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Definition

® Cellular glomerular crescents are defined as two or more layers of proliferating

cells in Bowman's space involving 10% or more of the circumference of Bowman's
capsule.

® Crescents can be composed of a variable mixture of cells, fibrin, and fibrous matrix.

® A composition of more than 75% cells and fibrin and less than 25% fibrous matrix is
referred to as ‘cellular crescent’, a composition of more 25—75% cells and fibrin and
the remainder fibrous matrix is a ‘fibrocellular crescent’, and more than 75% fibrous
matrix and less than 25% cells and fibrin is a ‘fibrous crescent




® the severity of the renal failure and other clinical manifestations of

glomerulonephritis (eg, hypertension, edema) correlates with the
percentage of glomeruli that exhibit crescents

® The duration and potential reversibility of the underlying disease
correspond with the relative predominance of cellular or fibrous
components in the crescents.
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Abstract

Purpose of review

Crescents are classical histopathological lesions found in severe forms of rapidly progressive glomerulonephritis, also referred to as crescentic glomerulonephritis
{(CGN). Crescent formation is a consequence of diverse upstream pathomechanisms and unraveling these mechanisms is of great interest for improving the management
of patients affected by CGN. Thus, in this review, we provide an update on the latest insight into the understanding on how crescents develop and how they resolve.



Evolution of crescent formation

® injury to the glomerular microvasculature involve local complement activation as a
shared molecular target for therapeutic interventions. Whenever, microvascular
injury leads to rupture of the glomerular basement membrane (GBM), the leakage of
plasma proteins drives parietal epithelial cell hyperplasia as the key cellular
component of the crescent.

® Single nephron GFR decreases because of tuft collapse, rupture of the Bowman
capsule, and influx of immune cells and fibroblasts are all secondary events that
may or may not occur in individual glomeruli.

Periglomerular immune cell infiltrates or fibrotic encasing of the activated parietal
cells (fibrocellular crescents) are subsequent events that may affect the dynamics
and prognosis of the disease.
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MOLECULAR PATHWAYS OF PARIETAL
EPITHELIAL CELL HYPERPLASIA IN
CRESCENTIC GLOMERULONEPHRITIS
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CD44

® CD44, a cell surface glycoprotein that plays a key role in various cellular
processes, is expressed in activated PECs and that its deficiency was
associated with reduced presence of PECs in Bowman's space

® CDg44 deficiency reduced glomerular cell proliferation and reduced
albuminuria, indicating a link among CD44-expresing activated PECs, the
formation of crescents, and the development of albuminuria.




CDg

® In association with CD44 expression, CDg, a tetraspanin involved in cell
proliferation, migration, adhesion, and survival was found in PECs of a CGN-like
rodent model. Silencing CDg attenuated the ability of PECs to proliferate and
migrate and attenuated glomerulosclerosis.

® One possible mechanism of PEC activation via CDg relates to the activation of
epidermal growth factor receptor, a key driver of kidney damage in early stages of
glomerulonephritis . Thus, suppressing the local expression of CDg can alleviate
glomerular damage and could be a therapeutic option for crescentic
glomerulonephritis.




Glucocorticoids

® Glucocorticoids have remained in use for the treatment of
glomerulonephritis since decades. A recent study investigated
the effects of glucocorticoids in glomerulonephritis and found
that glucocorticoid receptor inhibition was associated with
decreased cellular crescent formation and inhibition of
proliferation and migration of PECs . This therapeutic approach
also reduced the inflammatory infiltrate within the kidney,
suggesting intracellular steroid receptors may contribute to

inflammation in CGN.




Collectively, the data show that
glucocorticoids act directly on activated
glomerular parietal epithelial cells in crescentic
nephritis. Furthermore, we identified a novel
therapeutic approach in crescentic nephritis,
that of glucocorticoid antagonism, which was
at least as effective as high-dose prednisolone
with potentially fewer adverse effects.
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Heparin-binding epidermal growth factor-like
growth factor (HB-EGF)

® a member of the EGF family, increases phosphorylation of the EGFR

® In an animal model of CGN, proHB-EGF was induced in PECs and podocytes
even before the first appearance of crescents.

® HB-EGF deficiency attenuated CGN as did conditional deletion of EGFR only
in podocytes, suggesting autocrine and paracrine feedback loops. Indeed,
even delayed pharmacological inhibition of the EGFR mice could still
attenuate CGN, which may be of translational relevance for human RPGN.
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® Pharmacological blockade of EGFR also
improves the course of RPGN, even when
started 4 days after the induction of
experimental RPGN. This suggests that
targeting the HB-EGF/EGFR pathway could
also be beneficial for treatment of human
RPGN.



Initiating events

nonspecific response to severe injury to the glomerular capillary wall

The initiating event is the development of physical gaps (also called rents or holes) in the
glomerular capillary wall, glomerular basement membrane, and Bowman's capsule

These gaps permit the entry into Bowman's space of coagulation factors, which lead to
fibrin formation (due to conversion of fibrinogen to fibrin polymers and delayed fibrinolysis)
and cellular elements (such as monocytes and lymphocytes), both of which promote
crescent formation

The plasmatic coagulation process within the crescent, which is a direct stimulus for
parietal cell hyperplasia, as for re-epithelialization of other bleeding wounds
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FORMATION AND COMPOSITION

® Rents in the glomerular capillary wall and glomerular basement membrane
allow circulating cells, mostly macrophages and T cells, inflammatory
mediators, and plasma proteins, particularly coagulation proteins, to pass
through the capillary wall and basement membrane and into Bowman's

space.

® The contents in Bowman's space can enter the interstitium, contributing to
periglomerular inflammation.



Coagulation proteins

® A central feature of crescent formation is the presence in Bowman's space
of coagulation factors that lead to the cross-linking of fibrin and a deficiency
in fibrinolytic mechanisms, both of which can facilitate fibrin deposition. The
importance of fibrin is illustrated by the findings in animal models that
defibrination can prevent or reverse crescent formation .

® Tissue factor, tissue factor inhibitor, thrombin, and the

plasminogen/plasmin system are procoagulant molecules that are central to
this process.







Tissue factor

® The primary stimulus to fibrin deposition in crescent formation appears to
be tissue factor, which binds to and activates factor VII.

® Tissue factor is derived from endothelial cells, glomerular visceral epithelial

cells (podocytes), and macrophages . In addition, macrophage-derived
interleukin-1 and tumor necrosis factor (TNF) stimulate tissue factor

production by glomerular endothelial cells




Tissue factor pathway inhibitor

® Accompanying the increase in tissue factor activity is an early reduction in
tissue factor pathway inhibitor (TFPI), which also favours fibrin deposition.

® Administration of recombinant TFPI which, in experimental crescentic
glomerulonephritis, reduces both fibrin deposition and crescent formation.




Thrombin

® An important role for thrombin in crescent formation was suggested in a
mouse model in which hirudin, a selective thrombin antagonist, or the
absence of protease-activated receptor 1, a cellular thrombin receptor,
significantly reduced both glomerular crescent formation and macrophage
and T-cell infiltration



Plasminogen/plasmin system

® The plasminogen/plasmin system plays a central role in fibrinolysis and the
resolution of glomerular crescents. In experimental and human crescentic
glomerulonephritis, there is decreased fibrinolytic activity due to both a

reduction in tissue-type plasminogen activator and an increase in
plasminogen activator inhibitor-1 (PAI-1)

The end result is that extraglomerular fibrin cross-linking occurs in

Bowman's space. Fibrin is a potent chemotactic factor that also helps recruit
macrophages into the glomeruli




Macrophages

® Macrophages play a central role in the formation of glomerular crescents since
both tissue factor expression and fibrin deposition are macrophage-dependent
phenomena. In an experimental model of anti-glomerular basement membrane
(GBM) antibody-induced glomerulonephritis, macrophages accounted for 42
percent of cells in early crescents and 64 to 71 percent of cells in advanced
cellular or fibrocellular crescents .

Macrophages in the glomeruli presumably derive from the circulation and also
probably enter from the periglomerular interstitium via gaps in Bowman's
capsule. These gaps may be caused by inflammatory processes similar to those
that result in rupture of the glomerular basement membrane and/or by cell-
mediated mechanisms




® Localization of macrophages to the glomeruli in crescentic
glomerulonephritis involves multiple chemoattractants. These include:

® The C-C chemokines, macrophage chemoattractant protein-1 (MCP-1),
macrophage inhibitory factor (MIF), macrophage inflammatory protein-1-
alpha (MIP-1-alpha), and osteopontin. Expression of chemokine receptor 2B
(CCR2B), which is the receptor for MCP-1, may be particularly important.

® Adhesion molecules, such as vascular cell adhesion molecule (VCAM)-1,
intercellular adhesion molecule (ICAM)-1, and CD44, which are all expressed
on glomerular parietal epithelial cells.

Renal cell-derived granulocyte-macrophage colony stimulating factor (GM-
CSF) may increase expression of VCAM-1, MCP-1, and interleukin (IL)-1
beta, thereby promoting crescent formation [ 42 ].



Once localized to Bowman's space, activated macrophages contribute to
crescent formation by proliferating and by releasing the following
molecules:

Tissue factor.

Interleukin (IL)-1 and TNF upregulate adhesion molecule expression,
stimulate cell proliferation, and recruit more macrophages

Selective blockade of IL-1 with IL-1 receptor antagonists or of TNF with anti-
TNF antibodies or soluble TNF receptors markedly reduces crescent
formation in experimental models

the principal source of TNF may be intrinsic renal cells.



TGF-B

® Transforming growth factor (TGF)-beta may play an important role in both
disease activity and the transition from cellular to fibrocellular and fibrous
crescents since it is a potent stimulus to the production of collagen | .

® TGF-beta signaling appears to play an important role in the development
and progression of crescentic glomerulonephritis.



Mannose receptor

® The mannose receptor, implicated in the uptake of endogenous and
microbial ligands, is upregulated on activated macrophages.

® Mannose receptor-deficient mice were protected from crescentic
glomerulonephritis in a mouse nephrotoxic nephritis model despite humoral
and T-cell responses similar to those of wild-type mice.

® blocking the receptor might provide a more specific approach than broad-
based immunosuppressive therapy.



Matrix metalloproteinases

® Several studies in patients with crescentic glomerulonephritis found
increased glomerular expression of matrix metalloproteinases (MMP)-2, 3,
9, and 11 and tissue inhibitor of metalloproteinases (TIMP)-1, which
correlated with cellular crescents and disease activity

® In experimental studies, MMP-g protects against experimental crescentic
glomerulonephritis through its fibrinolytic activity.




T cells

® T cells are found in Bowman's space and in crescents.

® traditional chemoattractants (such as monocyte chemoattractant protein
[MCP] and macrophage inflammatory protein [MIP]-1-alpha), certain
cytokines (such as interleukin [IL]-12p40 and IL-18), mast cells, and

costimulatory ligands on macrophages and non-lymphoid cells (such as
CD8o and CD86).

® Some of these cytokines may also stimulate production of proinflammatory
cytokines such as interferon-gamma and TNF.




® Therole of T cells in glomerular injury may be related to antigen recognition
and macrophage recruitment via the release of factors such as MIF and
interferon-gamma .



Glomerular parietal epithelial cells

® Glomerular parietal epithelial cells are significant constituents of crescents. Unlike
glomerular visceral epithelial cells (podocytes), which are normally terminally differentiated
cells with little proliferative capacity, glomerular parietal epithelial cells can and do
proliferate, presumably in response to growth factors, such as platelet-derived growth
factor and fibroblast growth factor-2 (basic fibroblast growth factor).

® Since glomerular parietal epithelial cells are not major sources of procoagulant molecules
or growth factors, it is unlikely that they are as important as macrophages and interstitial
fibroblasts in determining the course and consequences of crescent formation. However,
glomerular parietal epithelial cells can undergo dysregulation and become macrophage-like
inflammatory effector cells and may be the primary cells producing type | collagen




Glomerular visceral epithelial cells (podocytes)

to be terminally differentiated cells and had not been regarded as participants in crescent
formation.

new podocytes could be recruited from glomerular parietal epithelial cells through
differentiation and proliferation.

in murine models of and humans with GBM antibody disease in which podocytes adhered
to both the glomerular basement membrane and the parietal basement membrane,
forming podocyte bridges between the glomerular tuft and Bowman's capsule.

It has been suggested that podocyte bridging may be an important event that occurs early
in the development of crescentic glomerulonephritis.
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Purpeose: In crescentic glomerulonephritis (CGN), the development of cellular bridges
between podocytes and parietal epithelial cells (PECs) triggers glomerular crescent formation.
However, the sequential changes in glomerular ultrastructure in CGN are not well defined.
This study investigated the time course of glomerular ultrastructure in experimental CGN.
Methods: Transmission electron microscopy { TEM) was performed using kidney samples from
rats with nephrotoxic serum nephritis (NSN) from day | to day 14. Morphometric analysis was

conducted on randomly selected glomeruli captured on TEM digital images.
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® Podocytes also populate crescents and may undergo epithelial mesenchymal
transformation to contribute to crescent formation, particularly in early disease .
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Renal progenitor cells

® Renal progenitor cells localized in Bowman's capsule are capable of
regenerating podocytes. These cells are identified by stem cell markers
CD133 and CD24 and are in various stages of differentiation.

® Data obtained in human crescentic glomerulonephritis suggest that
crescent formation may primarily result from dysrequlated proliferation of
renal progenitor cells in response to the injured podocyte.




Interstitial fibroblasts

® In some models of experimental crescentic glomerulonephritis, interstitial
fibroblasts are the second most prominent cell type after macrophages.

® from the periglomerular interstitium through gaps in Bowman's capsule.

® amajor source of interstitial collagen, which characterizes the transition

from cellular to fibrous crescents. Fibroblast proliferation is thought to be
growth factor-dependent, probably involving basic fibroblast growth factor
(also called fibroblast growth factor-2).




COURSE OF CRESCENTS

® The presence of crescents does not necessarily predict irreversible glomerular
damage. This lack of progression occurs when the crescents are predominantly
cellular, without a significant fibroblast or collagen component.

A The integrity of Bowman's capsule

I The cellular composition of the crescent.

Production of interstitial collagen and progression to fibrous crescents are more
common when capsular rupture occurs and fibroblasts and macrophages are
prominent in Bowman's
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® Although the presence of fibrous crescents generally correlates with glomerular sclerosis,
there is no evidence that events in the crescents cause injury to the glomerular capillaries.
As an example, defibrination abolishes crescent formation in animal models without
improving renal function.

Crescent formation appears to be a consequence, not a cause , of severe glomerular injury.
However, there is increasing evidence that large crescents may occlude the outlet from
Bowman's capsule to the proximal tubule to produce "atubular glomeruli* with subsequent
degeneration of both glomeruli and tubules.

® The treatment and prognosis of the renal disease varies with disease severity and the cause
of the glomerulonephritis.



e Glomerular crescents indicate ruptures of glomerular
capillaries with leakage of plasma driving hyperplasia
of parietal epithelial cells, which impairs single '
nephron GFR via different mechanisms, hence Key pOIntS
crescentic glomerulonephritis usually presents together
with renal failure.

e Fibrotic transformation, rupture of Bowman'’s capsule,
and immune cell infiltrates are downstream events and
less suitable as therapeutic targets.

e Targeting the pathomechanisms upstream of vascular
necrosis has proven effective to improve outcomes of
crescentic glomerulonephritis.

e Such validated targets include systemic autoimmunity,
specific circulating autoantibodies, NET release or
complement mediators activated within the glomerulus.

e Whether selectively targeting parietal cell hyperplasia
and not vascular injury, as suggested by experimental
studies, can improve also human CGN is still unclear.




® Therapeutic interventions should target the upstream mechanisms of
vascular necrosis, such as extrarenal autoimmunity, pathogenic
autoantibodies, and intrarenal complement activation and inflammation.



Small vessel vasculitides

® ANCA renders neutrophils more susceptible to the release of neutrophil

extracellular traps (NETs) along the endothelial interface of the renal
microvasculature

NETs are composed of nuclear DNA that by itself contributes few to vascular
necrosis. Rather the nuclear, granular, and cytoplasmic proteins, such as elastase,

myeloperoxidase, cathepsins, and histones decorating the NETs confer severe
endothelial cell and vascular wall injury.

NETs also deposit neutrophil autoantigens along the capillary wall that are picked
up by antigen-presenting cells that can trigger local T-cell responses.



® Local complement dysreqgulation, promising therapeutic avenue for small
vessel vasculitis.

® Recently B-cell-targeting therapies have been found to be as potentin
abrogating vasculitis and CGN. This may not only relate to the role of B cells
as precursors for ANCA-secreting plasma cells but also to their role as
antigen-presenting cells.



Immune complex glomerulonephritis

= In crescentic IC-GN, the proportion of glomeruli affected by crescents is lower
and more frequently shows signs of chronicity, for example, in IgA nephropathy

® However, as immune complexes trigger glomerular injury via complement
activation, complement inhibitors are upcoming options to be tested in clinical

trials on patients with IC-GN



Antiglomerular basement membrane disease

autoimmune response against antigens located in the NCz domain of collagen type IV and
the peroxidase peroxidasin

undefined environmental factors

The circulating ‘anti-GBM' antibodies are considered pathogenic as the appearance and
disappearance of these antibodies coincides with CGN disease activity, although
occasionally antibodies reacting in GBM bioassays may not bind to patient's GBM or not all
linear IgG deposits in CGN may relate to ‘GBM antibodies’.

These pathogenic autoantibodies are the central therapeutic target in anti-GBM disease
and either depleting circulating IgG by plasma exchange or by a specific IgG-degrading
enzyme improves disease activity.



eroxidasin, a heme peroxidase,
as significant structural overlap
ith myeloperoxidase (MPO), and
MPO-ANCA is present both before
and at GP diagnosis in some
patients. These autoantibodies
directed against peroxidasin are
Iso detected in GP.
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Background

Goodpasture syndrome (GP) is a pulmonary-renal svndrome characterized by autoantibodies directed










C3 glomerulonephritis

abnormal regulation of the alternative complement pathway leading to electron dense deposits
in the mesangium or along the glomerular filtration barrier that contain complement but no
immunoglobulins.

Mostly membranoproliferative lesions, but severe necrotizing and crescentic glomerulonephritis
in humans and mice

When acquired antibodies against factor H, B or other complement regulators are the cause of a
C3GN, drugs that suppress the adaptive immune system such as steroids, mycophenolate
mofetil or rituximab may be effective.

In contrast, patients with genetic defects in complement reqgulators may benefit from therapy
with C3 convertase inhibitors or other downstream elements of the complement cascade






