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The c-Myc and MYCN oncogenes strongly induce cell proliferation. Although a limited ser-
ies of cell cycle genes were found to be induced by the myc transcription factors, it is still
unclear how they mediate the proliferative phenotype. We therefore analysed a neuroblas-
toma cell line with inducible MYCN expression. We found that all members of the minichro-
mosome maintenance complex (MCM2-7) and MCM8 and MCM10 were up-regulated by

Keywords: MYCN. Expression profiling of 110 neuroblastoma tumours revealed that these genes
DNA replication strongly correlated with MYCN expression in vivo. Extensive chromatin immunoprecipita-
MCM tion experiments were performed to investigate whether the MCM genes were primary
Neuroblastoma MYCN targets. MYCN was bound to the proximal promoters of the MCM2 to -8 genes. These
MYCN data suggest that MYCN stimulates the expression of not only MCM7, which is a well defined
MYCN target gene, but also of the complete minichromosome maintenance complex.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction High throughput mRNA profiling studies have identified

Members of the Myc oncogene family are activated in many
tumour types and can induce strong changes in the cellular
phenotype. They stimulate cell growth, proliferation and
invasiveness upon ectopic expression. The Myc oncogene
family members, MYC, MYCN and MYCL, are basic-helix-
loop-helix-leucine zipper domain containing transcription
factors, which activate, together with their dimerization part-
ner Max, gene expression of a number of genes in an E-box
(CAC(A/G)TG) dependent manner.>> MYCN and c-myc proba-
bly have very similar molecular functions. Mice in which the
coding sequence of MYC was replaced by that of MYCN devel-
oped normally. This indicates that MYCN and c-myc can
functionally replace each other and control the same cellular
processes.>

* Corresponding author: Tel.: +31 205666592; fax: +31 206918626.
E-mail address: l.j.valentijn@amc.uva.nl (L.J. Valentijn).

many genes which are induced upon myc activation, but di-
rect regulation by the myc transcription factors was estab-
lished for only a limited number of genes. These myc-
induced changes in gene expression start to explain the phe-
notypic changes known to result from myc activation. The
Drosophila MYC gene promotes cell growth and indeed mam-
malian c-myc stimulates expression of several genes involved
in protein synthesis.*> We observed that MYCN and c-myc
stimulate expression of proteins involved in ribosomal RNA
processing and ribosome biogenesis.® The role of myc onco-
genes in cell adhesion and tumour invasion’™ is in line with
our recent observation that MYCN down-regulates the
expression of many genes involved in cell-matrix interactions
and in cytoskeleton architecture.’® Most research has focused
on the effect of myc oncogenes on cell proliferation. Indeed a
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number of c-myc target genes are regulators of the cell cycle.
c-Myec directly induces the expression of cyclin-D2 and CDK4,
eventually leading to increased cyclin-E-CDK2 activity and
G1- to S-phase transition.’™*? Also other cyclins are regulated
by c-myc, including Cyclin-A2, -B1, -D3 and -E.**™” In addition,
a number of cell cycle genes are transcriptionally suppressed
by myc. The cell-cycle inhibitory genes p15™%*F and p21<**
are repressed by c-myc through interaction with the tran-
scription factor Miz-1 at the Inr sequence in the core
promoter.’®*°

The MYCN gene is amplified in 20% of neuroblastoma tu-
mours.?® Neuroblastoma is a malignant childhood tumour
of the sympathetic nervous system with a highly variable
prognosis. Amplification of MYCN confers a poor prognosis?*
and ectopic expression of MYCN in neuroblastoma cell lines
was found to stimulate cell cycle progression.?”?* In this
study, we generated gene expression profiles of a neuroblas-
toma cell line in which ectopic MYCN expression can be reg-
ulated. Strikingly, all minichromosome maintenance (MCM)
genes were induced by MYCN. Chromatin immunoprecipita-
tion (ChIP) experiments identified MCM2 to -8 as direct targets
of MYCN. Moreover, microarray analyses of neuroblastoma
tumours showed a strong correlation between expression lev-
els of MYCN and all MCM genes. These results suggest that
MYCN might stimulate the initiation of DNA replication and
the accompanying G;- to S-phase transition by induction of
the whole minichromosome maintenance complex.

2. Materials and methods

2.1. Cell lines

The SHEP-21N cell line was grown in RPMI 1640 medium (GIB-
CO), supplemented with 10% foetal calf serum, 4 mM t-gluta-
mine, 100 pg/ml streptomycin and 100 U/ml penicillin.??
MYCN expression was switched off by the addition of 50 ng/
ml tetracycline. For serum starvation, SHEP-21N cells were
incubated for 36 h with the above indicated medium, but
without foetal calf serum. Cells were serum stimulated by
the addition of fetal calf serum to a final concentration of
10%.

2.2.  Oligonucleotide microarray hybridization and
analysis

Total RNA of cell lines was isolated by the LiCl-ureum meth-
od.?* Total RNA of neuroblastoma tumours was extracted
using Trizol reagent (Invitrogen, Carlsbad, USA) according to
the manufacturer’s protocol.

RNA concentration and quality were determined using the
ND-1000 spectrophotometer (NanoDrop, Wilmington, USA).
RNA purification was performed using the RNeasy mini kit
(Qiagen, Germantown, USA). Fragmentation of cRNA, hybrid-
ization to HG-U133 Plus 2.0 microarrays and scanning were
carried out according to the manufacturer’s protocol (Affyme-
trix Inc. Santa Barbara, USA) at the Microarray Department of
the Swammerdam Institute of Life Science of the University
of Amsterdam. Intensity values and the corresponding detec-
tion p-values were assigned to each probe set using the
MASS5.0 algorithm of GCOS software (Affymetrix Inc. Santa

Barbara, USA). The ratios of expression between two time
points and their corresponding p-values were calculated pres-
ent-call was <0.01 and the p-value of the ratio between the
expression at t=0h and t=8h was <0.0005. Furthermore,
the fold induction had to be >2 or <-2. If more than one
probe-set belonged to the same gene, we assigned the expres-
sion data of the probe-set with the best p-value of the ratio
between the two time points to that particular gene. Addi-
tional analyses of the microarray data were performed using
the RMA and GCRMA normalisation algorithms. With RMA
we found 105 of the 109 cell cycle genes described in this re-
port, while with GCRMA we found 108 genes.

2.3.  Northern blot analysis

Twenty micrograms of RNA was separated on a 0.8% agarose
gel with 6.7% formaldehyde and blotted on Hybond N mem-
branes in the presence of 10x SCC. Sequence-verified DNA
probes were hybridized to filters overnight in 0.5 M NaHPOy,,
pH 7.0, 7% SDS and 1 mM EDTA (incubation buffer) at 65 °C.
MCM probes were hybridized in the presence of 100 ug human
placenta DNA. Filters were washed two times in 40 mM NaH-
PO,4, 1% SDS and one time in 40 mM NaHPO, at 65 °C. Primers
used for probe PCR are listed in the supplementary data.

2.4. Quantitative PCR

For first-strand cDNA synthesis 1 pg of total RNA was reverse
transcribed using 125 pM oligodT;, primers, 0.5 mM dNTPs,
2mM MgCl,, RT-buffer (Invitrogen) and 100 U superscript II
(Invitrogen) in a total volume of 25 ul.>® cDNA was diluted
two times to a total volume of 50 pl. A fluorescence-based ki-
netic real-time PCR was performed using the real-time iCycler
PCR platform (Biorad, Hercules, USA) in combination with the
intercalating fluorescent dye SYBR Green I. Twenty nano-
grams of cDNA was used for each quantitative PCR reaction.
The IQ SYBR Green I Supermix (BioRad, Hercules, USA) was
used in accordance with the manufacturer’s instructions. A
complete list of all the primers used for quantitative PCR is
listed in the supplementary data. Expression values were nor-
malised according to Vandesompele et al.?® by geometric
averaging of the genes B-actin and PSMB4. The expression of
both B-actin and PSMB4 genes was not regulated in the
SHEP-21N cell line according to the microarray data.

2.5.  Chromatin immunoprecipitation

SHEP-21N cells were grown in RPMI 1640 supplemented with
50 ng/ml tetracycline for two weeks. Tetracycline was re-
moved by washing the cells three times with HANKS’ bal-
anced salts solution (HBSS) and cells were grown on RPMI
1640 for three more days. Cells (3 x 107) were used for four
ChIPs (including two negative ChIPs with control antibody).
We used a modified protocol of the Upstate ChIP kit (Upstate,
Charlottesville, USA). The most important modification was
that, after cross-linking and prior to the initial lysis step, nu-
clei were collected. Nuclei were obtained by harvesting cells
in 1ml Swelling Buffer (5mM PIPES, pH 8.0, 85mM KCI,
0.5% Nonidet-P40), incubation on ice for 30 min, homogen-
ation using a syringe and needle (23G) and centrifugation
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(45009) at 4 °C. Nuclear lysates were sonicated five times on
ice for 30s with an Ultrasonic Processor (Sonics, Newton,
USA) at an amplitude of 30%. Chromatin pre-clearing was per-
formed using protein-A agarose (Roche, Basel, Switzerland)
and 25 pg herring sperm DNA for 30 min. at a temperature
of 4 °C. Chromatin immunoprecipitation was performed with
either 2 pg of monoclonal anti-MYCN antibody (Pharmingen,
San Diego, USA) or 2 pg of anti-flag-antibody (Stratagene, La
Jolla, USA) and protein-A agarose. For each ChIP sample pre-
cipitated chromatin was finally dissolved in 30 ul water. ChIP
samples were analysed with SYBR Green based quantitative
PCR. Primer pairs were checked for specificity by melting
curve analysis and gel electrophoresis. Primer pair efficien-
cies were determined by the slope of PCR curves, which were
comparable at different template concentrations, and by per-
forming PCR reactions with different dilutions of a known
template. Precipitated DNA (3 ul) was used as input for each
PCR reaction. Each ChIP and following PCR were performed
in fourfold. A complete list of all the primers used for ChIP
analysis is listed in the supplementary data.

2.6. Flow cytometry

Cells were fixed and stained with propidium iodide using a
modified protocol.?” Histograms of DNA content were gener-
ated with a FACS DiVa Flow Cytometer (Becton Dickinson,
Franklin Lakes, USA).

2.7.  Western analysis

Cell lysates were separated with SDS-polyacrylamide gel elec-
trophoresis and blotted onto Immobilon-P membrane (Milli-
pore, Billerica, USA). Immunostaining of Western blots was
performed according to standard procedures and proteins
were visualised using the ECL detection system (Amersham,
Piscataway, USA). Used antibodies were anti-MCM7 (mouse
monoclonal, Santa Cruz, USA), anti-MYCN (mouse monoclo-
nal, Pharmingen, San Diego, USA), anti-f-Actin (mouse mono-
clonal, Abcam, Cambridge, UK).

3. Results

3.1. MYCN induces expression of genes involved
in replication and cell cycle control

In search for molecular pathways involved in the myc-in-
duced proliferation phenotype, we analysed gene regulation
by MYCN. We used the neuroblastoma cell line SHEP-21N,
in which the ectopic MYCN expression can be silenced by tet-
racycline.?> MYCN expression was switched off for 15 days,
after which tetracycline was washed away (t =0) and MYCN
was re-expressed. RNA was isolated from cells at t=0 and
8, 24 and 120 h after re-expression of MYCN. Gene expression
profiles of the four time points were made using Affymetrix
HG-U133 Plus 2.0 microarrays. One of the most striking obser-
vations was that all the minichromosome maintenance com-
plex (MCM complex) genes were significantly (p < 0.00005) up-
regulated (Fig. 1a). The MCM complex exists of 6 subunits (en-
coded by MCM2-7), is loaded on origins of replication and li-
censes cells for replication during the Gi-phase.’®>° In

addition, MCM8 and MCM10 were induced by MYCN. In a pre-
vious study, only the MCM7 gene was found to be a direct tar-
get of MYCN.*® Our data suggest up-regulation of the
expression of the whole MCM complex after induction of
MYCN.

3.2.  Validation of microarray results by qPCR and
Northern blot analyses

We also investigated the induction of MCM genes by MYCN in
SHEP-21N by quantitative PCR (qPCR). Expression values were
normalised by geometric averaging of the control genes f-ac-
tin and PSMB4 (proteasome subunit, beta type, 4). qPCR of
MCM-2 to -8 and MCM10 showed an up-regulation varying
2-16 fold (Fig. 2a). Up-regulation of these genes was highest
at t =24 and MCM4 and MCM10 showed the strongest induc-
tion. As a control, we included TK2 (thymidin kinase 2), which
was 3-fold down-regulated according to the microarrays.
gPCR also showed a 3-fold down-regulation of TK2. The regu-
lation of four MCM genes by MYCN was also confirmed by
Northern blot (Fig. 2b). This analysis showed the expression
of MCM2, MCM3, MCM4 and MCMS6 to increase with a maximal
intensity 24 h after MYCN expression.

3.3. MYCN directly binds to the promoters of MCM genes

The microarray analysis of the time series in SHEP21N indi-
cated that up-regulation of MCM gene expression already oc-
curred 8 hours after MYCN induction (Fig. 1). Since MYCN
activated the promoter activity of one of the MCM genes, we
analysed whether this effect may result from a direct binding
of the MYCN transcription factor to the promoter regions of
all the MCM-2 to -8 and -10 genes. Chromatin immunoprecip-
itation (ChIP) assays with an MYCN antibody were used to
analyze SHEP-21N cells expressing MYCN. The Promoter re-
gion of each of the MCM genes was determined based on
the RefSeq sequences aligned to the genome and primer pairs
were chosen at different positions within the promoters
(Fig. 3a). As a positive control, we used a primer pair near
the E-box within the promoter of NME1. NME1 is a direct tar-
get of c-myc®? and is strongly induced by MYCN in SHEP-
21N.3® A primer pair in the promoter of p-actin functioned
as negative control. gPCR was performed on DNA precipitated
with either the anti-MYCN antibody or a control antibody and
the difference in threshold cycle (AC; was determined for
each primer pair. qPCR with NME1 specific primers resulted
in a AC; of 5.4 cycles, implying a specific ~40-fold enrichment
for the E-box containing promoter region by the anti-MYCN
antibody (Fig. 3b). For MCM2, MCM7 and MCM8 the primer pair
nearest to the E-boxes showed the largest AC;, varying from
2.6 (MCM7, ~6-fold enrichment) to 4.8 (MCMS8, ~28-fold
enrichment). These results indicate that MYCN directly binds
to the promoters of these genes. Primer pairs further away
from the E-boxes showed a lower AC,, suggesting that MYCN
binds in the region of the E-boxes. Also for MCM3, MCM4,
MCMS5 and MCM6, which do not contain canonical E-boxes
in their proximal promoter, direct binding of MYCN to the
promoter was shown. For these MCM genes the primer pairs
that gave the largest AC; were located near the predicted
starts of transcription. MYCN can also bind to non-canonical
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Fig. 1 - MYCN induces the expression of MCM genes. Gene expression was analysed on microarrays at 0, 8, 24 and 120 h after
MYCN induction. The Y-axis represents gene expression, the X-axis represents time after MYCN induction (hours).

E-boxes,**** which we could identify for the promoter of

MCM3 (CACGCG), MCM4 (CACGGG) and MCMS5 (CATGCC). The
ChIP analysis did not show a direct interaction of MYCN with
the promoter of MCM10. Therefore, MYCN does not directly
bind to the MCM10 promoter, or MYCN binds outside the ana-
lysed promoter region.

In conclusion, we showed that MYCN binds to the promot-
ers of MCM2-8 and thus induces the expression of these
genes directly.

3.4. Increased MCM2, -4 and -7 protein levels correlate
with increased S-phase entry by MYCN

The MCM genes are involved in licensing, initiation of DNA
replication and nascent strand elongation during G1- and S-
phase.®® Therefore, we analysed the effect of MYCN on cells
entering the S-phase. SHEP-21N cells with or without MYCN
expression were synchronised by serum starvation for 36 h.
After serum stimulation cell cycle distribution was analysed
by flow cytometry. In line with previous experiments,?? more
cells entered S-phase when MYCN was expressed, showing
that MYCN expression facilitated S-phase entry (Fig. 4a). This
implies that MYCN expression results in a higher fraction of
cells that are licensed to start DNA replication. In parallel,
we analysed whether the MYCN expressing cells in this
experiment showed a higher expression of MCM proteins.
We monitored the MCM2, MCM4 and MCM7 protein levels

during the experiment (Fig. 4b). At t = 0 cells expressing MYCN
showed higher MCM2, -4 and -7 protein expression than cells
without MYCN expression. This induction of MCM protein
levels by MYCN was observed during all subsequent time
points of the experiment. Also, in cells which were not syn-
chronised, MCM2, -4 and -7 protein levels were higher when
MYCN was expressed (Fig. 4b). These results show that the in-
creased MCM mRNA levels induced by MYCN result in in-
creased protein levels, at least for MCM2, -4 and -7. The
increased rate of cells entering the S-phase suggests that
the activation of the MCM genes by MYCN contributes to en-
hanced activity of the DNA replication machinery.

3.5.  Expression levels of MYCN and DNA replication genes
correlate in neuroblastoma tumours

The microarray, gPCR and ChIP analyses in the SHEP21N cell
line indicate that MYCN regulates the expression of all MCM
genes. To investigate whether these in vitro data might be rel-
evant in vivo, we analysed the expression of MYCN and MCM
genes in neuroblastoma tumours. mRNA expression profiles
were made for 110 neuroblastoma tumours using Affymetrix
microarrays. The tumour panel included all histological and
clinical stages (INSS classification,?’) We calculated the Pear-
son’s correlation coefficients of the %log expression values of
MYCN and the MCM genes (Table 1). All MCM genes showed
high correlations with MYCN (>0.5), with MCM2 and MCM10
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Fig. 2 - qPCR and Northern blot validation of the induction of MCM genes by MYCN. (a) The induction of MCM genes was
determined with qPCR at 0, 24 and 120 h after MYCN induction. The expression of each gene at time point t = 0 is arbitrarily
set on 1. Gene expression was normalised to the geometric averaged expression of control genes p-actin and PSMB4. Error
bars represent the standard deviation. As control the down-regulation of TK2 (right panel) is shown. (b) Northern blot
analysis of expression of MCM2, MCM3, MCM4, MCM6 and MYCN at the indicated time points. Ethidium bromide staining of

28S ribosomal RNA was used as loading control.

displaying the highest correlation coefficients of r=0.72 and
r=0.69 (p<0.001, Fig. 5), respectively. These results are in
accordance with our experiments in the SHEP-21N cell line
and suggest that MYCN might play a role in the regulation
of expression of MCM genes both in vitro and in vivo.

4, Discussion

Myc oncogenes are known for the induction of a wide array of
phenotypes associated with cell growth, proliferation and
invasiveness. Many high throughput studies have identified
targets of the myc protein family, and these results start to
explain the molecular pathways that mediate the myc-in-

duced phenotypes. Myc family members induce ribosomal
genes and genes involved in ribosome biogenesis, transla-
tional initiation and elongation, which may explain the in-
creased cell growth induced by myc genes.>*® Cell
proliferation is induced by myc oncogenes by regulation of
cell cycle regulatory genes, including cyclins and cyclin
dependent kinases, and cell cycle inhibitory genes.>*™*! Also
DNA replication is regulated by MYCN since MCM7 has been
found as direct transcriptional target. In this paper we de-
scribe that in addition to MCM?7 also all other MCM members
are regulated by MYCN and that at least MCM2 to -6 and
MCMBS are direct target genes. Moreover, microarray analysis
of a series of 110 neuroblastoma tumours showed that all
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Fig. 3 - ChIP analysis shows a direct binding of MYCN to promoters of minichromosome maintenance genes. (a) Overview of
the primer pairs used to analyse binding of MYCN to the MCM promoters. Grey squares represent exons. The first exon starts
at position 0 and canonical (¥) and non-canonical (V) E-boxes are indicated. The forward (») and reversed («) primers of each
primer pair are shown. (b) ChIP analysis of MYCN binding to the MCM genes. Precipitated chromatin was analysed by qPCR

with the primer pairs indicated in A. For each primer pair t|
anti-MYCN and an a-specific antibody (AC,) was calculated.
Data presented were obtained from four independent ChIP

he difference in C, value between chromatin precipitated with
p-Actin and NME1 were used as negative and positive control.
experiments. Error bars represent the standard deviation.

MCM genes highly correlated (r > 0.5, p < 1 x 1077) with MYCN
expression, strongly suggesting that the in vitro observed reg-
ulation by MYCN is important in vivo.

During each cell cycle DNA replication is committed to a
strict regulatory regime, which ensures that daughter cells
end up with the same chromosomal content as the parental

cells. The MCM complex, consisting of MCM2 to -7, loads dur-
ing M-phase on origins of replication after binding of the ori-
gin recognition complex (ORC). Subsequently, the CDC7/DBF4
complex follows and the process of origin firing starts.*>*3
MCMS8 and MCM10 do not associate with the MCM2 to -7 com-
plex. MCM8 binds chromatin at the onset of the S-phase** and
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Table 1 - All MCM genes correlate in vivo with the
expression of MYCN

Correlation (r) Significance (p)

MCM2 0.724 4.0e-19
MCM3 0.526 3.5e-09
MCM4 0.506 1.7e-08
MCM5 0.641 4.8e-14
MCM6 0.684 1.7e-16
MCM7 0.683 2.0e-16
MCM8 0.668 1.7e-15
MCM10 0.687 1.3e-16

Pearson’s correlation coefficients with corresponding p-values
(t-test) are shown in the table.

functions as a helicase during elongation of DNA replica-
tion.*> MCM10 is involved in the loading of CDC45* and it tar-
gets DNA  polymerase-a-primase  to chromatin.*”
Phosphorylation of MCM proteins by CDC7/DBF4 leads to an

allosteric change in the MCM complex that allows binding
of CDC45. The CDC45 loading results in the unwinding of
DNA and recruitment of replication protein A, which binds
single-stranded DNA and is required for DNA polymerase
binding and activation.* The ATPase activity of the MCM2-7
complex is required for origin unwinding.®*® MCM proteins
are released from chromatin during the S/G,-phase and lose
their helicase activity due to phosphorylation by the cyclin
dependent kinases CDC2 and cdk2.°’* Geminin (GMNN)
inhibits re-loading of the MCM complex during S-phase.>*
This system underlies the necessity for the cell to duplicate
its DNA only once per cell cycle.

One of the intriguing questions in MCM research concerns
the ‘MCM-paradox’. The number of MCM2-7 complexes avail-
able for each replication origin is 1040, while only two com-
plexes are required for bidirectional replication.>® Therefore,
it has been hypothesised that the MCM proteins serve other
functions in the cell as well, like supporting checkpoint sig-
nalling pathways.*® If so, a considerable fraction of the MCM
complex would be occupied with such a function and the
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Fig. 5 - The correlation of MYCN expression correlates with

the expression of MCM2 and MCM10 in a series of 110

neuroblastomas. The red Y-axis gives the Zlog values of the expression of MYCN, the blue Y-axis gives the Zlog MCM2 or
MCM10 expression values. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

increase of the MCM gene expression by MYCN could have a
profound effect on the availability of a ‘free’ MCM fraction
to engage the pre-RC complex. A further elucidation of all
MCM functions is required to solve this question.
Remarkably, it has previously been found that MCM
genes are also induced by the E2F/pRB pathway.””*® c-Myc
can induce E2F1 and E2F2 expressions.**° Therefore, MYCN
could stimulate the expression of the MCM genes both di-
rectly and indirectly via E2F. Exactly the same was reported
for the cell cycle gene MAD2L1. MAD2L1 is directly up-reg-
ulated by MYCN as well as by E2F1.5%%? This network is
even more complex, as E2F1 can induce MYCN expression.
Furthermore, c-myc can down-tune E2F1 expression by
the induction of miR-17-5p and miR-20A, which targets
E2F1 mRNA.®*%* Remarkably, the array data for the MCM
genes and the validation by qPCR and Northern blot show
a peak at 24h after MYCN induction, while expression is
less increased at 120 h (Figs. 1, 2a and b). The induction is

not transient, however, as prolonged MYCN expression
keeps the MCM expression at an increased level (2b). This
pattern may indicate a cell cycle dependent induction. E2F
activity is cell cycle-dependently regulated after Rb phos-
phorylation by the CyclinD-Cdk4/6 complex during G-
phase. The pattern of MCM induction might therefore result
from direct activation by MYCN combined with a cyclic
activation by E2F. Neuroblastomas have low-frequency cy-
clin-D1 amplifications, but about 70% of neuroblastomas
have very high cyclin-D1 expression, reaching levels of
0.4% of all mRNAs present in the cell.®® As MYCN is ampli-
fied in 20% of neuroblastomas, two genes amplified and/or
over-expressed in neuroblastoma seem to cooperate in the
pathway leading to induction of the MCM genes.
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