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A B S T R A C T   

SARS-COV-2 infection causes severe respiratory tract illness leading to asphyxia and death. The onset of infection 
is associated with loss of smell, blurred vision, headache with bronchopulmonary symptoms. The clinical ob-
servations of neurological abnormalities lead us to address the question, does the virus enter into brain and what 
is the underlying mechanism of brain infection? The working hypothesis is, SARS-COV-2 Spike epitopes modify 
blood brain barrier and infect glial cells to induce brain inflammation in genetically diverse human population. 
The hypothesis is tested by determining binding or interacting ability of virus Spike epitope peptides M1Lys60 
and Ala240Glu300 with human toll-like receptor 8 (TLR 8), brain targeted Vascular Cell adhesion Molecules 
(VCAM1) proteins, Zonula Occludens (ZO), glial cell specific protein NDRG2 and Apo- S100B. The molecular 
dynamic experiments are performed, and root mean square deviation (RMSD) values are determined for in-
teractions between the Spike peptides and selected proteins. The observations demonstrate formation of heter-
odimeric complex between the epitope peptides and selected protein structures. The viral epitopes have ability to 
bind with HLA-DRB1 15:01, 07:01 or 03.01 alleles thus found immunogenic in nature. The observations alto-
gether suggest entry of these Spike protein epitopes into human brain causes inflammation.   

Introduction/background 

Severe Acute Respiratory Syndrome Corona Virus-2 (SARS-COV-2) 
causes recent pandemic with heightened mortality rate all over the 
world. Acute respiratory distress (ARD) with uncontrolled surge of cy-
tokines is found to worsen the disease condition. The viral infection 
causes lung collapse with pneumonia [1,2] and cardiovascular failure 
[3]. The genetic mark up with susceptibility of infection in population 
was not known until recent genome wide association study (GWAS) 
which suggests 3p21.31 gene cluster is critical for SARS-COV-2 infection 
with respiratory failure [4]. Several investigations [5–7] also indicated 
possible genetic factors for determining hosts’ susceptibility to SARS- 
COV-2. Progressive infection causes kidney malfunction [8] and multi- 
organ failure [9]. The meta-analysis of COVID-19 patients in pandemic 
demonstrates close association with neuropsychiatric disorders [10]. 
The presence of virus particles in cerebrospinal fluid has been demon-
strated from infected patients [11,12] which indicates presence of the 

virus into central nervous system. It is reported that SARS-COV-2 
infection activates astrocytes and microglia in patients [13]. Though 
mechanism is still not clear. We identified unique Spike epitopes which 
have binding affinity to HLA-DRB1 alleles 15:01; 07:01 and 03:01 with 
variable immunogenicity to T helper cells. The brain receptor binding 
efficacy of these viral peptides are tested by demonstration of hetero-
dimer formation with selected human brain targeted proteins. The 
mapping of viral receptors in human brain and immune therapy 
approach to block these virus epitopes are currently underway. 

The hypothesis/theory 

Our working hypotheses are two folds; we propose (a) SARS-COV-2 
spike epitope peptides modify blood brain barrier proteins and enter 
into brain cause inflammation; and (b) Viral spike epitope peptides 
induce activated T helper cells recognized by HLA-DRB1 alleles in 
genetically diverse human population leading to chronic brain 

* Corresponding address at: Regenerative Neuro Immune Research Institute of South Carolina, 505 Tribeca Dr. (FL 2), Charleston, SC 29414, United States. 
E-mail address: subhajitdasgupta@outlook.com (S. Dasgupta).  

Contents lists available at ScienceDirect 

Medical Hypotheses 

journal homepage: www.elsevier.com/locate/mehy 

https://doi.org/10.1016/j.mehy.2021.110706 
Received 20 July 2021; Received in revised form 25 September 2021; Accepted 4 October 2021   

mailto:subhajitdasgupta@outlook.com
www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2021.110706
https://doi.org/10.1016/j.mehy.2021.110706
https://doi.org/10.1016/j.mehy.2021.110706
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2021.110706&domain=pdf


Medical Hypotheses 157 (2021) 110706

2

inflammation and neurodegeneration. 

Evaluation of hypothesis/idea 

The specific interaction patterns between virus spike epitope se-
quences and human brain targeted proteins are still not clear. It has been 
reported that, seven members of human Corona Virus family (hCOV) : 

SARS-COV, SARS-COV-2, MERS-COV, HCoV-OC43, HCoV-229E, HCoV- 
HKU1 and HCoV-NL63 are related to each other and possibly infect 
human central nervous system (CNS) [12]. Virus infection causes 
alteration in blood brain barrier integrity [14,15]. The postmortem 
analysis of COVID-19 patients demonstrates presence of activated as-
trocytes, microglia and cytotoxic T cells in olfactory bulb, brain stem 
and cerebellum [13,16,17]. 

Empirical data 

We selected two Spike peptides with amino acid sequences 1–60 
(M1Lys60) and 241–300 (Ala240Glu300) (NH2-terminal sequences) to 
determine their binding efficacy with brain receptor proteins. The viral 
peptides are found to bind with HLA-DRB1 alleles 03:01, 07:01 and 
15:01 to a variable extent (Table 1) (IEDB epitope analysis tools). The 
observations presented in Table1 suggested that viral peptides are 
immunogenic in nature. We performed molecular dynamics and docking 
experiments (md) using AutoDock Tools (Script, La Jolla), PyMol soft-
ware systems (US), to determine interaction patterns between mem-
brane bound alpha helical SARS-COV-2 Spike epitopes (PDB: Spike 
Chain_A_1-60 and Spike Chain_A_241-300) (Identified epitope pep-
tides, Subhajit Dasgupta) and selected protein sequences : human tight 
junction protein Zo (PDB: 3SHU), integrin VCAM1 (PDB: 1VSC) [18], 
innate immune responder TLR8 (PDB: 3W3N) [19], glial protein NDRG2 

Table 1 
SARS-COV2 N-terminal Spike peptide epitopes efficiently bind with HLA-DRB1 
alleles and demonstrate CD4 cell immunogenicity.  

N-terminal 
Spike 
peptides 

Immunogenic 
CD4 epitope(s) 

IEDB 
combined 
score 

Epitope binding efficacy with 
HLA-DRB1 alleles (IC50 nM) ‡

03:01 07:01 15:01 

Peptide A: 
1-60 

LVSLLSVLL 
LLSVLLMGC 

52.20664 
56.00644 

– 
– 

42 90 

Peptide C: 
241-300  ITRFQTLLA  49.766  – 

INITRFQTL 
(351/ 
242.9) 

INITRFQTL 
(452/ 
100.3)  

‡ The IEDB epitope analysis tool is used to determine IC(50) values; IC (50) 
value less than 50 nM is considered as high affinity binding of peptide with 
HLADRB1 allele; IC (50) greater than 50 less than 500 nM is intermediate af-
finity. IC (50) greater than 500 nM less than 5000 nM is considered as low to 
poor affinity or no affinity. The core peptides are assessed for their affinity 
profile with alleles. 

Fig. 1. SARS-COV-2 Spike epitope peptides 
(amino acid sequences 1–60 and 241–300) 
form complex with blood brain barrier pro-
tein Zonula Occludens and integrin vascular 
cell adhesion molecule (VCAM). The molec-
ular docking experiments were performed to 
determine interaction between alpha helical 
SARS-COV-2 Spike epitope peptides (PDB id: 
Spike Chain_A_1-60 and Spike Chain_A_ 
241–300) with (A) Zonula Occludens (Zo ; 
PDB id: 3SHU). RMSD for md run with Spike 
Chain_A_241-300 is 2.907 Angstrom. Inset 
figure shows secondary protein structures 
interacting with each other in docking 
experiment. (B) VCAM (PDB id: 1VSC) to 
form heterodimeric complex. RMSD for md 
run with Spike Chain_A-1–60 is 5.605 
Angstrom and Spike Chain_A_241-300 is 
5.065 Angstrom. Inset figure shows second-
ary protein structures interacting with each 
other in docking experiment. The md plot 
shows Frame/sec value @30 frames per sec 
run for 120x 109 nsec Rendering time. The 
interacting protein sequences are in high-
lighted box and provided in both the figures.   
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(2XMR) [20] and rat Apo S100B (PDB: 1B4C) [21]. The md experiments 
were performed by using protein database (PDB) format of Spike pep-
tides and selected proteins. We aligned the PDB formatted Spike pep-
tides with each of selected brain derived peptides considering outlier 

rejection in 10 cycles and cut off value 2 Angstrom unit. The md run was 
set for 2 min (120 × 109 nsec), 30 Frames per second with ray tracing 
parameter and each aligned Spike peptide as mobile selection for each 
selected host protein (target selection). We determined root mean 

Fig. 2. SARS-COV-2 Spike peptide (amino 
acid sequence 241–300) form heterodimeric 
complex with human toll-like receptor 8 
(hTLR8). The molecular docking experiments 
were performed to determine interaction 
between alpha helical SARS-COV-2 Spike 
epitope peptide PDB id: Spike Chain_A_ 
241–300) with human toll-like receptor 8 
(TLR8). RMSD for md run with Spike 
Chain_A_241-300 is 14.096 Angstrom. Inset 
figure shows secondary protein structures 
interacting with each other in docking 
experiment. The md plot shows Frame/sec 
value @30 frames per sec run for 120x 10(9) 
nsec Rendering time. The interacting protein 
sequences are shown in the figure.   

Fig. 3. SARS-COV-2 Spike epitope peptides 
form complex with astrocyte activation pro-
tein NDRG2 and calcium modulator protein 
Apo-S100B. The molecular docking experi-
ments demonstrate SARS-COV-2 alpha helix 
peptides with amino acid sequence 1–60 and 
241–300 form dimeric complex with (A) 
NDRG2. The RMSD value for md run with 
Spike Chain_A_1-60 and NDRG2 is 5.495 
Angstrom and md run with Spike 
Chain_A_241-300 and NDRG2 is 7.857 
Angstrom. and (B) Apo-S100B. The molecu-
lar dynamic run between Spike Chain_A_1-60 
and Apo- S100B shows RMSD value 0.539 
Angstrom. The md run between Spike 
Chain_A_241-300 and Apo S100B shows 
RMSD value 0.777 Angstrom unit. Inset 
figure shows secondary protein structures 
interacting with each other in docking 
experiment (Apo- S100B one isomer out of 
20 is taken for md run experiment). The md 
plot for each individual interaction shows 
Frame/sec value @30 frames per sec run for 
120x 10(9) nsec Rendering time. The high-
lighted interacting protein sequences are 

shown in the figure.   
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square deviation (RMSD) value (Angstrom) for each molecular dynamics 
run. The frame per second versus rendering time plot for each molecular 
dynamic interaction has been presented with docking results on blood 
brain barrier tight junction protein Zonula Occluden-1 (ZO-1) (Fig. 1A), 
Vascular Cell Adhesion Factor (VCAM) (Fig. 1B), human Toll-like re-
ceptor 8 (TLR8) (Fig. 2). The molecular docking experiments also 
demonstrates specificity of Spike peptide epitopes to form complex with 
human astrocyte specific protein N-myc downstream-regulated gene 2 
(NDRG2) (Fig. 3A) and glial specific calcium regulator protein Apo- 
S100B (Fig. 3B). 

Consequences of the hypothesis and discussion 

The molecular dynamics (md) and docking experiments provide 
clear demonstrations on mechanism of interaction between Spike epi-
topes (1-60 and 241-300) and selected blood brain barrier protein Zo, 
innate immune responder TLR8 and brain derived glial cell proteins 
NDRG2 and Apo-S100B. The interaction profile indicates of SARS-COV- 
2 in blood brain barrier endothelium and cause inflammation in brain. 
The use of md method is a new way to identify interaction between 
homologous as well as non-homologues proteins on the basis of atom-to- 
atom alignment profile between two interacting proteins. The compu-
tational approach with md has been used to demonstrate mode of action 
of natural compound as possible drug and therapeutics in cancer 
[22,23]. Recently, therapeutic importance of human antimicrobial 
peptide LL-37 for COVID has been analyzed by md methods [24]. In the 
aspect, our observations provide new findings on Spike protein action on 
selected proteins in human brain. 

The blood brain barrier (BBB) composed of endothelial cells, 
astrocyte-foot process and axons - all play vital role in maintaining CNS 
integrity. The junctions between the BBB cells selectively pass nutrients 
and small molecules from periphery to CNS. Our findings (Fig. 1A and B) 
that, viral spike epitopes [1–60: M1Lys60 and 241–300: Ala240-
Glu300)] form complex with tight junction protein Zo-1 and integrin 
VCAM-1, suggest a mechanism of Spike peptides on viral entry to CNS 
through BBB. The Spike peptide interaction pattern with human TLR8 
(Fig. 2) is another critical observation showing involvement of TLR8. 
The elevated expression of VCAM1 is demonstrated in microglia in brain 
lesions of multiple sclerosis patients [25,26]. The possibility that, 
chronic inflammation in brain through interaction between Spike 
epitope and VCAM1 integrin leading to autoimmune onset of multiple 
sclerosis cannot be ignored in aging population. We found Spike pep-
tides bind with astrocyte activation protein NDRG2 (tumor suppressor 
protein and stress response gene product). The elevated production of 
this protein shows activation of astrocyte and presence of abnormal 
synaptic glutamate during neurodegenerative diseases and neuropathic 
pain [27,28]. We pursue these findings to determine specific binding 
region of SARS-COV-2 Spike peptides for the receptor(s) present in 
human brain and develop immunotherapy. 
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[25] Peterson JW, Bö L, Mörk S, Chang A, Ransohoff RM, Trapp BD. VCAM-1-positive 
microglia target oligodendrocytes at the border of multiple sclerosis lesions. 
J Neuropathol Exp Neurol 2002;61(6):539–46. 

[26] Haarmann A, Nowak E, Deiss A, van der Pol S, Monoranu CM, Kooij G, et al. 
Soluble VCAM-1 impairs human brain endothelial barrier integrity via integrin 
alpha-4-transduced outside-in signalling. Acta Neuropathol 2015;129(5):639–52. 

[27] Flügge G, Araya-Callis C, Garea-Rodriguez E, Stadelmann-Nessler C, Fuchs E. 
NDRG2 as a marker protein for brain astrocytes. Cell Tissue Res 2014;357(1): 
31–41. 

[28] Schonkeren SL, Massen M, van der Horst R, Koch A, Vaes N, Melotte V. Nervous 
NDRGs: the N-myc downstream-regulated gene family in the central and peripheral 
nervous system. Neurogenetics 2019;20(4):173–86. 

S. Dasgupta and M. Bandyopadhyay                                                                                                                                                                                                       

http://refhub.elsevier.com/S0306-9877(21)00225-5/h0125
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0125
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0125
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0130
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0130
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0130
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0135
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0135
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0135
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0140
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0140
http://refhub.elsevier.com/S0306-9877(21)00225-5/h0140

