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Platelets and Immunity: Going Viral

Milka Koupenova, Jane E Freedman”
University of Massachusetts Medical School, Department of Medicine, Worcester, MA 01605

Platelets are the major blood component bridging immunity and thrombosis. Abundant in
the circulation, platelets encounter pathogens at a higher rate than any circulating leukocyte.
Viral particles of various blood-borne pathogens such as HIV,! Dengue,? or even respiratory
viruses such as influenza3 are found inside of human platelets. Viral infections with these
viruses? as well as the SARS-CoV-2 can lead to thrombocytopenia® along with thrombotic
complications®8 in patients. The presence of internalized viral particles, thrombocytopenia
and thrombosis implicate platelets as active participants in immunity during viral infections.

Influenza, HIV and SARS-CoV-2 are classified as single-stranded RNA (ssRNA) viruses.
Although there are differences in the overall immunity to blood-borne vs. respiratory RNA-
viruses, the initial response to these pathogens by the host’s cells is achieved by the
endosomal toll-like receptors (TLR). In human cells, TLR7 and TLR8 are the receptors that
mediate a response to degraded viral ssRNA.% 10 Endosomal TLRs require the acidic pH of
these compartments for proper vVRNA-recognition, activation and signaling. Another
endosomal receptor, TLR9, is activated by microbial (bacterial or viral) or mitochondrial
DNA.°

The involvement of platelets in the initial viral immune response is evident by the expression
of functional TLRs. Human platelets can express all ten TLRs! and platelets mediate the
initial response to single-stranded viruses such as influenza or Encephalomyocarditis
(EMCV) through TLR7.3: 12 Activation of platelet-TLR7 leads to AKT and p38-MAPK
phosphorylation,12 a-granule release,3 12 P-selectin and CD40L surface expression,12
complement C3 release, platelet-neutrophil aggregate formation2 and platelets-mediated
neutrophil DNA release.3 Although the ssRNA viral activation of platelet-TLR7 and the
consequent neutrophil engagement has been described, the precise mechanism of platelet
viral uptake and granule release remains unknown.

In this issue of ATVB, Banerjee et al,13 provide a mechanism by which platelets endocytose
viral particles such as HIV and elucidate the downstream TLR7-signaling cascade. Using
HIV pseudo particles (HIVVpp), the authors elegantly show that the proteins important for the
endocytic internalization of HIV are ARF6 and VAMP313: proteins generally responsible for
endocytosis in platelets.14 12 Interestingly, Banerjee et al show that platelets contain early
(Rab4) and late endosomes (Rab7) suggesting that lysosomes are not the only organelles of
the endocytic membrane transport pathway.13 As with stimulation by the TLR7-specific
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agonist loxoribine,12 activation of TLR7 by HIVpp required acidic pH.12 13 Utilizing
various genetically modified murine models, the authors show that platelet-TLR7 needs
MyD8S8 to relay the downstream signal in a IRAK4-1KKb-SNAP-23 manner.13 Activation of
this signaling cascade resulted in a.-granule release, P-selectin surface expression and
interaction of platelets with leukocytes.13 Similarly to TLR7, platelet-TLR9 engaged the
same signaling mechanism and also led to platelet-leukocyte aggregate formation.13 Since
TLR7 and TLR9 mediate a response to different pathogen species (RNA-viruses vs. bacteria
or DNA viruses respectively), additional work is needed to clarify the similarities or
differences in consequent platelet-leukocyte interactions. Banjaree et al also observed an
increase in a2bp3 activation when platelets were stimulated with HIVpp.13 Interestingly,
increase in a2bB3 activation and aggregation are not observed when human- platelets are
stimulated by a TLR7-specific agonist.12 This is not surprising as TLR7 is a dual receptor
with distinct ligand-binding sites, the first recognizes guanosine and the second binds to
uridine in single-stranded VRNA enhancing the affinity of the first.16 Differences in TLR7-
agonist- vs HIVpp- stimulated platelets can also indicate that there are additional receptors,
such as TLRS, that may be involved in the mediation of an immune response to different
RNA-viruses.

Active participation of platelets in a response to ssSRNA-viruses takes on greater importance
during the current COVID-19 pandemic. SARS-CoV-2 is also a sSRNA virus but, contrary to
HIV, does not incorporate into the host’s DNA, is short lived and, similar to influenza, is
classified as a respiratory virus. Despite these differences, if SARS-CoV-2 is internalized by
platelets via receptor-mediated endocytosis, the initial response to the VRNA would likely be
mediated by TLR7, however, this remains to be investigated. Based on known interactions
between influenza and human platelets,3 SARS-CoV-2 would likely crossover into the
circulation and become internalized by platelets. Transmission electron micrographs of
human platelets in the presence of influenza3 suggest that the endocytic/lysosomal pathway
described by Barnjee et al is likely a uniform mechanism of viral endocytosis. As with
influenza infection, the internalized SARS-CoV2 could activate platelet TLR7 and initiate
granule release of complement C3 (C3)3 which, in turn, could lead to NETosis.2 Although
NETosis is beneficial to the host,1” when dysregulated it can become highly thrombotic.18 It
is possible that SARS-CoV-2 initiates a similar cascade of events after TLR7 activation
(Figure 1). As COVID-19 progresses, NETosis could be amplified through tissue factor (TF)
release from the damaged tissue. TF-mediated thrombin generation is known to increase
platelet aggregation, C3 release from platelets3, and C3 activationl®. Such activation of the
complement cascade’ and endothelial compromise are evident in COVID-19 patients.20
However, while receptors for influenza and HIV are expressed on platelets, it remains
unclear if the receptor for SARS-CoV-2, ACE2 is present. Studies are necessary to
determine if platelet-TLR7 mediates the response to SARS-CoV-2 in a MyD88-IRAK-
IKKb-SNAP23-C3 dependent manner and if this virus gets internalized similarly to HIVpp
or influenza.

In summary, the study by Banerjee et al adds to the understanding of functional platelet
TLR73:12.13 and provides evidence for the endocytic membrane transport pathway in
platelets.13 Activation of TLR7 by ssRNA from various viruses leads to platelet-neutrophil
aggregates'? 14 netosis,3 and eventual thrombocytopenia.12 Although removal of viral
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rticles from the circulation by netosis is a vital part of the immune process, under settings
dysregulation, it can lead to pathological thrombosis and vessel occlusion. The ability of

platelets to carefully balance immunity and thrombosis demonstrates their increasingly
important role during viral infections.
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Figure 1: Activation of plateletsby HIVpp and influenza and proposed activation of platelet-Toll
likereceptor 7 (TLR7) by SARS-CoV-2.

If SARS-CoV-2 (similarly to influenza or HIVpp) can be endocytosed by platelets, its
degraded ssSRNA would be first recognized by TLR7. Activation of TLR7 in a MyD88-
IRAK-IKKb-SNAP23 dependent signaling would lead to P-selectin/CD40L surface
expression and complement C3 release form a-granules. P-selectin and CD40L would
mediate platelet-leukocyte interactions (predominantly neutrophils). C3 release would
increase neutrophil-DNA release and ensures viral capture and removal. As viral infection
progresses, C3-mediated netosis may be augmented by thrombin generated as a result of TF
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released from damaged tissue; thrombin will also directly increase thrombosis. During
COVID19, TLRY, could also contribute to platelet activation and possible C3 release. TLR9
can be activated by mitochondrial-DNA and mitochondrial-DNA levels can be increased
with tissue damage (or in the setting of obesity). Platelet-TLR9, similarly to TLR7, signals
through the MyD88-IRAK-IKKb-SNAP23 pathway leading to granule release. It is not
currently known if platelets can release C3 or netosis in a TLR9-dependent manner.
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