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The COVID-19 pandemic has reached direct and indirect medical and social

consequences with a subset of patients who rapidly worsen and die from severe-

critical manifestations. As a result, there is still an urgent need to identify prognostic

biomarkers and effective therapeutic approaches. Severe-critical manifestations of

COVID-19 are caused by a dysregulated immune response. Immune checkpoint

molecules such as Programmed death-1 (PD-1) and its ligand programmed death-

ligand 1 (PD-L1) play an important role in regulating the host immune response and

several lines of evidence underly the role of PD-1 modulation in COVID-19. Here, by

analyzing blood sample collection from both hospitalized COVID-19 patients and healthy

donors, as well as levels of PD-L1 RNA expression in a variety of model systems of SARS-

CoV-2, including in vitro tissue cultures, ex-vivo infections of primary epithelial cells and

biological samples obtained from tissue biopsies and blood sample collection of COVID-

19 and healthy individuals, we demonstrate that serum levels of PD-L1 have a prognostic

role in COVID-19 patients and that PD-L1 dysregulation is associated to COVID-19

pathogenesis. Specifically, PD-L1 upregulation is induced by SARS-CoV-2 in infected

epithelial cells and is dysregulated in several types of immune cells of COVID-19 patients

including monocytes, neutrophils, gamma delta T cells and CD4+ T cells. These results

have clinical significance since highlighted the potential role of PD-1/PD-L1 axis in COVID-

19, suggest a prognostic role of PD-L1 and provide a further rationale to implement novel

clinical studies in COVID-19 patients with PD-1/PD-L1 inhibitors.
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INTRODUCTION

COVID-19 pandemic caused by severe acute respiratory

syndrome coronavirus-2 (SARS-CoV-2) holds the world in
thrall since early March 2020. COVID-19 manifests a spectrum

of signs and symptoms from mild illness to acute pneumonia.

Unfortunately, a considerable percentage of patients rapidly

worse to acute respiratory distress syndrome (ARDS) requiring

intensive care (1, 2).

Understanding the link between patients’ immune features and
disease severity represents a crucial step in the war against this

pandemic. Severe-critical manifestations of COVID-19 are caused

by a dysregulated immune response in which the adaptive immune

system, ruled byT andB lymphocytes, plays a fundamental role (3).

T cells fulfill specific antiviral actions inside a complex

inflammatory milieu influencing both the cellular and humoral

immunity (4). During a chronic infection, including COVID-19,
these cells are either eliminated or become dysfunctional until

exhaustion (4, 5). The reduction of T cell count as well as

increased levels of biochemical parameters of inflammation

correlate with a poor prognosis in COVID-19 patients and

have been proposed to set up a more aggressive treatment in

order to avoid a sudden worsening of clinical conditions (5).
Immune checkpoint molecules, including Programmed

death-1 (PD-1) and its ligand programmed death-ligand 1

(PD-L1), play an important role in innate and especially

adaptive immune response by serving as modulators. The PD-

1/PD-L1 axis is a major contributor among the checkpoint

molecules in maintaining the delicate balance between immune

response and immune-mediated cellular damage during
inflammation (6). Such signaling is involved in several types of

infections such as in human immunodeficiency virus (HIV) and

hepatitis C virus (HCV) (7–9).

PD-1 calibrates qualitatively and quantitatively T cell

responses against cancer (10) and its role during both acute

and chronic infection has been quite characterized (9).
Recently, it has been reported that in severe and critical

COVID-19 patients T cells, shifting from a status of

hyperactivation to one of exhaustion, express increased levels

of PD-1 (5, 11).

In contrast, there are few and inconclusive data about the

significance of PD-L1 dysregulation during SARS-CoV-2
infection and no data are currently available on the role of

soluble PD-L1 (sPD-L1) in COVID-19 patients with a different

grade of disease severity and prognosis.

The present study aimed to investigate the role of PD-L1 in

COVID-19 prognosis and pathogenesis.

MATERIALS AND METHODS

Patient Characteristics and
Biochemical Parameters
Patients with a confirmed diagnosis of COVID-19 and healthy

donors from “San Giovanni di Dio e Ruggi D’Aragona” University
Hospital were recruited from October 2020 to January 2021. All

patients with COVID-19 pneumonia diagnosed based on

characteristic radiological findings and a positive naso-pharyngeal

swab for SARS-CoV-2 RNA, were evaluated to be included in the

study. Patient selection was performed based on: (i) age >18 years;

(ii) characteristic infiltrates observed by a chest CT scan; (iii) positive
nasal swab for SARS-CoV-2-RNA at the time of hospital admission;

(iv) informedconsent forblood sampleanalysis.All participantswere

Caucasians. All of them signed informed consent. The study was

approved by the local ethics committee (n.30_r.p.s.o./2020), in

accordance with the Declaration of Helsinki and its amendments

andwas performedwithout interfering with normal clinical practice.
Demographic (age and gender) and pathological [comorbidities,

diagnosis of COVID-19 associated pneumonia, need of high-flow

oxygen therapy, length of hospital stay (LOS), time length of

negativizaton to SARS-CoV-2, therapy, death or hospital discharge]

data were retrieved from clinical records. Biochemical [number of

peripheral blood cells (neutrophils, lymphocytes and platelets), lactate

dehydrogenase (LDH), erythrocyte sedimentation rate (ESR), C-
reactive protein (CRP) and fibrinogen] and arterial oxygen partial

pressure/fractional inspired oxygen (PaO2/FIO2) parameters were

collected as part of the standard workup at the Clinical Pathology

Unit of “SanGiovanni diDio eRuggiD’Aragona”UniversityHospital.

Blood Sample Collection and
Measurement of Soluble PD-L1
Peripheral blood samples were collected from each subject during

routine venipuncture within 6 days from the admission to the

hospital. Serum samples were isolated by centrifugation at 1000×g
for 15 minutes (min) at 4°C and immediately stored at −80°C until

analysis. Levels of soluble PD-L1 (sPD-L1) were determined by

enzyme-linked immunosorbent assay (ELISA) according to the

manufacturer’s instruction (Elabscience Biotechnology Co. Ltd,

Wuhan, China). The optical density (OD) was measured

spectrophotometrically using a plate reader (TECAN® infinite
200 PRO) at a wavelength of 450 nm. Each sample was tested in

duplicate. The sPD-L1 levelwas determinedusing a standard curve.

The minimum detectable level of sPD-L1 was 0.10 ng/mL and the

detection range was 0.16-10.0 ng/mL. The intra-assay and inter-

assay coefficients of variationwere below10%.Data are expressedas

the mean ± SD of three independent experiments.

Tissue Sample and Immunohistochemical
Staining of PD-L1
Formalin-fixed paraffin-embedded (FFPE) specimen of bronchial

aspirate was obtained from patient # COVID-22 followed at “San

Giovanni di Dio e Ruggi D’Aragona” University Hospital. The
patient has consented for tissue acquisition per institutional review

board-approved protocol. The patient signed informed consent.

FFPE tissue sections (4 mm) from the bronchial aspirate sample

were used as substrates in immunohistochemical (IHC) reactions.

Abbreviations: ARDS, Acute Respiratory Distress Syndrome; CRP, C-reactive

protein; DAB, 3;3’ diaminobenzidine; ELISA, enzyme-linked immunosorbent

assay; ESR, erythrocyte sedimentation rate; FFPE, Formalin-fixed paraffin-

embedded; GEO, Gene Expression Ominibus; IHC, immunohistochemical;

LDH, lactate dehydrogenase; LOS, length of stay; mAb, monoclonal antibody;

min, minutes; OD, optical density; PaO2/FIO2, arterial oxygen partial pressure/

fractional inspired oxygen; PBMC, peripheral blood mononuclear cells; PD-1,

programmed death-1; PD-L1, programmed death-ligand 1; sPD-L1, soluble

PD-L1.
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The PD-L1-specific monoclonal antibody (mAb) SP263 and the

rabbit mAb IgG, utilized as an isotype control for PD-L1 staining,

were purchased from VENTANA. The staining with SP263 mAb

was performedonVentanaBenchMarkXTautomated IHCStainer

(VENTANA) utilizing OptiView DAB IHC Detection Kit

(VENTANA). The staining intensity and percentage of stained
cells were reviewed and enumerated by an experienced pathologist

(PZ) who did not know the patient characteristics and clinical

outcome. Staining with PD-L1-specific mAb was performed

according to the manufacturers’ instructions and was scored by

counting both the number of epithelial and immune stained cells in

four high-powered fields.

RNA-seq of PD-L1
RNA-seq profiles used to assess PD-L1 gene profiles in human

cells and lung biopsies were collected from Gene Expression

Omnibus (GEO) (12) accession GSE147507, GSE148729 and

GSE56192. The cell lines used were human lung adenocarcinoma

Calu-3, normal human bronchial epithelial (NHBE) and human

adenocarcinoma alveolar basal epithelial A549 cell lines. A549,
Calu3, NHBE cells were incubated at indicated times and

indicated viral load (MOI) with SARS-CoV-2 and SARS-CoV-

1 (Calu3). In addition, A549 cells were transduced with an

expression vector encoding the human ACE2 protein and

incubated for 24 hours with SARS-CoV-2, at different MOI

and treated with ruxolitinib (500 nM), a JAK1 and JAK2
kinase inhibitor. Cells incubated with vector but without the

virus (mock) and untreated cells were used as controls. Lung

biopsies were derived from a deceased male COVID-19 patient

(age 74) or uninfected patients [one male (age 72) and one female

(age 60)]. Expression levels of PD-L1 RNA were the counts of

reads aligned to the genome and expressed as counts per million.

Values were extracted from supplemental data from GSE147507
and GSE148729. The vendors analyzed the sequencing libraries

on the Illumina NextSeq 500. They then aligned the reads using

the RNA-Seq Alignment app on Basespace (Illumina, CA).

RNA-seq profiles of immune cells were collected from the

Immunological Genome Project (13) using the Skyline RNA-seq

tool. Eight peripheral blood samples from 7 hospitalized patients
with RT-PCR-confirmed SARS-CoV-2 infection and 6 healthy

controls were included. Samples were collected between 2 and 16

days after the onset of symptoms. Four of 8 COVID-19 samples

were collected from ventilated patients diagnosed with acute

respiratory distress syndrome (ARDS); the remaining 4 samples

were from less critically ill patients. One patient was sampled twice,
initially at 9 days after symptomonsetwhile admitted and requiring

supplemental oxygen but not ventilated, and again at 11 days after

symptom onset following intubation. Thresholds on expression

values were derived for each platform by one of two distribution-

based approaches. For platformswithwell-defined negative control

probe sets, the threshold for greater-than-chance expression was

defined as expression values greater than or equal to the 95%
quantile of expression values in the negative controls.

Statistical Analysis
Statistical analysis was performed with the Stata Statistical Software,

Version 13.0 (StataCorp, LP). Correlations between sPD-L1 levels,

pathological and clinical characteristics of COVID-19 patients were

analyzed by Spearman rank correlation test. Differences in the

expression levels of variables according to pathological and clinical

characteristics were analyzed using the Mann–Whitney U test. The

correlation of sPD-L1 levels with the number of deaths was analyzed

by Fisher exact test. For RNA-seq analysis, gene counts were
normalized using the EdgeR package, Bioconductor (14) which

considers that most genes are invariant between experiments. PD-

L1 RNA levels result from similar processing of the reads involving

the DESeq2 package (15). Statistical analyses were performed using

Prism 9.0.0 (16). Pairwise comparisons were generated for all cell

types with the control and PD-L1 was identified whose expression
was significantly different for each cell type. p<0.05was considered to

be statistically significant. All tests used were two-tailed.

RESULTS

Patient Characteristics
A total of 31 patients with a confirmed diagnosis of COVID-19 from
“San Giovanni di Dio e Ruggi D’Aragona University Hospital” were

recruited from October 2020 to January 2021. All baseline medical

record information including clinical characteristics and laboratory

data are shown in Table 1. Among the 31 patients, 4 (12.9%), 15

(48.4%)and12(38.7%)weremild,moderate-severe andcritical cases,

respectively. Twenty-nine (93.55%) had the diagnosis of COVID-19
associated pneumonia and 23 (74.19%) required high-flow oxygen

therapy. Twenty patients (64.5%) suffered from chronic diseases

including hypertension (51.6%), diabetes (25.8%), dyslipidemia

(19.3%), cardiovascular disease (12.9%), immune disorder (9.7%),

chronic pulmonary disease (9.7%) and chronic kidney disease (6.4%)

(Supplementary Table 1). The mean hospital LOS was 42.48 days

(range, 19-83)while themeantime lengthof negativization for SARS-
CoV-2 was 38.43 days (range, 15-75). Most of patients were treated

with corticosteroids (90.32%), low molecular weight heparin

(LMWH) (90.32%), azithromycin (83.87%), ceftriaxone (29.03%),

ruxolitinib (6.45%), eculizumab (6.45%) and tocilizumab (6.45%)

(Supplementary Table 2). Five patients (16.13%) died from ARDS

while 26 patients (83.87%) were discharged.

Correlation Between Pathological
and Clinical Characteristics of
COVID-19 Patients
Ageofpatients correlatedwith thenumberofperipheral lymphocytes

(Spearman’s rho -0.3196, p=0.0852), serum CRP levels (Spearman’s

rho 0.3749, p=0.0412), required high-flow oxygen therapy

(Spearman’s rho 0.4621, p=0.0101), LOS (Spearman’s rho 0.5421,

p=0.0020), time length of negativization for SARS-CoV-2

(Spearman’s rho 0.4002, p=0.0284) and the number of deaths
(p=0.0223). The number of deaths was significantly higher in older

patients [mean 79.2 years, (range, 61-90)] as compared to younger

patients [mean 62.4, (range 31-84)].

The number of peripheral lymphocytes was negatively correlated

with serum LDH and CRP levels (LDH: Spearman’s rho -0.4318,

p=0.0153; CRP: Spearman’s rho -0.4764, p=0.0067), LOS (Spearman’s
rho -0.4769, p=0.0067) and time length of negativization for SARS-

CoV-2(Spearman’s rho-0.3629,p=0.0448).Besides, serumLDHlevels

Sabbatino et al. PD-L1 in COVID-19

Frontiers in Immunology | www.frontiersin.org June 2021 | Volume 12 | Article 6952423

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


correlated with LOS (Spearman’s rho 0.4211, p=0.0183) and the

number of deaths (p=0.0763).

Levels of ESR correlated with required high-flow oxygen

therapy (p=0.0085), LOS (Spearman’s rho 0.5106, p=0.0621)
and time length of negativization for SARS-CoV-2 (Spearman’s

rho 0.5089, p=0.0631).

Lastly levels of CRP correlated with required high-flow

oxygen therapy (p=0.0072), LOS (Spearman’s rho 0.5159,

p=0.0030), time length of negativization for SARS-CoV-2

(Spearman’s rho 0.3825, p=0.0337) and the number of deaths
(p=0.0052). As expected, increased LOS correlated with the

number of deaths (p=0.0007).

Serum Levels of sPD-L1 and Its
Comparison in COVID-19
Patients With Different
Clinicopathological Characteristics
Wefirst evaluated and compared serum levels of sPD-L1 fromall 31

COVID-19 patients within 6 days [mean number 4.75 days (range,

3-6 days)] of the hospital admissionwith those of 24 healthy donors

without SARS-CoV-2. The mean serum level of sPD-L1 in

hospitalized COVID-19 patients and non-infected patients was

0.162 ng/ml (range, 0.0479-0.730) and 0.103 ng/m (range, 0.0472-

0.204), respectively (Figure 1A). The serum levels of sPD-L1 were

significantly higher in COVID-19 patients as compared to those of

non-infected patients (p=0.0351).
We then correlated serum levels of sPD-L1 with blood sample

biomarkers as well as with levels of PaO2/FIO2 at the same day of

PD-L1 sample collection. The mean number of neutrophils,

lymphocytes and platelets was 5579.5 x103/µL (range, 1780-

10900), 1888.4 x103/µL (range, 560-3860) and 257466.7 x103/

µL (range, 81000-471000), respectively. The mean level of LDH,
ESR, CRP and fibrinogen was 276.6 U/l (range, 121-979),

40.58 mm (range, 13-129), 1.292 mg/dl (range, 0.02-6.28) and

318.2 mg% (33-731), respectively. The mean level of PaO2/FIO2

was 320.11 mmHg (range, 142-571).

Consistent with baseline results, the number of lymphocytes

(p=0.0017) (Figure 1B) and levels of CRP (p=0.0009)
(Figure 1C) at the time of PD-L1 measurement significantly

correlated with the number of deaths from COVID-19. In

COVID-19 patients serum levels of sPD-L1 were significantly

and negatively correlated with both total number of lymphocytes

(Spearman’s rho -0.3353, p=0.0401) (Figure 2A) and levels of

PaO2/FIO2 (Spearman’s rho -0.3274, p=0.0755) (Figure 2B). In

contrast serum levels of sPD-L1 significantly and positively
correlated with levels of CRP (Spearman’s rho 0.3988,

p=0.0483) (Figure 2C). Patients displaying higher levels of

sPD-L1 also displayed a low number of lymphocytes and

PaO2/FIO2 as well as a high level of CRP. In addition, serum

levels of sPD-L1 significantly correlated with the age and sex of

patients. Specifically female patients displayed higher levels of
sPD-L1 as compared to males (p=0.0472) (Figure 1D). Older

patients displayed a higher level of sPD-L1 as compared to that of

younger patients (Spearman ’s rho 0.4789, p=0.0074)

(Figure 2D). More importantly serum levels of sPD-L1

significantly correlated with the prognosis of COVID-19

patients (p=0.0469). Specifically, levels of PD-L1 were higher in

all those patients who later died during the hospitalization (mean
0.227, range 0.111-0.402) as compared to patients who were

discharged (mean 0.142, range 0.0479-0.730) (Figure 3A).

Patients with high levels of PD-L1 were characterized by old

age (p=0.0067) (Figure 3B), low number of lymphocytes

(p=0.0111) (Figure 3C), high levels of CRP (p=0.0170)

(Figure 3D), high levels of LDH (p=0.0154) (Figure 3E), high
LOS (p=0.0417) (Figure 3F) and high number of deaths

(p=0.048). Noteworthy no correlations between serum levels of

sPD-L1 with patient comorbidities as well as with patient

therapies (Supplementary Tables 1 and 2).

PD-L1 Up-Regulation in SARS-CoV-2
Infected Cells
We characterized PD-L1 RNA levels in a variety of model
systems of SARS-CoV-2 including in vitro tissue cultures, ex-

vivo infections of primary epithelial cells and biological samples

obtained from tissue biopsies of COVID-19 patients. RNA-seq

results from the GEO database were downloaded.

TABLE 1 | Patient characteristics.

Age 65.2 years (31–90)

Sex:

Male 14 (45.16%)

Female 17 (54.84%)

Mean number of peripheral blood

cells:

Neutrophils 5525.6 x103/µL (range, 1100-9560)

Lymphocytes 834.4 x103/µL (range, 2.07-3360)

Platelets 266767.7 x103/µL (range, 6000-

539000)

LDH 528.6 U/l (range, 160-2191)

ESR 52.64 mm (range, 20-80)

CRP 5.11 mg/dl (range, 0.05-18.69)

Fibrinogen 464.1 mg% (range, 126-775)

COVID-19 associated pneumonia:

Presence 29 (93.55%)

Absence 2 (6.45%)

High-flow oxygen therapy

Yes 23 (74.19%)

Not 8 (35.81%)

Chronic diseases:

Hypertension 16 (51.6%)

Diabetes 8 (25.8%)

Dysplipidemia 6 (19.3%)

Cardiovascular disease 4 (12.9%)

Immune disorder 3 (9.7%)

Chronic pulmonary disease 3 (9.7%)

Chronic kidney disease 2 (6.4%)

Absence 9 (29.0%)

Mean number of LOS 42.48 days (range, 19-83)

Mean time length of negativization 38.43 days (range, 15-75)

Therapy:

Corticosteroids 29 (90.32%)

Low molecular weight heparin 29 (90.32%)

Azithromycin 27 (83.87%)

Ceftriaxone 9 (29.03%)

Ruxolitinib 2 (6.45%)

Eculizumab 2 (6.45%)

Tocilzumab 2 (6.45%)

Nember of deaths 5 (16.12%)
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A B

DC

FIGURE 1 | Comparisons between serum levels of biochemical parameters in patients with different clinicopathological characteristics. (A) Serum levels of sPD-L1 in

COVID-19 patients were compared with those of healthy donors by Mann-Whitney U test. (B) The number of peripheral lymphocytes in COVID-19 patients who died

or were discharged from the hospital were compared by the Mann-Whitney U test. (C) Serum levels of CRP in COVID-19 patients who died or were discharged from

the hospital were compared by the Mann-Whitney U test. (D) Serum levels of sPD-L1 in male and female COVID-19 patients were compared by the Mann-Whitney

U test. On each box, the central mark is the median, the edges of the box are the 25th and 75th percentiles, the whiskers extend to the most extreme data points

not considered outliers, and outliers are plotted individually. p was considered significant if < 0.05.

A B

DC

FIGURE 2 | Correlation between serum levels of sPD-L1 and clinicopathological characteristics of COVID-19 patients. Serum levels of sPD-L1 in COVID-19 patients

were correlated with the number of peripheral lymphocytes (A), the level of PaO2/FIO2 (B), the level of CRP (C) and the age of patients (D) by Spearman’s

correlations. p was considered significant if < 0.05.
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Calu3 and NHBE cell lines were permissive to SARS-CoV-2.

In Calu3 cells, following incubation with SARS-CoV-2, the levels
of PD-L1 were significantly (P<0.001) increased as compared to

those of mock cells (Figure 4A). In NHBE cells SARS-CoV-2 and

mock incubation did not change the transcriptional levels of PD-

L1. A549 cells were relatively non-permissive to SARS-CoV-2

(Figure 4A). However following transduction with an expression

vector encoding the human ACE2 protein they became

permissive to SARS-CoV-2. In both A549 cells and ACE2-
transduced A549 cells SARS-CoV-2 incubation at low MOI

(0.2) did not change the PD-L1 levels as compared to that of

mock cells. However, a dramatic increase in viral load (MOI 2)

was significantly (P< 0.001) associated with an increase in PD-L1

RNA-seq levels in A549 cells and even more to a greater extent in

ACE2-transduced A549 cells. Noteworthy in these cells
transcriptional levels of PD-L1 were abolished after ruxolitinib

treatment (Figure 4A).

Analysis of PD-L1 RNA levels following incubation with

SARS-CoV-2 at different time points demonstrated that PD-L1

levels were significantly (P<0.01) increased following 4-hour

incubation and even more to a greater extent following 24-

hour incubation with both SARS-CoV-1 and SARS-CoV-2 as
compared to non-infected cells (Figure 4B).

Analysis of PD-L1 RNA levels obtained from post mortem

lung biopsies of COVID-19 patients and lung tissue biopsies

from healthy uninfected individuals demonstrated a significant

(P<0.001) increase in PD-L1 transcript levels in COVID-19

patients as compared to healthy subjects (Figure 4C). Lastly,
an IHC staining of a bronchial aspirate obtained from a COVID-

19 patient analyzed for sPD-L1 levels (76 years old, female,

requiring high-flow oxygen therapy and discharged following 83

days of hospitalization) demonstrated a moderate PD-L1

expression on lung epithelium cells (Figure 4D).

PD-L1 Dysregulation in Immune Cells
of COVID-19 Patients
We lastly characterized PD-L1 RNA levels in peripheral blood

mononuclear cells (PBMC) obtained fromCOVID-19 patients and
compared them to those obtained from healthy donors. RNA-seq

results fromthe ImmunologicalGenomeProjectdatabase (13)were

downloaded. As expected, there was an increase in PD-L1 RNA

levels in IgG, IgM and IgA plasmablasts in COVID-19 patients as

compared tohealthy donors.However, a significant increase inPD-

L1 levels was also detected in neutrophils, monocytes (CD16+) and

gamma delta T cells of COVID-19 patients (p<0.001) as compared
tohealthy donors. In addition, a significant decrease ofPD-L1 levels

(p<0.001) was detected in CD4+ T cells stimulated with interferon

in COVID-19 patients as compared to healthy donors (Figure 5).

DISCUSSION

The COVID-19 pandemic has far reaching direct and indirect

medical and social consequences. So far, there is still an unmet
clinical need in defining patient prognosis and effective therapeutic

approaches (17). Several parameters have been proposed to define

COVID-19 patient prognosis. Biochemical parameters such as the

number of lymphocytes and levels of CRP are shown to be effective

prognostic biomarkers (18). Others, such as LDH, SAO2, PaO2/

FIO2 and radiological findings, have been shown in some cases to
contribute to defining COVID-19 diagnosis and prognosis (19, 20).

The data we have shown are in line with these findings since the

number of lymphocytes and CRP levels as well as LDH and PaO2/

FIO2 correlated with patient prognosis assessed by the LOS and

number of deaths from COVID-19. By corroborating the

information in the literature, these results validate the
representativeness of the patient population analyzed despite its

A B

D E F

C

FIGURE 3 | Prognostic value of sPD-L1 in COVID-19 patients. (A) Serum levels of sPD-L1 in COVID-19 patients who died or were discharged from the hospital

were compared by Mann-Whitney U test. Age of patients (B), number of lymphocytes (C), levels of CRP (D), levels of LDH (E) and LOS (F) grouped based on sPD-

L1 levels were compared using the Mann-Whitney U test. On each box, the central mark is the median, the edges of the box are the 25th and 75th percentiles, the

whiskers extend to the most extreme data points not considered outliers, and outliers are plotted individually. p was considered significant if < 0.05.
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limited number (21). In the present study, we have focused our

analysis on characterizing the potential significance of sPD-L1 as a

biomarker of patient prognosis. Our data demonstrate that PD-L1

might be useful to stratify COVID-19 patient prognosis as high

levels of sPD-L1 correlated with validated prognostic biomarkers

especially lymphopenia and high levels of CRP as well as with an

increase of LOS and mortality rate. The levels of sPD-L1 were
assessed within the first 6 days of hospital admission and were not

later evaluated during the hospitalization of COVID-19 patients.

Whether sPD-L1 levels still increase in those patients which are

more likely to death from COVID-19 as compared to those

discharged should be further investigated.

An increase in sPD-L1 is likely to reflect dysregulation of PD-1/
PD-L1 axis in the host immune response of COVID-19 patients

with a poor prognosis. The SARS-CoV-2 induces an extensive array

of defense mechanisms in the host (22). Innate immunity tries to

block or inhibits initial infection to protect the cells, or to eliminate

virus-infected cells, and occurs well before the onset of an adaptive

immune response. Innate immunity generally slows rather than

stops a viral infection, allowing time for the adaptive immune
response to begin. Antibody and T-cell-mediated immunity are the

two major players of the adaptive immune response to viral

infection. Antibodies usually bind to free viral particles, blocking

infection of the host cell. In contrast, T cells act principally by

recognizing and destroying virus-infected cells. In innate and

especially adaptive immune responses, checkpoint molecules play

an important role in maintaining the delicate balance of stimulating

or inhibiting immune cell activation or inducing phenomena of self-

tolerance or autoimmunity (23). The PD-1/PD-L1 axis is one of the

major components of the checkpoint molecule family. Several lines

of evidence indicate that the PD-1/PD-L1 axis might play a role in

regulating the host immune response to SARS-CoV-2 as well as in

COVID-19 pathogenesis (24–28). T cells, with CD8+ cytotoxic T
cells (CTLs) capable of secreting an array of molecules to eradicate

viruses from the host, are major players in SARS-CoV-2 clearance.

At the same time, CD4+ helper T cells can assist cytotoxic T cells

and B cells and enhance their ability to clear pathogens. However,

persistent stimulation by the virus may induce T cell function

reduction and exhaustion, leading to loss of T cell-related cytokine
production. T cell exhaustion is defined by sustained expression of

inhibitory receptors, and a transcriptional state distinct from that of

functional effector or memory T cells (29). Diao et al. have recently

shown that in COVID-19 patients, especially those critically ill,

besides a negative correlation between T cell count (CD8+ and CD4

+) and patient prognosis, both T cell types showed an exhaustive

phenotype because of an increased expression of PD-1 and TIM-3.
Moreover, an increase of the exhausted T cells expressing PD-1

correlated with patient prognosis (5).

Kong et al. have also shown that serum levels of 11 soluble

checkpoints including GITR, 4-1BB, TIM-3, CD27, LAG-3, PD-1,

CD28, CTLA-4, BTLA, HVEM, and CD80 correlated with severe

illness in COVID-19 patients (30). Furthermore, patients with

A B

DC

FIGURE 4 | PD-L1 upregulation in SARS-CoV-2 infected cells and in COVID-19 patient lung biopsies. (A) RNA levels of PD-L1 in A549, Calu3, NHBE cells, lung

specimens derived from deceased COVID-19 and uninfected patients were downloaded from the GEO database and analyzed. A549, Calu3, NHBE cells were

incubated for 24 hours with SARS-CoV-2 (A549.SARS-CoV2, Calu3.SARS-CoV2 and NHBE.SARS-CoV2) at different viral load (MOI). A549 cells were transduced

with an expression vector encoding the human ACE2 protein (A549.ACE2), incubated for 24 hours with Sars-CoV-2 (A549.ACE2.SARS-CoV2) at different viral load

(MOI) and treated with ruxolitinib (500 nM) (A549.ACE2.SARS-CoV2.Rux). Cells incubated with vector but without the virus (mock) were used as a control

(A549.mock, Calu3.mock, NHBE.mock, A549.ACE2.mock). (B) Calu3 cells were incubated with SARS-CoV-2 or SARS-CoV-1 (Calu3.SARS-CoV2 and Calu3.SARS-

CoV1) at different time points. Cells non incubated (Calu3.untreated) or incubated with vector but without the virus (Calu3.mock) were used as controls. (C) Lung

specimens derived from COVID-19 patients were considered and compared to samples of uninfected human lung biopsies. RNA levels of PD-L1 were compared

using Pairwise comparisons. ** and *** indicate p < 0.001 and < 0.01, respectively. (D) Representative staining patterns of FFPE bronchial aspirate with PD-L1-

specific mAb SP263 of a COVID-19 patient. IgG was used as an isotype control for PD-L1 staining (data not shown). Magnification is indicated.
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COVID-19 show increasedFas andPD-1expressions inbothCD4+

and CD8+ T cells. This also indicates the association of these
regulatory molecules with the apoptosis of antigen-activated T

cells during COVID-19, leading to decreased CD4+ T cell

numbers and lowering the percentage of naive T cells (31). On

the other hand, an elevation in the number of cells such as

monocytes, neutrophils and natural killer (NK) cells causing

cytokine storm has been reported (32, 33). Patients with more

severe clinical conditions besides overexpressing proinflammatory
cytokines such as IL-6, IL-1 and TNF-a, also display high levels of

PD-L1 in monocytes and DCs. In the present work, we show that

increased levels of sPD-L1 are associatedwith PD-L1 dysregulation

in both epithelial and immune cells (34). In particular, epithelial

cells permissive to SARS-CoV-2 upregulated PD-L1 expression.

Induced PD-L1 expression can be restored by treatment with
ruxolitinib, a JAK1 and JAK2 kinase inhibitor. Therefore, we

hypothesize that JAK1 or JAK2 are involved in PD-L1

upregulation following SARS-CoV-2 infection in epithelial cells.

However, mechanisms of PD-L1 upregulation in epithelial cells by
SARS-CoV-2 should be further investigated. In vivo PD-L1

upregulation on infected cells might also reflect an increased

cytokine release by the activated host immune cells. In both cases,

PD-L1 upregulation provides infected cells with an immune escape

mechanismtoboth innate andadaptive immuneresponse facilitating

viral replication and immunosuppression.

In addition, we have shown that PD-L1 is dysregulated on
many types of immune cells of COVID-19 patients.

Dysregulation of the PD-L1 gene correlates with substantial

phenotypic differences between COVID-19 cases and controls,

predominantly in monocytes, gamma delta T cells, neutrophils

and CD4+ interferon-stimulated T cells. Several innate immune

cell subsets are depleted in COVID-19 patients, including
gamma delta T cells, DCs, plasmacytoid DCs, CD16+

monocytes and NK cells. Monocyte rearrangement is likely to

FIGURE 5 | PD-L1 dysregulation in PBMC of COVID-19 patients. RNA levels of PD-L1 in PBMCs derived from COVID-19 patients and healthy donors were down-

loaded from the Immunological Genome Project database and analyzed. PBMC were characterized as stem cells and eosinophils (Eos.SC), developing neutrophils

(Neu.Dev), neutrophils (Neu), dendritic cells (DC), plasmacytoid dendritic cells (pDC), monocytes CD16+ and CD14+ (Mo.CD16 and Mo.CD14), natural killer cells

(NK), gamma delta T cells (T.gd), CD8+ memory T cells (T.8Mem), CD4+ interferon-stimulated T cells (T.4.IFN-stim), CD4+ memory T cells (T.4Mem), CD4+ naive T

cells (T.4Nve), IgA+ plasmablasts (PB.IgA), IgM+ plasmablasts (PB.IgM), IgG+ plasmablasts (PB.IgG) and B cells (B). RNA levels of PD-L1 for all cell types with the

control were compared using Pairwise comparisons. *** indicate p < 0.001.
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reflect the elevated IL-10 levels observed in COVID-19 patients.

IL-10, as an inhibitory cytokine, prevents T-cell generation and

thus disrupts and reduces T-cell activation and proliferation,

leading to dysfunction of cellular immune responses (35).

Furthermore, along SARS-CoV-2 induced viral infection, signal

transducer and activator of IL-10 secretion led to overexpression
of PD-1 and PD-L1 in monocytes and DCs (36). It has been

reported that monocytes involved in COVID-19, similar to

monocytes involved in HCV, overexpress PD-L1 and IL-10.

Noteworthy patients with more severe clinical states have

higher expressions of PD-L1 on monocytes, DCs and

granulocytes (37). Similarly, the attachment of PD-L1 from
monocytes to PD-1 expressed on the surface of CD8+ T

lymphocytes also inhibits their antiviral activity and ultimately

leads to disease progression. Lastly, increased expression of PD-

L1 on neutrophils and gamma delta T cells might also hamper

their ability to eliminate infected cells. Gamma delta T cells do

not recognize classical peptide antigens, their TCRs are non-
MHC restricted, and they can respond to pathogen-associated

molecular patterns and produce cytokines in the absence of TCR

ligands. They can also defend against viral infection by secreting

IFNg and upregulating the expression of NKG2D, perforin,

granzyme B and FasL. Following injury, resident cells release

inflammatory cytokines and chemokines to recruit reparative

neutrophils to the injury site. Excess inflammation, however, can
result in undesired tissue damage. Therefore, the body’s ability to

control inflammation is tightly regulated. PD-L1 expression on

neutrophils increases with inflammation and correlates with

impaired antibacterial function (10, 38). Even more PD-L1

overexpression on neutrophils correlates with markers of T cell

exhaustion and contributes to suppression of T cell function
resulting in an immunosuppressive activity in other types of viral

infections such as HIV (39). Targeting PD-L1 with blocking

antibodies can also enhance neutrophil innate immune function

(40, 41). Lastly, decreased expression of PD-L1 on CD4+

interferon-stimulated T cells in COVID-19 patients may reflect

the induction of a hyperactivation status which causes an

excessive immunopathology (42).
Some data indicate that SARS-CoV-2 infection might persist

in some tissue compartments. In individuals infected with HIV

and on anti-retroviral therapy, immune checkpoint proteins

themselves identify cells preferentially infected with HIV that

persist on anti-retroviral therapy (43, 44). This observation is of

great importance in efforts to eliminate residual virus that
persists despite anti-retroviral therapy, as these infected cells

are a major barrier to a cure. Whether PD-1/PD-L1 axis is

involved in SARS-CoV-2 latency in long term SARS-CoV-2

infected patients should be further investigated.

CONCLUSIONS

In conclusion, this study highlighted the potential role of PD-1/PD-

L1 axis in COVID-19 and suggests a prognostic role of sPD-L1.
These data have clinical significance since they provide a further

rationale to implement novel clinical studies in treating COVID-19

patientswithPD-1/PD-L1 inhibitors. Recentdata in cancerpatients

treated with anti-PD-1 or anti-PD-L1 inhibitors have shown

contrasting results on the safety and efficacy of these checkpoint

inhibitors in protecting or exacerbating COVID-19 infection.

Administration of checkpoint inhibitors such as anti-PD-1/

PD-L1 should be investigated early in COVID-19 progression

and especially should be avoided in critically ill patients where the
immune system is already hyperactivated. Further studies will be

needed to establish the potential timing of the administration of

checkpoint inhibitors in COVID-19 patients. sPD-L1 as well as

lymphopenia and elevated levels of CRP could be considered as

biomarkers to identify andmonitorpatientswhoare likely tobenefit

from treatment with immune checkpoint inhibitors.
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et al. Immune-Mediated Approaches Against Covid-19. Nat Nanotechnol

(2020) 15:8. doi: 10.1038/s41565-020-0732-3

23. Chowdhury MA, Hossain N, Kashem MA, Shahid MA, Alam A. Immune

Response in COVID-19: A Review. J Infect Public Health (2020) 13:11.

doi: 10.1016/j.jiph.2020.07.001

24. Aghbash PS, Eslami N, Shamekh A, Entezari-Maleki T, Baghi HB. Sars-Cov-2

Infection: The Role of PD-1/PD-L1 and CTLA-4 Axis. Life Sci (2021)

270:119124. doi: 10.1016/j.lfs.2021.119124

25. Pickles OJ, Lee LYW, Starkey T, Freeman-Mills L, Olsson-Brown A, Cheng V,

et al. Immune Checkpoint Blockade: Releasing the Breaks or a Protective

Barrier to COVID-19 Severe Acute Respiratory Syndrome? Br J Cancer (2020)

123:5. doi: 10.1038/s41416-020-0930-7

26. Doglioni C, Ravaglia C, Chilosi M, Rossi G, Dubini A, Pedica F, et al. Covid-19

Interstitial Pneumonia: Histological and Immunohistochemical Features on

Cryobiopsies. Respiration (2021) 16:1–11. doi: 10.1159/000514822

27. Patel H, Ashton NJ, Dobson RJB, Andersson LM, Yilmaz A, Blennow K, et al.

Proteomic Blood Profiling in Mild, Severe and Critical COVID-19 Patients.

Sci Rep (2021) 11:6357. doi: 10.1038/s41598-021-85877-0

28. Seery V, Raiden SC, Algieri SC, Grisolıá NA, Filippo D, De Carli N, et al.
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