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Huaier Effects on Prevention and Inhibition of Spontaneous SARS-CoV-2
Virion Production by Repeated Pfizer-BioNTech mRNA Vaccination
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Abstract

Background: Although striking effects of vaccination strategy against
pandemic COVID-19, a long-term influence by repeated partial virus
mRNA injections are unknown. In addition, the molecular mechanism
in accelerated ageing process still remains unclear. Through our clinical
research, we observe and reported spontaneous SARS-CoV-2 virion and
virion part production after Pfizer-BioNTech mRNA vaccination, observed
from 3 weeks after the first injection. A significant destruction in ribosomal
RNA structures, enhanced by repeated vaccinations, were also identified.
The present study is aimed to define molecular mechanisms for SARS-
CoV-2 virion production after injection of mRNA vaccination with a
comparison to virion proliferation in non-vaccinated patient with severe
COVID-19 pneumonia and fibrosis.

Methods: We direct clinical research to define molecular basis for
significant anti-cancer efficacy of Huaier (Trametes robiniophila murr).
In the present study, we used peripheral blood samples from the volunteer
patient, suspected lung cancer by CT image analysis with age-matched
normal controls with or without Huaier administration. Molecular
characterization was performed analyzed by total RNA and non-coding
small RNA sequencing on BGISEQ-500 Platform (about 7.0 GB analysis
per sample). Thorough genetic events, Gene Ontology analysis, and
functional target gene analysis were performed by using KEGGref)
pathway classification (https://www.genome.jp/kegg/).

Results: Spontaneous SARS-CoV-2 virion production was identified
after Pfizer-BioNTech mRNA vaccination until even 5 months after the
3 vaccination. We compared this virion production in vivo with infected
virus proliferation from severe COVID-19 pneumonia case without any
vaccination by total RNA sequencing. No virion and virion particle were
detected in normal control with continuous Huaier administration for two
years, and in the completely recovered after 3 month treatment only with 30
g per day Huaier. In contrast, without Huaier, the latent and increasing virion
production was detected proportionally to the extent of the progressive
destruction of the ribosomal RNAs. Molecular mechanisms demonstrated
were dependent on genomic potential to rescue the functional control on
perturbed kinase regulation through the integrated mTOR/PI3K/AKT
pathway network, with massive mi- and piRNA-mediated transcriptional
control. Even though specific small RNAs or transcriptional factors were
identified, the present study clearly demonstrated SARS-CoV-2 virion
production (whole and part) by repeated partial SARS-CoV-2 mRNA
vaccination.

Conclusions: The present study clearly demonstrated SARS-CoV-2
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virion production (whole and part) by repeated partial SARS-
CoV-2 mRNA vaccination. Extensive genomic potential
with massive up/downregulation of mi- and piRNAs were
identified, too, but no specific small RNAs or transcriptional
factors were detected. It is emphasized the significant
efficacy of Huaier on the rescue of disrupted ribosomal RNA
structure, on the elimination of spontaneous production of
virion and virion part in vivo, and on the restoration of the
regulatory kinase functions, which in total might affect the
accelerated ageing processes in COVID-19. These results are
encouraging to provide effective adjuvant therapy, toward the
up-coming postpandemic COVID-19 era.

Keywords: Huaier (Trametes Robiniophila Murr),
miRNA-medicated Transcription Control; mTOR/PI3K/AKT
Signaling Pathway; Ribosomal RNA Structure; COVID-19
Signaling Pathway; SARS-CoV-2

Trial Registration

The Japanese Medical Association (ID: IMA-ITA00335,
date of registration is on 1st February 2018).

Introduction

In the previous report [1], our clinical research
demonstrated the evidence of SARS-CoV-2 virion and virion
part in number even 3 months after the first vaccination by
Gene Ontology (GO) classification and functional enrichment
analysis of differentially expressed genes (DEGs). The long-
term, over 2 years of influence of repeated mRNA vaccination
against SARS-CoV-2 has not been clearly defined. It is
noteworthy that, although Pfizer-BioNTech and Moderna
vaccines contain mRNA that codes only for the SARS-
CoV-2 spike protein [2], repeated vaccine shots promoted
the production of many copies of SARS-CoV-2. Normal
individuals usually can clear foreign genetic material within
a few days, but SARS-CoV-2 production in vivo was detected
from 3 weeks after the 1 vaccination, and persisted even 5
months after the 3% vaccination. The influence of injected
self-amplifying mRNAs, in addition to the subsequent
spontaneous production, remains unclear. In addition, even
with several vaccinations, there is still enough possibility of
COVID-19 infection with novel mutated strains [3]. There
is a certain limit on the preventive efficacy of repeated shots
of anti-SARS-CoV-2 vaccination, and more importantly, the
problems of serial shots were raised regarding the destructive
effects on molecular mechanisms for protein synthesis by
causing destructive ribosomal RNA structures [1, 4—7]. This
raised many questions on the mechanisms, both in SARS-
CoV-2 virions and in patient physiological systems, to induce
the severity of the pathogenesis by SARS-CoV-2 infection.
It is not the less important to emphasize that the problems of
COVID-19 severe pneumonia exist not only in the disease
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itself but also in the severe and painful treatment strategies
and consequent long-lasting complications [2, 3]. Currently
we are launching into the postpandemic COVID-19 era and
have found that more problems remain to be solved, such as
more efficient preventive strategies and/or complications after
invasive treatments. We have started genomic and genetic
analysis of mRNA vaccination to our cancer patients from
April 2020 [1, 8-15], and examined any alterations in genomic
stability and in subsequent translation and transcription
processes [12]. Our previous research results demonstrated
that extensive genomic flexibility and capability were derived
from opportunistic virus infections, and that those genomic
potential is the basis to recover from the diseases [12]. Huaier
(Trametes robiniophila murr), natural herb therapy on cancer
patients (Chinese Administrative License No. Z-20000109)
[8-15], contributes to making this genomic potential efficient
for the rescue of disrupted physiological signaling networks.
We found that Huaier could compensate for any damage
from destructive ribosomal RNA structures after mRNA
vaccination against SARS-CoV-2, dependent on the genomic
potential of each individual, independent of the severity of
cancer or basic health conditions [1]. The accelerated ageing
process [16] in lipid metabolism has also been observed
which affects micro-embolus production, causing increasing
numbers of brain and cardiac infarctions in the Japanese
population. In addition, it is unclear to distinguish the exact
differences in the influence on physiological systems between
by intrinsic/spontaneous viral particles by serial vaccinations,
and by extrinsic/infected SARS-CoV-2 virus. The present
study, together with the previous report [1], we succeeded
in providing a clue and a solution for these problems,
including a strategy for prevention and treatment without any
complications. It is also indicated that the repair of destructive
ribosomal RNA structures was s good indicator for the risk of
spontaneous virion production as well as a good indicator of
the recovery process. Molecular systems affected for these
improvements were closely related to ageing process, via
activation of mTOR/PI3K/AKT kinase-related signaling
networks [12] as reported previously [1]. The novel KEGG
analysis characterization (COVID-19 panel No. hsp05171)
also demonstrated the influence of SARS-CoV-2 virions and
virion part to lipid metabolism, too. A small dose of Huaier,
6 g per day, is enough to prevent SARS-CoV-2 infection
as well as any unexpected damage in molecular systems in
this normal control. Huaier effects contributed to control
kinase function regulation via mTOR/PI3K/AKT signaling
networks, cooperated with massive mi- and pi-RNA-
medicated transcriptional control [1, 8-15]. The present study
thus provides an efficient and non-hazardous strategy to cope
with the up-coming postpandemic COVID-19 era.

Methods
Sample Collection and Medical Ethics Policy

Blood samples were taken from one patient, and two were
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healthy volunteers as controls. The present study was strictly
conducted according to the guidelines of the Declaration of
Helsinki and the principles of good clinical practice. Written
informed consent was obtained from the patients. This clinical
research was applied according to the Consolidated Standards
of Clinical Research Trials guidelines and was registered
with the Japanese Medical Association (ID: JMA-IIA00335,
1% February 2018). The project was strictly conducted with
a review by the ethics committee consisting of experts on
Medicine, Nursing, Laws, Pharmaceutics and Business
Community (first committee held on 9* February, 2018) [8-
12, 14-17]. Huaier (Trametes robiniophila murr) granules
were prepared and provided by the original manufacturer
(Chinese Administrative License No. Z-20000109), and
maintained in the desired environment until use (within one
year after production).

Quality Check of Total RNA Sample

An Agilent 2100 Bio analyzer (Agilent RNA 6000 Nano
Kit) was used to perform the total RNA sample quality check
(QC). The QC) item contains the RNA concentration, RIN
value, 28S/18S and fragment length distribution.

Library and Sequencing

The obtained peripheral blood samples (nine samples
from one cancer patient and two healthy controls) were
designated for further sequencing. First, the poly-A containing
mRNA molecules were purified using poly-T oligo-attached
magnetic beads. Following purification, the mRNA was
fragmented into small pieces using divalent cations under
elevated temperature. After removal of rRNA, the RNA
was converted into cDNA using reverse transcriptase and
random primers. This step was followed by second strand
cDNA synthesis using DNA Polymerase 1 and RNase H.
These cDNA fragments then have the addition process by
A-tailing and the cDNA was amplified. To generate libraries,
the amplified products were separated into single strand
DNA and cyclized. The RNA-seq libraries were subjected to
sequencing with the pair-end option using the BGISEQ-500
system at Beijing Genomics Institute (BGI), China [15, 18].
We also performed total non-coding small RNA sequencing
on the same platform. First, 18-30nt RNA segments were
separated by PAGE. Ligation of corresponding adaptors was
added to the RNA 5’ and 3’ ends, and the adapter-ligated
small RNAs were subsequently transcribed into cDNA, and
amplified product by several cycles. Then the RT primer was
reverse-extended in next step to synthetize strand cDNA,
and high-ping polymerase was used to amplify cDNA and
enrich cDNA with both 3' and 5' adaptors. Purified DNA was
used for cluster generation and sequencing analysis using
the BGISEQ-500 platform. Total RNA was isolated from
the serum samples and pooled together to construct cDNA
libraries. These libraries were subsequently sequenced
through Illumina HiSeq sequencing with paired-end reads of
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length 2*100bp according to the manufacturer’s instructions
as previously described [15, 18].

Data Processing and RNA-seq Expression Analysis

The sequencing data were analyzed and filtered using
software soapnuke software [19]. Clean reads were mapped to
the human reference genome GRCh38 with software bowtie2
software. Then, the gene expression level of each sample
was calculated using RSEM [20]. The expressed genes were
further analyzed between the groups and were detected by
DESeq2 [21] software. Significant differentially expressed
genes (DEGs) were defined as those with a fold-change larger
than 2 and a p-value smaller than 0.05.

Data Processing and Expression Analysis of miRNAs

Low-quality sequencing data were removed first, and the
reads were aligned to the miRbase database with bowtie2
[22] software, and the expression level of miRNAs was
calculated and standardized by TPM. Differentially expressed
miRNAs between two samples were screened strictly based
on Poisson distribution. Then, we made multiple hypothesis
test correction for the p value of the difference test, and to
judge the significance of gene expression difference, FDR<
0.001, and the absolute value of Log2Ratio>1 was set as
the default threshold. MiRanda [23] and TargetScan [24]
software were used to obtain the target gene of differentially
expressed miRNAs and to extract the intersection or union of
the target genes as the final prediction result. The metabolic
and signal transduction pathways and their biological
functions were determined. Pathway enrichment and GO
significance enrichment analyses were performed on the
target genes of differentially expressed miRNAs or DEGs by
using the R package ‘phyper’. For each P-value, we corrected
for multiple comparisons by controlling the False Discovery
Ratio. The terms for which the FDR was not greater than 0.01
were defined as statistically significantly enriched.

Results

Sampling Time Course and COVID-19 Patient
Characterization

Over hundreds of analysed samples in our clinical
research [1, 8-15], we hired 3 types of candidate volunteers
for the present study. Samples from two healthy Japanese
males were used as normal controls with (6 g per day since
November 2022) or without Huaier administration. The
characterization of total RNA sequencing data of both have
been reported and used in a series of our reports [1, 8-15].
The other was a severe COVID-19 pneumonia patient treated
with Huaier at 30 g per day for 3 months. Sampling timing
was as follows; 1) before 1* vaccination, 2) 3 weeks after 1%
vaccination (just before 2™ vaccination), 3) 3 weeks after 2™
vaccination (just before 3™ vaccination), 4) 3 months after 2™
vaccination, 5) 6 months after 2™ vaccination, 6) 9 months
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after 2" vaccination (just before 3™ vaccination), 7) 3 weeks
after 3% vaccination, 8) 5 months after 3™ vaccination (just
before 4" vaccination), and 9) 3 weeks after 4" vaccination
(data was still under analysis). Currently, the 5" vaccination
is not planned in these two individuals. The Pfizer-BioNTech
mRNA vaccine was used throughout the present study. In
the present study, we used total RNA sequencing method
including small nuclear RNAs, with quantitative and
qualitative functional analysis. The data presented were from
the timing of 5 months, 9 months after the 2™ vaccination,
since the former data until the 3™ vaccination have been
presented in a previous report'. These samples were used to
show the influence of repeated vaccination and subsequent
intrinsic/spontaneous virion production in vivo. To compare
the molecular information from vaccinated individuals with
extrinsic/infected virus proliferation, samples from one
patient (68-years-old male) with severe pneumonia were
used. The patient had no vaccine shots at all. To introduce the
case details, the CT image analysis (Figure 1) and blood test
results are summarized in Table 1. The onset time of infection
was suspected in the middle of January by the history of close
contact with the severely infected patient with the SARS-
CoV-2 Omicron strain. Symptoms were heavy cough, sputum,
and chest pain at night, which prevented him from sleeping
and body weight loss by 10 kg within 4 weeks, with blood
oxygenation levels of 86-87 % (detected by right finger) and
90% at most (left finger). No fever was detected throughout
the observation period. Suspected as lung cancer by CT image

CT image analysis
67 years’ old male with severe pneumonia + lung fibrosis

3 months after Huaier treatment
Jun 28, 2022

Before Huaier treatment
March 15, 2022

Figure 1: Chest CT image analysis before (March 15) and after 3
months of Huaier treatment on the patient (June 28).
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analysis, Huaier therapy was applied at 30 g per day. Within
a couple of weeks, drastic improvement was observed, and
almost all the symptoms were eliminated. No fever was
detected throughout the treatment period of 3 months. The
improvement was confirmed by CT image analysis (Figure
1), which eradicated the multiple infiltrate shadows in both
lungs. A few linear and vitreous shadows remained even at
the end of June. As shown in Table 1, a significant efficacy
to indicate the process of recovery was emphasized by the
biomarker KL-6 (Mucin short variant S1) [25-27], designated
to be a laboratory parameter for adenocarcinoma and
pulmonary fibrosis (interstitial pneumonia).

Destructive Ribosomal RNA Structures Identified
in the Patient and Normal Control after the 3™
Vaccinations (without Huaier Administration)

Here, we demonstrate the obtained results by the process
of laboratory analysis, i.e., 1) starting from total RNA
extraction from the blood samples, 2) RNA quality check, 3)
cDNA library construction and total sequencing (including
non-coding small RNA sequencing on the same platform),
4) data processing and expression analysis of RNA and small
nuclear RNAs, and 5) functional analysis of target genes
and differentially expressed genes (DEGs) and differentially
expressed small nuclear RNAs (DSGs). Extracted RNAs
were designated for quantifying RNA concentration,
28S/18S & 23S/16S ribosome structures, and RNA integrity
number (RIN) or RNA quality number (RQN) values for
further library construction. Figure 2, left column in each
panel, demonstrates the resulting ribosomal RNA structures
observed throughout the research period in the present study.
As the same as samples from severely advanced cancer
patients® 8, the samples evaluated as risky or unqualified for
further processing are indicated by an asterisk (*) in Figure
2, panels A and C). Surprisingly, a remarkable similarity in
the destructive pattern was observed between the first sample
of the patient (before Huaier administration; Figure 2, panel
C) and that in the normal control-1-3, 5 months after the 3
vaccination (Figure 2, panels A and C; indicated by *). The
destructive pattern identified in the patient was improved
and recovered significantly by the time course of Huaier
administration, and became within normal limits after 3
months of treatment (Figure 2, panel C, left column). Normal
control No.2 (Figure 2, panel B) did not show any destructive
patterns. He had continuous Huaier administration at a low
dose of 6 g per day from November 2020. Without Huaier
administration (normal control No. 1; Figure 2, panel A),
progressive destruction was obviously detected, such as
the 5S peak on the high side, which affects the quantitative
inaccuracy and is conducive to the inaccuracy of the loading
amount and the poor data quality. The RIN or RQN values
were slightly under standard, too, with the same poor quality
of 28S/18S or 23S/16S values evaluated also as under
standards.
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Table 1: The blood test results comparison between before (March
15) and after 3 months of Huaier treatment on the patient (June 28).

Date of blood

sampling Mar. 15,2022 | May 30, 2022
measured titer | measured titer Standard
values
High or High
Low L?):N
SAAFT:'GCW'Z te’;‘t’; g 6.83 <1.40
KL-6 1,222 H 610 H <500
CRP 0.82 H 0.97 <0.30
WBC 10,090 H 10,790 H 3,500~9,700
RBC 476 508 436~577
Hb 13.4 14.3 13.6~18.3
Ht 43.1 46.7 40.4~51.9
MCV 91 92 83~101
MCH 28.2 28.1 L 28.2~34.7
MCHC 31.1 L 30.6 31.8~36.4
Pt 39.9 H 38.3 H 14.0~37.9
Baso 0.6 0.5 0.0~2.0
Eosino 4.8 3.3 0.0~7.0
Neutro 59.9 63.7 42.0~74.0
Lympho 28.3 27.6 18.0~50.0
Total protein 7.3 7.6 6.5~8.2
Total Bil 0.5 0.3 0.3~1.2
ALP 71 38~113
LDH 181 120~245
AST (GOT) 20 16 10~40
ALT(GPT) 18 13 5~45
g-GTP 26 20 <79
CPK 66 87 50~230
Amylase 79 73 39~134
TG 231 H 222 H 50~149
HDL-C 35 L 33 40~80
LDL-C 91 85 70~139
UN 15 20 8.0~20.0
Creatinine 0.77 0.83 0.65~1.09
UA 8.2 7.1 H 3.6~7.0
Na 142 143 135~145
K 48 4.8 3.5~5.0
Cl 105 106 98~108
Blood Sugar 116 H 98 70~109
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Extensive Genomic Plasticity and Flexibility
demonstrated by the Repeated Pfizer-BioNTech
mRNA Vaccination and in the First Month of Huaier
Treatment

A summary of the sequence results and RNA editing
events is shown in Supplementary Extended Table 1. As noted
in a series of publications by our clinical research [1, 8-15],
extensive genomic plasticity and flexibility were observed.
The details of the genetic and genomic characterization
of those two normal controls were also emphasized and
highlighted in the previous report [1]. However, the patient
did not demonstrate significant differences among the
sequence events compared with the observation in cancer
patients already reported [8-15]. For example, we identified
135,700 SNP variant types in the SARS-CoV-2-infected
patient in the sample analysis in mean number ranging from
128,033 to 144,654 in the patient, whereas 22,688 in total
among normal healthy individuals [18] without Huaier or
mRNA vaccination (Supplementary Extended Table 1). The
significant increase in total SNP numbers was consistent
with the precious reports. Virus infection did not seem to
affect the significant increase in SNP numbers. For the SNP
variations, A*G > C*T(I) transitions were the most common
mutations (301,899, 74.9%), followed by, C*G>G*T(I)
(57,376, 14.2%) transversions, and A*C>A*T (I) (43,563,
10.8%) transversions, which is consistent with the data
obtained among the cancer patients provided in the previous
reports, and normal healthy controls with mRNA vaccine
shots. As a result of these analyses, gene expression level
analysis enabled us to compare the levels of differentially
expressed genes (DEGs) among samples (detailed processing
data available in the BGI database; see Methods section). We
analysed the quantitative and qualitative alterations of all the
transcriptomes, DEGs and DSGs. The results demonstrated
these DEG relationships and the encoding transcription
factors (TF) network analysis was performed [1, 8-15], and the
results are shown in the middle column of Figure 2 panels. In
the right column, quantitative changes in up/downregulation
of DEGs and DSGs (mi- and pi-RNAs) were added in each
panel (numbers of altered genes are written on the top of
each bar). No siRNA alterations were detected in the present
study. Drastic DEG changes were observed together with a
super-nova demonstration in the TF-DEG network, which
were equivalent to the alteration quantity level detected in
the cancer patients [11-13] (Figure 2, panel C). As noted
before [13], viral infection of the patient evokes at most
changes in genetic alterations. The numbers of upregulated
DEGs were 2,577 in total at 3 months, approximately
10% of the total transcriptome numbers. In addition, more
inhibitory effects, down-regulation of transcriptomes were
overwhelmed than the numbers of up-regulated ones (Figure
2, panel C). Alterations in DEGs were the results of almost all
up-regulation, whereas the alterations in DSGs were down-
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o 67 years’ old male with severe pneumonia + lung fibrosis
by SARS-CoV-2 infection (Omicron strain suspected):
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BioNTech vaccinations (panel A. normal control 1; panel B. normal control 2; panel C for patient data) are indicated on the left side of each
panel. The red and green dots in the TF-DEG network represent the up-regulated and down-regulated DEGs, respectively. The purple ball
represents a transcription factor, and the greater the node is, the more DEGs the transcription factor regulates. In the right column of each
panel, a comparison of the numbers of differentially expressed genes (DEGs) was placed according to the time course of Pfizer-BioNTech
vaccination; red bars represent up-regulated molecules, and blue bars represent down-regulated molecules.

regulated. The results in DEGs and DSGs were controversial,
together with the similar results obtained by analyzing
cancer patient samples. Such contradictory changes between
DEGs and DSGs should be considered sRNA-mediated
transcriptional control to compensate for the physiological
influence by virion and virion particles, compared with
the various types of Huaier therapy on cancer patients and
normal controls in the previous reports [11-13]. The results
of the changes by TF-DEG network (Figure 2, panels B and
C, middle column) clearly demonstrated the on-demand style
of Huaier compensation of physiological systems. The drastic
DEQG alterations were evoked using transcriptional factors as
network centers, and ceased after enough activity to rescue
the impaired functions. It was most typically demonstrated
at the first month of Huaier treatment of the patient (up-
regulation) (Figure 2, panel C), after the 3™ vaccination of
normal control 1 (down-regulation) (Figure 2, panel A), and
at every period of normal control 2 (almost no alterations
required) (Figure 2, panel B). In these results, again, the up-
and down-regulation style was controversial between DEGs
and DSGs. No specific transcription factors or groups of

factors were identified in the present study, or throughout our
clinical research. However, massive mi-RNA up-regulation
was identified in normal control 2, even though quantitative
DEG alterations were minimal (Figure 2, panel B). Here we
have another question; if the significantly low degree of the
TF-DEG network changes in Figure 2, how can the possible
damage from destructive ribosomal RNA structures, which
might affect translational and transcriptional processes,
be restored and maintained? Of course, we remember the
genetic potential observed in the drastic increase in SNP/
INDEL variants and total abundance of isoforms described
above. We should identify how and why silenced TF-DEG
network could recover the damages. The role of DSGs and
pi- and miRNA qualitative analysis are shown in Table 2.

KEGG Pathway Analysis on COVID-19 Signaling
Cascade (hsa05171) regulated by the Integrated
Kinase Signaling Network (mTOR/PI3K/AKT
Signaling Cascades)

Here we proceed into the functional analysis of targeted
genes. With quantitative analysis of DEGs (Figure 2, right
column of each panel), we performed KEGG pathway
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classification (https://www.genome.jp/kegg/) to define the
detailed mechanism on SARS-CoV-2 infection and regulating
systems [28]. Recently, another KEGG panel of COVID-19
signaling cascades has become available (hsa05171). Figure
3 panel A summarizes hsa05171 analysis of the patient with
a comparison to two normal controls with or without Huaier
administration. The results revealed a strikingly minimum
change in DEGs, whereas gross alterations are shown in
Figure 2 (top of right column in each panel). Notable changes
were identified in the expression of PI3K and structures of
the 80S ribosome construct. The next step was to obtain
detailed information about phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) and related integrated kinase
signaling networks. We demonstrated the mTOR/PI3K/
AKT signaling cascade (KEGG pathway map04150) [28-34]
in Figure 3 panel B. Here, we clearly show the molecular
basis of recovery or rescue of function in the patient. In
contrast, the failure of functional compensation was typically
demonstrated in normal control 1; the transcripts were
significantly down-regulated and functional genes were
not activated, which also provided a molecular basis fora
the observation of the progressive destructive changes in
ribosomal RNA structures. As expected, a minimum essential
increase in kinase function was observed in normal control
2, even though enough genetic alterations in transcriptional
factors were detected. The mTOR/PI3K/AKT kinase-
regulated signaling pathway [16-17, 34-37], reported to be
responsible for the regulation of ribosomal RNA synthesis,
showed a significant relationship to the results demonstrated
by using the KEGG panel hsa05171 (Figure 2 panel A). With
or without Huaier administration, restoration and activation of
PI3K and AKT kinase function contribute to the maintenance
of normal cellular signaling networks. Massive inhibition and
down-regulation of related factors in PI3K and AKT kinase
observed in normal control 1 has been reported to result in
poor prognosis in cancer patients. As shown in Figure 3, the
activation of neural signal transfer should be closely related
and required for the maintenance of cellular mechanisms.
Thus, the efficacy of Huaier administration seemed to be
closely related to the rescue and repair of damaged functions
after SARS-CoV-2 infection. The defects in lipid metabolism
and neuro-degenerative factors also caused the disorders
appearing as a long-term influence after mRNA vaccination
(highlighted by red or blue box).

GO Functional Analysis on Cellular Mechanisms

Based on the DEG and KEGG pathway annotation
[34], Figure 4 shows the pathway and process enrichment
analysis, both quantitatively and qualitatively to clarify the
influence of intrinsic and extrinsic virion and virion particles.
Various pathway classifications and functional information
contributing to the expression changes were demonstrated. In
the middle column in Figure 4 panel A (cellular component
section), virion and virion particle numbers were noted.
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As clearly shown, virion production in vivo was strongly
similar to that in the first panel of patients (Figure 4, panel
b), indicating proliferation of the extrinsic/infected virus.
Interestingly, no virion were detected in normal control 2
with daily Huaier administration. The results were consistent
with the destructive ribosomal RNA patterns. It seems that
the numbers of virions were proportional to the extent of
destruction of ribosomal RNAs, and decreased by the process
of recovery. Again, we could detect virion particles produced
by mRNA vaccination against SARS-CoV-2 [1], which is
designated to produce only part of the spike of the virus.
Huaier administration activates the cellular function repair
systems in total, but as shown in Supplementary Extended
Table 2, it is unlikely to contribute to the significant influence
on the molecules responsible for iPS/ES production to
enhance tissue regeneration and repair systems, such as those
identified in the patient lungs.

Significant Quantitative and Qualitative Alterations
in DSGs (mi- and pi-RNA)

In the present study, small non-coding RNAs (sncRNAs)
were simultaneously sequenced using BGISEQ-500
technology [12, 35]. The statistics of detected small non-
coding RNA (DEGs) and miRNAs are shown in the upper
panel of Table 2, and piRNAs are shown in the lower panel
throughout the research period. No altered siRNAs were
identified in the present study. The detailed numbers of each
sample are already shown in Figure 2 panels. The significant
and drastic increase in down-regulated DESs (blue-bars)
matched the significant alterations in transcriptional factors
(total 2,216), as noted before. However, many miRNAs
listed in Table 2 had no significant and meaningful functional
relations to the recovery of COVID-19 infection. Each
individual showed specific patterns of DSG alteration style,
and it is noteworthy to detect that the drastic up-regulations
of DSGs in normal control 2 resulted in minimum alterations
in DEGs [36]. The list of DEG alterations is listed in Table 2.
The piRNAs with the lowest log, ratio were identified in the
patient within 1 month of Huaier administration, i.e., in order
of decreasing number: hsa piR 020582, 020496, 015249,
016742, 016658, 000805, 016659, 016677, 004150 (in the
order of decreasing log, ratio. After 3 months of treatment,
016735, 020496, 016658, 016659, and 020582 (020496,
016658, and 016659 were found throughout the treatment
period). However, those sequences were still functionally
unknown, with no possible relationship to any of the encoded
TFs. We could only note the controversial relationship
between up-regulation and down-regulation in DEGs and
DSGs (especially in miRNAs).

Discussion

Thus, adjuvant therapy with Huaier, kinase function
regulator [1], in rescuing the defects caused by destructive
ribosomal RNA structures by massive genomic flexibility
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Table 2: A list of miRNA and piRNA regarding to the transcriptional control on DEGs identified in the normal controls 1-2 and the COVID-19
patient by the time course of Huaier administration. The comparisons of DSG level are written by Log 2 ratio. The real numbers of up/down-
regulated mi- and piRNAs are shown in all panels in Fig. 2 right column. The comparison is made between the data analysed in sampling 1 and
2 or 3. For normal controls, 1; before the 3" vaccine, 2; 1 month after the 3 vaccination, 3; 5 months after the 3" vaccination. For the data from
the patient, 1; before Huaier administration, 2; 1 month after Huaier administration, 3; 3 months after Huaier administration. Red bar represents
upregulated SRNAs and blue bar represents downregulated SRNAs. Upper panel: miRNA and lower panel: piRNA.

miRNA

Normal control 1

Normal control 2

patient

miRNA log2(Control-1_2/1) log2(Control-1_3/1) miRNA log2(Control-2_2/1) log2(Control-2_3/1) miRNA log2(Patinet 2/1)  log2(Patinet 3/1)
hsa-miR-378a-3p  2.38 a 371 a hsa-miR-4454 s 7 o hsa-miR-7-6p 211 B s 7
hsa-miR-501-3p 7 981 & 881 hsa-miR-3184-3p  1.37 i 1.36 ,
hsa-miR-374b-5p  5.99 637 hsa-miR-6741-3p 9.05 894
hsa-miR-3184-3p  5.99 g 637 g hsa-miR-744-3p 650 420 hsa-miR-30e-3p 124 -1.28
hsa-miR-454-5p 611 461 hsa-miR-339-5p 158 -2.01
hsa-miR-378a-5p  1.36 226 hsa-miR-3200-5p 6.09 378
hsa-miR-378f 130 1.68 hsa-miR-181a-3p 6.03 509 hsa-let-Te-5p -6.13 394
hsa-miR-139-5p 1079 hsa-miR-3074-5p 5.98 597 hsa-miR-103a-3p -3.65 262
hsa-miR-374a-5p 1079 = hsa-miR-106b-3p 561 272 3
hsa-miR-374¢-3p 420 hsa-miR-150-5p 554 5.00 hsa-miR-486-3p e -5.44
hsa-miR-378d 173 hsa-miR-624-5p 5.52 257 hsa-miR-423-5p 351 394
hsa-miR-3960 1.36 hsa-miR-6842-3p 537 346 hsa-miR-101-3p 273 7 o2
hsa-miR-181b-5p 1.36 hsa-miR-26a-5p 537 319 hsa-miR-30e-5p 264 377
hsa-miR-4433a-3p 1.36 hsa-miR-196b-5p 535 3.06 hsa-miR-106b-5p 258 -2.16
hsa-miR-18a-3p 1.24 hsa-miR-6513-3p 527 262 hsa-miR-331-3p -2.56 -4.15
hsa-miR-454-3p 124 hsa-miR-454-3p 515 496 hsa-miR-144-3p -2.48 -2.92
hsa-miR-24-3p 117 hsa-miR-100-5p 515 425 hsa-let-7b-6p 245 -2.08
hsa-miR-484 117 hsa-miR-1296-5p 512 407 hsa-miR-326 241 264
hsa-miR-106b-3p 1.16 hsa-miR-25-3p 512 372 hsa-miR-324-3p 236 317
hsa-miR-501-3p 1.16 hsa-miR-30d-5p 5.09 431 hsa-miR-32-5p 229 135
hsa-miR-532-3p 1.07 hsa-miR-194-5p 504 171 hsa-miR-501-3p 214 363
hsa-miR-548ap-3p 1.06 hsa-miR-374a-6p 500 220 hsa-miR-210-3p 2,07 251
hsa-miR-584-3p 1.04 hsa-miR-20b-5p 483 1.95 hsa-miR-18a-5p 2,06 164
hsa-miR-486-3p 478 161 hsa-miR-30d-5p -1.96 -2.64
hsa-miR-627-5p 4 e w s hsa-miR-30e-3p 470 4.00 hsa-let-7i-3p 191 .84
hsa-miR-628-3p 469 1.45 hsa-miR-6803-3p -1.90 -1.63
hsa-miR-30e-5p N o0 T oo hsa-miR-24-3p 469 3.04 hsa-miR-148a-3p -1.89 -1.16
hsa-miR-584-5p -9.70 -9.70 hsa-miR-103a-2-5p 464 255 hsa-miR-18b-5p 187 263
hsa-miR-29a-3p -4.79 -3.21 hsa-miR-1227-3p 461 344 hsa-miR-3613-5p 477 -1.06
hsa-miR-636 -4.79 321 hsa-miR-450a-5p 457 203 hsa-miR-19a-3p 174 7 12
hsa-miR-660-5p -4.44 227 hsa-miR-744-5p 457 283 hsa-miR-590-3p 472 7 10
hsa-miR-629-3p 361 411 hsa-miR-106a-5p 428 318 hsa-miR-17-3p 165 .44
hsa-miR-652-3p -3.24 241 hsa-miR-484 417 123 hsa-miR-144-5p -1.60 -1.60
hsa-miR-181a-5p -3.20 194 hsa-miR-1306-5p 415 270 hsa-miR-1307-3p -1.60 -2.25
hsa-miR-942-5p -3.20 194 hsa-miR-22-3p 411 263 hsa-miR-106b-3p 147 -1.83
hsa-miR-1260a 318 -1.48 hsa-miR-219b-6p 4.09 249 hsa-miR-126-5p -1.46 -2.35
hsa-miR-1307-3p 27 -2.76 hsa-miR-30b-5p 403 216 hsa-miR-17-5p -1.46 A1
hsa-miR-6513-3p 27 -2.76 hsa-miR-92b-3p 402 311 hsa-miR-148b-3p .44 153
hsa-miR-27b-3p -2.50 -1.99 hsa-let-7d-3p 4.00 221 hsa-miR-193a-3p .43 -2.95
hsa-miR-93-5p -2.50 199 hsa-miR-1271-5p 393 1.88 hsa-miR-324-5p 138 154
hsa-miR-99a-5p -2.03 162 hsa-miR-144-3p 384 303 hsa-miR-142-3p 124 E 153
hsa-miR-92b-3p 170 -2.00 hsa-miR-181a-5p 382 214 hsa-miR-197-3p 122 128
hsa-miR-193a-3p 170 -2.00 hsa-miR-125b-6p 379 281 hsa-miR-29¢-3p 122 -1.62
hsa-miR-3158-3p 170 187 hsa-miR-766-3p 376 259 hsa-miR-500a-6p 122 -1.36
hsa-miR-101-3p 136 144 hsa-miR-576-5p 3.7 267 hsa-miR-3529-3p -1.19 -4.89
hsa-miR-27a-3p 27 152 hsa-miR-139-5p 364 232 hsa-let-7g-5p 118 .78
hsa-miR-6509-5p 361 183 hsa-let-7i-5p .15 134
hsa-miR-3688-5p 361 207 hsa-miR-345-5p ERE] 1.01
hsa-miR-103b 358 248 hsa-miR-142-5p ERE -1.88
hsa-miR-30¢-5p ERE 152
hsa-miR-4753-3p -3.06 -2.00 hsa-miR-27a-3p 4110 E 183
hsa-let-7i-5p -1.10 -1.03
hsa-miR-106b-5p 153 381 hsa-miR-505-5p -1.05 -1.26
hsa-miR-17-3p 126 1.34 hsa-miR-140-3p -1.01 .27
OiRNA
Normal control 1 Normal control 2 patient
PIRNA Log2(Control_1-2/1) Log2(Control_1-3/1) PIRNA Log2(Control_2-2/1) Log2(Control_2-3/1) PIRNA Log2(Patient-2/1) Log2(Patient-3/1)
hsa_piR_004150 1.13 ' 141 ‘ hsa_piR_007635 951 hsa_piR_020582  -2.48 . 136 ‘
hsa_piR_016946 951 hsa_piR_020496 2.46 3.08
hsa_piR_016945 9.64 - hsa_piR_015249 9.34 hsa_piR_016658  -163 l 2.08 i
hsa_piR_016735 2.66 hsa_piR_004150 2.14 hsa_piR_016659 155 -1.96
hsa_piR_016677 1.42
hsa_piR_016658 141 hsa_piR_020365 9.15 hsa piR 015249 -1.71
hsa_piR_016659 117 hsa_piR_020450 383 hsa_piR_016742 1.64
hsa_piR_000805 1.76 hsa_piR_016677 3.66 hsa_piR 000805  -1.62
hsa_piR_020582 261 hsa_piR_016677 1.35
hsa_piR_001205 i -2.76 hsa_piR_004150 1.26

hsa_piR_001205

hsa_piR_012681
hsa_piR_016735
hsa_piR_016742

hsa_piR_019914
hsa_piR_000805

-8.97
252
-2.60
-10.30
5.02

0.10
361

hsa_piR_016735
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Figure 3: KEGG pathway analysis on COVID-19 panel hsp05171 (panel A) and transcriptional misregulation and the P13K/AKT signaling
pathway panel B). Huaier administration was applied in the patient and normal control No.2. (5 g/day). Red bars represent up-regulated
molecules, and blue bars down-regulated molecules. The figure was chosen at the time of the highest transcription factor-DEG network

flexibility in each patient among serial analyses over a long time course of treatment.
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and capability, which might be consistent with SARS-CoV-2
virion and virion part production in vivo. As represented
by the excessive flexibility observed in SNP and splice-
type variants, we have provided much evidences that virus
infection, including opportunistic infections, might cause at
most genomic changes [13]. These are not simple processes,
and genome-wide mobility seems to matter the consequent
genetic events. The molecular ability of the functional
compensation was well demonstrated as TF-DEG network
(Figure 2, middle column), which consequently resulted in
the recovery from the accelerated ageing process in lipid
metabolism [16, 38], hair growth and tissue regeneration [17],
inter/intra neural signal transfer [17], and endocrine secretion
systems [8-10]. Considering the inhibitory influence on DEG
management even with 3™ vaccine shots in normal control 2,
minimum essential energy consumption was enough for this
compensation. The present study revealed spontaneous virion
production after repeated mRNA vaccination in normal
control 1 without Huaier administration (Figure 4 panel A).
Although Huaier does not prevent or influence virus infection
itself, the efficacy of Huaier observed in normal control 2 can
be speculated to control the latent damages of viral particle
existence by down-regulation of production, and that with a
small dose of 6 g per day. Ribosomal RNA is also the target
of numerous clinically relevant antibiotics [37], however,
the influence of mRNA vaccination itself has not yet been
reported. According to our sequential analysis, we should
observe a long-term influence of low quality ribosomal RNAs
after repeated mRNA vaccinations by year. The present study,
however, provided evidence up-regulation of kinase AKT and
its mediating activation of the mTOR/PI3K/AKT signaling
pathway rescues this possible damage [39-42]. The PI3K/
AKT/mTOR pathway is an intracellular signaling pathway
important in regulating the cell cycle. Therefore, it is directly
related to cellular quiescence, proliferation, carcinogenesis,
and longevity. TPI3K activation phosphorylates and
activates the kinase AKT [43]. AKT can have a number of
downstream effects such as activating CREB [30], inhibiting
p27 and p21 [44], for further transcription factor mediated
functional control of the cells, and activating the mTOR
signaling pathway [44]. There are many known factors that
enhance the PI3K/AKT pathway including EGF [45], sonic
hedgehog [30], IGF-1 [30], insulin [44], and CaM [45]. The
pathway is antagonized by various factors including PTEN
[46], GSK3B [30], and HB9 [32]. In the present study,
we focused on the significance of KL-6 as a biomarker in
COVID-19 pneumonia and fibrosis. KL-6, mucin short
variant S1, also called polymorphic epithelial mucin (PEM)
or epithelial membrane antigen (EMA), is a mucin encoded by
the MUC1 gene in humans [38]. Mucins line the apical surface
of epithelial cells in the lungs, stomach, intestines, eyes and
several other organs [25], which serves a protective function
by binding to pathogens [26] and functions in a cell signaling
capacity [27]. Overexpression and other modifications in the
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protein have also been associated with carcinogenesis. The
Huaier effects on lung tissue repair observed in the present
study also analysed DEG alterations in the 6 genes that
will be responsible for promoting growth and proliferation
over differentiation of stem cells. However, we could not
observe a significant relationship (Supplementary Extended
Table 2). It can be speculated that 1) Huaier could compensate
for any damage from destructive ribosomal RNA structures,
but at the same time, 2) the extent of compensation depended
on the genomic potential of each individual independent
of the severity of cancer or basic health conditions, and/or
massive up-regulation in all these molecules responsible for
iPS/ES cell productions were required. Pfizer-BioNTech
and Moderna vaccines contain mRNA that codes for the
SARS-CoV-2 spike protein. The present study revealed
that, when the vaccines are injected, they deliver the mRNA
to cells, which makes copies of not only expected spike,
but also promotes spontaneous virion production. Huaier
administration induced significant down-regulation of those
virions and derived particles, which was not dependent on
the dose of Huaier. It has been reported that a self-amplifying
vaccine will be introduced in additional to the vaccine
strategy against SARS-CoV-2, and others in development
include enzymes from alphaviruses to repeatedly copy the
genetic strand inside a cell and stay in the body for more than
twice as long. The influence of the self-amplifying mRNA
COVID-19 [47] vaccine, together with the spontaneous copies
of virion production remains unclear, and we need a scientific
answer for a novel vaccine strategy to overcome this long-
term influence of (repeated) vaccination. Although we can
speculate the possible relationship between the presence of
spontaneous SARS-CoV-2 virion production and destructive
ribosomal RNA structures, the role of the self-producing
SARS-CoV-2 virion particles, and its destructive effect
remain unknown. The results obtained here also showed that
normal control 1 decided to have Huaier administration (20
g per day) 3weeks after the 4% vaccination. We are expecting
the recovery and modification of the damaged ribosomal
RNA structure by observing massive hair growth within one
month of Huaier treatment. There were no specific miRNAs
and piRNAs related to destructive ribosomal RNA structure
production, whereas a couple of reports mentioned that a
certain group of DSGs were related. We identified massive
down-regulated DSGs (Table 2) that have been reported
previously to be typical observations even in cancer patients
as well as normal healthy controls with Huaier administration.
It seems that these effects were not dependent on the dose,
unlike the dose-dependent efficacy of Huaier. Although the
functions of piRNAs are still poorly understood, piRNAs as
novel attack tools against COVID-19 are being reported [48].
In contrast, the alterations in miRNAs were closely related to
transcriptional factor chances as shown in Figure 2 panels and
Table 2, which might contribute to decreasing the damage
and dysfunction caused by destructive ribosomal RNAs.
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Conclusions

Consequently, the present study again emphasizes the
significance of Huaier adjuvant therapy on any strategy against
COVID-19, with or without repeated vaccination, as a non-
hazardous kinase regulator. These results are encouraging
to any human society toward the up-coming postpandemic
COVID-19 era. The data after the 4" vaccinations, and the
rescue of disrupted ribosomal RNA structure in normal
control 1 by Huaier treatment will follow.
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SUPPLEMENTARY FILES

Supplementary Extended Table 1: SNPs (upper panel) and splice-type variants (lower panel) by the time course. The patient samples: by
the time course of Huaier administration; 1. Before Huaier administration; 2. One month after Huaier administration; 3. 3 months after Huaier
administration. Normal controls No. 1 and 2: 1. 9 months after Pfizer-BioNTech 13 mRNA vaccination (and before 3™ vaccine shot); 2. 1 month
after the 3™ vaccination; 5 months after the 3™ vaccination. The numbers of RNA editing events identified in each sample by splice event types.
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SNP variant numbers

Sample A-G C-T Transition A-C A-T C-G G-T Transversion Total
Patient_1-1 49,895 49,160 99,055 7,793 5,741 9,779 7,783 31,096 130,151
Patient_1-2 47,839 47,438 95,277 8,363 5,818 10,325 8,250 32,756 128,033
Patient_1-3 54,026 53,541 107,567 9,334 6,514 12,000 9,239 37,087 144,654

Max. 54,026 53,541 107,567 9,334 6,514 12,000 9,239 37,087 144,654
Mini. 47,839 47,438 95,277 7,793 5,741 9,779 7,783 31,096 128,033
Total 151,760 150,139 301,899 25,490 18,073 32,104 25,272 100,939 402,838
Normal control No.1-1 42,369 41,668 84,037 7,206 4,980 9,115 7,101 28,402 112,439
Normal control No.1-2 34,280 34,195 68,475 6,111 4,323 7,844 6,185 24,463 92,938
Normal control No.1-3 45,881 44,816 90,697 7,172 5,156 9,093 7,208 28,629 119,326
Max. 45,881 44,816 90,697 7,206 5,156 9,115 7,208 28,629 119,326
Mini. 34,280 34,195 68,475 6,111 4,323 7,844 6,185 24,463 92,938
Total 122,530 120,679 243,209 20,489 14,459 26,052 20,494 81,494 324,703
Normal control No.2-1 29,203 29,264 58,467 5,233 3,304 7,117 5,361 21,015 79,482
Normal control No.2-2 41,328 41,008 82,336 7,196 4,932 9,331 7,214 28,673 111,009
Normal control No.2-3 44,988 44,394 89,382 7,906 5,561 10,5615 7,817 31,799 121,181
Max. 44,988 44,394 89,382 7,906 5,661 10,5615 7,817 31,799 121,181
Mini. 29,203 29,264 58,467 5,233 3,304 7,117 5,361 21,015 79,482
Total 115,519 114,666 230,185 20,335 13,797 26,963 20,392 81,487 311,672

splice-type variant numbers

Mutually Alternative 5'  Alternative 3' Retained
Sample Skipped exon Total
exclusive exon  splicing site splicing site intron

Patient_1-1 6,929 1,070 881 1,237 419 10,536
Patient_1-2 9,645 1,651 1,180 1,628 470 14,474
Patient_1-3 9,642 1,516 1,220 1,653 443 14,474
Max. 9,645 1,551 1,220 1,653 470 9,645

Mini. 6,929 1,070 881 1,237 419 419

Total 26,216 4,137 3,281 4,518 1,332 39,484

fom- bttt e R e SR RS e R R R e B R R e e e

Normal control No.1-1 8,989 1,397 1,093 1,579 439 13,497
Normal control No.1-2 10,302 1,618 1,318 1,660 456 15,354
Normal control No.1-3 6,405 1,051 846 1,239 390 9,931
Max. 10,302 1,618 1,318 1,660 456 10,302

Mini. 6,405 1,051 846 1,239 390 390

Total 25,696 4,066 3,257 4,478 1,285 38,782

oottt et et e e e Eos el e el e

Normal control No.2-1 13,874 2,140 2,451 3,039 2,954 24,458
Normal control No.2-2 10,738 1,723 1,290 1,774 471 15,996
Normal control No.2-3 11,461 1,825 1,376 1,827 491 16,980
Max. 13,874 2,140 2,451 3,039 2,954 13,874

Mini. 10,738 1,723 1,290 1,774 471 471

Total 36,073 5,688 5,117 6,640 3,916 57,434
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Supplementary Extended Table 2: Comparison of DEGs related to the production of iPS cells (KIT, Myc, Oct 3/4, S0X2, Lin28A
and NANOG). a. The red box represents up-regulated molecules, and the blue box represents down-regulated molecules. b. The
quantitative changes were indicated by log, transformed fold change calculation by the red bars (up-regulated molecules) and blue bars
(down-regulated ones).

iPS-related gene KIT MYC OCT3/4 SOX2 LIN28A NANOG

Sample\Gene ID 3,815 4,609 5,460 6,657 79,729 79,923
Patient_1&2 - - - -
Patient 1&3 - - - -
Patient_ 2&3

Normal control-1_1&?2
Normal control-1_1&3
Normal control-1_2&3

Normal control-2_1&?2 - - - - -

Normal control-2_1&3 - - - - - -
Normal control-2_2&3 - - - - - -

iPS-related gene KIT MYC OCT3/4 SOX2 LIN28A NANOG

Sample\Gene ID 3,815 4609 5,460 6,657 79,729 79,923
Patient_1 | 014 627 F 58 0.07 | 0.71 | 0.35
Patient 2 | 031N 1545 F 519 0.01 | 065 0.13
Patient 3 | oa7 N 1373 B 5.66 0.03 | 045 0.18
Persistant change T P i S i S D S e

Normal control-1_1 | o18 N 1006 B 3.92 0.01 | 064 0.1
Normal control-1_2 | oa4 N 1z12 B 325 0.01 | 058 0.13
Normal control-1_3 008 |} 374 43 0.02 | 057 | 014
Persistant change T i I - e " —_—

Normal control-2_1 | 047 N 2862 | 3.53 0.06 | 143 0.01
Normal control-2_2 | 037 N 2022) 353 0.01 0.54 0.03
Normal control-2_3 | 055 N 2032 53 0.03 | 0.86 0.12
Persistant change —— . e B S i ——
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