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Can COVID-19 induce glioma tumorogenesis through binding cell receptors?
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A B S T R A C T

The outbreak of Novel Coronavirus 2019 (COVID-19) represents a global threat to the public healthcare. The
viral spike (S) glycoprotein is the key molecule for viral entry through interaction with angiotensin converting
enzyme 2 (ACE2) receptor molecules present on the cell membranes. Moreover, it has been established that
COVID-19 interacts and infects brain cells in humans via ACE2. Therefore in the light of these known facts we
hypothesized that viral S protein molecule may bind to the other overexpressed receptor molecules in glioma
cells and may play some role in glioma tumorogenesis. Thus we leverage docking analysis (HEX and Z-DOCK)
between viral S protein and epidermal growth factor receptors (EGFR), vascular endothelial growth factor re-
ceptors (VEGFR) and hepatocyte growth factor receptors (HGFR/c-MET) to investigate the oncogenic potential
of COVID-19. Our findings suggested higher affinity of Viral S protein towards EGFR and VEGFR. Although, the
data presented is preliminary and need to be validated further via molecular dynamics studies, however it paves
platform to instigate further investigations on this aspect considering the aftermath of COVID-19 pandemic in
oncogenic perspective.

Novel Coronavirus 2019 (COVID-19) has caused an outbreak and is
still spreading very rapidly across the world. COVID-19 infects the host
respiratory cells and initiates complex immune responses, resulting in
devastating clinical outcomes. The surface spike (S) glycoprotein (S
protein) of COVID-19 has been shown to bind the host cell receptor
angiotensin converting enzyme 2 (ACE2) and enter the target cells [1].
This is the critical step to initiate the disease and to produce clinical
symptoms.

The role of COVID-19 in tumorogenesis of solid cancer is poorly
understood and its role in glioma pathophysiology has not been re-
ported. It is known that glial and neuronal cells express ACE2 on their
surface, which makes the neuronal cells a potential target for COVID-19
infection [2]. We therefore hypothesize that the COVID-19 S protein
may have binding affinity to the surface receptors of glioma cells and
may induce molecular changes, with multiple influences on tumor-
ogenesis, such as induction of tumor related signaling pathways. To
understand this, we investigated the binding affinity between receptor
binding domain (RBD) of S protein and a few known cell surface re-
ceptors documented in glioma pathogenesis.

Glioma cells have epidermal growth factor receptors (EGFR), vas-
cular endothelial growth factor receptors (VEGFR) and hepatocyte
growth factor receptors (HGFR/c-MET) on their surface, all of which
are responsible for tumor growth and invasion [3]. The functional
ability of these receptors to activate the downstream signaling path-
ways that take part in tumorogenesis make them stand out as potent
targets for molecular therapeutics.

Considering the importance of these surface receptors on glioma
cells, we studied the interaction between EGFR, VEGFR and c-MET
receptor proteins with S protein of COVID-19. Since Wan et al. [4] al-
ready analyzed the binding of the human ACE2 protein with RBD of
COVID-19 S protein, we used this binding as reference for protein-
protein interaction in our analysis. The 3D structures of EGFR, VEGFR,
c-MET, ACE2 and S protein were extracted from Uniprot, protein data

bank (PDB) id numbers − 1 m14, 1vpf, 2uzx, 2ajf and 2ghv, respec-
tively. In order to test our hypothesis, we utilized two different mole-
cular protein-protein docking platforms: Hex 5.1 and Z DOCK server
[5,6]. Z-DOCK was performed on the protein-protein docking server
using fast fourier transform algorithm.

Our results from Hex docking showed that COVID-19 S protein has
binding affinity towards EGFR, VEGFR and c-MET receptor proteins,
which was comparable to the binding affinity between ACE2 and S
protein (Fig. 1). These findings were further substantiated by Z DOCK
binding scores of S – EGFR, S - c-MET, S – VEGFR and S - ACE2 in-
teracting protein complexes which were found to be 1697.528 for S –
EGFR, 1958.115 for S - c-MET, 1690.053 for S – VEGFR and 1843.070
for S - ACE2.

The mechanism through which viruses exploit the presence of se-
lective receptors on cells to interact with and infect the cells is well
known [7,8]. For instance, complement receptor 2 (CR2), which is
found on astrocytes, facilitates the entry of Epstein Bar virus (EBV)
through interaction between EBV surface protein gp350 and CR2 [7,8].
Similarly, Cytomegalovirus (CMV) immediate-early (IE) proteins bind
to retinoblastoma (Rb), p53 and p21, which subsequently leads to al-
teration in telomerase activity and cell cycle regulation [9]. Overall,
there are several known receptor mediated entry and oncogenesis of
different viruses.

Our preliminary findings suggested that COVID-19 S protein might
have a binding affinity to EGFR, c-MET and VEGFR on glioma cells.
Therefore, we speculate that COVID-19 can induce glioma tumor-
ogenesis through the S protein, this may increase the risk of developing
glioma in COVID-19 infected individuals, and may amplify tumor
growth in COVID-19 infected glioma patients. Finally, our findings do
not provide a definitive model for establishing the oncogenic potential
of S protein and warrant further investigation. This could be accom-
plished via molecular dynamic simulation methods in the future.
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Fig. 1. Hex 5.0 generated protein-protein docked
complexes with representative E-total energy values
presented as KJ/mol (a) S-ACE2 protein-protein
complex, (b) S-EGFR protein-protein complex, (c) S
- c-MET protein-protein complex and (d) S-VEGFR
protein-protein complex. Parameters opted for the
Hex software were; (1) Grid Dimension – 0.6, (2)
Twist Range – 360 and Distance Range – 40, (3)
Receptor Range – 180, (4) Ligand Range – 180, (5)
Post Processing – MM Energies, (6) FFT Mode – 3D
and (7) Correlation type- Shape + Electrostatics.
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