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A number of studies have indicated that cyclin E plays an important role in a vari-
ety of neoplastic processes.
In our study we evaluated cyclin E1 expression and the possible prognostic value of
this protein in neuroblastic tumors in children..
Cyclin E1 expression was investigated by means of immunohistochemical analysis
of 25 neuroblastic tumor tissue samples.
We found a significant correlation between high cyclin E1 expression and deaths due
to neoplastic disease. The mean values of cyclin E1 indexes in fatal cases were twice
as high as in other cases.
The results indicate that high cyclin E1 expression may have prognostic importance
in neuroblastic tumors in children.
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Introduction

Neuroblastoma is the most common extracranial neo-
plasm of the age of development, but its biological be-
havior still remains unknown. It is a malignant tumor
with prognosis varying from very favorable to unfa-
vorable depending on the patient's age, the clinical stage
of disease as well as morphological structure of the tu-
mor [1-4]. It is estimated that 8-10% of all malignant
neoplasms in patients under 15 years of age are neu-
roblastic tumors and they are responsible for 15% of
fatalities among children treated for malignancies
[5-8].

The first findings indicative of the genetic etiology
of neuroblastic tumors date back to 1983 when the con-
comitance of MYCN oncogene amplification and
overexpression of B receptor of tyrosine kinase (TrkB)
were detected in patients with tumors of the neurob-
lastoma type. Some authors pose the hypothesis that
neuroblastoma incidence is higher among individuals
with a risk factor of neurofibromatosis type 1 (NF1) as
well as with Hirschsprung’s disease [9].

Neuroblastic tumors originate from the neural
crest of the sympathetic nervous system, and comprise
neuroblasts of divergent degrees of maturity, stem and
stromal cells. Most primary neuroblastic tumors (65%)
are situated in the abdominal cavity. Half of them de-
velop in the adrenal medulla. Neuroblastoma may also
appear in the cervical, thoracic and pelvic areas [10].
Microscopically neuroblastoma belongs to the group
of small round cell tumors. The ones with a favorable
prognosis are made up of clusters of mature neurons
surrounded by a dense stroma of Schwann cells. Gan-
glioneuroblastomas contain both mature cells that man-
ifest ganglion cell morphology and undifferentiated neu-
roblasts. As far as the tumors with the highest degree
of risk are concerned, small blue cells with scarce cy-
toplasm and hyperchromatic nuclei take precedence in
the microscopic picture [4, 11].

First and foremost, prognosis relies on the clinical stage
of the disease, the age of the child, and the presence of
N-myc oncogene copies as well as of other markers such
as TrkA receptor for either nerve growth factor (NGF)
or ferritin level [2]. New prognostic markers are still be-
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ing sought. It has recently been noted that cyclin E1 may
play a significant role in neoplastic processes. The mol-
ecules of cyclin E participate in the regulation of the cell
cycle by controlling the kinases dependent upon them,
predominantly CDK2 as well as, to a lesser degree, CDK1
and CDK3. The “incorporation” of cyclins into the chro-
matin chain occurs during the G1 phase of the cell cy-
cle and lasts until the end of phase S. Cyclin E is also in-
volved in the process of DNA replication initiation as well
as controlling genomic stability [12-15].

Cyclin E1 belongs to the IgG2a class, κ. Overex-
pression of cyclin E1 reduces the duration of the cell
cycle G1 phase, accelerating the onset of phase S. Like
in all other cyclins, its activation is mainly dependent
on kinase CDK while its activity is regulated by sup-
pressor proteins such as p16. Between the phases G1
and S of the cell cycle there is the so-called restriction
point “R” that is a critical point suitable for the growth
control of the cells. Disturbances that affect it may lead
to the uncontrolled overexpression of particular factors,
including cyclin E, with the resulting neoplasm de-
velopment. The locus of cyclin E is situated at (19q12-
q13) and tends to appear in multiple copies in cases of
human tumors [15-17].

The aim of the study was to carry out a morpho-
logical assessment of the expression of cyclin E1 and
evaluate its possible prognostic value in neuroblastic
tumors in children.

Material and methods

Twenty-five tissue samples of neuroblastic tumors from
the archives of the Department of Pathology of the Age
of Development, Medical University of Lodz, were in-
cluded in the study. The tissue materials were fixed in
10% buffered formalin for 24-48 hours and embedded
in paraffin blocks. The blocks were then cut into 3-4 mi-
crometer sections and stained with hematoxylin and eosin
(HE) and also used in immunohistochemical research with
the use of mouse monoclonal antibody against cyclin E
clone 13A3 in dilution 1 : 50 (Novocastra Laboratories
Ltd.). The staining was performed following an en-
dogenous peroxidase blocking procedure (0.5% hydro-
gen peroxide/methanol for 10 minutes) and high tem-
perature antigen unmasking technique (0.01M citrate
buffer, pH 6.0). The sections were incubated with anti-
cyclin E antibody for 1 hour at room temperature followed
by mouse Envision + HRP detection system (DAKO)
for 30 min. Peroxidase reaction was developed using liq-
uid DAB (DAKO). The negative controls were sections
in which initial antibodies were replaced with TBS buffer
and the further procedure was identical with the stan-
dard immunohistochemical procedure. The positive
controls were sections that showed a strong positive re-
action towards the antigens examined, verified in advance.
The percentage of nuclei stained in tumor components
was assessed by a computer image analysis system (Mul-

ti Scan Base v. 8.08 – Computer Scanning System, Ltd).
The microscopic picture was transferred to the computer
memory by means of a video camera (CC2OP) coupled
with a microscope (Nikon Microphot FXA).

A nuclear type of reaction with brown coloration of
neoplastic cell nuclei was interpreted as a positive re-
action. The reaction was evaluated in the sites of the
preparation (visible areas) that showed the largest con-
centrations of the marker, the so-called hot spots of the
tumor. Cyclin E1 expression (the percentage of cyclin
E1-positive tumor cells) was derived by counting at least
1000 tumor cells. In statistical analysis there were also
investigated the correlations between the expression of
cyclin E1 and widely accepted prognostic factors in the
neuroblastoma group of tumors (histological type, stage,
age) as well as selected histoclinical features (sex, pres-
ence of metastases, recurrence and number of deaths
due to neoplastic disease). For statistical analysis of re-
sults we used the statistical package SYSTAT for Win-
dows (Version 5.03, SYSTAT, Inc). For all measura-
ble features, the mean and median values were
established. For the estimation of differences in ex-
amined groups we used the Kruskal-Wallis or Mann-
Whitney test. In subgroups with less than 5 cases we
used Fisher’s test and/or Yates’ correction. The difference
was considered statistically significant if p < 0.05.

Results

Histoclinical features

The study group of neuroblastic tumor tissue sam-
ples comprised 25 cases. Twelve tumors were obtained
from girls (48%), 13 from boys (52%). The youngest pa-
tient was 1 month old while the oldest was 151.5 months
old. The mean age of children upon diagnosis was 37.9
months, with the median at 24.7 and standard devia-
tion at 36.1. Among 25 evaluated patients, 7 died of the
disease (28%), 12 were found to suffer from metastasis
(48%), and 6 (24%) from recurrences. All patients were
subjected to surgical treatment and chemotherapy
with 10 administered radiotherapy (40%). The most nu-
merous group comprised patients diagnosed in the 4th

stage of the disease (10 patients; 40%), followed by those
in the 3rd stage (6 patients; 24%), in the 2nd stage (5 pa-
tients; 20%), and in the 1st stage (4 patients; 16%).

In microscopic examination of investigated tumor
tissue samples, the following histological types of tu-
mor were identified: poorly differentiated neuroblas-
toma (9 cases; 36%), differentiating type neuroblas-
toma (10 cases; 40%), ganglioneuroblastoma (3 cases;
12%) and ganglioneuroma (3 cases; 12%).

Immunohistochemical studies and statistical
analysis

We found cyclin E1 expression in all the examined
tumor tissue samples. The mean value of cyclin E1 in-
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dex was 22.537 (with the minimum at 10.200, the max-
imum at 60.000, the standard deviation at 12.799, and
the median at 16.800). The microscopic picture of cy-
clin E1 expression in neuroblastoma is shown in Fig. 1
and Fig. 2. A higher value of cyclin E1 index proved
characteristic of neoplasms with unfavorable histology.
The lowest indexes were observed in ganglioneuromas,
the highest in poorly differentiated neuroblastomas. The
cyclin E1 indices in the poorly differentiated and dif-
ferentiating neuroblastomas taken together as a group
were found to be nearly twice as high (23.4%) as in the
ganglioneuroma group alone (15.3%). However, no sta-
tistically significant relations were revealed upon the
analysis of the results. The mean values of cyclin E1 in-
dex in deceased children was twice as high (36.0%) as
in the remainder of cases (17.7%). Five of nineteen chil-
dren with tumors with high cyclin E1 expression died
due to neoplastic disease. We observed a statistically sig-
nificant correlation between high indexes of cyclin E1
expression and death of the patients due to neoplastic
disease (p = 0.007). The values of cyclin E1 index were
higher in cases with metastases (29%) than in the re-
mainder of cases (17%). Similar results were obtained
upon the analysis of the values of cyclin E1 index with
respect to recurrence incidence. In children suffering from
recurrence the mean value of cyclin E1 index was high-
er (28%) than in other cases (21.3%), but the differences
were not statistically significant.

Higher indices of cyclin E1 were observed at more
advanced stages of the disease as follows: 4th – 32.6%;
3rd – 17.6%; 2nd – 13.0%; 1st – 10%, but without sta-
tistical significance.

Discussion

Solid tumors in children constitute one of the ma-
jor problems of current pediatric oncology. Following
injuries and accidents, neoplastic diseases are the
main cause of mortality among children over two years
of age. In modern medicine a cure may be found in as

many as 70% of pediatric cases by virtue of both state-
of-the-art diagnostic techniques spanning laboratory,
imaging and histological techniques that lead to re-
ducing the time needed to establish the final diagno-
sis and novel therapeutic guidelines. The assessment
of the presence of cell cycle-related proteins may yield
important information about the biological behavior
of a tumor. Because not all of the patients with neu-
roblastoma responded well to chemotherapeutic treat-
ment some other than already known factors must take
part in the course of neoplastic disease. The present
study was carried out to investigate whether cell ac-
tivity represented by cyclin E1 expression exists and to
evaluate its possible prognostic value in neuroblastic
tumors. Cyclin E constitutes protein molecules that serve
as regulators within eukaryotic cells. Their activation
involves kinase CDK2. According to the current lit-
erature, the overexpression of cyclin E in the cell nu-
cleus is known to lead to shortening of the G1 phase
of the cell cycle.

Cyclin E is considered to play a role in neoplastic
processes as it disrupts the duration of particular cell cy-
cle phases, giving way to genetic instability [12-14, 18].

The present study demonstrated that high indices
of cyclin E1 are observed in the cells of neoplasms
demonstrating low differentiation and thus of higher
malignancy.

We observed higher values of cyclin E1 indices in
potentially low differentiated types such as poorly dif-
ferentiated, differentiating type and ganglioneurob-
lastoma rather than in ganglioneuroma. The values of
cyclin E1 indices were higher also in cases showing
a more clinically advanced stage of the disease. It was
proved that the values of cyclin indices were consid-
erably higher in the case of neuroblastomas than gan-
glioneuromas. In all likelihood, high values of cyclins
D and E indices are associated with poor prognosis for
patients with ganglioneuromas [19].

The studies evaluating Wilms’ tumor tissue samples
(in stromal, blastemal and epithelial components) re-

CYCLIN E1 EXPRESSION IN NEUROBLASTIC TUMORS

Fig. 1. Cyclin E1 expression in poorly differentiated
neuroblastoma. Original magnification 400×

Fig. 2. Cyclin E1 expression in differentiating
neuroblastoma. Original magnification 600×
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vealed correlations between high values of cyclin E and
Ki-67 indices, the presence of metastases and more “ag-
gressive” (more resistant to chemotherapy) forms of
nephroblastoma. The results proved that high values
of cyclin E index occur in tumors with a higher histo-
logical risk and accompanying poor prognosis [20]. In
animal models it was shown that high values of cyclin
E index in mice caused genetic instability due to chro-
mosome intervals and translocations. Furthermore, the
researchers found that overexpression of cyclin E was
coupled with p53 gene deficiency which further am-
plified murine neoplastic progression. The in vitro study
by the same researchers indicated that overexpression
of cyclin E raised the likelihood of murine Ras-de-
pendent pulmonary cancer to a greater degree than the
deficit of gene p53 [18].

There was also an article reporting that overex-
pression of cyclin E is due to neoplastic processes [13].
The authors mentioned that kinase-independent func-
tion of cyclin E was conducive to chromosomal insta-
bility and induced cancer cell proliferation. It was also
underlined in the literature that the CDK-independent
function of cyclin E may be a trigger for the “approval”
for the replication and oncogenic transformation of cells
[14]. An aspect of cyclin E still remains not completely
known – the kinase-independent effect of cyclin E that
leads to the disturbance of phase G1, and is responsi-
ble for rendering cyclin E a marker associated with onco-
genesis. Such information is especially important for
studies on some malignancies in which despite many
efforts we did not achieve expected results of performed
treatment as with neuroblastoma. Results of numer-
ous new studies created an unexpected picture of neu-
roblastic tumor biology and showed the possible
prognostic impact of new markers [21, 22].

In summary, we have reported that there was an in-
crease in cyclin E1 expression in low differentiated neu-
roblastic tumors which correlated with death due to neo-
plastic disease. These results support the conclusion that
cyclin E1 expression may be used for assessing the pro-
liferative activity and tumor cell dynamics and may in-
dicate a prognostically unfavorable role of cyclin E in
neuroblastic tumors.
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