LT, Ponnazhagan S, Curiel DT. Synthetic Biology Design as a Paradigm Shift toward Manufacturing 
Affordable Adeno-Associated Virus Gene Therapies. ACS Synth Biol 2023;12:17–26. 
https://doi.org/10.1021/acssynbio.2c00589. 

26. Becker Z. Sporting a $3.5M price tag, CSL and uniQure’s hemophilia B gene therapy crosses FDA finish 
line. Fierce Pharma 2022. https://www.fiercepharma.com/pharma/csl-and-uniqures-hemophilia-b-gene-
therapy-scores-approval-35-million-price-tag (accessed December 9, 2023). 

27. Bluebird Bio Secures Deal with Large Commercial Payer for Lyfgenia Amid Price Concerns. BioSpace n.d. 
https://www.biospace.com/article/bluebird-bio-secures-deal-with-large-commercial-payer-for-lyfgenia-
amid-price-concerns/ (accessed January 4, 2024). 

28. Wei T, Sun Y, Cheng Q, Chatterjee S, Traylor Z, Johnson LT, et al. Lung SORT LNPs enable precise 
homology-directed repair mediated CRISPR/Cas genome correction in cystic fibrosis models. Nat 
Commun 2023;14:7322. https://doi.org/10.1038/s41467-023-42948-2. 

29. Chen K, Han H, Zhao S, Xu B, Yin B, Trinidad M, et al. Lung and liver editing by lipid nanoparticle delivery 
of a stable CRISPR-Cas9 RNP 2023:2023.11.15.566339. https://doi.org/10.1101/2023.11.15.566339. 

30. Behr M, Zhou J, Xu B, Zhang H. In vivo delivery of CRISPR-Cas9 therapeutics: Progress and challenges. 
Acta Pharmaceutica Sinica B 2021;11:2150–71. https://doi.org/10.1016/j.apsb.2021.05.020. 

31. Stahl EC, Sabo JK, Kang MH, Allen R, Applegate E, Kim SE, et al. Genome editing in the mouse brain with 
minimally immunogenic Cas9 RNPs. Molecular Therapy 2023;31:2422–38. 
https://doi.org/10.1016/j.ymthe.2023.06.019. 

32. Chuapoco MR, Flytzanis NC, Goeden N, et al. Adeno-associated viral vectors for functional intravenous 
gene transfer throughout the non-human primate brain. Nat Nanotechnol 2023;1–11; doi: 10.1038/s41565-
023-01419-x. 

33. Davé UP, Cornetta K. AAV Joins the Rank of Genotoxic Vectors. Molecular Therapy 2021;29(2):418–419; 
doi: 10.1016/j.ymthe.2021.01.007. 

34. Davé UP, Cornetta K. AAV Joins the Rank of Genotoxic Vectors. Molecular Therapy 2021;29(2):418–419; 
doi: 10.1016/j.ymthe.2021.01.007. 

35. Green KN, Crapser JD, Hohsfield LA. To Kill Microglia: A Case for CSF1R Inhibitors. Trends Immunol 
2020;41:771–84. https://doi.org/10.1016/j.it.2020.07.001. 

36. Ackermann M, Rafiei Hashtchin A, Manstein F, Carvalho Oliveira M, Kempf H, Zweigerdt R, et al. 
Continuous human iPSC-macrophage production by suspension culture in stirred tank bioreactors. Nat 
Protoc 2022;17:513–39. https://doi.org/10.1038/s41596-021-00654-7. 

37. Cronk JC, Filiano AJ, Louveau A, Marin I, Marsh R, Ji E, et al. Peripherally derived macrophages can engraft 
the brain independent of irradiation and maintain an identity distinct from microglia. J Exp Med 
2018;215:1627–47. https://doi.org/10.1084/jem.20180247. 

38. Lund H, Pieber M, Parsa R, Han J, Grommisch D, Ewing E, et al. Competitive repopulation of an empty 
microglial niche yields functionally distinct subsets of microglia-like cells. Nat Commun 2018;9:4845. 
https://doi.org/10.1038/s41467-018-07295-7. 

39. Chadarevian JP, Lombroso SI, Peet GC, Hasselmann J, Tu C, Marzan DE, et al. Engineering an inhibitor-
resistant human CSF1R variant for microglia replacement. Journal of Experimental Medicine 
2022;220:e20220857. https://doi.org/10.1084/jem.20220857. 

40. Nimmerjahn A, Kirchhoff F, Helmchen F. Resting Microglial Cells Are Highly Dynamic Surveillants of 
Brain Parenchyma in Vivo. Science 2005;308:1314–8. https://doi.org/10.1126/science.1110647. 

41. Zhang Y, Wei D, Wang X, Wang B, Li M, Fang H, et al. Run-and-Tumble Dynamics and Mechanotaxis 
Discovered in Microglial Migration. Research 2023;6:0063. https://doi.org/10.34133/research.0063. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 April 2024                   doi:10.20944/preprints202404.1620.v1

https://doi.org/10.20944/preprints202404.1620.v1


 6 

 

42. Choi I, Kim B, Byun J-W, Baik SH, Huh YH, Kim J-H, et al. LRRK2 G2019S mutation attenuates microglial 
motility by inhibiting focal adhesion kinase. Nat Commun 2015;6:8255. 
https://doi.org/10.1038/ncomms9255. 

43. Tabdanov ED, Rodríguez-Merced NJ, Cartagena-Rivera AX, et al. Engineering T cells to enhance 3D 
migration through structurally and mechanically complex tumor microenvironments. Nat Commun 
2021;12(1):2815; doi: 10.1038/s41467-021-22985-5. 

44. Insall RH, Paschke P, Tweedy L. Steering yourself by the bootstraps: how cells create their own gradients 
for chemotaxis. Trends in Cell Biology 2022;32(7):585–596; doi: 10.1016/j.tcb.2022.02.007. 

45. Wang X, Cabrera FG, Sharp KL, Spencer DM, Foster AE, Bayle JH. Engineering Tolerance toward 
Allogeneic CAR-T Cells by Regulation of MHC Surface Expression with Human Herpes Virus-8 Proteins. 
Molecular Therapy 2021;29:718–33. https://doi.org/10.1016/j.ymthe.2020.10.019 

46. Stavrou M, Philip B, Traynor-White C, Davis CG, Onuoha S, Cordoba S, et al. A Rapamycin-Activated 
Caspase 9-Based Suicide Gene. Mol Ther 2018;26:1266–76. https://doi.org/10.1016/j.ymthe.2018.03.001. 

47. Arbab M, Matuszek Z, Kray KM, Du A, Newby GA, Blatnik AJ, et al. Base editing rescue of spinal muscular 
atrophy in cells and in mice. Science 2023;380:eadg6518. https://doi.org/10.1126/science.adg6518. 

48. Alves CRR, Ha LL, Yaworski R, Sutton ER, Lazzarotto CR, Christie KA, et al. Optimization of base editors 
for the functional correction of SMN2 as a treatment for spinal muscular atrophy. Nat Biomed Eng 2023:1–
14. https://doi.org/10.1038/s41551-023-01132-z. 

49. Willis JCW, Silva-Pinheiro P, Widdup L, Minczuk M, Liu DR. Compact zinc finger base editors that edit 
mitochondrial or nuclear DNA in vitro and in vivo. Nat Commun 2022;13:7204. 
https://doi.org/10.1038/s41467-022-34784-7. 

50. Mok BY, Kotrys AV, Raguram A, Huang TP, Mootha VK, Liu DR. CRISPR-free base editors with enhanced 
activity and expanded targeting scope in mitochondrial and nuclear DNA. Nat Biotechnol 2022;40:1378–
87. https://doi.org/10.1038/s41587-022-01256-8. 

51. Mc Cafferty S, De Temmerman J, Kitada T, Becraft JR, Weiss R, Irvine DJ, et al. In Vivo Validation of a 
Reversible Small Molecule-Based Switch for Synthetic Self-Amplifying mRNA Regulation. Molecular 
Therapy 2021;29:1164–73. https://doi.org/10.1016/j.ymthe.2020.11.010. 

52. Lee RTH, Ng ASM, Ingham PW. Ribozyme Mediated gRNA Generation for In Vitro and In Vivo 
CRISPR/Cas9 Mutagenesis. PLOS ONE 2016;11:e0166020. https://doi.org/10.1371/journal.pone.0166020. 

53. Oh Y, Kim H, Lee H-J, Kim S-G. Ribozyme-processed guide RNA enhances virus-mediated plant genome 
editing. Biotechnology Journal 2022;17:2100189. https://doi.org/10.1002/biot.202100189. 

54. Perkovic M, Gawletta S, Hempel T, Brill S, Nett E, Sahin U, et al. A trans-amplifying RNA simplified to 
essential elements is highly replicative and robustly immunogenic in mice. Mol Ther 2023;31:1636–46. 
https://doi.org/10.1016/j.ymthe.2023.01.019. 

55. Perkovic M, Gawletta S, Hempel T, Brill S, Nett E, Sahin U, et al. A trans-amplifying RNA simplified to 
essential elements is highly replicative and robustly immunogenic in mice. Mol Ther 2023;31:1636–46. 
https://doi.org/10.1016/j.ymthe.2023.01.019. 

56. Perkovic M, Gawletta S, Hempel T, Brill S, Nett E, Sahin U, et al. A trans-amplifying RNA simplified to 
essential elements is highly replicative and robustly immunogenic in mice. Mol Ther 2023;31:1636–46. 
https://doi.org/10.1016/j.ymthe.2023.01.019. 

57. Anzalone AV, Randolph PB, Davis JR, Sousa AA, Koblan LW, Levy JM, et al. Search-and-replace genome 
editing without double-strand breaks or donor DNA. Nature 2019;576:149–57. 
https://doi.org/10.1038/s41586-019-1711-4. 

58. Choi DE, Shin JW, Zeng S, Hong EP, Jang J-H, Loupe JM, et al. Base editing strategies to convert CAG to 
CAA diminish the disease-causing mutation in Huntington’s disease. eLife 2023;12. 
https://doi.org/10.7554/eLife.89782.1. 

59. Charlesworth CT, Homma S, Suchy F, et al. Secreted Particle Information Transfer (SPIT) – A Cellular 
Platform for In Vivo Genetic Engineering. bioRxiv 2024;2024.01.11.575257; doi: 10.1101/2024.01.11.575257. 

60. Wu H, Daouk S, Kebbe J, Chaudry F, Harper J, Brown B. Low-dose versus high-dose dexamethasone for 
hospitalized patients with COVID-19 pneumonia: A randomized clinical trial. PLoS One 2022;17:e0275217. 
https://doi.org/10.1371/journal.pone.0275217. 

61. Blakney AK, McKay PF, Bouton CR, Hu K, Samnuan K, Shattock RJ. Innate Inhibiting Proteins Enhance 
Expression and Immunogenicity of Self-Amplifying RNA. Molecular Therapy 2021;29:1174–85. 
https://doi.org/10.1016/j.ymthe.2020.11.011. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 April 2024                   doi:10.20944/preprints202404.1620.v1

https://doi.org/10.20944/preprints202404.1620.v1


 7 

 

62. Ferdosi SR, Ewaisha R, Moghadam F, Krishna S, Park JG, Ebrahimkhani MR, et al. Multifunctional CRISPR-
Cas9 with engineered immunosilenced human T cell epitopes. Nat Commun 2019;10:1842. 
https://doi.org/10.1038/s41467-019-09693-x. 

63. Xiao Y, Muhuri M, Li S, Qin W, Xu G, Luo L, et al. Circumventing cellular immunity by miR142-mediated 
regulation sufficiently supports rAAV-delivered OVA expression without activating humoral immunity. 
JCI Insight n.d.;4:e99052. https://doi.org/10.1172/jci.insight.99052. 

64. Yoo J-S, Sasaki M, Cho SX, Kasuga Y, Zhu B, Ouda R, et al. SARS-CoV-2 inhibits induction of the MHC 
class I pathway by targeting the STAT1-IRF1-NLRC5 axis. Nat Commun 2021;12:6602. 
https://doi.org/10.1038/s41467-021-26910-8. 

65. Park DS, Kozaki T, Tiwari SK, Moreira M, Khalilnezhad A, Torta F, et al. iPS-cell-derived microglia promote 
brain organoid maturation via cholesterol transfer. Nature 2023;623:397–405. 
https://doi.org/10.1038/s41586-023-06713-1. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 April 2024                   doi:10.20944/preprints202404.1620.v1

https://doi.org/10.20944/preprints202404.1620.v1

