
The clinical problem

The number of patients with end-stage renal disease
(ESRD) is growing worldwide. In the United States, for
example, it is predicted that between the years 2000 and
2010, a 50% increase in the ESRD population will occur
(1). Apart from the serious personal consequences and
suffering in the case of ESRD, this predicted growth of the
patient population will have dramatic consequences for
health insurance and national health systems given the
cost of dialysis therapy. In Germany, it can be estimated
that a 5% annual net increase in the ESRD population will
add about 100-150 million euros to healthcare expendi-
tures per year.

Whereas diabetic nephropathy, in particular that asso-
ciated with type 2 diabetes, is now the major cause of
newly discovered ESRD and largely responsible for the
continuing growth1, the absolute number of glomeru-
lonephritis cases resulting in ESRD has not changed over
the last years. These latter patients are a particular eco-
nomic problem, since they often exhibit only renal dis-
ease, are often relatively young, and thus have a much
lower mortality compared to older ESRD patients with
underlying type 2 diabetes. Consequently, the prevention
of ESRD in young patients with glomerulonephritis is a
particularly important task.

The most common type of glomerulonephritis in the
Western world is IgA nephropathy. About 20-30% of the
patients with IgA nephropathy will develop progressive
renal failure within 10-20 years after the onset of disease
(2, 3). IgA nephropathy is a mesangioproliferative
glomerulonephritis characterized by extensive deposition
of IgA in the glomerular mesangium. Other diseases char-
acterized by mesangioproliferative changes include
membranoproliferative glomerulonephritis, variants of
idiopathic focal sclerosis and lupus nephritis (4, 5).

The pathogenesis of IgA nephropathy is only partially
understood (2, 3). Patients with IgA nephropathy suffer
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Abstract

In view of the increasing number of patients with
end-stage renal disease (ESRD), new approaches to
common underlying diseases such as mesangioprolif-
erative glomerulonephritis, including IgA nephropathy,
are urgently needed. Whereas the role of platelet-
derived growth factor (PDGF) B-chain (PDGF-B) in
mediating mesangioproliferative changes is well
established, the role of PDGF D-chain (PDGF-D) has
only recently been elucidated. Like PDGF-B, PDGF-D
signals through the PDGF β-receptor and therefore
shares a number of biological activities with PDGF-B.
Recent studies have shown that PDGF-D induces
mesangial cell proliferation in vitro and is overex-
pressed in mesangioproliferative glomerulonephritis in
vivo. In addition, hepatic transfection with a PDGF-D
expression plasmid induced prominent mesangiopro-
liferative nephritis in mice, whereas antagonism of
PDGF-D in a rat model of mesangioproliferative dis-
ease ameliorated the renal changes. These observa-
tions establish PDGF-D, along with PDGF-B, as an
important mediator of mesangioproliferative nephritis
in vivo and suggest that it may be an attractive thera-
peutic target. In addition, preliminary observations
suggest that PDGF-D may also contribute to sec-
ondary renal changes that characterize progressive
renal failure, i.e., tubulointerstitial fibrosis. 1See for example, the ERA-EDTA registry at http://www.era-

edta.org.



The PDGF system

Until recently, the PDGF system was thought to con-
sist of two PDGF chains, PDGF-A and PDGF-B, which
are secreted as homo- or heterodimers and bind to dimer-
ic PDGF receptors composed of α- and/or β-chains.
Whereas PDGF-A binds to the α-chain only, PDGF-B is a
ligand for all receptor types (9). Recently, using an EST
database homology search, two novel PDGF isoforms,
designated PDGF-C and PDGF-D, were identified, which
are released as the respective homodimers PDGF-CC
and PDGF-DD (10-12). These two new isoforms differ
from the classical PDGFs since they form homodimers
only and are produced as latent factors. Proteolytic
cleavage of a CUB domain from each chain is then
required for activation (13). The proteases involved in this
process in vivo remain to be identified. To add to the com-
plexity, it has been suggested that latent PDGF-CC or
PDGF-DD homodimers become antagonists after
removal of only one CUB domain, whereas agonist
activity only results if both CUB domains are removed
(13). Following this proteolytic processing, the core
domain of PDGF-CC appears to be largely a ligand for
the PDGF αα-receptor, while PDGF-DD binds predomi-
nantly to the PDGF ββ-receptor (13) (Fig. 1). 

The PDGF receptor possesses tyrosine kinase activi-
ty and is autophosphorylated upon ligand binding (14).
The receptor then interacts with several other cytoplasmic
proteins containing SH2 domains, including phospholi-
pase C (PLC-α), ras GTPase-activating protein, phos-
phatidylinositol 3-kinase, members of the pp60src family of
protein tyrosine kinase, the protein-tyrosine-phosphatase
SHP-2 and members of the signal transducers and

from an excessive response of their IgA system following
antigenic stimulation (e.g., infection), resulting in
increased and prolonged levels of circulating IgA immune
complexes after a challenge. The site of the increased
IgA production appears to be the bone marrow. One of
the most exciting findings of recent years is a relative
deficiency of galactose residues in the hinge region of the
IgA molecule in patients with IgA nephropathy.
Apparently, this overproduced and undergalactosylated
IgA is preferentially deposited in the glomerular
mesangium (6), where it can then activate complement
(7) and induce a proinflammatory response of the resi-
dent mesangial cells, including enhanced proliferation
and matrix synthesis. 

Given the fragmentary knowledge of the pathogene-
sis of IgA nephropathy, causal therapy is usually not pos-
sible. Apart from nonspecific measures such as antihy-
pertensive therapy, some patients with progressive renal
function loss or at risk for it appear to benefit from
immunosuppression with corticosteroids and/or cytotoxic
agents (8). 

Insights gained from animal studies, in particular the
rat mesangioproliferative anti-Thy 1.1 glomerulonephritis
model, have led to a better understanding of the process-
es that may follow immune complex deposition (and/or
formation) and subsequent complement activation in the
mesangium. While a large variety of growth factors and
cytokines are likely to be involved in mediating mesan-
gioproliferative glomerulonephritis, one of the most
extensely characterized is platelet-derived growth factor
(PDGF). The single, best-established role for PDGF in
the kidney is the mediation of glomerular mesangial cell
proliferation, migration and matrix production. 
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Fig. 1. PDGF isoforms and receptor binding characteristics.



ly very important novel target in glomerular
disease. Given that PDGF-D, like PDGF-B, signals
through the PDGF β-receptor, overlapping biological
activity was to be expected.

PDGF-D and mesangioproliferative
glomerulonephritis

In order to ascribe a specific biological effect to the
action of an individual cytokine or growth factor, several
requirements have to be fulfilled. In this section, we will
examine whether these requirements are fulfilled in the
case of PDGF-D and mesangioproliferative disease.

The factor exerts the effect in vitro

Incubation of growth-arrested cultured rat and human
mesangial cells with PDGF-DD led to a dose-dependent
increase in proliferation (42). The mitogenic activity of
PDGF-DD was independent from that of PDGF-BB, as
demonstrated by incubating the cells with antagonistic
PDGF-BB aptamers simultaneously with PDGF-DD.
While the aptamers blocked PDGF-BB-induced prolifera-
tion, they had no effect on the mitogenic effects of
PDGF-DD.

The effect in vivo is associated with overproduction
or release of the factor

By immunohistochemistry, the localization of PDGF-
DD in normal rat kidney was confined to arterial and arte-
riolar vascular smooth muscle cells, whereas no immuno-
reactivity was noted in glomeruli (42). Following the
induction of mesangioproliferative anti-Thy 1.1 nephritis
in rats, prominent glomerular localization of PDGF-DD in
the expanded mesangium was present. In addition,
glomerular PDGF-D mRNA expression increased 2.4-
and 2.9-fold at days 7 and 9, respectively, in comparison
to non-nephritic rats (42). Of particular interest in this
latter study was the observation that PDGF-D, unlike
PDGF-B, apparently also acts as an endocrine growth
factor, since plasma levels increased about 1,000-fold in
nephritis (42).

The effect is reproduced in vivo by administration
or overexpression of the factor

In mice, hepatic viral overexpression of a human
PDGF-D construct has been demonstrated to potently
induce mesangioproliferative changes, characterized by
enlarged glomeruli, as well as marked increases in
glomerular cellularity, cell proliferation, extracellular
matrix accumulation and macrophage counts (43).
Similar changes were obtained with a PDGF-B construct
(43).

activators of transcription (STAT family) (14). Second
messengers include inositol-(1,4,5)-triphosphate and
diacylglycerol, intracellular calcium release and protein
kinase C (PKC) activation (14). In the nucleus, PDGF sig-
naling activates various proto-oncogenes and immediate
early response genes, including c-fos, c-myc and egr-1
(15). Homodimeric αα- and ββ-receptor complexes
induce overlapping but distinctly different effects on target
cells, which might be explained by differential interactions
with various SH2 domain proteins. Autophosphorylation
on different tyrosine residues might explain the unique
properties of the heterodimeric αβ-receptor complex in
comparison to homodimeric receptors. Finally, PDGF sig-
naling can also be modulated in the extracellular milieu by
matrix molecules.

All four PDGF isoforms, as well as both receptor
chains, are expressed in the kidney, albeit in distinct
spatial arrangements (9, 16-19). Of relevance in the con-
text of PDGF-D is the observation that the PDGF recep-
tor β-subunit is constitutively expressed in mesangial and
parietal glomerular epithelial cells, vascular smooth mus-
cle cells, as well as renal interstitial cells (20-25).

The PDGF system in renal disease

Increased expression of PDGF in glomerular and/or
interstitial locations has been documented in a large vari-
ety of renal diseases. In addition, increased expression of
PDGF receptors occurs in experimental and human renal
diseases (18-30).

Functional in vivo studies demonstrated that infusion
of recombinant PDGF-BB into rats or transfection of
glomeruli in vivo with PDGF B-chain cDNA leads to a
selective increase in glomerular mesangial cell prolifera-
tion (31, 32). Platelet-derived growth factor-induced
mesangial cell proliferation was markedly augmented if
the mesangial cells had suffered a minor (subclinical)
injury prior to the PDGF infusion (31). Finally, in view of
the similarity of events occurring during ontogenesis and
renal pathology, the observation that both the PDGF-B
chain and the PDGF receptor β-subunit play a critical role
in mesangial development is of importance (33-35).

Experiments with a neutralizing antibody against
PDGF-B demonstrated that it can decrease mesangial
cell proliferation and matrix accumulation in the anti-Thy
1.1 mesangioproliferative nephritis model in rats (36). A
more powerful PDGF-B antagonist, a specific DNA
aptamer (37), was recently demonstrated to be highly
effective in reducing mesangial proliferation and matrix
accumulation in the same model (38). More importantly,
transient treatment with this antagonist during the mesan-
gioproliferative phase of a chronic anti-Thy 1.1 model
completely prevented the development of renal failure
and glomerular as well as tubulointerstitial scarring (39).
Other therapeutic approaches by which PDGF-B bioac-
tivity was inhibited, e.g., gene transfer of soluble PDGF
β-receptor (40) or PDGF β-receptor blockers (41), have
also substantiated the notion that PDGF-B is a potential-

Drugs Fut 2004, 29(2) 181



lead to ESRD are characterized by a progressive renal
tubulointerstitial fibrosis, which occurs secondary to
glomerular damage. 

In contrast to glomerular diseases, much less is
known about the biological actions of PDGF in the renal
tubulointerstitium. Whereas the α-receptor is expressed
constitutively in interstitial cells (29), the β-receptor is
only present in injured interstitium (21, 46). A role for
PDGF-B and the β-receptor in renal interstitial
disease is derived from a study by Tang et al. (47), in
which pharmacological doses of recombinant PDGF-BB,
but not PDGF-AA, induced tubulointerstitial myofibroblast
transformation and fibrosis. Upregulation of both receptor
chains in fibrotic renal interstitium was confirmed in a
study by Taneda et al. (19). More importantly, this latter
study also assessed the expression of PDGF-D. Like
PDGF-B, expression of PDGF-D rapidly increased in
renal interstitial cells following unilateral ureteral obstruc-
tion, whereas PDGF-A and PDGF-C remained un-
changed in fibrotic areas. Areas of PDGF-D overexpres-
sion closely overlapped with regions of β-receptor upreg-
ulation, providing the basis for increased biological activ-
ity. Taneda et al. (19) then confirmed these mouse data
using renal biopsies from patients with chronic obstructive
nephropathy. This study thereby provides a first hint to
the possibility that interference with PDGF-D may not
only be an attractive goal in glomerular disease, but also
in either the primary or the much more common sec-
ondary renal tubulointerstitial damage process. Specific
intervention studies will be needed to clarify this assump-
tion. 
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