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Dear Editor,

Based on the study by Perrot and co-workers on the ACPA-positive
rheumatoid arthritis after SARS-CoV-2 infection [1], we should aim at
understanding the mechanisms behind autoimmunity related to COVID-
19 pathophysiology. As you know, recent studies have shown that some
COVID-19 patients showed the dramatically increased reactivity of their
autoantibodies against many human autoantigens, such as several
immunomodulatory extracellular and secreted proteins, including sur-
face proteins, chemokines, complement components, and cytokines [2].
This posed important questions on how and why such autoantibodies
were elicited. The most obvious explanation is comorbidity, where
SARS-CoV-2 infected patients with the autoimmune diseases (AIDs),
suggesting an association between AIDs and an increased risk of SARS-
CoV-2 infection and even higher severity of COVID-19. Although the
capability of SARS-CoV-2 to efficiently infect AID patients has been
thoroughly investigated, it is still unclear whether SARS-CoV-2 in-
fections are associated with the remittance or relapse/flare-up of AIDs
[3,4]. Alternatively, the autoantibodies can appear after SARS-CoV-2
infection of non-AIDs individuals, raising another fundamental ques-
tion: how the formation of autoantibodies is triggered then? Of note,
several viruses, such as coxsackie B virus, rotavirus, influenza A virus,
herpes virus, measles virus, mumps virus, rubella virus, and SARS-CoV-2
have been proposed to modulate the induction and development of AIDs
[5,6]. (See Fig. 1.)

Several mechanisms have been suggested by which SARS-CoV-2 and
other viruses can induce autoimmune responses in infected patients
(Figure 1). These include molecular mimicry, epitope spreading,
bystander activation, presentation of cryptic antigens, B-cell polyclonal
activation, the existence of the viral and/or bacterial superantigens
[7,8] and the post-translational modifications (PTMs, such as the cit-
rullination). One of the consequences of the SARS-CoV-2 infection is
cellular damage in various tissues, resulting in release of intracellular
constituents, such as cell-free DNA and peptidylarginine deiminase en-
zymes (PADs) into an extracellular milieu [9]. In several AIDs, PADs-
catalyzed deamination of arginine residues generates citrullinated pro-
teins and peptides (e.g., cyclic citrullinated peptide, CCPs) that serves as
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targets for creation of specific autoantibodies [10].

SARS-CoV-2 infection was shown to trigger the onset of two systemic
AIDs (i.e., Systemic Lupus Erythematosus (SLU) [1] and Rheumatic
Arthritis (RA) [11]) with circulating anti-CCP2, anti-CCP3, anti-PAD2,
and anti-PAD4 autoantibodies found during and after SARS-CoV-2
infection. These observations suggested that CCPs are not solely
responsible for this mechanism, as the humoral and cellular immunity
was detected against PADs [1]. This is in line with previous observa-
tions, where anti-PAD4 antibodies were detected in 30-50% of estab-
lished RA patients, and in 20% of patients with positive anti-CCP, anti-
PAD4 were detected as well [12]. Furthermore, anti-PAD3 (that can
cross-react with PAD4) were detected in 10-20% of RA patients [13],
whereas anti-PAD2 antibodies have been identified in patients with less
severe RA, associated with moderate swelling joints [14]. These auto-
antibodies might modulate catalytic activities of PADs. Furthermore,
auto-citrullination (self-post-translational modification) of PADs en-
zymes could not be avoided during SARS-CoV-2 infection, specifically
during the exponential increase in infection manifestation and distur-
bance of the Ca?* balance, which is crucial for PADs catalysis.

In line with these considerations are the results of the bioinformatics
analysis of the multi-omics datasets (RA, amyotrophic lateral sclerosis
(ALS), and COVID-19) that was conducted via search for the four bio-
markers (AGBL2/CCP2, AGBL3/CCP3, PADI2/PAD2, and PADI4/PAD4)
to understand how the systemic AIDs can be triggered by SARS-CoV-2.
This analysis revealed the presence of the anti-CCP2, anti-CCP3, and
anti-PAD2, anti-PAD4 biomarkers in all these cases. Furthermore, since
APP, TP53, TP63, and PADI3 were associated with RA+COVID, and
since TP53 and TP63 were associated with RA+ALS+COVID, one can
conclude that the TP53- and TP63-related pathways may be associated
with COVID-related AIDs that produce anti-CCPs and anti-PADs.
Although the study by Perrot and co-authors [1] answered some of the
main questions and gave support for the notion that SARS-CoV-2 triggers
autoimmune diseases and specifically RA, further analysis of the same
serum sample for antibodies against native PADs, citrullinated PADs,
and CCPs is necessary, which will further confirm the phenomenon of
COVD-19 autoimmunity.

Finally, one more important point should be indicated here. Tobacco
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smoking is considered as one of the factors increasing severity of COVID-
19 that can aggravate the condition of patients with COVID-19 [15,16].
In part, this is due to the ability of nicotine to activate the nicotinic
receptors resulting in the enhanced apoptosis, inflammatory signaling,
and protease activation via the renin-angiotensin system (RAS) and
angiotensin-converting enzyme 2 (ACE2) pathways, which are used by
the SARS-CoV-2 to enter the host cells [17]. Furthermore, in addition to
enhancing expression of ACE2 and transmembrane serine protease 2
(TMPRSS2) and inducing a cytokine storm [17], smoking might also
induce airway inflammation by triggering protein citrullination through
up-regulation of PAD2 [18]. In particular, smoking increases levels of
the citrullinated vimentin in lung tissue and induces the secretion of
citrullinated vimentin in an Aktl- and PAD2-dependent manner [19].
This is an important observation, since citrullinated vimentin was shown
to serve as one of the damage-associated molecular pattern molecules
(DAMPs) acting as ligands of the toll-like receptors (TLRs) and was
linked to the pathogenesis of various maladies with autoimmune etiol-
ogy, such as liver fibrosis, RA, and interstitial lung disease associated
with RA (RA-ILD). Therefore, smoking can be an additional contributing
factor to the SARS-CoV-2-flared autoimmunity disorders.

Spike protein could trigger inflammation response through the Fac-
tor H interaction of the complementary alternative pathway and
mannose-binding lectin (MBL) interaction of the complementary lectin
pathway which has been associated with the COVID-19 patients with
fatality [20]. In summary, these observations should focus our attention
on COVID-19 patients genetically predisposed for autoimmune and/or
autoinflammatory disorder and carefully monitor them during mass
vaccinations against COVID-19 with a vaccine dependent on spike
glycoprotein antigens. Obviously, the proposed here model is one auto-
immune mechanism among many.

Ethical approval information

Non applicable.
Data sharing statement

There are no data in this work (letter to the Editor).
Contributorship

All the authors gave substantial contributions to the conception or
design of the work, acquisition, analysis or interpretation of data,
drafting the work or revising it critically for important intellectual
content and final approval of the version published.

Declaration of Competing Interest
There are no competing interests for any author.

References

[1] Perrot L, Hemon M, Busnel JM, Muis-Pistor O, Picard C, Zandotti C, et al. First flare
of ACPA-positive rheumatoid arthritis after SARS-CoV-2 infection. Lancet Rheu-
matol 2021;3:e6-8.

[2] Wang EY, Mao T, Klein J, Dai Y, Huck JD, Liu F, et al. Diverse Functional Auto-
antibodies in Patients with COVID-19, medRxiv : the preprint server for health
sciences. 2020.

[3] Halpert G, Shoenfeld Y. SARS-CoV-2, the autoimmune virus. Autoimmun. Rev.
2020;19:102695.

[4] Hasseli R, Mueller-Ladner U, Schmeiser T, Hoyer BF, Krause A, Lorenz HM, et al.

National registry for patients with inflammatory rheumatic diseases (IRD) infected

with SARS-CoV-2 in Germany (ReCoVery): a valuable mean to gain rapid and

reliable knowledge of the clinical course of SARS-CoV-2 infections in patients with

IRD. RMD open 2020;6:e001332.

Barzilai O, Ram M, Shoenfeld Y. Viral infection can induce the production of au-

toantibodies. Curr. Opin. Rheumatol. 2007;19:636-43.

[6] Shah S, Danda D, Kavadichanda C, Das S, Adarsh MB, Negi VS. Autoimmune and
rheumatic musculoskeletal diseases as a consequence of SARS-CoV-2 infection and
its treatment. Rheumatol. Int. 2020;40:1539-54.

[5

[}

Autoimmunity Reviews 20 (2021) 102909

[7

—

Adiguzel Y. Molecular mimicry between SARS-CoV-2 and human proteins. Auto-

immun. Rev. 2021;102791.

Fujinami RS, von Herrath MG, Christen U, Whitton JL. Molecular mimicry,

bystander activation, or viral persistence: infections and autoimmune disease. Clin.

Microbiol. Rev. 2006;19:80-94.

[9] Donia A, Bokhari H. Apoptosis induced by SARS-CoV-2: can we target it? Apoptosis
2021;26:7-8.

[10] Alghamdi M, Al Ghamdi KA, Khan RH, Uversky VN, Redwan EM. An interplay of
structure and intrinsic disorder in the functionality of peptidylarginine deiminases,
a family of key autoimmunity-related enzymes. Cellular and molecular life sciences
: CMLS 2019;76:4635-62.

[11] Gracia-Ramos AE, Saavedra-Salinas M. Can the SARS-CoV-2 infection trigger sys-
temic lupus erythematosus? A case-based review. Rheumatol. Int. 2021:1-11.

[12] Mendez-Rayo T, Ochoa-Zérate L, Posso-Osorio I, Ortiz E, Naranjo-Escobar J,
Tobén GJ. Interpretation of autoantibodies in rheumatological diseases. Revista
Colombiana de Reumatologia (English Edition) 2018;25:112-25.

[13] Martinez-Prat L, Palterer B, Vitiello G, Parronchi P, Robinson WH, Mahler M.
Autoantibodies to protein-arginine deiminase (PAD) 4 in rheumatoid arthritis:
immunological and clinical significance, and potential for precision medicine.
Expert. Rev. Clin. Immunol. 2019;15:1073-87.

[14] Darrah E, Giles JT, Davis RL, Naik P, Wang H, Konig MF, et al. Autoantibodies to
Peptidylarginine Deiminase 2 Are Associated With Less Severe Disease in Rheu-
matoid Arthritis. Front. Immunol. 2018;9:2696.

[15] Elrashdy F, Redwan EM, Uversky VN. Why COVID-19 Transmission Is More Effi-
cient and Aggressive Than Viral Transmission in Previous Coronavirus Epidemics?
Biomolecules 2020;10:1312.

[16] Haddad C, Bou Malhab S, Sacre H, Salameh P. Smoking and COVID-19: A Scoping
Review. Tob Use Insights 2021;14. 1179173X21994612.

[17] Gupta I, Sohail MU, Elzawawi KE, Amarah AH, Vranic S, Al-Asmakh M, et al. SARS-
CoV-2 infection and smoking: What is the association? A brief review. Comput
Struct Biotechnol J 2021;19:1654-60.

[18] Makrygiannakis D, Hermansson M, Ulfgren AK, Nicholas AP, Zendman AJ,
Eklund A, et al. Smoking increases peptidylarginine deiminase 2 enzyme expres-
sion in human lungs and increases citrullination in BAL cells. Ann. Rheum. Dis.
2008;67:1488-92.

[19] Li FJ, Surolia R, Li H, Wang Z, Liu G, Kulkarni T, et al. Citrullinated vimentin
mediates development and progression of lung fibrosis. Sci. Transl. Med. 2021;13.

[20] YuJ, Yuan X, Chen H, Chaturvedi S, Braunstein EM, Brodsky RA. Direct activation

of the alternative complement pathway by SARS-CoV-2 spike proteins is blocked by

factor D inhibition. Blood 2020;136:2080-9.

[8

—

Elrashdy M. Redwan™" ", Mohammed F. Alghamdi®‘, Tarek Mohamed
Abd El-Aziz, Parise Adadi', Alaa A.A. Aljabali®, Diksha Attrish”,
Gajendra Kumar Azad', Wagner Baetas-da-Cruz/, Debmalya Barh""",
Nicolas G. Bazan', Adam M. Brufsky™, Gaurav Chauhan”, S.K.

Sarif Hassan®, Ramesh Kandimalla”, Amos Lal?, Kenneth Lundstrom’,
Yogendra Kumar Mishra®, Pabitra Pal Choudhury', Giorgio Pali",
Pritam K. Panda’, Damiano Pizzol", Nima Rezaei*”, Angel Serrano-
Aroca”, Samendra P. Sherchan®?, Murat Seyran>, Kazuo Takayama®,
Murtaza M. Tambuwala®®, Bruce D. Uhal®, Vladimir N. Uversky ™"

@ Department of Biological Sciences, Faculty of Sciences, King Abdulaziz
University, P.O. Box 80203, Jeddah, Saudi Arabia

Y Therapeutic and Protective Proteins Laboratory, Protein Research
Department, Genetic Engineering and Biotechnology Research Institute, City
of Scientific Research and Technological Applications, New Borg EL-Arab,
21934 Alexandria, Egypt

¢ Laboratory Department, University Medical Services Center, King
Abdulaziz University, P.O. Box 80200, Jeddah 21589, Saudi Arabia

4 Department of Cellular and Integrative Physiology, University of Texas
Health Science Center at San Antonio, 7703 Floyd Curl Dr, San Antonio, TX
78229-3900, USA

¢ Zoology Department, Faculty of Science, Minia University, El-Minia
61519, Egypt

£ Department of Food Science, University of Otago, Dunedin 9054, New
Zealand

8 Department of Pharmaceutics and Pharmaceutical Technology, Yarmouk
University-Faculty of Pharmacy, Irbid 566, Jordan

" Dr. B R Ambedkar Center for Biomedical Research (ACBR), University of
Delhi (North Camps), Delhi 110007, India

! Department of Zoology, Patna University, Patna 800005, Bihar, India

J Translational Laboratory in Molecular Physiology, Centre for Experimental
Surgery, College of Medicine, Federal University of Rio de Janeiro (UFRJ),
Rio de Janeiro, Brazil

X Institute of Integrative Omics and Applied Biotechnology (IIOAB),
Nonakuri, Purba Medinipur WB-721172, India


http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0005
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0005
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0005
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0010
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0010
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0010
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0015
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0015
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0020
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0020
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0020
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0020
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0020
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0025
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0025
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0030
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0030
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0030
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0035
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0035
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0040
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0040
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0040
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0045
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0045
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0050
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0050
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0050
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0050
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0055
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0055
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0060
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0060
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0060
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0065
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0065
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0065
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0065
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0070
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0070
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0070
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0075
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0075
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0075
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0080
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0080
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0085
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0085
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0085
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0090
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0090
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0090
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0090
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0095
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0095
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0100
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0100
http://refhub.elsevier.com/S1568-9972(21)00184-1/rf0100

E.M. Redwan et al.

! Neuroscience Center of Excellence, School of Medicine, LSU Heath New
Orleans, New Orleans 70112, USA

™ University of Pittsburgh School of Medicine, Department of Medicine,
Division of Hematology/Oncology, UPMC Hillman Cancer Center,
Pittsburgh, PA, USA

™ School of Engineering and Sciences, Tecnoldgico de Monterrey, Av.
Eugenio Garza Sada 2501 Sur, 64849, Monterrey, NL, Mexico

° Department of Mathematics, Pingla Thana Mahavidyalaya, Maligram,
Paschim Medinipur, 721140, West Bengal, India

P CSIR-Indian Institute of Chemical Technology Uppal Road, Tarnaka,
Hyderabad 500007, Department of Biochemistry, Kakatiya Medical
College, Warangal, Telangana State, India

4 Division of Pulmonary and Critical Care Medicine, Mayo Clinic, Rochester,
Minnesota, USA

" PanTherapeutics, Rte de Lavaux 49, CH1095 Lutry, Switzerland

$ University of Southern Denmark, Mads Clausen Institute, NanoSYD, Alsion
2, 6400 Sgnderborg, Denmark

t Applied Statistics Unit, Indian Statistical Institute, Kolkata 700108, West
Bengal, India

Y Department of Molecular Medicine, University of Padova, Via Gabelli 63,
35121, Padova, Italy

Vv Condensed Matter Theory Group, Materials Theory Division, Department
of Physics and Astronomy, Uppsala University, Box 516, 75120 Uppsala,
Sweden

W Italian Agency for Development Cooperation - Khartoum, Sudan Street 33,
Al Amarat, Sudan

¥ Research Center for Immunodeficiencies, Pediatrics Center of Excellence,
Children’s Medical Center, University of Medical Sciences, Tehran, Iran

Y Network of Immunity in Infection, Malignancy and Autoimmunity
(NIIMA), Universal Scientific Education and Research Network (USERN),
Stockholm, Sweden

* Biomaterials and Bioengineering Lab, Centro de Investigacion Traslacional
San Alberto Magno, Universidad Catolica de Valencia San Vicente Martir,
46001, Valencia, Spain

Autoimmunity Reviews 20 (2021) 102909

4 Department of Environmental Health Sciences, Tulane University, New
Orleans, LA 70112, USA

2 poctoral Student in Natural and Technical Sciences (SPL 44), University
of Vienna, Wahringer Strafle, A-1090 Vienna, Austria

¢ Infection, Malignancy and Autoimmunity (NIIMA), Universal Scientific
Education and Research Network (USERN), Austria

ad Center for iPS Cell Research and Application, Kyoto University, Kyoto
606-8397, Japan

¢ School of Pharmacy and Pharmaceutical Science, Ulster University,
Coleraine BT52 1SA, Northern Ireland, UK

af Department of Physiology, Michigan State University, East Lansing, MI
48824, USA

4 Department of Molecular Medicine and USF Health Byrd Alzheimer’s
Research Institute, Morsani College of Medicine, University of South Florida,
Tampa, FL, USA

ah Department of Genetics, Ecology and Evolution, Institute of Biological
Sciences, Federal University of Minas Gerais, Belo Horizonte 31270-901,
Brazil

* Corresponding authors.

E-mail addresses: Iradwan@kau.edu.sa (E.M. Redwan), mfarwan@kau.
edu.sa (M.F. Alghamdi), mohamedtl @uthscsa.edu (T.M.A. El-Aziz),
alaaj@yu.edu.jo (A.A.A. Aljabali), gkazad@patnauniversity.ac.in (G.K.
Azad), nbazan@Isuhsc.edu (N.G. Bazan), brufskyam@upmc.edu (A.M.
Brufsky), gchauhan@tec.mx (G. Chauhan), mishra@mci.sdu.dk (Y.K.
Mishra), giorgio.palu@unipd.it (G. Pall), pritam.panda@physics.uu.se
(P.K. Panda), angel.serrano@ucv.es (A. Serrano-Aroca),
sshercha@tulane.edu (S.P. Sherchan), al1851761@unet.univie.ac.at
(M. Seyran), kazuo.takayama@cira.kyoto-u.ac.jp (K. Takayama), m.
tambuwala@ulster.ac.uk (M.M. Tambuwala), vuversky@usf.edu (V.N.
Uversky).


mailto:lradwan@kau.edu.sa
mailto:mfarwan@kau.edu.sa
mailto:mfarwan@kau.edu.sa
mailto:mohamedt1@uthscsa.edu
mailto:alaaj@yu.edu.jo
mailto:gkazad@patnauniversity.ac.in
mailto:nbazan@lsuhsc.edu
mailto:brufskyam@upmc.edu
mailto:gchauhan@tec.mx
mailto:mishra@mci.sdu.dk
mailto:giorgio.palu@unipd.it
mailto:pritam.panda@physics.uu.se
mailto:angel.serrano@ucv.es
mailto:sshercha@tulane.edu
mailto:a11851761@unet.univie.ac.at
mailto:kazuo.takayama@cira.kyoto-u.ac.jp
mailto:m.tambuwala@ulster.ac.uk
mailto:m.tambuwala@ulster.ac.uk
mailto:vuversky@usf.edu

