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Summary
Neuroblastic tumors can be characterized by three features: spontaneous regression, matura-
tion and aggressive proliferation. The most common and routinely used method of assessing 
tumor cell proliferation is to determine the Ki-67 index in the tumor tissue. Despite numerous 
studies, neuroblastoma biology is not fully understood, which makes treatment results unsa-
tisfactory. MCM 2 is a potential prognostic factor in the neuroblastoma group.

The study is based on retrospective analysis of 35 patients treated for neuroblastic tumors in 
the Department of Pediatric Surgery and Oncology of the Medical University of Lodz, during 
the period 2001-2011. The material comprised tissues of 16 tumors excised during the ope-
ration and 19 biopsy specimens. Immunohistochemical examinations were performed with 
immunoperoxidase using mouse monoclonal anti-MCM 2 and anti-Ki-67 antibodies.

We observed that MCM 2 expression ranged from 2% to 98% and the Ki-67 index ranged from 
0 to 95%. There was a statistically significant correlation between expression of MCM 2 and 
the value of the Ki-67 index and a correlation close to statistical significance between expres-
sion of MCM 2 and unfavorable histopathology. There was no statistical relationship between 
expression of MCM 2 and age over 1 year and N-myc amplification.

The presented research shows that MCM 2 may have prognostic significance in neuroblastic 
pediatric tumors and as a potential prognostic factor could be the starting point of new in-
dividualized therapy.
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IntroductIon

Neuroblastoma (NB) accounts for 8-11% of all pediat-
ric malignant neoplasms. It is one of the most common 
childhood solid extracranial tumors, and it is the most 
common malignant neoplasm of newborns and infants 
[21]. Over 85% of tumors of this type appear during the 
first 4 years of age, and 50% of tumors occur before the 
second year of life. In about 48% of children presence of 
the metastasis is found at the time of diagnosis; 60-70% 
of cases are diagnosed in the highest clinical stage, IV 
[29,31]. In terms of histopathology studies, the neuro-
blastoma group includes neuroblastoma, ganglioneuro-
blastoma, and ganglioneuroma. 

The prognosis of neuroblastic tumors is conditioned 
by many factors. Recognized prognostic factors are as 
follows: clinical stage according to INSS (International 
Neuroblastoma Staging System); levels of catechol-
amines, neuron-specific enolase, ferritin, lactate dehy-
drogenase in the blood serum and vanillylmandelic and 
homovanillic acid in the urine, higher concentrations of 
which are associated with worse prognosis. Unfavorable 
prognostic factors are as follows: amplification of the 
N-myc oncogene (more than 10 copies of the gene), high 
index Ki-67, DNA diploidy and tetraploidy, deletions on 
chromosomes 1p and 11q. The classification introduced 
in 2009 by the International Neuroblastoma Risk Group 
(INRG) extracts histologic category and grade of tumor 
differentiation as prognostic factors [8]. An indepen-
dent prognostic factor is the age of the patient. Children 
under one year have a much better prognosis; the 5-year 
EFS (event-free survival) rate is 83%. Age and evaluation 
of prognostic factors allows classification of the patient 
to the appropriate risk group and implementation of the 
optimal therapeutic protocol. 

Neuroblastic tumors can be characterized by three fea-
tures: spontaneous regression, maturation and aggres-
sive proliferation. The most common and routinely used 
method of assessing tumor cell proliferation is to deter-
mine the Ki-67 index in the tumor tissue. 

The Ki-67 antigen was discovered in 1983 with mono-
clonal antibodies Ki-67, which were generated by immu-
nizing mice with nuclei of the Hodgkin lymphoma cell 
line L428. The gene encoding the antigen is localized on 
chromosome 10. It can be detected in G1, S, G2 and M 
phase of the cell cycle. It is absent in the resting phase 
G0, and it only occurs in proliferating cells [37].

The exact role of Ki-67 protein in cell proliferation is not 
fully understood. It is known to be a necessary phospho-
protein during the reorganization of the nucleus in the 
middle of mitosis. Ki-67 phosphorylation by the cyclinB/
cdc2 complex enables its transport from the interior of 
the nucleus to the perichromosomal layer at the begin-
ning of mitosis. At the end of the M phase dephosphory-
lation of the protein occurs. It has been confirmed that 
in vitro inhibition of proliferation of Ki-67 by inhibitors 

of cdc2 kinase blocks mitosis [11,12]. Ki-67 has become 
a widely used marker for the growth of the cell popula-
tion, and the antibody directed against it was used in the 
diagnostics of neoplasm. The proliferation Ki-67 index 
value reflects the potential possibility of tumor growth.

Despite numerous studies, neuroblastoma biology is not 
fully understood, which makes treatment results unsat-
isfactory. Therefore, new prognostic factors, such as 
extra copies of 17q, ALK (anaplastic lymphoma kinase) 
overexpression, and telomere length, determination of 
which could improve treatment results and reduce its 
side effects, are constantly sought [10,21,24,31,33].

MCM 2 can be a potential prognostic factor in the neu-
roblastoma group. It belongs to the family of mini-
chromosome maintenance (MCM) proteins, which was 
identified in the yeast Saccharomyces cerevisiae for the 
first time. Higher eukaryotes include conservative MCM 
proteins, homologous to the yeast proteins, which are 
part of the MCM 2-7 complex. MCM 2-7 is involved in 
the initiation of DNA replication in order to form a pre-
replication complex (pre-RC). In the end of the mitosis 
and at the beginning of the G1 phase, the inactive MCM 
2-7 heterohexamer is transported by Cdt 1 protein to 
the origin of DNA replication, which is marked with the 
ORC 1-6 complex (origin recognition complex). Then the 
Cdc 6 protein is attached and the pre-replication com-
plex at the origin of DNA replication is created. At the 
beginning of S phase, cyclin-dependent kinases activate 
the MCM 2-7 complex, which becomes active helicase 
and unwinds DNA double helix. During S phase, Cdt 1 
and Cdc 6 are detached from DNA and degraded, which 
inhibits the formation of the next pre-RC [4,22,26,28,30].

MCM 2 is regarded as a regulatory subunit of the MCM 
2-7 complex. It has been shown that a fraction of MCM 2 
remains associated with replication foci during a major 
part of S phase. Loss of MCM protein functions causes 
DNA damage and genome instability [7,19].

It has been noted that three subunits of the MCM 2-7 
complex – MCM 2, MCM 5 and MCM 6 – are more strongly 
associated with ORC-Cdc 6, and MCM 2 and MCM 5 can 
create a gate for the entry of the DNA helix into the ring 
constructed with MCM complex proteins [35]. Research-
ers examined the process of DNA replication initiation 
and described the formation of MCM 2-7 double-hexamer. 
ATP-dependent activation of subunits 2, 5 and 6 causes 
the connection of the other MCM 2-7 hexamer and facili-
tates MCM 2-7 dimerization. Incorrect function of MCM 
2, 5 and 6 inhibits formation of a stable double-hexamer, 
which leads to the late arrest of pre-RC complex forma-
tion [13,34]. It has been documented that MCM 2-7 com-
plex additionally interacts with DNA α polymerase and 
stimulates its ability to synthesize RNA primers [42].

It has been shown that MCM proteins, including MCM 2 
– the most frequently examined – have a higher specific-
ity and sensitivity than conventional proliferation mark-
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The results were statistically analyzed. For survival anal-
ysis, Kaplan-Meier curves were used, and to compare 
the two groups the log-rank test was applied. To ana-
lyze continuous variables or multivariate models, the 
Cox proportional hazards model was used. The compari-
son between the groups was made using Student’s t-test. 
The correlation is shown by Spearman›s rank correla-
tion coefficient. The difference was considered statisti-
cally significant at p < 0.05.

results

We observed that MCM 2 expression ranged from 2% to 
98% and the Ki-67 index ranged from 0 to 95%.

In the group of children under 1 year of age MCM 2 
expression in tumor tissues was variable, from 2% to 
88%, and the Ki-67 index ranged from 0 to 65%, whereas 
in the group of children over 1 year of age MCM 2 expres-
sion in tumor tissues ranged from 2 to 98% and the Ki-67 
index ranged from 0 to 95%.

According to the tumor histopathology, MCM 2 expres-
sion in tumors of favorable histopathology was variable, 
from 2% to 83%, and the Ki-67 index ranged from 0 to 
53%; MCM 2 expression in tumors of unfavorable histo-
pathology ranged from 4% to 98% and the Ki-67 index 
ranged from 0 to 95%.

We noted that MCM 2 expression ranged from 7% to 98% 
in N-myc (+) tumors and from 2% to 98% in N-myc (-) 
tumors. Ki-67 index values ranged from 27% to 95% in 
tumors with N-myc amplification and from 27% to 95% 
in other tumors.

MCM 2 expression in tumors of children in remission 
was variable, from 2% to 98%. It was the same in tumors 
of children who died. The Ki-67 index ranged from 0 to 
75% in tumors of children in remission and to 95% in 
tumors of children who died. Details of the statistical 
analysis are presented in table 1.

There was a statistically significant correlation between 
expression of MCM 2 and the value of the Ki-67 index 
and a correlation close to statistical significance between 
expression of MCM 2 and unfavorable histopathology. 
There was no statistical relationship between expression 
of MCM 2 and age over 1 year and N-myc amplification. 
Statistically significant correlations are shown in table 2.

dIscussIon

The overall prognosis of patients with NB has marke-
dly improved in recent years, and 5-year survival rates 
increased from 52% in the 1970s to about 75% in 2000-
2005. Nonetheless, NB is the primary cause of death from 
pediatric cancer for children between the age of one and 
five years and currently accounts for 13% of deaths. For 
doctors and scientists it still remains an unknown tumor. 
On the one hand, in generalized form it is one of the most 

ers such as Ki-67 or PCNA [16]. The dependence between 
MCM 2 protein level and histological type, grade of cell 
differentiation, clinical stage and prognosis in lung ade-
nocarcinoma has been described [17]. It has been proved 
that MCM 2 protein can be a promising prognostic fac-
tor in renal cell carcinoma, prostate, thyroid cancer and 
myxofibrosarcoma [3,6,36,39]. Further investigation has 
shown that this protein can be a more useful prolifera-
tion marker than the popular Ki-67 in cancer of the oral 
cavity, esophagus, stomach and colon [9,15,23,40]. More-
over, as far as women are concerned, the relationship 
between poor prognosis and MCM 2 expression in breast 
cancer and ovarian tumors [5,14]. So far little is known 
about the MCM 2 expression and prognostic significance 
in pediatric neoplasms. 

MaterIal and Methods

The study is based on retrospective analysis of 35 
patients treated for neuroblastic tumors in the Depart-
ment of Pediatric Surgery and Oncology of the Medi-
cal University of Lodz, during the period 2001-2011. Six 
selected histoclinical features – sex, age, clinical stage, 
histopathology, N-myc amplification, occurrence of 
death – were assessed.

In the experimental group there were 15 (42.9%) girls 
and 20 (57.1%) boys. Eleven (31.4%) patients were 
younger than 1 year of age. The youngest child at the 
time of diagnosis was 2 weeks old, the oldest 12.5 years 
old. Clinical stage according to INSS was as follows: stage 
IV – 13 (37.1%) patients, III stage – 13 (37.1%), II stage – 6 
(17.2%), and stage I – 3 (8.6%). N-myc amplification was 
detected in 6 (17.2%) patients. 

The study group was divided into patients with favor-
able and unfavorable histopathologic diagnosis in accor-
dance with the INRG criteria. The first group included 

18 (51.4%) patients, and the other included 17 (48.6%). 
Twenty-six (74.3%) children from the study group live 
in remission, and 9 (25.7%) patients died.

The material comprised tissues of 16 tumors excised 
during the operation and 19 biopsy specimens. Obtained 
tissues were fixed in 10% formalin and embedded in par-
affin blocks. Sections 3-4 μm thick were stained with 
hematoxylin and eosin (H+E) and used for immunohis-
tochemistry. Immunohistochemical examinations were 
performed with immunoperoxidase using mouse mono-
clonal anti-MCM 2 and anti-Ki-67 antibodies. Micro-
scopic image analysis was performed using a Multi Scan 
Base v. 8.08 image analyzer. All examined microscopic 
images (Nikon Microphot FXA) were transferred to the 
computer with a camera (CC2OP).

A positive reaction resulted in brown nuclear staining in 
cells expressing MCM 2 and Ki-67. Expression of MCM 2 
and Ki-67 was quantified and presented as an index. In 
each case 1000 tumor cells were evaluated.
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N-myc amplification. Amplification of the N-myc onco-
gene is present in 20% of neuroblastic tumors and is an 
unfavorable prognostic factor [24]. There has been obse-
rved a strong correlation between expression of N-myc 
and all MCM proteins, and an increase in expression of 
the MCM 2-7 complex after induction by N-myc was obse-
rved. The authors reported that N-myc directly binds to 
the promoter of MCM genes and induces an increase in 
the expression of all MCM subunits. It is worth noting 
that the highest correlation coefficient concerned MCM 
2 protein. However, in our study, the patients with N-myc 
amplification had a high value of MCM 2, which may indi-
cate that the lack of statistical significance may due to the 
small size of the test group [25].

The research also revealed no significant relationship 
between the level of MCM 2 and the age of patients, 
although in the study group the age of patients over 1 
year was significantly associated with worse progno-
sis. Children under 1 year of age had lower expression 
of MCM 2 than the older ones. Patients who died in 
the course of NB were characterized by a higher level 
of MCM 2 protein than patients who live and remain 
in remission, but the relationship was not statistically 
significant. 

There is no consensus in the literature about MCM 2 
expression and patient death. Earlier investigations 
revealed a correlation of MCM 2 expression with survi-
val of patients with oral cavity and esophageal squ-
amous cell carcinoma and with glioma [18,23,40]. There 
was no significant correlation of MCM 2 expression with 
survival of patients with renal carcinoma, although 
more deaths were observed in patients with high values 
of MCM 2 [36].

difficult tumors to cure, with only 40% long-term survi-
val despite intensive therapy. On the other hand, it can 
regress completely or mature to ganglioneuroblastoma 
and ganglioneuroma [21,27]. Hence there is a search for 
the most accurate knowledge of neuroblastoma cells and 
new prognostic factors, the discovery of which would 
increase the effectiveness of therapy. 

A statistically significantly high level of MCM 2 was 
correlated with a high Ki-67 index – a recognized and 
routinely assessed cellular proliferation index. This is 
consistent with the results of colon, lung cancer and 
breast and ovarian cancer studies [5,14,15,17]. MCM 2 
protein plays a key role in DNA replication and is consi-
dered as a new proliferation marker of prognostic value 
in oncology, as found in other types of cancer – lung, ali-
mentary tract, ovary, uterine cervix [2,9,14,15,17]. The 
results of the studies indicate that MCM 2 protein may 
be of potential prognostic significance also in neuro-
blastoma. Like the value of Ki-67, the expression level 
of MCM 2 in our studies correlated with differentiation 
grade of tumor cells, and the correlation was close to 
statistical significance. Unfavorable histopathological 
diagnosis (NB poorly differentiated, NB undifferentia-
ted) was associated with increased expression of the 
test protein. A similar relationship between tumor diffe-
rentiation stage and MCM 2 was found in patients with 
alimentary tract, lung and breast cancer [5,15,17]. Howe-
ver, studies also revealed high expression (above 75%) of 
MCM 2 in 3 patients with favorable histopathology dia-
gnosis.

In our study, there was no significant dependency 
between MCM 2 expression and N-myc amplification, 
although the Ki-67 index correlated with the presence of 

Table 1. Details of statistical analysis

Characteristics
MCM 2 expression Ki-67 index

Mean
[%]

SD
[%]

Media
[%]n

Mean
[%]

SD
[%]

Median
[%]

The whole group of tumors 41 34 32 33,2 25,98 30

Tumors of children under 1 year 35 34 20 32,4 20,76 36

Tumors of children over 1 year 44 34 37 33,6 28,45 28,5

Tumors of favorable histopathology 32 27 28 20,2 17,68 21

Tumors of unfavorable histopathology 52 37 67 46,9 26,68 44

N-myc (+) tumors 56 38 55 57,2 28,63 48

N-myc (-) tumors 43 33 34 30,4 23,63 28

Tumors of children in remission 38 33 29 29,5 21,17 29

Tumors of children who died 50 37 29 43,8 36,02 48

Table 2. The correlation between prognostic factors of neuroblastoma and MCM 2 expression

MCM 2 expression Prognostic factor p

MCM 2 level
Value of Ki-67 index 0.0017

Unfavorable histopathology diagnosis 0.0665
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quinomycin and ciprofloxacin was described [20,38]. It 
turned out that MCM 2 protein is also localized in the 
cytoplasm of the cell, and in response to a replication 
signal it is transported to the cell nucleus, where it beco-
mes part of the MCM 2-7 complex. It has been shown 
that MCM 2 bound with retroviral gp 70 protein induces 
apoptosis of the cell [1].

It means that tumor cells may be more sensitive to DNA 
damage induced apoptosis by altering the molecular 
function of MCM 2. This fact makes it possible to search 
for new therapeutic methods in cancers which have an 
increased expression of MCM 2. Perhaps further analysis 
of MCM 2 expression and its impact on the response to 
treatment will also allow us to search for new therapeu-
tic methods for patients with neuroblastoma.

The presented research shows that MCM 2 may have 
prognostic significance in neuroblastic pediatric tumors 
and as a potential prognostic factor could be the starting 
point of new individualized therapy. Further research is 
required to understand the role of MCM 2 expression in 
neuroblastoma biology and evaluate the clinical utility 
of MCM 2 in the treatment of patients with neoplasms.

It is reported in the literature that MCM 2 expression is 
higher than Ki-67 in the same lesions. It has been pro-
ven in premalignant lesions of the lung and thyroid. Also 
in our study in each case evaluated prognostic factor 
values of MCM 2 were higher than values of the prolife-
ration index Ki-67 [6,41]. These results may indicate that 
MCM 2 allows assessment of the degree of cell prolifera-
tion more accurately than Ki-67. 

As far as we know, our studies are the first evaluation of 
MCM 2 expression in neuroblastoma cells. The role of 
MCM 2 and the potential clinical implications of asses-
sment of its expression require further investigations. 
The results proved the existence of statistically signi-
ficant correlations between expression of MCM 2 and 
recognized prognostic factors in neuroblastoma. The 
bibliography describes many other aspects of the acti-
vity of MCM 2. 

The use of MCM proteins allows one to assess the 
response to therapy in a number of common tumor 
types. Their utility in the design of new anti-cancer 
therapies aimed at regulating DNA replication is being 
studied. The inhibition of MCM 2-7 complex with heli-

 
Fig. 1. The correlation between the MCM 2 and the Ki-67 in the study group
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