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Cardiovascular disease (CVD) is a chronic inflammatory 
disease1,2,3,4,5,6 and the leading cause of death 
globally.  CVD is driven by cardiovascular risk factors 
and inflammatory triggers.1-7,8 The first step in the 
atherosclerotic process is endothelial dysfunction.1-7,9 
The “endothelial structure” is made up of the endothelial 
glycocalyx (EGX) and the endothelial cells (ECs).9,10,11

EGX damage precedes endothelial cell 
dysfunction.9,10,11,12,13,14 In other words, you must violate 
the EGX for endothelial dysfunction to occur. The 
EGX’s importance in CV health cannot be overstated. 
Therefore, this writing will briefly review the vascular 
endothelial glycocalyx’s functions and structure.

Glycocalyx (EGX) functions
The vascular EGX has many physiologic functions. 
EGX functions include endothelial cell protection 
and signaling the endothelial cell to release nitric 

oxide (NO), barrier and filtration functions, facilitating 
shear stress from blood flow to the endothelial 
cells with responsive vasodilation, immune 
modulation, and regulating blood coagulation.

EGX barrier functions
The EGX serves as a barrier protecting endothelial 
cells from spontaneous leukocyte and platelet 
adhesion. Its negative charge repels red blood 
cells and large macromolecules, thus preventing 
access to the endothelial cells. A healthy EGX’s 
importance is demonstrated by its action as a 
physical barrier to LDL particles and inflammatory 
cells like monocytes that evolve into macrophages 
and subsequently foam cells and plaque.15

EGX damage renders the endothelium “sticky” 
and permeable. This allows LDL, inflammatory 
cells, and platelets to penetrate or adhere to 
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the endothelium. Violating the glycocalyx, the 
first step in the atherosclerotic process, subjects 
the vulnerable endothelium to atherosclerotic 
plaque formation, stiff and rigid blood vessels, and 
possibly thrombosis and plaque rupture.11,12,15

EGX mechanotransduction functions
The glycocalyx signals the endothelium to release 
NO.16 The glycocalyx is very sensitive to shear stress 
and blood flow patterns. High shear stress, as is seen 
with laminar blood flow in straight blood vessel 
segments, is associated with a robust and healthy 
glycocalyx that protects the endothelium, leads to 
endothelial nitric oxide synthase (eNOS) upregulation, 
and constant NO release and vasodilation.10 

Low shear stress, as is found in complicated blood 
vessels segments like bifurcations, branch points, 
and curvatures, is associated with non-laminar, 
oscillatory, and turbulent blood flow. In these areas, 
the glycocalyx is thin with impaired glycocalyx barrier 
properties, i.e., decreased NO signaling, decreased NO 
release, and a predisposition to atherosclerosis.10

EGX immune modulation functions
The EGX has an important role in immune modulation. 
The EGX protects endothelial cells against damage 
by various oxidative stress mediators. Under healthy 
physiologic conditions, the EGX docks major enzymes. 
Extracellular superoxide dismutase, one of the most 
important enzymes, is bound to heparan sulfate and 
contributes to decreasing oxidative stress by quenching 
free radicals and maintaining NO availability. In addition, 
the EGX may modulate inflammatory responses by 
decreasing cytokine binding to cell surface receptors.14

EGX coagulation regulatory functions
Studies suggest that the EGX may play an important role 
in regulating coagulation. The EGX houses coagulation 
pathway mediators like antithrombin III, heparin 
cofactor II, thrombomodulin, and tissue factor pathway 

inhibitor.14 For example, glypican has a high affinity for 
binding antithrombin III, which localizes antithrombin 
III to the endothelial cells surface.17 In addition, 
Syndecan-4, which contains HS, specifically interacts 
with antithrombin III. Antithrombin III binds to syndecan-
4’s HS and stimulates endothelial cells to produce 
prostacyclin, which suppresses neutrophil and platelet 
adhesion to endothelial cells, thus supporting a possible 
decrease in inflammation and thrombus formation.18

     
Endothelial Glycocalyx Structure 
The EGX is a negatively charged, heavily hydrated, 
sugar-rich, mesh-like layer with hair-like projections 
that blankets the vascular endothelium’s inner wall 
facing the vascular lumen. The EGX consists of: 

• Core proteins (syndecans, glypicans), 

• Glycosaminoglycans (GAGs, heparan sulfate 
[HS], chondroitin sulfate [CS]), and

• Hyaluronic acid (HA).      

The combination of core proteins (syndecans, glypicans) 
and GAGs (HS, CS) are termed proteoglycans. The GAGs 
are attached to the core proteins. These core proteins are 
anchored to the endothelial cell membrane that serves 
as the foundation for the remaining EGX components.9-14 

In addition, plasma proteins like albumin are also 
embedded in the EGX, creating a concentration gradient. 
These plasma proteins are tightly bound to the EGX 
and contribute to its thickness, prevent EGX collapse, 
and support EGX-mediated vascular integrity.10,13,14

There are 4 syndecan subtypes which bind 3-5 heparan 
sulfate or chondroitin sulfate chains. The major vascular 
endothelial syndecan is syndecan-2. Most syndecans bind 
HS; however, the larger syndecan -1 and -3 can also bind 
CS. Syndecan-4 is important in regulating coagulation. 
There are 6 glypican subtypes that exclusively bind 
HS close to the endothelial cell surface. Also, CD44, a 
transmembrane protein, binds EGX’s hyaluronic acid.10

Heparan sulfate bound to syndecans is the most 
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prominent EGX proteoglycan member expressed, 
accounting for 50-90%. The interactions between 
most syndecans and extracellular matrix molecules, 
growth factors, and/or cell adhesion molecules seem 
to be mediated by their heparan sulfate chains.10

Chondroitin sulfate is another abundant GAG in the EGX. 
The ratio of HS to CS is approximately 4:1. Hyaluronic acid 

is the only GAG not linked to a 
core protein. It can be bound to 
the endothelial cell membrane.10

Negatively charged heparan 
sulfate and chondroitin sulfate 
account for the EGX’s biophysical 
properties and create inter-GAG 
repulsion forces protecting the 
endothelium. GAG length and 
negative charge both contribute 
to the EGX’s extension into 
the vascular lumen.13,14

While syndecans are the main 
contributor to cell adhesion 
or shape change via their 
interaction with the cytoskeleton, 
glypicans mediate flow-induced 
endothelial nitric oxide synthase 
(eNOS) activation. In fact, studies 
with cultured endothelial cells 
have shown that EGX heparan 
sulfate breakdown alters shear 
stress and impairs nitric oxide 
production, the hallmark of 
endothelial dysfunction.13

Conclusion
The endothelial glycocalyx is a 
complex, fragile structure with 
pleiotropic functions including 
barrier and filtration, immune 
modulation, mechanotransduction, 
and regulating coagulation. 

When the glycocalyx is damaged, these functions 
may become compromised. Therefore, it is easy to 
see why a healthy vascular endothelial glycocalyx is 
necessary for a healthy cardiovascular system.

Figure. 
The endothelial glycocalyx’s main constituents are represented by the chondroitin 
sulfate, hyaluronan, heparan sulfate (blue and purple), showing the glycoproteins that 
make up this dynamic layer in the top image. Representative shedding of the endothelial 
glycocalyx is displayed in the lower image.

127ANTI-AGING MEDICAL NEWS  |  WINTER 2023



Hormonal Health: Detoxification Strategies for Endocrine Receptor Function 

1. Libby P, et al. Inflammation and Atherosclerosis. Circulation. 2002; 
105(9): 1135-1143.

2. Rocha VZ, Libby P. Obesity, Inflammation, and Atherosclerosis. Nat 
Rev Cardiol. 2009; 6(6): 399-409.

3. Libby P. History of Discovery: Inflammation in Atherosclerosis. 
Arterioscler Thromb Vasc Biol. 2012; 32(9): 2045–2051.

4. Hurtubise J, et al. The Different Facets of Dyslipidemia and 
Hypertension in Atherosclerosis. Curr Atheroscler Rep. 2016; 18(12): 
82.

5. Ormazabal V, et al. Association between insulin resistance and the 
development of cardiovascular disease. Cardiovasc Diabetol. 2018; 
17(1): 122.

6. Alloubani A, et al. Relationship between Hyperlipidemia, 
Cardiovascular Disease and Stroke: A Systematic Review. Curr Cardiol 
Rev. 2021; 17(6): e051121189015.

7. Libby P, et al. Nat rev Dis Primers. 2019; 5(1): 56.

8. Tsao CW, et al. Heart Disease and Stroke Statistics-2022 Update: A 
Report From the American Heart Disease. Circulation. 2022; 145(8): 
e153-e639.

9. Noble MI, Drake-Holland AJ, Vink H. Hypothesis: arterial glycocalyx 
dysfunction is the first step in the atherothrombotic process. QJM. 
2008;101(7):513-518. doi:10.1093/qjmed/hcn024

10. Kolárová H, et al. Modulation of Endothelial Glycocalyx Structure 
under Inflammatory Conditions. Mediators Inflamm. 2014; 2014: 
694312.

11. Mitra R, et al. Glycocalyx in Atherosclerosis-Relevant Endothelium 
Function and as a Therapeutic Target. Curr Atheroscler. Rep. 2017; 
19(12): 63.

12. Tarbell JM, Cancel LM. The glycocalyx and its significance in human 
medicine. J Intern Med. 2016; 280(1): 97-113.

13. Villalba N. The Endothelial Glycocalyx as a Double-Edged Sword in 
Microvascular Homeostasis and Pathogenesis. Front Cell Dev Biol. 
2021; 9:711003.

14. Hellenthal KEM, et al. Regulation and Dysregulation of Endothelial 
Permeability during Systemic Inflammation. Cells. 2022; 11(12): 
1935.

15. Banerjee S, et al. Regeneration and Assessment of the Endothelial 
Glycocalyx To Address Cardiovascular Disease. Ind Eng Chem Res. 
2021; 60(48): 17328-17347.

16. Zeng Y. Endothelial glycocalyx as a critical signaling platform 
integrating the extracellular hemodynamic forces and chemical 
signaling. J Cell Mol Med. 2017; 21(8): 1457-1462.

17. Moore KH, et al. The glycocalyx: a central regulator of vascular 
function. Am J Physiol Regul Integr Comp Physiol. 2021; 320(4): 
R508-R518.

18. Terasawa M, et al. Anti-inflammatory Activity of Orally Administered 
Monostroma nitidum Rhamnan Sulfate against Lipopolysaccharide-
Induced Damage to Mouse Organs and Vascular Inflammation. Mar 
Drugs. 2022; 20(2): 121.

References:

Doreen Saltiel, MD, JD, FACC:
Medical Director at Peak Health and Wellness and a Biote Medical, LLC consultant. She completed her 
cardiology fellowship at Walter Reed Army Medical Center. She is a renowned author, educator, and clinician.

Author Bio:

128 ANTI-AGING MEDICAL NEWS  |  WINTER 2023


	Page 5
	Page 6
	Page 10
	Shouldn’t Hyperbaric Oxygen Therapy (HBOT) Be A Front Line, Standard Of Care Therapy?
	By: Allen Meglin, MD
	Tβ4 Frag
	By: Erika Schwartz, MD &   Kristin Wright McKitish, MD
	Telomerase Activator TA-65 Combats Immune Aging and Inflammation in Subjects Post-Myocardial Infarction: A Randomized, Double-Blind, Placebo-Controlled Trial
	By:  Joseph M. Raffaele, MD

