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1  |  INTRODUC TION

Inflammation and coagulation are the first-line defense systems 
against infection.1 Leukocytes, platelets, erythrocytes, and vas-
cular endothelial cells are at the frontline in the acute response 
to invading pathogens.2 Hyperinflammation upregulates coagula-
tion, and as a result, disseminated intravascular coagulation (DIC)/
sepsis-induced coagulopathy (SIC) frequently complicates severe 
infection.3,4 Immunothrombosis occurs to immobilize and prevent 
the systemic spread of pathogens, a response that sacrifices tissue 

circulation with microthrombosis and localized injury.5 Therefore, 
precise and integrated regulation to maintain the blood flow and 
performance of innate immunity is important. The monitoring of 
thromboinflammation continues to be determined. Although the 
monitoring of platelet count and some coagulation markers are not 
direct indicators of thromboinflammation, they are routine for clini-
cal management of patients with sepsis. The Japanese guidelines for 
sepsis management recommend the frequent assessment of coagu-
lation abnormalities and the treatment with anticoagulants for septic 
patients with DIC.6
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Abstract
Inflammation and coagulation are the critical responses to infection that include leu-
kocytes, platelets, and vascular endothelial cells responding in concert to eradicate 
the invading pathogen. In sepsis, a variety of cell surface receptors, including toll-like 
receptors, Fcγ-receptors, G-protein-coupled receptors, and adhesion receptors, de-
tect the pathogens and elicit thromboinflammatory responses. Concurrently, the mo-
lecular patterns released from host damaged cells accelerate the immune responses 
through binding to the same pattern recognition receptors. Cytokines, chemokines, 
and extracellular vesicles are important mediators for amplifying the responses to 
distant cells as part of the systemic response to infections. At the same time, cells 
communicate with each other via direct contact, adhesion molecules, paracrine me-
diators, and tunneling nanotubes, which are important for regulating inflammation 
and thrombus formation. Despite increasing attention to immunothrombosis in sep-
sis, these close communication systems are less understood but play a critical role in 
host defense mechanisms. In this review, cellular activation and direct intercellular 
communication systems in sepsis with a focus on the coagulation response will be 
considered.
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Cells signal distant cells as part of a systemic response by secret-
ing cytokines, alarmins, and extracellular vesicles, and are import-
ant in the pathophysiologic mechanisms of host defense as well as 
sepsis-induced organ dysfunction.7-9 In addition to this distant and 
systemic signaling, cells communicate and interact with neighbor-
ing cells by direct contact and short-range cell-to-cell signaling by 
mechanisms often not considered. As a result, in this commentary, 
we will review how inflammation and coagulation are regulated 
using elaborate direct and short-range communication systems in 
sepsis.

2  |  CELLUL AR AC TIVATION IN SEPSIS

2.1  |  Leukocyte activation

Leukocytes are the most important cellular components against 
infection, and express various surface receptors such as toll-like 
receptors (TLRs), Fcγ-receptors, G-protein-coupled receptors, ad-
hesion receptors, and cytokine receptors to sense pathogen inva-
sion.10 TLRs play key roles in mediating systemic host responses to 
pathogens by binding to pathogen-associated molecular patterns 
(PAMPs). Since TLRs are a class of pattern recognition molecules, 
they also sense host-derived stress molecules called damage-
associated molecular patterns (DAMPs).11 For example, other than 
the well known activation mechanism by lipopolysaccharide, high 
mobility group box 1 (HMGB1), a nuclear protein released from host 
necrotic cells, activates monocytes by binding to the same receptor, 
that is, toll-like receptor 4. After the subsequent complex multi-step 
signal transduction, monocytes express proinflammatory cytokines, 
chemokines, and adhesion molecules. In addition, the ‘danger sig-
nals’ transduced by TLRs stimulate the expression of tissue factor 
and phosphatidylserine on the cell membrane, thereby upregulat-
ing the coagulation systems.12 HMGB1 is also known to bind to the 
receptor for advanced glycation end products (RAGE) and induce 
similar monocyte reactions.13

The Fcγ receptor is a receptor for immune complexes that fa-
cilitates microbe opsonization by immunoglobulin G (IgG). The ex-
pression of Fcγ receptors on monocytes is upregulated in sepsis, 
described as ‘angry macrophages’, and this triggers the increased 
production of proinflammatory cytokines.14 The inflammatory 
signals transduced through Fcγ receptor binding can upregulate 
the procoagulant activity of monocytes by increased tissue factor 
expression.15

Protease activated receptors (PARs), G-protein-coupled trans-
membrane receptors, are also important receptors that mediate 
inflammation and coagulation in sepsis. Monocytes mainly express 
PAR-1 and PAR-3 that are activated through proteolytic cleavage by 
their tethered ligands following binding to thrombin.16 Thrombin is 
an important proinflammatory stimulus that also activates platelets, 
leukocytes, and endothelial cells by binding to PAR-1,17 and contrib-
utes to facilitating the vicious cycle of inflammation and coagulation 
in sepsis.

The adhesion molecules represented by integrins and immuno-
globulin superfamily adhesion molecules are also known to regulate 
innate immunity, that is, complement-driven phagocytosis, and cel-
lular interactions in sepsis. Integrin αMβ2 (macrophage-1 antigen, 
Mac-1, CD11b/CD18) on monocyte and other phagocytes acts as 
the receptor for complement component C3b and namely com-
plement receptor (CR) 3, which synergistically functions with Fcγ 
receptors.18 (Figure 1). Zhong et al.19 demonstrated that the mech-
anism of intercellular cell adhesion molecule-1 (ICAM-1)-mediated 
macrophage phagocytosis depends on TLR4-mediated reactive oxy-
gen species production.

Similar to monocytes, neutrophils express a large number of 
common receptors, but their expression and cellular responses can 
be different as monocytes act as conductors of inflammation while 
neutrophils attack and immobilize pathogens directly. Although the 
receptors are the same, complex and delicate regulation systems 
should be present.20 A novel approach of adsorptive carrier-based 
activated granulocyte and monocyte apheresis for the treatment 
of inflammatory diseases such as ulcerative colitis is used clinically 
where Fcγ receptors and CR 3 ligands of the activated leukocytes 
are targeted for adsorption.21

2.2  |  Platelet activation

Thrombocytopenia is frequently observed in patients with sepsis 
and is reported to be a strong and independent predictor of poor 
outcomes in sepsis.22,23 Thrombocytopenia results from massive 
platelet activation and consumption. Platelets release a variety of 
inflammatory and hemostatic mediators such as platelet factor 4, 
von Willebrand factor (VWF), factor VIII, and P-selectin. In addition 
to platelet aggregation, these mediators also activate leukocytes, 
and endothelial cells, form conjugates with leukocytes, and bridges 
between leukocytes and endothelium. These important cellular in-
teractions also lead to functional changes in the cells, as shown in 
Figure 2. When patients with sepsis develop severe thrombocyto-
penia, thrombotic microangiopathy (TMA) should be considered.24 
TMA includes various diseases such as thrombotic thrombocyto-
penic purpura, hemolytic uremic syndrome, and other TMAs. For 
some of these diseases, specific treatments are available.

Numerous adhesion molecules also contribute to the interac-
tions with monocytes, neutrophils, and endothelial cells. As with 
other hemostatic components, platelets are important participants 
in inflammation and thrombosis.25 Platelet factor 4, a member of 
the CXC chemokine family, is stored in α-granules, and released 
during platelet activation.26 The biological role of platelet factor 4 
remains to be elucidated, but it has an anti-pathogenic effect, and 
the level increases significantly in sepsis.27 Positively charged plate-
let factor 4 further facilitates bacteria-killing by binding to the bac-
teria charge dependently (opsonization) as part of host defense.28 
Platelet factor 4 is important in the pathogenesis of heparin-induced 
thrombocytopenia (HIT) and vaccine-induced immune throm-
botic thrombocytopenia (VITT), also known as thrombosis with 
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thrombocytopenia syndrome (TTS).29 In these cases, immuno-
specific IgG for anti-platelet factor 4/polyanion antibody induces 
platelet activation and aggregation by linking to Fcγ receptor IIA on 
platelets and leads to thrombosis.30 Moreover, this immune complex 
can induce neutrophil extracellular trap (NET) ejection via binding to 
Fcγ receptor IIA on neutrophils.28 Since NETs are a strong initiator 
of thrombosis, neutrophil activation via the Fcγ receptor should be 
carefully assessed.

Other than platelet factor 4–anti-platelet factor 4 IgG antibody 
complexes, IgG-coated antigens and microbes also bind to this re-
ceptor, and this observation further supports platelet involvement 
in innate immunity. Immunothrombosis induced through this mech-
anism is usually beneficial for the host defense; however, if the plate-
let/leukocyte responses are disproportionately strong, unfavorable 
circulatory disturbance and subsequent organ damage ensue.31

Similar to the Fcγ receptor, platelets express common receptors 
as leukocytes, such as TLRs and PARs. This is likely due to the role of 
platelets in host defense, inflammatory, and immune reactions with 
leukocytes. For example, platelets recognize lipopolysaccharide via 
TLR4 and upregulate cytokine synthesis, initiate aggregation, and 
release granule contents in response to the gram-negative bacteria 

infection.32 PARs are the key factors in orchestrating the interac-
tions between coagulation and inflammation. Prothrombotic and 
proinflammatory reactions of platelets are mediated by the signals 
from PARs. Nevertheless, whether the expression of PAR-1 on plate-
lets is upregulated in sepsis is unclear. Raque et al.33 reported in-
creased PAR-1-positive platelets in patients with sepsis. By contrast, 
Reiter et al.34 showed a decrease in PAR-1 on platelets. Since the 
key mediator thrombin crosslinks to both thrombotic and inflamma-
tory pathways, understanding the regulation of its receptor PAR-1 
is important.

CD40 ligand, a transmembrane protein of platelets that struc-
turally mimics TNF-α, is a thromboinflammatory molecule.35 CD40 
ligand’s receptor CD40 is present on monocytes/macrophages and 
endothelial cells, suggesting that these cells collaborate with acti-
vated platelets to build thrombi. Other than CD40, CD40 ligand also 
binds to integrin αIIbβ3 and integrin αMβ2 and upregulates cellular 
adhesion.36

An additional anti-inflammatory receptor, the C-type lectin-
like receptor 2 (CLEC-2), is a podoplanin receptor on platelets 
that is thought to attenuate inflammation in sepsis. Although its 
physiological role continues to be defined, the mouse model of 

F I G U R E  1  Microthrombus formation in sepsis. In sepsis, signals transduced through various receptors on the surface of monocytes, 
neutrophils, and platelets induce the cellular responses of these cells. The representative receptors are toll-like receptors (TLRs), Fcγ 
receptor (FcγR), adhesion receptor macrophage-1 antigen (Mac-1, complement receptor 3), and protease activated receptor (PAR)-1. 
Activated monocytes express tissue factor and phosphatidylserine on the surface, which initiate coagulation cascades. The responses also 
include the release proinflammatory cytokines such as tumor necrosis factor α (TNFα) and interleukin (IL)-6. Activated neutrophils eject 
neutrophil extracellular traps (NETs) and release various damage-associated molecular patterns (DAMPs) along with cell death. Platelets 
release procoagulant microvesicles and prothrombotic substances such as von Willebrand factor (VWF) and platelet factor 4 (PF4). Blue 
dashed arrow: proinflammatory reaction; red dashed arrow: prothrombotic reaction; LPS: lipopolysaccharide; Ig: immunoglobulin; GP: 
glycoprotein; C3b: complement fragment 3b; PAI-1: plasminogen activator inhibitor 1.
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lipopolysaccharide-induced peritonitis reported macrophage podo-
planin with platelet CLEC-2 limits macrophage recruitment to the 
infection site, whereas reduction of CLEC-2 increased macrophage 
proinflammatory cytokine release.37 In addition, CLEC-2 is also 
known to regulate endothelial permeability and prevent microcircu-
latory bleeding during inflammation.38

As previously mentioned, platelet count correlates with the 
severity of infection; however, it is noteworthy that the increased 
functional activity and the decrease in platelet count are not always 
parallel. Even if the platelet count is maintained, platelet aggregation 
and thrombogenicity can be increased, and COVID-19 is an import-
ant example.39 Insoluble fibrin is efficiently formed by the conver-
sion of soluble fibrinogen on the surface of the activated platelets, 
suggesting that platelet aggregation and coagulation can be regu-
lated separately. Therefore, not only the platelet count but other 
indicators of platelet activity should be monitored.

Although cohort studies report the potential survival merit of 
antiplatelet therapy for patients with sepsis, the effect has not been 
confirmed in randomized controlled studies, although future studies 
are needed.40,41

2.3  |  Endothelial cell activation

Vascular endothelial cells interact with leukocytes and platelets 
and actively participate in immunothrombosis,42 proving a systemic 
response to infections to limit pathogen spreading. These complex 

immune and thrombotic responses are complex, providing procoag-
ulant, proadhesive, and proinflammatory conditions producing gly-
cocalyx damage, upregulating adhesion molecules, releasing VWF, 
and vascular tone impairment, all pathophysiologic responses that 
facilitate immunothrombus formation.43

Vascular endothelial cells also express innate immune receptors, 
such as TLRs and protease-activated receptors. TLRs activate intra-
cellular inflammatory pathways mediated through myeloid differen-
tiation factor (MyD88) that leads to the early activation of nuclear 
factor-κB (NF-κB) and mitogen-activated protein kinase (MAP ki-
nase).44 TLR agonists, including lipopolysaccharide, lipoteichoic acid, 
and peptidoglycans, upregulate endothelial cell expression of in-
flammatory and procoagulant mediators.45 Furthermore, activation 
of TLRs modulates microvascular permeability and adhesion mole-
cule expression. In this scenario, microthrombi trap microorganisms, 
thereby limiting the dissemination of pathogens. However, disorga-
nized activation of endothelial cells leads to coagulopathy and tissue 
edema, which promote organ malcirculation.46

Thrombin activation of PAR-1 induces disruption of endothelial 
barrier function and dysregulated vascular permeability through 
multiple pathways. The mechanistic details of AR signaling are still 
the subject of current investigation.47 PAR-1 activation promotes 
the functional changes of endothelial cells toward a proinflamma-
tory and procoagulant direction, results in increased permeability, 
induces the expression of prothrombotic proteins, and stimulates 
the secretion of inflammatory cytokines, which mediate the local 
accumulation of leukocytes and platelets.48 Lastly, fibrinolytic 

F I G U R E  2  Cooperative interplay 
between cellular adhesion molecules. 
Interactions between the platelets, 
platelets and leukocytes, platelets and 
endothelial cells, and leukocytes and 
endothelial cells are shown. Interactions 
occur via direct contact between cell 
surface adhesion molecules, or via binding 
to the intermediate substances such as 
von Willebrand factor and fibrinogen. 
These interplays are either the result or 
cause of activation of related cells.
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suppression also affects thrombus formation. Disorganized endo-
thelial production of plasminogen activator inhibitor 1 (PAI-1) and 
thrombin-mediated activation of thrombin-activatable fibrinolysis 
inhibitor suppress the fibrinolytic function and facilitate thromboin-
flammation and potential procoagulant effects in sepsis.49 These 
changes consequently lead to microcirculatory thrombosis, cellular 
injury, and tissue hypoxia. Taken together, all the functional changes 
of endothelial cells are viewed as an integral component of host de-
fense systems.

2.4  |  Erythrocyte activation

Unlike other blood cells, active receptors for inflammation are not 
recognized on the erythrocyte membrane. Nevertheless, eryth-
rocytes also participate in the thrombus formation during sepsis. 
Eryptosis/erythroptosis, an apoptotic process of erythrocytes, 
is characterized by phosphatidylserine expression on the cellular 
membrane.50 Since phosphatidylserine acts as an ‘eat-me signal’, 
eryptosis may be the mechanism of removal of defective eryth-
rocytes by the phagocytes to prevent unfavorable hemolysis.51 
However, phosphatidylserine-positive erythrocytes are increased 
in sepsis, and these erythrocytes may have an active role in facili-
tating coagulation and thrombus formation.52 Lang et al.50 reported 
phosphatidylserine-positive erythrocytes are capable of adhering 
to the endothelial cells by binding to CXC-Motiv-chemokine-16/
Scavenger-receptor for phosphatidylserine and oxidized low-density 
lipoprotein (CXCL16). Oxidative stress under septic conditions ac-
celerates the above process and leads to the further interference of 
microcirculation.53 Although the significance of erythrocyte activa-
tion is not well characterized, since erythrocytes are components of 
thrombus, they appear to have an active role in host defense.

3  |  CELLUL AR INTER AC TION

3.1  |  Cellular adhesion

Besides the primary role in hemostasis, platelets are important com-
ponents in the process of restoration of endothelium and regula-
tion of inflammation in sepsis.25 The term thromboinflammation was 
first used in the early 2000s to describe platelet–leukocyte interac-
tion via sequential reactions initiated from P-selectin (CD62P) and 
its ligand P-selectin glycoprotein ligand-1 (PSGL-1).54 Currently, it is 
accepted that cell adhesion contributes to cell binding but also trans-
fers signals from one cell to another cell. Endotoxin cannot stimulate 
NETs release by itself, but the release is induced upon interaction 
with lipopolysaccharide-activated P-selectin expressing platelets.55 
Platelet–leukocyte interaction is known to be stimulated by the sig-
nals from the aforementioned multiple receptors, including TLRs and 
PARs.56 The memorial work in this field was done by Engelmann and 
Massberg57 in 2013, and they describe an innate immune response 
induced by intravascular thrombus formation as immunothrombosis 

(Figure 3). Besides, recent studies demonstrated the acceleration of 
platelet aggregation by the complement anaphylatoxins C3a and C5a 
contributed to immunothrombosis in sepsis.58 In sepsis, the transmi-
gration and increased cell death in apoptosis of the neutrophils are 
reported. In this scenario, PAR-1 agonists such as thrombin upregu-
late cell adhesion molecule expression, apoptosis, and cytokine pro-
duction. However, the regulation is complex, and low-dose thrombin 
or PAR-2 agonists such as serine proteases are reported to reduce 
transendothelial migration and suppress apoptosis.59,60 Platelets 
interact with monocytes/neutrophils via the activation of various 
adhesion molecules. P-selectin is expressed on the platelet surface 
upon activation. Platelets stick to monocytes by P-selectin-PSGL-1 
linkage.61 Other than this mechanism, platelet’s integrin αIIb/β3 (GP 
IIb/IIIa) binds Mac-1 (GP αM/β2, CD11b/CD18) on monocytes via fi-
brinogen.62 The latter, in turn, is bound to activated integrin αIIb/β3 
on the platelet surface.63 Furthermore, Mac-1 on leukocytes inter-
acts with GP Ib on the platelets because Mac-1 domain is homolo-
gous to the A1 domain of VWF.64 Various adhesion molecules are 
also utilized for platelet aggregation, and platelet−VWF interactions 
are involved in aggregate formation. Activation of endothelial cells 
induces the release of VWF from the Weibel-Palade bodies as well 
as the release of VWF and platelet factor 4 from α-granule of the 
platelets. P-selectin, GP Ib/IX/V, and integrin αIIb/β3 are utilized for 
platelet–platelet interaction.5

Vascular endothelial cells regulate leukocyte trafficking through 
the expression of adhesion molecules, predominantly in the postcap-
illary venules. First, P- and E-selectin, selectin family adhesion mol-
ecules, on endothelial cells mediates tethering and rolling. Second, 
immunoglobulin superfamily adhesion molecules such as intercel-
lular cell adhesion molecule-1 (ICAM-1) and vascular cell adhesion 
molecule-1 (VCAM-1) orchestrate the adhesion of the leukocytes.65 
As for the platelet adhesion to endothelium, P-selectin-PSGL-1 link-
ing is the first step for adhesion, followed by the integrin-platelet 
endothelial cell adhesion molecule (PECAM-1) link that contributes 
to scaffolding and induces various signal transduction and cellular 
responses.66 Consequently, these multistep cell adhesion pathways 
may be responsible for the biological and pathophysiological func-
tions such as thrombosis and inflammation in sepsis.

As for the treatment targeting cell adhesion, since endothelial 
glycocalyx degradation increased the availability of adhesion mole-
cules on the endothelium, glycocalyx preservation by heparanase or 
glucuronidase inhibition is expected.67

3.2  |  Paracrine communication

Other than the hemostasis, platelets are now recognized as impor-
tant components in the process of endothelium restoration, inflam-
mation, and thrombus formation during sepsis.25 The lipid mediators, 
including prostaglandins, leukotrienes, platelet-activating factors, 
and lysophospholipid mediators are released from activated plate-
lets and act as autocrine and/or paracrine mediators which affect 
neighboring cells such as leukocytes, endothelial cells, and platelets. 
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In sepsis, bioactive lipids have been shown to play important roles 
in hemostasis/thrombosis, maintenance of vascular kinetics, and 
regulation of inflammation.68 Other than lipid mediators, serotonin, 
adenosine diphosphate (ADP), and growth factors from platelets 
stimulate the release of vasoactive substances such as nitric oxide, 
prostaglandins, and endothelin, and these substances exert the ef-
fects in a paracrine and autocrine fashion.69

Endothelial cells also produce paracrine mediators such as lipid 
mediators, nitric oxide, hydrogen peroxide, hydrogen sulfide, and 
growth factors.70 Paracrine signaling from endothelial cells can stim-
ulate surrounding cells and monocytes to react to inflammatory sit-
uations with an expression of tissue factor.

Neutrophils respond by expelling NETs and inducing coagulatory 
responses. This may cause the formation of microthrombi desig-
nated as immunothrombosis.71 During sepsis, activated leukocytes 
also release CXC chemokines and DAMPs to the neighboring cells 
and adherent endothelium, which amplifies the inflammatory signals 
and increases oxidative stress in a paracrine fashion.72 The approach 
to managing the paracrine signal is likely to develop new pathways 
for treating the clinical problem of sepsis.

3.3  |  Gap junctions

The smooth and antithrombotic lining of the endothelium is 
required to avoid unexpected thrombus formation. The integrity 

of inter-endothelial junctions is essential for the maintenance 
of endothelial barrier function, vascular permeability, and cell 
adhesion and extravasation. Endothelial cells are connected by 
three junction complexes, that is, adherens junction, tight junction, 
and gap junction.73 Adherens junction serves mechanical anchorage 
and mechanotransduction, and tight junction seals the intercellular 
space to limit paracellular permeability.74 Gap junction is a channel-
like structure that connects the cytoplasm of adjacent cells and 
allows the movement of small molecules between the cells. Under 
steady conditions, endothelial cells can regulate the fluid exchange 
between intra- and extra-vascular lumen on purpose, and the well-
known regulators of vascular permeability are prostaglandins, 
nitric oxide, prostacyclin, vascular growth factor, and cytokines. In 
sepsis, the contact systems can easily be damaged and result in gap 
formation, which increases permeability and finally leads to vascular 
collapse and tissue edema.75

Endothelial-cadherin is the transmembrane component of the 
endothelial adherens junction. Cytokine-induced phosphorylation 
of the cytoplasmic domain was reported to trigger cleavage of its 
extracellular domain, which affects the junctional strength and leads 
to increased vascular permeability in sepsis.76

The endothelial gap junction is formed by transmembrane adhe-
sive molecules linked to the networks of cytoplasmic and cytoskele-
tal proteins. Connexin is a constituent structural unit of gap junction 
channels and is required for the coupling of endothelial cells. Bolon 
et al.77 reported lipopolysaccharide, hypoxia, and reoxygenation 

F I G U R E  3  Immunothrombus formation 
in sepsis model. Sepsis model of rat 
was made by intravenous injection of 
lipopolysaccharide. Six hours later, 
micro thrombus formed of leukocyte–
platelet aggregates was observed 
in the mesenteric venule under the 
intravital microscope (A). The nuclei of 
the severely damaged endothelial cells 
where the thrombus was formed were 
stained by DAPI (B). DNA component 
in neutrophil extracellular traps (NETs) 
(white arrows) were visualized by the 
immunofluorescence (Nuclear-ID Red 
stain) (C). Platelets staining by anti-CD 41 
antibody (yellow) was overlayed (D).
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decrease the electrical coupling between microvascular endothe-
lial cells by damaging connexin in sepsis. In addition, another study 
revealed that thrombin decreased transendothelial resistance in a 
similar manner.78 Meanwhile, non-junctional connexin hemichannels 
are reported to be opened by PAMPs and facilitate the release of 
DAMPs in sepsis.79,80 The components of adherens and gap junc-
tions are critical for maintaining the endothelial barrier and perme-
ability, however there have still been a limited number of studies 
addressing the role of contact communication, and such research is 
warranted.

3.4  |  Tunneling nanotubes

In contrast to contact cell communication, various cells release ex-
tracellular vesicles by shedding or exocytosis to deliver cytosolic 
components such as proteins, micro-, messenger-RNAs, and cellular 
debris to the distant cells. These ‘shipping containers’ can also carry 
receptors, ligands, procoagulant membrane surface phospholipids, 
and proteins such as tissue factor.81 Thus, the role of extracellular 
vesicles in the propagation of inflammation and coagulation is quite 
important.9 Besides extracellular vesicles, mesenchymal cells are 
also known to use unique systems for cell-to-cell communication. 
Cytoplasmic extensions to the other cells comprising open-ended 
channels connected solidly by actin filament termed tunneling na-
notubes potentiate the exchange of cytoplasmic materials. Unlike 
other communication systems, large materials, including organelles, 
cytosolic vesicles, and even pathogens, can be transported through 
this string-like canal (Figure 4). This functional connectivity between 
immune cells may help the cells to resist infections. Endothelial 
cells also adopt this system for connecting to the circulating blood 
cells and transfer various biomolecules such as signaling mediators, 
proteins, lipids, and RNAs.82 The role of the tunneling nanotube 
is not fully unveiled, however Jackson et al.83 reported improved 
macrophage phagocytic activity by mitochondrial transfer from 

mesenchymal stromal cells by this system in the sepsis model. This 
trafficking system may be used to damage cell recovery and to pro-
mote tissue regeneration.84 Further, dendritic cells serve nanotube-
like structures as a normal component of their function and apply 
it for adaptive immunity. Zaccard et al.85 reported dendritic cells 
acquired a unique modality by rapidly forming intercellular commu-
nications using this structure upon antigen-driven interaction with 
helper T cells. After all, host cells utilize diverse modalities for main-
taining cellular homeostasis. However, ironically, this system is also 
available for pathogen transmission in diseases like COVID-19.86 The 
export of toxic substances and the recharge of energy by importing 
mitochondria from neighboring cells with this system will rescue the 
cells from cell death.

4  |  CONCLUSIONS

Inflammation and coagulation are the essential responses to infec-
tion, and inflammatory thrombosis is the current topic of research. 
The inflammatory signals are transduced through the various recep-
tors such as TLR, Fcγ-receptors, G-protein-coupled receptors, and 
adhesion receptors on the immune cells. Tight communication be-
tween leukocytes and platelets in consort with vascular endothelial 
cells is essential for the immunothrombosis that leads to the deterio-
ration of organ function.

Complex and highly integrated regulation of inflammation 
and coagulation serves as efficient protection against infections. 
However, dysregulated, excessive, or inadequate immune re-
sponses harm hosts and lead to organ dysfunction and/or DIC/
SIC. An extensive number of clinical trials have been performed 
to examine the effects of anti-inflammation or anticoagulation 
therapies, however none has shown success in terms of improv-
ing survival. It is regrettable to say that except for source man-
agement and antimicrobial treatment, there is still no established 
therapy for reducing the immunothrombotic complications of 

F I G U R E  4  Tunneling nanotubes. 
Phase-contrast view (left) and anti-CD11b 
immunofluorescent stain (right) of the 
tunneling nanotubes. Leukocytes were 
co-cultured with Escherichia coli for 4 h. 
Leukocytes are connected by string-like 
tunneling nanotubes. Since the tube is 
formed of the cytoplasmic membrane, it is 
stained by anti-CD 11b antibody.
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sepsis. Receptors for PAMPs and DAMPs, short-range intercellu-
lar communication systems, and transportation systems such as 
the gap junction and tunneling nanotube are especially important 
for collaborative work. We hope that a better understanding of 
the mechanisms for cellular activation and intercellular commu-
nication will provide the insight to develop new therapeutic ap-
proaches and mitigate the deadly insult of sepsis.
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