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A B S T R A C T

SARS-CoV2 might conduce to rapid respiratory complications challenging healthcare systems worldwide.
Immunological mechanisms associated to SARS-CoV2 infection are complex and not yet clearly elucidated.
Arguments are in favour of a well host-adapted virus. Here I draw a systemic immunological representation
linking actual SARS-CoV2 infection literature that hopefully might guide healthcare decisions to treat COVID-19.
I suggest HLA-G and HLA-E, non classical HLA class I molecules, in the core of COVID-19 complications. These
molecules are powerful in immune tolerance and might inhibit/suppress immune cells functions during SARS-
CoV2 infection promoting virus subversion. Dosing soluble forms of these molecules in COVID-19 patients’
plasma might help the identification of critical cases. I recommend also developing new SARS-CoV2 therapies
based on the use of HLA-G and HLA-E or their specific receptors antibodies in combination with FDA approved
therapeutics to combat efficiently COVID-19.

1. Introduction

SARS-CoV2 (Severe acute respiratory syndrome coronavirus 2) is
the novel enveloped RNA betacoronavirus [1,2] causative of the Cor-
onavirus disease-2019 (COVID-19) [3]. The World Health Organization
(WHO) has declared, in 11 March 2020, the COVID-19 as a pandemic
public health disease [4]. This new disease could be either mastered or
could evolve to more severe disease with worsening respiratory symp-
toms leading to pneumonitis and to acute respiratory distress syndrome
(ARDS) with high morbidity and mortality [5–7]. Roughly SARS-CoV2
infection is divided into three stages: Stage I, an early asymptomatic
stage with or without detectable virus; stage II, a non-severe sympto-
matic stage with mild COVID-19 symptoms; and stage III, a severe
symptomatic stage with advanced and significant respiratory symptoms
with high viral load [6–8].

Since specific COVID-19 drugs will take several years to be devel-
oped, and based on the international concern over SARS-CoV2 fast
spread and huge number of dead people, many strategies to treat
COVID-19 were proposed [9]. Different clinical trials were launched
using current marketed drugs and some new ones (3237 trials recorded
in American ClinicalTrials.gov; in 06 September 2020). At emergency,
these numerous clinical trials were mandatory to manage severe com-
plications and avoid death. However, after nine months from the

emergence of the SARS-CoV2 in December 2019, new clinical trials
should be benefit from recent results. Indeed, the pace of clinical trials
should be reduced and more focused. In fact, most efficient therapies
will be those integrating tangible proofs associating both rational
knowledge and recent results from fundamental studies and clinical
trials on SARS-CoV2.

In this article, I ruled out the possible implications of HLA-G and
HLA-E as well as their specific receptors in SARS-CoV2 spread based on
published literature. HLA-G and HLA-E are both non classical molecules
with tolerogenic properties [10,11]. Indeed, they could inhibit both
innate and adaptative immune responses. Seven Isoforms are known for
HLA-G including membrane-bound Isoforms (HLA-G1, -G2, -G3, -G4)
and soluble Isoforms (sHLA-G: HLA-G5, -G6, -G7). One additional so-
luble form of HLA-G is the shedding HLA-G generated by matrix me-
talloproteinases (MMP) cleavage of the membrane-bound HLA-G [12].
Recently, novel spliced forms were reported with extended 5′-region
and no transmembrane or alpha 1 domains [13]. Currently, six re-
ceptors are known to interact with HLA-G (ILT-2, ILT-4, KIR2DL4, CD8,
CD160 and NKG2A/CD94) [14,15].

Discovered at the maternal-fetal interface, HLA-G molecule has been
implicated in the fetus maintain in physiological context [16,17]. After
that, several studies demonstrated the expression of HLA-G in patho-
logical context including cancers [18–20], auto-immune [21], and
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inflammatory diseases [22]. This molecule was also expressed in in-
fection diseases including parasites and viruses [23–25]. In these con-
texts, HLA-G molecule functions to suppress the immune system [26].
Indeed, HLA-G inhibits functions of many immune cells including NK
cells, CD8+ T cells, CD4+ T cells as well as dendritic cells [27,28].
Particularly, HLA-G has been shown to attenuate cytotoxicity of NK and
CD8+ T cells, to decrease alloproliferation of CD4+ T cells and to
decrease dendritic cells maturation and functions [27,28]. In addition,
HLA-G has the potential to shift cytokines production from Th1 to Th2
cytokines [29] that strongly establish an immune tolerance micro-
environment. This has led to the suggestion of HLA-G as a checkpoint
immune molecule [28].

Many viruses spread implicates HLA-G molecule. Indeed, influenza
A virus, herpes, rabies, hepatite C, hepatite B viruses developed a
subversive strategy to avoid immune system detection and destruction
[23,30–33]. Human viruses up-regulate the expression of HLA-G on the
surface of infected cells. By this way, viruses can replicate and spread in
the host without great host-immune responses.

HLA-E molecule expression is closely related to HLA-I molecules
including HLA-G. Indeed, peptides derived from the leader sequence of
HLA-I molecules are linked to HLA-E, allowing its externalization [34].
HLA-E can interact with its receptors (inhibitory receptors: NKG2A/
CD94, NKG2B/CD94 and activating receptor: NKG2C/CD94) [35] and
regulate immune cells functions [11]. Interestingly, HLA-E affinity to
NKG2A/CD94 receptor is six fold higher than its affinity to NKG2C/
CD94 receptor [36].

2. Insights into immunological mechanism underlying SARS-CoV2
spread: potential roles of HLA-G and HLA-E molecules

The novel strain of coronavirus, SARS-CoV2 is associated with a
huge upheaval immunological change. Three immunological phases
could be described. The first phase is associated to the virus infection,
the second is associated to the massive replication of the virus, and the
third is the convalescence phase.

To infect host cells and massively replicate, SARS-CoV2 needs to
counter and subvert immune responses. The first type of immunity fa-
cing the SARS-CoV2 is the innate immunity. This first line defence
could be stronger enough to inhibit the virus spread. This defence en-
closes potent immune cells and soluble molecules. The first line cells
include phagocytes, natural killer (NK) cells as well as polymorpho-
nuclear leukocytes. The second line includes soluble molecules with the
cytokines and chemokines. The entry of SARS-CoV2 may induce a
“cytokines storm” [37] majorly produced by macrophages and mono-
cytes. Indeed, enhanced serum/plasma levels of IL-1β, IL-2, IL-6, IL-7,
IL-8, IL-10, IL-17, IFN-γ, TNF-α, G-CSF, GM-CSF, IP10, MCP1, MIP1A
and MIP1B were reported [38–41] (Fig. 1). In a recent case report, TNF-
α and IL-2 were not increased in the early inflammation stage [39].

In early inflammation, IL-1β acts together with the TNF-α by pro-
moting Th17 responses and enhances vascular permeability [38]. There
is a substantial evidence suggesting the involvement of IL-6 and IL-1β in
the recruitment of neutrophils and cytotoxic CD8+ cells [37] (Fig. 1).
Moreover, chemokines like IL-8 promote the recruitment of more im-
mune infiltrates. Additionally, IL-1β enhances neutrophil cytotoxicity
[42]. Activated neutrophils releasing leukotrienes, reactive oxygen
species (ROS), and MMP, promote pneumocytes and endothelial cells
injury [37] (Fig. 1). Furthermore, activated macrophages normally
promoting viral control, can also emphasize tissue damage [37]. As
explained this inflammasome constitutes an important arm for innate
immunity [42], however, high levels of cytokines and chemokines, as
well as immune cells activation may induce extreme damages to host
tissues. To avoid high injury, the host might produce, in the early in-
flammation stage, IL-10, an anti-inflammatory cytokine [43].

In a recent study, Zhang and collaborators demonstrate, in the early
inflammation stage, a high membrane expression of HLA-G, in a
Chinese patient infected by SARS-CoV2 [39]. By flow cytometry, HLA-G

molecules were highly expressed at the surface of immune cells in-
cluding T cells, B cells and monocytes [39]. Because HLA-G, a non
classical HLA class I molecule, is considered as a potent immune tol-
erance molecule, I think that HLA-G may initially modulate the hy-
perinflammation induced by the SARS-CoV2. Moreover, the high pro-
duction of IL-10 might enhance HLA-G expression (i) in infected cells as
previously reported in cancers and other inflammatory contexts [44]; as
well as (ii) in immune cells [45] as reported by Zhang et al. [39]
(Fig. 1).

To maintain homeostasis during infection, IL-6 not only induces IL-
10 production but could also enhance cortisol levels in plasma [46–48].
The produced cortisol might reduce the lymphocytes number observed
in patients with SARS-CoV2 infection. Until now, no study has in-
vestigated the cortisol level in SARS-CoV2 patients [49]. However,
based on the fact that SARS-CoV2 patients have commonly observed
lymphopenia [39–41], Pal and collaborators think that cortisol is in-
creased in SARS-CoV2 patients during the replication stage [49]. I
postulate that cortisol might enhance HLA-G expression as do IL-10 in
infected cells and in immune cells (Fig. 1). Glucorticoids including
dexamethasone and hydrocortisone are known to be potent inducers of
HLA-G [50–52].

Interestingly, HLA-G expression at the surface of infected cells has
been associated with the disease progression and its complications.
Actually, no studies shed light about HLA-G surface expression in lung
infected cells.

Zhang et al. reported a decrease in HLA-G expression in immune
cells in SARS-CoV2 positive stage (T cells, B cells and Monocytes;
checked by flow cytometry). I suggest that the observed membrane-
bound HLA-G decrease is the consequence of its delocalization into
plasma after cleavage by MMP, massively produced by connective
tissue and pro-inflammatory cells including activated neutrophils [53]
(Fig. 1). The produced Shedding HLA-G molecules might be highly
loaded in plasma of SARS-CoV2 patients. This hypothesis is supported
by findings showing: (i) A high level of MMP in SARS-CoV2 patients,
necessary for tissue damage and remodelling [37,38,54], and (ii) A high
expression of MMP-2, in human coronavirus infection [55,56], re-
sponsible of HLA-G cleavage [12].

The probable soluble shedding HLA-G production might stimulate
the dissemination of SARS-CoV2 viruses. This is of considerable re-
levance to make sHLA-G dosage for SARS-CoV2 patients. As the in-
creased level of sHLA-G is frequently associated with a worse prognostic
for infection diseases and cancers [57], we think that sHLA-G dosage in
blood might provide the rational basis to strategically guide physicians
to prioritize the reanimation beds. A systematic dosage might be con-
sidered to identify patients with high sHLA-G probably associated with
a worse prognostic COVID-19.

In the replication stage of SARS-CoV2, the total number of NK and
CD8+ T cells is markedly decreased [39,58] thus favouring the spread
of the virus. The study of these cells markers revealed the increased
expression of the inhibitory receptor NKG2A/CD94 and reduced per-
centages of CD107a and granzyme B expression in CD8+ T cells in
COVID-19 patients compared to healthy controls [58]. This observed
function deregulation of CD8+ T cells might be attributed to NKG2A/
CD94 signalling [11,26].

Because HLA-E surface expression preferentially require peptides
derived from HLA-G [59], we suggest a high expression of HLA-E in
infected cells of SARS-CoV2 patients. Interestingly, Bortolotti et al.
demonstrated a high expression of HLA-E and an increase of NKG2A/
CD94 receptor expression in NK cells co-cultured with Spike SP1-
transfected lung epithelial cell lines (Beas-2B) both at transcriptional
and at protein levels [60]. The interaction between NKG2A/CD94 with
HLA-E molecule conduced to a significant decrease of NK degranulation
(decrease of CD107a) [60].

As recently demonstrated by Hò et al., HLA-G links NKG2A/CD94
[14], I suggest that this interaction may occur also in SARS-CoV2 in-
fection decreasing probably NK degranulation as previously
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Fig. 1. Schematic SARS-CoV2 infection evolution steps. After infecting bronchial epithelial cells, SARS-CoV2 decreases the IFN-γ production. Activated mac-
rophages and monocytes particularly produce high levels of cytokines, chemokines, and also growth factors. Some cytokines and chemokines including IL-6, IL-1β,
and IL-8 recruit immune cells to the site of SARS-CoV2 infection. The released IL-10, an anti-inflammatory cytokine, is produced to counteract the exacerbated
inflammation. IL-10 might then stimulate the expression of HLA-G molecule at the surface of infected cells as well as microenvironment immune cells. Membrane-
bound HLA-G strongly binds its inhibitory receptors on immune cells (NK, CD8+ T cells, LB cells, monocytes/dendritic cells) to disrupt their functions inducing
immune system inhibition. This peripheral tolerance might be in favour of SARS-CoV2 subversion allowing high replication. Moreover, the probable presence of
cortisol might stimulate both HLA-G production and lymphopenia. The activation of Neutrophil cells will increase production of leukotrienes, reactive oxygen species
(ROS) and matrix metalloproteinases (MMP) causing pneumocytes and endothelial cells injury. The high injury will promote the constitution of the edema fluid
causing the acute respiratory distress syndrome (ARDS). The production of MMP triggers the clivage of HLA-G and its release in bronchial cells microenvironment
and in plasma that empower the inhibition of immune cells functions. Furthermore, HLA-E molecule either in its membrane-bound form or in its soluble form might
downregulate synergically the immune cells functions. Soluble HLA-G/HLA-E together with membrane-bound HLA-G/HLA-E production may be detrimental for the
SARS-CoV2 infected host. Along with current results and our proposed mechanism, we think that targeting these checkpoint molecules and/or their specific receptors
will impair considerably the SARS-CoV2 progression.
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demonstrated for HLA-E [60]. Further experiments might elucidate this
potential function.

The expression of HLA-G, HLA-E, their soluble forms and their
specific receptors could explain the exhaustion of cytotoxic CD8+ T
lymphocytes and NK cells probably promoting SARS-CoV2 progression
(Fig. 1).

Finally, during convalescence, Zhang et al. demonstrated that HLA-
G expression is increased at surface of immune cells in the SARS-CoV2
patient [39]. This expression is simply restored through a limitation of
soluble HLA-G production after medication and/or a reinforced im-
munity.

3. Potential future therapeutic strategies targeting HLA-G and
HLA-E molecules and their receptors

Although strides have been made in the treatment of other human
coronaviruses, SARS-CoV2 infection remains difficult to treat. As cur-
rently, neither approved vaccine nor specific therapies targeting SARS-
CoV2 were found, the unique and reasonable strategy remains to use
repurposed drugs previously approved by the Food and Drug
Administration (FDA) for other diseases. Therein lays the challenge to
identify effective drugs and associated appropriate therapies for COVID-
19.

In the beginning of COVID-19 spread, many approaches have been
proposed to treat the COVID-19. SARS-CoV2 pharmacotherapeutics
included antiviral therapy, antibiotics, systemic corticosteroids, anti-
inflammatory drugs, neuraminidase inhibitors, RNA synthesis in-
hibitors, convalescent plasma and traditional herbal medicines [9].
Recent the FDA revised recommendations to combat COVID-19 with
therapeutics included convalescent plasma and Remdesivir antiviral
drug (https://www.fda.gov/media/136832/download). The Infectious
Diseases Society of America (IDSA; https://www.idsociety.org/
practice-guideline/covid-19-guideline-treatment-and-management/#
toc-3) recommended: (i) convalescent plasma, Lopinavir-Ritonavir an-
tiviral drugs and Tocilizumab (Anti-IL-6) only in the context of a clin-
ical trial, and (ii) Glucocorticoids and Remdesivir antiviral drug only
for hospitalized patients with severe COVID-19.

Based on the puzzling out reflections here proposed to link global
literature results concerning SARS-CoV2, I think that the missing “core”
drugs that should be associated with FDA and IDSA recommended
drugs are immune tolerance drug blockers. Indeed, blocking HLA-G
and/or HLA-E interaction with their specific receptors either by
blocking HLA-G/HLA-E molecules, or blocking their specific receptors
(Anti-NKG2A, anti-ILT2, anti-ILT4, and anti-KIR2DL4) may enhance
immune system efficiency.

Actually, there is no known FDA approved monoclonal antibodies
against HLA-G, or HLA-E. However, a novel HLA-G antagonist has been
produced by Tizona Therapeutics (TTX-080), that is currently being
investigated in monotherapy dose-escalation in advanced or metastatic
solid cancers expressing HLA-G (NCT04485013, Phase 1 multicenter
study, started in 14 July 2020). This HLA-G antagonist could potentially
be a new medicine targeting HLA-G bolstering immune responses in
SARS-CoV2 infection by the restoration of immune cells functions.

Additionally, the Monalizumab, a humanized anti-NKG2A antibody
has been approved for poor prognosis tumors therapy [61]. Blocking
the inhibitory NKG2A/CD94 receptor has improved tumor immunity by
promoting NK and CD8+ T cells functions both in mice and humans;
and by advancing their ADCC activity [62,63]. In the context of the
SARS-CoV2, I think that targeting NKG2A/CD94 receptor may em-
power the immune system. NKG2A/CD94 receptor is known to interact
with HLA-E molecules [36], and has been recently proposed as a new
receptor for HLA-G [14]. Active immunotherapy using anti-NKG2A
antibodies may block both HLA-G and HLA-E signalling pathways en-
hancing the NK and LT CD8+ cytotoxicity.

Passive conditioned immunotherapy could be also proposed. A pre-
selection of convalescent COVID-19 plasma with high levels of plasma

antibodies to HLA-G and HLA-E could be envisaged. This hypothesis
could be supported by the study of Jucaud et al. having previously
reported the relevance of serum non classical HLA-I antibodies in pa-
tients with systemic lupus erythematosus during disease flares com-
pared to controls [64]. Passive immunotherapy by the injection of anti-
HLA-G and/or anti-HLA-E antibodies might be of great interest. Further
studies will be necessary to propose an accurate clinical protocol.

4. Conclusions

The probable implication of HLA-G and HLA-E molecules, either in
their membrane-bound or soluble forms, in the progression of SARS-
CoV2 infection was supported by several previous results. The com-
plications associated to SARS-CoV2 might be in part associated with
these checkpoint molecules productions. It is our hope that our systemic
immunological proposition could be useful for: (i) Future monitoring
and management of COVID-19 patients through HLA-G/HLA-E ex-
pression exploration, and soluble HLA-G/soluble HLA-E dosage in
plasma, and through (ii) Future prospection and design of COVID-19
treatments with more specific inhibitors. To achieve the highest pos-
sible benefit, I propose associating specific blockers of HLA-G and HLA-
E molecules or their receptors with FDA recommended therapeutics.
Further evaluations targeting the axes HLA-G/HLA-E and their specific
receptors still warranted to guide future therapeutics for monitoring
and control of the COVID-19.
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