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ENDOTHELIUM AT A GLANCE

• 1013 endothelial cells

• 1 kg weight

• 4,000-7,000 m2 surface area

Wolinsky H., Circ. Res., 1980.

In a human body:



MAJOR ENDOTHELIAL CELL FUNCTIONS
• Synthesis of vasoactive peptides (PGI2, TxA2, Angiotensin II, NO, 

endothelins)

• Expression of enzymes (ACE, NCTs, LPS)

• Expression of receptors & signal transduction molecules

• Removal & biotransformation of drugs

• Regulation of coagulation & thrombolysis

• Participation in immune reactions 

• Interactions with bacteria (phagocytosis) and blood components (PMNs, 
PLTs)

• Expression of adhesion molecules 

• Participation in local vasoregulation 

• Induction of smooth muscle differentiation

• Production of growth promoting and inhibitory factors

• Barrier function



Mediators of Endothelial Injury 

• Pro-inflammatory cytokines (IL-1, TNFα)

• Cellular response: neutrophils, macrophage/monocytes, lymphocytes

• Cellular events include: adhesion, chemotaxis/chemokinesis & activation 
(expression of cell adhesion molecules)                       

• Complement system

• Coagulation/fibrinolysis

• Kinin systems

• Cell-generated mediators: cytokines, lipids, oxidants, proteases, 
vasoactive peptides, growth factors, neuropeptides

• Induction of protein synthesis (NFκB activation)
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Normal capillary endothelium



Mechanisms of EC hyper-permeability 

Gaps due to EC 

contraction
Direct EC injury

Leukocyte 

mediated EC 
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ARDS: Increased endothelial permeability 











ACE/ACE2 Ratio: A Key Also in 2019 Coronavirus Disease 
(Covid-19)?

Pasquale Pagliaro* and Claudia Penna
•Department of Clinical and Biological Sciences, University of 
Torino, Turin, Italy

https://www.frontiersin.org/people/u/23203
https://www.frontiersin.org/people/u/138785


McLaughlin & McGoon Circulation 2006, 114:1417-1431

p
e

p



NF-κB

TNF-α

IL-1

LPS

Vascular 

Endothelium

Neutrophil

Monocyte

TL

R

chemokines

eNO

S

ECECOX-

1

N

O
PGI2

ET-1

smooth muscle 

relaxation

constriction

Vasodilation

Vasoconstriction

LPSLPS

TxA2

adhesion  molecules
ACE

ANG II BK

B2

RO

S

LBP

iNOS

PGI2

ONOO-

COX-2 ECE

ET-1N

O

RO

S

TxA2

hypoxia

LPS



Three isoforms of NOS regulate vascular tone

eNOS iNOSnNOS



ROS and NO
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The indicator-dilution technique
Assessing Pulmonary Endothelial ACE Activity 
In Vivo

• Pulmonary Capillary Endothelium Bound Angiotensin Converting Enzyme (PCEB-ACE)  is 

homogeneously expressed on the luminal endothelial surface area (ectoenzyme)

• Due to its location, PCEB-ACE is directly accessible to blood-borne substrates and 

inhibitors; its activity may be assessed by means of indicator-dilution techniques

• PCEB-ACE activity has been shown to be a sensitive and quantifiable index of 

pulmonary endothelial function in both animals and humans, in health and disease







THE BASIC PRINCIPLE

3H-Benzoyl-Phe-Ala-Pro

ACE

3H-Benzoyl-Phe





EQUATIONS%M = (product/substrate) • 100

v = [E] • tc • kcat/Km

v represents a reflection of enzyme activity per capillary

Amax/Km = E • kcat/Km

Amax/Km, an index of FCSA, represents a reflection of enzyme activity 

per vascular bed



ACE METABOLISM IN NORMALS

Orfanos,  Langleben et al, Circulation 1999;99:1593-99

Substrate %M & hydrolysis (v) reflect endothelial 

function at the capillary level

Amax/Km later renamed FCSA reflects perfused 

functional capillary surface 
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LIS = 2.7

LIS = 1.7

Orfanos et al. Circulation 2000; 102:2011



Orfanos et al. 
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Biomarker(s)

• Should be: 

• Easily measured

• Have adequate sensitivity and specificity

• Test results should not delay

• Not expensive!
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In Conclusion

• Sepsis is the result of a generalized not controlled inflammatory 
process

• Sepsis is still a major universal problem with severe health and 
economical implications

• Sepsis in the lung is associated with a spectrum of less to very severe 
pathologies - pneumonia AND ARDS)

• Treatment modalities focusing on the inflammatory pathways may 
change the disease course to the patients’ benefit


