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Subtype Location Key Functions

Intraglomerular Within glomerulus
Support, filtration regulation, phagocytosis

Matrix production, contractility

Extraglomerular Vascular pole, JGA
Part of juxtaglomerular apparatus

Signaling, support, possible role in BP regulation





Feature Vascular Smooth Muscle-like Mesangial Cells

Location Glomerular mesangium and arteriolar junctions

Developmental Origin Mesenchymal precursors (shared with pericytes)

Contractile Apparatus Actin, myosin, and tropomyosin filaments

Functional Roles

Contractility Regulation

GFR regulation

Structural Support 

Regulation Mechanisms

Calcium Signaling:Ca²⁺L-type channels

Angiotensin II(AngII)

Endothelin

NO/cGMP pathways limit excessive contraction

Pathological Role
Glomerulosclerosis like diabetic nephropathy

Increased ECM production



Feature Pericyte-like Mesangial Cells

Location Glomerular tuft (mesangium)

Morphology Elongated, pericyte-like processes; express PDGFRβ

Functions Contractility, matrix production, phagocytosis, immune response

Development PDGF-B/PDGFRβ pathway dependent

Pathological Role Proliferation and matrix expansion in glomerular diseases





Feature Fibroblast-like Mesangial Cells 

Location Glomerular mesangium

Markers PDGFRA, α-smooth muscle actin (α-SMA)

Primary Function Matrix homeostasis

Pathological Role

Fibrosis

Glomerulosclerosis

Induced myofibroblast-like phenotype, characterized by:

• Expression of α-SMA

• Excessive ECM deposition

• Proliferation driven by PDGF and other mediators





Attribute Quiescent MC Activated MC Hypertrophied MC

Proliferation rate Low High Low

Cell shape Stellate Elongated Polygonal

α-sma expression None Low High

Key mediators - PDGF-β PDGF-β, TGF-β

Associated matrix proteins Coll IV Coll I, Fibronectin Coll IV,Coll I, 

Fibronectin



↑α-SMA 
PDGF-B/PDGFRβ ↑TGF β

↑ α-SMA 
PDGF-B/PDGFRβ





MC: mesangial cell
MM: mesangial matrix
P: podocytes
EC: endothelial cells
C: capillaries
GBM: glomerular basement membrane









Immune Complex Deposition

Mesangial Cell Proliferation

Chemokines and cytokines 

production

Podocyte Injury

Expansion of the ECM

Reorganization of ECM

Progressive Fibrosis

Oxidative stress

Inflammation

Immune Injury

Cellular Interactions

Abnormal IgA 

↑Glucose

↑Ang II











Cellular Response Pathway Effect on mesangial cells

Oxidative Stress ROS production ECM accumulation and Fibrosis

Fibrotic Response TGF-β/ Smad, Integrin β1 Fibrosis

Inflammatory Response
NF-κB, IL-6, TNF-α, IL-1β, 

Inflammatory cytokines
Inflammaton

Ferroptosis HMGB1 ,Nrf2 Cell death 







↑Glucose Mesangial cell ↑Angiotensin II

 GLUT1expression and activity

Mesangial cell proliferation 

 Fibronectin , Collagen IV

↑↑ECM production

TGF-β1

PKC 

ROS

Glucose cellular uptake 















High glucose

Podocyte injury

Podocytopenia

Disruption of the 

filtration barrier

Proteinuria

Cytokines production

Activating mesangial cells

Oxidative stress, and 

Inflammatory factors

Glomerular inflammation and fibrosis 

Mesangial Cell Proliferation

Glomerulosclerosis

Expansion of the ECM

Mesangial cells releasing 

TGF-β, IL-6

↓Nephritin

↓ Podosin

Therapeutic Targets:

Podocyte-protecting therapies (ACE inhibitors, 

ARBs)

Anti-inflammatory therapies (cytokine 

inhibitors)
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