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Abstract While diffuse mesangial sclerosis is tradition-
ally described as being the glomerulopathy of Denys–
Drash syndrome (DDS), the podocyte proliferative lesions
may be overlooked in these DDS cases. In the present
study, an evolving process is extrapolated from a selected
case of DDS that demonstrated glomerulopathy with
conspicuous podocyte proliferation. The observation that
podocytes express proliferation markers (Ki67, prolifer-
ating-cell nuclear antigen and topoisomerase IIa) in non-
proliferative, mature-looking glomeruli suggests an initial
pathogenic act to activate or to keep podocytes from
quiescence. The subsequent proliferation of podocytes is
in keeping with downregulation of WT1 and cyclin kinase
inhibitors of p16 and p21. The emergence of cytokeratin-
positive cells in glomeruli that show typical mesangial
sclerosis implies elimination of podocytes and replace-
ment with tubular and/or parietal epithelial cells. The fi-
nal scene of evolving glomerulopathy displays apoptosis
and expression of Fas-L and Bax in sclerotic mesangial
lesions, which eventually end up with global sclerosis.
This novel concept of DDS glomerulopathy implies

complex molecular mechanisms involved in glomerular
injury.
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Introduction

The renal involvement in the Denys–Drash syndrome
(DDS) is manifested by Wilms’ tumor and glomerulop-
athy. The latter eventually leads to end-stage renal fail-
ure and is the primary cause of death in this syndrome
[19]. The investigation of genetic abnormality in nearly
all patients of DDS reveals constitutionally heterozygous
point mutations for WT1, a gene that encodes a tran-
scription factor that functions in kidney and gonad pro-
liferation and differentiation [2, 16, 33]. Incomplete DDS
and isolated diffuse mesangial sclerosis (IDMS), which
share similar glomerulopathy with the complete form of
DDS, also demonstrate various wt1 mutations [33]. It has
been suggested that glomerulopathy results from debili-
tating transcriptional function of WT1 in a dominant
negative fashion [2, 16, 17]. A mouse model of DDS,
which was heterozygous for a target wt1 allele, demon-
strated truncated zinc finger 3 at amino acid 396 of WT1
protein and severe proliferative glomerulopathy with
crescent formation [24]. In a human study, mild increase
of cell proliferation was demonstrated by proliferating-
cell nuclear antigen (PCNA)-positive podocytes in two-
thirds of DDS patients; one case even showed abundant
positive cells in up to 50% glomeruli [33]. Recent studies
have revealed that some genes of the WT1 network may
play pathogenic roles directly or indirectly linked to the
growth control of glomerular cells. For example, PAX2,
a transcriptional factor that is downregulated by WT1
during normal maturation of podocytes, is persistently
expressed in podocytes of DDS and IDMS kidneys [4, 25,
33]. The PAX2 is speculated to be capable of stimulating
cell proliferation by the observations that PAX2 induced
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podocyte hypertrophy and increased PCNA nuclear la-
beling [33]. Another target gene of WT1, novH, whose
expression in podocytes is also downregulated by WT1
during normal nephrogenesis [18, 22], is capable of
stimulating cell proliferation in synergy with growth
factors such as transforming growth factor-b and basic
fibroblast growth factors [6]. These data imply that the
basic pathology of glomerulopathy in DDS and related
disorders may be associated with dysregulation of cell
proliferation in glomeruli.

The major purpose of our study was to analyze the
growth response of glomerular cells in DDS kidney. We
assessed cellular proliferation activity, cell-cycle regu-
latory factors, WT1 protein expression, apoptosis and
apoptotic modulation factors to explore the pathogenic
mechanism of DDS glomerulopathy.

Materials and methods

Tissue

We selected a case of DDS from our autopsy archives for this
study. The clinical and histopathological features are summarized
in Table 1. The major presenting symptoms and signs of this pa-
tient were a renal mass at the left kidney, nephrotic syndrome and
genital abnormalities. We also retrieved control tissues of patients
of similar age with neither DDS nor Wilms’ tumor or of patients
with Wilms’ tumor but without DDS from surgical or autopsy
archives.

Morphological studies and immunohistochemical analyses

The kidney tissues subjected to histochemical and immunohisto-
chemical examinations were paraffin embedded and cut into 3-mm-
thick sections. Sections were stained for hematoxylin and eosin,
periodic acid–Schiff and periodic acid silver methanamine for
routine morphological examination. The paraffin sections for im-
munohistochemical analyses were deparaffinized in xylene substi-
tute (Paraclean, Earthsafe Tech, USA), rehydrated and immersed in
3% H202/methanol for 10 min. The primary antibodies used in this
study are listed in Table 2. Before incubation with primary anti-
bodies, sections were microwaved either in 0.01 M sodium citrate
buffer (pH 6.0) for 10 min or with pressure cooker in 1.0 mM
ethylenediaminetetraacetate buffer for 5 min and blocked with
blocking serum in phosphate-buffered saline (PBS) for 20 min at
room temperature. The sections were then subjected to incubation
in primary antibody and peroxidase–antiperoxidase (PAP) reagents
for 30 min, respectively. The sections were thoroughly washed
between incubations. After the final wash in 1% Triton X-100/PBS,
sections were stained using diaminobenzidine (DAB)–H2O2 as
substrate. Negative controls included replacing primary antibodies
with normal serum or omission of PAP reagents or both. Additional
absorption control using specific blocking peptide (sc192 P, Santa
Cruz) was applied to WT1 staining procedure. Appropriate tissue
sections containing the specific antigen were prepared from the
surgical specimen to serve as positive controls.

Assessment of apoptosis

Enzymatic in situ labeling of apoptosis induced DNA strand breaks
[transferase–mediated dUTP nick end-labeling (TUNEL) assay]
was assessed using the kit (#1684817 POD, Boehringer, Man-
nheim) as previously described with slight modification [32]. De-
paraffinized sections were stained according to the instruction
given by the manufacturer. Chromogenic reaction was carried out
using DAB as substrate, and all sections were counterstained with

Table 1 Clinical and patholog-
ical features of the Denys–
Drash syndrome patient. BUN
serum BUN (mg/dl), Cr serum
creatinine (mg/dl), 24UPt 24 h
urine protein (gm)

Age at first symptom 9 months

External genitalia Micropenis, hypospadia and cryptorchidism
BUN/Cr/24UPt* 56/1.8/1.2
Karyotype 46,XY
Wilms’ tumor Unilateral, 2 cm in diameter
Proliferative glomerulopathy** 28%
WT1 genotype Absence of mutation in exons 1 and 3–10
Outcome (months) Dead (12)

* Renal function at first symptoms
** Average % proliferative glomeruli/5 low power fields (�10)

Table 2 Primary antibodies
used for immunohistochemical
analyses

Antibodies/hosts or clones Dilution Source (Cat. #)*

Actin/mouse clone 1A4 1/70 Dako (M0851)
Vimentin/mouse clone V9 1/50 Dako (M0725)
Cytokeratin/mouse clone AE1/AE3 1/200 Signet (464)
Topoisomerase IIa/mouse clone Ki-S1 1/75 Dako (M7186)
Ki67/mouse clone MIB-1 1/75 Immunotech (0505)
Proliferating-cell nuclear antigen/mouse clone PC-10 1/120 Dako (M0879)
Cyclin A/rabbit polyclone 1/20 Santa Cruz (sc-751)
P16/mouse monoclone 1/50 Santa Cruz (SC-1661)
P21/mouse clone SX118 1/25 PharMingen (65951A)
Bcl2/mouse monoclone 1/50 Santa Cruz (sc-7382)
Bax/rabbit polyclone 1/50 Santa Cruz (sc-526)
Fas-L/rabbit polyclone 1/100 Santa Cruz (sc-834)
WT1/rabbit polyclone 1/50 Santa Cruz (sc-192)

* Dako, Glostrup, Denmark; Signet Laboratories, Dedham, MA; Santa Cruz Biotechnology, Santa
Cruz, CA; PharMingen, San Diego, CA; Immunotech, Cedex, France
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Fig. 1 Light microscopy of
glomeruli in Denys–Drash syn-
drome (DDS) kidneys (a–g) and
glomeruli in non-DDS kidney
(h–i). Periodic acid–Schiff
stain, scale bar 50 mm

307



Fig. 2 Immunohistochemical
staining patterns of actin (a–c),
cytokeratin (d–f) and vimentin
(g–i) in Denys–Drash syndrome
kidney. Peroxidase–antiperoxi-
dase stain, scale bar 50 mm

Fig. 3 Immunohistochemical
staining patterns of cell prolif-
eration markers: Ki67 (a, b),
proliferating-cell nuclear anti-
gen (c, d) and topoisomerase
IIa (e, f) in glomeruli with early
(a, c, e) and advanced (b, d, f)
Denys–Drash syndrome glo-
merulopathy. Peroxidase–anti-
peroxidase stain, scale bar
50 mm
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hematoxylin prior to analysis under light microscope. The negative
controls used label solution without terminal transferase, while the
positive controls received pre-treatment of DNase I (10 mg/ml,
room temperature, 10 min) prior to TUNEL reaction.

DNA sequencing

Genomic DNA was retrieved from archived paraffin blocks. The
WT-1 coding sequence (exon 1 to exon 10) and flanking intron–
exon boundaries were amplified using polymerase chain reaction
(PCR) with a set of 12 pairs of primers (exon 1: ex1.1f 50CGG CCC
CTC TTA TTT GAG CT30 and ex1.1r 50AAC GAC CCG TAA
GCC GAA G30; ex1.2f 50TCC ACG TGT GTC CCG GA30 and
ex1.2r 50GAA AAG TGG ACA GTG AAG GCG30; ex1.3f 50CGC
CTC ACT CCT TCA GGC TCC TA30 and ex1.3r 50TGC GAA
CAG TCA GGC TCC TA30; exon 2: ex2f 50CGA GAG CAC CGC
TGA CAC T30 and ex2r 50CTT TGC CTA ATT TGC TGT GGG30;
exon 3: ex3f 50CAC TCG CTC AGC TGT CTT CG30 and ex3r
50AAC ATA AGA ACA ACT CAG AGA CCA GG30; exon 4: ex4f
50TGT ATG AAG TGT ATA ACT GTG CAG CAG AGA TC30

and ex4r 50CCA GAT AGA AAC AAC CCA CAT TTA TG30;
exon 5: ex5f 50AAG CTC TTT GCA GCC TCC G30 and ex5r
50GGG CAT GTT GAT GAG AAA TGC30; exon 6: ex6f 50TCT
AAA GTG GCC CCA TGG AG30 and ex6r 50CCG CCT TAT CAG
ACC CAG G30; exon 7: ex7f 50ACA TGT GGC TTA AAG CCT
CCC30 and ex7r 50TGA GAG CCT GGA AAA GGA GC30; exon 8:
ex8f 50CAG CGA AGT GCC TTA GGC ATT30 and ex8r 50ACG
CTA CAA ATT GGA TTC CGC30; exon 9: ex9f 50CTC TGT GGT
TAA GGA ATG GTT G30 and ex9r 50AAC TTT TAC ACT AGT
CTT TTC CAA TCC C30; exon 10: ex10f 50CCC AAG AGG TGC
TGC TGT TT30 and ex10r 50AGG GCA GAG ACC AAC TCT
TCC30). All amplified regions were sequenced on both strands by
means of automatic fluorescent sequencing, using the sequencing
kit (Bigdye Terminator) on an ABI sequencer (3100 Genetic An-
alyzer). Three randomly selected parallel tissue samples from non-
DDS patients were used as control.

Results

Analyses of glomerular cell proliferation

The clinical and pathological features of the DDS patient
are summarized in Table 1. In the DDS kidneys, focal
glomeruli show typical glomerular lesions composed of
sclerotic mesangial masses surrounded by a corona of
epithelial cells (Fig. 1f). The epithelial corona is strongly
positive for cytokeratin (Fig. 2f) but negative for vimentin
(Fig. 2i). The cytokeratin is normally expressed in the
tubular epithelial cells and, segmentally, in glomerular
parietal epithelial cells (Fig. 2d). The rest of the glomeruli
in the DDS kidneys show complex morphological
changes (Fig. 1a), ranging from normal-appearing glo-
meruli (Fig. 1b) to gigantic proliferative (Fig. 1d) or
sclerosed shrunken glomerular lesions (Fig. 1g). Inter-
mediate spectrum of extracapillary proliferation is ob-
served in glomeruli with or without mesangial sclerosis
(Fig. 1c, e). It is worth noting that many shedding po-
docytes, which are strongly labeled by vimentin stain, are
scattered in Bowman’s space of glomeruli with mesangial
sclerosis and in tubular lumens (Fig. 2i and insert). In
contrast to DDS kidneys, the non-DDS kidneys, whether
harboring Wilms’ tumor (Fig. 1h) or not (Fig. 1i), show
normal glomerular size without glomerular cell prolifer-

ation. Glomerular cell proliferation is demonstrated by the
expression of nuclear proliferating antigens, including
PCNA, Ki67 and topoisomerase IIa (TopIIa) (Fig. 3).
The proliferative podocytes, which are characterized by
negativity for actin (Fig. 2b) and cytokeratin (Fig. 2e) and
positivity for vimentin (Fig. 2h), constantly express all
proliferating antigens in hypertrophic or crescentic glo-
meruli in DDS kidneys (Fig. 3a, b, c, d, e, f). In contrast,
endocapillary cells, which are specifically labeled by
smooth-muscle actin (Fig. 2a, b, c), show little prolifer-
ative activity (Fig. 3a, b, c, d, e, f). Focal proliferation of
endocapillary cells is observed only in glomeruli with
advanced glomerulosclerosis (Fig. 3d, f). The assessments
of cell-cycle regulatory proteins show no cyclin-A ex-
pression in either DDS or non-DDS kidneys (Fig. 4a, b).
The positive cyclin-A expression in blastema cells of
concurrent Wilms’ tumors serves as an internal control of
cyclin-A staining (Fig. 4c). The non-DDS kidneys show

Fig. 4 Immunohistochemical staining patterns of cyclin A in glo-
merulus in non-Denys–Drash syndrome (DDS) kidney (a) and in
DDS kidney (b). Positive control of cyclin-A expression in con-
current Wilms’ tumor (c). Peroxidase–antiperoxidase stain, scale
bar 50 mm
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extensive expression of cyclin kinase inhibitor p16 in
podocytes (Fig. 5a), while DDS kidneys show loss of p16
expression in these cells (Fig. 5b). There is only mild and
scattered expression of p16 in glomerular endocapillary
regions of DDS kidneys (Fig. 5b). The expression of
p21 (Fig. 5d) is similar to that of p16 in DDS kidneys
(Fig. 5b). However, p21 expression pattern in non-DDS
kidneys (Fig. 5c) differs slightly from that of p16 (Fig. 5a)
in a lower labeling rate of podocytes and a higher labeling
rate in parietal epithelial cells.

Assessment of WT1 expression in glomerular cells

The non-DDS kidneys constantly show diffuse global
expression of WT1 on the nuclei of podocytes (Fig. 6a).
The WT1 expression in the non-proliferative or mild
proliferative hypertrophic glomeruli in the DDS kidneys
is similar to that of non-DDS kidneys in terms of its
distribution and intensity (Fig. 6b). However, the labeling
intensity of WT1 gradually decreases as podocytes pro-
liferate (Fig. 6c). WT1 expression diminishes sharply in
those glomeruli with advanced extracapillary proliferation
(Fig. 6d). In glomeruli with typical mesangial sclerosis,
no cell of epithelial corona expresses WT1 (Fig. 6e). The
glomerular endocapillary cells are constantly negative for
WT1 in both DDS and non-DDS kidneys.

Analysis of apoptosis in glomerular cells

The patterns of Fas ligand (Fas-L), Bax and Bcl-2 ex-
pression in the glomerular cells of the DDS kidneys and

the non-DDS kidneys are depicted in Fig. 7. In the non-
DDS kidneys, they are essentially absent from the cells of
glomerular tufts (Fig. 7a, c, e), except for the low level of
Bcl-2 expression in some glomerular parietal epithelial
cells and tubular epithelial cells (Fig. 7c). Focal tubular
epithelial cells also express Bax in the non-DDS kidneys
(Fig. 7e). There is considerable increase of Bax (Fig. 7b)
and Fas-L (Fig. 7f) expression in those glomeruli with
advanced mesangial sclerosis in the DDS kidneys. The
glomerular cells of both DDS and non-DDS kidneys do
not express Bcl-2, except for the glomerular parietal
epithelial cells (Fig. 7c, d).

The assessment of apoptosis using TUNEL assay re-
veals scattered labeling of the cells in the glomeruli that
have advanced mesangial sclerosis in the DDS kidneys
(Fig. 7h), whereas TUNEL-positive cells are not detected
in the glomerular cells of the non-DDS kidneys (Fig. 7g).
The cell origin of apoptotic cells is not readily dis-
cernible. They might be either residual podocytes or en-
docapillary cells. We did not observe apoptotic cells in
the proliferating glomerular epithelial cells of the DDS
kidneys.

Mutation analysis of WT-1

The DNA sequences of WT1 exons and exon–intron
boundaries were derived from non-tumor kidney tissue of
the DDS patient and the control specimens. We failed to
amplify DNA of WT-1 exon 2 from the DDS patient,
despite the fact that the primer set worked well on control
specimens. Sequence analysis did not reveal any mutation
in these DNA fragments (sequencing data not shown).

Fig. 5 Immunohistochemical
staining patterns of p16 (a, b)
and p21 (c, d) in glomeruli in
non-Denys–Drash syndrome
(DDS) kidney (a, c) and in DDS
kidney (b, d). Peroxidase–anti-
peroxidase stain, scale bar
50 mm
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Neither was there mutation in the 30 alternative splice
donor site in intron 9. There was a 915C!T (Pro!Pro)
polymorphism in WT-1 exon 1 of the DDS patient.

Discussion

The WT1 expression in glomerulopathy of DDS and
IDMS kidney have been reported recently by Yang et al.
[33]. They demonstrated marked decrease in WT1 nuclear
staining of podocytes in glomeruli that looks to have
typical mesangial sclerosis [33]. The low nuclear con-
centration of WT1 in glomerular cells was attributed to

the dominant-negative effects of mutated protein. In our
study, we also observed the diminishing of WT1 in the
glomerulopathy of a DDS patient. In addition, we noticed
that the degree of the loss of WT1 nuclear labeling in-
tensity was in reverse to the degree of proliferative ac-
tivity of podocytes, and once glomeruli progressed to
advanced glomerulosclerosis, nearly all WT1 reactivity in
glomerular epithelial cells disappeared. The complete loss
of WT-1 protein in DDS glomeruli with typical mesangial
sclerosis might reflect the complete loss (shedding) of
podocytes in these glomeruli. We speculate that the initial
nuclear concentrating or binding capability of wild-type
WT1 protein is not hampered because the non-prolifera-
tive glomeruli in both DDS and non-DDS kidneys have
similar WT1 staining intensity. However, wt1 mutation is
proposed to act in a dominant-negative manner, and a
minor amount of mutant WT1 can have devastating ef-
fects [24]. Yet, it has been speculated that the loss of WT1
function in the DDS kidney might not be directly related
to the effect of mutant WT1, since it has been reported
that DNA binding by wild-type WT1 protein is not in-
hibited by an excess of mutant WT1 protein [26, 27]. This
observation implies that, in addition to the alteration of
DNA-binding zinc finger domain or the pertubation of
WT1 isoform balance, other detrimental genetic effects
might be responsible for the DDS phenotypical expres-
sion. This speculation is also supported by the fact that
identical glomerulopathy can present in patients of IDMS
without the evidence of mutation in all coding sequences
of WT1 gene [11, 33]. In this report, we also demon-
strated a DDS patient who had characteristic phenotypical
manifestations of DDS but had neither Denys–Drash nor
Frasier-type mutation in the wt1 gene.

Mature podocytes are constantly positive for vimentin
and WT1 but negative for cytokeratin and smooth-muscle
actin [10, 21]. The total loss of vimentin/WT1-positive
extracapillary cells on glomerular tufts implies the elim-
ination of podocytes in advanced DDS glomerulopathy.
The observation of free-floating vimentin-positive cells in
Bowman’s space and tubular lumens further suggests that
shedding of podocytes from basement membrane might
account, at least partly, for the loss of podocytes from
DDS glomeruli. The wrapping of conglomerated glom-
erular tufts by cytokeratin-positive epithelial cells forms
the “corona” of DMS and implicates the ingrowth of
parietal or tubular epithelial cells to glomerular tufts.
Whether apoptosis is responsible for the elimination of
podocytes in our case of DDS remains to be determined,
since we did not observe large-scale apoptosis in the
glomeruli that had visceral epithelial proliferation (pic-
tures not shown). However, several lines of evidence
show that apoptosis of glomerular cells is indeed tem-
porally and spatially related to the WT1 expression [14,
15]. Furthermore, our studies revealed some clues im-
plicating apoptotic regulation in DDS glomerulopathy.
The expression of apoptotic regulatory factors in DDS
glomerulopathy depicts an apoptosis-permissive profile
with increased Fas-L/Bax expression in lack of Bcl-2
activity. Both Bax, a pro-apoptotic factor, and Bcl-2, an

Fig. 6 Immunohistochemical staining patterns of WT1 in glomer-
ulus in non-Denys–Drash syndrome (DDS) kidney (a) and in glo-
meruli in DDS kidney (b–e). Peroxidase–antiperoxidase stain, scale
bar 50 mm
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anti-apoptotic factor, are normally absent in the podocytes
of mature glomeruli [9, 13, 31]. It has been reported that
Bcl-2 is a potential target of WT1 repression and spatially
and temporally reverse to the WT1 expression during
podocyte differentiation in the developing kidney [3, 7,
20]. However, the lack of this reciprocal correlation in
DDS glomerulopathy implicates that proliferative podo-
cytes are resistant to the induction of Bcl-2 expression
and permissive for apoptosis. Since our study detected
apoptotic cells only in advanced glomerulopathy of DDS,
apoptosis should play a pathogenic role in advanced
mesangial sclerosis and is probably initiated through Fas–

L/Fas interaction in an autocrine fashion between me-
sangial cells or other endocapillary cells [9].

The demonstration of exaggerated podocyte prolifer-
ation in DDS glomerulopathy would address several key
questions: (1) is it a common pathway to all causes of
severe glomerular injury? (2) if the podocyte proliferation
is a default process of DDS glomerulopathy, how does it
link to WT1 mutation? The postnatal reentry of podocytes
to cell cycle is definitely a pathological process, since in
normal ontogenesis of human glomeruli, only immature
podocytes at S-shape bodies are positive for proliferation
markers Ki67 and PCNA [1, 23]. Podocytes rapidly be-

Fig. 7 Immunohistochemical
staining patterns of Fas-L (a, b),
Bcl-2 (c, d) and Bax (e, f) in
glomeruli in non-Denys–Drash
syndrome (DDS) kidney (a, c,
e) and in DDS kidney (b, d, f).
Peroxidase–antiperoxidase
(PAP) stain, transferase-medi-
ated dUTP nick end-labeling
assay of apoptosis in glomeru-
lus in non-DDS kidney (g) and
in DDS glomerulus (h). PAP
stain, scale bar 50 mm
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come quiescent after the capillary-loop stage with loss of
proliferation markers [23, 29]. In the present study, the
podocytes in DDS glomerulopathy, regardless of prolif-
erative or non-proliferative glomeruli, switched their cell-
cycle machinery on and diffusely expressed proliferating
markers, including Ki67, PCNA and topoisomerase IIa.
This unique phenomenon of DDS glomerulopathy indi-
cates that podocyte proliferation in DDS glomerulopa-
thy is a genetic default process rather than a final result
of a common pathway of non-specific glomerular injury,
in which cell proliferation markers are segmentally ex-
pressed in crescentic or cellular glomerular lesions but not
in mature, non-proliferating podocytes [1]. Our results
also suggest that podocyte proliferation in DDS glomer-
ulopathy may be mediated through the downregulation of
both p16 and p21, which belong to the INK4 and Cip/Kip
family of cyclin kinase inhibitors, respectively, and
function mainly in the G1 or G1/S phase through inter-
actions with the cyclin D-CDK complex [8, 28]. It has

been reported that WT1 is able to induce p21 and is as-
sociated with G1-phase arrest and WT1-dependent dif-
ferentiation pathways in the kidney [5, 21]. In experi-
mental glomerulonephritis, the reentry of podocytes into
the cell cycle is associated with the loss of WT1 and p21
expression [12]. Our results, as well as those mentioned
previously, indicate the existence of an intimate rela-
tionship between WT1 and cell-cycle regulation [5, 6, 12,
32, 33]. Finally, our results also indicate that proliferation
of podocytes in DDS glomerulopathy does not exactly
recapture the podocyte proliferation during glomerular
ontogenesis, since there is no upregulation of cyclin A
[23, 29, 30].

In conclusion, the normal development and growth of
glomeruli are the results of tightly controlled prolifera-
tion, differentiation and apoptosis of glomerular cells.
Based on our observations, a morphological and immu-
nohistochemical evolving process of DDS glomerulopa-
thy is proposed (Fig. 8).

Fig. 8 Schematic representation of morphological and immuno-
histochemical evolving process of Denys–Drash syndrome glo-
merulopathy: normal glomerulus (A); hypertrophy of glomerulus
with initial hyperplasia of podocytes (B); crescentic hyperplasia of
podocytes and expansion of mesangium (C); mesangial sclerosis
with tubulization of Bowman’s spaces and shedding of visceral

epithelial cells (D); global glomerulosclerosis (E). The following
marks in parentheses indicate staining patterns: (+) positive, (+s)
segmentally positive, (+w) weakly positive, (+sw) segmentally and
weakly positive, (+d) positive but decrease in reactivity, (�) neg-
ative
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