. vaccines

Perspective

The Immunologic Downsides
Associated with the Powerful
Translation of Current COVID-19
Vaccine mRNA Can Be Overcome
by Mucosal Vaccines

Maurizio Federico

Special Issue

Efficacy. Immunogenici

Edited

by
Dr. Pedro Plans-Rubid




- Spike mMRNA persists in lymph nodes up to 60 days after the

second injection

- The inoculation of anti-SARS-CoV-2 mRNA immunogens
results in an abundant production of Spike protein:
- Free and measurable (up to 174 pg/mL in plasma 1-2

days after the first injection);

(Roltgen et al. Cell, 2022)




MRNA vaccine persists in lymph nodes up to 60 days after the second jab
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Immune imprinting, breadth of variant
recognition, and germinal center response

in human SARS-CoV-2 infection and vaccination
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The interaction between SARS-CoV-2 Spike and ACE-2 leads to the
production of the cytokine TGF-f8 by:

- Both tissue and alveolar macrophages;
- Lung epithelial cells;

- Endothelial cells

- B lymphocytes

- Ferreira-Gomes, M. et al. SARS-CoV-2 in Severe COVID-19 Induces a TGF-8-Dominated Chronic Immune Response That Does Not Target

Itself. Nat Commun 2021, 12 (1), 1961.
- Biering, S. B. et al. SARS-CoV-2 Spike Triggers Barrier Dysfunction and Vascular Leak via Integrins and TGF-8 Signaling. bioRxiv 2021,

2021.12.10.472112.

TGF-B renders alveolar macrophages functionally inert, suppressing their
production of inflammatory cytokines, and thus counteracting the «cytokine stormx:

- Yu, X. et al. The Cytokine TGF-8 Promotes the Development and Homeostasis of Alveolar Macrophages. Immunity 2017, 47 (5), 903-

912.e4.
- Grunwell, et al., TGF-B1 Suppresses the Type | IFN Response and Induces Mitochondrial Dysfunction in Alveolar Macrophages. The
Journal of Immunology 2018, 200 (6), 2115-2128.

- Anti-SARS-CoV-2 vaccines may inhibit cytokine storm as a consequence of
functional inhibition of alveolar macrophages



Bystander effects of the Spike/ACE-2 binding
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SARS-CoV-2 Spike can favor both EMT and metastases

Am J Cancer Res 2021;11(5):2278-2290
www.ajer.us SISSN:2156-6976/ajcr0130047

Original Article
Epithelial-mesenchymal transition induced
by SARS-CoV-2 required transcriptional
upregulation of Snail

Yun-Ju Lai***, Chi-Hong Chao™**", Chun-Che Liac*, Te-An Lee*, Jung-Mao Hsu®, Wen-Cheng Chou*, Jyun
Wang*, Hsiang-Chi Huang*, Shing-Jyh Chang’, Yi-Ling Lin**, Chia-Wei Li*

Abstract: The engagement of human angiotensin-converting enzyme 2 (hACEZ2) and SARS-CoV-2 spike protein
facilitate virus spread. Thus far, ACEZ and TMPRSSZ expression is comelated with the epithelial-mesenchymal
transition (EMT) gene signature in lung cancer. However, the mechanism for SARS-CoV-2-induced EMT has not been
thoroughly explored. Here, we showed that SARS-CoV-2 induces EMT phencotypic change and stemness in breast
cancer cell model and subsequently identified Snail as a modulator for this regulation) The in-depth analysis identi-
Iﬁes the spike protein (5), ]:}ut not envelope (E}, nucleacapsid (M), or membrane protein (M), o LoV-2 Induces
EMT marker changes. Suppression of Snail expression in these cells abrogates S protein-induced invasion, migra-
tion, stemness, and lung metastasis, suggesting that Snail is required for SARS-CoV-2-mediated aggressive pheno-
type in cancer. This study reveals an important oncogenic role of SARS-CoV-2 in triggering breast cancer metastasis
through Snail upregulation.

Heywords: SARS-CoV-2, ACEZ, TMPRSS2, epithelial-mesenchymal transition, EMT, spike, Snail
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Figure 4. Snail is required for SARS-CoV-2 and spike-induced EMT. A. Western blot analysis of MCF10A-ACEZ cells
upon SARS-CoV-2 infection. B. Quantification of migration activity of MCF7-spike cells. C. Quantification of invasion
activity of MCF7-spike cells. D. Tumor initiation ability measured by mammosphere formation. MCF7 cells were
transiently transfected with indicated plasmids. E. 4T1-spike cells with shSnail stable clones were injected into fe-
male BALB,/c mice via the tail wein. Lung nodules were stained by India ink at the expernimental endpoint. Error bars
represent the mean £ SD of five mice. F. Proposed working model of this study. Statistic method: One-way ANOVA
with Tukey's Post Hoc Test. *P < 0.05, **P < 0.01, ***P < 0.001.




SARS-CoV-2 Spike induces the release of TGF-B from endothelial human
cells

Ciszewski et al. Cell Communication and Signaling (2024) 22:296

Cell Communication
https://doi.org/10.1186/512964-024-01665-2

and Signaling

Diverse roles of SARS-CoV-2 Spike
and Nucleocapsid proteins in EndMT

stimulation through the TGF-3-MRTF axis
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COVID-19 vaccine-induced autoimmunity: potential molecular mimicry

viruses ﬁi\nw

Article

Potential Autoimmunity Resulting from Molecular Mimicry
between SARS-CoV-2 Spike and Human Proteins

Janelle Nunez-Castilla ', Vitalii Stebliankin ?, Prabin Baral *, Christian A. Balbin !, Masrur Sobhan (7,

Trevor Cickovski 2, Ananda Mohan Mondal 245, Giri Narasimhan %5, Prem Chapagain 3500, Kalai Mathee 5%
and Jessica Siltberg-Liberles 15+

Table 1. 3D-mimics found for SARS-CoV-2 Spike.

Motif Protein Species RMSD (A) Z-Score EpiScore  PDB_Chain
TQLPP Thrombopoietin Human 046 -1.34 10.67 IVZN_X
proem Human 0.38 -1.42 13.16 5CCL_A
KNLRE Toll-like receptor 8 Human 0.87 —0.92 Bi75! GWML_D
FIVEKG  Pollen allergen Phl p2 Phleum pratense 076 -1.03 7.80 1TWHP_A
GEVEN Integrin beta 1 Human 0.63 -116 7.94 TNWL_B
HAPAT  Activator of 0 kDa heatshock protein 074 105 676 7DME_A
ATPase homolog 1
YSTGS Argininosuccinate lyase Human 0.48 -1.31 10.42 1K62_B
EHVNN Casein kinase 2 alpha isoform Human 0.29 —-1.51 17.24 2ZTW_A
NLLLQ DNA polymerase subunit gamma 1 Human 0.57 -1.22 877 5C51_A
LLQYG Ankyrin { Human 0.20 —1.60 25.00 INT1_A
LPDPS BRCA1-A complex subunit BRE Human 0.32 —1.48 15.62 6GVW_C
LPDPS Semaphorin 7a Human 0.84 —0.91 5.05 ANVO A
DPSKP 60S ribosomal protein L3 Human 0.10 —1.70 50.00 6LUS B
Alanine and proline-rich secreted Mycobacterium
DPSKP rotein apa p]?ecursor tuberculosis 021 —159 2381 SZXAA
IAARD %ﬁﬁn Mus musculus 074 -1.05 676 6ROT_A
GNCDV Tryptophan-tRNA ligase Human 0.91 —0.88 549 105T_ A
SFKEE ?ﬁ(‘};‘;‘l’;’g““ PRSI [hmry 032 148 1562 7MQA SP
EELDK Kynureninase Human 0.22 —1.58 22.73 2HZP A
. . Respirato:
ELDKY  Fusion glycoprotein FO i]yngy‘tial R 0.12 ~1.68 4167 6EAE_F
DKYFK Cytoplasmic FMR l-interacting protein 1 uman 0.14 —1.66 35.71 4AN78_A
For the 402 human 1D-mimics where no PDB structural representative could be
identified for their source sequence, AlphaFold2 3D models were used. Three-dimensional
model representatives were found for 102 human 1D-mimics. Of these, 10 are predicted to
be AlphaFold2-3D-mimics (termed as “AF-3D-mimics”) based on the RMSD (Table 2).
Table 2. Human AF-3D-mimics for SARS-CoV-2 Spike.
Motif Protein RMSD (A) Z-Score EpiScore AlphaFeld2 ID
NLLLQ Ankyrin 3 061 118 8.20 e
LLOYG Olfactory receptor 10Q1 0.66 113 7.58 AR DENCQLEL-
TGIAV Phosphofructokinase 017 —163 29.41 :11;_;:173?8—‘?_
Low affinity immunoglobulin gamma Fc region AF-P31995-F1-
TGIAV rceptor b 017 —163 2941 model_vl_A
KIQDSL  Phosphorylase b kinase regulatory subunit beta 019 161 158 APQIBIO0EL-
KIQDSL  Long-chain-fatty-acid-CoA ligase 5 037 —143 1622 APQIULCREL
VYDPL Actin-binding protein IPP 017 ~163 wa1  AFQIETSEL
EELDK Tight junctior-associated protein 1 020 ~1.60 wmop  APONTDOFE
EELDKY  Keratin, type I cytoskeletal 18 02 158 W e EisE
AF-POG753-F1-

ELDKY Tropomyosin alpha-3 chain 0.18 —1l.62 2778 model v1 A




COVID-19 vaccine-induced
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High serum prevalence of
autoreactive IgG antibodies
against peripheral nerve
structures in patients with
neurological post-COVID-19
vaccination syndrome
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Generation of anti-idiotype antibodies after COVID-19 vaccination.

ACE-2
e expressing cells 0
mRNA-LNP B e v ’ *
y Y
4 7
- — ¥
Muscle cell % ' ‘: = & - )\f’
uscle cells _) ' 1 3&, = §;§
g Spik * N A?’/f sﬁ\»ﬁ )_ *
= P v W, v%’ L YAqti-igiotypc_a, _
‘ g& 7 ACE-2 binding antibodies

%" Anti-Spike antibodies



Tvee Hypothesis and Theory
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® Ghook o poies Post-SARS-CoV-2 infection and
open access post-vaccine-related

o — neurological complications share
University of Belgrade, Serbia .

clinical features and the same

Luis Del Carpio- Orantes.

N e e positivity to anti-ACE2 antibodies

University of Belgrade, Serbia
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RECEVED 08 March 2024 Department of Neuroscience. Rehabilitation, Ophthalmology, Genetics. Maternal and Child Health,

TABLE 1 Comparison of clinical, instrumental, and laboratory characteristics of patients

Patient Time from | CNSor Clinical features
no. PNS
clinical
symptoms | syndrome
{diagnosis)
1 38, F Anti- 7 days after PNS Weak DTR in LL, distal burning CE in the NCS: absent F-waves in 11 0.40 3776 Methylprednisclone
SARS- vaccine (immune paresthesia and dysesthesia in LL proocimal deep peroneal
CaV- injection mediated portion of nerwe hilaterally
2 vaccine radiculitis) nerve roots
D2 to
L5 hilaterally
2 80, M SARS- 20 days after PNS Distal weakness in UL and 1L, NP NCS: demyelinating 4 0.85 3522 PEX
CaV- negative TRT- (GES) hypoesthesia and paresthesia with stocking- snsory-maotar
2 PCR assay glowe digribution, gait ataxia, and polyneurcpathy in UL
infection global areflexia and LL
3 80, M Anti- 30 days sfter CNS Newrclogical examination disclosed Spine MRE no | Mormal MEPs and NCS NP NP 3733 Methylprednisclone
SARS- vaccine (MRI- exaggerated deep tendon reflexes in the spinal
CoV- injection negative lower limbs, daonus of the right ankle, cord
2 vacdne myelitis] pymamidal hypertonia in the right lower abnormalities
limb, and spastic-ataxic gait, without
sensory levels or Lhermitte’s sign
4 57, M SARS- 15 days after CHNS Proximal weakness and bilateral pyramidal |  Brain MRE EMG and NCS: normal; 3 0.81 3747 Vigs
CoV- negative tRT- (MRI- hypertonia in LL, hyperreflexia in 1L, & unremarkable; | SSEPs and MEPs: impaired
2 PCR assay negative ankle clanus, and paraparetic-spastic gait spine MRI: no central conduction in LL
infection myelitis) spinal lirhs hilaterally (prominent
cord MEPs alteration in the R
abnomalities UL and LL)

ACE2, anglotensin-converting-enryme 2; CE, contrast enlancement; CNS, centml nervous systemy; CSF, cerebrospinad Aukd; DTR, deep tendon reflexes; EDX, dectrodgnostic EMG, electromypography; F, femals GBS, Guillain-Bared syod s TV, intravenous
nmunoglobuling (§2 glkgover 5days); LL lower limbs Ly, lymphomaonocytes; M, male MEPs, motor evoked potestials MR, magnetic resomn e imaging NCS, nerve cond uction studies NP, not perfomyed PEX, plisma exchange; PNS, pedpheral nervous syste my; Prot,
total protelns; B, right; fRT-PCR, tramseription meal-time PCR; SSEPs, cortieal somatosersory evoked potentials; UL wpper Lmbs

*Reference mange, <5.

FRe e rence range, <052

SCutoff, 30 UtmL



The ribosomal +1 frameshift
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N-methylpseudouridylation of mRNA
causes +1ribosomal frameshifting
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Fig.2|+1frameshifted products elicit off-target cellularimmune
responses following modified mRNA vaccination. a, Depiction of spike and
+1frameshifted (+1FS) products produced by 1-methylW-modified spike mRNA
translation. CDS, coding sequence. b, Splenocyte IFNy ELISpotresponses
fromuntreated, ChAdOx1 nCoV-19-vaccinated or BNT162b2-vaccinated mice
stimulated with +1FS spike peptides. IFNy ELISpot response from BNT162b2-
vaccinated mice stimulated with SARS-CoV-2 M peptides (unrelated control
antigen) isincluded for additional comparison. SFU, spot-forming units.
Eachgroup n = 8. Untreated versus ChAdOx1nCoV-19, P = 0.963; untreated
versus BNT162b2, P=0.0005; ChAdOx1nCoV-19 versus BNT162b2, = 0.001.
¢, Splenocyte IFNy ELISpot responses from mice in b stimulated with spike
peptides. Untreated versus ChAdOx1nCoV-19, P=2.05 = 10”~"; untreated versus
BNT162b2, P=4.5%107;ChAdOX1nCoV-19 versus BNT162b2, P=1.88 x 10,

d, Peripheral blood mononuclear cells (PBMC) IFNy ELISpot responses

from donors vaccinated with ChAdOx1nCoV-19 (n =20) or BNT162b2 (n = 21)
stimulated with +1FS spike peptides. P = 0.0233 (Welch's one-talled ¢-test).

e, PBMCIFNyELISpotresponses from donorsincstimulated within-frame
spike peptides: total spike pool or spike S1+ S2subpools. ChAdOx1nCoV-19
splkeversus BNT162b2 spike, P=0.371; ChAdOx1nCoV-19 spike versus
BNT162b2S1+52, P=0.0845;BNT162b2spike versus BNT162b2S1 + S2,
P=0.686.f, Representative images of PBMC IFNy ELISpot response wells for
two Individuals vaccinated with either BNT162b2 responder (top) or ChAdOx1
nCoV-19 (bottom). Left to right: in-frame spike response (spike peptides); +1FS
spikeresponse (+1FS spike peptides); no peptide control. Pvaluesinb,c,e were
determined by one-way ANOVA and Tukey's test.
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Rethinking next-generation vaccines
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and other respiratory viruses
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Table 1. Epidemiologic and immunologic parameters of selected human respiratory viruses and vaccines used to control them

Incubation  Marked Infection elicits long-term  Re-infections  Vaccines elicit long-term  Vaccine

Virus period® viremia protective immunity are rare protective immunity type
Measles (to =10days vyes yes yes yes replicating
prodrome)

Mumps =16days vyes yes yes yes replicating
Rubella =16days vyes yes yes yes replicating
Smallpox” =12days vyes yes yes yes replicating
VZv© =14days vyes yes yes yes replicating
Endemic coronaviruses =5 days no no no none

Influenza virus =2 days no no no replicating, other

no

no
Parainfluenzaviruses =4 days no no no no none
RSV =5days no no no no cons
SARS-CoV-2 =4 days no” no no no

¢? CelPress Cell Host & Microbe

respiratory, lower respiratory tract, and systemic vaccina- respiratory disease often reflects host genetic susceptibility
o ; Oor optimized combinations of these. Attempting] factors.'="145147
to control mucosal respiratory viruses with systemically adminis-

tered nOn-repliCElﬁng vaccines has thus far been Iargely unsuc PUBLIC HEALTH CONSIDERATIONS RELATING TO
cessful, indicating that new approaches are needed. Forexample,] NEXT-GENERATION BESPIBRATORY VACCINES MUST




Lack of neutralizing immunity in nasal swabs from COVID-19 mRNA vaccinees
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Sensitivity of infectious SARS-CoV-2 B.1.1.7 and
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Either low or absent anti-Spike immunity in lungs of vaccinees
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Vaccines designed to elicit respiratory immunity must deliver antigen to the lungs

ARTICLES

https://doi.org/10.1038/541590-018-0260-6

The establishment of resident memory B cells in
the lung requires local antigen encounter

S.Rameeza Allie', JohnE. Bradley', Uma Mudunuru', Michael D. Schultz?, Beth A. Graf?, FrancesE. Lund?®
and Troy D. Randall &™

Memory B cells are found in lymphoid and non-lymphoid tissues, suggesting that some may be tissue-resident cells. Here we
show that pulmonary influenza infection elicited lung-resident memory B cells (ERM cells) that were phenotypically and func-
tionally distinct from their systemic counterparts. BRM cells were established in the lung early after infection, in part because
their placement required local antigen encounter. Lung BRM cells, but not systemic memory B cells, contributed to early plas-
mablast responses following challenge infection. Following secondary infection, antigen-specific BRM cells differentiated in
situ, whereas antigen-non-specific BRM cells were maintained as memory cells. These data demonstrate that BRM cells are an
important component of immunity to respiratory viruses such as influenza virus and suggest that vaccines designed to elicit
BRM cells must deliver antigen to the lungs.

- The development of lung immune memory is largely not influenced by events occurring in
both peripheral circulation and lymphoid organs;

- Lymphocytes in lungs are maintained independently of the pool of circulating
lymphocytes, and their continuous loss through intraepithelial migration towards airways
is constantly replenished by homeostatic proliferation
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