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The immunosuppressive non‐classical human leukocyte antigen‐G (HLA‐G) can elicits pro‐viral activities by
down‐modulating immune responses. We analysed soluble forms of HLA‐G, IL‐6 and IL‐10 as well as on
immune effector cell expression of HLA‐G and its cognate ILT‐2 receptor in peripheral blood obtained from hos-
pitalised and convalescent COVID‐19 patients. Compared with convalescents (N = 202), circulating soluble
HLA‐G levels (total and vesicular‐bound molecules) were significantly increased in hospitalised patients
(N = 93) irrespective of the disease severity. During COVID‐19, IL‐6 and IL‐10 levels were also elevated.
Regarding the immune checkpoint expression of HLA‐G/ILT‐2 on peripheral immune effector cells, the fre-
quencies of membrane‐bound HLA‐G on CD3+ and CD14+ cells were almost identical in patients during
and post COVID‐19, while the frequency of ILT‐2 receptor on CD3+ and CD14+ cells was increased during
acute infection. A multi‐parametric correlation analysis of soluble HLA‐G forms with IL‐6, IL‐10, activation
markers CD25 and CD154, HLA‐G, and ILT‐2 expression on immune cells revealed a strong positive correlation
of soluble HLA‐G forms with membrane‐bound HLA‐G molecules on CD3+/CD14+ cells only in convales-
cents. During COVID‐19, only vesicular‐bound HLA‐G were positively correlated with the activation marker
CD25 on T cells. Thus, our data suggest that the elevated levels of soluble HLA‐G in COVID‐19 are due to
increased expression in organ tissues other than circulating immune effector cells. The concomitant increased
expression of soluble HLA‐G and ILT‐2 receptor frequencies supports the concept that the immune checkpoint
HLA‐G/ILT‐2 plays a role in the immune‐pathogenesis of COVID‐19.
1. Introduction

Non‐classical class I Human Leukocyte Antigen (HLA)‐G is an
important inhibitory immune checkpoint molecule capable of modu-
lating innate and adaptive immune responses [1–4]. HLA‐G is predom-
inantly expressed in immune‐privileged tissues and induces
immunological tolerance that prevents tissue damage from inflamma-
tory responses [5]. In contrast to classical HLA class I antigens, HLA‐G
is less polymorphic and exists only in rather few different isoforms. So
far, seven isoforms of HLA‐G have been described, including four
membrane‐bound antigens (HLA‐G1, ‐G2, ‐G3 and ‐G4) and three sol-
uble molecules (sHLA‐G5, ‐G6, and ‐G7) [6–8]. Soluble HLA‐G can be
released as free soluble molecules (sHLA‐G) or within extracellular
vesicles (EV) [9–13]. Under physiological conditions, the cell surface
expression of HLA‐G is restricted to maternal‐fetal interfaces and
immune‐privileged adult tissues, where it mediates immune‐
inhibitory pathways, supporting immunologic tolerance [14–16].
Several immunosuppressive mechanisms on CD8+ cytotoxic T lym-
phocytes (CTL), natural killer (NK) cells, B cells, and dendritic cells
mediated by HLA‐G molecules have been uncovered [17–22]. Funda-
mental to these immunomodulatory effects of HLA‐G is the interaction
with its specific inhibitory receptors, in particular the
immunoglobulin‐like transcript (ILT)‐2, ILT‐4, and inhibitory killer
receptor (KIR)‐2DL4, which are expressed on various immune cells
munol.
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Table 1
Demographic and clinical characteristics of the study cohort.

Parameter Total (n = 266)

n %

Age (≥60) 83 31.2
Male sex 135 50.8
Obesity (BMI ≥ 30) 100 37.6
Diabetes* 31 11.8
Cardiovascular disease* 44 16.7
Hypertension* 76 28.9
Lung disease* 44 16.7
Immunosuppression** 31 11.7

*Information not available for three patients, **information not available for
one patient.
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[23–25]. By binding directly to these immune cell inhibitor receptors,
HLA‐G and its soluble forms can exert several immunosuppressive
functions leading to an impairment of immune cells proliferation
and diminished effector functions such as cytotoxicity, chemotaxis,
and immunoglobulin production, while the release of anti‐
inflammatory cytokines is increased [13,22,26–30].

HLA‐G has been associated with a variety of non‐physiological con-
ditions such as transplantation malignancies, and infectious diseases
[27,31–39]. Viruses have evolved multiple subversive strategies to
evade recognition and elimination by the immune system. In fact,
altered HLA‐G expression is observed during infections with influenza
A virus, various human herpes viruses, BK polyomavirus, rabies virus,
human immunodeficiency virus, hepatitis C virus, hepatitis B viruses,
and, as recently described, severe acute respiratory syndrome coron-
avirus 2 (SARS‐CoV‐2) [32,40–44]. In addition, various cytokines as
well as certain stress stimuli such as interferon (IFN)‐γ, interleukin
(IL)‐10, transforming growth factor (TGF)‐β, hypoxia, and heat stress
increase HLA‐G levels. In viral infections, two hypotheses have been
proposed to explain the role of HLA‐G in viral immune‐pathogenesis
[45]: by its immunosuppressive properties, HLA‐G might either pro-
mote viral escape from immune surveillance, or the expression of
HLA‐G may reflect a beneficial response to prevent over‐shooting
immune responses to limit overt tissue damage, which can occur dur-
ing viral infections [46].

Starting in December 2019, the novel coronavirus SARS‐CoV‐2
caused a global pandemic, resulting in hundreds of millions of infec-
tion and millions of deaths [47,48]. The clinical severity of COVID‐
19 (“coronavirus disease 2019″) is highly variable, ranging from
asymptomatic infections to mild flu‐like courses to life‐threatening sys-
temic inflammation with acute respiratory distress syndrome and high
mortality [49,50]. The variability of COVID‐19 courses complicates
clinical assessment, especially when it comes to early identification
of patients at risk for severe disease [51]. A large number of potential
risk factors for a severe COVID‐19 course were identified over the past
three years [52–58]. In the pathogenesis of COVID‐19, the interplay
between direct virus‐mediated damage and associated host responses
seems to be crucial. Effective innate and adaptive host antiviral
responses to SARS‐CoV‐2 include production of various pro‐
inflammatory cytokines [59]. This leads to the activation of CD4
+ and CD8+ T cells, which is essential for controlling viral replication
and spread [55,57,59]. However, SARS‐CoV‐2 infection often leads to
a dysregulated and exaggerated immune response that manifests itself
in enhanced cytokine production. This can cause a fulminant hyper‐
inflammatory syndrome and thus mediate more severe disease
[60,61]. In the context of COVID‐19 and the role of HLA‐G in the
immunopathology of the disease, it has been suggested that upon
the influence of IL‐10, IL‐6 and IL‐8 in early inflammatory stage of
the infection, HLA‐G expression might be enhanced to prevent injuries.
Thus, the expression or secretion of HLA‐G might reflect a negative
feedback response to inflammatory processes during viral infections.
In line with this, high membrane‐bound HLA‐G expression during
the early phase of SARS‐CoV‐2 infection and significantly higher
serum levels of sHLA‐G in patients with COVID‐19 have been reported
[62–67]. These HLA‐G levels appear to depend on the severity of
COVID‐19 infection [68]. Recently, an induction of HLA‐G expression
in damaged lung tissue and a negative correlation between HLA‐G
expression and COVID‐19 course has been described [59].

To further elucidate the role of the HLA‐G/ILT‐2 ligand‐receptor
immune checkpoint axis in the context of COVID‐19, we assessed (i)
total soluble HLA‐G (sHLA‐Gtot), (ii) EV‐bound HLA‐G (sHLA‐GEV),
(iii) the cellular expression HLA‐G and its receptor ILT‐2 on peripheral
immune cells, (iv) the cytokines IL‐6 and IL‐10, and (v) the activation
markers CD25 and CD154 in SARS‐CoV‐2‐infected and convalescent
patients.
2

2. Methods

2.1. Study cohort

Recruitment of patients attending the Department of Infectious Dis-
eases of the University Hospital Essen for this prospective study started
in March 2020 and ended in April 2021. In total, we included 266
unvaccinated SARS‐CoV‐2‐positive patients with at least one positive
real‐time reverse transcription polymerase chain reaction (RT‐PCR)
test result. Ninety‐three EDTA blood samples were obtained from
patients hospitalised for moderate or severe COVID‐19 and 202 blood
samples were procured post‐recovery from individuals enrolled in our
outpatient clinic. Peripheral blood samples for immunological analysis
on peripheral blood lymphocytes were collected from 58 patients.

Hospitalized patients were grouped into categories according to
their worst disease manifestation at the time point of blood sampling,
by the ECDC (European Center of Disease Prevention and Control,
2021) criteria: 69 non‐severe hospitalized (ECDC 0); 15 severe hospi-
talized admitted to an intensive care unit or became dependent on
mechanical ventilation (ECDC 1) and 9 patients with COVID‐19‐
related deaths either during the hospital stay or within a follow‐up
of 30 days (ECDC 2).

For further statistical analyses, demographic data, medical history,
and laboratory parameters at the time of hospitalization were docu-
mented for eachpatient. The clinical characteristics of thepatient cohort
were comprehensively recorded and are summarized in Table 1.

The study was approved by the local ethics committee (approval
no. 20‐9374‐BO and 20‐9529‐BO) and performed in accordance with
ethics standards noted in the 1964 Declaration of Helsinki and its later
amendments or comparable ethics standards. All patients provided
informed consent for participation in the study.

2.2. Blood sampling

After blood collection, the samples were centrifuged at 1500 g for
10 min. The corresponding supernatants were stored at −80 °C until
use.

Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll
density gradient centrifugation. Thereafter, PBMC were stored in
freezing media (RPMI 1640, Thermo Fisher Scientific, Darmstadt,
Germany) with 10% (v/v) fetal bovine serum (PAN‐Biotech GmbH,
Aidenbach, Germany) and 0.556 µg DNAse (Roche, Mannheim,
Germany) in liquid nitrogen until usage.

2.3. Quantification of soluble HLA-G plasma levels

Soluble HLA‐G was quantified as previously described, using anti‐
HLA‐G MEM‐G/09 (Exbio, Praha, Czech Republic) as capture antibody
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and anti‐β2‐microglobulin antibody (Dako, Denmark) as secondary
antibody conjugated with peroxidase [7,35].

2.4. Isolation and characterization of extracellular vesicle

The preparation of EV was performed from patient plasma as
described previously [10,12] by precipitation using ExoQuick (System
Biosciences, CA, USA) according to manufacturer's instructions. After
precipitation, the pellets were resuspended in PBS and the EVs frac-
tions were stored at −20 °C until further processing.

2.5. Quantification of IL-6 and IL-10 levels

Quantification of IL‐6 and IL‐10 levels in undiluted plasma samples
was performed using commercially available kit (ThermoFisher, San
Diego, CA, USA) according to manufacturer’s protocols.

2.6. Flow cytometry analysis

Frozen PBMC from healthy donors were thawed in RPMI‐1640 and
0.556 μg DNAse (Roche). Subsequently, the surface expression on
peripheral blood mononuclear cells (PBMC) was analysed with an anti-
body cocktail containing fluorochrome‐conjugated mononuclear anti-
bodies recognizing CD3 (BV421), CD25 (BV650), ILT‐2 (FITC), CD14
(BV510), or HLA‐G (APC). In addition, a second antibody cocktail con-
taining anti‐human CD154 (FITC) and anti‐human CD3 (ECD) was
used.

All antibodies were provided by BioLegend (Koblenz, Germany)
with the exception of ECD‐conjugated CD3 (Beckman Coulter, Krefeld
Germany). Isotype‐matched antibodies served as negative controls
(Beckman Coulter or BioLegend). Samples were subjected to multi‐
colour flow cytometry using a CytoFlexS cytometer (Beckman Coul-
ter). Data acquisition of at least 200.000 events was performed with
CytExpert Version 2.1 software (Beckman Coulter) and analysed using
Kaluza Analysis 2.1 software. The general gating strategy for flow
cytometric analysis is shown in Supplementary Fig. S1.

2.7. Statistical and graphical analysis

Statistical analyses were performed using SPSS 25.0 (SPSS Inc.),
GraphPad Prism 9.0 (GraphPad Software), or R. Data are presented
as mean± standard deviation (SD). After testing for Gaussian distribu-
tion, the differences between two or more groups were assessed by the
Mann‐Whitney test or the Kruskal‐Wallis test. Correlation was per-

formed with the R package corrplot (version 0.4.0; https://CRAN.R-

project.or/package= corrplot). Statistical significance was defined as
p ≤ 0.05. The graphs were created using GraphPad Prism 9 or R.

3. Results

3.1. Total amounts of sHLA-G and HLA-G-bearing EVs are elevated during
COVID-19 and are associated with COVID-19 disease severity

To determine whether the SARS‐CoV‐2 infection stimulates the
induction of sHLA‐G in peripheral blood, we quantified plasma levels
of sHLA‐Gtot and sHLA‐GEV in acute COVID‐19 patients. SARS‐CoV‐2
convalescents served as controls. The comparison of sHLA‐Gtot and
HLA‐GEV revealed significantly higher levels during acute COVID‐19
in comparison to convalescents (sHLA‐Gtot: acute COVID‐19 patients
ECDC 0–2: 45.2 ± 30.0 ng/ml vs. post COVID‐19: 33.5 ± 24.3 ng/
ml; p = 0.0003; sHLA‐GEV: acute COVID‐19 patients ECDC 0–2: 13.9
± 11.8 ng/ml vs. post COVID‐19: 10.3 ± 12.6 ng/ml; p = 0.0045,
Fig. 1 A and B).

Next, we analysed sHLA‐G levels in relation to the severity of
COVID‐19 disease. The highest levels of sHLA‐Gtot were found in
3

patients with severe COVID‐19 (ECDC 1; see Fig. 1A). Of note, none‐
severe and severe hospitalized COVID‐19 patients (ECDC 0 and ECDC
1; sHLA‐Gtot 45.7 ± 32.5 ng/ml and 45.7 ± 22.5 ng/ml) had
increased levels of sHLA‐G compared to convalescent post‐COVID‐19
patients (sHLA‐Gtot: 33.5 ± 24.3 ng/ml; p = 0.0024 and
p = 0.036). It should be emphasised that in critically ill patients with
fatal outcome (ECDC 2; 38.5 ± 23.0 ng/ml), the plasma levels of
sHLA‐Gtot appeared lower compared to the other COVID‐19 severity
levels (ECDC 0 or ECDC 1). Although sHLA‐Gtot levels were higher
in patients with fatal outcome than in patients after COVID‐19, no sig-
nificant difference was observed between these two groups, most
likely due to the small number of patients with fatal outcome. Similar
results were obtained for sHLA‐GEV (see Fig. 2 B).

3.2. IL-6 and IL-10 plasma levels significantly increase during COVID-19

Plasma levels of the acute phase protein IL‐6 known to be associ-
ated with severe COVID‐19, as well as the immunosuppressive cyto-
kine IL‐10 were significantly enhanced in 28 acute COVID‐19
patients (IL‐6: 7.7 ± 13.3 pg/ml and IL‐10: 16.3 ± 18.7 pg/ml) com-
pared to 30 convalescents (IL‐6: 0.6 ± 1.9 pg/ml and IL‐10: 7.4 ±
3.3 pg/ml; IL‐6p < 0.0001 and IL‐10p = 0.004) (Fig. 3 A and B).

3.3. The frequency of ILT-2-positive cells is increased during acute COVID-
19 compared to convalescence

To determine whether the increased sHLA‐G expression (both total
and EV‐resident) during COVID‐19 merely reflects the HLA‐G expres-
sion on PBMC, frequencies of HLA‐G‐positive CD3+ and CD14+ im-
mune effector cells were determined in 58 patients by flow
cytometry (Fig. 4). Since the immunomodulatory effect of HLA‐G is
mainly mediated by its interaction with the ILT‐2 receptor, we addi-
tionally determined the expression of the ILT‐2 receptor on these cells.
Expression frequencies of HLA‐G and ILT‐2 on immune effector cells
from COVID‐19 patients (N = 28) were compared with those from
convalescents (N = 30). As shown in Fig. 4, HLA‐G frequencies on
CD3+ and CD14+ cells in patients with acute COVID‐19 did not sig-
nificantly differ from convalescent patients post COVID‐19. When
comparing receptor frequencies on CD3+ and CD14+ immune cell
populations, the proportion of ILT‐2‐positive cells was significantly
higher in COVID‐19 patients compared to convalescents (CD3+:
13.6 ± 11.1 % vs. 2.8 ± 1.7 %, p < 0.0001; CD14+: 73.7 ± 15.3
% vs. 59.5 ± 15.9 % p = 0.0002).

3.4. The frequency of CD3+ CD154+ cells is increased in COVID-19
patients

In patients with acute COVID‐19, we found an increase in fre-
quency of CD3+ CD154+ cells (p = 0.03), while there was no differ-
ence in frequency of CD3+ CD25+ cells when comparing patients
with COVID‐19 with post COVID‐19 individuals (Fig. 5 A and B).

3.5. Exclusively correlation of sHLA-G with HLA-G expression on CD3
+ and CD14+ immune effector cells in convalescence

In individuals who recovered from COVID‐19, there was a strong
positive correlation between soluble (total and EV‐resident) HLA‐G
levels and membrane‐bound HLA‐G expression on CD3+ and CD14
+ immune effector cells (Fig. 6). Conversely, during COVID‐19, no
correlation was found between sHLA‐G levels and the HLA‐G expres-
sion on CD3+ and CD14+ cells. Furthermore, a correlation analysis
showed a significant association between sHLA‐GEV molecules and
the frequency of CD3+ CD25+ cells during COVID‐19. A negative
yet non‐significant trend towards an association between sHLA‐G
levels and ILT‐2 frequency on immune effector cells was found.

https://CRAN.R-project.or/package
https://CRAN.R-project.or/package


Fig. 1. A) Total plasma levels of soluble HLA-G (sHLA-G) as well as B) level of HLA-G bearing extracellular vesicles (EVs) in COVID-19 patients and in
convalescents.

Fig. 2. A) Total plasma levels of soluble HLA-G (sHLA-G) as well as B) level of HLA-G bearing extracellular vesicles (EVs) in convalescents and patients with
different COVID-19 severity.

Fig. 3. A) Plasma levels of IL-6 as well as B) IL-10 in convalescents and patients with different COVID-19 severity.
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4. Discussion

Numerous studies reporting clinical and immunological findings
regarding the immune‐pathological features of COVID‐19 have been
4

published. Nevertheless, the molecular mechanisms involved in the
dysregulation of cellular immune responses against SARS‐CoV‐2 infec-
tion are far from being fully understood. Defining parameters that may
contribute to the high clinical variability of COVID‐19 is critical in



Fig. 4. A-D HLA-G and ILT-2 frequency on immune effector cells of COVID-19 patients and convalescent patients post COVID; A) HLA-G on CD3+ cells; B) ILT-2
on CD3+ cells; C) HLA-G on CD14+ cells; D) ILT-2 on CD14+ cells.

Fig. 5. A-B: Frequencies of the activation markers CD25 and CD154 on CD3+ cells.
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predicting disease outcomes and for the development of effective ther-
apeutic strategies. To enable efficient replication, SARS‐CoV‐2 evolved
various strategies to escape from antiviral immune responses of the
5

host that may also affect the disease progression. Early in the pan-
demic, high membrane and epithelial expression of HLA‐G was
described in a patient infected with SARS‐CoV2 [69]. This led to the



Fig. 6. Correlation map - Pearson correlation map with association to
functional markers for patients with COVID-19 and convalescents: Pearson
correlation coefficients are represented by different colours defined in the
scale on the right side of the correlation map. Significant correlations are
highlighted by *: <0.05 and **: <0.01.
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hypothesis that HLA‐G might modulate the hyper‐inflammation
induced by SARS‐CoV2 [45,46]. The hypothesis was supported by
results of a large genome‐wide association study that ‐ among others
‐ identified a HLA‐G single nucleotide polymorphism within the 30un-
translated region (rs9380142) as a genetic marker strongly associated
with COVID‐19 severity [70].

In our study, we showed to our knowledge for the first time that in
patients hospitalized for mild or severe but not fatal SARS‐CoV‐2 infec-
tion, the total amount of sHLA‐G as well as HLA‐GEV in the circulation
is increased, whereas the frequency of HLA‐G‐positive CD3+ and
CD14+ cells was similar in acute and post COVID‐19 patients. How-
ever, the frequency of ILT‐2 on CD3+ and CD14+ cells was increased
in acute COVID‐19. While the level of soluble HLA‐G was positively
correlated with membrane‐bound frequency on T‐cells and monocytes
in convalescent individuals, this was not the case in patients acutely
infected with SARS‐CoV‐2, implying that the high amount of soluble
HLA‐G is independent of the expression on immune effector cells dur-
ing COVID‐19. Thus, it is very likely that the increase of soluble HLA‐G
during SARS‐CoV‐2 infection might originate from additional organ
systems. In this context it is interestingly that the induction of HLA‐
G expression in damaged lung epithelial tissue was recently described
in COVID‐19 and was higher than in lung epithelia of influenza‐
infected patients [71]. This suggests that although HLA‐G is upregu-
lated in response to various infections, it may be differentially regu-
lated depending on the infectious pathogen. In this recently
published study, increased immune cell infiltration was observed in
the lungs of SARS‐CoV‐2 infected patients. Other studies have found
that soluble HLA‐G is significantly increased in patients with COVID‐
19 and is related to disease severity, which is consistent with our data
6

[62–68]. In our study, the lack of longitudinal sampling and the small
number of patients with fatal outcome are limitations of the study that
allow limited conclusions about HLA‐G levels in critically ill patients.
In addition, control patients with other respiratory viral infections are
lacking to clarify whether or not the effects observed in our study are
specific to SARS‐CoV‐2.

Previous studies have described a vast increase in CD25 expression,
alpha chain of the IL‐2 receptor, on T cells in both comorbid and severe
COVID‐19 cases and have linked this finding to the ability of SARS‐
CoV‐2 to trigger massive activation of immunological responses in
some infected individuals [72–75]. Interestingly, we were able to
demonstrate that the release of sHLA‐GEV during COVID‐19 was posi-
tively correlated with the expression of the activation marker CD25 on
T cells, which may reflect the negative feedback on inflammatory pro-
cesses during severe COVID‐19. Moreover, increased expression of
CD25 was found in murine models under the influence of extracellular
vesicles [76,77].

COVID‐19 has been described to be associated with a dysregulated
immune state and an IL‐6‐driven hyper‐inflammation, as well as T and
B cell lymphopenia [78,79]. Similar to other studies, we also con-
firmed the finding of elevated IL‐6 and IL‐10 levels during COVID‐19
in our cohort [80]. However, in our cohort, we could not demonstrate
a significant correlation of IL‐6 or IL‐10 levels with soluble HLA‐G
forms. Of note, HLA‐G expression is influenced by several
immunomodulatory molecules [81], and IL‐10 is one of the cytokines
known to increase the expression of HLA‐G [82–84]. Therefore, our
data suggest the existence of additional mechanisms beyond increased
IL‐10 secretion contributing to increased HLA‐G levels during COVID‐
19.

To assess the role of the HLA‐G/ILT‐2 ligand‐receptor axis as an
important immune checkpoint in the periphery, we additionally anal-
ysed the frequency of ILT‐2 receptors on T‐cells and monocytes.
Indeed, an increase of ILT‐2 frequency was observed in our study
cohort during acute SARS‐CoV‐2 infection compared to the post
COVID‐19 status. The up‐regulation of inhibitory receptors on immune
cells may enhance their immune suppressive properties. HLA‐G inter-
acts with several receptors that can induce immunomodulatory effects
and originate from different receptor families. The ILT‐2 and ILT‐4
receptors belong to the leukocyte immunoglobulin‐like receptor (LILR)
family, and the inhibitory killer receptor (KIR)‐2DL4 belongs to the
killer cell Ig‐like receptors (KIR) [23–25]. The binding of HLA‐G to
its receptors is influenced by multiple mechanisms [85]. In particular,
the ILT‐2 receptor binds ß2‐microglobulin‐associated HLA‐G isoforms
(being the HLA‐G1 and HLA‐G5 isoforms). Since previous studies have
shown that the monoclonal HLA‐G specific MEM‐G/9 antibody recog-
nises HLA‐G molecules only in the presence of ß2‐microglobulin, we
focused exclusively on the ILT‐2 receptor in this study [86]. We have
previously shown that soluble HLA‐G can induce phenotypic changes
in immune cells, including the up‐regulation of ILT‐2 [9,25]. In addi-
tion, the transcriptional up‐regulation has been observed in the pres-
ence of soluble HLA‐G [87]. However, in the present study, we did
not find a positive correlation between soluble HLA‐G and ILT‐2 dur-
ing acute SARS‐CoV‐2 infection. This indicates that the enhanced
ILT‐2 expression on T cells and monocytes is independent of soluble
HLA‐G expression, but is rather attributable to the viral infectious sta-
tus. Of note, ILT‐2 expression is regulated by a number of polymor-
phisms in the gene promoter region that may influence the
individual expression frequency in addition to HLA‐G levels [88].
Moreover, for NK cells and CD56+ T‐cells, it was shown that ILT‐2
expression is up‐regulated under the influence of IL‐2 and IL‐15 [89].

Nevertheless, the concomitant increased expression of soluble HLA‐
G and ILT‐2 frequencies detected in our study supports the concept
that the HLA‐G/ILT‐2 immune checkpoint plays a role in the
immune‐pathogenesis of COVID‐19. This would qualify HLA‐G and
ILT‐2 not only as prognostic markers but also as potential therapeutic
targets. It still needs to be discussed how this therapeutic approach
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should look like for viral infections such as SARS‐CoV‐2 as recently
described in tumour biology. The HLA‐G‐specific CAR‐T‐cells recently
described are certainly less suitable, as they would target all HLA‐G‐
expressing cells [90]. In COVID‐19, where HLA‐G expression has been
described in the lung, this approach would increase cytotoxic and
hyper‐inflammatory responses in lung tissue [71] and may result in
lung failure. In contrast to tumor biology, COVID‐19 is characterized
by opposing immunological processes in its two disease phases [45].
In the early phase of infection functionally blocking antibodies target-
ing the HLA‐G/ILT‐2 axis would be of interest, to impede HLA‐G medi-
ated viral escape from immune surveillance. In this context, it is
interesting to note that novel therapeutic anti‐ILT‐2 antibody and
anti‐HLA‐G antibody have been described and are currently under
evaluation in tumour immunology [91,92]. In later phases during
hyperinflammation agonistic HLA‐G/ILT‐2 immune checkpoint anti-
bodies or soluble HLA‐G molecules could be promising immunothera-
peutic approaches to attenuate inflammation and prevent further
tissue damage. Here, it would be of great interest to study the amount
of soluble HLA‐G in COVID‐19 convalescent plasma being used for the
treatment of COVID‐19 patients and to relate the results to therapeutic
outcome.
5. Conclusion

In summary, the data presented here support an important role of
the immune checkpoint axis HLAG/ILT‐2 in the immune‐
pathogenesis of COVID‐19 and thus qualify HLA‐G and ILT‐2 not only
as prognostic markers but also as potential therapeutic approaches.
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