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Abstract: Coronavirus disease-2019 (COVID-19) was seen as a respiratory disease, however, an increasing 

number of reports indicated that the spike protein could also be the cause of the long-term post-infectious 

conditions known as Long-COVID characterized by a group of unresponsive idiopathic severe neuro, cardio-

vascular disorders, including strokes, cardiopathies, neuralgias, fibromyalgia, and Parkinson's like-disease. 

Different lines of pieces of evidence confirmed that the spike protein that can be found on the surface of the 

SARS-CoV-2 virus latches onto angiotensin-converting enzyme 2 (ACE2) receptors located on target cells. The 

RNA genome of coronaviruses, which, has a median length of 29 kb and is the longest among all RNA viruses, 

is comprised of six to ten open reading frames (ORFs) that are responsible for encoding both the replicase and 

structural proteins for the virus. Each of the components of the viral genome is packaged into a helical 

nucleocapsid that is surrounded by a lipid bilayer. The viral envelope of coronaviruses is typically made up of 

three proteins that include the membrane protein (M), the envelope protein (E), and the spike protein (S). The 

spike protein not only facilitates the virus entry into healthy cells, which is the first step in infection but also 

promote profound damage to different organs and tissues leading to severe impairments and long-term 

disabilities. Here, we discussed the pervasive mechanism that spikes mRNA adopted to alter multipotent and 

pluripotent stem cell (SCs) genomes and the acquired disability of generating an infinite number of affected 

clonal cells. This stance is based on the molecular and evolutionary aspects obtained from retrotransposons-

retrotransposition in mammalians and humans that documented the frequent integration of mRNA molecules 

into genomes and thus into DNA. Retrotransposition is the molecular process in which transcribed and spliced 

mRNAs are accidentally reverse-transcribed and inserted into new genomic positions to form a retrogene. 

Sequence-specific traits of mRNA clearly showed long interspersed element-1 (LINE-1 or L1)  to confirm the 

retrotransposition, considered the most abundant autonomously active retrotransposons in the human 

genome. In mammals, L1 retrotransposons drive retrotransposition and are composed of long terminal repeats 

(LTRs) and non-LTR retrotransposons (mainly long interspersed nuclear elements or LINEs); specifically, the 

LTR-mediated retrocopies are immediately cotranscribed with their flanking LTR retrotransposons. In 

response to retrotransposons transposition, stem cells (SCs) employ a number of silencing mechanisms, such 

as DNA methylation and histone modification. This manuscript theorizes the expression patterns, functions, 

and regulation of mRNA Spike protein imprinted by SCs retrotransposons which generate unlimited lines of 

affected cell progenies and tissues as the main condition of untreatable Spike-related inflammatory conditions. 

Keywords: COVID-19; SARS-CoV-2; ZIKV; mRNA; RNAi; ncRNA; L1; retrotransposons; 

pluripotent multipotent stem cells 
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1. Messenger RNA spike protein and host genome alteration the role of retrotransposons  

The central dogma of molecular biology gives a key role to mRNAs considered critical mediators 

between inherited DNA encoded genetic information and proteomes/metabolomes that drive the 

multitude activities and functions at both  cellular and organ levels [1–3]. The free-floating spike 

proteins synthetized by cells targeted by the SARS-CoV-2 virus and destroyed by the immune 

response massively circulate in the blood and systematically approach ACE2 receptors expressed by 

a variety of cells, thereby promoting ACE2 internalization and degradation [3–6]. 

One possible explanation for the continued detection of SARS-CoV-2 viral spike protein mRNA 

in the absence of virus reproduction could be explained by the fact that in some cases, either DNA 

copies of viral subgenomic RNAs and mRNA of spike protein may eventually integrate into the host 

cells DNA by a reverse transcription (RT) mechanism [7–9]. The formation of retrocopies in a human 

cell lineage is a quite well known process and predominantly includes LINE-1 or L1 (long 

interspersed element-1) retrotransposons-retrotransposition, albeit there there is also the possibility 

retrotransposition may take place through long terminal repeat (LTR) retrotransposons [8–10]. 

Human L1 elements consist almost the 17% of the human genome, and are considered 

autonomous retrotransposons, which are able to retro-transpose themselves and other 

nonautonomous elements such as Alu, in fact L1 are a source of cellular endogenous RT [11–14]. 

Endogenous L1 elements have been shown to be expressed in aged human tissues and L1-mediated 

somatic retrotransposition is common in cancer patients and HIV patients. In addition, viral infection, 

including SARS-CoV-2 and Zika virus (ZIKV) infection are able to up-regulate the expression of 

endogenous L1 and other retrotransposons in host cells [15–18]. 

Based on the current knowledge, asserting that the only known mechanism by which RNA can 

integrate into the host genome should relies on the presence of a retrovirus particle containing RT 

may be deceiving as it does not consider the presence and significance of L1-driven retrotransposition 

in humans cells [11–13]. Therefore, understanding the relationships between different mechanisms 

of mRNA spike protein cleavage and their accumulation would be consistent to presence of a unique 

pathophysiological mechanism which may eventually explain the risk of to severe forms of COVID-

19 either Long-COVID or Spike protein syndrome [19–22]. 

Early mammalian embryos undergo deep epigenetic reprogramming associated with chromatin 

re-organization. Retrotransposition is the molecular process in which transcribed and spliced 

mRNAs are accidentally reverse-transcribed and inserted into new genomic positions to form a 

retrogene at A/T-rich consensus target sites via the process termed target-primed reverse 

transcription (TPRT) [19–22]. The peculiar traits of these retrosequences are usually composed of a 

poly(A) tail tract, the loss of introns, and the presence of target site duplications that may differ either 

in size or sequence. In the antisense direction, L1 also codes for ORF0p-1p-2p small peptide with two 

subunits (1 and 2) located in the nucleus and capable of enhancing the efficiency of retrotransposition 

[23]. Although, such retrogenes are often non-expressed pseudogenes due to the lack of regulatory 

sequences, some of them may accidentally recruit certain regulatory sequences and start acquiring 

new functions generating new functional retrogene, usually a chimera [24–33]. 

These chimeras tend to show either a mosaic structure with the retrogene coding regions 

combined with novel regulatory sequences that are not present in parental genes,  or a hybrid coding 

region consisting of exons from unrelated genes, positioned near the insertion site in addition to a 

new regulatory sequences. Of note, the L1 protein machinery works on several levels preferentially 

targeting their encoding mRNA (cis-preference), mobilizing a variety of other RNAs present in the 

cell (trans-association) which then include non-autonomous mobile elements (Alu, SVA) and 

splicesomal RNAs and several protein-coding mRNAs [28–35]. 

As matter of fact, both transposomes and retrotransposomes showed to play big role in the 

genome,  even though a great part have been truncated during genome evolution. Overall, the data 

have shown that LTR-mediated retrotransposition is highly conserved across a wide range of animal 

taxa and it represents one of the key mode of ongoing genetic evolution in eukaryotes. Therefore, 

many could be the factors and elements related to the deep damage of the mRNA spike protein, both 
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by vaccines and viruses, seen as the possible cause that increases their L1-mediated retrotransposition 

and subsequent integration into the host genome [28–34].  

A matter of primary concern is the fact that all nucleated cells are competent for endocytosis and 

can become receptive to mRNA (macrophages, dendritic cells (DCs), professional antigen-presenting 

cells (APCs) as well as pluripotent and multipotent stem cells (SC). Several lines of evidence 

confirmed that the cellular uptake of lipid nanoparticles (LNP) mRNA relies on the binding of 

apolipoprotein E (ApoE) to LNPs and their subsequent endocytosis which is facilitated by lipoprotein 

a receptors. low density (LDL). The scenario suggests that virus mRNAs may eventually encounter 

the L1 machinery since the L1 elements are generally expressed in different human somatic tissues, 

including CNS competent cells (glial cells, neuronal progenitor cells, differentiating neurons and 

mature non-dividing neurons), liver, spleen, adrenal glands, lungs, heart  as well as in 

lymphoblastoid cell lines, platelets, megakaryocyte, and T cells [34–37].  

2. Pluripotent, multipotent and progenitor adult stem cells the mRNA of spike protein the 

telomerasi, the retrotransposition integrated mechanism and the sequential cellular damages 

Interestingly, both in SC and in adult neurogenesis, L1 retrotransposition plays a key role in the 

creation of an important neuronal mosaicism, which then leads to the onset of several neurological 

disorders [36–38]. However, the main problem in this case may be attributable to progenitor cells, 

pluripotent and multipotent SCs because they possess a more open-state genome than adult somatic 

cells, which play a role in gene regulation by actively remodeling chromatin structure or providing 

more sites transcription factor binding [36–38]. For example, the presence of an efficient L1 

retrotransposition in mature non-dividing somatic and germ cells includes most of the cells in the 

respective organs, therefore restricted to a well-circumscribed area, while SCs can involve more cell 

phenotypes and therefore tissues and organs [36–38].  

There may also be a possibility that SARS-CoV-2 virus mRNA is epigenetically inherited via 

sperm RNA cargo. This can occur if testis cells of the male germinal lineage take up LNPs or EVs 

containing vaccine mRNA and if these mRNAs then end up in spermatozoa. Alternatively, during 

their functional maturation in the epididymis, spermatozoa could potentially actively internalize 

vaccine mRNAs supplied by epididymal EVs. The presence and integration of viral mRNAs in 

human sperm could be easily tested because the semen of vaccinated men, compared to other tissues 

relevant for integration, is a relatively accessible body fluid [2,39–41]. 

Regarding stem cells, one of the most important traits is the presence of telomeres and 

telomerase. Telomere stability and integrity are essential for genome stability, any dysregulation 

results in damage leading to early apoptosis, cell senescence or abnormal cell proliferation. It has 

been shown that telomerase and retrotransposon have a number of structural and mechanistic 

similarities, probably due to a common origin [42–45]. Retrotransposon telomerase itself ensures the 

telomere repeats in most eukaryotic organisms, which consists of a reverse transcriptase (RT) and 

RNA template key factors in the synthesis of the G-rich strand of telomere terminal repeats. 

Telomerase reverse transcriptase (TERT) is adopted with special N- and C-terminal extensions 

assisting a central RT-like domain. Telomerase includes two hallmarks of TERT which consist of a 

stable relationship with telomerase RNA and the ability to continuously reverse transcribe the RNA 

template segment [46–49] (Figure 1). 
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Figure 1. Structure of LINE-1 and LINE-1 retrotransposition cycle and the possible translation into 

cytosol and then the integration into nucleus TPRT and ORF. 

Although telomerase activity in stem cells helps to stabilize stem cell genomes, it can also increase 

the risk of accumulating mutations that are transcribed and fixed in clonal cells and future phenotypes 

[50–53]. An interesting point is that the plasticity of the retroelements is that group II introns are 

expected to be of bacterial origin and are considered the archetype of the major eukaryotic spliceosomal 

introns. Thus, similar to TP-reverse transposition (TPRT) and telomere synthesis, after self-splicing, the 

intron can reverse splice into a DNA target and be reverse-transcribed by the TPRT [50–53]. 

Unlike telomeres which are typically confined to the ends of chromosomes, reverse 

transcriptions of viruses and transposons can target a plethora of sites. Furthermore, the RNA 

genomes of retrotransposons and LTR retroviruses are both reverse-transcribed within RNP 

complexes in the cytoplasm, thus the cDNA is integrated into the host genome. Host proteins 

transcribe retrotransposon or integrated provirus [52,53]. This generates another round of template 

RNA for protein synthesis. RNAs can also be used to generate additional genomes for VLPs (LTR 

retrotransposons) or virus particles (retroviruses) [52,53]. This highly complex mode of viral particle 

replication requires reverse transcription to be coordinated with other mandatory steps during cell 

replication. It is clear that the higher the doses, the greater the possibility of reverse transposition of 

the mRNA [52,53]. 

Reverse transposition of the virus mRNA molecule is basically a random event and can occur in any 

cell type that displays L1 elements [2,54,55]. This event may lead to a unique scenario that should be 

considered the artifact of new idiopathic inflammatory conditions unresponsive to conventional 

treatments. Basically, the clonal expansion containing the new back-copy depends on its phenotypic 

effects and the proliferative ability of the mutated cells which will eventually lead to the persistent 

formation of affected tissues and clones which will become a constant target of the immune cells [2,54,55]. 

In fact, a moderately affected or neutral backcopy emerged in a mature somatic cell is nothing 

but the derivation of highly proliferative progenitor cells such as precancerous cells or pluripotent 

and multipotent SCs that theoretically have infinite possibilities of propagating giving rise to an 

infinite number of abnormal descendant cells mostly present in somatic tissue [56–60]. This 

phenomenon is closely related to the enzyme reverse transcriptase of stem cells which regulates the 

process of differentiation towards the mature phenotype. Through this mechanism, the stem cell can 

take up the microvesicles of mature cells containing mRNA which is subsequently released into the 
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cytoplasm which can be detected both in the specific mRNA of the epithelial cell and in the protein 

translated from this mRNA [2,56–60]. 

Similarly to SARS-CoV-2 mRNA, synthetic mRNAs exhibit quite unique behavior related to 

their chemical structure, nucleotide sequence, and formulation. Interestingly, their concentration, 

stability and distribution on tissues, organs and cells also occur through genome integration via L1 

elements [61–64]. This reflects either the amount of vaccine mRNA delivered in a single dose, the 

presence of SNPs that may impair the IFN-a (major somatic cell antiviral defense mechanism) 

expression, or the defection of the antiviral RNA interfering mechanism ( RNAi) typical of 

multipotent and pluripotent SCs [65–68]. An often overlooked point is that the efficacy of viral mRNA 

and vaccines is based on bypassing innate defense mechanisms, to reach the cytosol and then be 

translated by ribosomes. The adopted strategy relies on sequence optimizations and nucleoside 

modifications to achieve sufficient stability of owns mRNAs to access undetected by innate defense 

mechanisms such as IFN-y. In addition, the synthetic mRNA is protected by additional lipid 

nanoparticle (LNP) shielding facilitating its cellular uptake and entry into the cytosol via endosomal 

escape, which also favors the reverse transposition possibilities of vaccine mRNA [65–68]. 

3. Pluripotent, multipotent and progenitor stem cells contamination and further consequences 

Retrotransposons identified in SCs along the differentiation process trigger serious 

considerations regarding the possibility of potentially harmful outcomes. Considering the ability of 

pluripotency and multipotency transcription factors to bind retrotransposons and regulate their 

activities in SCs, we hypothesized that retrotransposons may also be involved in embryogenesis and 

in the process of differentiation towards mature cells and tissues [68–71]. To support this hypothesis, 

we reported some advances from in vivo and in vitro retrotransposon studies conducted in mice and 

humans. The data highlighted the expression patterns of key transcriptional factors (such as 

transcription factors and epigenetic effectors) and Cis-regulatory elements (promoters, enhancers 

and super-enhancers) deeply involved in embryonic development. Among some pluripotency 

transcription factors that we can find are OCT4, SOX2, and NANOG, a group of genes that not only 

control SC activation by regulating pluripotency status and lineage differentiating expression, but 

also contribute to the architecture open chromatin stem cell [71–75]. 

Indeed, some results demonstrated that L1 full-length mRNA and ORF1-encoded protein 

(L1TD1) are encoded in pluripotent and multipotent SCs (MSCs, ESCs, HSCs, and iPSCs). Of note, 

L1TD1 is a SC-specific RNA-binding protein and OCT4, SOX2, and NANOG are all capable of 

binding to the L1TD1 promoter. Further research confirmed that more than half of the new LINE-1 

insertions are full-length and enriched in the specific protein-coding genes of SCs [74,75] (Figure 2). 
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Figure 2. Schematic of the process mRNA spike protein entering into circulatory stem cells via cell 

membrane-attached angiotensin-converting enzyme 2 (ACE2). Parallel to immune system activation 

triggered by circulating S protein/subunits/peptide fragments which eventually may bind in multiple cell 

types of the vasculature and surrounding tissues due to antigen diffusion (e.g., in fenestrated or 

discontinuous capillary beds). These series of molecular events are the beginning point of cellular progeny 

contamination, that eventually lead inflammatory patterns, fibrotic remodeling, and vasoconstriction. 

The mRNA genome integration was confirmed by an experiment performed using different 

mature somatic cell phenotypes from hESCs and hHSCs to test their ability to support L1 

retrotransposition. Each differentiated cell type was infected with a hybrid adenovirus-

retrotransposon virus containing a human L1 element with an EGFP reporter cassette [2,3,31,74–76]. 

This model was then confirmed by tests performed on the Zika virus (ZIKV), notorious for its ability 

to enter the host cell by integrating with the host DNA [77–80].  

4. The Spike protein syndrome in searching for details 

Although, still to be proven, concerns towards a possible association between SARS-CoV-2 and 

vaccine mRNA and the potential disruption of the SC differentiation process causing a severe 

debilitating condition are increasing day by day. Several results and discoveries have validated this 

hypothesis. We herein proposed a new pathogenesis model in agreement with the recent 

immunological advances in research findings on COVID-19-derived spike protein and mRNA 

vaccines. Central nervous system damage, peripheral neuropathies, venous thromboembolisms, and 

sudden myocardial infarction (MI) are classified according to the type of damage to brain, platelets, 

nerves, kidneys, and heart tissue following SARS-CoV infection -2 and mRNA vaccines and, what 

we then called Spike syndrome. 

If we count the increased number of those debilitating severe idiopathic cases following the 

COVID-19 infection, Zika virus (ZIKV) would be of great help in understanding the mRNA tropism 

of SARS-CoV-2 and the role that SCs would eventually play in the etiopathogenesis of the current 

Spike syndrome. First of all, ZIKV and Sars-CoV-2 share many biological characteristics and 

infectious mechanisms. For example, in patients affected by ZIKV the analysis and measurement of 

CD34+ serum HSCs proved to be part of a very complex scenario made up of affected 

megakaryocytes-erythroid progenitors, erythrocyte lines and thrombocytes worsened also by the 

presence of single nucleotide polymorphism (SNP) on particular genes that control the immune 

responses (IL-6, IL-1a;b, TNF-α, IFN-γ and IL-10...) and the coagulation mechanism (MTHFR, Beta 

fibrinogen, ACE.. .). Immune analysis also confirmed the presence of overactive cytotoxic T cells, 

neutrophil NETs and M1 macrophages which ultimately explain the hyperinflammatory state and 

devastating thrombosis and sepsis as a consequence of virus mRNA tropism [67,81–84]. 

Other studies have detected productively infected fetal cardiac MSCs (fcMSCs) via viral mRNA 

which was detected at 48 hours. Scientists were able to see the effects of ZIKV on the protein 

expression of several mesenchymal cell markers, indicating its ability to alter the differentiation 

process of fcMSCs and their derived cells and clones. ZIKV infections and cardiac complications in 

the form of myocarditis, pericarditis, atrial fibrillation, cardiac arrhythmias and heart failure are very 

close to the damages of SARS-CoV 2 and vaccine mRNA to cardiac tissues [83,84]. 

To evaluate whether ZIKV infection affects the differentiation potential of fcMSCs, cardiac and 

mesenchymal origin marker expression after ZIKV infection was also examined. It was observed that 

the expression of MSC markers CD90 and CD73 is substantially impaired in infected cells, the 

researchers were able to demonstrate that ZIKV infection increased CD90 expression and this 

phenomenon has previously been associated with increased differentiation ability of virus-infected 

MSCs, suggesting that the virus-induced increase in fcMSCs upon CD90 stimulus toward 

differentiation is a trick used by the virus itself to continue propagating. 

There was also an increase in the CD73 receptor (ecto-5-prime-nucleotidase enzyme which, 

together with CD39, converts extracellular ATP to adenosine). The ability of CD73 to decrease local 

immune responses and to facilitate immune escape mechanisms is known. Thus, the ZIKV-mediated 
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increase in CD73 has a role in facilitating viral replication by allowing the virus to escape host 

immune surveillance in cardiac tissue [81–84]. 

Intriguingly, one of the receptors most commonly implicated in ZIKV entry into neural 

progenitor cells is the AXL receptor tyrosine kinase (AXL). AXL also promotes the entry of SARS-

CoV-2 into cells of the respiratory system, in fact this receptor has been shown to specifically interact 

with the N-terminal domain of SARS-CoV-2 S. But what is really interesting , both SARS-CoV and 

ZIKV first bind to Growth arrest-specific 6 (Gas6) via phosphatidylserine on the viral membrane and 

then bind to AXL. The GAS6/AXL axis is also expressed in many other cell types found in the nervous, 

cardiovascular, and immune systems, where they may play critical roles in influencing the normal 

development and function of specific mature cells and tissues [85–88]. 

Each phase of stem cell potency is characterized by its own distinct special morphology, which reflect 

the patterns of gene expression and epigenetic modification. Retrotransposons affected by spike protein 

mRNA show skewed stem cell specific expression and are considered a marker of the affected state. 

Therefore, it was hypothesized that the spike protein derived from Sars-CoV-2 mRNA, similarly to what 

happens with ZIKV, could compromise the cellular integrity of the host through the contamination of 

multipotent, pluripotent and progenitor SCs, a condition which was then aggravated by the possible 

presence of specific SNPs on genes responsible for inflammatory and immune regulation, such as 

interleukins and modulatory cytokines, such as IL6, TNFa, IFNy, IL10 etc... [85–88]. 

Therefore, taken together, these results could confirm that SARS-CoV-2 virus progresses 

similarly to other mRNA viruses, whereby spike protein integration via L1 back-deposition may 

occur via ACE2r: i) all types of differentiating stem cells; ii) progenitor cells; iii) differentiating adult 

cells such as neurons, myocytes, endothelial cells, chondrocytes and fibroblasts. Thus, it is logical to 

assume that L1 reactivation is necessary for pluripotency maintenance and self-renewal [88]. 

5. Proposed model of different Spike protein syndrome’s pathologies a possible physio 

pathogenesis related to affected stem cells and kidney/heart/brain axis 

During initial COVID-19 infection, spike proteins typically break into smaller fragments once 

they have invaded human cells, however, spike proteins have been observed to remain intact in some 

cases. Intact spike protein that could be found in patient tissue and cell samples is indicative of 

continued attack by host immune system autoantibodies, the “conditio sine qua non” of long COVID 

and spike protein syndrome [88,89] (Figure 3). 
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Figure 3. Schematic of the process showing SARS-CoV-2 Spike protein cell nucleus entry via the 

angiotensin-converting enzyme 2 receptor(ACE2r) and the retrotransposons, ORF 1-2 telomerase 

reverse. Parallel to immune system activation, circulating S protein binding to ACE2 may occur also 

in multiple cell types of the vasculature, nerves and surrounding tissues due to antigen diffusion. 

These series of molecular events are take place steadily and gradually from the cytosol ending up into 

the nucleus integrating into the host’s cells genome. In the two counteracting pathways of the renin–

angiotensin system (RAS), that involves ACE which generates angiotensin II (ANG II). ANG II 

binding and activation of the ANG II type 1 receptor (AT1R) promotes inflammation, fibrotic 

remodeling, and vasoconstriction. 

Considering the group of axonal immune neuropathies which are a particular type of immune-

mediated condition exhibited by Long-Covid and Spike protein syndrome, they have been shown to 

have a clinical presentation with a heterogeneous picture and relatively rapid progression of 

symptoms [89,90]. Clinically, Long-Covid and Spike Protein Syndrome are characterized by cold 

extremities, numbness, tingling, prickling sensations with paraesthesis events, general muscle 

weakness, perineal discomfort, and burning pains. The severe manifestation can eventually result in 

fulminant myocarditis, Guillaume Barret syndrome, fibromyalgia involving organs and gland 

dysfunction. Affected areas of the body often become extremally sensitive leading to unbearable 

intense or distorted experience of touch (allodynia). In such cases, pain is due to stimuli that does not 

normally provoke pain [89,90]. 

These signs have led us to carefully consider the importance of the brain-CNS/heart/kidney axis. 

The renin-angiotensin system (RAS), which plays a key role in regulating autonomic and 

neuroendocrine functions, maintaining cardiovascular and renal homeostasis, is probably the main 

affected mechanism after COVID-19 and mRNA vaccines. Angiotensin (Ang) receptors are scattered 

throughout the central nervous/cardiovascular/renal system and are involved in the synthesis of the 

peptides Ang-I, Ang-II, Ang-(1–7), Ang-(1–9) and the enzymes involved in their formation, 

angiotensin converting enzyme type 1 (ACE-1), type 2 (ACE-2) and chymases which are the preferred 

entry of SARS-CoV-2 mRNA [91–94] (Figure 3).  

In particular, the Ang-II is the main effector molecule of RAS exerting a central function in the 

regulation of blood pressure (BP), via the activation of AT1 receptors. Thus and presumably, any 

dysfunction occurring along the brain/CNS/heart/kidney axis may also affect the RAS by increasing 

the Ang-II synthesis, which in turn may drive to a sympathetic outflow and hypertension. Of note, 

Ang-II plays a key role for microglial activation by enhancing the production of pro-inflammatory 

cytokines that affect neuronal activity in the cerebral paraventricular nucleus (PVN) region causing 

perturbed sympathetic outflow, promoting vasoconstriction, tachycardia and hypertension [91–94]. 

The integrative responses of the kidneys to persistent inflammatory stress can negatively affect 

the thermoregulatory system, cardiovascular control, water and electrolyte levels. It is well known 

that persistent stress from the inflammatory spike protein may contribute to the onset of chronic 

kidney disease (CKD) by disrupting the RAS mechanism. It is known that in patients with chronic 

kidney disease anemia is a structural problem, which gives rise to a particular type of hypothermia 

that is often found in patients affected by Long Covid and Spike protein syndrome [95].  

Of note, multipotent cardiac SCs, progenitor cells, myocytes, and fibroblasts all express ACE2r 

which allows entry of the virus and its mRNA-derived spike protein. Similarly, pericytes and mural 

cells that support the maintenance and repair of microvasculature throughout the myocardium are 

also highly susceptible as they express the highest levels of ACE2 within cardiac tissues [96]. 

It is worth mentioning that one of the most significant pathological events that clinicians have 

experienced thus far is consistent with sudden death related to myocardial infarction (MI), a 

condition that mostly affects young people and athletes. This event could be explained by a silent 

progressive decay of the coronary chemoreceptors and its neighboring nerves and ganglia [96–98]. 

The inflammatory process can spread up to the fiber tracts located in the dorsal roots reaching the 

ganglion neurons that from there tend to influence neurons in the spinal cord, reaching the 

sympathetic efferent neurons. The direct involvement of stem cells is therefore assumed, derived 

infected mature and progenitor neuro cells may also contribute to the disorders of sympathetic 
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afferent neurons that are associated with multiple districts such as heart, esophagus and bronchi 

through: i), the affection of vagal afferent axons that are associated with myocardial receptors, which 

ascend in the vagal nerves up to the node ganglion reaching the nucleus of the tractus solitarius and 

interneurons; and, ii) these interneurons will in turn affect the vagus and sympathetic preganglionic 

efferent nerves in the bulbospinal tracts [97–100]. 

Interestingly, an experiment conducted by Marchiano and colleagues, on the contractile 

properties of human pluripotent SCs-derived cardiomyocytes on 3D engineered cardiac tissues, 

showed the progression of infection by virus mRNA. The results showed that the viral mRNA to 

affect the contractile ability of cells has reached the dedifferentiated state. Maximal contraction force 

in infected tissue has decreased as early as 72 hpi (hypotension predictor), and contractions decrease 

to less than 25% of the force measured at baseline at 144 hpi. This event, the authors referred, could 

contribute to a progressive loss of force production [94]. 

It should be added that the reduction in pericyte vascular coverage observed in the heart or 

lungs of patients with COVID-19 indicated that SARS-CoV-2 may affect the microvasculature by 

targeting pericytes. It has been noted that an increase in adverse cardiovascular events, which often 

affect young and athletic people as we mentioned earlier, could be an event due to either the greater 

accumulation of Ang II or to the higher level of active circulating SCs much more present in younger 

individuals and those who practice sport [96–100]. 

The anomalous and misleading data is confirmed by the fact that the procedures for detecting 

immune axonal neuropathies in most cases revealed absent or reduced nerve amplitudes with normal 

latencies and conduction velocities. We assume that probably the final stage of stem cell differentiation 

does not express particular modified morphologies, or particular patterns of gene expression and 

epigenetic modifications that often go undetected. However, the role of the L1 retrotransposon 

mechanism in the life cycle of affected SCs carrying the viral mRNA may be accounted for those abnormal 

features that are not shown using conventional detection tests [100,101]. 

6. The virus non-codingRNA the mechanism to avoid immune surveillance and deactivating 

stem cells 

However, it should be mentioned that SCs play an equally important role in immunity against 

viruses [102]. Until very recently, the lack of biogenetic and physiological evidence for the existence 

of siRNA (small interfering RNA) suggested that the RNAi (interfering RNA) machinery has not to 

be considered a key device in antiviral immunity of pluripotent and multipotent human SCs [102–

104] (Figure 4). However, the results of pluripotent embryonic SCs (ESCs) studies in mice showed 

something quite unique demonstrating that the siRNA of viral origin was detected in ESCs infected 

with encephalomyocarditis virus or Nodamura virus, suggesting that the RNAi pathway might be 

functional in these. cells [104–108]. 
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Figure 4. The stem cells antiviral nucleic acids represented by the RNAi can either be transfected into 

cells or expressed intracellularly. Introduction of virus-specific small interfering RNAs (siRNAs) into 

cells, thus programming the RNAi machinery to target viruses, is an effective therapeutic approach 

to inhibit virus replication in vitro and in animal models. 

Thus, it appears that during the millennia in which humans and viruses have co-evolved in a 

sort of competitive race, somehow the virus has adopted a strategy to knock down SC RNAi by 

targeting and using SC RNAi. Although the mechanism is still unclear, in line with other authors, we 

have proposed that RNA viruses such as SARS-CoV-2 and vaccine analogues may use or interfere 

with RNAi-related pathways in the control or inhibition of expression, epigenetic modification and 

regulation of heterochromatin. By blocking dsRNA from possible contact with the RNAi pathway, 

these viruses are known to block or affect the RNAi once the viRNAs have been produced and 

inserted into host cells [107–112]. 

We assumed that the key pathway adopted by RNA viruses such as the SARS-CoV-2 to subvert 

the stem cells RNAi and making them as own multiplication carriers takes place by using the non-

coding RNA (ncRNA) [113]. The internal structure of ncRNAs composed of 200bp include transfer 

RNAs (tRNAs) and ribosomal RNAs (rRNAs), as well as small RNAs such as microRNAs, siRNAs, 

piRNAs, snoRNAs, snRNAs, exRNAs, scaRNAs and the long ncRNAs such as Xist and HOTAIR. 

The long ncRNAs indicate two main groups one circular and one linear. Since the ncRNAs are not 

presented via major histocompatibility complex (MHC) the virus would not be recognized as danger 

by the adaptive immune system which facilitate them the invasion allowing them to evade host 

innate immune as well [109]. Of note, also the SARS-CoV-2 virus is equipped with ncRNAs that is 

usually upregulated in COVID-19 active infection that would eventually be used as a biomarker for 

disease progression and severity. Thus, the inhibition of IFN and RNAi damages remain the most 

important tools adopted by viruses to weaken antiviral response by mature progenitor and somatic 

cells on one side, and pluripotent, multipotent SCs on the other [110].  

7. Final considerations 

Whether SARS-CoV-2 or vaccine mRNAs could possibly be integrated into the host genome, we 

are aware that this issue remains an open question for further screening and analysis. However, at 

present this hypothesis is the only one that could explain the relatively new and varied clinical 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2023                   doi:10.20944/preprints202308.1130.v1

https://doi.org/10.20944/preprints202308.1130.v1


 11 

 

condition of both Long-Covid and the Spike Protein Syndrome. That sais, it remains unclear why it 

was neglected the retroposition biology of L1 retroelements, the important presence of circulating 

stem cells and the role of their telomerase (reverse transcriptase’RT) in locating the mRNA 

retroposition into the DNA transcription mechanism [103–105]. The field of stem cells began its 

development more than 30 years ago and telomerase and retroelements in humans have been studied 

for more than 40 years [103–105] but obviously without any attempt to look for a link between the 

two elements. Unfortunately, all of this tends to give the impression that stem cells and L1-driven 

retroposition are something of a forgotten topic in mRNA science.  

A significant part of most evolutionary eukaryotic genomes is the result of regeneration 

processes in which the stem cell activities, the RNA transcription mechanism and the formation of 

"retrogenes" necessarily foresee the role of reverse transcript synthesis allowing to integrate new 

coding transcripts of DNA into the host genome. The mRNA of the SARS-CoV-2 virus and vaccines 

is closely associated with retrotransposons and the telomerase machinery and all have played a major 

role in this genomic sculpting [1,2,103–113]. 

Furthermore, the current hypotheses would also be able to explain the mechanism of the 

inflammatory disease secondary to Long-COVID syndrome and mRNA spike syndrome, trying to 

give a correct analysis of why and how some subjects are more prone to experience devastating 

complication. The data presented in this paper, suggested that the higher numbers of circulating 

affected stem cells that continuously working by replacing old tissues and cells with new generation 

of affected mature somatic cells may prevalently occur in young and healthy individuals due to their 

cells' longer telomeres and faster telomerase activity. As a result, these affected offspring tend to 

generate large chunks of almost irreversibly contaminated tissues and organs. The higher the 

regeneration mode, the higher the risk of receiving inflammatory patterns imprinted by the mRNA 

Spike protein. As earlier mentioned, viral mRNA can either alter the expression of host RNAi or IFN 

using cellular machinery to form viral miRNAs, new patterns that are eventually integrated via L1 

retroposition mechanism into the host genome [102–113].  

8. Conclusion 

We conclude by writing that the retrotransposition machinery of mature somatic and stem cells 

can use their RNA templates to pick up and include new mRNA into host DNA at the ends of 

chromosome breaks, unfortunately, whether this process is compatible for the future adaptation, we 

don't know yet. We should consider the phylogenetic and functional activities of these retroelements 

as the functional mechanism that our body uses in an attempt to respond and adapt to specific new 

stimuli and new insults. This implies that current assessments of the mRNA spike protein as a direct 

consequence of both the SARS-CoV-2 virus and the vaccine, may foster a new line of investigation 

that can specifically address the mechanism of genome integration and the role of stem cells. 
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