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Expression of the Wilms' tumour gene WT,1 in
the developing human and in paediatric renal
tumours: an immunohistochemical study

A K Charles, S Mall, J Watson, P J Berry

Abstract
Ains-The Wilms' tumour gene (WT1)
product is expressed during the develop-
ment of the urogenital system. This study
was undertaken to evaluate four anti-WTl
antibodies and use the most specific one to
examine the expression ofWTl in forma-
lin fixed, paraffin wax embedded tissues
from human embryos, fetuses, and paedi-
atric renal neoplasms.
Methods-The antibodies were assessed
on paraffin sections of fetal kidney and by
western blotting. Immunohistochemical
techniques were optimised and performed
on a range of embryonic, fetal, and infant
tissues from 35 days post-conception to
three months of age, and on a selection of
paediatric renal neoplasms.
Results-The antibodies tested were
found to vary in their specificity. Anoma-
lous expression in smooth muscle was
seen with one batch of a commercial poly-
clonal antibody. WTl protein was detected
in both the metanephros and the mes-
onephros, the spleen, the gonads, and in
the peritoneal mesothelium in fetuses.
WT1 was expressed in nuclei and was
strongest in the podocytes of fetal kidney.
The podocytes of infant glomeruli were
also positive. There was focal positive
staining in Wilms' tumours, nephrogenic
rests, and in a cystic partially differenti-
ated nephroblastoma. Staining of nuclei
was seen in one of two rhabdoid tumours
of the kidney. No positive staining was
seen in other renal tumours.
Conclusions-WTl is detected readily in
formalin fixed material. There were dif-
ferences in specificity between batches of
the polyclonal antibodies used. The distri-
bution of the WT1 gene product in tissues
and tumours reflected previous findings
with in situ hybridisation studies of WT1
mRNA.
(7 Clin Pathol: Mol Pathol 1997;50:138-144)
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The Wilms' tumour gene, WT1, is located at
lip13 and was identified after germline
cytogenetic abnormalities were found at this
site in patients with aniridia and Wilms'
tumour.1 It acts as a tumour suppressor gene,
and appears to be important in genitourinary
development.2 WT11 mRNA transcripts are
expressed only in certain cells, mainly in the
developing urinary tract,3 but also in mesothe-
lial cells, Sertoli cells, granulosa cells, spinal
cord, brain, and spleen.4 The WT1 gene
product is a 52-54 kDa nuclear protein that
has four zinc fingers and acts as a transcrip-
tional regulator, mainly as a repressor but
sometimes as an activator.5 Its exact function is
not clear, but it appears to be involved in the
regulation of other growth factors including
insulin-like growth factor 2 (IGF2), platelet
derived growth factor, colony stimulating
factor 1, insulin growth factor receptor, and
retinoic acid receptor a genes. It also interacts
with p53," appears to have a role in RNA
processing, and is thought to act as an
anti-oncogene in Wilms' tumour
development.9 10
The main role of WT1 is in glomerulogen-

esis, where it appears to be involved in epithe-
lial differentiation from blastema." The defini-
tive kidney, the metanephros, develops from
paraspinal metanephric mesenchyme by a
complex interaction with the ureteric bud. The
ureter develops from the distal end ofthe meso-
nephric duct.2 Blastema develops from me-
tanephric mesenchyme; it condenses and
develops into 'S' form nephrons, which then
mature into glomeruli and proximal tubules.
Glomerulogenesis ceases at about 36 weeks of
gestation and blastema is usually not seen after
this time.
Although cytogenetic abnormalities of the

WT1 locus at l 1p3 are uncommon in Wilms'
tumours, loss of heterozygosity at l 1p3 is seen
in - 30% of sporadic Wilms' tumours."2 Muta-
tions of the WT 1 gene itself are seen in only
10-20% of sporadic Wilms' tumours." This
suggests that mutations occurring in adjacent
genes or control regions, or possibly inactivation
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by genomic imprinting, are involved in some
tumours.

Topographic studies of WT1 mRNA by in
situ hybridisation have shown gene expression
in developing glomeruli, condensing blastema,
and the epithelium of the developing nephron.3
In addition, WVlT1 mRNA has been shown in
some Wilms' tumours although not in the stro-
mal component.'4 The gene product has been
demonstrated in some Wilms' tumours by
immunohistochemistry, the pattern of expres-
sion tending to recapitulate the pattern found
in the fetal kidney.' " Studies have also
reported WTT1 protein expression in first
trimester fetal kidneys and other tissues, and in
some paediatric tumours.'5

Other loci have been implicated in Wilms'
tumours where no WT1 abnormality can be
demonstrated. These include lip 15 (where
the candidate gene WT2 is located but not yet
identified), 16q, 7p15, 17q, and others. 12 16 17
The development of Wilms' tumour is almost
certainly a multistep process.
Most paediatric renal tumours fall into one

of four main groups, which are thought to be
histogenetically distinct: Wilms' tumour, neph-
rogenic rests, cystic partially differentiated
nephroblastoma, and cystic nephroma; meso-
blastic nephroma, both classical and cellular
(atypical) types; clear cell sarcoma of the
kidney (bone metastasising renal tumour); and
malignant rhabdoid tumour of the kidney.
Other tumour types, including adult type renal
carcinomas and primitive peripheral neuroec-
todermal tumours, may also present as primary
renal tumours in childhood.'8
Nephrogenic rests consist of blastema, often

with an epithelial component. They are
thought to arise from blastema persisting after
normal nephrogenesis has ceased, and are
found in up to 1% of neonatal kidneys at post-
mortem examination.'9 Microscopic rests are
associated with 30-40% of Wilms' tumours in
some series, and are believed to be precursors
of Wilms' tumour. In these cases they are usu-
ally found as a better differentiated zone at the
edge of the tumour but also may be found
separate from the main tumour. Multiple
nephrogenic rests (nephroblastomatosis) may
involve both kidneys and indicate a risk of
bilateral Wilms' tumour. This association may
be seen in patients with a family history of
Wilms' tumour,20 and in patients with Wilms'
tumour associated syndromes such as Drash
(Wilms' tumour, glomerulopathy, and ambigu-
ous genitalia in males), WAGR (Wilms'
tumour, aniridia, genital abnormalities, and
mental retardation), and Beckwith syndrome
(macrosomia, omphalocele, neonatal hypogly-
caemia, and an increased risk of tumours
including Wilms').'9 Nephrogenic rests are also
associated with cystic renal dysplasia, when
their malignant potential appears to be low.2'
The recent availability of antibodies to the

WT1 gene product for use with formalin fixed
material prompted this systematic study of the
specificity of these antibodies and the expres-
sion ofWT1 in the major organs of developing
embryos and fetuses from 35 days post-
conception until term, and in paediatric

tumours. These tumours included Wilms'
tumour, cystic partially differentiated nephro-
blastoma, nephrogenic rests, mesoblastic neph-
roma, malignant rhabdoid tumour of the
kidney, clear cell sarcoma of the kidney, renal
cell carcinoma, and adrenal neuroblastoma.
Neuroblastomas were examined as they can be
clinically difficult to distinguish from primary
renal tumours, and may present as an intra-
renal tumour. Our purpose was to document
WVlT1 gene expression in the normal developing
kidney, and in renal tumours, and to see
whether it was diagnostically useful in the
differential diagnosis of paediatric renal tu-
mours.

In the light of initial studies a further
selection of non-renal tumours, derived from
tissues found positive for WT1 in fetuses, was
examined also.

Materials and methods
Two batches of commercial antibody directed
against the WT1 protein, WT C19 (Santa
Cruz, California, USA; catalogue number
sc-192, batches 6063 and D124), and two
antibodies produced by immunising rabbits
with the WT1 fusion protein available in the
Cancer and Leukaemia in Childhood funded
laboratory, University of Bristol were assessed.
All were polyclonal antibodies raised in rabbits.

Formalin fixed, paraffin wax embedded kid-
ney from an 18 week fetus was used in the ini-
tial assessment of the specificity of each
antibody.
Western blotting was performed using WT1

protein obtained from an adenovirus trans-
formed human fetal kidney line T5A1 22 This is
derived from a 293 cell line with inducible
WT1 expression following transfection with a
metallothionine inducible vector (pMEP4).
Postmortem and surgical tissues came from

the files of the department of paediatric
pathology, Bristol Children's Hospital. Paren-
tal consent had been given for using postmor-
tem tissues for research. Serial sections from
two well preserved embryos of 35 and 43 days
post-conceptional age were selected to include
the genitourinary ridge. Sections from a male
and a female well preserved normal fetus of
12-13 weeks, 17-18 weeks, 24-25 weeks, and
38-40 weeks gestational age were chosen to
include all major organs. Kidneys from two
infants (three months old) were also examined.

Thirty one paediatric renal tumours were
chosen to include 14 Wilms' tumours (13 renal
and one extrarenal) one with focal anaplasia,
one cystic partially differentiated nephroblas-
toma, six nephrogenic rests, four mesoblastic
nephromas, two malignant rhabdoid tumours
of the kidney, two clear cell sarcomas of the
kidney, and two renal cell carcinomas. Two of
the Wilms' tumours were later rejected because
of insufficient viable tumour and in another
case a nephrogenic rest was no longer present
in recut sections tested.

In the light of the initial results several
examples oftumour types thought to arise from
tissues that were positive for WT1 in fetuses
were studied. These were three adenomatoid
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Figure 1 Western blotting. (A) First batch of anti-WTI antibody C19 (Sani
showing that WTI (arrow) is induced in T5A 1 (first column, 1) compared wi
non-induced TSAI (second column, 2). Additional bands are clearly seen. (B)
batch ofCl 9 showing that the WTI band is clearly increased in the induced 7
column, 4) compared with the non-induced TSA 1 (first column, 3). This antil
to be more specific.

Table 1 The expression of the WTI protein in embryonic andfetal tissues as
C19 antibody

Embryo Fetus Fetus Fetus Fetus
Tissue (7 weeks) (12 weeks) (18 weeks) (25 weeks) (38 weeks)

Heart - - - - -

Ling - -

Bowel
Liver
Pancreas
Kidney +++ +++ ++ ++ +
Testis Indeter- - +

Ovary inate
- +

gonad +*
Uterus - +
Spleen +
Thymus - -

Adrenal
Parathyroid -

Pituitary
Skeletal
muscle

Bone
Brain
Mesothelium + + +
Placenta
Decidua ++ +

-, negative staining; blank, not tested; + to +++, weak to strong positive staining.
*The morphology of testis and ovaries are very similar at this gestational age.

tumours, three granulosa cell tuw
ovarian mucinous cystadenoma, an
racic mesotheliomas.
The tissues were all formalin fi

essed into paraffin wax, sectioned
placed on 3-amino-propyltriet
(APES) coated slides and baked for .
hour at 60°C. The immunohisi
method was optimised by varying th
time of microwave antigen retrieval 1
rate buffer (2.1 g citric acid in disti
pH 6.0). Slides were placed in
covered tray, heated on high power, a

up with distilled water after 2C
Antibodies were titrated with s
normal fetal kidney using the av
method and peroxidase with diamin4

(DAB) as the detection system. The optimal
dilution for the C19 antibody was 1/1000 in
phosphate buffered saline.
An 18 week fetal kidney was used as a posi-

tive control in each run. A duplicate slide of
each case omitting the primary antibody was
processed as a negative control. Only nuclear
staining was scored positively. Cytoplasmic
staining sometimes seen in mature proximal
tubules was regarded as an artefact due to
incompletely blocked endogenous peroxidase,
and was present in the negative control sections.

Results
IMMUNOHISTOCHEMICAL ASSESSMENT OF THE
FOUR ANTIBODIES ON FETAL KIDNEY
The best results were obtained using the two
batches of commercial antibody (Santa Cruz).
Although reasonable results had been obtained
previously on frozen sections using the other
antibodies, these produced a high background
signal on paraffin wax embedded sections. The

rta Cruz) optimal pretreatment time for microwave
lith the retreival was between 20 and 40 minutes, with
>Second weak staining at 10 minutes, and morphologi-
rSA l (second cal deterioration at an hour. Therefore, 40body appears

minutes was used in subsequent tests.

assessed by WESTERN BLOTTING
Western blotting showed considerable differ-
ences between the two batches of C19 antibody.

Infant The first batch showed strong staining of non-
s T1 bands, the second batch (batch D 124) was

more specific forWT1 (fig 1). This difference in
specificity may explain the positive staining of
muscle nuclei seen with the first antibody.

IMMUNOHISTOCHEMICAL ASSESSMENT OF THE
ANTIBODIES ON EMBRYONIC AND FETAL TISSUES
The two batches of antibody from Santa Cruz
were evaluated further on a selection of fetal
tissues and tumours. The first batch showed
reaction with smooth muscle and cardiac mus-
cle nuclei, as well as the expected pattern in
kidney. No skeletal muscle staining was seen.
The second batch did not show staining of
smooth muscle. The results reported in the rest
of this paper are with the second antibody,
although small nephrogenic rests already ex-
amined with the first antibody were not
restained in order to conserve irreplaceable
archival tissue. The findings are shown in table

rmours, an 1, and are summarised below.
Id two tho-

Kidney
ixed, proc- Kidney was positive at all gestational ages,
i at 4 jim, showing a characteristic staining pattern (fig
thoxysilane 2A). In the two embryos there was clear

at least one positivity in nuclei of both the mesonephric
tochemical glomeruli and metanephros (fig 2B). Moder-

ately strong but clear staining was seen in the
proximal part of 'S' form nephrons. Weaker

using a cit- staining was seen in the condensing blastema
illed water, adjacent to developing glomeruli in the super-
a 500 ml ficial cortex. The strongest reaction was seen in
andtopped podocytes covering the glomerular tuft. The
) minutes. parietal epithelial cells lining Bowman's cap-
,ections of sule also showed some positivity and an abrupt
ridin-biotin transition to the negatively staining proximal
Lobenzidine tubule. Staining of the podocytes persisted
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Figure 2 Immunohistochemical detection of WTI protein. (A) Kidney at 18 weeks'gestation showing strong staining of the nuclei ofglomerular
podocytes, and weaker staining of the 'S'form nephrons and the condensing blastema. (B) Mesonephric glomeruli ofan embryo showing positive staining
of the mesonephric podocyte nuclei. (C) Ovary at 18 weeks'gestation showing staining of the stromal cells and strong staining of the mesothelium (top left
of the figure). (D) Decidua from an 18 week gestation pregnancy showing positively staining decidual cells and negatively staining trophoblast cells.
(E) Wilms' tumour showing positive staining of the nuclei in certain areas of the blastema and some tubules. Note the stroma is negative, and that the most
positive areas of blastema tend to be at the edge of the blastemal islands. (F) Wilms' tumour showing nuclear staining of most, but not all, of the tubules and
some areas of the blastema. This mimics the pattern seen in the developing glomerulus and proximal tubule.
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after 36 weeks' gestation when nephrogenesis
has ceased, and staining was seen in normal
glomeruli in the kidney adjacent to the renal
tumours in surgical specimens. Staining was
weak in the infant kidneys .

Gonads
The ovaries showed staining in granulosa cells,
although it was generally weak and only seen
strongly in the youngest fetuses (fig 2C). Testis
from a 25 week fetus showed weak staining of
immature Sertoli cells. No germ cell staining
was seen. The embryos had strong staining of
gonadal stromal cells, but the sex was not
known.

Spleen
Staining of stromal and possible haemopoetic
cells was seen, but only in the 18 week fetuses.
The spleen was not present on the recut
sections of the 12 week fetuses and no staining
was seen in the older fetuses.

Mesothelium
There was positive staining of the mesothelium
in the embryos and the youngest fetuses, most
prominently in the mesothelium overlying the
developing gonad and spleen, and in the pelvis.
There was also some focal staining of the
visceral pleural mesothelium.

Decidua
Staining was seen in a few cases in decidual
cells in the decidua basalis (fig 2D).

Other organs
Some positive stromal cell nuclei were seen in
the uterus of an 18 week fetus. No staining was
seen in any of the other organs including lungs,
heart, bowel, liver, pancreas, thyroid, adrenal
glands, thymus, muscle, and placenta. Choroid
plexus, ependyma and spinal cord were also
negative. A parasagittal section of one embryo
showed no staining of the mesenchymal tissues
between developing nerve trunks.

Renal tumours
Results are summarised in table 2. The
tumours that were positive included most of
the Wilms' tumours, the cystic partially differ-
entiated nephroblastoma, and the perilobar
nephrogenic rests. One of the two rhabdoid
tumours was positive. All of the other paediat-
ric renal tumours, including all four mesoblas-
tic nephromas, both clear cell sarcomas, and

Table 2 Expression of the WTI protein in paediatric renal
tumours as assessed by the C19 antibody

Tumour Number positive

Wilms' tumour 10/12
Nephrogenic rests

Perilobar 4/4
Intralobar 0/1

Cystic partially differentiated
nephroblastoma 1/1

Mesoblastic nephroma
Classical 0/2
Cellular 0/2

Clear cell sarcoma of the kidney 0/2
Rhabdoid tumour of the kidney 1/2
Renal cell carcinoma 0/2
Neuroblastoma 0/2

the two neuroblastomas were negative. Adja-
cent kidney, if present, showed staining of the
podocytes, forming an internal positive con-
trol.
The pattern of staining in the Wilms'

tumours varied from one case to another. Some
tumours showing glomerulogenesis often had a
staining pattern similar to that in fetal kidneys
(fig 2E). Others showed zones of positivity in
the blastema. Glomeruloid structures were
usually positive. Some tumours had extensive
tubule formation, and again these were variably
positive, some tubules showing an abrupt tran-
sition from positive to negative staining remi-
niscent of the abrupt change in the parietal
cells of the glomerulus and the proximal tubule
(fig 2F). The stroma was always negative. One
tumour with focal anaplasia was negative in the
areas of anaplasia. One of the two Wilms'
tumours that showed no positive staining was
from a child withWAGR syndrome; the associ-
ated intralobar rest was also negative. The
other Wilms' tumour that stained negatively
was from an apparently normal child. Unin-
volved kidney in the same sections from both
cases showed normal staining.

Other tumours that showed some positive
staining for WT1 included the microscopic
perilobar nephrogenic rests and the cystic par-
tially differentiated nephroblastoma. These
tumours are thought to be closely related to
Wilms' tumours and contain blastema.
One of two rhabdoid tumours showed focal

positive staining of their nuclei. No expression
ofWT1 was found in the clear cell sarcomas of
the kidney or the mesoblastic nephromas.

Non-renal tumours
No staining was seen in the three granulosa cell
tumours ofthe ovary examined, or two thoracic
mesotheliomas. Three adenomatoid tumours
showed at least focal positivity, as did an ovar-
ian mucinous cystadenoma.

Discussion
Using immunohistochemistry, this study has
examined both a wide range of fetal tissues at
different gestational ages, and a variety of
tumours, for WT1 protein expression. The
pattern of expression of WfT1 found in fetal
kidney supports previous observations,3 4 and is
present throughout glomerulogenesis. Staining
of podocytes in mature glomeruli suggests that
WT1 has an important function in maintaining
glomerular function, and presumably defective
WT1 protein is a factor in the pathogenesis of
the glomerulopathy in Drash syndrome.
The study demonstrates that some batches of

commercial polyclonal antibodies give signifi-
cant differences in staining: muscle staining seen
with one batch of antibody was not seen with
another batch. Although muscle staining has
been described in another study'5 that also used
an antibody from Santa Cruz, mRNA for WT1
has not clearly been demonstrated by in situ
hybridisation techniques in muscle, although
expression in the somites of vertebrate embryos
has suggested a role forWT1 in smooth, cardiac,
and skeletal muscle development.23 In contrast,
muscle differentiation in Wilms' tumours is
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associated with WT1 mutations.24 Ramani and
Cowell found that the positive staining in mus-
cle was blocked by pretreatment with the
immunising peptide,'5 suggesting that muscle
may have a nuclear protein with a similar
epitope to WT1.
The staining pattern in the tumours was in

agreement with previous studies.'4 The pattern
found in Wilms' tumours generally recapitu-
lated the pattern of expression found in the
fetal kidney. Some areas of blastema, particu-
larly adjacent to the stroma or epithelium,
often showed positive staining. Not all epithe-
lial structures were positive and the sudden
transition ofsome tubules appeared to be simi-
lar to the transition between expression of
WT1 in the Bowman's capsule and absence of
WT1 in the proximal tubules. No positive
staining was seen in the stroma of the tumours.
One of the two Wilms' tumours that showed

no staining was from a patient with WAGR
syndrome and a cytogenetic deletion at l 1p3
indicating loss of one allele of WT1 and the
nearby gene(s) associated with aniridia. In
WAGR patients a further smaller genetic loss
(the second hit) causes functional impairment
of the remaining WT1 gene, resulting in devel-
opment of Wilms' tumour. This may have
caused the loss of the epitope recognised by the
antibody in this patient's tumour, explaining
the lack of staining.
Although the other WT1 negative Wilms'

tumour had areas that would be expected to be
positive in the light of expression in other
tumours, negative staining could not be attrib-
uted to poor fixation because positive staining
of adjacent uninvolved kidney was seen. This
case also had an intralobar nephrogenic rest
known to be associated with cytogenetic
abnormalities of the lip 13 area and WT1
mutations in many cases. However, there were
no syndromic features or evidence of bilateral
disease to suggest a somatic mutation ofWT1
in this second patient.

Approximately 10% of sporadic Wilms'
tumours show WT1 mutations, and may
therefore lack WVT1 expression. The
proportion of negatively staining Wilms' tu-
mours in our series is in keeping with this gen-
erally accepted figure.

In their recent paper, Ramani and Cowell
found positive staining for WT1 in all their
Wilms' tumours including those with
anaplasia.'5 We had a single case with focal
anaplasia that was focally positive in the
non-anaplastic areas, but negative in anaplastic
cells. 15 The reason for this disparity is not clear,
but, generally, tumours showed WT1 staining
only in some areas of blastema and epithelium.
Anaplasia may have arisen from parts of the
tumour showing no WT1 expression.

Positive staining for WT1 in one of two
rhabdoid tumours was of interest. Other genes
expressed in Wilms' tumours have been
described in rhabdoid tumours, including
IGF2.25 This particular tumour was otherwise
typical of rhabdoid tumours and did not show
any features of Wilms' tumour. The histogen-
esis of malignant rhabdoid tumours of the kid-
ney is unknown, but they may develop from

undifferentiated nephrogenic mesenchyme,26
which could explain the variable presence of
WT1.

Controls showed no positive staining except
for cytoplasmic staining of the liver, and the
proximal tubule of the kidney, owing to the
presence of endogenous biotin. No clear
nuclear staining was seen.

Following these initial results some other
tumours thought to arise from tissues that were
positive in the fetuses or embryos were
examined for WT1 expression. A mucinous
cystadenoma of the ovary and two adenoma-
toid tumours (of the uterus and Fallopian tube,
respectively) showed focal positive staining. We
had found strong expression of WT 1, as
assessed by immunohistochemistry, in the
mesothelium of the pelvis in embryos, and both
of these tumours are thought to be derived
from mesothelium. Two thoracic malignant
mesotheliomas from adults were negative, but a
recent paper examining mesotheliomas has
demonstrated that WT1 may be useful in iden-
tifying these tumours.27 We have recently dem-
onstrated that WT1 is seen in the desmoplastic
small round cell tumour, which has a transloca-
tion involving WT1 and the Ewing sarcoma
gene.28 This tumour is closely associated with
mesothelium, and shows immunohistochemi-
cal evidence of epithelial differentiation.

Conclusion
WT1 protein expression may be identified in
formalin fixed tissue using immunohistochem-
istry, but care needs to be taken to evaluate
unexpected staining with polyclonal antibod-
ies. WT1 is not seen in all Wilms' tumours and
may be present in a range of tumours derived
from the urogenital tract or mesothelium:
tissues that express WT1 in the embryonic and
fetal period. Therefore, anti-WT1 antibodies
appear to have limited diagnostic use, but are a
helpful tool in studying the relationship of
morphology to the expression of the WT1 pro-
tein in a range of paraffin wax embedded fixed
tissues.

AK Charles was supported by a Smith and Nephew Research
Fellow grant during part of this study and J Watson was funded
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Foundation for the Study of Sudden Infant Death.
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