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Macrovenous hemodynamic and 
microvenous endothelial and cellular changes

Altered Shear Stress on Endothelial

Wall/Valve/Tissue Cell 
Structural Functional change 

Metabolic changes

GAG Glycocalyx Disruption on Endothelium

­MCP-1 MIP-1
­ ICAM-1
­VCAM-1

­NO, Selectins 

Inflammatory Cell Infiltrate: MP, MC, TL

MMPs Dilation/Remodeling and Tissue Injury, VV, skin changes, and VLU 

Venous 
Hypertension

­Fe2+/Fe3+

­ROS NOS
Connexins
 ­TAM TLR

Venous valve dysfunction, reflux, obstruction

Predisposition, family history, 
genetics, environment

Wlaschek M et al Free Rad Biol Med 2019;133 262–275.

Oxidation and Nitration

• Reactive oxygen species (ROS) 
• Reactive nitrogen species (RNS) 
• Proteins → protein carbonylation 
• Lipids → lipid peroxidation 
• DNA → oxidation/nitration ONOO, SSB, PAR/PARP 

Dodnar E et al Oxid Med Cell Longev 2018:5286785.

Importance of Increased NOS/NO in VLU
Hypoxanthine + H20 + O2 (XO)® uric acid + O2

 -.

NO. + O2
 -. ® ONOO-

*Inactivation of enzymes (SOD, prostacyclin synthase), DNA 
damage, mitochondria damage
*Activation of MMPs, activation of COX-2
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Low Shear 
Stress

Hemodynamic & Bio-molecular Stimuli in CVD/CVI

Bergan et al, N  Engl J M ed. 2006;355:488

Cytokines & Chemokines
Metallo- & Serine proteases

Growth Factors

MaMo

Inflammation

M annello &  Raffetto
Int Angiol 2014:33:212

Ligi D et al Biochim Biophys Acta 2016:1862:1964-74. 
Ligi D et al Int J Mol Sci 2017;18:2206.
Ligi D et al Biochim Biophys Acta 2016;18621900-8. 

New Genetic Loci 
30 new loci 
-vascular development
-skeletal/limb biology

Fukaya E et al Circulation 2018;138: 2869-2880.

PIEZ01 Mechanosensory channel force transducer: EC function, 
GCX, angiogenesis, wound healing, adhesion, inflammation, 
vascular development, VV
CASZ1 Blood pressure regulation

Genetic correlation to VV and overlap   
Height 16% 
DVT 36%
BMI 10%

• Assess piezo type mechanosensitive ion channel component 1 (PIEZO1) and castor 
zinc finger 1 (CASZ1)
• Varicose veins and normal control 
 -PIEZO1 mRNA elevated in VV not CASZ1
• Mouse endothelial Piezo1 deletion model vs. control 
 -CTRL high abundance of Piezo1 in veins 
 -Iliac vein ligation model Yoda1      increased inflammation in veins 
 -Mouse PIEZO1 deletion inflammatory knockdown

Zhao, J., et al Mol Cell Biochem 2024 DOI: 10.1007/s11010-024-05115-9

Other Pathways 

• Metabolomics VV and VLU 
 VV: Expression of cell adhesion molecules and inflammatory 

pathways, regulation of cellular proliferation, cell signaling, 
proteinases, apoptosis and hypoxia pathways 

 VLU: Energy consumption and healing pathways, hypoxia and  
immune response pathways 

 Tryptophan (TRP)-l-kynurenine (KYN) pathway higher levels for 
VLU healing 

Onida S et al J Proteome Res 2019;18:3809-3820.
Anwar MA et al Sci Rep 2017;7:2989.
Kim J et al Adv Wound Care 2024;13:494-507. 


