


Mesangial Cells and renal function
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History of Renal Mesangial cells(MCs)

Early Discovery and Anatomical Characterization
In 1933, the German anatomist Zimmerman proposed the existence of a third cell — the mesangial cell.
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Functional Insights and Pathological Roles 3
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By the 1990s, research focused on MCs' contractile properties

‘;‘, ;(‘.
Developmental Origins and Molecular Regulation e
In the 2000s, MCs originate from Foxd1+ stromal mesenchyme

Modern Perspectives
MC:s' roles in immune regulation and structural support particularly in lupus nephritis

Their interactions with endothelial cells and podocytes
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Mesangium, Mesangial matrix and Mesangial cells

The mesangium forms the central region of the renal glomerulus consists of:

v Mesangial cells (MCs)
30—40% of the total glomerular cell population
v Extracellular matrix (ECM)

The ECM is produced by MCs
¥’ Collagens type IV and V

v Laminin A, B1, and B2

v Fibronectin

v Proteoglycans
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The Mesangial cells
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Mesangial Cells

Support, filtration regulation, phagocytosis

Intraglomerular Within glomerulus Matrix production, contractility

Part of juxtaglomerular apparatus

Extraglomerular Vascular pole, JGA Signaling, support, possible role in BP regulation



Different Types of Mesangial Cells

Three different types of M(Cs have been described
o Vascular Smooth Muscle-like Mesangial Cells
o Pericyte-like Mesangial Cells

A
o Fibroblast-like Mesangial Cells
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Vascular Smooth Muscle-like Mesangial Cells

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

Contractility Regulation
Functional Roles GFR regulation
Structural Support

Calcium Signaling:Ca?'L-type channels
Angiotensin 11(Angll)

Endothelin

NO/cGMP pathways limit excessive contraction

Regulation Mechanisms

Glomerulosclerosis like diabetic nephropathy

FEUTREEEEY [RelE Increased ECM production
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Pericyte-like Mesangial Cells

Feature

L_ocation

Morphology

Functions

Development

Pathological Role

Pericyte-like Mesangial Cells

Glomerular tuft (mesangium)

Elongated, pericyte-like processes; express PDGFRp

Contractility, matrix production, phagocytosis, Immune response

PDGF-B/PDGFRp pathway dependent

Proliferation and matrix expansion in glomerular diseases
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Pericyte-like Mesangial Cells

pericyte
Healthy adult kidney
PDGFR-p NG2
PDGFR-a Glil
CD73 TNC
SMMHC p75NTR
CD248 MYH11
KCNAS
TGFBR1 Angptl
PDGFR 3
—_— B VEGF-Ag, % ’TIMPB

endothelial ce VEGFR2 Tie2R
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Fibroblast-like Mesangial Cells

Feature Fibroblast-like Mesangial Cells
Location Glomerular mesangium
Markers PDGFRA, a-smooth muscle actin (a-SMA)

Primary Function Matrix homeostasis

Fibrosis
Glomerulosclerosis
Peup egeEl (Rl Expression of a-SMA
» Excessive ECM deposition
* Proliferation driven by PDGF and other mediators

Induced myofibroblast-like phenotype, characterized by:
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Fibroblast-like Mesangial Cells
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Different Mesangial Cell Phenotypes

Proliferation rate High

Cell shape Stellate Elongated Polygonal
a-sma expression None Low High

Key mediators - PDGF-g PDGF-g, TGF-f
Associated matrix proteins Coll IV Coll I, Fibronectin Coll 1V,Coll I,

Fibronectin

1S



Different Mesangial Cell Phenotypes

Normal kidney Acute kidney disease Chronic kidney disease
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Cellular phenotypic transitions in diabetic nephropathy
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MC: mesangial cell
MM: mesangial matrix
P: podocytes

EC: endothelial cells

C: capillaries

GBM: glomerular basement membrane

Mesangial cell structure
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Specialized functions of mesangial cells

e Structural Support

e Biomechanical homeostasis of the glomerulus

e Regulation of Glomerular Filtration
e Controll renal blood flow

° Cell-to-Cell Communication

e They produce extracellular matrix

e Fibrosis

e Glomerular recovery after injury
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ECM Regulation

v Facilitating the turnover of
GBM

v Provide an environment for
maintaining endothelial cell
and podocyte homeostasis

Glomerulus

/Mesanqial Matrix: col IV

(a1.a1.a2), col V, fibronectin,\
nidogen, laminin

Glomerular basement ~
membrane: col IV (a3.04.a5),
col I, Ill, VI, VII, XV, XVII, agrin,
perlecan, nidogen, laminin

vy

Sclerosis

Bowman's capsule: collagen |V S B ST A
(a1.a1.02 and a6.a5.06), N
laminins, nidogen, HSPGs Ty '

(LKIV69 positive) ‘

FSGS: col lll, col IV (a1.a1.a2)

LKIV69-positive S

Mesangial (nodular) sclerosis:

increase: col IV (a1.a1.02), col V,

fibronectin (local + circulating),

nidogen, laminin. De novo: col |, col

Il decorin, biglycan.

Thickening of glomerular

basement membrane: increase:

col IV (a3.04.a5), col |, 11, VI, VII,

XV, XVII, perlecan, nidogen,

laminin. No change: agrin.

Bowman's capsule: Increase in
col IV and LKIV69-positivity




Specialised functions of mesangial cells

e Phagocytotic activity
Phagocytosis of macromolecules and immune complexes

Macrophage Mesangial cell
ligand receptor

© Y

CXCL12 DPP4

@ =

v/ Macrophage Mesangial cell

o Aiwm

RBC Podocyte T cell
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Pathogenic Mechanisms of Mesangial Injury

Oxidative stress

Inflammation

Immune Injury

Abnormal IgA

1Glucose

TANg 1l

Chemokines and cytokines

production

Mesangial Cell Proliferation

Cellular Interactions

Immune Complex Deposition

Expansion of the ECM

Reorganization of ECM

~
~
~
~
~
~
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Progressive Fibrosis

Podocyte Injury
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Injury Patterns in Diseases Localized to
the Glomerular Stalk

Injury Patterns and Diseases

o Mesangiolysis

The dissolution of mesangial cells and matrix
Characterized by high immunological activity and is often acute
e Mesangioproliferative Glomerulonephritis :

Proliferation of mesangial cells
Increase in mesangial matrix

Characterized by variable immunological activity and chronicity

e Membranoproliferative Glomerulonephritis :
Affects both mesangial and podocytes

Mesangial cell proliferation and matrix expansion

Characterized by intermediate immunological activity and can be acute

(A)

Mesangial cell

‘ Activation

Activated mesangial cell

/\\

“Pathogenic
SYpervepy crosstalk”
Matrix . )
expansion Proliferation

4

GLOMERULAR
INJURY




(B)

Pathological Conditions that Affect
Mesangial Cells

e Thrombotic microangiopathy
e Ischaemia

e Hypertension
e Lupus Glomerulonephritis
e Diabetes




Mesangial Injury Patterns in Glomerular Diseases

e Cirrhotic Glomerulosclerosis

NAFLD increases CKD development risk 2-fold Q—‘

Thickening of the glomerular mesangial stalk and capillary wall

TECM
IgA deposition in the glomerular mesangium

* Lupus Mesangio-proliferative Glomerulonephritis

>

T Mesangial size and cellularity
Inflammatory cell infiltration in the glomeruli and peri-glomerular region
Neutrophils
dendritic cells
Macrophages T cells

+ § advanced glycated end products
* § Creactive protein

+ § tumor necrosis factor-alpha

-4 transforming growth factor-beta
4 endothelial dysfunction

. 1|‘ adiponectin

+ 4 fetuin A

L “‘ renin angiotensin aldosterone system

« ¥ cuidized LDL cholestersl

« ¥ insulin resistance

|

Sympathetic nervous system

Sodium retention

activation

Inactivation of natriuretic peptide system

4 Cuidative stress
inflammation
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Mesangial Injury Patterns in Glomerular Diseases

Diabetic kidney disease (DKD)
ECM Expansion
Cellular proliferation

Increased cellularity of the glomerulus (now known as Kimmelstiel- Wilson nodules)

Normal glomerular Nodules of glomerular
capillaries scar (sclerosis)
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High glucose (HG) levels affect mesangial cells

Cellular Response Pathway Effect on mesangial cells

Oxidative Stress ROS production ECM accumulation and Fibrosis

Fibrotic Response TGF-B/ Smad, Integrin p1 Fibrosis

NF-kB, IL-6, TNF-a, IL-1p,

Inflammatory Response Inflammatory cytokines

Inflammaton

Ferroptosis HMGB1 ,Nrf2 Cell death
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Mesangial Cells and Renal Fibrosis

Glomerular
Fibrosis

Fibrosis

_'lntersti
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Mesangial Cells and Renal Fibrosis
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Mesangial Cell and Podocyte Interactions in Diabetic Nephropathy

1Glucose » Mesangial cell » tAngiotensin |1

\ 4 \ 4
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¥
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Multiscale Process That Governs Mesangial Expansion
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Changes in Mesangial Cell Motility and Contractility
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The Effect of Mechano-chemical Co-stimulation on
MCs in DKID

: matrix
. accumulation
4
Collagen ceII -matrix Vi o
i teractnvnty { Pt
matrix in plasticity
i Tst stimulus

\’ 2nd stimulus 71 thick basement membrane reduces GFR

\b 3rd stimulus 2 matrix pressure reduces capillary flexibility

= === response 3 reduced communication between other cells/matrix
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Crosstalk Among Podocytes, Glomerular Endothelial Cells and
Mesangial Cells in DKID
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Mesangial Cell and Podocyte Interactions in Diabetic Nephropathy

High glucose

> g

Oxidative stress, and
Inflammatory factors

9

Podocyte injury DR

Podocytopenia

¥

Disruption of the
filtration barrier

h

Proteinuria

Cytokines production

Mesangial Cell

INephritin
| Podosin

Normal
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Therapeutic Targets:
Podocyte-protecting therapies (ACE inhibitors,
ARBsS)
Anti-inflammatory therapies (cytokine

inhibitors)

Glomerular inflammation and fibrosis
Mesangial Cell Proliferation
Glomerulosclerosis
Expansion of the ECM

a3

Activating mesangial cells

Mesangial cells releasing

TGF-B, IL-6 37







