MRNA VACCINE

INDUCED DAMAGE MECHANISMS

DR.SSA LORETTA BOLGAN

Doctor of Chemistry and Pharmaceutical
Technology

Doctorate in pharmaceutical Sciences
Scientific Consultant
loretta.bolgan@gmail.com

88 FEDERAZIONE

M )R INASCIMENTO




MRNA VACCINE INDUCED DAMAGE MECHANISMS

The various mechanisniy whch COVIEL9 vcaccines canduce immunopathologiesnclude the following:

ANTIBODXDEPENDENT ENHANCEMENT (ADE).
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CIMENTO

However, ADIBas also been explored in depthMERS, Dengué€’, Zika virus, Ebolé, HIV” and seasonal influenza

8

TheADEmechanism is quite complex but can be summarized as follows: when a subject who possessastinsiib
antibody level (as a result of primary infection or vaccination) comes into contact with a similar virus and become
infected, higmmune system promotsinfection and fatal complications of the diseask other wordsa proportion

of the vaccinated are predisposed by the vaccination developingserious and fatal complications of thgery
diseasethey are meant to be protected from

When the virus inécts macrophagesnstead ofbeing processed for presentation to other cells of the immune system,
on the one handthe virusinhibits type | IFN signaling and on the other hah@nables the pranflammatory
expressiorof IL-1, I1-6, and TNFR = O 2 yyitd\takideistoymn syndromeand potentiation for fatal disease In
these cases, the development of acute respiratory disease coincides with antiviral IgG seroconversion.

It is important to emphasize that disease pot&tion manifests as severe and potentially fatal lung disease both
following natural infection in predisposed individuals and especially following vaccination. However, the two cases ar
distinguishable, as poghfectious ADE pneumonia presents predoaritly in macrophage infiltration, whereas post
vaccinal ADE pneumonia is eosinophilic in nature.
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COVIBL%related inflammatory responses couldso be induced bydysregulationof the complement systema
critical component of host innate immunity.

A subset of patients with COVII@has beenknown to develop vasculitic lesignsood vessel occlusion, and infarcts
Histopathologic reports from tissue sections suggest features associated with immune conmga@ted vasculitis,
including infiltration of monocytes and lymphocytes in and around blood vessels, wall thickening, and focal
hemorrhage!?

From the perspective of the mechanisnducing harm the severe/fatal complications associated with SARS2
infection can be consideredansequence of ADE.

ADE explains why thelderly people are at greater riskhan children anchealthy adults, becausethey have more
non-neutralizing antibodies from coronavirus infections or vaccinations (e.g., flu shots), and have an immune
system thatis inefficient at fighting infection.Pregnant women and infants under one year of age are also
susceptible to disease enhancement if they are reinfected.

Becuasef its ability to formquasispeciegsee below)SarsCov2, could certinaly beresponsible for the phenomenon

of disease enhancement in vaccinees, whstiould have beemnvestigated and excluded before proceeding with
human trials.
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To date, only a few partiah vitro and in vivo studies are availablsuggesting risk in humans. Although the issue was
brought to the attention of the EMA back in March 2020 by the Coalition for Epidemic Preparedness Innovations (CEI
and the Brighton Collaboration (BC) Safétwtform for Emergency vACCINnE€SPEACT there are stillno useful
availableresults.

AUTOIMMUNE INFLAMMATORY SYNDROME
The presence of autoantibodies patients who have developed Covi8 may suggest that an
autoimmune/inflammatorymechanism may be an additional event determining the severity of the diséase.
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It would appeathat the source ofthis adverse vaccine reactiorwhich hasalready beenencounteredamong
peoplevaccinated with&Pfize vaccine!4, andof seriouscomplications reported in the literature following COVID
19% is amolecular mimicrymechanismi.e. of sequence homology (similarity) between Spike proteins and
human proteins from various tissues.
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In this regarda recent studyy Prof. Kanduc andProf. Shoenfeldcattempted to answelby way of abioinformatic
proteomics studthe question why SARS0V 2 attacks the respiratory systeao aggressivelyTheir results report
extensive peptide sharing between the SARS/2 spike glycoprotein and lurgyirfactantrelated proteins (13 of 24
peptides).On the basis of these findings, the authomighlight the risk of using vaccines containing the fldingth
spike of SAREov2.16

EquallyDr. JL Wyley studied the sequence homology betweSARSC ov2 proteins and human proteins and
confirmedthe high sequence homology angbtential risk of autoimmunity.
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It is mportantto note that by using speically developedathematical models, ihas beemossible to verify that viral
guasispecies are not simply a collection of different mutants, bgraup of interactive variants which together
contribute to the charadristics of the populatior?®
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For the explanation see the text of the article

Mutant spectra are the source of virus adaptability besauhey constitute dynamic (continuously evolving)
repositories of genotypic and phenotypic viral variants.

Such molecular dynamisaerives fromthe limited copying fidelity exhibited by RMN#&pendent RNA polymerases
(also referred to as RNA replicaséd)Adependent DNA polymerases (or reverse transcriptases, RTs), and some DNA
dependent DNAbolymerases.

Error rates for RNA viruses, retroviruses, and some DNA viruses are in the rangeaf@®mutations introduced
per copiedhucleotide,whcih is froml0*to 10°times higher than those that occur during normal cellular chromosomal
DNA replication.

High error rates underlie quasispecies dynamics, which is characterized by two main properties:

(1) Viruses replicate as a set ohriant genomegcalled mutant spectra, distributions, clouds, or swarms) that differ
from each other in one or more mutations.

The average number of mutations per genome in a mutant spectrum is a measure of the genetic complexity of the
viral population which is a multifactorial parameter.

(2) The main consequence of viruses replicating as mutant spectra ithérat is no "sequence" or "genome" of an
isolated virus asit is still misleadingly described with the nucleotide sequence of the viral gemeported in

databases and still in some publicatiofi$e reality is that viral populations are mixtures of mutants, contrary to
what might be assumed when only consensus sequences are considered.

Anirusthat spreadin nature can be the result of direct contact between infected and susceptible hostst(lbest)

or a more complex series of events such as virus transfer from infected hosts to external objectstmbjest) that

in turn become a source of virus.

At each stage of hodb-host or objecito host transmission uncertainties derived from the presence of multiple
genome typeserve tolimit the predictability of evolutionary outcomes.
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CIMENTO

Furthermore, for any virus, the invasion of a new susceptible h@sh&w beginning in terms of evolutionary events.

Whenever the host receives a nonidentical set of infectious genomes, they face a unique set of selective pressure
studied through phylodynamics, i.e., through analysis of the immunological, epidemid)@gidaevolutionary forces

that influence the phylogenetic trees of virus genomes isolated from infected indivitfuals

The presence of an abundant number of mutant genomes within a population gives viruses the potemagidor
evolution, which can led to various consequences, including disease enhancement due to weak antibody
formation, as seen above, and vaccine resistaiee

The presence of quasipecies also in vaccines from live attenuated viruses has already been described in the
literature.

Thegenomic sequence and the biological characteristics of egesties subpopulations may differ significantly, and
the selection of a more virulent subpopulation in the vaccinated host may have adverse consequences.

For example, the virusontained in the mumps vaccine has been documented to be a distributinaasfspecies
mutants and neurovirulence has been associated with changes in the level of genetic heterogeneity at specific
genomic sites®,

The Urabe strain formerly used in theumps vaccine (no longer used because of high neutdence), contains
subpopulations that differ in the sequence of the gene for hemagglutieinroaminidase and in the propensity to
cause poswaccinal meningiti¥’. Regarding the varicella vOka DNAciae virus, it has been known since 2002 that
it is not a single virus but a viral mixtuie

NONIGE MEDIATED PSEUDOALLERGY (CARPA)

The delivery system is a key element in mRNA vaccines, as it should protect the mRNA from RNases and enhe
deliveryinto the cytosol. In the case of COMIDvaccines, lipid nanoparticles (LNPs)mainlyused as mRNA vehicles.
LNP complexes are the most widely used platform and present the best results in mMRNA delivery.

LNPs are mainly composed of ionizalgdds, cholesterol, phospholipids, and polyethylene glycol (PEG) anchored to
lipids and in addition to their role in mMRNA protection, they facilitate cellular uptake, enhance exit from endosomes
and allow release into the cytoplasm. LNPs may also prat&iA molecules from being recognized in endosomes by
TLRs, preventing excessive activation of the innate immune system.

24Grenfell BT, Pybus OG, Gog JR, Wood JL, Daly JM, Mumford JA, Holmes EC.
Unifying the epidemiological and evolutionary dynamics of pathogens.

Science. 2004 Jan 16;303(5656)-327 doi: 10.1126/science.1090727. PMID: 14726583.
https://science.sciencemag.org/content/303/5656/327.long

25Domingo, E., 2020.
Virus as Populations,
Second ed. Academic Press, Elsevier, Amsterdam.

26Sauder CJ, Vandenburgh KM, Iskow RC, Malik T, Carbone KM, Rubin SA.

Changes in mumps virus neurovirulence phenotype associated with quasispecies heterogeneity. Virology. 2086Qdr):2857. doi:
10.1016/j.virol.2006.01.035. Epub 2006 Feb 21.
https://lwww.sciencedirect.com/science/article/pii/S004268220600064 X ?via%3Dihub

Morfopoulou S, Mee EEt al

Deep sequencing reveals persistence of-asflociated mumps vaccine virus in chronic encephalitis. Acta Neuropathol. 2017 Jan;133(47-138i:
10.1007/s00401016-1629y. Epub 2016 Oct 21.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5209397/

27Shah D, Vidal S, Link MA, Rubin SA, Wright KE.

Identification of genetic mutations associated with attenuation and changes in tropism of Urabe mumps virus.
J Med Virol. 2009 Jan;81(1):180doi: 10.1002/jmv.21381. PMID: 19031463.
https://pubmed.ncbi.nimnih.gov/19031463/

28 Gomi Y, Sunamachi H, Mori Y, Nagaike K, Takahashi M, Yamanishi K.

Comparison of the complete DNA sequences of the Oka varicella vaccine and its parental virus.

J Virol. 2002 Nov;76(22):11459. doi 10.1128/jvi.76.22.1144711459.2002. Erratum in: J Virol. 2003 Mar;77(5):3351. PMID: 12388706; PMCID: PMC136748.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC136748/
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However, thereare some critical issuesemainthat need to be overcome in the administration of mMRNA vacg¢iies
such as

1 the toxicity of some lipid formulations;

1 the difficulty in reaching immune cells in dedicated secondary lymphoid organs; and

9 the need to tailor each delivery system to the route of administration.
From a toxicological point of view, it should be mentioneattistudies of RNAI release through cationic LNPs
(nanopatrticle liposomes) showed thpolyamines such as polyethylenimine and pblysine led to high serum liver
enzyme levels, reduced body weight, and dramatically reduced total leukocyte counts, suggeaechanism of
immunosuppression after intravenous administratiof?
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https://www.ncbi.nlm.nih.govpmc/articles/PMC4978509/

Nanopatrticle size, shape and surface charge dictate biodistribution among the different organs including the lungdeéwesinsikidneysaj Spherical particles,
including gold nanoparticles, liposomes and polymericelles/nanoparticles can vary in size and display dispanateofates. Large rigid particles with diameters
>2,000 nm accumulate readily within the spleen and liver, as well as in the capillaries of the lungs. Nanoparticlesge tbel@g200 nmhave been shown to
extravasate through vascular fenestrations of tumors (the EPR effect) and escape filtration by liver and spleen. Asasige beyrond 150 nm, more and more
nanoparticles are entrapped within the liver and spleen. Ssiaéd nanopdicles (<5 nm) are filtered out by the kidney3.

b0 b2ORRePYDR2LIYR Wo200G2Y dzlJQ FIONROFGA2Y GSOKyAldzSa KI @S Syl @lindical addkS S
discoidal shapes, which have been shown to leitlgronounced effects on pharmacokinetics and biodistribution. Different nanoparticle shapes exhibit unique
flow characteristics that substantially alter circulating lifetimes, cell membrane interactions and macrophage uptaken wirictaffect biodistibution among

the different organs3?

2 Kowalski PS, Rudra A, Miao L, Anderson DG.

Delivering the Messenger: Advances in Technologies for Therapeutic mRNA Delivery.
Mol Ther. 2019 Apr 10;27(4): 74728. doi: 10.1016/j.ymthe.2019.02.012. Epub 2019 Feb 19.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6453548/

Granot Y, Peer D.

Delivering the right message: Challenges and opportunities in lipid nanopaitidémted modified mMRNA therapeutids innate immune system standpoi
Semin Immunol. 2017 Dec;34:68. doi: 10.1016/j.smim.2017.08.015. Epub 2017 Sep 7.

https://pubmed.ncbi.nim.nih.gov/28890238/

30LandesmasMilo D, Peer D.

Toxicity profiling of several common RMNxsed nanomedicines: a comparative study.

Drug Deliv Transl Res. 2014 Feb;4(1):08. doi: 10.1007/s1334613-01587.

https://pubmed.ncbi.nim.nih.gov/2586620/

31 ongmire M, Choyke PL, Kobayashi H.

Clearance properties of nargized particles and molecules as imaging agents: considerations and caveats.
Nanomedicine (Lond). 2008;3(5):7#@837. doi:10.2217/17435889.3.5.703
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3407669/

32Black KC, Wang Y, Luehmann HP, et al.

Radioactive 198Adoped nanostructures with different shapes for in vivo analyses of their biodistribution, tumor uptake, and intratumarbut.
ACS Nano. 2014;8(5):438394. doi:10.1021/nn406258m

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4358630/
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CIMENTO

(c) Charge of nanoparticles stemming from distinct surface chemistries influences opsonization, circulation times andimtsictesident macrophages of
organs comprising the MPS, with positively charged pagimore prone to sequestration by macrophages in the lungs, liver and spleen. Neutral and slightly
negatively charged nanoparticles have longer circulation lifetimes and less accumulation in the aforementioned orgaktP&the

In bothb andc, the sie of the nanoparticles is assumed to range frorq D nm. Individual panels represeintvivofates of nanopatrticles, taking into account
singular design parameters of size, shape and surface charge independent of one another, and for this reasongeresplest vary from one panel to the next.

It is important to note thain vivobiodistribution will undoubtedly vary based on the interplay of several of the above parameters.

It is also known that intravenous injection of a varietynahotechnologyenhanced (liposomal, micellar, polymer
conjugated) and protenbased (antibodies, enzymes) drugs can lead to hypersensitivity reactions (HSR), also known
asinfusion or anaphylactoid reactionsThe molecular mechanism of mild to severe aiesymptoms may differ

from case to case and is mostly unknowthoughin many cases a major cause or contributing factanis

activation of the complement systen(C)

The clinical relevance of C activatisiated HSR, a nelgEmediated pseudoalleng(CARPA), lies in its
unpredictability and occasional lethal outcomeConsequently, there is a medical need to develop laboratory
analyses and animal models to quantify CARPA.

It is emphasized that anaphylatoximduced mast cell release may not fullypéain severe reactions; it may also
contribute a "second hit" on allergyediating cells and it is suggested that CARPA represébteal stress”

reaction, a systemic struggle of the body against harmful biological and chemical agents through the
anaphyatoxin/mast cell/circulatory system axis, in analogy to the body's struggle against physical and emotional
stress through the hypothalamus/pituitary/adrenal axis.

In both cases, the response to a wide variety of harmful effects is channeledunitoem pattern of physiological
changes*

33 Xiao K, Li Y, Luo J, et al.

The effect of surface charge on in vivo biodistribution of ®Egdcholic acid based micellar nanopeles.

Biomaterials. 2011;32(13):343#46. doi:10.1016/j.biomaterials.2011.01.021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3055170/

34Szebeni J.

Complement activatiosrelated pseudoallergya stress reaction in blood triggered by nanomedicines and biologicals.
Mol Immunol. 2014 Oct;61(2):16A3. doi: 10.1016/j.molimm.2014.06.038. Epub 2014 Aug 12.
https://pubmed.ncbi.nim.nih.gov/25124145/

Patko, Zs6fia and Szebeni, Janos.

Blood cell changes in complement activati@tated pseudoallergy

European Journal of Nanomedicine, vol. 7, no. 3, 2005283244. https://doi.org/10.1515/ejnm20150021
https://lwww.degruyter.com/document/doi/10.1515/ejnr20150021/html

DézsiL, et al

Features of complement activatierelated pseudoallergy to liposomes with different surface charge and PEGylation: comparison of the porcine and rat responses.
J Control Release. 2014 Dec 10;1982doi 10.1016/j.jconrel.2014.08.009.

https://pubmed.ncbi.nim.nih.gov/25148822/
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Interrelationships between different abnormalities during CARPA, leading to clinical symptoms.

The liposome that forms the vehicle for the Pfizer vaccine contains two new excipients: cationic ligd@1&LC
containing a tertiary amine and twesterified portions, and PEGylated lipid ALI59 containing an acetamide
functional group. Both compounds are still being studied for toxicology, pharmacokinetics, and pharmacodynamic
because they are newly introduced.

It should be noted, however, thah the Pfizer vacciné® assessment report, it is indicated that only the entire
formulation (modified RNA in the LNPs) was used, so tiser@ toxicological data on the LNP alone or its specific new
excipients. No genotoxicity or carcinogenicity studigere provided because the components of the vaccine
formulation are lipids and RNAs that are not expected to have genotoxic potential.

However, the new excipient AKI159 contains a portion of acetamide that is potentially genotoxic. The risk
assessment grformed by the manufacturer indicates that the genotoxicity risk related to this excipient is very low
based on literature data reporting the genotoxicity of acetamide following chronicdagle oral (norinjection) use.
However, this assessment is questable because the injective and oral routes of administration are not comparable
in toxicological terms.

The cationic lipid ALG315 due to the presence of cationic amine functional groups has the potential to trigger CARPA
however, the manufacturer repts that although systemic complement activation (which can sometimes be induced
by liposomal and biological drugs and can cause hypersensitivity reactions) is known, it has not been studied becal
no signs indicative of such clinical manifestations Haaen detected.

However it should be noted that many adverse reactions reported in the pharmacovigilance fé&podicate this

type ofinduced damagenechanism.

SYSTEMIC REACTIONS

35 https://lwww.ema.europa.eu/en/documents/assessmengport/comirnaty-eparpublic-assessmenteport_en.pdf

36 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/962405/GTO/IBRNA _Pfizer
_BioNTech_Vaccine_Analysis_Print.pdf
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Recent human studies have demonstratadderate and in some cases severe systemndnjection site reactiongo
several mRNA vaccingatforms. 37

Potential safety issues that should be evaluated in future preclinical and clinical studies include local and system
inflammation, biodistribution and persistence of the expressed immunogen, stimulation of autoreactive antibodies
and potential toxic effects of any nomative nucleotides and components of the delivery system

A possible concern could be that some mR¥&ed vaccine plorms induce potent type | interferon responses
associated not only with inflammation but also wihtoimmunity.3®

By stimulating dendritic cell maturation and eliciting robustaid Bcell responses, mRNA vaccimaay activate
autoreactive lymphocytesand reactivate autoimmune diseasesTherefore, individuals at increased risk for
autoimmune reactions should be identified before mMRNA vaccination and appropriate precautions should be
taken.®®

$7Bahl K, Senn JJ, Yuzhakov O, et al.

Preclinical and Clinical Demonstration of Immunogenicity by mRNA Vaccines against HLON8 and H7N9 Influenza Viruses.
Mol Ther.2017;25(6):1316.327. doi:10.1016/j.ymthe.2017.03.035

https:/iwww.ncbi.nlm.nih.gov/pmc/articles/PMC5475249/

Alberer M, et al

Safety and immunogenicity of a mMRNA rabies vaccine in heatthlts: an opesiabel, norrandomised, prospective, firsh-human phase 1 clinical trial.
Lancet. 2017 Sep 23;390(10101):18BPR0. doi: 10.1016/S0146736(17)316653. Epub 2017 Jul 25.

https://pubmed.ncbi.nim.nih.gov/28754494/

38Edwards DK, Jasny E, Yoon H, et al.

Adjuvant effects of a sequenamngineered mRNA vaccine: translational profiling demonstrates similar humamaride innate response.
J Transl Med. 2017;15(1):1. Published 2017 Jan 3. doi:10.1186/s0264111-6
https://iwww.ncbi.nlm.nih.gov/pmc/articles/PMC5210268/

Pepini T, Pulichino AM, Gdlo T, et al.

Induction of an IFNVediated Antiviral Response by a Saihplifying RNA Vaccine: Implications for Vaccine Design.
J Immunol. 2017;198(10):404D24. doi:10.4049/jimmunol.1601877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5421303/

Rénnblom L.

The importance of the type | interferon system in autoimmunity.

Clin Exp Rheumatol. 2016-Aug;34(4 Suppl 98):24. Bpub 2016 Jul 21.
https://lwww.clinexprheumatol.org/abstract.asp?a=10861

Rénnblom L.

The type | interferon system in the etiopathogenesis of autoimmune diseases.
Ups J Med Sci. 2011 W%16(4):22737. doi: 10.3109/03009734.2011.624649.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3207297/

Talotta R.

Do COVIEL9 RNAbased vaccines put at risk ioimunemediated diseases? In reply to "potential antigenic cnesctivity between SARSoV2 and human
tissue with a possible link to an increase in autoimmune diseases".

Clin Immunol. 2021;224:108665. doi:10.1016/j.clim.2021.108665

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7833091/

Vojdani A, Kharrazian D.

Potential antigenic crosseactivity between SARS0oV2 and human tissue with a possible link to an increase in autoimmune diseases.
Clin Immunol. 2020;217:108480. doi:10.1016/j.clim.2020.108480

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7246018/

Velikova T, Georgiev T.

SARE0V2 vaccines and autoimmune diseases amidst the CQYIdisis.
Rheumatol Int. 2021;41(3):5®18. doi:10.1007/s0029621-047929
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7846902/
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The immune processes involved in the mechanism of MRNA vactacésation of T helper cells (CD4+) via MHC | molecules and processed viral antigen in
antigenpresenting cells in the lymph node; stimulation of T cytataells (CD8+) via MHC class Il molecules and processed viral antigen and B cell by native viral
antigens. In antigeqpresenting cells, mRNA sense TLR7 and 8, leading to activation of down cascade and production and secretion of proiyflzytokiates

and type | interferons. Some of the mechanisms are simplified in the figure by omitting (i.e., the inflammasome, the pretessmumdary messengers, etc.)

Another potential safety issue could arise from tire@sence of extracellular RNA duringiccination Naked
extracellular RNA has been shown to increase the permeability of tightly packed endothelial cells and thus may
contribute to edema?

Other studies have shown that extracellular RNA, acting as a DAMPS, also promotes pathiotogitals

formation, andcardiomyocyte death.

“OFischer S, Gerriets T, Wessels C, Walberer M, Kostin S, Stolz E,Rhdtesie A, Hippenstiel S, Preissner KT.
Extracellular RNA mediates endotheliall permeability via vascular endothelial growth factor.

Blood. 2007 Oct 1;110(7):24%b. doi: 10.1182/blooe200608-040691. Epub 2007 Jun 18.
https://lwww.sciencedirect.com/science/article/pii/S0006497120604967?via%3Dihub

4LKannemeier C, Shibamiya A, Nakazawa F, et al.

Extracellular RNA constitutes a natupabcoagulant cofactor in blood coagulatidroc Natl Acad Sci U S A. 2007;104(15):6333.
doi:10.1073/pnas.0608647104

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1851071/

Preissner KT, Fischer S, Deindl E.

Extracellular RNA as a Versatile DAMP and Alarm Signal That Influences Leukocyte Recruitment in Inflammation and Infection.
Front Cell Dev Biol. 2020;8:619221. Published 2020 Dec 18. doi:10.3389/fcell.2020.619221
https:/iwww.ncbi.nlm.nih.gov/pmc/articles/PMC7775424/

Deindl E, Fischer S, Preissner KT.

New directions in inflammation and immunity: the mdfitinctional role of the extracellular RNA/RNase system.
Indian J Biochem Biophys. 2009 Dec;46(6)8.61
https://www.researchgate.net/publication/42973591_New_Directions_in_Inflammation_and_Immunity_Nlti-
functional_Role_of_the_Extracellular_RNARNase_System
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Contribution of extracellular RNAs (eRNAs) to vascular homeostasis and cardiovascular pati#dtegiesll stress (such as hypoxia, injury, and pathogen
exposure), eRNA is found to be expressed at various extracellular sites, both intravascularly and extravascularlyn|reRitimay be derived from

damaged or apoptotic cells or becomes reledsa inflammatory cell activation and accumulates within atherosclerotic plaques in the course of disease
development. The following functional activities of eRNA are promoted by direct interactions with specific extracell@gspid) promotion of vecular
hyperpermeability by eRNA as coreceptor/cofactor of vascular endothelial growth factor (VEGF) and by induction of vas@iggagenesis. (2) Initiation

of intrinsic blood coagulation (via the contact phase proteins) and thrombus formatiomd@}tion of recruitment of leukocytes to the inflamed vessel wall by
eRNAmediated elevation of expression of intercellular adhesion moleduite endothelial cells or vascular cell adhesion moleduded Pselectin in vascular

smooth muscle cells. (§kewing of monocytes/macrophages toward the M1 proinflammatory phenotype, accompanied by an upregulated expression of tumor
necrosis factoh 6t b £ A y-6 @-8)f I8 2zihdugible nitric oxide synthase (iNOS), and response factors, such as amesnblere, eRNA triggers FNF

h ¢converting enzyme (TACE) to liberate the functionally active T¥F 6 p 0 t NEY2 (G A2y 2F OFNRA2Y&2083GS8 RSIHGK oe
TNFh Ay GKS 02 yrédedusion hjfiry. A 8 OKSYA |

Therefore,ongoingsafety evaluationis required, as different mRNA systems and modes of administration are
used for the first time in humans and are tested on larger and more heterogeneous patient populations.

NEUROLOGICAL DAMAGE ASSOCIATEDPRIDN PROTEIN FORMATON

Zernecke A, Preissner KT.

Extracellular Ribonucleic Acids (RNA) Enter the Stage in Cardiovascular Disease.
Circ Res. 2016 Feb 5;118(3):480 doi: 10.1161/CIRCRESAHA.115.307961.
https://www. ahajournals.org/doi/10.1161/CIRCRESAHA.115.307961

Foley JH, Conway EM.

Cross Talk Pathways Between Coagulation and Inflammation.

Circ Res. 2016 Apr 29;118(9):1391B. doi: 10.1161/CIRCRESAHA.116.306853.
https://www.ahajournals.org/doi/full/10.1161/CIRCRESAHA.116.306853

42Pereira A.

LongTerm Neurological Threats of COMI® A Call to Update the Thinking About thatcomes of the Coronavirus Pandemic.
Front Neurol. 2020;11:308. Published 2020 Apr 17. doi:10.3389/fneur.2020.00308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7182030/
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Some viruses possess tropism for nerve tissue and are therefore classified as neurotropic (e.g., herpes simplex vi
type 1, rabies virus).

Theseviruses enter the brainthrough various pathways, includingetrograde axonal transport along axons,
hematogenous spread across the bleocin barrier (BBB), the bloeckrebrospinal fluid barrier, the meningeal
cerebrospinal fluid barrier and by direct infection of endothelial cells or spread of infected leekadythe brain
through the BBB.

Once in the brain, these viruses disrupt the complex organization of neural circuits either directly leatogaeal
damageor indirectly through host immune response pathways, causing neuropathologiasamediate or delayed
neurological manifestationg?.

(a) (i) Herpes simplex virus
Varicella zoster virus
(ii) polio virus
rabies virus
(b) Measles virus
West Nile virus
Varicella zoster virus
(c) Canine distemper virus
Herpes simplex virus
Influenza virus
(d) Canine distemper virus
Human cytomegalovirus
(e) Enteroviruses
Mumps virus

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713712/

Routes of virus spread into the central nervous systeinfection of permpheral nerves.i) Virus spread from mucosal epitheliiME) to sensory and autonomic
neurons §N following infection of axon termini. Retrograde axonal transport results in virus spread to the spinag@of) (Virus infection of motor neurons
(MN) at neuromuscular junctions in smooth muscBM) results in retrograde axonal transport to the spinal cord and the breBiood;brain barrier (BBB).
Virusinfected lymphocytesgreen (1) in blood vessel8W WNER f f Q | f 2 y2Hattac 8 theSeyidataeliakc8liESladdranéverse the endothelial cell
layer EQ () and the glia limitansL). Virus spread to neuron§)(is assumed to occur following contacts with uninfected neurons. Alternatively, direct virus
infection of endothehl cells may occur with subsequent spread into the brain parenchyma resulting in neuronal infetitiection of olfactory neurons. Virus
present in the mucosa) of the upper respiratory tract can directly infect olfactory sensory neur@®Y present in olfactory epithelium©B. Anterograde
axonal transport leads to spread of virus within axonal bundles passing through the cribriformGffatet¢ the olfactory bulb@B. Transsynaptic spread to
mitral cells MO results in virus spread alongetolfactory tract{(O7) to other brain regionsd Meningeal bloodcerebrospinal fluidCSlrbarrier. Virusnfected
leukocytes in meningeal blood vessels present within theaalzchnoid space between the pia and arachnoid roll, attach to the endothelightransverse
endothelial cells into the CSF. Direct infection of endothelial cells may also lead to virus spread into #8l@sEcerebrospinal fluid barrier. Virdsfected
leukocytes or cetfree virus present within blood vessels of the choroidkpke CHF transverse the endothelium as described previously, th This can lead to
infection of epithelial cells and apical release of virus or spread of-wifasted leukocytes across the CHP epithelium into the CSF.

“3LudlowM, Kortekaas J, Herden C, et al.

Neurotropic virus infections as the cause of immediate and delayed neuropathology.
Acta Neuropathol. 2016;131(2):1884. doi:10.1007/s00400151511-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4713712/
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In the short term, neurotropiwiral infections can cause inflammation of the brain parenchyma and lead to
encephalitisor braintargetedautoimmune responsesn predisposed individuaf$.

Possible longerm effects on hosts may include alterations in emotionahd cognitive behavior, as shown in
experimental animalghrough persistent alterations in the expression of genes involved in the regulation of synaptic
activities in key brain areds

Axonal transport of neurotropic viruses can also transform inki@sl f f @ RA 42 NRSNBRY dINL 8 B\
syn), into promiscuous ligands that can form toxic aggregates and travel along neuronal pathways from
postganglionic enteric neurons to central nervous system nerves and callskath in various areasfdhe brain.
(BraakHypothesi} 46

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6558190/

The intestinal epithelium is a multifunctional interfad&directional interaction between the brain and the gut is mediated by neural pathways, such\agtie
nerve (VN pathway), and humoral pathways, such as lymphatic tissue and blood flowKhpathway)A monolayer of epithelial cells separates the intestinal
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While the most common symptoms fronthe early stage of COVID19 disease include fever, fatigue, dry cough,
myalgia, and dyspnea, other less common symptoms include headache, abdominal pain, diarrhea, nausea, and
vomiting *°. In addition, it has been found that most patients also complain of an impairment oftbolfactory and
gustatory perception®! and these are considered early markers of COMMinfection®?
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