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OBJECTIVE: Alveolar-capillary endothelial cells can be activated by severe acute respiratory syndrome coronavirus 2 infection
leading to cytokine release. This could trigger endothelial dysfunction, pyroptosis, and thrombosis, which are the vascular
changes, commonly referred to as coronavirus disease 2019 (COVID-19) endotheliopathy. Thus, this study aimed to identify
tissue biomarkers associated with endothelial activation/dysfunction and the pyroptosis pathway in the lung samples of
patients with COVID-19 and to compare them to pandemic influenza A virus HIN1 subtype 2009 and control cases.

APPROACH AND RESULTS: Postmortem lung samples (COVID-19 group =6 cases; HIN1 group =10 cases, and control group =11
cases) were analyzed using immunohistochemistry and the following monoclonal primary antibodies: anti-IL (interleukin)-6,
anti-TNF (tumor necrosis factor)-a, anti-ICAM-1 (intercellular adhesion molecule 1), and anticaspase-1. From the result, IL-6,
TNF-a, ICAM-1, and caspase-1 showed higher tissue expression in the COVID-19 group than in the HIN1 and control groups.

CONCLUSIONS: Our results demonstrated endothelial dysfunction and suggested the participation of the pyroptosis pathway
in the pulmonary samples. These conditions might lead to systemic thrombotic events that could impair the clinical staff's
efforts to avoid fatal outcomes. One of the health professionals’ goals should be to identify the high risk of thrombosis
patients early to block endotheliopathy and its consequences.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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syndrome coronavirus 2 (SARS-CoV-2) infection

contributes to the release of inflammatory cytokines
that subsequently injure the endothelium. In addition,
endothelial cells express ACE (angiotensin-converting
enzyme)-2 and allowing infection by SARS-CoV-2.!

The pulmonary capillary endothelium may switch to a
responsive inflammatory phenotype after its activation,
expressing cytokines and vascular adhesion molecules
that could aggravate the cytokine storm, and contribute
to thrombosis.'?

Evidence suggests that endothelial activation/dys-
function induced by SARS-CoV-2 infection differs from
the pandemic influenza A virus HIN1 subtype (disease

Pneumocyte injury caused by severe acute respiratory

2009), especially concerning the significant involvement
of the pyroptosis in the former, which may drive endothe-
lial cell death thereby contributing to the increasing of
the proinflammatory stimuli and thrombogenic events.?®

This study aimed to analyze endothelial activation/
dysfunction and pyroptosis pathway tissue biomarkers
in patients who died from coronavirus disease 2019
(COVID-19) compared with cases of pandemic HINT1
deaths and controls.

METHODS

The authors declare that all supporting data are available within
the article.

Correspondence to: Lucia de Noronha, Laboratério de Patologia Experimental, Rua Imaculada Conceicéo, 1155 Prado Velho Curitiba, Parand, Brazil. Email Inno.

noronha@gmail.com

The Data Supplement is available with this article at https://www.ahajournals.org/doi/suppl/10.1161/ATVBAHA.120.314860.

For Disclosures, see page 2407.
© 2020 American Heart Association, Inc.
Arterioscler Thromb Vasc Biol is available at www.ahajournals.org/journal/atvb

2404  October 2020

Arterioscler Thromb Vasc Biol. 2020;40:2404-2407. DOI: 10.1161/ATVBAHA.120.314860


mailto:lnno.noronha@gmail.com
mailto:lnno.noronha@gmail.com
https://orcid.org/0000-0003-2232-8720
https://orcid.org/0000-0002-6242-7099
https://orcid.org/0000-0003-2529-3869
https://orcid.org/0000-0002-1461-7656
https://orcid.org/0000-0002-8497-400X
https://orcid.org/0000-0003-0565-3492
https://orcid.org/0000-0003-0310-7164

Nagashima et al

Endothelial Dysfunction in COVID-19

Nonstandard Abbreviations and Acronyms

Highlights

COVID-19 coronavirus disease 2019
ICAM-1 intercellular adhesion molecule 1
IL interleukin

SARS-CoV-2 severe acute respiratory syndrome
coronavirus 2

TNF tumor necrosis factor

The COVID-19 group (n=6) comprises the postmortem
lung biopsies (Research Ethics Committee: 944.734/2020)
of patients who died of SARS-CoV-2 (positive nasopharyngeal
swab real-time reverse transcription—polymerase chain reac-
tion) severe infections.

The H1N1 group (n=10) comprise the postmortem lung
biopsies (Research Ethics Committee: 2.5650.445/2018) of
patients who died of the pandemic influenza A virus H1N1
subtype (positive nasopharyngeal swab real-time reverse tran-
scription—polymerase chain reaction) severe infections.

Lung samples (Research Ethics Committee:
2.650.445/2018) from necropsies of patients without lung
lesions were used as a control group (n=11).

Immunohistochemical assays of paraffin-embedded sam-
ples were performed using primary antibodies anti-IL (inter-
leukin)-6; TNF (tumor necrosis factor)-a; ICAM-1 (intercellular
adhesion molecule 1); and caspase-1 (online Table ).

Slides were scanned on the Axio Scan Scanner Z1 (Carl
Zeiss, Germany). Afterward, 10 high-power fields per case
were selected, and the measurements of biomarkers in the
vascular endothelium.

The Image-Pro Plus software version 4.5 (Media
Cybernetics) was used to quantify the tissue expression of
IL-6, TNF-a, and ICAM-1, in percentages per high-power fields.
Semiquantitative analysis was performed for caspase-1 using
the Allred score.

Quantitative variables were described by means and SD and
medians with minimum and maximum values. Normality condi-
tion was evaluated using Shapiro-Wilks test. Kruskal-Wallis test
was used for comparison to quantitative variables (IBM SPSS
Statistics v.20.0 software).

RESULTS

Levels of IL-6, TNF-a, ICAM-1, and caspase-1 were
significantly highly expressed in the lung tissues in the
COVID-19 group than in the HIN1 and control groups
(Figure).

DISCUSSION

Endothelial cell expresses numerous anticoagulant and
antiplatelet molecules and is also covered by a glyco-
calyx that serves as a barrier against the platelets and
blood cells. The impairment of glycocalyx would lead

Arterioscler Thromb Vasc Biol. 2020;40:2404-2407. DOI: 10.1161/ATVBAHA.120.314860

« Coronavirus disease 2019 (COVID-19) postmortem
lung samples showed higher endothelial expression
of IL (interleukin)-6, TNF (tumor necrosis factor)-
a, ICAM-1 (intercellular adhesion molecule 1), and
caspase-1 than the HIN1 and control samples.

* There is some evidence of pyroptosis and endothe-
lial dysfunction in the COVID-19 lung samples.

+ Endothelial dysfunction and pyroptosis can lead to
systemic thrombosis that could impair the clinical
staff's efforts to prevent fatal outcomes.

* Patients with COVID-19 could benefit if the high
risk of thrombosis is identified early to block the
endotheliopathy and its consequences.

to endothelial activation, endotheliitis, and thrombotic
events (endotheliopathy or endothelial dysfunction).

The capillary-alveolar endothelial cells receive a
shower of cytokines from the infected SARS-CoV-2
pneumocytes and under these proinflammatory condi-
tions, the breakdown of the glycocalyx would promote
endothelial dysfunction and thrombosis.*

The higher levels of IL-6 and TNF-a in the COVID-
19 group may be responsible, in part, for the endothelial
dysfunction on patients with COVID-19.

The endothelial expression of ICAM-1 was signifi-
cantly higher in the COVID-19 group than HIN1 and
control groups. The activated endothelial cells can
express the ICAM-1 molecules that could attract leu-
kocytes (endotheliitis) and transmit intracellular signals
leading the sustained proinflammatory status. The pro-
inflammatory condition would result in a systemic endo-
thelial dysfunction and lead to the loss of its integrity via
endothelial cell death.® The persistent inflammatory sig-
naling of these adhesion molecules would also contrib-
ute to later thrombotic events.

The relationship between endothelial dysfunction and
subsequent thrombotic events is already well known in
cardiovascular diseases and diabetes. Five of our cases
had comorbidities, such as systemic arterial hyperten-
sion, dyslipidemia, diabetes mellitus, chronic kidney dis-
ease, and signs of chronic arterial disease. Thus, the
previous status of endothelial activation promoted by
these comorbidities would aggravate endothelial dys-
function caused by a SARS-CoV-2 infection and its
inflammatory response and could be responsible for
the most prevalent fatal outcome described in these
patients.

Pyroptosis is an inflammatory form of programmed
cell death and occurs by activating a protein complex
known as the inflammasome. The consequent activa-
tion of caspase-1 leads to the proinflammatory cytokines
release and cell fragmentation. It has been proposed
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Figure. Graphs showing the comparison between the coronavirus disease 2019 (COVID-19), HIN1, and control groups
regarding TNF (tumor necrosis factor)-a, IL (interleukin)-6, ICAM-1 (intercellular adhesion molecule 1); in percentage per high-
power fields (HPF), and caspase-1 tissue expression (in Allred score).

TNF-a is remarkably high in the alveolar septal cells (black arrowheads) and the alveolar-capillary cells (black arrows) of the COVID-19 case
than in the H1N1 case. Alveolar lumens are identified with asterisks. IL-6 tissue expression is remarkably high in the endothelial cells (black
arrows) of the COVID-19 case than in the H1N1 case. ICAM-1 tissue expression is remarkably higher in the endothelial cells (black arrows) of
the COVID-19 case than in the HIN1 case. Caspase-1 is higher in the endothelial cells of the COVID-19 case than in the HIN1 case. Kruskal-

Wallis test was used for P values. Scale bars=50 pm.

that pyroptosis could contribute to the endothelial cell
death after SARS-CoV-2 infection and could increase
proinflammatory cytokines releases, such as IL-1 beta
and 1L-18.23 Our results showed higher endothelial tissue
expression of caspase-1 in the COVID-19 group com-
pared with HIN1 and control groups, and this aspect
might suggest the presence of the pyroptosis in capil-
lary-alveolar endothelial cells.

This study's main limitations are the small number
of cases (n=6) and data based on paraffin-embedded
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postmortem samples that cannot reconstruct the evolv-
ing disease process.

In conclusion, our findings suggest the involvement of
endothelial dysfunction and thrombosis in the COVID-
19. These thrombotic events may be responsible for the
fatal outcomes, and early diagnosis could guide health
professionals in implementing therapeutic anticoagula-
tion and endothelial stabilization in high-risk patients,
mitigating thrombogenic events, systemic inflammatory
response syndrome, and multiple organ failure.
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