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Editorial
The link between nucleolus and cancer begun with the recognition
by the pathologist that there is not a constant number of nucleoli
per cells, and that nucleoli either enlarged or increased in number
correlate with aggressiveness in many cancers [1,2]. Later on, it
was established in gliomas that the tumor grade correlates with
the morphological nucleolar alterations [3]. Nevertheless, the
involvement of this organelle in cancer biology has been largely
neglected for many years.
The biological basis of drug resistance in these tumors is complex,
being dependent to some extent on the genetic make-up of the
tumor and its high tumor cell heterogeneity. As it happened for
other tumors, the therapeutic options for the treatment of gliomas
have become gradually dependent on the individual molecular
profile of the patient. Representative molecular markers have
been extensively investigated, such as the p53 gene status, the
presence of deletions in the INK4a/INK4b locus coding for the
tumor suppressors and cell cycle regulators p16, p15 andp14ARF,
the MGMT (O6 -methylguanine DNA methyltransferase) levels,
the EGFR receptor family, IDH1, IDH2 and hTERT promoter
methylation. The level of expression for several players and
regulators of apoptosis were all studied to predict the prognosis
and response of the tumor to specific drugs [4].
Several of the above molecular markers are involved in nucleolar
functions and many authors working on the tumor biology
of gliomas have highlight the role of nucleolar proteins by
demostrating that cancer nucleoli are altered as a consequence
of hyperactive rDNA transcription [5,6].
The most widely function of the nucleolus is the ribosome
biogenesis. This process can be studied by monitoring ribosomal
RNA (rRNA) transcription by the RNA polimerase I [1]. For long
time the RNA polimerase I transcription was considered a
"house-keeping process". However, in the last decade there has
been increasing evidence of active regulation of RNA polimerase
I by a protein involved in cancer development. The central role
of regulation of RNA polimerase I is underscored by the recent
discovery that small molecules such as CX-5461 can interfere with
the RNA polimerase I activity, and control ribosomal biogenesis
and cell growth [7].
Proteomic studies have reported that over 4500 proteins can
be found in the nucleolus, and that only about a thirty percent
of them are directly involved in ribosome synthesis. These data
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seem to provide a nucleolus' view as of a dynamic and adaptable
organelle. Nucleoli can be subjected to different types of "stress"
such as those induced by nutritional deprivation, UV and ionizing
radiations, and anti-neoplastic drugs. Such stimuli arouse
responses leading to the activation of the so called "ribosomal
surveillance pathway", involving C-MYC, NPM1 and the main
players of the ARF-MDM2-P53 axis, among others [8-11].
These nuclear proteins have in common the fact that they are
significantly involved in gliomagenesis and cancer progression,
some playing an oncogenic role while others having a clear
suppressor function, they shuttle forth and back from the nucleus
to the nucleolus, all interact with each other to contribute either
directly or indirectly to the ribosomal biogenesis regulation [1,3].
My colleagues and I are focusing our attention on clarifying the
role of nucleolar proteins in the ARF-MDM2-P53 pathway and
how they contribute to its alteration in gliomas.
ARF, following activation under nucleolar stress, binds to MDM2
allowing P53 to be released from the MDM2 control and to become
stable and active. Also the ribosomal proteins RPL5 and 11 are
involved in the control of MDM2 contributing to P53 activation.
However, to become operative P53 needs also to undergo
different types of post-translational modifications as well as the
joining with a number of co-factors, both of which are required for
P53 to be directed toward its transcriptional targets and acquire
the ability to control the cell cycle progression, to promote the
apoptosis or activate the senescence program. The inhibition of
the RNA Polymerase I transcription by P53 makes no exception to
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this paradigm of action and it is set off through the binding to SL1,
which as a result prevents the interaction of SL1 with UBF. A further
contribution to the inhibition of RNA Polymerase I transcription
comes from ARF by negatively interacting with the transcription
factors UBF and TFF-I, both of which are in turn necessary for
the regulation of RNA Polymerase I. In conclusion, the activity
of RNA Polymerase I is strictly controlled by tumor suppressors
which have gained a nucleolar function and are operative within
the ARF-MDM2-P53 pathway [8, 9]. More, in neoplastic cells
and in glial tumor cells as well the above mechanisms of control
are frequently disregulated by inactivating mutations of the p53
and ARF genes, and by overespression of MDM2 [12]. According
to recent observations, several nucleolar partners of ARF such
as MYC and NPM1 are involved in the control of tumor growth
and underline the pivotal role of ARF for triggering the cell-cycle
arrest and the apoptotic programmes after oncogenic cues. The
stability of ARF is significantly increased in cells that overexpress
exogenous NPM1. It associates with ARF within the nucleolus,
delaying its turnover. As a consequence, the inhibition of NPM1
by shRNA has destabilizing effects over ARF stability [13,14].
In the last decade we found that the early growth response gene
EGR-1 behaves as a suppressor gene that is down-regulated in
fresh human gliomas, and is independent of ARF/Mdm2 but
not p53 alterations. Suymolation of EGR-1 is mediated by ARF
and is necessary for getting EGR-1 to activate PTEN, a tumor
suppressor gene frequently deleted in gliomas [15]. The presence
of a nucleolar localization sequence in the EGR-1 protein and
its association with ARF have lead us to demonstrate that EGR1 goes into the nucleolus under nucleolar stress conditions in
different cell types including glial tumor cells, and that EGR-1
colocalizes with the nucleolar markers fibrillarin and NPM1 in
presence of ARF. EGR-1 is present in the nucleolus mainly as the
100 kDa sumoylated form. We also showed that the level of the
ribosomal RNA precursor 47S is inversely correlated to the level
of EGR-1 transcripts and that EGR-1 is effective to regulate the
synthesis of the 47S rRNA precursor. Finally we showed that EGR-
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1 binds to UBF. This allowed us to hypothesize that the inhibiting
activity of EGR-1 on the synthesis of the 47S rRNA precursor is
consistent with its interaction with UBF within the transcriptional
complex of RNA polymerase I, and that this may have severe
consequences on the ribosomal metabolism [16].
NPM1 has clearly showed growth promoting characteristics,
as testified by the overexpression of NPM1 that stimulates the
growth in vitro of glioma cell lines. In addition, NPM1 correlates
with the proliferation markers PCNA and Cyclin A in glioma tumor
tissue, and with a poorer prognosis [17,18]. However, different
works favor NPM1 also as a tumor suppressive protein. In glial
tumor cells ARF protein has been shown to interact with NPM1,
which colocalizes with EGR-1. Since the activity of nucleolar EGR1 is hampered in ARF-/-cells, and ARF transcription is regulated
by EGR-1 while the turnover of ARF protein is under the control
of NPM1, we speculated that some sort of cooperation between
EGR-1 and NPM1 might also be present. At this point it would be
important to know whether the expression of NPM1 is somehow
correlated to that of EGR-1, and whether this correlation applies
to different cellular types and stress conditions. Finally, we would
like to know whether, in analogy to ARF, NPM1 contributes to the
EGR-1 stability within the nucleolus.
As can be seen from the above discussion, we are just beginning
to elucidate the complex role of nucleolus in tumor biology, and
what can be learnt from tumor biology to uncover the multifaceted reality of the nucleolus.
We hope that more adequate tissue models will be adopted for
the future, such as freshly derived primary tumor cell lines and
that tumor heterogeneity will be taken somehow in consideration
in the analysis of this already complex matter.
Finally, in view of the emerging role of nucleolus in brain cancer
we expect that for the future these investigations will bring new
ideas for a renewing cancer therapy and a more appropriate
tumor classification.
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