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Current therapeutic strategies and vaccines against SARS-CoV-2 are mainly focused on
the Spike protein despite there are other viral proteins with important roles in COVID-
19 pathogenicity. For example, ORF8 restructures vesicular trafficking in the host cell,
impacts intracellular immunity through the IFN-I signaling, and growth pathways through
the mitogen-activated protein kinases (MAPKSs). In this mini-review, we analyze the main
structural similarities of ORF8 with immunological molecules such as IL—1, contributing
to the immunological deregulation observed in COVID-19. We also propose that the
blockage of some effector functions of ORF8 with Rapamycin, such as the mTORC1
activation through MAPKs 40 pathway, with Rapamycin, can be a promising approach
to reduce COVID-19 mortality.
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INTRODUCTION

The SARS-CoV-2 appeared in Wuhan at the end of December 2019 with the consequent crisis in
the health systems due to the lack of an effective treatment to face a then unknown disease with
a mortality of 10%. The implementation of physical distancing leads to an overall reduction in
incidence by 13% (Islam et al., 2020). At the time of writing, 190 million infections and 4.14 million
deaths have been reported. Although the mortality rate is reducing the number of infected patients
is increasing, and there is still no effective pharmacological protocol against the disease. More than
a year after the start of the pandemic, available vaccines are still uncertain since the virus genome
has shown high genetic variability (Islam et al., 2020). Therefore, new drug strategies are needed for
the prevention and treatment of the infection caused by this virus and the aftereffects of the disease.
One of the most relevant characteristics of the virus is the strong immune response in some patients,
in addition to some long-lasting pathologic consequences observed in convalescence patients.

The proteins encoded in the nine open reading frames (ORFs) of SARS-CoV-2 do not appear to
be necessary for viral replication. However, they participate in the modulation of the metabolism
of the infected host cells, the vesicular trafficking and packing of new viral particles, and the
modification of the innate immunity (Gordon et al., 2020). From this group of proteins, ORF8 is
the most connected hub with 47 links, and one of these links is the Torla (Torsin-1a) protein, that
is involved in the quality control of protein folding in the ER (Hill et al., 2018; Gordon et al., 2020).
ORF8 acts on ER to modulate the unfolded protein response (UPR) by up regulation of the ER-
resident chaperones GRP78 and GRP94 leading to stimulate ATF6 and IRE1 pathways. Although,
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it does not seem to have any influence on the PERK pathway
(Rashid et al,, 2021; Figure 1). Thus, during SARS-CoV-2
infection, ORF8 takes the role of a central organizer of the activity
of the virus-host hybrid network (the interactome model of viral
components with the host proteins) toward the production of
new virions (Diaz, 2020).

Coronaviruses show high genetic variability, and the structure
of the SARS-CoV-2 genome consist of a set of conserved genes
with an exceptionally low or null rate of mutation, together with
a set of genes with high rate of variation. For example, of the
11,113 ORF8 sequences analyzed by Pereira (2020), the L84S
substitution is the mutation that has been positively selected
during the course of the pandemic. In 58 sites with this mutation
the change in position 84 from leucine (observed in 85% of the
sequences) to serine (observed in 15% of the sequences) stands up
(Vilar and Isom, 2021; Zinzula, 2021). In the last group, the gene
OREF8 (ORF8) has a notable tendency to recombine and undergo
deletions that exceed the evolutionary capacity of its analogs
in other coronaviruses, facilitating SARS-CoV-2 adaptability to
new reservoirs and hosts (Abdelrahman et al., 2020; Zinzula,
2021). Despite the fact that truncations in ORF8 become more
common as the pandemic progresses, and that these changes have
apparently no influence on the replication of the virus, they are
associated with non-synonymous mutations that increases the
affinity of protein S for its receptor producing genetic variants
with greater contagion capacity and an increased epidemiological
persistence (Pereira, 2020).

During the first 6 months of the 2020 pandemic, 240
different non-synonymous mutations and 2 deletions in ORF8
have been found in 45,400 sequences. Approximately, 50%
of these mutations are detrimental to the ORF8 protein, and
25% of them are among the conserved amino acids of other
variants of coronavirus in animals. These mutations, regardless
of their effects on ORF8 itself, can influence the biology of
SARS-CoV-2 and slow down the discovery of new drugs,
vaccines, and diagnostics against this coronavirus (Chan et al,,
2020; Velazquez-Salinas et al., 2020; Alkhansa et al., 2021).
An observational cohort study made in Singapore in the first
3 months of 2020, highlighted that an infection process with the
D382 ORF8 variant induced late onset of pneumonia with milder
symptoms, compared to the patients infected with the wild type
(WT) ORF8. This result was associated with a lower probability
of developing hypoxia and a better recovery from the disease
(Young et al., 2020), possibly due to an elicited immune response
in the absence of a fully functional ORF8. The most distinctive
characteristic of severe COVID-19 is the accumulation of high
levels of pro-inflammatory cytokines, chemokines, and growth
factors that are systemically released and are associated with
lung injury. However, in patients infected with the D382 ORF8
variant all these molecules were found in lower concentrations
together with high levels of gamma interferon (IFN-y), and other
cytokines responsible for the activation of T cells, in contrast
with patients infected with WT (Su et al,, 2020). In 2018, a
29-nucleotide deletion in ORF8 was reported in the SARS-CoV
genome, which was acquired during the first stage of person-to-
person transmission. These observations point to the fact that
these genomic changes relate to the deletion mutations of ORFS,

given SARS-CoV-2 some advantage in its process of adaptation
to humans (Muth et al., 2018).

The new ORF8 encodes a 121 amino acid secretory protein
with 55.4% nucleotide similarity, and 30% protein identity
with SARS-CoV counterpart. However, despite this genomic
divergence, they share structural similarities as they both present
a cavity with adequate electrostatic charges for protein-protein
interaction (Neches et al., 2021). Structurally, SARS-CoV-2 ORF8
is a dimer in which each chain is made up of an alpha helix,
followed by six-stranded chain $ sheet, and an N-terminal
hydrophobic signal peptide (1-15 aa of length) that promotes
its import into the ER lumen where it can interact with a
wide range of host proteins (Gordon et al., 2020; Rashid et al.,
2021). This, together with two dimerization interfaces, means
that ORF8 has a high possibility of forming unique complexes
that can take part in immunological activity. This dimerization
is probably an adaptative characteristic absent in homologs from
other coronaviruses (Flower et al., 2020).

Among the functions that ORF8 plays in the evasion of the
immune system are the activation of IL-17 signaling pathway,
and the promotion of the expression of pro-inflammatory factors,
supporting the lower intensity and late response to pneumonia
caused by the D382 ORFS8 variant. Additionally, association
of ORFS8 deletion variant (D382 variant) with milder disease
outcome strongly supports the importance of ORF8 protein as
a therapeutic target against SARS-CoV-2 (Sharma et al.,, 2021).
However, the search for direct inhibition drugs of OREF8 is
difficult due to the globular structure and high variability of this
viral component. Another distinct function of ORF8 protein,
different form SARS-CoV 29 nucleotide deleted versions- ORF8a
and ORF8b (Pereira, 2021), is the regulation of the amount of
MHC-I on the surface of the infected cell through a mechanism
of lysosomal degradation dependent on autophagy. This results
in dysregulated and deficient antigen presentation, hindering
the recognition and elimination of infected cells (Zhang et al,,
2020; de Sousa et al., 2020). Recently, computational experiments
of homology modeling and molecular coupling suggested that
a high expression of ORF8 and the surface glycoprotein may
interact with heme porphyrin in the 1-beta chain of hemoglobin,
resulting in a significant decrease in gas exchange processes and
aggravating hypoxia in patients with severe disease (Liu and Li,
2020). However, these observations are still under investigation
because of their clinical implications.

The joint action of ORF8, Nspl, and Nsp6 results in a
significant decrease in the production of IFN-I through different
mechanisms to suppress signaling and produce failures and
incorrect immune response, which favors the replication and
transmission of the virus, to other host cells (Xia et al., 2020).
Another example of this synergy is Nsp5, Nsp7, ORF3b, and
M that can act together with ORF8 in more than one cell
organelle, as in the case of stress-induced to ER (Figure 1;
Gordon et al., 2020).

The diverse immune response evasion strategies generating an
adaptative advantage for SARS-CoV-2 survival and propagation
could be a result of functional mimicry that intensifies the host-
pathogen interaction. An example of this functional mimicry
comes from in silico simulations of ORF8-substrate complexes
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FIGURE 1 | SARS-CoV-2 ORF8 protein interaction map. ORF8 modulates vesicular traffic through the unfolded protein response (UPR) and, therefore, ER stress by
stimulating the ATF6 and IRE1 pathways through the upregulation of the GRP78 and GRP94 chaperones. Likewise, this process is linked to other intracellular
interactions in the nucleus, Golgi apparatus, cytoskeleton, mitochondria, cytoplasm, and membrane. Rapamycin (Sirolimus) could indirectly decrease the effects of
ORF8 by blocking FKBP7 and FKBP10 but not PERK pathway. Created with BioRender.com.
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with F1 and C3b. The results of the coupling suggest that
ORF8 can have interactions based on its mimicry with host
targets inside and outside of the ER. Even a high extracellular
concentration of ORF8 could have unknown interactions with
other cell types different from lung alveolar type 2 cells based
on possible putative functions conferred by its Ig-like structure.
According to the structural alignment of the monomer of SARS-
CoV-2 ORF8 (PDB: 7JTL) with SARS-CoV ORF7a (PDB: 1XAK)
(Dali Server, Z-score = 4.6, RMSD = 2.4) they share two sets of
structural disulfide bonds generating a fold like Ig conformation
(Flower et al., 2020). Using the Dali server (Holm, 2020), result
in more than one hundred immunoglobulins reporting a Z score
higher than 3.9, and RMSD values between 2.7 and 3.6. The most
outstanding results are shown in Table 1, in which it is possible
to identify their role in mimicking possible host factors.

ORF8 mimics ALCAM (CD166), which is a structural protein
that can activate ERK (Ibanez et al., 2006). Once activated,
ERK stimulates cell growth through the indirect activation of
mTORCI (Saxton and Sabatini, 2017). Some observations in vitro
from MERS-CoV replication determine that mTORCI activity is
crucial for viral replication, and that the drug Rapamycin can
abrogate 60% of the production of new virions (Kindrachuk et al.,
2015). Additionally, ORF8 also mimics DNAM-1 (CD266), which
is an important molecule that activates Natural Killer (NK) cells
(Zhang et al., 2015; Wang et al., 2019), and has been implicated

in the regulation of T CD8+ activation (Gilfillan et al., 2008),
which can be used by the virus as a potent mechanism to evade
the immune response. Moreover, ORF8 also has similarities with
OX-2 (CD200) (Hatherley et al., 2013), which is an inhibitory
molecule of macrophages (Gordon et al.,, 2020). Other effect
of the structural mimicry of ORFS is its ability to activate the
immune response by itself due to its similarity with the soluble IL-
1B receptor and IL-1RA agonists, stimulating the inflammation
process. ORF8 also mimics CD79B (3KG5-A) and CD80 (1DR9-
A), which are antigens required to activate B and T cell effector
functions, respectively (Vasile et al., 1994; Trzupek et al., 2019).
However, ORF8 is not precisely equal to such antigens, and
can produce an incomplete stimulation of the receptors. In
a biological context, incomplete stimulation produces anergy
(Rollins and Gibbons, 2017), which may be used by SARS-CoV-2
to enhance its replication.

DISCUSSION

Current pharmacological strategies to control SARS-CoV-
2 infection are mainly focused on inhibiting spike-ACE2
interaction, and to block viral RNA synthesis. Some examples
of these drugs are Remdesivir, Lopinavir and Ritonavir, which
have been tested on many clinical trials around the world
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TABLE 1 | Highlights of PDB 7JTL comparative studies using dali server.

PDB_Chain Description z Rmsd %id Reference Overlap

5A2F_A CD166 ANTIGEN 5.9 3.1 5 Chappell et al., 2015

5A2F_A 1 MESKGASSCRLLFCLLISATVFRPGLGWYTVNSAYGDTITIIPCRLDVPQNLMFGKW--KYEKPDGSPVF--IAFRSSTKK 76
7JTLA 1 ---SNAQECSLQSC----- TQHQP----YWDD-------- PCPIH----- FYSKWYIRVGARKSAPLIELCVDEAGSKS 55

6A2F_A 77  SVQYDDVPEYKDRLNLSENYTLSISNARISDEKRFVCMLVTEDNVFEAPTIVKVFKQPSKPEIVSKALFLETEQLKKLGD 156

7JTL A 56 PIQYIDIG---------- NYTVSCLPFTINCQEPKLGSLVWRCSFYED-----------------——- FLEYHDVRVVLD 185
5A2F_A 157 CISEDSYPDGNITWYRNGKVLHPLEGAVVIIFKKEMDPVTQLYTMTSTLEYKTTKADIQMPFTCSVTYYGPSGQKTIHSE 236
TITLLA 106 Fl--momm oo 107
PDB_Chain Description z Rmsd %id Reference
1IRA_Y INTERLEUKIN-1 RECEPTOR ANTAGONIST 5.3 3.0 7 Schreuder et al., 1997
1RA_A 1 RPSGRKSSKMQAFRIWDVNQKTFYLRNNQLVAGYLQGPNVNLEEKIDVVPIEPHALFLGIHGGKMCLSCVKSGDETRLQL 80
JILA 1 —————-- SNAQECSLQSCTQHQPYVVDDPCPIHFYSKWYIRVGARKSAPLIE-------------- LCVDEAGSKSPIQY 59
1IRA_A g1 EAVNITDLSENRKQDKRFAFIRSDSGPTTSFESAACPGWFLCTAMEADQPVSLTNMPDEGVMVTKFYFQEDE-------- 152
7JTL A 60 IDIG--------------"---------—- NYTVSCLPFTINCQE------------

PDB_Chain Description z Rmsd %id Reference

3040_C INTERLEUKIN-1 g RECEPTOR 5.0 2.7 14 Wang et al., 2010

3040 C 161 YMGCYKIQNFNNVIPEGMNLSFLIALISNNGNYTCVVTYPENGRTFHLTRTLTVKVVGSPKNAVPPVIHSPNDHVVYEKE 240
TITL A L co oo SNAQECSLQSCTQHQPYWWD 20

3040 _C 241 PGEELLIPCTVYFSFLMDSRNEVWWTIDGKKPDDITIDVTINESISHSRTEDETRTQILSIKKVTSEDLKRSYVCHARSA 320

7ITLA 21 D--——- PCPIHFY------- SKWYTRVGARKSAPLIELCVDEAGSKSPT -~ - - - QYIDIGNYTVSCLPFTINCQEPKL 81
3040_C 321 KGEVAKAAKVKQKHHHHHH-- - - - - - 339
7TJTLLA g2  GSLVVRCSFYEDFLEYHDVRWLDFI 107

(Continued)
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TABLE 1 | Continued

PDB_Chain Description z Rmsd %id Reference Overlap
3KG5_A B-CELL ANTIGEN RECEPTOR COMPLEX-ASSOCIATED 4.2 3.9 9 Radaev et al., 2010
3KG5_A 1 VPAARSEDRYRNPKGSACSRIWQSPRF TARKRGF TVKMHCYMNSASGNVSWLWKQEMDENPQQLKL - - -EKGRMEESQNE 77
TJTLA 1 e SNAQECSL----- QSCTQHQPYVVDDPCPTHFYS - - -KWYIRVGARKSAPLIELCVDEAGSKSPIQYI 6@
3KG5_A 78  SLATLTIQGIRFEDNGIYFCQQKCNNTSEVYQGCGTELRVMGFSTLAQLKQRNTLKD-- 134
YJTL_A 61 DIGNYTVS----------- CLPFTINCQEPKLG-SLVVRCSFYEDFLEYHDVRVVLDFI 107
PDB_Chain Description z Rmsd %id Reference Overlap
1DR9_A T LYMPHOCYTE ACTIVATION ANTIGEN 41 3.8 10 lkemizu et al., 2000
1DR9 A1 VIHVTKEVKEVATLSCGHNVSVEELAQTRIYWQKEKKMVL TMMSGDMNIWPEYKNRTIFDITNNLSIVILALRPSDEGTY 8@
JTILA1 - SNAQECSLQSCTQHQPYVVDDPCPTHFYSKWYIRVGAR-KSAPLIELCVDEAGSKSPIQYIDIGNY 65
IDR9_A 81  ECVWLKYE----—---mmmom KDAFKREHLAEVTLSVKADFPTPSISDFEIPTSNIRRIICSTSGGFPEPHLSWLENGEE 147
TJTL_A 66  TVSCLPFTINCQEPKLGSLVVRCSFYEDFLEYHDVRVVLDFI - -~ - - - - oo oo 107

Match Protein overlap in cyan and ORFS8 in red. Alignment conservation setting: 2 Bits.

(McKee et al., 2020). Unfortunately, these drugs have little or
no effect on patients of COVID-19 (WHO, 2021). Therefore,
it is urgent to find novel viral therapeutic targets to control
COVID-19. In this regard, evidence shows that cells in which
ORF8 is expressed, MHC-I molecules selectively target lysosomal
degradation by autophagy and hinder antigen presentation by
reducing the recognition and clearance of infected cells. Other
pathways of recognition interrupted by the presence of ORF8
are IFN-I signaling, and NF-kB functions. ORFS8 also activates
the ERK pathway through CD166 signaling (Bouhaddou et al,,
2020) and it stimulates growth pathways directly as reported
by Gordon et al. (2020). Likewise, ORF8 mimics immune
molecules such as IL-1f, activating immunological effector
signals from B cells and inhibitory molecules from immune
cells such as macrophages, CD8+ T lymphocytes and NK cells
(Table 1). These facts pointed out the multi-organizational
role of ORFS inside the host cells. The central question that
remains is how all these functions are contributing to ensure
viral replication. It seems that all ORF8 interactions are focused
on provide an intracellular favorable environment to viral
seems that all ORF8 interactions favor a suitable environment
for viral replication through activated growth pathways and
downregulated immune system, all through the inactivation of

macrophages, NK cells, B cells and CD8+ T lymphocytes, making
ORF8 a feasible therapeutic target (Supplementary Figure 1).
This complex network of interactions contributes to worsen the
immune deregulation observed in severe cases of COVID-19
(Pasrija and Naime, 2021).

Consequently, ORF8 is a feasible therapeutic target to
simultaneously shut-down viral replication and host immune
downregulation. However, ORF8 is a highly mutating region
of the SARS-CoV-2 genome, which decreases the feasibility of
ORF8 as a good therapeutic target (Zinzula, 2021), hindering
the search for inhibitory drugs. A valid approach to overcome
this obstacle is either targeting ORF8 immunological functions or
its growth-promoting functions. In general, several RNA viruses
such as hepatitis C virus, influenza A virus, Zika virus, and
MERS-CoV require a specific metabolic environment and have
their own activator mechanisms that ensure the intracellular
proliferation of the virus (Karam et al., 2021), In the particular
case of SARS-CoV-2, ORF8 can activate the mTOR-PI3K-AKT
signaling pathway with a MAPK-dependent process to ensure
a proliferative environment. This favorable environment can be
blocked with inhibitors of mTORC1 like Rapamycin. It has been
reported for the case of MERS-CoV replication that Rapamycin
was able to reduce 60% of this virus (Kindrachuk et al., 2015).
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Thus, the blockage of growth pathways to prevent ORF8 biding
interactions can be a better option than the targeting of several
immune cells to stop viral infection.

It is possible that Rapamycin, as a co-adjuvant treatment,
can improve clinical outcome because it is able to block viral
interactions that promotes cell growth, and viral replication.
Moreover, Rapamycin can reduce pro-inflammatory cytokines
decreasing cell damage in patients with severe COVID-19
(Bischof et al,, 2021). The metabolic changes conferred by
SARS-CoV-2 infection in renal epithelial cells and lung air-
fluid interface (ALI) cultures, showed that SARS-CoV-2 infection
reduces the oxidative metabolism of glutamine while maintaining
reductive carboxylation, increasing the activity of mTORCI. The
work of Mullen et al. (2021) provide evidence of mTORC1
activation in lung tissue from COVID-19 patients, and that
mTORCI inhibitors reduce viral replication in renal epithelial
cells and lung ALI cultures. These results suggest that targeting
mTORCI1 can be a feasible treatment strategy for COVID-
19 patients, although more studies are required to determine
the mechanism of inhibition and potential efficacy in patients.
Rapamycin (Sirolimus) was chosen as it can interact through its
methoxy group with the immunophilin binding protein FK506
(FKBP12) forming the rapamycin-FKBP12 complex that is highly
specific to the mTOR protein, inhibiting effector processes such
as antigen-induced T cell proliferation and cytokine-induced
proliferative responses. From the family of polyketide macrolide
drugs, Rapamycin (Sirolimus) it is the most studied and unlike
Tacrolimus, it does not inhibit calcineurin (PP2B). Despite the
fact that the effectiveness of Rapamycin has already been proven
as a promising anti-covid drug, the interaction effects with
another anti-inflammatory compounds are still to be discovered
and open the possibility to have better therapeutic results with
lower doses, avoiding toxic effects during the treatment.

The actual evidence shows that the variations observed in
the most unstable region of the SARS-CoV-2 genome result in
changes in the structure and functions of a set of proteins that
counteract the immune response of the host (Supplementary
Figure 1). However, SARS-CoV-2 seems not to have a mechanism
that allows viral replication under non-permissive conditions
(Figure 1). In consequence, the blockage of the activation
of cell growth pathway through the inhibition of mTORCI
activity can be a therapeutic strategy that the virus possibly
cannot counteract. Nonetheless, more research is necessary to
explore the therapeutic use of Rapamycin against the SARS-CoV-
2 infection.
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