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B Scientific context and aims

Gene expression is a multiple step process including transcription, capping, splicing, RNA 3"end
processing, mRNA export and translation. Increasing evidences indicate that all these steps are tightly
connected, but the molecular actors of the coupling between gene expression steps have not been fully
characterized yet. In this project, we focused on two highly-related members of the DEAD box family of
RNA helicases, p68 (ddx5) and p72 (ddx17), that have been shown to play a role in different gene
expression steps. Our aims were to:
1.DBvelop tools to identify genes regulated at the transcriptional and posttranscriptional level by p68
and p72 in different cellular contexts
2.Characterize the cellular programms depending on p68 and p72 in different cellular models
3.Ekntify the molecular mechanisms by which p68 and p72 control gene expression af the
transcriptional and postranscriptional level.

B Results
P68/p72 and transcription

P68,/p72 have been reported to act as transcriptional coregulators of key transcription factors like the
esirogen recepior. We performed Exons Arrays affer esiradiol freatment of breast cancer cells affer
depletion or not of p68 and/or p72. We found that estradiol differentially regulates protein isoforms
produced from the same genes. In particular estradiol increases a NET1 isoform favouring cell
proliferation and decreases the NET1 isoform favouring cell adhesion. Remarkably, p68 and p72 are
required for this switch that participates in the esfradiol effects on cell proliferation (Dutertre et al. Cancer
Research 2010a). Furthermore, a third of the genes acfivated by estradiol require p68 and p72. As
depletion of p68 and p72 impairs Pol Il recruitment of estradiolactivated promoters and impairs pre-
mRNA production in response to estradiol, our data are consistent with a role of p68 and p/2 as an
esfrogen receptor co-acfivator. However, a third of the genes repressed by estradiol freatment require
also p68 and p72. In this case we did not see any effect on pol Il recruitment and premRNA
production. In this context, we recently showed that estradiol treatment affects miRNA processing (Maillot
et al., Cancer Research 2010) and a recent report suggests that these effects are mediated by p68/
p72. Therefore, our hypothesis is that p68 and p72 control estradiolmediated gene transcriptional
acfivation as  transcriptional co-activators and estradiolmediated mRNA degradation through miRNA
processing.  These data highlight the requirement of integrating different layers of regulation to better
understand signalling pathways. Furthermore, targeting the activity of p68,/p72 in either transcription or
miRNA processing may allow fo control different sets of estradiolregulated genes.
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P68/p72 and splicing

During the fime course of this project, we improved and validated tools for the analysis of the
franscriptome af the exon level by using Affymetrix Exon Arrays (De la grange et al. Nucleic Acids
Research, 2010). Using these tools, we identified splicing variants associated with metastases (Dutertre
et al. Cancer Research 2010b). Remarkably, p72 is overexpressed in breast cancer tumors giving rise
fo mefastases when compared fo breast fumors that do not give rise to mefastases. This result is in
agreement with recent reports indicating mistegulation of p72 and/or p68 in several cancer models
A large set of alternative spliced exons (corresponding fo more than 300 genes) depending on p68
and/or p72 were identified. About two thirds of these exons require p68 and/or p72 to be included.
One characteristic of these exons is the high GC content in the intron/exon boundaries which
correlates with secondary sfruciure sfabilisation. Furthermore, p68/p72 depletion impacts on the
recruitment of some spliceosome components on these exons. In terms of functional impact, pb8,/p72
control the splicing of the macrohistone H2AFY that play a role in large chromosome domain structure
and that has been involved in cancer. Our hypothesis is that the splicing activity of p68,/p72 impact
on splicing of genes involved in tumor progression opening up the possibility of targeting this function
to impact on cell behaviors

P68/p72 and mRNA fate

Using Exon Arrays, we oobserved that about 170 alternative last exons (in addition to internal exons) were
differentially affected by p68,/p72 depletion. Working on selected cases, we are currently testing whether
pb8 and p72 are involved in transcription termination and/or RNA 3end processing as recently
suggested. However, we are also analysing the impact of p68/p72 on miRNA levels as several recent
reports indicate that p68/p72 are involved in miRNA processing. We anticipate that the differential
effects of p68/p72 on the alternative exons could also be due to differential stability of transcripts
mediated by miRNAs

Furthermore, while analyzing the impact of p68 on the estradiolstimulated cfos gene, we observed that
pb8 deplefion resulted in the increase in the nuclear level of the cfos mMRNA while decreasing its cytosolic
level. Interestingly, p68 co-immunoprecipitated specifically the cfos mRNA and inferacted with Aly
involved in mRNA export. P68 is in fact a bona fide mRNA export factor as it shuttles between the nucleus
and the cytosol

More recently, we observed that p68 controls the cytosolic fate of a large population of mRNAs. Indeed,
micro-array analysis of franscript distribution between polysome and non-polysome fractions demonsfrated
that p68/p72 depletion resulted in a shift of about 3,000 transcripts from polysome to non-polysome
fractions, suggesting a role of p68/p72 in control of the cytosolic fate of a large population of mRNAs. In
this context, p68 and p/2 have been shown fo impact on iRNA processing and interact with fibrillarin
which s involved in IRNA processing and methylation. The effect of p68/p72 on mRNA distribution
within ribosomes could be either a general effect on ribosomes or on selective effects on a subset of
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B Conclusions and Future directions

During the fime course of this work, we developed fools allowing to identify at a large scale level genes
regulated by p68 and p72 at the transcriptional and postiranscriptional level in different cellular models
Our data demonstrate that these RNA helicases play a key role in several steps of the gene expression
process. We demonsirate that p68 and p72 control key cellular programms that play a role in cancer
progression. Finaly, the characterization of the molecular mechanisms by which p68 and p72 control
gene expression at the ftranscriptional and posttranscriptional level will allow to set up new
pharmacological sirategies. In this context, several p68 and p72 muianis have been cloned in order to
defermine the domains crifical for the involvement of the proteins in different steps of the gene expression
process. Such mutants will also be necessary to demonsirate the direct involvement of p68/p72 in
different layers of the gene expression process. We will also use an aptamere reported to block p68
helicase activity fo test its impact on various cellular programs and signalling pathways and on cell
behaviour.
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