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Objective: We examined expression of minichromosome maintenance 2 (MCM2)
by immunohistochemistry in nephrectomy specimens of children with nephroblas-
toma treated according to the Society International d’Oncologie Pediatrique
(SIOP) scheme to determine its potential prognostic significance. 
Material and methods: 18 children with nephroblastoma, 9 females and 9 males,
2 months to 7 years of age, treated in the Department of Oncology and Paediatric
Surgery, Medical University of Lodz, during the period 1994-2006 were analysed.
Children were treated by neoadjuvant chemotherapy and subsequent nephrectomy
according to SIOP protocols -93 and 2001 and followed up from 2 to 11 years.
The tumour stage and classification in nephrectomy specimens were established
according to the revised 2001 SIOP working classification of renal tumours of
childhood.
Results: In low risk nephroblastoma MCM2 expression was low, ranging from 0%
in two cases of completely necrotic nephroblastoma to 5% in one child with cystic
partially differentiated nephroblastoma. In mesoblastic nephroma, which is a dis-
tinct type of neoplasm with a low malignant potential and the most common con-
genital renal neoplasm, MCM2 expression was variable ranging from 2-5% in 
2 children with stage I disease to 70% in one child with stage III disease In inter-
mediate risk nephroblastoma MCM2 expression was low (10%) in one case of
regressive type nephroblastoma and stage II disease and intermediate to high in
children with epithelial type nephroblastoma, ranging from 40-50% in one case
with stage I disease to 70% and 70-100% in 2 children with stage I and stage IV
disease, respectively. In high risk nephroblastoma (7 children with nephroblastoma
blastemal type) MCM2 expression was intermediate to high, ranging from 40 to
90%. MCM2 expression tends to be lower in children with less advanced stage of
disease (stage II) and higher in more advanced disease (stage III and IV). Two chil-
dren with blastemal type and high (> 60% MCM2) died of disease within 2-4
years from diagnosis and one child was lost to follow-up. Both children who died
were older 8.5 yo M and 7 yo M and presented with advanced disease stage IV or
III with anaplasia.
Conclusion: MCM2 is a promising prognostic factor in WT treated according to
the SIOP scheme. 
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Introduction 

Wilms tumour (WT) or nephroblastoma is the
most common malignant renal tumour of childhood,
preferentially affecting children below 5 years of age,
most commonly during the first 2 years of life. Most
WTs present as “triphasic” tumours with three dif-
ferent principal cell types: blastemal, epithelial and
stromal cells. 

Treatment approaches in WTs are different in
North America and Europe but have achieved simi-
lar excellent outcome for most cases, with overall
survival more than 85%. Large randomized con-
trolled trials have been designed and published by
various collaborative groups, including the National
Wilms Tumor Study Group (NWTSG), the Interna-
tional Society of Pediatric Oncology (SIOP) and the
United Kingdom Children’s Cancer Study Group
(UKCCSG). According to SIOP guidelines, current
standard therapy for most WTs in Europe and other
participating countries in the world, consists of pre-
operative chemotherapy, followed by surgery and
adjuvant postoperative chemotherapy or chemother-
apy plus radiation depending on histology and
tumour stage. The North American NWTSG
(National Wilms Tumor Study Group) treatment
protocol has an emphasis on immediate nephrecto-
my followed by adjuvant therapy. In the UKCCSG
protocol, a histological diagnosis made on percuta-
neous cutting needle (“tru-cut”) biopsy is required
before preoperative chemotherapy [1-3]. 

The information that can be obtained from patho-
logical examination of treated versus untreated
tumours differs in important ways. In the NWTSG
trials, both staging and grading criteria can be more
precisely evaluated when the effects of therapy have
not destroyed or altered tumour structures. Howev-
er, the SIOP approach provides direct information
concerning the responsiveness of a given tumour to
the therapeutic agents being used. The SIOP trials
have shown that a tumour’s response to preoperative
chemotherapy is an indicator of good prognosis [4].
Some tumours can show virtually complete ablation
of all viable tumour cells after only a few weeks of
therapy, while others are more resistant and need
more therapy. The presence of a certain amount of
blastema after preoperative chemotherapy clearly
indicates its nonresponsiveness to chemotherapy and
the blastemal type WT has been shown to be associ-
ated with poorer outcome. The current 2001 SIOP
classification of renal tumours in children stratifies
tumours into three risk groups – low, intermediate
and high – and defines histological criteria of inclu-
sion for each category. Accordingly, completely
necrotic WT has been placed in the low risk tumour
group, regressive and epithelial types into intermedi-
ate risk and blastemal type into high risk tumour

categories. Given excellent results of therapy in WTs
the emphasis is now shifting from successful treat-
ment to reducing treatment-associated morbidity
without loss of efficacy. The most important prog-
nostic factors in SIOP protocol are tumour histology
after pretreatment chemotherapy and tumour stage.
In addition, prognosis depends on many other fac-
tors related to tumour biology, genetics and
immunophenotype, which have been shown to have
a prognostic impact in nephroblastoma [5-7]. 

Evaluation of cell cycle state may predict outcome
as have shown studies on many tumours. Prolifera-
tion of tumour cells is closely related to their rate of
DNA synthesis and may provide prognostic infor-
mation. An ideal biomarker for evaluation of prolif-
eration should be essential for genomic replication
and exhibit a broader range of expression that allows
a quick, objective assessment of an individual case.
The minichromosome maintenance proteins (MCM),
consisting of six members (MCM 2-7), are a family
of highly conserved proteins, which form a hexamer-
ic complex for regulating eukaryotic DNA dupli -
cation and play a central role in S-phase genome 
stability. MCM expression is upregulated in prolifer-
ating cells, providing a diagnostic marker of malig-
nancies [8]. 

In contrast, remarkably little information regard-
ing its prognostic role is available for solid tumours
in children. There have been so far no studies exam-
ining the role of MCM2 protein in nephroblastoma.

The aim of the study was to analyse expression of
MCM2 in nephrectomy specimens of children with
nephroblastoma undergoing therapy according to
the SIOP protocol to determine its prognostic signif-
icance. 

Material and methods 

18 patients with nephroblastoma were treated in
the Department of Oncology and Paediatric Sur-
gery, Medical University of Lodz, during the period
1994-2006. There were 9 females and 9 males, 
2 months to 7 years of age. Children were treated by
neoadjuvant chemotherapy and subsequent nephrec-
tomy according to the Society International d’On-
cologie Pediatrique (SIOP) protocol -93 or SIOP-
2001. Children with clinical stages I-III received
prior to surgery actinomycin D and vincristine and
with stage IV in addition Adriamycin. Young chil-
dren age 2 to 19 months were treated by surgery
alone. Patients with a high risk of nephroblastoma
received post surgery adjuvant chemotherapy or
chemotherapy/radiotherapy according to the SIOP
protocol. Children were followed up for 2 to 11
years. The tumour stage and classification were
established according to the revised SIOP working
classification of renal tumours of childhood (2001). 
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MCM2 expression was analysed by immunohisto-
chemistry (IHC) on paraffin tissue sections of resect-
ed tumours using monoclonal anti-MCM2 antibody
(Becton Dickinson Transduction Laboratories, Lex-
ington, KY, USA). The staining was performed fol-
lowing antigen retrieval in a water bath at 95
degrees Celsius for 40 min, using Target antigen
retrieval solution (DAKO). The sections were incu-
bated with anti-Mcm2 antibody for 1 hour at room
temperature followed by mouse Envision+ HRP
detection system (DAKO) for 30 min. Peroxidase
reaction was developed using liquid DAB (DAKO).
Positive reaction resulted in brown nuclear staining
in cells expressing MCM2. Positive controls of tonsils
showing high MCM2 expression in germinal centres
of lymphoid follicles and negative controls using
mouse IgG instead of a primary antibody were run in
parallel. The percentage of nuclei stained in different
tumour components (predominant tumour compo-
nent) was assessed by a computer image analysis sys-
tem (Multi Scan Base v. 8.08 – Computer Scanning
System, Ltd). All examined microscopic images
(Nikon Microphot FXA) were transferred to the
computer by camera (CC2OP). Statistical analysis
was performed using statistical package SYSTAT for
Windows (version 5.03, SYSTAT, Inc. Evanston,
Illinois, USA, license No: DA021594). A mean from
three 40× high power fields was calculated. For sta-
tistical analysis of results the statistical package SYS-
TAT for Windows (Version 5.03, SYSTAT, Inc) was
used. The difference was considered statistically sig-
nificant at p < 0.05.

Results 

Histoclinical results 

For primary nephrectomy cases, there were 3 cas-
es of mesoblastic nephroma. For pretreated cases
according to the SIOP protocol, there were three cas-
es of completely necrotic nephroblastoma, one case
of cystic partially differentiated nephroblastoma,
three cases of nephroblastoma epithelial type, one
case of nephroblastoma regressive type, and 7 cases
of nephroblastoma blastemal type. 

Three types of the pattern of MCM2 expression
were distinguished: 
• type I – rare/occasional foci, 
• type II – focal, 
• type III – diffuse.

Results of low risk WTs according to SIOP 2001

MCM2 expression in low risk nephroblastoma
was low, ranging from 0% in cases of completely
necrotic nephroblastoma where it was not detectable
(3.2-year-old M, stage III, and 11.5-year-old M,
stage II) to 5% in cystic partially differentiated

nephroblastoma (5-year-old M, stage I). In meso -
blastic nephroma, which is a spindle cell renal neo-
plasm with a low malignant potential and the most
common congenital renal neoplasm, MCM2 expres-
sion was variable, ranging from 2-3% (8-month F,
stage I) to 40% (1-month-old F, stage I) to 70%
(2-month F, stage III). The child with a low MCM2
expression (8-month-old F, stage I) suffered from
multiple congenital abnormalities and succumbed to
heart failure due to left heart hypoplasia but not of
disease.

Results of intermediate risk WTs according to
SIOP 2001

MCM2 expression in intermediate risk nephro -
blastoma was variable, ranging from 10% in one
case of nephroblastoma regressive type (4-year-old
M, stage II) to 40-50% in nephroblastoma epithelial
type (4-year-old M, stage I) and was high (70-100%)
in another child with nephroblastoma epithelial type
(2-year F, stage IV). 

Results of high risk WTs according to SIOP
2001

MCM2 expression in high risk nephroblastoma
(8 children with nephroblastoma blastemal type) was
variable, ranging from 5-7% (7-year-old F, stage II),
15% (2-year-old F, stage II), 40% in 3 children 
(5.5-year-old F, stage II, 3.6-year-old M, stage III,
and 1.4-year-old F, stage II), to high: 60-70% (4.5-
year-old F, stage IV), 80% (8.5-year-old M, stage III,
nephroblastoma blastemal type with anaplasia) and
90% (7-year-old M, stage IV). Two of the 3 children
with blastemal type and high (> 60%) MCM2 died
of disease within 2-4 years after diagnosis and one
child was lost to follow-up. Both of the children who
died were older (8.5-year-old M and 7-year-old M)
and presented with advanced disease stage IV or III
with anaplasia.

There were statistically significant correlations
between histological prognostic markers and MCM2
expression. Details of statistical analysis are present-
ed in Table I.

Discussion 

The last few decades of the 20th century saw sig-
nificant refinements in the management of Wilms’
tumour patients, with a considerable reduction in
treatment-associated morbidity. The management of
most patients with two-agent chemotherapy, with
no harmful anthracycline or radiotherapy toxicity, is
evidence based and represents curative treatment.
However, several areas require further investigation.
Relapse Wilms’ tumour patients are currently
exposed to high-dose treatment regimes, which need
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to be optimized. Further definition of the biological
pathways involved in Wilms’ tumour and the dis-
covery of novel therapeutic targets should aid the
generation of additional therapies. 

The assessment of proliferation activity as cell
cycle-related protein provides important information
on tumour biology and has been shown to have
a prognostic impact in WT treated according to
SIOP [9].

Minichromosome maintenance 2 is a new prolifer-
ation marker and has been shown to be a useful
marker in assessing the growth of normal and
tumour cells and in evaluating tumour aggressive-
ness and prognostic value in patients with different
types of cancer [10-12]. Our pilot study suggests
that MCM2 expression by IHC may be a potential
prognostic factor in children with WT treated
according to the SIOP protocol due to the presence
of statistically significant correlations between
MCM2 expression and histological prognostic mark-
ers. In low risk WTs MCM2 expression was usually
low, in intermediate and high risk groups was vari-
able and higher in children with more advanced dis-
ease (stage III and IV). In blastemal type high
MCM2 expression was associated with advanced
stage of disease and poor outcome and was an
adverse prognostic factor for survival and disease
progression. High MCM2 in blastemal type (> 60%)
was an adverse prognostic factor for survival and
may be helpful in predicting a more aggressive clin-
ical course in those children who require more
aggressive post-operative therapy to control the dis-
ease. In intermediate risk nephroblastoma, MCM2
expression was more heterogeneous, ranging from
low to high, and is usually associated with a low
stage of disease and younger age. MCM2 expression
in intermediate risk WT with an epithelial compo-
nent seems not to impart adverse prognostic signifi-
cance, in contrast to blastemal type, which was asso-
ciated with poor outcome. MCM2 expression may
also be helpful in predicting clinical course in low
risk nephroblastoma, where MCM2 was usually low
and associated with an excellent outcome. Children
with low MCM2 might need less adjuvant therapy
while children with higher MCM2 expression may
benefit from more adjuvant post-surgery chemother-
apy or chemo/radiotherapy. Understanding the biol-

ogy and molecular pathways associated with this
aggressive proliferative phenotype of blastemal
tumours through gene expression profile may help to
design targeted therapy for pathways involved in
tumour survival.

The results imply that MCM2 expression may be
helpful in assessing WT tumour biology and aggres-
siveness as determined by response to preoperative
chemotherapy. MCM2 was not detectable or low in
low risk WT except mesoblastic nephroma, where its
expression was variable. However, mesoblastic
nephroma is a biologically distinct tumour with
a low clinical aggressiveness and should be consid-
ered separately from WT. The studies also suggest
that high MCM2 expression in the epithelial compo-
nent may not necessarily be associated with an
adverse prognosis. The results of our studies also
show that MCM2 expression in nephroblastoma cor-
relates with histological risk groups, according to
SIOP. 

Our study is in compliance with the results of the
SIOP trials and the classification scheme of WT into
three risk groups and shows that MCM2 expression is
a new prognostic factor in WT [13, 14]. The exami-
nations were carried out on a small group of children
with WT treated according to SIOP and further
studies are needed to better understand the role of
MCM2 expression in tumour biology of nephroblas-
toma and to assess the clinical usefulness of MCM2
expression in WT treatment protocols [15].

Supported by Grant of Medical University of Lodz 
No. 502-11-752.
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