
Review Article

Endothelium and Systemic Inflammation in Neonates 
and Children
(endothelium / systemic inflammatory response syndrome / inflammation / neonates / children / multiple 
organ dysfunction syndrome / biomarkers of inflammation)

PETR JANEC1,2, JANA DORŇÁKOVÁ3,4, JAN ŽIVNÝ2, JAN JANOTA2,4

1Department of Paediatrics, Neonatology Unit, Hospital Most, Most, Czech Republic
2Institute of Pathological Physiology, First Faculty of Medicine, Charles University, Prague, Czech Republic
3Department of Biomedical Technology, Faculty of Biomedical Engineering, Czech Technical University in 
Prague, Prague, Czech Republic
4Department of Obstetrics and Gynaecology, Neonatal Unit, Motol University Hospital and Second Faculty 
of Medicine, Charles University, Prague, Czech Republic

Introduction and Background

The endothelium is a thin layer of cells that formats 
the interior surface of blood vessels, playing a crucial 
role in vascular homeostasis and regulating vascular 
tone. Endothelial cells are metabolically active cells that 
represent the vascular blood-to-tissue barrier to mole-
cules, macromolecules and cells. 

The endothelium is considered the primary organ for 
vascular regulation with exocrine, paracrine and auto-
crine functions (Burk et al., 2012). Endothelial cells 
play the triggering role in the entire inflammatory re-
sponse. An activated endothelium initiates the recruit-
ment of platelets and white blood cells into the in-
flammatory process through production of cytokines, 
adhesion molecules, and other regulatory molecules and 
promotes coagulation (Krishnaswamy et al., 1999). In 
neonates and children, the endothelium is still develop-
ing and has distinct features compared to adults. Sys-
temic inflammation affects the endothelium, leading to 
endothelial dysfunction, impaired microcirculation and 
impaired perfusion of tissues and organs (Rajendran et 
al., 2013). Systemic inflammatory response syndrome 
(SIRS) is a clinical syndrome characterized by an in-
flammatory response that spreads throughout the body. 
SIRS can develop as a result of a number of underlying 
conditions, including infections, trauma, burns, or sur-
gery. SIRS results in significant morbidity and mortali-
ty, even if it is identified and treated promptly (Goldstein 
et al., 2005). Patients with SIRS exhibit signs of organ 
dysfunction, including the central nervous system, car-
diovascular, respiratory, renal and gastrointestinal sys-
tems (Chakraborty and Burns, 2022). Microcirculation 
abnormalities in SIRS result in organ ischaemia and hy-
poxia. Endothelial cells, platelets, white blood cells, 
complement and plasma coagulation systems contribute 
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to the development of the inflammatory response (Šibí-
ková et al., 2018). 

Blood elements such as platelets and leukocytes are 
recruited into the inflammation either by direct interac-
tion with activated endothelial cells and their products 
or by molecules associated with pathogenic microor-
ganisms – pathogen-associated molecular patterns  
(PAMPS) and cell damage – damage-associated molec-
ular patterns (DAMPS), components of activated plas-
ma coagulation systems and complement (Vieira-de-
Abreu et al., 2012). Activated platelets interact directly 
with each other and other cells through receptors on the 
platelet surface (e.g., CD154, P selectin, E selectin) and 
indirectly through the release of soluble signalling mole-
cules and platelet-derived extracellular vesicles (EVs) 
(Burnier et al., 2009; de Stoppelaar et al., 2014; Hally et 
al., 2020). Platelets are involved in neutrophil guidance 
and activation, facilitating leukocyte rolling, adhesion 
and migration to the site of the inflammatory response 
(Gawaz et al., 1995). Activated leukocytes migrate 
across the vascular endothelium into the site of inflam-
matory focus either by squeezing through between adja-
cent endothelial cells or by migrating across individual 
endothelial cells (Petri and Bixel, 2006).

An integral part of the inflammatory responses is the 
activation of complement and plasma coagulation sys-
tems, including pro-coagulation, anti-coagulation and 
fibrinolytic systems. The complement consists of about 
30 serum and membrane proteins and is part of the in-
nate humoral immune responses (Greco et al., 2020). 
The complement system is activated in response to trau-
ma or infection (Rittirsch et al., 2012). In patients with 
SIRS, plasma levels of complement activation products 
increase. Complement activation products induce a 
chain of cellular events in endothelial cells, which lead 
to the up-regulation of adhesion molecules, release of 
pro-inflammatory mediators and increase in vascular 
permeability (Burk et al., 2012). The activation and dys-
regulation of the components of coagulation systems 
lead concurrently to an increased risk of bleeding and 
thrombosis. The progression to disseminated intravas-
cular coagulation with microvascular thrombosis is fre-
quent in patients with severe systemic inflammation 
(Annane et al., 2005; Gando et al., 2016).

Analysis of endothelium-associated molecules and 
endothelial extracellular vesicles represents a way to 
monitor and identify the early pathophysiology mecha-
nisms of the systemic inflammatory response. There is 
an extensive body of work on the role of endothelium in 
the inflammatory response in adult population and adult 
animal models. The neonatal and paediatric population 
studies are underrepresented and the knowledge on the 
pathophysiology of inflammatory reactions in children 
is often extrapolated from studies on adult population. 
The aim of this review is to evaluate the endothelium 
and its role in the development of inflammation in neo-
nates and children with the special focus on the utiliza-
tion of endothelium-related molecules in the diagnosis 
of specific inflammatory conditions in this population. 

Endothelium in Systemic Inflammation in 
Neonates and Children

The systemic inflammatory response in neonates and 
children can be initiated by infectious and non-infectious 
triggers. Typical neonatal conditions that are asso ciated 
with systemic inflammation and show abnormalities in 
endothelial cell function include hypoxic-ischaemic 
encephalopathy, periventricular leukomalacia, neonatal 
pulmonary hypertension, intraventricular haemorrhage, 
bronchopulmonary dysplasia and necrotizing enteroco-
litis (Mezu-Ndubuisi and Maheshwari, 2021). Systemic 
inflammation associated with infections, such as sepsis 
and meningitis, can occur both in neonatal and paediat-
ric age. Examples of paediatric systemic inflammatory 
conditions include paediatric acute respiratory distress 
syndrome, Kawasaki disease and paediatric multisys-
tem inflammatory syndrome.

Hypoxic-ischaemic encephalopathy
Neonatal hypoxic-ischaemic encephalopathy is a brain 

injury caused by hypoxia due to maternal (e.g., impaired 
blood oxygenation and insufficient perfusion of the ma-
ternal placenta), placental (e.g., insufficient cord blood 
flow, abruption of the placenta) or foetal causes (e.g., 
foetal thrombosis or foetomaternal haemorrhage). De-
pending on the quality of healthcare, the incidence ranges 
from approximately 1.5 cases to 20 cases per 1,000 live 
births (Greco et al., 2020). Elevated levels of inflamma-
tory cytokines such as interleukin 6 (IL-6), tumour ne-
crosis factor (TNF) and interleukin 8 (IL-8) recruit leu-
kocytes to the site of hypoxic brain injury and damage 
the integrity of endothelial cells (Li et al., 2014). Neu-
ronal cell death is caused by activated inflammatory cells 
and over-expression of apoptosis-inducing proteins 
(Borjini et al., 2019). 

Periventricular leukomalacia
Premature infants are particularly sensitive to neuro-

logic injury due to the exposure of their immature vascu-
lar network to extrauterine abnormalities, such as oxygen 
tension, blood pressure, acid-base changes and micro-
biota. Inflammation causing secondary brain injury may 
result in periventricular leukomalacia. Periventricular 
leukomalacia (PVL) is a white matter brain injury char-
acterized by necrosis of white matter near the lateral 
ventricles (Rezaie and Dean, 2002). A high level of IL-8, 
produced mainly by macrophages, smooth muscle cells 
and endothelial cells, is associated with white matter in-
jury (Romantsik et al., 2019). IL-6 is elevated in the 
cord blood of newborns with white matter lesions (Yoon 
et al., 1996). 

Bronchopulmonary dysplasia
Bronchopulmonary dysplasia (BPD) is the most prev-

alent chronic lung disease in infants and is linked to in-
creased mortality, respiratory morbidity and neurode-
velopmental impairment. BPD is characterized by 
impaired lung parenchymal development and dysregu-
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lated lung vascular growth in infants born before 29 
weeks of gestation (Gilfillan et al., 2021). Premature 
delivery stunts lung development, which is frequently 
exacerbated by prenatal events such as intrauterine 
growth restriction (IUGR) and inflammation exposure, 
as well as postnatal events associated with initial resus-
citation, oxygen administration, mechanical ventilation 
and pulmonary and systemic infections, all of which can 
result in stalled pulmonary vascular and alveolar develop-
ment (Hwang and Rehan, 2018). The prevalence of BPD 
increases as gestational age and birth weight decrease. 
Preterm birth may disrupt lung vascular development 
during the saccular and alveolar stages of pulmonary de-
velopment (Berry, 2019). Post-mortem examination of 
the lungs of infants with BPD revealed low expression 
of vascular endothelial growth factor (VEGF) and an-
giogenic receptors vascular endothelial growth factor 
receptor 1 (VEGFR1/Flt-1) and endothelial tyrosine ki-
nase (TEK or Tie 2) (Bhatt et al., 2001). The BPD sever-
ity correlated with increased levels of intercellular adhe-
sion molecule 1 (ICAM-1), angiopoietin 2 (Ang-2) and 
interleukin 1 beta (IL-1β) and decreased levels of angio-
poietin 1 (Ang-1) and monocyte chemoattractant pro-
tein 1 (MCP-1) in the blood (Sahni et al., 2020).

Necrotizing enterocolitis
Necrotizing enterocolitis (NEC) remains one of the 

leading causes of death in premature infants, affecting 
5–12 % of neonates born at a very low birth weight 
(VLBW; < 1, 500 g). It is hypothesized that NEC devel-
ops due to an imbalance between excessive pro-inflam-
matory signalling in the developing gut mucosa, result-
ing in mucosal damage that is not effectively protected 
by endogenous repair processes, and impaired mesen-
teric perfusion, resulting in intestinal ischaemia and dis-
ease development. Toll-like receptor 4 (TLR4), which 
recognizes lipopolysaccharide in gram-negative bacte-
ria, is involved in the maintenance of the equilibrium 
between injury and repair in the intestine and in the 
regulation of normal intestinal epithelial development 
(Hackam and Sodhi, 2018). The gut of premature in-
fants is characterized by elevated expression of TLR4 
on the intestinal epithelium. Activation of TLR4 by mi-
crobes within the intestinal lumen causes injury to the 
intestinal epithelial barrier, resulting in translocation of 
luminal bacteria across the mucosal barrier. Bacteria are 
subsequently disseminated through the circulation and 
initiate the systemic inflammatory response, vasocon-
striction and intestinal ischaemia (Niño et al., 2016). The 
effect of vasodilator nitric oxide is diminished in NEC, 
and the vasoconstrictor endothelin 1 is increased in 
NEC (Nowicki et al., 2007). The underdevelopment of 
intestinal microvasculature in premature newborns con-
tributes to the pathogenesis of NEC (Nankervis et al., 
2001; Howarth et al., 2022).

Sepsis
The definitions of neonatal sepsis differ from those of 

adults and children because the diagnosis frequently re-

lies on microbiological results rather than organ dys-
function. Neonatal sepsis is a systemic infection in in-
fants up to 28 days of age and is a significant cause of 
newborn morbidity and mortality. Early-onset sepsis 
(EOS) is most commonly defined as occurring in the 
first three days of the life of neonates. It is caused by 
bacterial pathogens transmitted vertically from mother 
to infant before or during delivery. Late-onset sepsis 
(LOS) is sepsis occurring after 72 h and may be caused 
by vertically or horizontally acquired pathogens (Simon-
sen et al., 2014). The incidence of early-onset neonatal 
sepsis with positive cultures in newborns is approxi-
mately 0.98 per 1,000 live births and is higher in infants 
with very low birth weight (VLBW) (Schrag et al., 
2016; Janec et al., 2023). In VLBW infants, the inci-
dence of LOS can be as high as 30 % (Greenberg et al., 
2017). The pathogenesis of neonatal sepsis is linked to a 
dysregulated immune response. Most deaths associated 
with gram-negative sepsis occur in the acute phase, 
within the first three days after the onset of sepsis (Stoll 
et al., 2011). During inflammation, the vascular endo-
thelium expresses an abundance of cytokines accom-
panied by a local chemotactic gradient that recruits leu-
kocytes into surrounding tissues. These recruitment 
responses in neonates may be weaker in most organs 
compared to adults (Karenberg et al., 2016). Due to im-
paired endothelial expression of adhesion molecules 
such as E-selectin, ICAM-1 and P-selectin, inflamma-
tion of vascular endothelium during sepsis alters che-
motaxis and leukocyte transmigration (Nussbaum et al., 
2013). Endocan also shows promising potential as a bio-
marker of neonatal sepsis (Mwesigye et al., 2021). IL-6 
is a reliable marker of systemic inflammatory response 
and could be utilized to rule out EOS within the first 
twenty-four hours (Berka et al., 2022). New biomarkers 
are emerging, such as soluble pattern recognition recep-
tor pentraxin 3 (PTX3) expressed by monocytes/macro-
phages and dendritic cells, endothelial cells and neutro-
phils. Microbe detection, complement activation and 
opsonization are among its primary functions. In re-
sponse to stimuli such as pathogens and inflammatory 
cytokines, PTX3 is released into the extracellular space 
and localized in neutrophil extracellular traps (NETs). 

Meningitis
Meningitis is a potentially fatal disease that affects 

0.1–0.4 neonates per 1,000 live births, with a higher in-
cidence in premature and chronically hospitalized ba-
bies (Okike et al., 2014). Approximately 10 % of af-
fected infants die, and 20–50 % of survivors develop 
seizures, cognitive deficiencies, motor abnormalities, 
hearing and visual impairments, and other complica-
tions. The traditional gold standard for bacterial menin-
gitis diagnosis is cerebrospinal fluid (CSF) culture. 
Meningitis is estimated to occur in 1–2 % of suspected 
sepsis cases (Ray et al., 2006). To form bacteraemia, 
meningitis pathogens must enter the peripheral blood 
and cross the blood-brain barrier (BBB), which anatom-
ically has a tight junction of brain microvascular endo-

Endothelium and SIRS in Neonates and Children



58 Vol. 71

thelial cells. Polymorphonuclear leukocyte (PMN) tran-
sendothelial migration across the BBB is another 
significant feature of bacterial meningitis that occurs 
following the entry of bacteria into the cerebrospinal 
fluid. Several paediatric and neonatal meningitis studies 
have looked at CSF cytokine levels and other potential 
biomarkers. IL-6 produced the best results (Srinivasan 
et al., 2016).

Paediatric acute respiratory distress syndrome
Sepsis, severe pneumonia, trauma and inhalation of 

harmful substances are the most common causes of pae-
diatric acute respiratory distress syndrome (PARDS) 
(Orloff et al., 2019). Endothelial biomarkers include 
Ang-2 and von Willebrand factor (vWF), as well as en-
dothelin and soluble endothelin. Morbidity and mortal-
ity have been linked to E-selectin and soluble thrombo-
modulin in both paediatric and adult ARDS (Goldenberg 
and Kuebler, 2015). The pathophysiology of PARDS 
includes injury to lung, bronchial and alveolar epithelial 
and endothelial cells. Plasma intercellular adhesion 
molecule-1 (sICAM-1) levels were significantly higher 
in non-survivors and those who required extended me-
chanical ventilation during the first days of acute lung 
injury (Flori et al., 2003).

Kawasaki disease
Kawasaki disease (KD), also known as mucocutane-

ous lymph node syndrome, is a febrile vasculitis disor-
der that is usually identified by a cluster of symptoms, 
signs and laboratory findings. It is a multisystem disor-
der that affects young children, with a preference for 
small and organ arteries of medium size, particularly 
coronary arteries. It can lead to various complications 
such as coronary artery aneurysm, thrombosis, stenosis 
and sudden death (Guo et al., 2015). Cardiovascular com-
plications are common in acute phase KD, including 
valvulitis, myocarditis, pericarditis and KD shock syn-
drome. The subacute to convalescent phase is the most 
common for coronary artery aneurysms and dilatation. 
The majority of cases show signs of systemic inflamma-
tion during the acute phase (Takahashi et al., 2014). 

Multisystem inflammatory syndrome in children 
Multisystem inflammatory syndrome in children 

(MIS-C) and neonates (MIS-N), also referred to as pae-
diatric multisystem inflammatory syndrome (PMIS), 
paediatric hyperinflammatory syndrome, or paediatric 
hyperinflammatory shock, is a novel hyperinflammato-
ry disorder in children associated with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV2) infec-
tion, which was first reported in April 2020 (Carter et 
al., 2020). These patients displayed severe Kawasaki 
disease-like symptoms (Patel, 2022). Inflammatory cy-
tokines play a role in the pathogenesis of this disease, 
with the IL-1 pathway activated and levels of pro-in-
flammatory cytokines such as TNF elevated. Patients 
have been found to have elevated levels of IL-6, IL-8, 
IL-18, TNF and interferon γ (IFN-γ) (McMurray et al., 

2020). This inflammatory condition is much more com-
mon in the paediatric than neonatal population (Molloy 
et al., 2023).

Markers of Endothelial Dysfunction 
Endothelial activation is a key initial event of inflam-

matory responses and is associated with aberrant ex-
pression of endothelium-specific molecules. The endo-
thelial activation leads to endothelial dysfunction, which 
is associated with the loss of the protective function of 
endothelium. The endothelial cells progressively change 
their phenotype to become pro-coagulant and pro-adhe-
sive. They change the pattern of the produced soluble 
molecules affecting vasoactivity, inflammation and hae-
mostasis. Decreased production of endothelium-derived 
nitric oxide (NO) results in a diminished vasodilator re-
sponse and in pro-thrombotic and pro-inflammatory 
activation of the endothelium. The following markers 
associated with endothelial dysfunction have been ex-
tensively studied in the inflammatory response in neo-
nates and children (Medina-Leyte et al., 2021).

Endothelium-derived vasoactive peptides 
and their receptors

Endothelins are a group of three peptides, ET-1, ET-2 
and ET-3, with 21 amino acids that have potent vaso-
constrictor properties. They are essential for normal em-
bryonic and neonatal development, renal homeostasis 
and basal vascular tone maintenance. The endothelin 
system plays a role in the development of atherosclero-
sis and pulmonary hypertension, as well as mediating 
cardiac remodelling in heart failure (Davenport et al., 
2016). They play a role in the closure of the ductus arte-
riosus in newborns. Endothelin is a potent vasoconstric-
tor, one of the mediators in the cause of persistent pul-
monary hypertension in newborns (PPHN) (Hansmann 
et al., 2021).

Endothelium-specific adhesion molecules
The activation of endothelium through specific recep-

tors, such as pattern recognition receptors and cytokine 
receptors, leads to increased expression of cell adhesion 
molecules (CAMs). In sepsis, the increased blood level 
of soluble adhesion molecules, namely E-selectin, 
L-selectin, P-selectin, sICAM-1 and vascular cell adhe-
sion molecule-1 (sVCAM-1), has been documented 
(Zonneveld et al., 2014). Increased endothelial expres-
sion of adhesion molecules results in increased recruit-
ment of leukocytes to the marginal leukocyte pool and 
facilitates the migration of leukocytes to the site of in-
flammation. In systemic inflammation, increased ex-
pression of endothelial adhesion molecules and in-
creased production and activity of proteolytic enzymes 
result in the release of soluble forms of adhesion mole-
cules into the bloodstream. Elevated levels of soluble 
adhesive molecules correlate well with sepsis in both 
children and adults (Amalakuhan et al., 2016). 
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Haemostasis-associated endothelial molecules

Thrombomodulin
Thrombomodulin (TM) is a transmembrane glyco-

protein expressed primarily on endothelial cell glycoca-
lyx surfaces. In the processes of haemostasis and inflam-
mation, thrombomodulin, as a receptor for thrombin, is 
involved in the activation of protein C and deactivation 
of thrombin. Endothelial injury with glycocalyx degra-
dation contributes to thrombophilia (Kornacki et al., 
2021). Another function of TM may be to maintain the 
glomerular filtration barrier. In children with acute re-
spiratory failure, plasma sTM is associated with mortal-
ity, severity of the hypoxic respiratory failure and wors-
ening extrapulmonary multiorgan failure (Monteiro et 
al., 2021).

Endothelial protein C receptor (EPCR)
EPCR (CD201) is a type I transmembrane protein lo-

calized on the endothelial cells of large blood vessels. 
The soluble form of EPCR (sEPCR) is released to the 
human plasma by metalloproteinase-mediated cleavage 
(Laszik et al., 1997; Neyrinck et al., 2009). The release 
of sEPCR is constitutive and is augmented by thrombin, 
IL-1β and many other inflammatory mediators, suggest-
ing that the concentration of sEPCR should be increased 
in patients with sepsis and systemic inflammation (Liaw 
et al., 2000). In an animal model of systemic endotoxin-
induced inflammation, the sEPCR plasma concentration 
significantly increased in a thrombin-dependent manner 
(Gu et al., 2000). In the adult population, controversial 
values were published in terms of sEPCR levels in sep-
tic patients (Kurosawa et al., 1998; Faust et al., 2001; 
Liaw et al., 2004; Borgel et al., 2007). The only clinical 
study that focused on the sEPCR plasma concentration 
in paediatric sepsis did not show significant changes 
(Kendirli et al., 2009). 

Von Willebrand factor
Endothelial cells and megakaryocytes produce the 

glycoprotein von Willebrand factor (vWF). It is essen-
tial in vascular haemostasis because it promotes platelet 
adhesion to the endothelium and stabilizes factor VIII. 
vWF is also an acute-phase protein with multiple roles 
in vascular inflammation, secreted in large amounts 
from Weibel-Palade bodies upon endothelial cell activa-
tion (Kiouptsi and Reinhardt, 2020). The association of 
elevated vWF levels with inflammation and endothelial 
damage in glomerulonephritis, arteritis, diabetes and sep-
sis led to vWF’s early classification as an acute-phase 
reactant (Pottinger et al., 1989). Elevated plasma vWF 
levels have been linked to acute respiratory distress syn-
drome and sepsis and have been shown to correlate with 
mortality independently (Ware et al., 2001). vWf and its 
cleaving protease, a disintegrin and metalloprotein-
ase with a thrombospondin type 1 motif, member 13 
(ADAMTS-13), are required for haemostasis. These plas-
ma proteins have also been linked to a variety of diseases, 
including those that affect children (Katneni et al., 2019). 

Spontaneous or unprovoked thrombotic events, such as 
deep venous thrombosis, pulmonary embolism and 
stroke, in healthy neonates are rare (Chalmers, 2000). 
Indwelling vascular catheters, inherited thrombophilia, 
sepsis, perinatal hypoxia, systemic viral infections, con-
genital heart disease, polycythemia and low birth weight 
are all known risk factors for neonatal thromboembo-
lisms (Veldman et al., 2008). A growing body of evi-
dence suggests that abnormal vWF/ADAMTS-13 inter-
actions contribute to pathologic clot formation in other 
common diseases (Nguyen et al., 2007). Data from stud-
ies that measured vWF in different age groups suggest 
that vWF levels in infants reach adult levels by six 
months of age; other studies providing contrasting find-
ings reported higher vWF antigen levels in preterm in-
fants and higher values in full-term infants (Strauss et 
al., 2017). Stress conditions during labour were shown 
to affect vWF levels during the perinatal period (Kul-
karni et al., 2013).

Endothelium-produced cytokines and soluble 
receptors

Inflammatory cytokines are produced during inflam-
mation by various cell types, including activated endo-
thelial cells. Pro-inflammatory cytokines such as TNF, 
IL-6, IL-8 and IL-18 are essential inflammatory media-
tors (Medina-Leyte et al., 2021; Mojzisek et al., 2023). 

TNF causes endothelial cells to express and release a 
variety of inflammatory cytokines, chemokines and ad-
hesion molecules (Zhang et al., 2009). TNF is a cyto-
kine that plays a critical role in inflammation and im-
mune function. It induces an inflammatory cascade, 
which is essential in the host’s response to infections 
and local injury. Elevated levels of TNF can be found in 
neonates, infants and children under several conditions, 
often linked to the immune system response, inflamma-
tion and certain diseases. TNF levels typically rise dur-
ing bacterial, viral, or fungal infections as part of the 
body’s immune response. The increase in TNF helps 
stimulate the immune system to fight off the invading 
pathogen (Parameswaran and Patial, 2010). Elevated 
TNF levels have been linked to NEC due to the inflam-
matory response (Hackam and Caplan, 2018). Auto-
immune diseases such as juvenile idiopathic arthritis or 
inflammatory bowel disease can cause high TNF levels. 
TNF inhibitors are increasingly being administered to 
children and adolescents with juvenile idiopathic arthri-
tis (JIA) or paediatric inflammatory bowel disease 
(Toussi et al., 2013). IL-6 is promptly and transiently 
produced in response to infection and tissue injury and 
contributes to the host defence by stimulating acute 
phase responses, haematopoiesis and immune reactions 
(Tanaka et al., 2014). IL-6, combined with other diag-
nostic markers, is often used to diagnose neonatal sepsis 
and plays a great role in the diagnosis of early-onset 
neonatal sepsis (Cortés et al., 2021). IL-8 is a cytokine 
secreted by numerous cell types. IL-8 is a potent che-
moattractant for neutrophils and T lymphocytes. IL-8 in 
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neonatal sepsis is moderately elevated (Simonsen et al., 
2014). VEGF, VEGFR-1 and VEGFR-2 are required for 
the development function of vasculature. VEGF serum 
concentrations were significantly lower in peripheral 
blood of critically ill newborns on extracorporeal mem-
brane oxygenation (ECMO) (Vítková et al., 2018a). 
VEGF was also found to be significantly lower in bron-
choalveolar lavage of patients with BPD compared to 
controls (Been et al., 2010).

Endothelial cell-derived extracellular vesicles
Extracellular vesicles (EVs) are released by eukary-

otic cells. The blood contains vesicles derived from cell 
membranes of various cell and tissue origins, including 
platelets, endothelial cells, erythrocytes, leukocytes, tu-
mour cells and other cell types (van der Pol et al., 2012; 
Colombo et al., 2014; Hromada et al., 2017). The mech-
anisms that would be responsible for the regulation of 
EV release, maintenance and function in health and dis-
ease are still not fully understood. In neonates, a dra-
matic increase in the concentration of small and large 
EVs of platelet and endothelial origin was observed in 
the group of preterm infants during the adaptation peri-
od at day 3 compared to healthy full-term controls 
(Murphy et al., 2025). Large EVs are a diverse subgroup 
of cell-membrane vesicular bodies that range in size 
from 100 to 1,000 nm (Šibíková et al., 2018). Large EV 
surface antigens reflect their cell origin and allow cell-
specific EVs to be identified (Inzhutova et al., 2012). 
The large EVs are released to the circulation during 
pathological processes that cause cell injury (Burger et 
al., 2013). Large EV analysis and measurement methods 
include flow cytometry, enzyme-linked immunosorbent 
assay (ELISA), electron microscopy, dynamic light scat-
tering (DLS) and nanoparticle tracking analysis (NTA) 
(Aupeix et al., 1997; Gelderman and Simak, 2008; 
Dragovic et al., 2011; Yuana et al., 2011). Endothelial 
large EVs may be utilized as targets, mediators and vec-
tors in the treatment of inflammatory diseases (Vítková, 
et al., 2018b). Increased plasma concentrations of large 
endothelial EVs have been found in critically ill new-
borns with multiple organ dysfunction and systemic in-
flammatory response syndrome (Vítková, et al., 2018b). 
Endothelial EVs were increased in umbilical cord blood 
after spontaneous vaginal delivery compared to elective 
caesarean section. Activating neonatal innate immunity 
and postnatal cardiovascular transition can explain this. 
It can also be assumed that labour is associated with an 
inflammatory response that the type of labour may mo-
dify (Sibikova et al., 2020). 

Endothelial glycocalyx
Endothelial glycocalyx is the primary outer layer of 

the endothelial cell containing various proteoglycans, 
glycoproteins, glycolipids and glycosaminoglycans. 
The endothelial glycocalyx is present early in foetal de-
velopment and is important in vessel formation and 
maturation. The components of endothelial glycocalyx 
are involved in maintaining the vessel wall integrity, 

controlling leukocyte and platelet adhesion and anti-
thrombotic activity. Serum concentrations of soluble 
endothelial glycocalyx components may reflect the de-
gree of endothelial damage. Endocan 1 (ESM-1), hyal-
uronan (HA) and syndecan 1 (SDC-1) are the most reli-
able markers of endothelial glycocalyx degradation 
(Dogné et al., 2018). Endocan is a biomarker studied in 
terms of late-onset sepsis in neonates. Endothelial gly-
cocalyx shedding has been demonstrated in infants and 
children with acute inflammatory conditions and chronic 
diseases with childhood onset (Mwesigye et al., 2021).

Conclusion 
The endothelium is a crucial layer of cells in blood 

vessels that maintains the vascular function. Systemic 
inflammation is associated with the activation of endo-
thelium, leading to its dysfunction and impairment of 
tissue perfusion. Neonatal and paediatric inflammatory 
conditions are accompanied by production of various 
substances and cell-derived vesicles. These are released 
by the activated endothelium, which is in the centre of 
the local and systemic inflammatory reaction. The prod-
ucts of the activated endothelium, tissue damage-asso-
ciated pattern molecules and pathogen-associated mole-
cules are responsible for perpetuation of the inflammatory 
response. Molecules and extracellular vesicles produced 
by the activated endothelium may provide an insight 
into the pathogenesis of systemic inflammatory re-
sponse syndrome in the paediatric population. Highly 
sensitive and specific biomarkers of endothelial activa-
tion would aid early detection, risk stratification and 
monitoring of inflammatory processes in neonatal and 
paediatric patients. Targeting of endothelium-derived 
pro-inflammatory molecules might interfere with the 
progression of diseases of this specific fragile popula-
tion and possibly positively influence the outcome. 
Overall, future research should aim to deepen our un-
derstanding of the complex interplay between the endo-
thelium and other tissues during systemic inflammation 
in neonates and children. 
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