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•RBC and plaques (*) attached to EC, and microvilli ()
•Disorganized, irregular orientation and discontinuous EC (D)
•Increased with C class Tisato V. et al Plos One 2012;7:1-13.

-Decreasing shear 
stress 
-Increasing 
inflammation 

Control

C4

C2-C5 CVD pt vs. ctl EC
Primary disease all SVI

Mattana P et al J Vasc Endovasc Surg 2012;19:1-7.

• VV (40) vs. CTRL (20), blood
• Genes: CCL5, PDGF, VEGF 
• Proteins: TGF, VEGF

Zalewski D, Int J Mol Sci 2024  doi: 10.3390/ijms25126785.



11/21/24

2

IL-1ra
IL-4

IL-6
IL-7

IL-9
IL-13

G-CSF
IFN-γ

MIP-1α
MIP-1β

TNF-α

IL-2		
IL-5																							

IL-15
IL-17	

Eotaxin
bFGF

MCP-1
MMP-3

IP-10,		RANTES,	PDGFbb
MMP-1,	MMP-7,	MMP-13

TIMP-4IL-1β,	IL-12,	IL-8
IL-10,	GM-CSF,		VEGF
MMP-2,	MMP-9,	MMP-12
TIMP-1,	TIMP-2

Courtesy of Professor Ferdinando Mannello 
Ligi D et al Biochim Biophys Acta. 2016 1862:1964-74.
Ligi D et al Biochim Biophys Acta. 2016;1862:1900-8.
Ligi D et al Int J Mol Sci 2017;18:2206. Wlaschek M et al Free Rad Biol Med 2019;133 262–275.

Hemosiderin Deposition Containing Ferric Ions in VLU

Caggiati A et al EJVES 2010;40:777-82. 

VLU border, excessive iron overload

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.

• Elevated LDH, IL-8, VEGF, TNF-a, lipid pox, GSH, Radical Scavenging Activity

In VLU fluid tissue biopsies:
-↑Antioxidant profiles and 
inflammation  
-Elevated PAR (PARP, DNA 
damage/repair) 
-Elevated Nitrotyrosine 
(ONOO)

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

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


