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Abstract: Septic acute lung injury (SALI) is one of the common complications of sepsis, with a high incidence and closely
related to the high mortality of patients in the intensive care unit. The pathophysiological mechanism of SALI is complex and
involves multiple aspects such as dysfunction of the pulmonary vascular endothelial barrier. Endothelial glycocalyx (EG), a
polysaccharide-protein complex covering the surface of vascular endothelial cells, plays a key role in maintaining vascular
integrity, regulating inflammatory responses and coagulation functions. Recent studies have demonstrated that the damage of
EG plays an important role in the occurrence and progression of SALI. This article reviews the structural and functional basis of
EG, and focuses on discussing the molecular mechanism of EG damage in sepsis and its role in SALI, aiming to provide a
theoretical basis for the exploration of therapeutic targets and the development of related drugs for SALI.
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Sepsis is a life-threatening organ dysfunction caused
by the dysregulated host response to infection, and it is one
of the leading causes of death among patients in intensive
care units (ICUs) globally[1]. The core of its
pathophysiological mechanism lies in uncontrolled
systemic inflammatory response, coagulation dysfunction,
and microcirculatory disturbance, which ultimately lead to
multiple organ failure[2]. Acute lung injury (ALI) is a
common complication of sepsis. Statistics show that more
than 40% of sepsis patients develop ALI, whose main
features include diffuse alveolar damage, increased
pulmonary vascular permeability, neutrophilic
inflammatory response, and severe hypoxemia[3]. Once
ALI occurs, the clinical prognosis of patients deteriorates
significantly, and the ICU mortality rate can rise from 11%
to 38%[3].

One of the main pathological changes in septic acute
lung injury (SALI) is impaired pulmonary vascular
endothelial barrier function, and its regulatory mechanism
is complex[3]. The endothelial glycocalyx (EG) is a
dynamic polysaccharide-protein complex covering the
luminal surface of vascular endothelial cells (ECs), which
plays a key role in maintaining vascular integrity,
regulating inflammatory responses, and maintaining the
balance between coagulation and anticoagulation[4].
Studies have shown that EG damage may be involved in
the development and recurrence of SALI[4], but its specific
molecular mechanism is not yet fully clear. This article
reviews the research progress on the molecular mechanism
of EG damage in sepsis and its role in SALI, aiming to
provide potential safe and effective therapeutic targets for
the treatment strategies and drug research and development
of SALIL

1 Structural and functional basis of EG

EG is a complex gel-like structure covering the
surface of ECs, with a thickness of 0.5 to 4.5 um. Its
composition and thickness vary depending on the type of

blood vessel, its distribution location in the body, and
physiological state[5]. EG is mainly composed of
membrane-bound  proteoglycans,  glycosaminoglycan
(GAG), glycoproteins, and adsorbed plasma proteins. The
main categories of GAG include heparan sulfate (HS),
chondroitin sulfate, dermatan sulfate, keratan sulfate, and
hyaluronic acid (HA). Among them, HS has the highest
content, accounting for 50% to 90% of the total GAG.
These GAG carry negative charges due to sulfation
modification, and can adsorb positively charged plasma
proteins  through electrostatic interaction, thereby
maintaining the stable colloid osmotic pressure in blood
vessels[6]. In addition, EG also contains a variety of
functional plasma proteins and glycoproteins, such as
albumin, E-selectin, P-selectin, intercellular adhesion
molecule (ICAM), and vascular cell adhesion molecule
(VCAM). These proteins not only constitute important
components of EG, but also participate in the regulation of
its biological functions[4,6].

With its unique structure and molecular composition,
EG plays multiple key roles in maintaining vascular
homeostasis: (1) Through its gel-like structure and negative
charge barrier effect, EG effectively restricts the passage of
macromolecular substances, thereby maintaining the
balance of colloid osmotic pressure inside and outside
blood vessels, and preventing the leakage of fluid and
proteins from blood vessels into the tissue space; (2) EG
regulates the synthesis and release of nitric oxide (NO) by
converting blood flow shear stress into biochemical signals
of ECs, thereby maintaining the normal regulation of
vascular tone[7]; (3) EG maintains the anticoagulant state
of the endothelium and inhibits the formation of
microthrombi by adsorbing anticoagulant proteins such as
antithrombin III and thrombomodulin[8]; (4) EG shields



o 8] 12 3R 5

Chin J Clin Res, May 2026, Vol.39, No.5

adhesion molecules (such as ICAM-1 and VCAM-1)
expressed on the surface of ECs through its intact "sugar
coat" structure, thereby preventing non-specific adhesion
of circulating leukocytes and platelets to ECs[9].

2 Molecular mechanisms of EG damage in sepsis
2.1 Role of inflammatory factors

In the early stage of sepsis, monocytes/macrophages
are stimulated by pathogens and release a large number of
inflammatory factors, such as tumor necrosis factor-a
(TNF-a), interleukin (IL)-6, IL-1B, and IL-10. These
cytokines can bind to corresponding receptors on the
surface of ECs and activate downstream signaling
pathways, thereby inducing the expression and activation
of EG-degrading enzymes. A study by Wiesinger et al.[10]
found that after treating human umbilical vein ECs with
TNF-a or lipopolysaccharide (LPS) in vitro, the thickness
of EG was reduced by approximately 50%. In addition,
another study has confirmed that there is a significant
association between IL-6 and its downstream signaling
pathways and EG damage[11].

2.2 Regulatory role of angiopoietin (Ang)

The Ang/tyrosine kinase receptor (Tie) 2 signaling
pathway plays a key role in regulating vascular stability
and permeability[12]. Under physiological conditions,
Ang-1 binds to the Tie2 receptor and inhibits the activity of
the transcription factor forkhead box O1 (FOXO1), thereby
maintaining the stable state of ECs[12]. However, in sepsis,
the expression and release of Ang-2 are significantly
upregulated[13]. As an endogenous antagonist of Ang-1,
Ang-2 can competitively block the binding of Ang-1 to
Tie2, thereby relieving the inhibition of FOXO1, which in
turn triggers EG degradation, EC activation, and increased
vascular permeability[13]. Therefore, the imbalance of the
Ang/Tie2 signaling pathway is one of the important
mechanisms of EG damage and vascular barrier function
destruction in sepsis.

2.3 Damage caused by oxidative stress and reactive
oxygen species (ROS)

Oxidative stress is another key link in the pathological
process of sepsis. During this process, activated immune
cells and mitochondrial dysfunction can lead to the
generation of a large amount of ROS[14]. ROS cause
damage to EG through multiple pathways: First, ROS can
directly oxidize the main components of EG, such as
proteoglycan and GAG, thereby destroying its structural
integrity. Second, as important signaling molecules, ROS
can activate a variety of transcription factors, which in turn
upregulate the expression of inflammatory factors and
EG-degrading enzymes, forming a positive feedback
cycle[15]. In addition, ROS can also consume endogenous
antioxidants, weakening the body's antioxidant defense
capacity and making EG more susceptible to oxidative
damage[15].

2.4 Core role of enzymatic degradation

2.4.1 GAG-degrading enzyme: heparanase (HPSE)

HPSE-1 is an endo-B-glucuronidase whose main
function is to specifically cleave HS chains[16]. In sepsis,
inflammatory factors and ROS can induce ECs to express
and secrete HPSE-1. Activated HPSE-1 can degrade the
most abundant HS component in EG, thereby destroying
the structural integrity and physiological function of
EG[17]. In a mouse model of sepsis, LPS upregulates the
expression of HPSE-1 through the Toll-like receptor 4
(TLR4)/high mobility group box 1 protein (HMGBI1)
signaling pathway[18]. Activated HPSE-1 not only
degrades HS, but its degradation products can also act as
damage-associated molecular patterns (DAMPs), further
activating the immune response and exacerbating the loss
of EG components[19]. In addition, the activity of HPSE-1
is regulated by its homologous protein HPSE-2. Studies
have shown that HPSE-2 can inhibit the TLR4 pathway
and reduce the expression levels of TNF-o and IL-6,
thereby alleviating LPS-induced HS shedding[20].

24.2 Proteoglycan-cleaving enzymes: matrix
metalloproteinase (MMP) and a disintegrin and
metalloproteinase (ADAM)

In sepsis, the expression levels and enzyme activities
of multiple MMPs (such as MMP-2, MMP-7, and MMP-9)
are significantly increased. These proteases can directly
cleave core proteoglycans in EG (such as Syndecan-1),
promoting their shedding from the cell surface[21]. A study
by Yang et al[22] found that ADAMI1S, a CD44 epitope
lyase, can cleave the extracellular domain of CD44 and
release soluble inflammatory signal fragments, thereby
weakening the connection between EG and the EC
cytoskeleton and leading to impaired vascular endothelial
barrier function. In addition, ADAM17 and ADAMI10 can
also mediate the cleavage of Syndecan-1, promoting the
progression of the systemic inflammatory response[23].
The above studies indicate that the expression of ADAM
family members is upregulated during sepsis, and their
expression levels are closely related to disease severity and
clinical prognosis.

2.4.3 Other degrading enzymes: hyaluronidase and
lysosomal enzymes

Hyaluronidase can degrade HA in EG, destroying the
structural stability of EG[24]. In addition, lysosomal
enzymes can also induce the degradation of EG. Studies
have found that EG undergoes patchy degradation only 10—
15 minutes after exposure to LPS, which is related to the
release of hydrolases from lysosomes[25]. This indicates
that lysosomal enzymes may play a role in the early stage
of EG damage, providing a new perspective for
understanding the mechanism of rapid EG degradation.

3 Pathophysiological association between EG
damage and SALI
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3.1 Destruction of pulmonary vascular endothelial
barrier function

The integrity of the alveolar-capillary barrier is the
basis for maintaining normal gas exchange. As a key
component of this barrier, the integrity of EG is of great
significance for maintaining the stability of pulmonary
vascular permeability[3]. Under physiological conditions,
the dense and structurally intact EG layer can effectively
prevent plasma proteins (especially albumin) from
infiltrating the pulmonary interstitium and alveolar space,
thereby maintaining a normal colloid osmotic pressure
gradient[6]. However, in sepsis, massive degradation of EG
occurs, destroying its structure that functions as both a
physical barrier and a charge barrier, leading to increased
vascular permeability. As a result, a large amount of
protein-rich  plasma components extravasate and
accumulate in the pulmonary interstitium and alveolar
space, forming non-cardiogenic pulmonary edema[3,26].
Both clinical studies and animal experiments have shown
that the degree of EG degradation is significantly positively
correlated with the severity of pulmonary edema[27]. In
addition, EG damage not only promotes fluid extravasation
but also allows fibrinogen to enter the pulmonary
interstitium. The extravasated fibrinogen is converted into
fibrin under the action of tissue factor (TF), thrombin and
other substances, and deposits in the pulmonary
interstitium and alveolar space, forming the characteristic
"hyaline membrane", which is one of the typical
pathological changes of acute respiratory distress syndrome
(ARDS)[26]. The above pathological changes significantly
impair lung compliance and gas exchange function,
becoming a key factor leading to respiratory failure and
even death in patients.

3.2 Exacerbated inflammatory response and immune
cell infiltration

The intact EG layer covers the adhesion molecules on
the surface of ECs through its physical barrier effect,
effectively preventing the adhesion of leukocytes such as
circulating neutrophils to ECs[9]. When EG is degraded,
these adhesion molecules are exposed on the surface of
ECs, providing binding sites for the rolling and firm
adhesion of leukocytes. In addition, the degradation
products of EG (such as HS fragments) can act as
endogenous chemokines, inducing leukocytes to migrate
and accumulate at the site of inflammation. This enhanced
interaction between leukocytes and ECs is the initial link in
the infiltration of inflammatory cells into lung tissue, and
also one of the important mechanisms causing lung tissue
damage[3].

In recent years, the role of neutrophil extracellular
traps (NETs) in sepsis-induced organ damage has received
widespread attention. NETs are reticular structures
composed of DNA, histones and granular proteins, which
have the function of capturing pathogens, but their
excessive formation may lead to host tissue damage[28].
Studies have shown that EG damage is closely related to
the formation of NETs. Degradation of EG can create

conditions for the release of NETs, while components in
NETs (such as histones) can further aggravate the damage
of EG and ECs, thus forming a vicious cycle[29-30].

3.3 Coagulation dysfunction and microthrombosis

EG plays a key role in maintaining the anticoagulant
properties of the vascular endothelium, and its damage can
trigger the activation of the coagulation system, thereby
leading to the formation of microthrombi[5]. The
anticoagulant proteins adsorbed on the surface of EG (such
as antithrombin III and thrombomodulin) shed into the
blood circulation after EG degradation, resulting in a
significant decrease in local anticoagulant capacity[31].
Meanwhile, under the stimulation of inflammatory factors,
ECs can express TF, a potent procoagulant substance that
can activate the exogenous coagulation pathway, promote
the generation of a large amount of thrombin, convert
fibrinogen into fibrin, and form widely distributed
microthrombi in the pulmonary microvessels[32]. These
microthrombi can block blood vessels, cause pulmonary
tissue perfusion disorders, and aggravate
ventilation/perfusion ~ mismatch, thereby further
exacerbating hypoxemia. In addition, the formation process
of microthrombi consumes a large number of coagulation
factors and platelets, leading to a bleeding tendency, and
ultimately causing disseminated intravascular coagulation
(DIC), which further worsens and complicates the
condition[33].

4 Clinical application of EG degradation markers

Since there are technical challenges in directly
measuring the thickness and structure of EG in vivo,
detecting its components released into the blood after
degradation has become the main clinical method for
evaluating the degree of EG damage. As a key component
of EG core proteoglycans, the plasma concentration of
Syndecan-1 is currently the most widely studied biomarker
for EG injury[21]. Multiple clinical studies have confirmed
that in patients with sepsis, the plasma level of Syndecan-1
is significantly elevated, and the magnitude of its elevation
is significantly positively correlated with disease severity
and poor prognosis[34-36]. A retrospective study including
262 patients with severe sepsis showed that the plasma
level of Syndecan-1 was significantly correlated with the
development of ARDS, the occurrence of other organ
dysfunctions, and in-hospital mortality[34]. Particularly
importantly, the level of Syndecan-1 is an independent risk
factor for predicting patient mortality. Even after adjusting
for confounding factors such as age and Acute Physiology
and Chronic Health Evaluation II (APACHE II) score, its
predictive efficacy remains significant[27]. In addition to
Syndecan-1, other degradation products of EG, such as HS
and HA, have also been confirmed to be usable as
biomarkers of endothelial injury, which are correlated with
the severity of sepsis and the degree of organ
dysfunction[37-40].
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5 Therapeutic strategies: protection, repair and
replacement of EG

5.1 Clinical strategies for protecting EG integrity

Improper application of various conventional clinical
interventions may cause further damage to the already
impaired vascular EG. Therefore, optimizing relevant
clinical management strategies is of great significance for
protecting the structure and function of EG, and is a key
link in preventing secondary damage to EG.

5.1.1 Optimization of fluid resuscitation strategy:
restrictive fluid administration and avoidance of high
volume overload

Fluid resuscitation is the cornerstone of sepsis
treatment. However, high volume overload has been
confirmed as one of the important factors leading to
vascular EG damage[5]. Infusion of a large amount of
crystalloid solution can dilute plasma proteins, reduce
intravascular colloid osmotic pressure, and simultaneously
increase intravascular hydrostatic pressure. The above dual
effects jointly promote the exudation of fluid through the
damaged EG into the interstitial space, thereby aggravating
tissue edemal41]. In addition, some studies suggest that
high-volume crystalloid solution itself may have a direct
damaging effect on EG structure through mechanical shear
force or dilution effect[42]. Therefore, after achieving
hemodynamic stability, timely adoption of a restrictive
fluid management strategy, including stopping or slowing
down the infusion rate and avoiding persistent positive
fluid balance, is of great significance for protecting EG
integrity and reducing pulmonary edema[43]. Although
resuscitation with colloids (such as albumin) may be more
beneficial for maintaining colloid osmotic pressure, its
direct protective effect on EG remains to be further
confirmed by research[44].

5.1.2 Use of vasoactive drugs: restriction of
catecholamine application and alternative options

Catecholamines (such as norepinephrine) are
commonly used vasoactive drugs during septic shock, but
high-dose or long-term application may have adverse
effects on wvascular EG[45]. High concentrations of
catecholamines can activate ECs, leading to increased
vascular permeability, and may indirectly cause EG
damage by increasing cardiac afterload and vascular wall
tension. Therefore, the principle of "minimum effective
dose" should be followed in clinical application to avoid
excessive blood pressure elevation so as to reduce potential
harm. In recent years, some non-catecholamine vasoactive
drugs, such as vasopressin and its analogs, have attracted
attention because of their potential protective effect on EG.
Vasopressin mainly mediates vasoconstriction by activating
V1 receptors, and its mechanism of action is different from
that of catecholamines, which may cause less interference
to endothelial barrier function[45]. However, the above
results still need to be further verified by more high-quality
clinical studies.

5.1.3 Blood glucose control: prevention of vascular EG
damage caused by hyperglycemia

Hyperglycemia is a common type of metabolic
disorder in critically ill patients, and it is also an
independent risk factor for endothelial dysfunction and
vascular EG damage[29]. Hyperglycemia can mediate EG
damage through a variety of mechanisms, which mainly
include: (1) inducing oxidative stress and promoting the
generation of a large amount of ROS; (2) activating
signaling pathways such as protein kinase C to increase
vascular permeability; (3) promoting the accumulation of
advanced glycation end products, leading to protein
cross-linking and abnormal structure and function.
Therefore, implementation of strict blood glucose
management (usually referring to maintaining blood
glucose levels at 6-10 mmol/L) is regarded as a key
intervention measure to protect EG integrity and improve
the prognosis of patients with sepsis[46]. In addition,
insulin itself is considered to have direct anti-inflammatory
effects and vascular endothelial protective effects, which
may have potential benefits for the maintenance of EG
structure[45].

5.1.4 Potential protective effect of glucocorticoids

Glucocorticoids have significant anti-inflammatory
and immunosuppressive effects. Theoretically, they can
indirectly exert a protective effect on vascular EG by
inhibiting the release of pro-inflammatory cytokines[47].
Some small-scale clinical studies and animal experiments
have shown that low-dose glucocorticoids may help to
reduce the degradation process of EG[48]. However, the
application of glucocorticoids is still controversial, and its
potential adverse reactions (such as hyperglycemia,
immunosuppression, muscle weakness, etc.) limit its
clinical use to a certain extent. At present, there is no
sufficient evidence to confirm whether glucocorticoids can
bring clear clinical benefits to patients with sepsis by
protecting EG, and its efficacy and safety still need to be
further verified by larger-scale randomized controlled
trials.

5.2 Therapies targeting EG-degrading enzymes

5.2.1 Application prospects of heparanase inhibitors
Heparanase plays a core role in sepsis-related EG
damage. Therefore, heparanase inhibitors are expected to
become an intervention strategy with great clinical
potential. Multiple studies have shown that unfractionated
heparin and the non-anticoagulant heparin derivative
N-acetylheparin can effectively inhibit heparanase activity,
and their mechanism of action is to directly block the
degradation process of HS and Syndecan-1, thereby
protecting the structure and function of EG at the
source[49-50]. In addition, ulinastatin has also been
confirmed to inhibit the expression and activity of
heparanase induced by LPS, and has shown the effect of
reducing vascular permeability and inhibiting HS
degradation in a mouse model of ARDS[51]. However,
most heparanase inhibitors are still in the preclinical
research stage at present, and their safety, pharmacokinetic
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characteristics and efficacy in humans still need to be
systematically evaluated. Promoting the translation of these
drugs from basic research to clinical application is an
important direction for future therapeutic development.

5.2.2 Exploration of MMP and ADAM inhibitors

Under the condition of sepsis, multiple MMPs (such
as MMP-2, MMP-7, and MMP-9) are often activated
simultaneously, and there is certain functional redundancy
among them[21]. Therefore, broad-spectrum MMP
inhibitors may have more clinical application potential than
specific inhibitors. Some marketed drugs, such as
doxycycline, have broad-spectrum MMP inhibitory effects
in addition to antibacterial activity. Animal experimental
studies have shown that doxycycline can effectively reduce
EG shedding and reduce the severity of lung injury[52]. In
addition, small peptide inhibitors targeting
ADAMI17-mediated cleavage of Syndecan-1 and
Syndecan-4 have also been identified as potential
therapeutic drugs[53]. However, long-term or systemic
inhibition of MMP and ADAM may interfere with normal
tissue remodeling and repair processes, and potential
adverse reactions need to be carefully evaluated.

5.3 Repair of EG and replacement therapies

5.3.1 Exogenous supplementation of EG components

Exogenous supplementation of EG components is a
direct replacement treatment strategy, among which HA is
the most widely studied component at present[54]. As a
key structural component of EG, HA has biological
functions such as water retention, anti-inflammation and
immunomodulation. Baljinnyam et al.[55] intraperitoneally
injected high-molecular-weight HA into mice, which
effectively reduced the lung water content of sepsis mice
with Syndecan-1 deficiency and significantly improved
their survival rate. The potential mechanisms may include:
(1) directly supplementing the damaged EG layer; (2)
inhibiting the activation and infiltration of inflammatory
cells; (3) promoting the tissue repair process. In addition,
studies have shown that supplementing key proteins such
as albumin required to maintain EG structure through fresh
frozen plasma is helpful for restoring vascular endothelial
function[56]. The advantage of this type of strategy is that
the components are clear and the safety is relatively high,
but its efficacy may be limited by the in vivo half-life of
the supplemented substances, tissue distribution
characteristics and integration efficiency with endogenous
EG.

5.3.2 Drugs promoting endogenous EG synthesis
Promoting endogenous EG synthesis is a more
physiological repair strategy. Sulodexide is a compound
preparation composed of low-molecular-weight heparin
and dermatan sulfate, which has been applied in the clinical
treatment of vascular diseases[57]. Studies have shown that
sulodexide not only has an anticoagulant effect, but also
can promote ECs to synthesize and secrete the main
components of EG, thereby accelerating the repair process
of EG[58]. In addition, intravenous infusion of liposomal

nanocarriers of preassembled glycocalyx (LNPG) is a new
method for restoring EG. LNPG rapidly restores EG
through fusion with endothelial cell membranes and
maintains its integrity thereafter, effectively improving
endothelial function[59]. Furthermore, when LNPG is
delivered to ECs lacking EG, the therapeutic effect of
LNPG has been confirmed both in vivo and in vitro[60].
The core advantage of this type of strategy is that it
activates the body's own repair mechanism, but its onset of
effect may be relatively slow, so it needs to be reasonably
applied in combination with the stage of disease
development.

5.4 Challenges and prospects of translational
medicine

Although therapeutic strategies targeting vascular EG
have shown great potential in animal models, their
translation to clinical application still faces multiple
challenges. First, there are species differences between
animal models and human diseases, and existing models
are often difficult to fully simulate the complex
pathophysiological process and high heterogeneity of
human sepsis. Second, there is still a lack of real-time,
non-invasive techniques for evaluating EG status at present,
which limits the dynamic monitoring of therapeutic effects.
Clinically, indirect judgment is mainly made by detecting
EG degradation products in plasma (such as Syndecan-1,
HS fragments), but such methods have lag and
non-specificity, and are difficult to accurately reflect the
real-time changes of local EG. In addition, treatment
timing and patient screening are key factors determining
the success of intervention. Since EG damage can occur in
the early stage of sepsis, the effective therapeutic window
is relatively narrow, and intervention must be implemented
in time at the initial stage of the disease. Therefore,
identifying the largest potential population that can benefit
from EG-targeted therapy is a prerequisite for realizing
individualized precision medicine. Despite facing many
challenges, as a core regulatory hub connecting
inflammatory response, coagulation activation and
microvascular barrier function, the scientific value and
clinical potential of EG as a therapeutic target cannot be
ignored. With the continuous deepening of basic research
and the development of clinical translation technology, it is
expected that safe and effective EG-targeted treatment
regimens will be developed in the future, providing new
therapeutic hope for patients with SALI.

6 Summary and prospects

In summary, previous studies have clearly confirmed
the core mechanism of EG in SALI. Under physiological
conditions, as an important component of the vascular
barrier, EG not only maintains vascular integrity and
regulates vascular tone, but also exerts key functions of
inhibiting thrombosis and regulating inflammatory
responses. Under the pathological condition of sepsis, the
synergistic effect of excessively activated inflammatory
response, oxidative stress and multiple degrading enzymes
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leads to extensive degradation and shedding of EG. This
damage process is not simply a concomitant phenomenon
of pathological changes, but a key initiating link
connecting systemic inflammation in sepsis and specific
lung injury. EG damage directly leads to increased
pulmonary  vascular  permeability and  induces
non-cardiogenic pulmonary edema. Meanwhile, the
exposure of adhesion molecules on the surface of ECs
aggravates the infiltration and activation of inflammatory
cells such as neutrophils. In addition, the loss of endothelial
anticoagulant properties activates the coagulation system
and promotes the formation of microthrombi. These
pathophysiological changes are intertwined and jointly
constitute the complex pathological mechanism of SALI.

In view of the core role of EG in SALI, protecting,
repairing or replacing EG has become a highly promising
new therapeutic strategy. At present, multiple therapeutic
approaches are being actively studied, ranging from
optimizing routine clinical management, developing novel
drugs targeting EG-degrading enzymes, to exploring
exogenous supplementation of EG components. Although
there are still many challenges and controversies in the
process of translation from basic research to clinical
application, as a multifunctional platform integrating
barrier, signal transduction and immunomodulatory
functions, the potential of EG as a therapeutic target cannot
be ignored. Future research should focus on solving current
technical bottlenecks, clarifying key scientific issues, and
verifying the safety and efficacy of these new strategies
through rigorous clinical trials. With the in-depth
understanding of the biological functions of EG,
EG-targeted precise therapeutic strategies are expected to
provide new treatment directions for improving the
prognosis of SALL a critical disease.
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Role of endothelial glycocalyx in septic acute lung injury
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Abstract: Septic acute lung injury (SALI) is one of the common complications of sepsis, with a high incidence and closely related to
the high mortality of patients in the intensive care unit. The pathophysiological mechanism of SALI is complex and involves
multiple aspects such as dysfunction of the pulmonary vascular endothelial barrier. Endothelial glycocalyx (EG), a polysaccharide-
protein complex covering the surface of vascular endothelial cells, plays a key role in maintaining vascular integrity, regulating
inflammatory responses and coagulation functions. Recent studies have demonstrated that the damage of EG plays an important role in
the occurrence and progression of SALIL. This article reviews the structural and functional basis of EG, and focuses on discussing the
molecular mechanism of EG damage in sepsis and its role in SALI, aiming to provide a theoretical basis for the exploration of
therapeutic targets and the development of related drugs for SALL.
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REZ5 T SALI KA 5 R s # ™ (A H AR 7 HLE] 4 A
SEWIH . ASCERA T MFRAE TP EG 40477 (9 7 T HL I S AR
SALIAAE IS RE R , B 754 SALLBIRTT SR A2 Py pt &
PEBEIRAE 2 A R TR

1 EGCHZEH5IhREEM

EG 2B T ECs I 1 — 2R 22 WEEICIR 51 SRR
0.5~4.5 wm, Hpl o 55 8B A il A8 208 e HILAAR P9 A 43 A
B A RS ARG i 2250 BC ZZE LS &1
T A BB B BE (glycosaminoglycan , GAG) HEHE I A I
W A1 2 R A R . R GAG eI FE i R £ 1ok
JTF 2 (heparan sulfate, HS) BRFRHE R FilR KK E B R
J5t Z A% BH 5 R (hyaluronic acid, HA) . b HS & &y,
1 GAG 1A 50%~90% . X488 GAG M1 T B AL A& 1 1 27 4T
B EL AT , B A o A L R R I L AT ) I AR 1, AT A I
BN IARB S ERE, 1, EC ikt & Z A ag i
WEVFBEE A, I 1 E- PR 2 P-YR PR 2000 1] 235
/3 ¥ (intercellular adhesion molecule, TCAM) L M 1fit % 440 ifd %5
R 43T (vascular cell adhesion molecule, VCAM) , 3% 26785 [ A
T EG BB Ry i85 S5 AE Y # T RE .

EG SRR MR (0 2548 5 43 F 24, 7 4l 35 1 S R A 07
TR AR 2 F CHAENT : (1) BG 8 i HBEIBOIR 2540 2t
o I B A FH 7 B D 23400 T % 3@ ek, AT 244 I N
AN 35 AR W7 Lk R R 1 I A 5 e 3 4 2
(BB 5 (2) EG B IR M 3 89 VI 1564k ECs RS 5 45
— LA (nitric oxide, NO) A4 L5 B, T AERE A5 7k 77
P IE R W55 (3) EG 3 a0 M BAHL 58 2R 11 A0 e i i 100 i
TS 2R 1, 2R P B P PEIR S 0 A (T B
(4) EG iH i H o8 8 WA 25 ECs R MR M BB 1
(U ICAM-1 T VCAM-1) , AATTBE L9 FA H % 7 200 B I/ Al
5 ECs KA ARFES PR R

2 BRFBEPECHRGRISFHLE

2.1 KW Fa94EM  EMGERRE R, SRR/ E AN 32 B
TR 384 5 TR IO 2 S RE PR T, 4910 1 o 98 S 86 PR 7 - e (tumor
necrosis factor-o, TNF-at) . [T4HIfifif % (interleukin, 1L)-6.1L-1B
FITL-10 %5 . X SB 4 K 7 0] 15 £Cs 22161 A AN 32 1425 4
JEVRTE T e 5 B, AT T EG B A A 1Y 225K JE 1 .
Wiesinger %" BF 58 A& BN, FEVR SN IR BE o 4 FH TNF - sl s £
(lipopolysaccharide, LPS) &b ¥ A bk ECs )& , H EG JEEETT
WA 50%, BN, T3 AT UESE , TL-6 B R 5l 5
EG 505 Z ML W35 I

2.2 /g 2 A% Z (angiopoietin, Ang) 89 R4 AE A Ang/l Z R
7%&@@%1$(tyrosine kinase receptor,'l‘ie)21§%i@%ﬁﬂﬁﬁ: ifi 4%
Rt RLEE T T R E s AEHRIRAS T, Ang-1 38
it 5 Tie2 ZZAREE &, Wi % S PR+ UK AE 25 1 01 (forkhead
box 01, FOXO1) B, T 4ERF ECs BFR R, 4R,
TEMGEEIE T, Ang-2 I FER IR 3 98, 1ER Ang-111)

PIIEPEFE B , Ang-2 AT S 4 PEBILINT Ang-15 Tie2 9454, A
T BRXT FOXO1 Ayl , i i 51 & EG F&f# ECs 16 1L L B i
BB IN, RI, Ang/Tie2 {5 518 [ 14 2% i J e B
W EG 451475 K Il 45 BB D RERR 1) SR B 2 —

2.3 AL 5 E M A (reactive oxygen species, ROS) #9453
B SR I e B B R PP A S — A SR 1K
TE R AR Y G0 8 A1 L B 2 Ak ) B A B] S EOR At
ROS M4 i . ROS St EG 45 A Z 7 ifEH : 1556,
ROS 1 LA B 58 AL EG 1Y EZLA sy , Qs (1R A CAG,
TR 54 5 2 1 5 O, ROS 1M MR 540 1, fiE
UG 22 Rl IR T, HETTT LR 400 R T B BG I A il 1 22
5P ROE R BAGEIR Ak, ROS 38 AJ T AE P9 IR MEBL A AL
0, B HLIAR PR BT ERE 1, (8 EG 55 58 32 S A5
2.4 BRIRMEfEA RS AE R

241 GAGF@ME—— Bt /FZR M (heparanase, HPSE) HPSE-1
Je—h P Y] - - R R I, 32 B ) B R R S BRI 1S
BED FEMEEERE R, JRE R TR ROS FI S ECs Ik IF-43
HPSE-1. % 4b1Y HPSE-1 ] BEfF BG H i == 6 19 HS BLA3, AT
W BG RO ZEF9 S 46 S AR B 7o 7R MeERAE /N RS TR
LPS i 15 Toll FEAZ A& 4(Toll like receptor 4, TLR4)/E T &%
#E 11 B1 (high mobility group box 1 protein, HMGB1) 5538 % |-
JHHPSE-1 15", 1AL HPSE-1 AU fi HS, JFfin
W3 WA g 183473 A1 6 43 F A5 2 (damage - associated molecular
patterns, DAMPs ) , iff — 25 300 628 0L, IR EG B 431 %
A e Ak, HPSE-1 (936 P 32 31 H [F) 5 2 11 HPSE-2 (19 4
. WFFEFRW], HPSE-2 W] 5@ 3 1 il TLR4 38 6 ) PR TNF-o
FNIL-6 (235 7K -, AT LPS 75 319 HS g ™.

242 HE BRI EE—L 4 )8 & A 5 (matrix metallo-
proteinase, MMP) 5 fift # & K 4 J& 41 11 i (a disintegrin and
metalloproteinase, ADAM)  FERKRERE , 21 MMP(UIMMP-2
MMP-7 . MMP-9 ) 1 2 35 7K 7 G 7% 1k 5 38 v, ik de sk o
it ] B9z D) E EG H A A% O B SR [ Ak 4 1R A R R
(Syndecan)-1 1 AR A0 S i 7 Yang RIS K
I, ADAM15 f&—Fl CD44 KA 2L il , 7T 38 oF R7 CD44 1
JiEL 25 K Sk, R T S A S A B, DA nT IS EG
ECs ‘42 2Z (Rl 14 82, T80 3 00 % DR B D BE A2 41 . LA,
ADAM17 I ADAM10 0] 4 5 Syndecan- 1 Y%, it 4 Bk
RAEFNAIFERE . DL FF5E U B ADAM SR A AR IR 1
IZRE T, HERAOT- S A A M R B A G
2.4.3 AR E—F B TR S S R 3 B R
REREIE AR EG 9 HA, R IR EG IYZ5HIFASE MR, A, il
PR AT LU S EG B . DF98 K3, EG 125 T LPS 5
AL 10~15 min, FE2 HBUBE - IRIFAE , X — B 5  REA  K fige
A RERICA 261, X RI I BRI ] RETE EG im0 B
SRRARAE, SO B EG PO ML TR A

3 EGH#H55 SALI HfEIE4AIEEE R

3.0 M RS AR A — AN A B R ST
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PERAERFIE R SRS IR , 11T EG 1 i i B i 5 520 1L
By, FSE R TR A s A M R e B EEE L,
TEA RS BU% HA5H 588 10 BG 2 REA R - 1 9K 48
I OHR A ) 18 A ) S50 R0 L JFS , AT 248 455 1 8 1) e
PRBEEBREE . SR, FEMRTEAE 1, BG R A= Kk R A , A
T HHE B R B A R D RE R £ R, S B AR A
) 1IN R U AL RAIS) i el 1 528 S i T
FUIRELIGE N T2 A OB PE SRR ¢ Il R RO Sl 52 96
YIFW], EG R AR BE 5 Il K i iy = i P Bt Bl 3 IR AR O
AN EG AL IR ARG | 3 2F 4t 2 1 Ttk A
[ FT. SMB LR 28 R AE AL A T (tissue factor, TF) J2#E
I P55 A TS A P T Ak S i A 1 SRR il ] J5 it
I, TV IR A 1 W 3¢ 2 M P R A 2 5 AIE
(acute respiratory distress syndrome, ARDS) A SHL AR g B A 2
P R IR A 0 S T 8 U A A A SE e 2
AE , R BB RN 28 T B AE TSGR R
32 KmEBR BAmBlL Rk iz SR EG 2 i B
BB B T ECs R AL 23 T2 b A 2R T 7R 56
rP R A I AE T S ECs Z IR . M EG K AR
i, X BERERE o3+ R T ECs 3R, oy LA AR IR 20 S A [ %
BB AL T 45 G IEAh , BG MR ™ 4 (40 HS B ik
RN -, 55 AN I S AR AT R R A . X
il AN 5 ECs 22 [RIAH AT R 3G 5, 2 S8 AE 40 B 1 il 2 21
EH AT RS RIS i AL 2
IEAF R, v R 4 B B AR 754l M (neutrophil extracellular
traps, NETs) 7ERRRRE I £ B0 05 h iV E T2 8172 G TE
NETs /& H1 DNA | ZH 2 [ S A0URE AR A A Sy AR ZS H , BAT il AR
SRR D RE  AH R BETE WO AT i S 2o R, B
AR, EG A 5 NETs POTE B DIAHOG , BG (KA T
NETs BB A5 04F , 1 NETs H it s (Angil s ) nT ife—
AIRIEG FNECs 9457 , AT I B ER =
33 BhyiFALL MR ECIELERFINA N BT
R 5 T R A DG T, A4 T i 5 100 AR G TG L A
SRR R, EG F IR iy HTEEE M CAnpst i i
T A R385 2R 1) 76 BG B 5 B v A MR 21 , 38U
SR e WA R O S B [ 10 O {6 i P R R S U
ECs A5 TF , 32— PR ) (L BEY) 5, BEAS IO S IRV 5E
MFRAR , R HE 5 5 L A i, (8 27 A TR 1 [ Ak o 27 4 TR
E L IFAE RGNS AR B2 430 i > ok e f i
ATBESEMAE, 8 U 2 S T AT, o R A S L] G
AT HE— 25 R AU E o BEAh , St AL F 0 J ot AR 5 T
TR B IR RN, B AT , e 285 | A oM i A
PN EE I (disseminated intravascular coagulation, DIC) , i 1 1
— A T E R

4 EGFEfEREYRIE KRR A

M TR BRI i EG ()5 S 25 A AE BRI, A
IR AR BRI LA 2E. 53 © IS APl EG 5 R B 1Y 2l

IRJ7# o Syndecan-11E 4 EG 0 Hx FH SRBE 0 8 Y43, FEIL
el B HaniF gz ek )2 I EG B ibrai ™ . 23501
PRAFFTUESE , 7 MFHIE B, 2K Syndecan-1 7K F- 8 2 TH5
HHCT R 5 0 7 B R B AN LTI 5 W 3 LEAR DG
— TGN A 262 5] ERE Ji 1 AE R Y TP B Y O Il K
Syndecan-1 7K1~ 5275 & JE 2 ARDS J& A I & H A% B D fg
Rt DL S A B AR T2 8 BAT B AHOCPE™ . U B2,
Syndecan-1 7K & T B & FE T A9l ST AE For R 22, BIMETAE A% O
SRS RO MR S B P REIRUITE T 248 1T (Acute Physiology
and Chronic Health Evaluation Il , APACHE II ) 3¥4345 R 4%
Fa , HBms s s ™, Bk Syndecan-1 A EG 1 HA
KA =4 , A HS FVHA , JRBIAIESE P 1 g A R 45 43 1) A s s
Wy, SRR a1 T PR R A B T BB AT R AR G,

5 JRITREE:RIPEESEREC

5.1 4RI EC AR W6 R R s ZRE IR K T B it
B AR 24, AT REST B AZ B0 L4 BG 1 stk — s, Rk,
PEARAE S PR BRI T 5 EG 454 5 U RE LA 2R
SC B LR R PR T 1 SR

S VARG 95 A (8 P Ak B P 90 A 5 3 1 4 O
Tug AR IR M TR YT OB, SR I e 2 1 o
SN SR ECRAIIMEEINE Z 5 K IR
i TR R AN AR | AR AN PRS2 8 R TRDESF i A
PR, LR SO L R R A 2 2 3 EG [ 412 R] B
B HETINEALGUKI AN, I R A iR
TR B AT i 1 WU ST U1 sl B sUR F EG 444 = 1
PO, Pk, 2B 8 14 R o, St SRR il
A BRSEMS | A G5 1 B R RO, R e M R AR I
A TR EG e DR K i B e Y, R
6fT P R AT (o 1 2 1) AT 52 55 1T RE TR A R T e Rp i 1A 15 455
JE BT EG M e A Rrift— B s

5.2 AT 2R il —— LRI 2 2 A 1o P PR
SRR LRI M2 (N 25 FHVE B IR R MR IE IR
S S V)R FH 8 1005 P20 (P i 79 e K B 1y FH T BB
G EG P ARRIRZIN T ok B LB A0S ECs, 380l
B VEIN 0] BE ) T DR ST B Bk L R]
Pex LEG M o BRI, I AT FH o Ry S © Jpe 1A 48 i
JEUU) B it AR T I DA f S . ATk, — 28R L
AR M A TSR 2, i S0 A 3R B U, ] B
X EG EA I EHI Z 81561, 1450 R 35 B ad 0%
V1 SZ AR T M A , AR DL S LS e AN ], w] Xt
PR B BRI RE A PR /NST L BRI, 1R 5 AT O 2 v
I RIS E— 2 B0

513 B i —— 9 B e O A EG S
FE G R A AR I AR SRS A, R R B B T RE R
3 S M5 EG F45 ST fE B PRI 2R I T a2k Z AL
HA G ECHE , EEAAE . (1) %S S0 R, R
ROS 2 it 5 (2) $4076 25 PN C 4515 530 I, 34 il A5 3 358
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P (3) (R BEBR IR SAL 2R = W R B, 51 R B 1 T 3e Bk
KSR DIRE SRR o PRIk, SR ™A% 1 RS H Gl 7 8 il
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