
N
ephroblastoma [Wilms’ tumor (WT)] is one of the

most common solid tumors in children. Nephro-

blastoma is thought to arise from mesenchymal blastema

cells that fail to differentiate into metanephric structures

but continue to proliferate.1 The first genetic locus was

found in patients with the Wilms-Aniridia genital anom-

aly-retardation syndrome (WAGR).2 The gene located at

chromosome 11p13 was cloned and designated WT1 in

1990.3

WT1 is expressed during all stages of kidney devel-

opment, while in the mature nephron, WT1 protein ex-

pression is restricted to the podocytes.4 It has also been

demonstrated in the mesothelial cells and in stem cells

bearing the CD34+ phenotype.5 The WT1 protein was

first classified as a tumor suppressor gene. An activator

or oncogenic behavior may be acquired by mutations. It

is now recognized that WT1 is mutated in about 10% of

nephroblastomas.4 The WT1 gene has also been ob-

served in hematological malignancies,6 mesothelial-de-

rived neoplasm,7 breast cancer,8 genitourinary tumors9

and small round blue cell tumors.10

The WT1 gene encodes a protein with 4 zinc fingers

of the Kruppel-type in the C-terminal region required in

tissue differentiation and proliferation.11 The N-terminal

half contains a large proline-glutamine-rich domain im-

portant for inhibition of transcriptional activation.12 Re-

cently, a WT1 antibody raised against the N-terminal

1-181 amino acids of human WT1 became commercially

available for immunohistochemical staining on paraf-

fin-embedded tissue. Limited reports in the literature

about the utility of this antibody in nephroblastomas13-15

prompted us to investigate the diagnostic and prognostic

value of WT1 N-terminal antibody in nephroblastomas.

METHODS

Twenty-nine patients were treated for nephroblastomas
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Background. Approximately 10% of nephroblastomas (Wilms’ tumors) carry muta-

tions in the Wilms’ tumor 1 (WT1) gene. Recently, a WT1 antibody raised against

N-terminal 1-181 amino acids of human WT1 became commercially available for

immunohistochemical use on paraffin-embedded tissue. The aim of this study was to

investigate the diagnostic and prognostic value of WT1 N-terminal antibody in

nephroblastomas.

Methods. Twenty-five patients with nephroblastoma were studied. Four clear cell

sarcomas of the kidney (CCSK) and 15 neuroblastomas were included for compara-

tive study. WT1 immunostaining was performed on paraffin material using the

WT1(6F-H2) antibody. The patients were staged according to the National Wilms’

Tumor Study (NWTS) staging system.

Results. Eleven tumors (44%) showed blastemal nuclear staining with or without ep-

ithelial nuclear staining. Three of the 13 low-stage tumors (stages I and II) showed

WT1 blastemal nuclear staining, while 8 of the 12 high stage (stage III and IV) tu-

mors revealed blastemal nuclear staining. The blastemal nuclear expressions of WT1

were statistically significantly correlated with clinical stage (p = 0.036). All the

neuroblastomas and CCSK showed no nuclear immunoreactivity.

Conclusions. The presence of WT1 nuclear immunoreactivity may be helpful to dis-

tinguish blastemal predominant nephroblastomas from CCSK and neuroblastomas.
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during 1988 to 2000 at Mackay Memorial Hospital. Two

cases were excluded owing to insufficient clinical data

or histopathologic material. Two cases were reclassified

as CCSK and excluded. Clinical data, including age at

diagnosis, sex, treatment modality and outcome were re-

viewed. These patients were staged according to the Na-

tional Wilms’ Tumor Study (NWTS) staging system.16

The treatment protocol included surgery, chemotherapy

and radiotherapy. Four CCSK and 15 neuroblastomas

were included for comparative study. All the pathologic

slides were reviewed by the first author.

Formalin-fixed and paraffin-embedded specimens

were processed according to standard avidin-biotin

method and stained with WT1 antibody (clone 6F-H2;

Dakopatts, Denmark) by an automated immunostainer

(Ventana Medical Systems, Tucson, AZ, USA). The

WT1 antibody was a mouse monoclonal antibody raised

against the N-terminal 1-181 amino acids of human

WT1. The antibody was diluted at 1:100 with Dako anti-

body diluent. The antigen retrieval protocol was in ci-

trate buffer solution for 5 minutes in a 121 �C autoclave.

Normal kidney tissue was used as a positive control. The

specimens were regarded as positive when the percent-

age of positive cells was more than 10%.

Statistical method

The relationship among WT1 expression and clini-

cal stage was compared by Fisher Exact Test. p < 0.05

was considered to be statistically significant.

RESULTS

Clinicopathological findings

Twenty-five children were studied, 12 males and 13

females, age ranged from 4 months to 19 years at diagno-

sis. The median age at surgery was 4.4 years. The most

common chief complaints were abdominal mass or ab-

dominal distension (20/25). Four patients had hematuria,

and 1 had abdominal pain. Three patients had the tumors

ruptured. None of the cases showed nephroblastoma-

predisposing syndromes such as WAGR, Beckwith-

Wiedemann, or Denys-Drash syndromes.

One patient had synchronous bilateral nephro-

blastomas. The tumor stage was I in 10, II in 2, III in 10,

IV in 2, and V in 1 (The tumor in each kidney of this pa-

tient was substaged as stage I). The follow-up period

ranged from 3 to 15 years (mean 7.1 years). Two patients

died from their tumors.

All the nephroblastomas revealed no anaplasia. The

composition of most of the tumors was triphasic (22/25).

Three tumors were predominantly blastemal type. Skele-

tal muscle was the most common heterologous stromal

cell type.

WT1 expression in nephroblastoma tissue

The uninvolved kidney showed a very intense nuclear

staining of glomerular podocytes for WT1 (Fig. 1A). The

tubules were negatively stained. Nuclear immuno-

reactivity of various intensity was observed in blastemal

and epithelial elements of the nephroblastomas (Fig. 1B).

Eleven tumors (44%) showed blastemal nuclear staining

with or without epithelial nuclear staining. The strongest

staining was in the neoplastic glomerular component (Fig.

1C). All the tumors showed cytoplasmic stain in the

stromal cells. The heterologous rhabdomyoblasts showed

strong positivity in a cytoplasmic pattern. The endothelial

cells of blood vessels show obvious cytoplasmic staining.

Three of the 13 (23%) low-stage (stages I and II) tu-

mors showed WT1 blastemal nuclear staining, while 8 of

the 12 (67%) high-stage (stages III and IV) tumors re-

vealed blastemal nuclear staining. The blastemal nuclear

expression of WT1 was statistically significantly corre-

lated with clinical stage (p = 0.036).

WT1 expression in neuroblastomas

All the fifteen cases showed no nuclear staining. Three

cases revealed cytoplasmic staining in the Schwannian

stroma. Four cases had cytoplasmic staining in the cells to-

ward ganglion differentiation and occasionally in undiffer-

entiated neuroblastic cells.

WT1 expression in clear cell sarcoma of the kidney

All the 4 cases revealed no nuclear staining (Fig. 1D).

One case showed focal cytoplasmic staining.

DISCUSSION

The present study was carried out to investigate
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whether the expression of WT1(6F-H2) protein had a di-

agnostic and prognostic value in nephroblastomas, using

paraffin-embedded tissue sections. Our results showed

that 11 tumors (44%) had blastemal nuclear staining with

or without epithelial nuclear staining. All the tumors

showed cytoplasmic staining in the stromal cells. The re-

sults are similar to that of Carpentieri’s and Barnoud’s

studies using the same antibody WT1(F-6).10,13 How-

ever, the results are slightly different from Ramani’s

study using WT(C-19).14 That study showed higher rate

of blastemal or epithelial nuclear immunoreactivity and

weak or negative stromal cell cytoplasmic staining. The

discrepancy may be explained by the difference of the

antibodies used.

Beckwith and Palmer separated nephroblastomas

into favorable and unfavorable subtypes.17 The latter

were subdivided into anaplastic nephroblastomas and

sarcomatous nephroblastomas. The sarcomatous nephro-

blastomas, CCSK and malignant rhabdoid tumor are

now recognized as neoplasms distinct from nephro-

blastomas. Two cases of nephroblastomas in our files

were reclassified as CCSK and excluded.

Nephroblastoma must be distinguished from other

pediatric renal primary or metastatic tumors. The most

frequently encountered differential diagnoses include

CCSK and neuroblastoma. Rhabdoid tumor is not a fre-

quent source of diagnostic confusion.18 CCSK are not

uncommonly misinterpreted as blastemal predominant

nephroblastomas. Distinguishing these 2 tumors is very

important, since the treatment and the outcome are dif-

ferent. The 4 clear cell sarcomas in our study and 1 case

in the reported literature show no WT1 nuclear staining.9

All the 15 neuroblastomas showed no nuclear staining.

The presence of WT1 nuclear immunoreactivity may be

helpful to distinguish blastemal predominant nephro-

blastomas from CCSK or neuroblastoma. The limited

sampling of CCSK preclude a definite conclusion. Fur-

ther study on more cases is warranted.

Cytoplasmic WT1 immunoreactivity seems to be

more nonspecific than nuclear staining. Cytoplasmic

WT1 staining in our series could be seen in the stromal

cells and rhabdomyoblasts of the nephroblastomas,
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Fig. 1. WT1 antibody immunohistochemistry. (A) Normal kidney positive podocytes (400X); (B) Nephroblastoma with epi-
thelial and blastemal nuclear positivity (400X); (C) Glomerular differentiation(arrow) in nephroblastomas with strong nuclear
staining (200X); (D) CCSK with negative staining (100X).



Schwannian stromal cells and a few tumor cells of

neuroblastoma, occasional tumor cells of CCSK and en-

dothelial cells of non-neoplastic blood vessels of most

tumors. Cytoplasmatic WT1 staining was also reported in

Carpentieri and Ramani’s studies.13,14 In the latter study,

weak cytoplasmic staining could be seen in some tubular

elements of nephroblastomas. In Carpentieri’s study, the

cytoplasmic pattern was seen in 75% of nephroblastomas

and was almost exclusively stromal and weak.13 Strong

cytoplasmic staining was seen in the heterologous (mus-

cle) element of nephroblastomas and most rhabdomyo-

sarcomas. The cytoplasmic detection of WT1 may be ex-

plained that many transcription factors are synthesized

and reside in the cytoplasm in an inactive form. Activa-

tion of these factors by phosphorylation may be an essen-

tial mechanism for nuclear translocation from the cyto-

plasm.13

Overall survival of over 85% of patients with ne-

phroblastomas can now be achieved using combina-

tion therapy with chemotherapy, surgery, and in some

cases radiotherapy.19 Our result showed that the blast-

emal nuclear expression of WT1 were statistically sig-

nificantly correlated with clinical stage. However,

there were only 2 mortalities in our series. We could

not compare the relationship of WT1 expression and

survival rate. Using the same methods, Ghanem’s study

of 61 nephroblastomas suggested that WT-1 expres-

sion is related to prognosis.15
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