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Platelets and COVID-19

Inflammation, Hyperactivation and Additional Questions

Milka Koupenova®, Jane E. Freedman

(COVID-19), caused by severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2), continues to
spread, but the fundamental mechanisms behind the patho-
genicity are poorly understood. Cardiovascular comorbidi-
ties are frequent in patients presenting with COVID-19 as
is cardiac damage. In patients presenting to the hospital
with severe SARS-CoV-2 infection, one-third have under-
lying cardiovascular disease and over a quarter exhibit myo-
cardial injury as indicated by elevated TnT (troponin) levels.'
Plasma high-sensitivity CRP (C-reactive protein) and NT-
proBNP (N-terminal pro-B-type natriuretic peptide) levels
significantly associate with fatal outcome from COVID-19,
suggesting that inflammation may be a potent mechanism
for myocardial injury and a critical mediator of mortality?
The disease appears to progress in 3 phases: initial illness
caused by active infection, a second pulmonary phase, and,
when severe, a third phase characterized by hyperinflam-
mation, cytokine storm, high cardiac injury biomarker levels,
and significant morbidity and mortality. In some COVID-
19 patients, the host inflammatory response continues to
amplify and results in systemic inflammation® with a higher
proportion of nonsurvivors exhibiting progressive thrombo-
cytopenia. Consistent with this noted drop in platelet count,
clots have been detected in small vessels of the lungs,
heart, and liver of COVID-19 patients,* and the prevalence
of deep vein thrombosis in hospitalized patients with active
infection is increased.®
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The mechanisms underlining thrombosis in COVID-
19 patients are not known and likely due to multiple

processes including inflammation, oxygen demand injury,
and plaque rupture triggered by the infection. Plate-
lets mediate thrombotic vascular occlusion but are also
increasingly recognized to have immunomodulatory activ-
ity. Several of our recent studies have characterized the
role of viral infections in cardiac disease.®® Although
robust data on the scope of acute myocardial infarction
in COVID-19 are not yet available, myocardial infarc-
tion contributed to in-hospital mortality during previous
severe acute respiratory syndrome/coronavirus epidem-
ics. A recent study has also demonstrated that influenza
and other respiratory viruses increase the incidence of
acute myocardial infarction particularly in the first 7 days
post-infection,® suggesting that platelets may be directly
involved in mediating an immune response but, when dys-
regulated, can also lead to thrombotic vascular occlusion.

Growing mechanistic and clinical data have shown
that, in addition to thrombosis, platelets perform various
immune functions during infection. Platelets can form het-
erotypic aggregates with cells mediating innate immunity
including neutrophils, monocytes, eosinophils, and den-
dritic cells.” Platelets also influence adaptive immunity
and modulate B- and T-cell activity by secreting various
granule proteins such as serotonin (5-HT [5-hydroxytryp-
tamine]) and PF4 (platelet factor 4).” Specific to ssRNA
viral infections, we and others have shown that platelets
act as immune cells by binding and internalizing viruses
including influenza, HIV, and encephalomyocarditis.51°
Platelet viral internalization leads to lysosomal degradation
of the viral coat and activation of the pathogen-associated
molecular pattern receptor, TLR7 (Toll-like receptor 7).
TLR7 signals through AKT (protein kinase B)&"
p38-MAPK (mitogen-activated protein kinase)® and
IRAK4-IKKb-SNAP23 (synaptosomal-associated protein
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23)'° causing P-selectin®'® and CD40L (CD40 ligand)®
surface expression that mediates interaction with neu-
trophils. Activation of TLR7 by influenza also results in
C3 (complement 3)° release from platelets that leads to
complement cascade activation and release of neutrophil
DNA. Platelets control the size of netting aggregates by
further releasing GM-CSF (granulocyte-macrophage col-
ony-stimulating factor).® Dysregulation of this process by
means of damage related to tissue factor and inflamma-
tory cytokine release can cause uncontrolled netosis and
potential immunothrombosis.”” Additionally, although direct
platelet-SARS-CoV-2 interactions may be important in
the prothrombotic response, platelet reactions to signals
arising from the injured and infected lung may further con-
tribute to thrombosis. As infection progresses and platelets
become entangled in the nets and microthrombi, the over-
all ability of platelets to remove circulating virus is reduced
and immune function may be compromised. These obser-
vations coupled with our population-based studies'? sug-
gest that platelet-mediated immunity may be an important
regulator of the ssRNA viral response and, specifically,
could influence COVID-19-mediated thrombosis.

In this issue of Circulation Research, Zaid et al'® provide
further evidence that platelets contribute to the inflamma-
tory cytokine milieu during COVID-19 and are potentially
hyperactivated. Using a COVID-19 cohort of 115 patients
of Moroccan ethnicity, Zaid et al showed that levels of ILs
(interleukins) related to neutrophil and monocyte recruit-
ment, and activation and T-cell, B-cell, and natural killer
(NK) cells growth and proliferation were reduced in COVID-
19 patients (Figure). In certain cases, the reduced levels
of inflammatory cytokines in platelets were associated
with increased plasma levels of the same cytokines. Addi-
tionally, platelet-specific granule content, including PF4/
CXCL4 (C-X-C motif) and serotonin/5-HT was significantly
increased in the plasma of COVID-19 patients, suggest-
ing platelet activation. Platelet a-granule protein PF4 is a
key regulator of T-cell development, necessary to limit Th17
(T helper 17 cell) differentiation.'* Outside of the nervous
system, serotonin is stored in platelets and, once released,
can lead to increased vascular permeability,’ in addition
to neutrophil recruitment and T-cell activation. Serotonin
also acts as a weak platelet agonist, which in synergy with
ADP would facilitate platelet aggregation. Consistently
the authors show that platelets derived from patients with
active COVID-19 infection have an increased adhesion and
aggregation potential, suggesting that serotonin and other
platelet content can also potentially feed into the described
microthrombosis that underlines COVID-19. Zaid et al also
showed that platelets from COVID-19 patients released
more IL1 and soluble CD40L at low levels of thrombin,
further suggesting that platelets have an increased hyper-
active potential and may be contributing to the overall inflam-
matory surge often observed during infection. Finally, blood
from COVID-19 patients contained extracellular vesicles
of platelet origin that may contribute to the coagulopathy
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observed in these patients due to the increased phos-
phatidylserine levels on their surface. Despite the exact
mechanism of activation, we can conclude that platelets are
hyperactivated, have an increased prothrombotic potential,
and contribute to the elevated inflammatory cytokine pool
that underlines the fatal course of COVID-19.
Overwhelmingly, studies have shown ACE2 (angioten-
sin-converting enzyme 2)-TMPRSS2 (transmembrane
protease, serine 2) as the predominant receptor-prote-
ase axis for SARS-CoV-2 cellular uptake. Interestingly,
Zaid et al"™ detected-CoV-2 RNA in platelets but were
unable to detect ACE2 RNA or protein expression. These
observations are consistent with a previous study using
similar methods of CD45 (receptor linked protein tyrosine
phosphatase)-depleted platelets.'® Due to the limitations of
this type of platelet isolation and challenges with detect-
ing low abundant transcripts by SYBR™ Green gPCR' or
RNA sequencing,'® lack of ACE2 RNA expression does
not appear definitive. Resolution limitations also exist for
the detection of low abundant proteins using epifluores-
cence microscopy.'® In our experience, confocal microscopy
coupled with a 100X lens® is necessary for proper imag-
ing of low expressed proteins such as TLR78 Differences
in antibody-epitopes against ACE2 may also contribute to
the limitations of the detection of this protein. Lastly, lack
of ACE2 expression in platelets is in conflict with a study
claiming its presence.'” Taken together, the question of
how SARS-CoV-2 is taken up by platelets continues to be
without an answer. Regardless of the method of detection,
low ACEZ levels would not explain the profound hyperac-
tive platelet phenotype that has been described.’®'® These
observations raise the possibility that ACE2 may not be
the only receptor for SARS-CoV-2 in platelets. Similarly,
although virus-receptor recognition is necessary for proper
infection, other paths for SARS-CoV-2 internalization may
also be utilized by platelets. Insights gained from other cells
suggest that viral internalization can occur with micropino-
cytosis or phagocytosis of fragments from infected cells
undergoing apoptosis, uptake of virus-containing mic-
roparticles, or uptake of IgG antibodies containing scaf-
folded viral particles.”” Non-ACE2 mechanisms may lead
to viral internalization independent of the endosomal/
lysosomal compartments of platelets. Consequently, lack
of endosomal-viral localization may lead to failed TLR7
response and dysregulated platelet-immune cell activation
manifested by the increased risk for immunothrombosis in
COVID-19 patients. Lastly, studies of platelets incubated
with SARS-CoV-2 collected directly from Vero cells'
could be misleading by causing nonvirus-related coagu-
lation. Unpurified viral stock contains cell fragments, high
quantities of ADR, ATR, fibrinogen, and other procoagu-
lants. Further studies using purified virus are necessary to
establish and delineate the proper virus-receptor interac-
tion and direct effect between SARS-CoV-2 and platelets.
As we gain a greater understanding of the broad clini-
cal implications of SARS-CoV-2 infection, we continue
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Figure. Coronavirus disease 2019 (COVID-19), platelets, and
immunity.

Severe acute respiratory syndrome coronavirus 2 RNA can be found

in human platelets. COVID-19 changes platelet inflammatory cytokine
profile important for interaction and immune cell activation. In most
cases, changes in platelet cytokine level are reflected in the plasma

by an undefined mechanism, and plasma levels of platelet-derived PS
(phosphatidylserine)-extracellular vesicles (EVs) are also increased.
Platelets from COVID-19 patients also exhibit increased baseline
activation potential suggesting that they can be hyperactivated with
disease severity. Hyperactivation is further reflected in the increased
levels of platelet-specific granule proteins such as PF4 (platelet factor
4) and serotonin (5-HT [5-hydroxytryptamine]). PF4 and serotonin can
further recruit and activate immune cells. Additionally, serotonin can
increase platelet aggregation particularly in the presence of ADPF, which
is highly elevated during infection due to inflammasome activation

and consequent cell death. Of note, in addition to the platelet-virus
interactions, other signals coming from the damaged, infected, and
ischemic endothelium (not depicted in this figure) can further contribute
to the increased prothrombotic pathology that underlines COVID-19.
This figure was generated using BioRender. ACE2 indicates angiotensin-
converting enzyme 2; IL, interleukin; and sCD40L, soluble CD40 ligand.

to recognize the disease complexity. However, the pressing
need for new discoveries related to the COVID-19 com-
plexity also requires a cautious balance between careful
observation and rapid data release. Thrombosis, due to
platelets and coagulation, clearly plays a role in multiple
pathobiological processes triggered by COVID-19. The
data by Zaid et al™® add to our understanding and should
lead to further studies clarifying the interactions between
platelets and SARS-CoV-2 during infection and how the
interaction is reflected in platelet-mediated immunity and
thrombosis. The importance of these future discoveries is
necessary to guide the timing and type of therapies needed
to mitigate thrombosis and coagulation in patients with
SARS-CoV-2 infection.
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