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Introduction

The use of messenger RNA (mRNA) vaccines has been developing since 1990.
Historically, there have been three significant problems associated with mRNA
vaccines. First, it has always been a challenge for vaccine developers to get the
desired mRNA into the cells of choice (the delivery problem). Second, introducing a
foreign RNA (the vaccine mRNA) into a patient causes their body to initiate an
innate immune response thereby causing pathogenesis when there actually was no
infection (the immunogenicity problem). And third, RNAs are rapidly degraded by
ribonucleases (RNases) which are enzymes that degrade RNA. These RNases are
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found virtually everywhere which not only hinders development, but also makes it
difficult to get a desired mRNA in a vaccine to stay around long enough to elicit the
desired response (the degradation problem). There are many summaries of these
historical facts (Morais et al., 2021; Jain et al., 2021; Kariko et al., 2008).

The claim among mRNA vaccine manufacturers and some scientists is that the
three problems cited above have been solved; but have they?

Both Pfizer and Moderna claim that they solved these problems by encasing the
mMRNA inside of a lipid nanoparticle (LNP) and by modifying the mRNA through the
substitution of N1-methylpseudouridine for the nucleotide uridine (Morais et al.,
2021; Jain et al., 2021; Nance and Meir, 2021; Pardi et al., 2018; Andries et al., 2015).
The use of LNPs allegedly solves the delivery problem by getting the vaccine’s
modified mMRNA into the cells and helping to protect the mRNA molecules from
degradation during their trip from injection site to target cells. Their use of LNPs is
another matter to be addressed in a subsequent report.

The use of a modified uridine (N1-methylpseudouridine) to replace uridine was
suppose to solve the last two problems: the inherent immunogenicity of foreign
mMRNAs and degradation of the mRNA. These matters are the topic of this report.

Does the use of a modified uridine (N1-methylpseudouridine ) solve the problem of
the immune response to a foreign RNA such as the vaccine delivered modified
mMRNA and premature degradation of the vaccine delivered mRNA?

It is difficult to dissect these two issues (MRNA immunogenicity and degradation)
because they are so interconnected. But first, what is N1-methylpseudouridine and
what does it do?

Modified Uridine

In nature, modified uridines (such as pseudouridine and N1-methylpseudouridine)
incorporated into RNA allow the body’'s immune system to distinguish “self” from
“non-self’; that is, the body’'s own RNA molecules (self) from foreign (non-self) RNA
molecules (Kariko et al 2005). mRNA-based vaccine development was hindered for
years because the body recognized the vaccine mRNA as foreign and initiated an
immune response to eliminate the foreign material. Vaccine manufacturers
needed a way to suppress that immune response if mRNA vaccines were to be
used. But what are the consequences of suppressing the body’s first line of
defense, innate immunity?
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Pseudouridine was first described in yeast in 1957 (Davis and Allen, 1957) and
named the fifth nucleotide, a name it still carries (Borchardt et al., 2020).
Pseudouridine is an isomer of uridine; that is, pseudouridine has the same
identical atomic composition as uridine but with a slightly different structure. For
pseudouridine, although this change is structurally minor, when incorporated into
an RNA molecule by the cell in a strategic and specific manner, the changes in
properties it imparts to RNA molecules are major.

Besides being involved in gene expression and protein production, natural
conversion of uridine to pseudouridine stabilizes the molecule and protects it from
degradation by RNases and helps it to evade immune detection (Borchardt et al.,
2020).

There is considerable evidence that the use of pseudouridine in vaccine mRNA
does in fact protect the mRNA molecule from RNases and thus, slows its
degradation and can suppress the unwanted immune response mechanism
(Morais et al., 2021; Borchardt et al., 2020; Eyler et al., 2019; Zhao et al., 2018;
Kariko et al., 2008). In addition, but not always mentioned, is that pseudouridine
increases protein (including spike protein) production (Svitkin et al., 2017). Use of
pseudouridine was justified by researchers on the basis that it is a naturally
occurring modified nucleotide within our cells and gets strategically and
specificallyincorporated into many RNA molecules including mRNA. It is known to
be involved in multiple aspects of gene expression and protein production (Morais
etal., 2021).

However, pseudouridine contributes a universal base character to the nucleotide.
Whereas uridine (U) normally base pairs only with adenine (A), pseudouridine
exhibits a “wobble” character to it and will allow uridine to base pair with adenine
(A), guanine (G), cytosine (C) and uridine (U). These natural modifications in a RNA
molecule evidently contribute to its function (Morais et al., 2021; Parr et al., 2020;
Svitkin et al., 2017). However, in a vaccine mRNA this would be problematic as it
would change the amino acid sequence of the resulting protein; in this case, the
spike protein. For a more thorough description of base pairing see the Youtube
video

https://www.youtube.com/watch?v=7AtO8DuWsck
(https://www.youtube.com/watch?v=7AtO8DuWsck)

The vaccine manufacturers addressed the “wobble” characteristic of pseudouridine
by substituting N1-methylpseudouridine into their mRNA construct rather that
pseudouridine. N1-methylpseudouridine is different from uridine or
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pseudouridine, but has been shown to demonstrate the beneficial attributes of
pseudouridine that the manufacturers sought (protection from degradation,
evasion of immune detection, increased protein production, molecule stability)
while eliminating the “wobble” character that pseudouridine exhibited (Svitkin et
al., 2017; Parr et al., 2020; Morais et al., 2021; Nance et al., 2021).

N1-methylpseudouridine is also naturally occurring but with much lower frequency,
and structurally and chemically, it differs considerably from pseudouridine. N1-
methylpseudouridine has an added methyl group (CH3) and this modification
probably contributes to its higher affinity for pairing with adenine, a much desired
attribute for a vaccine mRNA because it is the normal pairing (Morais et al., 2021).

But in nature, modified nucleotides are strategically and specificallyinserted and
required for proper folding, stability and accurate decoding of RNA molecules
(Wurm et al., 2012). Wu et al. (2015) found that abolishing specific pseudouridines
in another type of RNA (ribosomal RNA or rRNA) severely affects ribosome function.

Borchardt et al. (2020) used mass spectrometry to analyze mRNA pseudouridine
content. They found that pseudouridine was present at 0.2 to 0.6% of total uridine
in MRNA from human HEK293T cells (a human immortalized cell line). They
hypothesized that mRNA pseudouridylationcontrols metabolism in response to
cellular conditions, and stress conditions induce changes in expression of these
modified nucleotides. The placement of pseudouridines affects the RNA backbone
conformation and stability of base pairs. Furthermore, pseudouridine alters RNA-
protein interactions for several RNA binding proteins (RBPs) that regulate RNA
processing. Borchardt et al. (2020) states that “artificial pseudouridylation of a
single position can inhibit function.” Furthermore, they state that “pseudouridine is
not always treated as a uridine by the ribosome and could affect translation of the
protein.”

Therefore, given that the amount of pseudouridine is relatively small in nature (0.2
to 0.6% of total uridine in mRNA), and that the points of pseudouridine insertion
are strategic and specific, and that even this amount of pseudouridylation is not
well understood, what would be the anticipated outcome of total replacement of a
foreign mRNA uridine population with an even more rare modified nucleotide, N1-
methylpseudouridine? That is precisely what Pfizer did in its mRNA vaccine. They
did not strategically and specifically replace some uridines in their already modified
MRNA (already producing two amino acid substitutions in the spike protein), they
replaced all uridines in the mRNA (Nance et al., 2021). But this issue is not
mentioned in the Pfizer document 2.4 NONCLINICAL OVERVIEW (
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https://phmpt.org/wp-content/uploads/2022/03/125742_S1_M2_24_nonclinical-
overview.pdf (https://phmpt.org/wp-

content/uploads/2022/03/125742_S1_M2_24 nonclinical-overview.pdf)

) or in two papers published as a result of Phizer's Phase 1/2 trials (
https://www.phmpt.org/wp-
content/uploads/2022/04/125742_S1_M5_5351_c4591001-fa-interim-
publications.pdf (https://www.phmpt.org/wp-
content/uploads/2022/04/125742_S1_M5_5351_c4591001-fa-interim-
publications.pdf)

).

The knowledge base of pseudouridine is limited. Borchardt et al. (2020)
summarizes it well; “Despite intensive investigation of the structural and
biochemical effects of pseudouridine in various systems, the biological role of most
endogenous pseudouridine remain unknown.” They continue, “Pseudouridine likely
affects multiple facets of mRNA function including reduced immune stimulation by
several mechanisms, prolonged half life, as well as potentially deleterious effects
on translation fidelity and efficiency.” Furthermore, the authors stated “The
functions of endogenous pseudouridine in mMRNA remain to be discovered.” They
g0 on to state that RNA pseudouridyation could have widespread effects on RNA
metabolism and gene expression and that “much remains to be known.”

Given that there is still so much to learn about how endogenouspseudouridine
affects biological systems, we must ask ourselves what effects N1-
methylpseudouridine might have on these same biological systems, especially
considering that so little is known about N1-methylpseudouridine. Afterall, the
enzyme, N1-methyltransferase, the enzyme that catalyzes the synthesis of N1-
methylpseudouridine, was only identified in 2012 (Wurm et al., 2012). Studies on
N1-methylpseudouridine began in earnestin 2015 (Andries et al., 2015). The
history of pseudouridine dates back to the 1950s whereas the history of N1-
methylpseudouridine only dates back to 2012. Obviously, science has barely
scratched the surface of N1-methylpseudouridine and its effects on biological
systems.

The incorporation of N1-methylpseudouridine in a mRNA vaccine is obviously not
strategic and specific as in natural incorporation. Rather, Pfizer used a shotgun
approach and they had no idea what the ramifications and unintended
consequences of such a modification would be. How are the folding, function,
localization and clearance of the subsequent protein affected? What does such a
massively modified foreign mRNA do to the delicate balance of cells and bodies
(homeostasis) that receive it?
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To date, there has been nothing identified in nature that resembles the Pfizer
modified mRNA, nothing even close. How does this Pfizer modified mRNA interact
with the cell’ protein machinery? Where does it localize within the human body?
How long does it last? Are there long-term toxicity, carcinogenicity or
pharmacological concerns? None of this has been studied. In fact, there is no
mention of pseudouridines or N1-methylpseudouridines in the Pfizer document 2.4
NONCLINICAL OVERVIEW (
https://phmpt.org/wp-content/uploads/2022/03/125742_S1_M2_24_nonclinical-
overview.pdf (https://phmpt.org/wp-

content/uploads/2022/03/125742_S1_M2_24 nonclinical-overview.pdf)

).

Good science demands answers to these important questions, and the answers
should have been obtained before injecting hundreds of millions of people globally
(billions of doses) with such an experimental substance.

Immunogenicity: Solution or Problem?

Vertebrates, including humans, have evolved an immune system to eliminate
pathogens. That system has two major branches, innate and adaptive immunity.
The innate immune system is the body's first line of defense. Frizinsky et al. (2019)
states that it is “more than the first line of defense, it is crucial to the survival of the
host.” The body reacts quickly to foreign RNA molecules by producing interferon,
cytokines and chemokines (Kang and Compans, 2009; Pardi et al., 2018). These
molecules, and others, are released by the cells to protect the body through cell
signals and pro-inflammatory responses. They may also impact the adaptive
immune response which is the second line of defense. This report will only
consider the innate immune response to a modified mRNA invader.

The effects of innate immunity on vaccine mRNA are incompletely understood but
there does seem to be agreement that it prevented traditional mRNA vaccines from
being used because the foreign RNA gets cleared by the immune system (Kariko et
al., 2005; Svitkin et al., 2017; Borchardt et al., 2020; Parr et al., 2020; Morais et al.,
2021; Jain et al., 2021). Pardi et al. (2018) noted that some mRNA-based vaccine
platforms induce interferon which is associated with inflammation and potentially
autoimmunity, edema, blood coagulation and thrombosis. It also increases
cytotoxicity leading to apoptosis (cell death) which of course reduces the
effectiveness of the vaccine.

Pepini et al. (2017) stated that “activation of the innate immune response by RNA
vaccines is potentially a double-edged sword.” On the one hand, with activation of
an innate immune response comes release of interferon and cytokines which
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facilitate the adaptive immune response (which might be needed later). On the
other hand, it may, as discussed by Pardi et al. (2017), cause an inflammatory
response to the vaccine leading to flu-like symptoms and potentially autoimmunity,
edema, blood coagulation and thrombosis, as well as degradation of the vaccine
MRNA. As early as February 2020, at that critical time of conception of the Pfizer
MRNA construct, it was reported that “the influence of modified bases on the
function of a synthetic RNA is poorly understood” (Parr et al., 2020). But it was
known that modified RNA, containing pseudouridine or N1-methylpseudouridine,
did suppress innate immunity. Aside from helping the vaccine’s modified mRNA to
survive in the body, the consequences of suppressing innate immunity simply were
not known.

Despite this lack of knowledge involving suppression of the innate immune system,
Pfizer still chose to use mMRNA modified with N1-methylpseudouridine (Morais et
al., 2021; Nance et al., 2021). It was a trade off between maintaining the body's
innate immunity (its first line of defense) and ability to degrade and deactivate the
vaccine’s mRNA, and a good adaptive immune response (the second line of
defense) needed if a SARS-CoV-2 infection were subsequently encountered (Parr et
al., 2020; Ivanova et al., 2021; Seneff et al., 2022). Although there is still much to
learn about compromised innate immunity, it has for many years been recognized
as a vital part of the adaptive immune system, which is critical in responding to an
infection. Dysregulated innate immune responses are considered lethal early in life
and many diseases are linked to malfunction in this system (Frizinsky et al., 2019).

It was by design, that N1-methylpseudouridine, as well as lipid nanoparticles, were
used by Pfizer to modify the SARS-CoV-2 mRNA. As discussed above, they were
specifically used to prevent degradation of the mRNA and suppress the innate
immune response (Morais et al 2021, Nance et al 2021, Wadhwa et al 2020;
Borchardt et al., 2020).

Already, the approach of suppressing the innate immune response in COVID-19
vaccinees is proving problematic. Suppressing the body's innate immune response
downregulate critical systems related to cancer surveillance, infection control and
cellular homeostasis (ability to maintain a steady state of chemical and physical
conditions). Vaccinees are unable to upregulate their interferons (as described
above) which affect numerous downstream sequences to protect the body (Pepini
et al., 2017; Pardi et al., 2017; Parr et al., 2020; Liu et al., 2021).

Ivanova et al. (2021) evaluated the immune response of patients with acute COVID-
19 (unvaccinated) and healthy adults after receiving the Pfizer BNT162b2 vaccine.
Although infection with SARS-CoV-2 and vaccination have both been shown to
stimulate an immune response, that response in the two groups was qualitatively
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different. In the COVID-19 patients the immune response was characterized by
augmented interferon signaling and upregulation of genes associated with
cytotoxicity. These responses were missing in the vaccinated group. The antibody
and cellular profiles between the two groups also differed. The vaccine group
elicited reduced levels of IgA and IgM antibodies compared to the COVID-19 group
(lvanova et al., 2021). This was also observed by Réltgen et al. (2022).

Another indication of impaired immune response is increased cell damage. Jain et
al. (2021) reported on a study of 63 patients with “coronavirus disease 2019
vaccination-associated myocarditis (C-VAM)”. All patients were less than 21 years of
age, 92% were male, all had an mRNA vaccine and except for one patient, all
presented after the second dose. This is not surprising considering that Avolio et
al. (2021) demonstrated that SARS-CoV-2 spike protein may prompt damage to
cardiac pericytes (part of microcirculation) in vitro. The Vaccine Adverse Event
Reporting System (VAERS) reported 8,090 heart disorders associated with COVID-19
vaccines in 2021 which accounts for 97.7% of all vaccine adverse events in that year
(https://vaers.hhs.gov/about.ntml (https://vaers.hhs.gov/about.html)).

Degradation: Solution or Problem?

Roéltgen et al. (2022) reported that they found vaccine mRNA in germinal centers
(secondary lymphoid organs including lymph nodes and spleen which are
important for B-cell activation) up to 2 months after a second dose. Mauger et al.
(2019) also demonstrated that increased guanine-cytosine (GC) content (a feature
of the Pfizer modified mRNA) as well as modified nucleotides such as N1-
methylpseudouridine could extend the mRNA half life and as a result, increase
protein production.

Pfizer employed all of the known methods ((5'-cap, 5-UTR, sequence modification,
3'-UTR and a 3'poly A tail) to prevent degradation and thereby increase the half life
of their mRNA (Mauger et al., 2019; Wadhwa et al., 2020; Nance et al., 2021). Thus,
it is not surprising that clearance of the vaccine mRNA is delayed and can be found
2 months post-injection (Roltgen et al., 2022). Yet, in the Pfizer document 2.4
NONCLINICAL OVERVIEW (p. 20,
https://phmpt.org/wp-content/uploads/2022/03/125742_S1_M2_24_nonclinical-
overview.pdf (https://phmpt.org/wp-

content/uploads/2022/03/125742_S1_M2_24 nonclinical-overview.pdf)

) Pfizer states that “RNA is degraded by cellular RNases and subjected to nucleic
acid metabolism. Nucleotide metabolism occurs continuously within the cell, with
the nucleoside being degraded to waste products and excreted or recycled for
nucleotide synthesis. Therefore, no RNA or protein metabolism or excretion studies
will be conducted” (emphasis added). The modifications to the SARS-CoV-2 mRNA
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made by Pfizer were clearly made to prevent degradation and extend the half life
of the vaccine’s mRNA (McKernan et al., 2021; Seneff et al., 2022; Nance et al., 2021;
Morais et al., 2021; Mauger et al., 2019; Svitkin et al., 2017; Kierzek et al., 2013), yet
Pfizer ignored this well-established fact and contradicted its own development logic
and decided that “no RNA or protein metabolism or excretion studies will be
conducted” (p. 20,
https://phmpt.org/wp-content/uploads/2022/03/125742_S1_M2_24_nonclinical-
overview.pdf (https://phmpt.org/wp-

content/uploads/2022/03/125742_S1_M2_24 nonclinical-overview.pdf)

). And the FDA accepted that contradiction in Pfizer's science.

Spike Protein Production

One final issue related to the Pfizer mRNA vaccine to be briefly mentioned here is
the enhanced spike protein production, generated from the vaccine mRNA. Itis
included here because it is, in part, related to the use of N1-methylpseudouridine
in the vaccine’s modified mMRNA. There are numerous other issues but they exceed
the scope of this report. See Seneff et al. (2022) for a thorough discussion.

A side effect of N1-methylpseudouridine substitution is enhanced translation of
MRNAs (enhanced protein production) (McKernan et al., 2022; Morais et al., 2021;
Nance et al., 2021; Parr et al., 2020; Mauger et al 2019; Svitkin et al., 2017; Kariko et
al., 2008). What problems are associated with over production of spike protein?

Brun et al. (2020) reported the process by which spike protein (S) is processed
within the host cell and soluble S1 subunit is secreted into the extracellular space
via lysosomes. Mishra et al. (2021) reported that excess spike protein causes
microRNA (miRNA, a special type of RNA important in cellular regulatory function)
to be exported out of the cells via exosomes. These released microRNAs get
transported to distant tissues and organs, including the brain and central nervous
system (CNS) where they are internalized and initiate a cascade of deleterious
effects (Mishra et al., 2021).

MicroRNAs are being recognized as an enormously important component of gene
expression and regulation and are associated with many diseases as well as
immune response (O'Brien et al., 2018; Zhang et al., 2021). By the way, SARS-CoV-2
genome, including the spike protein mRNA, have been shown to encode their own
MiRNAs, some of which interact with human miRNAs (Liu et al., 2020). This
undeniably important biomolecule was not mentioned by Pfizer either.

Conclusion
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To summarize, Pfizer utilized lipid nanoparticles and a modified mRNA in which all
natural uridine nucleotides were replaced with a rarely encountered nucleotide,
N1-methylpseudouridine. While it solved their problems of RNA delivery,
immunogenicity and degradation, it created some new problems. While uridine
substitution was found to reduce the body’s immune response to the foreign RNA
and protect the mRNA from degradation, there are adverse effects from this
strategy.

There is practically no scientific data available on how total uridine substitution in
an mMRNA will affect the delicate balance of the cellular and bodily physiology of the
host and what downstream effects may be initiated. Yet Pfizer conducted no
studies on this issue.

Suppressing the body's innate immune system also has downstream
consequences, particularly if a SARS-CoV-2 infection is subsequently encountered.
Increasing the stability and half life of the vaccine mRNA, along with increasing its
translation, means increased production of the spike protein which, as it turns out,
is itself a cause of pathogensis.

Problems with the Pfizer vaccine design and failure to adequately investigate their
effects on the delicate cellular systems of the human body are already manifesting
themselves. These problems are summarized in VAERS
(https://vaers.hhs.gov/about.html). The long list of adverse events is a reflection of
these issues.
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1 reply added
chris June 29,2022 Reply

GREAT article! Just wonder if there is a single study out there with RNA
profiling inside of the human body AFTER the mod mRNA injections??? Also
is there an enzyme which possibly can demethylate that Tmp-U and make a
p-U in a nonrandom fashion out of the synthetic Spike genome? That would
explain why human genome editing patents, products, etc. are all in the
queue....
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