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“

About IFOM Review

The idea of publishing an annual report for the institute has been
in the air for a very long time. However, we did not like producing
every year a cold document highlighting our own results with plain
scientific data.
Thus, we came to the conclusion that it would have been better
to receive a sincere and frank opinion on our work from external
colleagues and collect these commentaries in an editorial product.

”

Therefore, we consider the IFOM Review a chance for reflection
on the progress of knowledge, moving from IFOM activities and
results.
A special thanks goes to the authors who generously spent their time
and energy to share their views on the progress and perspectives of
our research.

Marco Foiani

Francesco Blasi
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About IFOM Review
The authors:

and Molecular Biology (SIBBM)
membership; the Award from
the Italian Society for Biophysics
and Molecular Biology (SIBBM);
the Biotec Award promoted by
Amgen and Dompé; the “Chiara
D’Onofrio” Prize from the Italian
Federation of Life Sciences.

Marco Foiani

Scientific Director
Prof. Foiani has a Ph.D. in
Molecular Biology from the
University of Milan (Italy).
Since 2002, Prof. Foiani, who
is also Head of the Genome
Integrity Laboratory at IFOM
since its establishment, is Full
Professor in Molecular Biology
at the University of Milan.
His research interest focuses
on the regulatory mechanisms
that control genome integrity.
Particularly, his work has
contributed to elucidate the
cellular mechanisms causing
genome instability in cancer
cells and chromosome
abnormalities in certain human
syndromes leading to cancer
predisposition. Prof. Foiani has
more than 80 papers published
in international scientific
journals.
Since 2008 Prof. Marco Foiani is
the Scientific Director of IFOM.
Prof. Foiani was honored with
internationally recognized
memberships and awards,
such as: the European
Molecular Biology Organization
membership; the Academia
Europaea membership; the
New York Academy of Sciences
membership; the Italian Society
of Genetics (AGI) membership;
the Italian Society of Biophisics

He was the founder in 2009 of
the European Nanomedicine
Foundation (CEN) and vicepresident up to 2011.
He is also member of the
Scientific Advisory Board
of AIRC, the Italian Cancer
Research Association, member
of the editorial board of Cell
and editor and reviewer for top
impact factor scientific journals.

the University of Copenhagen,
Denmark and finally in Milano
since 1992.
Is at IFOM since 2004,
Director of research program
Transcriptional Regulation in
Development and Cancer.
From 2007 to 2011 coordinates
the Molecular Oncology PhD
program of SEMM. In 2011
becomes Deputy Director for
Science of IFOM.
Has previously been Director
of the International Institute
of Genetics and Biophysics of
CNR in Naples (1980-1983),
of the Molecular and Cellular
Biology Center in Copenhagen
(Denmark), (1988- 1992),
and of the Department of
Cellular Biology and Functional
Genomics (1998-2006) at DIBIT,
Ospedale San Raffaele.
In 1979 is elected member of
EMBO, the prestigious European
Molecular Biology Organization,
and 1991-1993 of its Council.
Since 1992 is a member of
Academia Europaea.

Francesco Blasi

IFOM Deputy Director
Francesco Blasi born in Naples,
October 19, 1937.
MD from Naples University
Medical School, then two postDocs at the Max Planck Institut
fuer Biophysik (Frankfurt,
Germany) and NIH (National
Institute of Arthritis and
Metabolic Diseases) Bethesda,
MD (U.S.A.).
In 1970 back in Italy at the CNR
Research Center in the Naples
University Medical School, then
in 1980 Full Professor at the
II Faculty of Medicine of the
University of Naples.
Subsequently, Professor at

Has received national and
international prizes and is
Author of over 270 research
articles in prestigious
international Journals, including
Nature and Cell.
Has been a member of the
Advisory Board of AIRC,
Associazione Italiana per la
Ricerca sul Cancro, and of the
Board of EMBO Journal.
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Interdisciplinarity,
transnationality and
competitiveness

Tomas Lindahl’s commentary
for IFOM Review 2014
by Tomas Lindahl

It was in 2010, ten years after they initiated their
scientific program, that IFOM first asked me
to organize and chair their Scientific Advisory
Board. The institute had traced three lines of
development: interdisciplinarity, transnationality
and competitiveness.
The year 2014 has been a very representative
year in terms of progress toward concrete
implementation of these policy goals. After
launching Joint Research Labs in Singapore with
A*STAR in 2011 and in Bangalore, India with NCBS
and inSTEM in 2012, indeed 2014 has seen the
launch in May of a new international partnership
with the Mechanobiology Institute (MBI) at the
National University of Singapore in Singapore,
resulting in a “Joint Research Laboratory” under
the direction of Professor GV Shivashankar,
Deputy Director of MBI. This project fully
reflects the principle of interdisciplinarity: the
collaboration aims to develop an approach to
cancer research by augmenting molecular biology
with technologies and methods developed in
such fields as mathematics, physics, engineering,

and computational biology. The Joint Research
Laboratory focuses on understanding the
molecular mechanisms driving the formation and
development of tumors.
As part of the institutional and scientific
collaboration with NCBS-inSTEM in Bangalore,
a pioneering training project launched by IFOM
with the University of Milan has been consolidated
in 2014. This program allowed outstanding
students at the University of Milan to conduct
thesis work in the Bangalore laboratories for a
period of one year. Students have brought back to
Italy this precious professional and social learning
experience.
Periodic evaluation of IFOM scientific activities
by our Scientific Advisory Board have revealed
the overall high scientific quality of IFOM
research groups, confirming the effectiveness
of this monitoring methodology similar to that
of international research centers comparable to
IFOM. The triennial review on progress at the
IFOM-A*STAR Joint Research Lab directed by
Cheok Chit Fang was conducted on March 26,
7
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2014 in Singapore. The review was successful
and the collaboration with A*STAR has been
confirmed for a further three years.
Promising and innovative new research programs
were launched in 2014, each shared with
prestigious international research institutions:
one program focuses on the correlation between
longevity and cancer and is led by Valter Longo,
Biogerontology Professor and Director of the
Institute on Aging at the University of Southern
California (USC) - Davis School of Gerontology
in Los Angeles, the world’s foremost center for
research in this field. Over the years, Longo’s
scientific approach has revealed several genetic
mechanisms involved in aging, identified
therapeutic and preventive strategies to counteract
the development of cancer and other serious
diseases and revealed the crucial role of caloric
restriction in countering the effects of aging.
Another program initiated in 2014 is the
IFOM-MBI Joint Research Laboratory led by
G.V. Shivashankar, Deputy Director of the
Mechanobiology Institute (MBI) at the National
University of Singapore. As explained above,
the collaboration aims to understand the effects
of constraints to cell geometry on nuclear
mechanisms and genome regulation in living
cells. Using an interdisciplinary approach that
combines mechanical experiments with highresolution imaging of cells in vivo, the laboratory
investigates the biophysical principles underlying
the link between signals from cell geometry to the
nucleus and their impact on gene regulation. In
recent years, Shivashankar’s laboratory has led
the field by providing a quantitative framework for
understanding the modular links between nuclear
mechanisms and chromosomal organization in
the regulation of genetic information.
The election of Giorgio Scita as Member scientist
of the European Molecular Biology Organization
(EMBO) brought much satisfaction. The EMBO
made the announcement on May 2014, citing
Scita’s high-level scientific contributions in
molecular oncology. He was elected along with 105
other scientists from 17 European and some nonEuropean countries. Only five Italian scientists
were nominated.

With this appointment, Giorgio Scita figures
among the 1600 Scientists selected by EMBO in
the international scientific community, including
100 operating in Italy. Among these, five scientists
in addition to Scita conduct their research at
IFOM: Francesco Blasi, Fabrizio d’Adda di
Fagagna, Elisabetta Dejana, Pier Paolo Di Fiore
and Marco Foiani.
In July 2014, the Italian Ministry of Health
appointed Elisabetta Dejana to the High Council
on Health, as President of the Second Section
(Concerning requirements for health facility
accreditation, quality, local health authorities and
hospitals, health professions and training, blood,
blood derivatives and transplants).
In November 2014, on the occasion of its 412th
academic year, the Accademia Nazionale dei
Lincei awarded Dejana the 2014 “Antonio
Feltrinelli Prize”. The Commission unanimously
awarded the Prize - destined for Molecular and
Cellular Pathology, Oncology, Immunology,
Microbiology and Medical Genetics - to Professor
Dejana for her brilliant career and her many
discoveries in the field of angiogenesis and, in
particular, for her studies on the pathogenesis
and experimental treatment of Cerebral cavernous
Malformation, considered to be of great relevance
and importance.
All these results confirm IFOM as a leading
international Institute for research on cancer.

Interdisciplinarity, transnationality
and competitiveness
by Tomas Lindahl
8
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Interdisciplinarity, transnationality
and competitiveness
The author:

Tomas Lindahl

Emeritus Director of Cancer Research UK, Clare Hall Laboratories

Tomas Lindahl completed medical
studies at the Karolinska Institute
in Stockholm and has consistently
been active in research. He
worked as a post-doctoral fellow
on nucleic acid biochemistry
with J. Fresco at Princeton and G.
Edelman at Rockefeller University,
joining the faculty of the
Karolinska Institute in 1969.
He became Professor of Medical
Chemistry at the University of
Gothenburg in 1978. In 1981
he was appointed Head of the
Mutagenesis Laboratory at the
ICRF Mill Hill Laboratories in
London. From 1984 to 2006 he
was Director of the Clare Hall

Laboratories at ICRF and Cancer
Research UK, also serving as
Deputy Director of Research.
Amongst many distinctions, Tomas
Lindahl is a member of EMBO,
a fellow of the Royal Swedish
Academy of Sciences, and the
Royal Society, London. He was the
Royal Society Croonian Lecturer in
1996 and received a Royal Medal
in 2007, INSERM Prix Etranger in
2009, and the Copley Medal in
2010 of the Royal Society.
He has received honorary
doctorates from the Universities
of Gothenburg, Oslo, Sheffield,
and Sussex. He is now Emeritus
Director of Cancer Research

UK, Clare Hall Laboratories, and
involved in various scientific
activities.
Visiting Professor of the Chinese
Academy of Science 2009 - 2012
2010 – Scientific Advisor, Beijing
Inst. of Genomics
2010 - Scientific Advisory Board,
IFOM Milan
2010 - Scientific Advisory Board,
Cancer and Ageing Centre,
University of Nice, France
2010- Hon. Professor in Medical
Oncology, University of Sheffield.
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Drug repositioning
A rapid and
economic
alternative to
‘traditional’ drug
development
The case of cavernomas and
an old chemotherapeutic
that the industry was phasing
out of production
by Francesco Brancati

Milan – The first was thalidomide, a drug used
against morning sickness in pregnancy, that was
responsible for more than 20,000 birth defects
worldwide in the late 50’s. A controversial banned
drug, for which even recently there was talk of
reparations for victims. But its ‘rehabilitation’
had already begun in 1992 with the news from
a study published in Lancet that it is useful as
treatment for Lupus Erythematosus. This story
was soon followed by many others. News agencies
began reporting on new published clinical studies:
‘Delays the development of AIDS’ (‘93); ‘might
be useful against blindness’ (‘94); ‘Thalidomide
returns as therapy for myeloma’ (‘99).
The case of thalidomide is perhaps the first
striking example of ‘drug repositioning’, or the
use of known medications to treat diseases other
than those for which they were designed. This
re-proposal for different indications drew much
attention in the international press because of the
scandal surrounding its teratogenic effects.
The press was very attentive to these facts,
especially since even before being scientific news,

reviving a drug created to cure one disease and
using it against another is itself ‘news’. Simple like
that. Adding that the drug was banned because it
is teratogenic, only increases interest in the story.

A chemotherapeutic for treating cavernomas Elisabetta Dejana and the role of the media
How do you proceed if the old drug was abandoned
and no one wants to produce it now, even though
it could save lives? In Italy, about 300,000
people are affected, and 25-30% is children and
adolescents under 20 years old. This is the case of
one derivative of a cancer drug that was abandoned
by the manufacturer, off-patent and off the market
for years, and then ‘re-tested’ on laboratory mice
by IFOM researchers led by Elisabetta Dejana.
It has now given new hope to people with CCM
(Cerebral Cavernous Malformations, also called
cavernomas), by demonstrating that it can reduce
brain lesions caused by the disease. In this case
‘repositioning the drug’ met an additional obstacle:
the pharmaceutical company that had produced it
and then withdrawn it said ‘No’. Putting it back
into production “was not profitable enough.”
10
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Elisabetta Dejana conducted a battle on several
fronts that, helped by the ‘clamour’ raised by
the Italian National Associated Press Agency
(ANSA) and the Media including the Association
of Journalists reporting on Health and Research
(UNAMSI), has managed to start convincing an
Italian pharmaceutical company to give new life to
this old drug, moving it even closer to clinical trials.
“It was a excellent example – wrote Elisabetta
Dejana – of how high quality Media reporting can
make an important positive contribution to the
success of biomedical research.”

‘Traditional’ development of a drug can cost 4.6
billion dollars
But ‘Drug Repositioning’ is still a winning strategy
that has been very successful in recent years
mainly because it has enormous advantages over
the creation of new drugs. Today development
of a drug requires at least 10-15 years of studies
and experiments, not to mention controls by
regulatory authorities, with costs in the order “of
$4.6 billion,” according to Tim Wright, Global
Head of Development in the Swiss multinational
Novartis. These enormous sums are reflected in
the final drug cost and inevitably cause problems
for universal health systems (such as the Italian
system) that guarantee health care to all citizens.
The amount of time required is also impracticable,
considering that the FDA approves no more than
thirty medicines per year.
In this bleak landscape, investigating the
molecular mechanisms involved in the onset of
a disease (today quite possible) and discovering
that a drug has already been developed and
approved, albeit with different indications, may
be the solution to all these problems: it reduces
both time and costs… drastically.

EndMT contributes to the onset and progression of
cerebral cavernous malformations.
Cerebral cavernous malformation (CCM) is a vascular
dysplasia, mainly localized within the brain and affecting up
to 0.5% of the human population. CCM lesions are formed
by enlarged and irregular blood vessels that often result in
cerebral haemorrhages. CCM is caused by loss-of-function
mutations in one of three genes, namely CCM1 (also known
as KRIT1), CCM2 (OSM) and CCM3 (PDCD10), and occurs
in both sporadic and familial forms. Recent studies have
investigated the cause of vascular dysplasia and fragility
in CCM, but the in vivo functions of this ternary complex
remain unclear. Postnatal deletion of any of the three Ccm
genes in mouse endothelium results in a severe phenotype,
characterized by multiple brain vascular malformations that
are markedly similar to human CCM lesions. Endothelialto-mesenchymal transition (EndMT) has been described in
different pathologies, and it is defined as the acquisition
of mesenchymal- and stem-cell-like characteristics by
the endothelium. Here we show that endothelial-specific
disruption of the Ccm1 gene in mice induces EndMT, which
contributes to the development of vascular malformations.
EndMT in CCM1-ablated endothelial cells is mediated
by the upregulation of endogenous BMP6 that, in turn,
activates the transforming growth factor-β (TGF-β) and
bone morphogenetic protein (BMP) signalling pathway.
Inhibitors of the TGF-β and BMP pathway prevent EndMT
both in vitro and in vivo and reduce the number and size
of vascular lesions in CCM1-deficient mice. Thus, increased
TGF-β and BMP signalling, and the consequent EndMT
of CCM1-null endothelial cells, are crucial events in the
onset and progression of CCM disease. These studies offer
novel therapeutic opportunities for this severe, and so far
incurable, pathology.
[PMID 23748444]

Drug repositioning - A rapid and economic
alternative to ‘traditional’ drug development
by Francesco Brancati
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A Japanese study and an IFOM research project
A recent Japanese study published this February
in ScientificWorldJournal (Drug repositioning for
gynecologic tumors: a new therapeutic strategy
for cancer), summarizes the repositioning of
several drugs, such as anti-diabetic metformin,
effective for endometrial cancer, or antiinflammatory COX-2 inhibitors that have shown
effects in cervical cancer. The study’s authors
point out that “the use of ‘repositioned’ drugs
in combination and current cancer drugs, can
increase efficacy and reduce adverse reactions.
Thus, the repositioning of a drug – they concluded
- can become a fundamental method for treating
gynecologic cancers.”
This is an area in which Italian researchers are
producin excellent results. For example, the IFOM
research group led by Marco Foiani (Scientific
Director of the Institute) discovered that valproic
acid, an anticonvulsant widely used in the
therapy of epilepsy, and the immunosuppressant
rapamycin, are able to counteract some molecular
mechanisms that lead to tumor transformation
of cells. They published their results in Nature
(HDACs link the DNA damage response,
processing of double-strand breaks and
autophagy, 2011)

New strategies to inhibit tumor angiogenesis
Elisabetta Dejana

Drug repositioning - A rapid and economic
alternative to ‘traditional’ drug development
by Francesco Brancati
12
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Drug repositioning - A rapid and economic
alternative to ‘traditional’ drug development
The authors:

Francesco Brancati

Science Journalist and Director of UNAMSI, the Association of Italian Journalists reporting on
Health and Research

Francesco Brancati, a professional
journalist since 1974, has
dedicated over 40 years to ‘news
agency journalism’, the primary
source of information for the
Media, in the Milan office of
ANSA.
A versatile journalist, he has been
involved in every sector, from
crime to sports, from judicial to
entertainment (reporting for 30
years on opera productions at La
Scala Theater).
Since the eighties he has been
in the front lines for Health and

Biomedical Research, dispatched
by ANSA to cover countless
conferences in Italy and in major
cities worldwide. Among other
things, he participated in the 1989
scientific expedition to Mt. Everest
‘EV-K2-CNR’, directed by Ardito
Desio.
Professor in the Master in ‘Health
Communication’ program in
the Faculty of Pharmacy, at the
University of Milan, he has won
some of the highest awards for
science journalism, including
the Glaxo Prize, the Fiuggi Prize,

Voltolino Prize, the SOI Prize.
Member of the College of
Arbitrators of the UGIS (Union of
Italian Scientific Journalists) and
since February 2010 President
of UNAMSI (National Union of
Scientific Medical Information).
In 2014 he was chosen as an
expert in communication for the
technical and scientific committee
of the Nutrition Foundation of
Italy (NFI).
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Cell therapy
for muscular
dystrophy: a step
towards efficacy.

Commentary on Elisabetta
Dejana’s paper published on
EMBO Molecular Medicine
by Giulio Cossu

Background:
Duchenne Muscular Dystrophy (DMD) is severe
and common, affecting one born male every 4,000.
It is due to mutations in the dystrophin gene,
the largest of our genome (larger than the whole
genome of a bacterium), which was heroically
cloned almost thirty years ago (Hoffman et al Cell
51,919,1987). It was then thought that, with the
gene identified, the cure would have followed. It
did not.
The gene encodes for a large cytoskeletal protein
that links the contractile apparatus to the
membrane of the muscle fibre and adsorbs the
mechanical stress of contraction. In its absence
the membrane is damaged and the fibre dies.
Initially, new fibres are formed by resident stem
cells, termed “satellite cells” that share the same
genetic defect and thus the same fate. If satellite
cells are stem cells, they are amateur and not
professionals like the hematopoietic stem cells,
since muscles are made to last and do not turnover
daily like blood. The sad evidence for this is
observed in the biopsies of patients at late stages
of the disease, where most muscles are gone,

as are satellite cells, and have been replaced by
scar and fat. At this stage no therapy will work.
Patients progressively loose their motility and
are confined to a wheelchair, followed by assisted
ventilation and heart failure. Improved medical
care has increased length and quality of life but a
cure is still missing.

Cell therapy for muscular dystrophy.
In the last ten years the therapeutic landscape for
DMD changed from a desert to a very busy field
with many approaches entering clinical trials and
some proceeding to Phase III (Mercuri & Muntoni
Curr Op Neur 25,701,2013). Importantly, even
if successful these therapies will be available
only for subsets of patients (depending on the
specific mutation) and many patients would not
be eligible for any. This justifies the cell therapy
approach that our group started many years.
Skeletal muscle is stable and, if fixed, would
require no further therapy. However it is the
most abundant tissue of our body and therapy
requires billions of cells. Moreover dystrophic
muscle is affected by inflammation and fibrosis
14
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that make life hard for transplanted cells.
Finally, since muscle fibres are multinucleated one
healthy or “corrected” nucleus must work for all
the others.

The previous work.
We tested cell transplantation in three mouse
and one canine models of muscular dystrophy,
using a cell type, termed “mesoangioblast” that
we had identified in the blood vessel wall and
characterized as a subset of pericytes, the cells
that wrap the endothelium. The advantage of
these cells, over resident satellite cells, that were
subject of previous trials in the 90’, is their ability
of crossing the vessel wall, when injected intraarterially, which allow their even distribution in
all the downstream muscles. However it appeared
clear that in doing so, mesoangioblasts are less
efficient than “professional” leukocytes, specifically
endowed with all the molecular apparatus to get
in and out the blood stream and reach the tissues
where their action is needed. Nevertheless the
results of the pre-clinical work were encouraging
and led us to a “first in man” Phase I/IIa clinical
trial with donor mesoangioblasts from an HLAmatched brother in five DMD patients. The trial
(Cossu et al. in preparation) was safe but also
showed limited efficacy. This was likely due to
number of reasons, e.g. advanced age of patients
and consequently a low level of engraftment,
insufficient for a long-lasting significant clinical
benefit. In a classic “from bench to bedside and
back” approach, we are now dissecting each step
of transplantation, aiming at increasing them all
to finally reach efficacy.

Targeting endothelial junctional adhesion molecule-A/
EPAC/ Rap-1 axis as a novel strategy to increase stem cell
engraftment in dystrophic muscles.
Muscular dystrophies are severe genetic diseases for
which no efficacious therapies exist. Experimental clinical
treatments include intra-arterial administration of vesselassociated stem cells, called mesoangioblasts (MABs).
However, one of the limitations of this approach is the
relatively low number of cells that engraft the diseased
tissue, due, at least in part, to the sub-optimal efficiency
of extravasation, whose mechanisms for MAB are
unknown. Leukocytes emigrate into the inflamed tissues
by crossing endothelial cell-to-cell junctions and junctional
proteins direct and control leukocyte diapedesis. Here,
we identify the endothelial junctional protein JAM-A as
a key regulator of MAB extravasation. We show that
JAM-A gene inactivation and JAM-A blocking antibodies
strongly enhance MAB engraftment in dystrophic muscle.
In the absence of JAM-A, the exchange factors EPAC-1
and 2 are down-regulated, which prevents the activation
of the small GTPase Rap-1. As a consequence, junction
tightening is reduced, allowing MAB diapedesis. Notably,
pharmacological inhibition of Rap-1 increases MAB
engraftment in dystrophic muscle, which results into a
significant improvement of muscle function offering a novel
strategy for stem cell-based therapies.
[PMID 24378569]

New strategies to inhibit tumor angiogenesis
Elisabetta Dejana

Cell therapy for muscular dystrophy:
a step towards efficacy.
by Giulio Cossu
15
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The work we did.
Among the steps to be improved, adhering to
and crossing the endothelium are crucial because
they determine what fraction of the injected cells
actually gets to the muscle. JAM-A (Junctional
Adhesion Molecule A) is an endothelial protein
that tights the endothelium regulating cells
transmigration. The group of Elisabetta Dejana
at IFOM, long term collaborator, found that
deleting this protein from the endothelium (or
blocking it with a specific antibody) almost triples
the amount of mesoangioblasts that cross the
vessel wall both in vitro and in vivo (Giannotta et
al EMM 6,239,2014). Notably, pharmacological
inhibition of JAMA downstream effectors exerts
the same effect thus suggesting possible drug-cells
combined approach.

What next?
The natural follow up of the work on JAM-A would
be clinical development of the inhibitor and/or the
antibody, which however requires collaboration of
a company. Alternatively, nanoparticles, charged
with specific RNA inhibitors of JAM-A could
be tested in mice: these particles have already
been approved for clinical use and their clinical
translation would thus faster, easier and cheaper.

Cell therapy for muscular dystrophy:
a step towards efficacy.
by Giulio Cossu
16
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Cell therapy for muscular dystrophy:
a step towards efficacy.
The authors:

Giulio Cossu

Constance Thornley Professor of Regenerative Medicine, University of Manchester.

Giulio Cossu received his MD
degree from the University of
Rome. He was a Fogarty fellow
at the University of Pennsylvania
and then became Professor of
Histology and Embryology in
Rome. In 2000 he became Director
of the “Stem Cell Research
Institute” and then of the Division
of Regenerative Medicine at San
Raffaele in Milan.

In 2012 he moved to University
College London and in 2013 to
the University of Manchester
as Professor of Regenerative
Medicine.
He is EMBO Member, Member of
the European Academy of Science,
Fellow of the Academy of Medical
Sciences and of the Accademia
dei Lincei. He was Chairperson
for Panel LS7 for the European
Research Council and served as

member of the CAT at EMA.
Giulio Cossu is internationally
recognized for his pioneering
work on muscle development and
on the cell therapy for muscular
dystrophies. He has published
more than 200 peer-reviewed
papers and secured grants for his
research for more than 10 M€.
He is Senior Editor of EMBO
Molecular Medicine and in the
Board of many journals.
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Breaking up is hard
to do: role of an
endocytic adaptor
protein in epithelial cell
cohesion and breast
tumor metastasis
Commentary on Giorgio
Scita’s paper published in
Developmental Cell
by Andrew Craig

Epithelial cells are normally polarized and form
extensive cell-cell contacts that allow for a barrier
to be formed between apical and basolateral
surfaces. Cadherin-based adherens junctions (AJs)
are critical for epithelial cohesion, and alterations
in cadherin expression or surface expression are
hallmarks of epithelial-mesenchymal transition
(EMT) and the acquisition of a motile phenotype.
In metastatic epithelial cancers, the EMT program
allows some tumor cells to breach local basement
membrane barriers and reach blood or lymphatic
vessels to disseminate to other tissues. A recent
study by the Scita laboratory has implicated
the F-BAR protein CIP4 (Cdc42-Interacting
Protein-4) in mediating several key steps in
breast cancer progression, including EMT,
epithelial scattering, and breast cancer cell
invasion (1). The authors also correlated high
levels of CIP4 in human breast tumors with the
highly metastatic HER2+ molecular subtype and
risk of disease relapse.
In normal breast epithelial cells, epidermal
growth factor (EGF) induces cell scattering and
invasion of extracellular matrix (ECM). However,

silencing of CIP4 led to increased epithelial
cell cohesion, and impaired cell scattering
and invasion. This correlated with defects in
actomyosin contractility in CIP4 knock-down
(KD) cells, which was measured using an elegant
tension sensor for E-Cadherin based on Forster
resonance energy transfer. EGF-treated CIP4
KD cells displayed reduced tension across AJs
compared to control cells, and reduced rates of
E-cadherin internalization. In normal breast
epithelial cells, EGF signaling induced CIP4
localization to AJs and binding and activation of
Src protein-tyrosine kinase. Since Src promotes
E-cadherin internalization and cell scattering,
defects in junctional Src activation may explain
the requirement for CIP4 in AJ dissolution.
Together, these findings likely explain the
increased epithelial cohesion and reduced cell
scattering phenotypes observed in CIP4 KD cells.
To undergo EMT, epithelial cells exposed to
TGF-β1 initiate a signaling pathway that targets
junctional E-cadherin for rapid internalization,
and cadherin switching marked by silencing of
18
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Cdh1 gene encoding E-cadherin, and upregulation
of Cdh2 encoding N-cadherin. Consistent with
some recent studies in other cell types, they show
that TGF-β1 promotes CIP4 upregulation in
breast epithelial cells, and CIP4 KD impairs the
rate and extent of completing EMT in these cells.
Mechanistically, there was no overt role for CIP4
in TGF-β1-induced activation of Smads, but Src
activation was short-lived in CIP4 KD cells. This
may contribute to non-canonical TGF-β1 signaling
pathways that enhance expression of EMT drivers
such as Snail1 and N-cadherin, which were both
delayed or impaired in CIP4 KD cells.
To extend their study to human breast cancer,
CIP4 expression was profiled in human breast
tumor tissue microarrays. High levels of CIP4
was significantly associated with aggressive
molecular subtypes (HER2+) and disease relapse.
Interestingly, our group performed a similar
study in an independent cohort of breast cancer
patients, and found significantly increased risk of
metastasis in patients with high CIP4 levels in their
primary tumors (2). Since CIP4 was significantly
associated with HER2+ tumors, Rolland and coworkers also tested the role of CIP4 in a model of
ductal carcinoma in situ (DCIS)-to-invasive ductal
carcinoma (IDC) conversion of MCF10A cells
expressing an inducible ErbB2/HER2 allele. CIP4
silencing in this model impaired HER2-driven cell
scattering and invasion, and limited DCIS-to-IDC
conversion in mouse xenograft assays, based on
loss of the myoepithelial marker alpha smooth
muscle actin (1). Our study also tested the effects
of CIP4 silencing in vivo, but focused instead on
triple negative breast cancer (TNBC) models.
We found that CIP4 silencing impairs TNBC
metastasis to the lungs in mice (2).

The CDC42-interacting protein 4 controls epithelial cell
cohesion and tumor dissemination.
The role of endocytic proteins and the molecular
mechanisms underlying epithelial cell cohesion and tumor
dissemination are not well understood. Here, we report
that the endocytic F-BAR-containing CDC42-interacting
protein 4 (CIP4) is required for ERBB2- and TGF-β1-induced
cell scattering, breast cancer (BC) cell motility and invasion
into 3D matrices, and conversion from ductal breast
carcinoma in situ to invasive carcinoma in mouse xenograft
models. CIP4 promotes the formation of an E-cadherinCIP4-SRC complex that controls SRC activation, E-cadherin
endocytosis, and localized phosphorylation of the myosin
light chain kinase, thereby impinging on the actomyosin
contractility required to generate tangential forces to break
cell-cell junctions. CIP4 is upregulated in ERBB2-positive
human BC, correlates with increased distant metastasis,
and is an independent predictor of poor disease outcome
in subsets of BC patients. Thus, it critically controls cell-cell
cohesion and is required for the acquisition of an invasive
phenotype in breast tumors.
[PMID 25203208]
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Despite a relatively simple domain organization,
it is interesting to note that CIP4 and related
adaptor proteins play key roles in a growing list of
diverse processes in normal cells and cancer cells.
The study by Rolland and co-workers provides
many fascinating insights into the localization
and function of CIP4 in key steps in epithelial
cell conversion to highly invasive and ultimately
metastatic cancer cells. In future, it will be critical
to fully elucidate the molecular mechanisms that
could be best exploited to prevent metastasis and
improve survival of cancer patients.
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Regeneration of
Hematopoietic
Stem Cells and
immunosuppression
recovery: the power
of prolonged fasting
Commentary on Valter
Longo’s paper published on
Cell Stem Cell
by Nicoletta Guaragnella

All living organisms are continuously exposed to
various stresses, but only vertebrates possess a
sophisticated defense mechanism, called immune
system. While along life, the immune system is
an active component against environmental
pathogenic stress, over the years, it undergoes
a progressive functional decline, which can
play a major role in increasing susceptibility
to onset of malignancies, including cancer.
Immunosuppression is one of the most relevant
side effects of conventional cancer-based therapy.
In particular, chemotherapy causes a significant
myelosuppression with a specific damage in bone
marrow activity and high incidence of mortality.
This represents a dose limit in chemotherapy
treatment because damage to adult stem/
progenitor cells impairs tissue repair and
regeneration. With this regard, a great interest
exists on the development of Hematopoietic Stem
Cells (HSCs) and their use in clinical application.
HSCs are normally maintained in a quiescent
state, but in response to external stresses, such as
chemotherapy, they should proliferate extensively
to sustain hematopoietic cell self-renewal.

At the moment, understanding the basis to
counteract immune system defects represents a
central issue in both aging and diseases processes
In the last decade Valter Longo, Professor of
Gerontology, Director of the Longevity Institute
at University of Southern California LA and
recently appointe as senior group leader at IFOM,
is focusing his research on the potential benefits
of fasting practices on longevity, adaptive cellular
response and cancer prevention and treatment.
His studies on mice and humans have revealed
that prolonged fasting (PF), lasting 2 or more
days, enhances cellular resistance to toxins, in part
by reducing circulating Insulin-like growth factor
(IGF-1) [1-3]. Increase in IGF-1, normally required
for proper growth in children, has been implicated
in the risk of different kind of cancer in men and
women older than 40, but can also render normal
cells sensitive to stresses including chemotherapy.
The article by Dr. Longo’s group and
colleagues has now shown that PF reduces
circulating IGF-1 in various cell populations
22
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and promotes HSC-based regeneration [4].
This effect is mediated by reduced Protein
Kinase A (PKA), which acts downstream of IGF1. PKA is known to directly phosphorylate and
negatively regulate factors implicated in stem
cell differentiation, but its role in hematopoietic
regeneration is poorly understood [5]. This work
connects the reduced level of IGF-1 caused by
cycles of PF to PKA signaling and establish their
crucial role in regulating hematopoietic stem
cell protection, self-renewal and regeneration.
A definitive confirmation of these results comes
from the data obtained with knock-out mice,
deficient in either IGF-1 or PKA, in which the
effects of PF on increased stress resistance
and hematopoietic recovery are recapitulated.
Accordingly, exogenous IGF-1 can blunt the
effect of PF on stimulation of HSC self-renewal.
Remarkably, the hematopoietic regeneration may
have also occurred in cancer patients monitored
in a phase I clinical trial in which the association
of PF and chemotherapy was shown to prevent
defects in the hematological profile. In accordance
with these preliminary human data, multiple
cycles of fasting abated the immunosuppression
and mortality caused by chemotherapy in mice. PF
could also reverse the effects of aging in causing
unbalances in the profile of different blood cell
types, leading to the apparent rejuvenation of the
immune system profile.

Prolonged fasting reduces IGF-1/PKA to promote
hematopoietic-stem-cell-based regeneration and reverse
immunosuppression.
Immune system defects are at the center of aging and a
range of diseases. Here, we show that prolonged fasting
reduces circulating IGF-1 levels and PKA activity in various
cell populations, leading to signal transduction changes
in long-term hematopoietic stem cells (LT-HSCs) and niche
cells that promote stress resistance, self-renewal, and
lineage-balanced regeneration. Multiple cycles of fasting
abated the immunosuppression and mortality caused by
chemotherapy and reversed age-dependent myeloid-bias in
mice, in agreement with preliminary data on the protection
of lymphocytes from chemotoxicity in fasting patients.
The proregenerative effects of fasting on stem cells were
recapitulated by deficiencies in either IGF-1 or PKA and
blunted by exogenous IGF-1. These findings link the reduced
levels of IGF-1 caused by fasting to PKA signaling and
establish their crucial role in regulating hematopoietic stem
cell protection, self-renewal, and regeneration.
[PMID 24905167]

That impairment of PKA signaling could
protect against stress and increases lifespan
was shown many years ago by the Longo lab
(6), indicating an evolutionary conserved
mechanism from yeast to mammals [2,3].
Also in this paper, Valter does not forget to
highlight how it is important to learn from
model organisms to intervene against human
disease and aging by showing that yeast cells
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over-expressing an inhibitory subunit of PKA
show higher resistance to oxidative stress.
Valter started his career working with the yeast
Saccharomyces cerevisiae and identified for the
first time key regulators of longevity and stress
resistance [2,6]. Yeast has been also the filrouge
between myself and Valter. I had the great
opportunity to meet him in Los Angeles, to spend a
period in his laboratories, to enjoy his intellectual
generosity and to tighten a solid friendship.
The commented work reinforces the potential
effects of a natural intervention, such as PF,
on aging processes and diseases treatments.
Indeed, the physiological changes caused by PF
are much more pronounced than those caused
by calorie restriction or fasting lasting 24 hours
or less. In fact, PF triggers a full metabolic
switch from a carbohydrate-based to a fat-and
ketone body-based catabolism. This change
in the energy metabolism could be a relevant
determinant for the observed HSC self-renewal.
These findings provide also the basis for a potential
therapy to be applied in both chemotherapy

treatments, aging and all diseases in which the
hematopoietic and immune system are impaired.

Bibliography
[1] Lee C, Safdie FM, Raffaghello L, Wei M, Madia F,
Parrella E, Hwang D, Cohen P, Bianchi G and Longo
VD (2010) Reduced levels of IGF-1 mediate differential
protection of normal and cancer cells in response to fasting
and improve chemotherapeutic index. Cancer Res. 70: 15641572.
[2] Fontana L, Partridge L and Longo VD (2010) Extending
healthy lifespan from yeast to humans. Science 328, 321326.
[3] Lee C and Longo VD (2011) Fasting vs dietary restriction
in cellular protection and cancer treatment: from model
organisms to patients. Oncogene 30, 3305-3316.
[4] Cheng CW, Adams GB, Perin L, Wei M, Zhou X, Lam BS,
Da Sacco S, Mirisola M, Quinn DI, Dorff TB, Kopchick JJ
and Longo VD (2014) Prolonged fasting reduces IGF-1/PKA
to promote hematopoietic-stem-cell-based regeneration and
reverse immunosuppression. Cell Stem Cell 14: 810-823.
[5] Yamamizu K, Matsunaga T, Katayama S, Kataoka H,
Takayama N, Eto K, Nishikawa S and Yamashita JK (2012)
PKA/CREB signaling triggers initiation of endothelial and
hematopoietic cell differentiation via Etv2 induction. Stem
Cells 30, 687-696.
[6] Fabrizio P, Pozza F, Pletcher SD, Gendron CM and
Longo VD (2001) Regulation of longevity and stress
resistance by Sch9 in yeast. Science 292, 288-290.

Longevity and Cancer
Valter Longo

Regeneration of Hematopoietic Stem Cells and
immunosuppression recovery:
the power of prolonged fasting
by Nicoletta Guaragnella
24

IFOM: A YEAR IN REVIEW 2014

Regeneration of Hematopoietic Stem Cells and
immunosuppression recovery: the power of
prolonged fasting
The author:

Nicoletta Guaragnella

Research associate at National Research Council-Institute of Biomembranes
and Bioenergetics (CNR-IBBE) in Bari

Nicoletta Guaragnella has a
permanent position as a research
associate at National Research
Council-Institute of Biomembranes
and Bioenergetics (CNR-IBBE) in
Bari (Italy) since 2010. Her major
scientific interests are: pro-survival
and pro-death signaling in cell
stress response; mitochondria to
nucleus communication, known as
mitochondrial retrograde signaling
and heterologous expression
of human oncosuppressors,
such as BRCA2 (Breast Cancer
Susceptibility gene), in the model

organism yeast Saccharomyces
cerevisiae. She is now expanding
her scientific experience working
on the molecular mechanisms
of cell stress response in wild
yeast used for biotechnological
applications. During her PhD
in Biochemistry and Molecular
Biology, she was trained as a
junior fellowship in the laboratory
of Ronald Butow in Dallas at
University of Texas, Southwestern
Medical School. In 2013 she has
been visiting scientist in Valter
Longo’ laboratory and worked

on the relations between sir2
and apoptosis in yeast aging
cells. At CNR-IBBE she is also
involved in mentoring programs
for undergraduate students and
is responsible for the activities
of scientific communication and
dissemination. She coordinates
the organization of public events
for scientific dissemination and
actively collaborates with CNR
Press Office in Rome, Almanacco
della Scienza, Scienza in Rete,
Rivista dell’Ordine Nazionale dei
Biologi.
25

IFOM: A YEAR IN REVIEW 2014

“An entirely new
perspective in which
chromosomes
are considered as
mechanical objects”
Commentary on Marco
Foiani’s paper
published in Cell
by Nancy Kleckner

Normal functioning of living cells begins and ends
with the genetic material, DNA. DNA not only
provides the information for gene expression but
is, itself, the fundamental basis for the ability of
cells to propagate themselves, by duplication and
segregation. Human cells contain 6x109 basepairs
(6000 Mb) of DNA, housed in 46 chromosomes
(22 pairs of homologous maternal and paternal
chromosomes plus two sex chromosomes, XX in
female or XY in male). Every time a cell divides, all
of this DNA must be accurately duplicated, after
which the resulting sister chromosomes must
be faithfully segregated into two daughter cells.
Both of these basic processes present intrinsic
challenges. DNA comprises two plectonemically
intertwined strands. As DNA is duplicated, this
intertwining presents a topological challenge:
the two strands must be unwound in front of the
progressing replication fork, implying that interstrand intertwinings must somehow be removed
or displaced. Further, in order for sisters to
segregate cleanly, the DNA must be compacted
into short, fat discrete units, within which the two

sister units (chromatids) are well-individualized.
The extent of the compaction required is dramatic:
the contour length of the DNA in an average
chromosome is ~3.5cm and, even with ~7-fold
compaction achieved by wrapping of DNA around
nucleosomes, ~5mm. In contrast, the distance
between segregated groups of chromosomes is
only ~20 μm (2 x 10-2 mm).
Like all basic aspects of chromosome biology,
these events are orchestrated by a complex
series of molecular/biochemical processes
that must be coordinated with one another
and also monitored for successful progression
by regulatory surveillance mechanisms. Dr.
Foiani’s work focuses on one of these regulatory
surveillance molecules, the essential PI3 kinase
ATR (Ataxia telangiectasia and Rad3-related).
In human, mutations in ATR underlie Seckel
syndrome, a severe disease characterized by
mental retardation, dwarfism and defects in the
DNA damage response.
Foiani’s recent work has emerged from a long-
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standing interest in the nexus between replicating
DNA and the nuclear envelope (NE). Chromatin
domains are often connected to the NE and this
connection is prominent for late-replicating
regions. Foiani and colleagues have previously
shown that when a DNA replication fork
approaches a NE-associated chromatin region,
DNA strands in front of the fork acquire aberrant
topological states which, if not removed, trigger
genome rearrangements. The authors also showed
that the cell deals with such blocks by triggering
release of the involved chromatin regions from
the NE, thereby permitting regular continuation
of replication and preventing genome damage.
Moreover, this release is mediated by ATR.
In considering the basis for this effect, Foiani
came to the idea that the ATR-mediated signal
transduction involved in releasing forks from the
NE might involve direct mechanical signaling
within the DNA/chromatin/NE ensemble.

ATR mediates a checkpoint at the nuclear envelope in
response to mechanical stress.
ATR controls chromosome integrity and chromatin
dynamics. We have previously shown that yeast Mec1/ATR
promotes chromatin detachment from the nuclear envelope
to counteract aberrant topological transitions during DNA
replication. Here, we provide evidence that ATR activity at
the nuclear envelope responds to mechanical stress. Human
ATR associates with the nuclear envelope during S phase
and prophase, and both osmotic stress and mechanical
stretching relocalize ATR to nuclear membranes throughout
the cell cycle. The ATR-mediated mechanical response occurs
within the range of physiological forces, is reversible, and
is independent of DNA damage signaling. ATR-defective
cells exhibit aberrant chromatin condensation and nuclear
envelope breakdown. We propose that mechanical forces
derived from chromosome dynamics and torsional stress
on nuclear membranes activate ATR to modulate nuclear
envelope plasticity and chromatin association to the nuclear
envelope, thus enabling cells to cope with the mechanical
strain imposed by these molecular processes.
[PMID 25083873]

Genome Integrity
Marco Foiani

This notion required integration of several
considerations. (i) Since changes in the topological
state of the DNA duplex comprise deformations
of the molecule out of its most energetically
favorable state, they comprise mechanical
stress. (ii) The central fundamental feature of a
mechanical system is that a change at one position
is automatically transmitted to other positions
nearby. In a chromosomal context, the DNA is
part of a complex elastic protein/DNA meshwork;
and the NE is a deformable elastic structure.
Thus, both components are ideal for absorbing
and/or transducing mechanical stimuli,
between/among the nucleus, the chromosomes
and the surrounding cytoskeleton. (iii)

“An entirely new perspective in which chromosomes
are considered as mechanical objects”
by Nancy Kleckner
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If mechanical forces are present in a biological
system, the further implication is that specific
molecules, known traditionally to have standard
biochemical activities, will also play roles in
sensing and transducing mechanical signals. ATR
comprises a large array of helical repeat units plus
a terminal kinase domain, and such helical repeats
domains are known to have a spring-like behavior.
Thus, ATR would be an attractive candidate to
transduce chromosome/NE stress into desired
molecular outcomes.
Acting on this intuition, the Foiani group has
now demonstrated (Cell 158: 633–646) that a
fraction of ATR always localizes to the NE and
that this targeting is dramatically increased if the
NE is subjected to stretching, either by osmotic
stress or by whole cell mechanical manipulation.
Moreover, this effect is direct, rather than being
an indirect consequence of checkpoint activation
by stretching-induced chromosome damage.
Stimulated by this finding, Foiani and colleagues
proceeded to explore the general implications of
their results. Chromatin/NE associations occur
and are modulated not only during DNA replication
but also during the dramatic chromosome
compaction that precedes segregation (above).
At an initial stage of this process, chromosomes
are tightly associated with the NE. Then, as
compaction progresses, chromosomes must be
released from the NE, which concomitantly breaks
down in preparation for chromosome segregation.
Foiani and colleagues reasoned that ATR might
also play a role in chromatin/NE release at
this stage. Their reasoning is proving correct:
they find that, without active ATR, onset and
completion of chromatin compaction at prophase
are significantly delayed and NE breakdown is
incomplete. And once again, these effects do not
arise indirectly from a DNA damage response.

Traditional investigations of chromosomal
processes have focused on identification of the
molecules involved, their biochemical activities,
and their physical and functional interactions. The
recent study of Foiani and colleagues spearheads
an entirely new perspective in which chromosomes
are considered as mechanical objects. This
new perspective opens a new approach to
understanding chromosomal processes and, thus,
why and how these processes go awry in cancer
and other disease conditions. Foiani’s study is
also significant because it further supports the
idea that ATR is not only involved in mediating
checkpoint responses to chromosome damage but
also plays roles in regulating and modulating basic
chromosomal events in an entirely unperturbed
cell cycle. Such roles help to explain why, as
shown by Seckel syndrome, the functioning of
ATR is important even for an individual that is
not afflicted by cancer or disease.

Super-resolution image of a prophase cell stained with
anti-ATR (green) and -NUP153 (red) antibodies, illustrating
localization of ATR to the NUP153-marked nuclear
periphery. (Figure 1B of Kumar et al., 2014).

“An entirely new perspective in which chromosomes
are considered as mechanical objects”
by Nancy Kleckner
review.ifom.eu
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Seeing is believing:
catching templateswitching in the act

Commentary on Dana
Branzei’s paper published
on Nature Structural &
Molecular Biology
by Michael Lichten

Every time a cell replicates its genome, it runs
the risk of breaking it. Replication involves
copying millions to billions of nucleotides, and
this must be done faithfully if two identical
versions of the genome are to be passed on to the
next generation. Evolution has selected for DNA
replication enzymes that accomplish this task with
efficiency and fidelity, but on occasion even this
marvelous machine breaks down. DNA damage,
both spontaneous and induced, creates lesions
that cannot be copied, resulting in breaks in the
vicinity of the replication fork. If these breaks
cannot be repaired rapidly and faithfully, they
can lead to mutations and rearrangements that
alter genome content and place critical genes in
inappropriate regulatory contexts. These are a
leading source of genetic disease and a leading
cause of cancer.
As a consequence, mechanisms have evolved
that preserve genome integrity by tolerating
replication-blocking DNA lesions. Two are
generally used: the bypass of lesions by error-

prone polymerases that introduce mutations at
the site of damage; and error-free mechanisms
that use homologous recombination to copy
correct information from an undamaged template,
creating a patch that bypasses the lesion and
restores genome integrity and function at the site
of damage. This latter mechanism, called template
switching, is a major form of lesion bypass in
normal cells, as evidenced by findings that most
DNA damage is repaired without mutation or
genome alteration.
Mechanisms of template switching have been
the subject of intense focus, in particular at
the IFOM. Much progress has been made in
understanding the proteins and enzymatic
activities involved, using genetic and cytological
approaches, through in vitro biochemical
studies, and using gel electrophoresis-based
approaches that allow inference about template
switching intermediate structures. However,
until now, the somewhat indirect nature of
these approaches has produced incomplete
understanding. In particular, progress has been
30
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limited by an inability to distinguish between
two alternative models for template switching.
In one, a stalled replication fork regresses to
form a four-armed DNA structure in which
DNA synthesis, followed by fork restoration,
creates a patch to cover a lesion. In the second,
the fork does not stall, but leaves behind singlestrand DNA gaps, which are used by homologous
recombination activities to prime new DNA
synthesis, generating a lesion-covering patch.
Both models can accommodate existing genetic
and biochemical data, and both are expected to
produce the intermediate structures detected
on gels. Because template switching occurs at
relatively low frequencies, and at many places in
the genome, distinguishing between these and
other models has been stymied by the fact that
we have not been able to actually see the DNA
molecules that are engaged in template switchinguntil now.

Visualization of recombination-mediated damage bypass
by template switching
Template switching (TS) mediates damage bypass via
a recombination-related mechanism involving PCNA
polyubiquitination and polymerase δ–dependent DNA
synthesis. Using two-dimensional gel electrophoresis
and EM, here we characterize TS intermediates arising in
Saccharomyces cerevisiae at a defined chromosome locus,
identifying five major families of intermediates. Singlestranded DNA gaps of 150–200 nt, and not DNA ends,
initiate TS by strand invasion. This causes reannealing of
the parental strands and exposure of the nondamaged
newly synthesized chromatid, which serves as a replication
template for the other blocked nascent strand. Structures
resembling double Holliday junctions, postulated to be
central double-strand break–repair intermediates but so far
visualized only in meiosis, mediate late stages of TS before
being processed to hemicatenanes. Our results reveal the
DNA transitions accounting for recombination-mediated
DNA-damage tolerance in mitotic cells and replication under
conditions of genotoxic stress. [PMID 25195051]

The work that filled this gap was performed at
the IFOM by the group of Dana Branzei and her
collaborators. They solved the problems of low
frequency and multiple locations by creating a
budding yeast strain that contains a high-copy
minichromosome, present in dozens of copies in
a single cell, that can be directly seen on agarose
gels. They then used methy methanesulfonate
to induce template switching at high levels,
and combined methods to stabilize templateswitching intermediates and methods to separate
these intermediates from the bulk of genomic
DNA on 2-dimensional agarose gels. Branzei
and colleagues were then able to extract these
intermediates from gels and directly visualize

Article’s image: Enlarged view of a double Holliday
Junction-like intermediate junction

Seeing is believing:
catching template-switching in the act
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their structures in the electron microscope.
This remarkable study represents the first time
in that eukaryotic repair intermediates have
been visualized on a specified DNA molecule,
and it has provided unprecedented insight into
template switching mechanisms. In particular,
the spectrum of intermediate structures Branzei
and colleagues detect is inconsistent with fork
regression being the dominant template switching
mechanism. Rather, they point to mechanisms
where DNA at a single-strand gap, left behind by
the replication fork, interacts with homologous
DNA on the undamaged sister chromatid and
initiates new synthesis, ultimately liberating
an intact strand that repairs the damaged
chromosome. One prediction of this model is
that repair products frequently should be linked
by two intertwined single strands in a structure
called a hemicatenane. Previous work at the IFOM
has shown that these structures can frequently be
produced when template switching is induced.
In summary, Branzei and colleagues have
provided insight into template switching at an
unparalleled level of molecular detail. Their study
points the way for future approaches, not just in
the study of template switching, but also of other
homology-based recombination processes that
play additional important roles in preserving
genome integrity.

DNA Repair
Dana Branzei
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On the fast track
to invasion:
intracellular
trafficking drives
tumor metastasis
Commentary on Giorgio
Scita’s paper published on
Journal of Cell Biology
by Stefan Linder

Metastasis, the escape of cancer cells from
a primary tumor, and their subsequent
dissemination in the body, is invariably coupled
with poor patient prognosis. Prevention of
metastasis is thus one of the most critical issues in
public health management, requiring an in-depth
understanding of the regulatory mechanisms. To
metastasize, cancer cells have to de-attach from
the primary tumor, to both enter and exit the
bloodstream, and re-invade into other tissues.
During these processes, the cells have to cross
a variety of tissue barriers and also to migrate
through the dense meshwork of the extracellular
matrix (ECM), a fibrillar network that surrounds
and connects cells in tissues. To navigate through
these terrains, cancer cells have to be able to
both adhere to ECM fibres, but also to cleave
them to avoid getting stuck. This balancing
act is achieved by proteins exposed on the cell
surface, in particular by matrix receptors such
as integrins and by matrix-lytic enzymes such
as metalloproteinases (MMPs). Key proteins
of either family are β3 integrins and the matrix

metalloproteinase MT1-MMP, both of which are
known to drive cancer cell invasion. Accordingly,
they are enriched at invadopodia, finger-like
protrusions of cancer cells, that are also sites of
matrix adhesion and -degradation.
Both β3 integrin and MT1-MMP are anchored to
the cell surface by transmembrane domains, which
also enables their recycling by internalization,
intracellular transport in vesicles and re-exposure
at the cell surface. This cycle ensures the dynamic
presence of both “grip- and clip-” functions on
the surface of cancer cells during their migration
through a changing environment. Intracellular
trafficking is thus expected to have a critical impact
on cancer cell migration. The paper by Giorgio
Scita’s lab now identifies a particularly efficient
trafficking pathway, which is characterized by two
members of the RabGTPase family, Rab5A and
Rab4, and ensures swift recycling of β3 integrin
and MT1-MMP during cell invasion.
Analysing the data from 980 breast cancer
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cases, Frittoli et al. found a striking correlation
between expression levels of RAB5A and patient
prognosis. In particular, cells from lymph node
metastasis showed elevated levels compared to
those from primary tumors, indicating a critical
role for RAB5A in metastasis, which could also
be confirmed in a mouse model. On a cellular
level, the Scita group could show that RAB5A
is both necessary and sufficient to drive MT1MMP-dependent cell invasion, which is based on
the formation of invadopodia and invadopodiaassociated matrix degradation. A closer
examination of potential recycling pathways
led to the identification of RAB4 and its effector
RABENOSYN-5. The latter, being able to bind
both RAB4 and RAB5A, apparently acts as the
connecting link between both arms of the pathway.
Accordingly, the Scita group demonstrated that
RAB4 is required for RAB5A-dependent recycling
of MT1-MMP and β3 integrin, as well as the
formation of invadopodia.
Frittoli et al. thus developed a model in which a

A RAB5/RAB4 recycling circuitry induces a proteolytic
invasive program and promotes tumor dissemination.
The mechanisms by which tumor cells metastasize and
the role of endocytic proteins in this process are not well
understood. We report that overexpression of the GTPase
RAB5A, a master regulator of endocytosis, is predictive of
aggressive behavior and metastatic ability in human breast
cancers. RAB5A is necessary and sufficient to promote local
invasion and distant dissemination of various mammary
and nonmammary tumor cell lines, and this prometastatic
behavior is associated with increased intratumoral cell
motility. Specifically, RAB5A is necessary for the formation
of invadosomes, membrane protrusions specialized in
extracellular matrix (ECM) degradation. RAB5A promotes
RAB4- and RABENOSYN-5-dependent endo/exocytic
cycles (EECs) of critical cargos (membrane-type 1 matrix
metalloprotease [MT1-MMP] and β3 integrin) required for
invadosome formation in response to motogenic stimuli.
This trafficking circuitry is necessary for spatially localized
hepatocyte growth factor (HGF)/MET signaling that drives
invasive, proteolysis-dependent chemotaxis in vitro and for
conversion of ductal carcinoma in situ to invasive ductal
carcinoma in vivo. Thus, RAB5A/RAB4 EECs promote tumor
dissemination by controlling a proteolytic, mesenchymal
invasive program.
[PMID 25049275]

Mechanisms of Tumor Cell Migration
Giorgio Scita

RAB5A- and RAB4-dependent circuitry drives
fast recycling of MT1-MMP and β3 integrin,
thus promoting the formation of matrix-lytic
invadopodia. Coming full circle, this model was
confirmed by the identification of high levels
of RAB4 in invasive breast cancers, and also by
reducing the invasiveness of cancer cells, through
expression of an inactive mutant of RAB4 in a
mouse model of metastasis.
Elegantly combining a wealth of in vivo and in

On the fast track to invasion:
intracellular trafficking drives tumor metastasis
by Stefan Linder
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vitro data, this paper identifies two specific RAB
GTPases, RAB5A and RAB4, in the intracellular
trafficking of key cargo proteins of invadopodia
formation and function. The Scita group thus
makes a very strong case for paying more
attention to RAB proteins in the prediction of
clinical outcome, and also for considering these
drivers of fast recycling and metastasis formation
as potential therapeutical targets.
As most things in nature, however, also RAB5A
has a flip side. In primary macrophages, it acts
not as a positive, but as a negative regulator of
MT1-MMP surface exposure (Wiesner et al., J.
Cell Sci., 2013). Discussing and contrasting these
findings from our labs has been a pleasure and
led to a co-authored commentary article (Linder
and Scita, Small GTPases, in press). The Frittoli
et al paper is thus a perfect example of not only
presenting rock-solid and highly relevant data, but
also of sparking discussions, which is the hallmark
of great science.

Article’s image: 3D morphology analysis by spinning
disc microscopy of HeLa cells embedded in 3D matrigel
expressing CFP-RAB5–, GFP-RAB4–,
and Cherry-MT1-MMP
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Stepping up the
tension in uPAR
mediated cell
signaling by integrins

Commentary on Nicolai
Sidenius’s paper published on
EMBO Journal
by Michael Ploug

Tissue invasion and metastasis constitutes
the last of the six hallmarks of cancer that was
originally coined by Hananhan and Weinberg in
their seminal reviews in Cell in 2000 and 2011.
As both these processes are critically involved
in the late stage systemic disease dissemination,
they are considered major causative risk factors
for the high mortality rates that are observed
in many patients diagnosed with certain types
of solid cancers. An intense research effort
has accordingly been devoted to identifying
components that are directly involved in and
preferably rate limiting for disease progression via
control of the invasive and metastatic potential. In
this quest, the extracellular matrix in the tumorstroma microenvironment represented one of the
major focus areas as these insoluble structures
limits invasion due to their barrier function, but
at the same time they also promote migration
by providing the essential structures needed for
adhesion and cellular traction. Along these lines of
arguments, the molecular mechanisms underlying
either proteolytic remodeling of the extracellular
matrix or impacting cell-matrix adhesion and

migration have received a lot of attention in the
ongoing search for potential druggable protein
targets, where a given pharmaceutical intervention
is predicted to attenuate disease dissemination.
One of the proteolytic systems that is generally
found upregulated at the tumor-stromal
microenvironment of many solid cancers is the
urokinase-type plasminogen activator (uPA)
cascade, which catalyzes the conversion of the
abundant proenzyme plasminogen to the active
protease plasmin. Both stromal and cancer
cells at the invasive fronts of the cancer lesions
frequently express a high affinity receptor for
uPA. The protein responsible for the high affinity
uPA binding is the glycolipid-anchored uPA
receptor (uPAR or CD87), which drives focalized
plasminogen activation to the membrane surface
of these cells. Numerous studies from different
laboratories on resected tumor lesions or plasma
from patients with solid cancer unanimously
agree that high levels of uPAR expression either
at the lesion site or shed into the circulation
are powerful prognostic biomarkers entailing a
38
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poor overall patient survival. To further mature
this translational potential of uPAR in a clinical
setting several groups are presently developing
new strategies for the non-invasive imaging
of uPAR expression in patients by positron
emission tomography and the first safety study in
humans have just been completed (NCT02139371;
ClinicalTrials.gov).
In the last two decades it has nonetheless also
become increasingly clear that uPAR regulates
other cellular processes not related to proteolysis.
Early work pioneered by Nicolai Sidenius
elegantly demonstrates that the interaction
between the glycolipid-anchored uPAR at the
cell surface and vitronectin immobilized onto
an artificial rigid surface potently stimulates cell
adhesion and migration (Madsen et al. 2007).
The structure-functional rationale behind this
observation has now been clarified in great
detail. A combination of different biophysical
measurements clearly demonstrates that the
three-domain structure of unoccupied uPAR
predominantly populates an open conformation,
but ligation with uPA drives it into a closed and
compact conformation (Mertens et al. 2012).
Importantly, the closed conformation of uPAR
represents the vitronectin binding proficient
form setting the stage for an allosteric regulation
of uPAR-mediated adhesion to vitronectin by
uPA. In a biological perspective uPAR may
thus induce a rendezvous between proteolytic
remodeling and cell adhesion and migration.
One essential part of the molecular puzzle
underlying uPAR-induced cell adhesion
remained, nonetheless, still to be solved.

The interaction between uPAR and vitronectin triggers
ligand-independent adhesion signalling by integrins.
The urokinase-type plasminogen activator receptor (uPAR) is
a non-integrin vitronectin (VN) cell adhesion receptor linked
to the plasma membrane by a glycolipid anchor. Through
structure-function analyses of uPAR, VN and integrins, we
document that uPAR-mediated cell adhesion to VN triggers
a novel type of integrin signalling that is independent of
integrin-matrix engagement. The signalling is fully active
on VN mutants deficient in integrin binding site and is
also efficiently transduced by integrins deficient in ligand
binding. Although integrin ligation is dispensable, signalling
is crucially dependent upon an active conformation of the
integrin and its association with intracellular adaptors
such as talin. This non-canonical integrin signalling is not
restricted to uPAR as it poses no structural constraints
to the receptor mediating cell attachment. In contrast to
canonical integrin signalling, where integrins form direct
mechanical links between the ECM and the cytoskeleton,
the molecular mechanism enabling the crosstalk between
non-integrin adhesion receptors and integrins is dependent
upon membrane tension. This suggests that for this type of
signalling, the membrane represents a critical component of
the molecular clutch.
[PMID 25168639]
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Being a glycolipid anchored membrane protein
uPAR obviously lacks a bone fide signal
transducing domain enabling the communication
between extracellular ligand binding events and
intracellular effector signal cascades. A central
publication in Science by Wei et al. 1996 reporting
that uPAR regulates integrin function by direct
lateral interactions created the so far unopposed
paradigm that uPAR-mediated signal transduction
was caused by direct lateral molecular interactions
between uPAR and various integrins.
Whereas it is beyond any reasonable doubt that
integrin signaling indeed is essential for the uPARmediated effects on cell adhesion and migration, I
have personally always had some concerns about
the part of the model stating a direct and defined
molecular interaction between uPAR and the

reconcile with the formation of a well-defined
protein-protein interface.
Following this reasoning I find the alternative
model for uPAR-mediated signal transduction in
cell adhesion and migration that is proposed by
Dr Sidenius and coworkers in The EMBO Journal
(Ferraris et al. 2014) quite appealing. An important
feature of their model is that it does not require
direct protein-protein interactions between uPAR
and the integrin hetererodimers in question.
Changes in membrane tension elicited by the
uPAR interaction with vitronectin immobilized on
rigid surfaces is according to this model allegedly
sufficient to transmit signals from activated

Cell Matrix Signaling
Nicolai Sidenius

integrins in question.
Reviewing the literature on this alleged protein
interaction it is accordingly very difficult to
find hard core biophysical evidence proving the
existence of such a direct molecular interaction as
most data merely rely on circumstantial evidence
indicating spatial proximity (e.g. FRET) or copartitioning (co-IP) rather than a true molecular
protein-protein interaction. In addition, the
fact that uPAR did not appear selective but was
described as a promiscuous regulator of integrin
function was also in my opinion a bit difficult to

Stepping up the tension in uPAR
mediated cell signaling by integrins
by Michael Ploug
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integrins in a process that is independent of
a direct integrin ligation to the matrix per se.
To develop this controversial model for ligandindependent integrin signaling, Dr Sidenius
conscientiously dissected the impacts of each
of the participating component by uncoupling
their function individually using cleverly
designed intervention strategies. In the present
commentary, I will only highlight one of these
experiments, which I find particularly wellconceived.
The impact from the uPAR-vitronectin interaction
in cellular signaling was ingeniously scrutinized
using a vitronectin binding deficient uPART54A
mutant, which preferably populates the open
receptor conformation. The mere addition of uPA
or its small receptor binding growth factor-like
domain to this construct momentarily switches
uPART54A into a vitronectin binding proficient
state by driving it into its closed conformation.
Using this molecular switch in combination
with vitronectin mutants with mutated integrin
binding site (RDG versus RAD) Dr Sidenius could
elegantly isolate the individual contributions
from integrins and uPAR engagements with the
immobilized vitronectin.

being limited to uPAR-vitronectin dependent
signaling.
Bearing in mind that these initial hypothesis
generating studies for obvious reasons were
conducted entirely in vitro in cell cultures, it
will be interesting to follow whether the same
concept can be recapitulated in a more complex
physiological setting.
From a cancer invasive and metastasis perspective
it will furthermore be interesting to explore if the
increased tissue rigidity introduced at some cancer
lesions by the desmoplastic reaction is associated
with a shift in the prevailing integrin mediated
signaling pathways.

By tethering different membrane proteins to rigid
surfaces Dr Sidenius furthermore demonstrates
that this alternative ligand-independent integrin
signaling via increased membrane tension may
represent a more general concept rather than
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PREP1: a TALE
of transcription
factors, EMT and
metastasis

Commentary on Francesco
Blasi’s paper published on
PNAS
by Pasquale Verde

Epithelial Mesenchymal Transition (EMT) is
a reversible process that triggers the loss of
epithelial cell features, such as apico-basal
polarity and intercellular adhesions, along with
the gain of mesenchymal characteristics, including
cytoskeletal rearrangements, individual migratory
ability and invasiveness. In addition to its roles in
embryo development and organ formation, EMT
is involved in pathological conditions, such as
wound healing, tissue fibrosis and cancer.
EMT is controlled by hierarchically organized
transcription factors (EMT-TFs) belonging to
multiple classes of nuclear proteins, such as Zn
finger (SNAIL1, SNAIL2/SLUG, ZEB 1 and ZEB2/
SIP1) and bHLH (TWIST1 and TWIST2) families.
In response to ectopically re-expressed EMT-TFs,
EMT is involved in the key steps of metastatic
colonization. TGF-beta, secreted by both autocrine
and paracrine mechanisms often mediated by
cancer-stromal cell interactions at the invasive
front of tumors, is one of the major inducers of
tumor-associated EMT.

My group is currently studying the EMT controlled
by the AP-1 complex and specifically the FOSfamily component FRA-1, recently implicated
in mestastasis mechanisms. My interest for the
AP-1 oncoproteins began long time ago, when I
was a post-doctoral fellow in Francesco Blasi’s
laboratory, while studying the transcription
factors controlling the human urokinase gene
(PLAU) in response to oncogenic signals. In the
meanwhile, starting from the identification of
the nuclear factors cooperating with AP-1 in the
control of the PLAU enhancer, Francesco Blasi has
undertaken a highly successful all-round study of
PREP1, a TALE family transcription factor.
The TALE (Three Aminoacids Length Extension)
homeodomain subfamily includes 4 Pbx, 3 Meis
and 2 Prep/Pknox genes. Blasi and collaborators
have investigated all major biological roles of
PREP1 in mouse models and in vitro cell systems.
In addition to studying various aspects of PREP1 in
mouse development, Francesco Blasi has recently
characterized PREP1 as a haploinsufficient tumor
suppressor involved in both hematopoietic and
43
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solid tumorigenesis. In addition to delucidating
the PREP1 role in maintainance of genome
stability, Francesco Blasi, in collaboration with
Miguel Torres (CNIC, Madrid), has delucidated
the mechanisms of target site selection by the
dimeric TALE homeoprotein complexes, by
genome-wide analyses of the PREP1/PBX1/
MEIS1 DNA-binding profiles. Importantly, Blasi
and coworkers have recently shown how PREP1
oncosuppressor activity results from the PREP1
competition with the MEIS1 for PBX1 binding,
affecting the MEIS1 stability and tumorigenic
activity.
By identifying the PREP1 transcript as a target
of miR-19a, belonging to the miR-17-92 oncomir
cluster, my group had previously stumbled
upon PREP1. To understand the significance of
the the miR-19-mediated regulation of PREP1,
we analyzed the effects of PREP1 in NSCLC cell
lines. When my PhD student Maurizio Risolino,
observed striking morphological changes in
PREP1-overexpressing cells, I had a great occasion
to start a new collaboration with Francesco Blasi,
many years after the PLAU enhancer story.
Francesco enthusiastically agreed with our
incursion into his preferred gene product, and
hosted my PhD student Nadia Mandia for a short
but fruitful stay in his laboratory at IFOM.
By investigating various EMT markers along

Transcription factor PREP1 induces EMT and metastasis by
controlling the TGF-β-SMAD3 pathway in non-small cell
lung adenocarcinoma.
Pre-B-cell leukemia homeobox (Pbx)-regulating protein-1
(Prep1) is a ubiquitous homeoprotein involved in early
development, genomic stability, insulin sensitivity, and
hematopoiesis. Previously we have shown that Prep1 is a
haploinsufficient tumor suppressor that inhibits neoplastic
transformation by competing with myeloid ecotropic
integration site 1 for binding to the common heterodimeric
partner Pbx1. Epithelial-mesenchymal transition (EMT) is
controlled by complex networks of proinvasive transcription
factors responsive to paracrine factors such as TGF-β.
Here we show that, in addition to inhibiting primary tumor
growth, PREP1 is a novel EMT inducer and prometastatic
transcription factor. In human non-small cell lung cancer
(NSCLC) cells, PREP1 overexpression is sufficient to trigger
EMT, whereas PREP1 down-regulation inhibits the induction
of EMT in response to TGF-β. PREP1 modulates the cellular
sensitivity to TGF-β by inducing the small mothers against
decapentaplegic homolog 3 (SMAD3) nuclear translocation
through mechanisms dependent, at least in part, on
PREP1-mediated transactivation of a regulatory element
in the SMAD3 first intron. Along with the stabilization
and accumulation of PBX1, PREP1 induces the expression
of multiple activator protein 1 components including the
proinvasive Fos-related antigen 1 (FRA-1) oncoprotein.
Both FRA-1 and PBX1 are required for the mesenchymal
changes triggered by PREP1 in lung tumor cells. Finally, we
show that the PREP1-induced mesenchymal transformation
correlates with significantly increased lung colonization by
cells overexpressing PREP1. Accordingly, we have detected
PREP1 accumulation in a large number of human brain
metastases of various solid tumors, including NSCLC. These
findings point to a novel role of the PREP1 homeoprotein in
the control of the TGF-β pathway, EMT, and metastasis in
NSCLC.
[PMID 25157139]

Transcriptional Regulation
in Development and Cancer
Francesco Blasi
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with cell motility and invasion, Risolino, et
al. showed that the observed modifications
reflected the mesenchymal transition triggered
by PREP1. Mechanistic analysis revealed that
PREP1 positively controls the TGF-beta-SMAD
pathway, with an effect at least partially mediated
by PREP1-mediated transactivation of SMAD3.
PREP1, in addition causes the accumulation of
its heteromeric partner PBX1 and of the FRA-1
oncoprotein, both required for the PREP1-induced
mesenchymal transition.
Lung colonization assays revealed that PREP1overexpressing cells, but not the poorly invasive
control (A549) cells, gave rise to lung nodules.
Accordingly, in collaboration with Michel
Mittelbronn (Frankfurt Medical School), PREP1
accumulation was detected in a large number of
human brain metastases of solid tumors, including
NSCLC. These findings seem to contradict the
previously reported tumor suppressor role of
PREP1. Such discrepancy, however, is only
apparent, since, differing from lung nodules,
the PREP1-overexpressing xenografts exhibited
decreased growth. Thus, PREP1 seems to play
a dual function that might reflect the dual role
(antiproliferative vs pro-metastatic) of the TGFbeta pathway in tumorigenesis. While a previous
report from Michael Cleary’s group, based on the
analysis of Pbx1 knockout mice, had suggested
the possible role of Pbx1 in the responses to TGFbeta, Risolino et al. provided the first evidence
on the involvement of human PREP1 in EMT
and metastasis, by TGF-beta-SMAD-dependent
mechanisms.

Phase-contrast and phalloidin staining show the the
mesenchymal changes exhibited by PREP1 overexpressing
vs parental A549 cells. Green fluorescence shows the
nuclear accumulation of SMAD3. Arrows in the bottomright image indicate the nodules formed by A549PREP1
cells in nude mice.

Therefore, thanks to the open mind and generosity
of Francesco Blasi, our fruitful collaboration
resulted in the identification of a novel player
in the complex network of transcription factors
implicated in EMT.

PREP1: a TALE of transcription factors,
EMT and metastasis
by Pasquale Verde
review.ifom.eu
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[PMID: 25468332] IF 3,8320
Protein and amino acid restriction, aging and disease: from yeast to humans.
Mirzaei H, Suarez JA, Longo VD.

Trends Endocrinol Metab. 2014 Nov;25(11):558-566. doi: 10.1016/j.tem.2014.07.002. Epub 2014 Aug 19.
[PMID: 25153840] IF 8,8680
Structural and functional framework for the autoinhibition of nedd4-family ubiquitin
ligases.
Mari S, Ruetalo N, Maspero E, Stoffregen MC, Pasqualato S, Polo S, Wiesner S.

Structure. 2014 Nov 4;22(11):1639-49. doi: 10.1016/j.str.2014.09.006. Epub 2014 Oct 30.
[PMID: 25438670] IF 6,7940
MicroRNA related polymorphisms and breast cancer risk.
Khan S, Greco D, Michailidou K, Milne RL, Muranen TA, Heikkinen T, Aaltonen K, Dennis J, Bolla MK, Liu
J, Hall P, Irwanto A, Humphreys K, Li J, Czene K, Chang-Claude J, Hein R, Rudolph A, Seibold P, FleschJanys D, Fletcher O, Peto J, et al.

PLoS One. 2014;9(11):e109973. doi: 10.1371/journal.pone.0109973.
[PMID: 25390939] IF 3,5340
Genetic variation in mitotic regulatory pathway genes is associated with breast tumor grade.
Purrington KS, Slettedahl S, Bolla MK, Michailidou K, Czene K, Nevanlinna H, Bojesen SE, Andrulis IL, Cox
A, Hall P, Carpenter J, Yannoukakos D, Haiman CA, Fasching PA, Mannermaa A, Winqvist R, Brenner H,
Lindblom A, Chenevix-Trench G, Benitez J, Swerdlow A, Kristensen V, et al.

Hum Mol Genet. 2014 Nov 15;23(22):6034-46. doi: 10.1093/hmg/ddu300. Epub 2014 Jun 13.
[PMID: 24927736] IF 6,6770
Resistance to anti-EGFR therapy in colorectal cancer: from heterogeneity to convergent
evolution.
Misale S, Di Nicolantonio F, Sartore-Bianchi A, Siena S, Bardelli A.

Cancer Discov. 2014 Nov;4(11):1269-80. doi: 10.1158/2159-8290.CD-14-0462. Epub 2014 Oct 7.
[PMID: 25293556] IF 15,9290

50

IFOM: A YEAR IN REVIEW 2014

Common non-synonymous SNPs associated with breast cancer susceptibility: findings from
the Breast Cancer Association Consortium.
Milne RL, Burwinkel B, Michailidou K, Arias-Perez JI, Zamora MP, Menéndez-Rodríguez P, Hardisson D,
Mendiola M, González-Neira A, Pita G, Alonso MR, Dennis J, Wang Q, Bolla MK, Swerdlow A, Ashworth A,
Orr N, Schoemaker M, Ko YD, Brauch H, Hamann U; GENICA Network, et al.

Hum Mol Genet. 2014 Nov 15;23(22):6096-111. doi: 10.1093/hmg/ddu311. Epub 2014 Jun 18.
[PMID: 24943594] IF 6,6770
The interaction between uPAR and vitronectin triggers ligand-independent adhesion
signalling by integrins.
Ferraris GM, Schulte C, Buttiglione V, De Lorenzi V, Piontini A, Galluzzi M, Podestà A, Madsen CD,
Sidenius N.

EMBO J. 2014 Nov 3;33(21):2458-72. doi: 10.15252/embj.201387611. Epub 2014 Aug 28.
[PMID: 25168639] IF 10,7480
DEPDC1B Coordinates De-adhesion Events and Cell-Cycle Progression at Mitosis.
Marchesi S, Montani F, Deflorian G, D’Antuono R, Cuomo A, Bologna S, Mazzoccoli C, Bonaldi T, Di Fiore
PP, Nicassio F.

Dev Cell. 2014 Nov 24;31(4):420-33. doi: 10.1016/j.devcel.2014.09.009. Epub 2014 Nov 24.
[PMID: 25458010] IF 10,3660
Signaling pathways in the specification of arteries and veins.
Corada M, Morini MF, Dejana E.

Arterioscler Thromb Vasc Biol. 2014 Nov;34(11):2372-7. doi: 10.1161/ATVBAHA.114.303218. Epub 2014 Aug 28.
[PMID: 25169934] IF 5,5330
The genomic and epigenomic landscapes of AML.
Mazzarella L, Riva L, Luzi L, Ronchini C, Pelicci PG.

Semin Hematol. 2014 Oct;51(4):259-72. doi: 10.1053/j.seminhematol.2014.08.007. Epub 2014 Aug 26.
[PMID: 25311739] IF 2,4620
Tyrosine phosphorylation of NEDD4 activates its ubiquitin ligase activity.
Persaud A, Alberts P, Mari S, Tong J, Murchie R, Maspero E, Safi F, Moran MF, Polo S, Rotin D.

Sci Signal. 2014 Oct 7;7(346):ra95. doi: 10.1126/scisignal.2005290.
[PMID: 25292214] IF 6,3370
Stable cellular senescence is associated with persistent DDR activation.
Fumagalli M, Rossiello F, Mondello C, d’Adda di Fagagna F.

PLoS One. 2014;9(10):e110969. doi: 10.1371/journal.pone.0110969.
[PMID: 25340529] IF 3,5340
H2B mono-ubiquitylation facilitates fork stalling and recovery during replication stress by
coordinating Rad53 activation and chromatin assembly.
Lin CY, Wu MY, Gay S, Marjavaara L, Lai MS, Hsiao WC, Hung SH, Tseng HY, Wright DE, Wang CY, Hsu
GS, Devys D, Chabes A, Kao CF.

PLoS Genet. 2014 Oct;10(10):e1004667. doi: 10.1371/journal.pgen.1004667.
[PMID: 25275495] IF 8,1670
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Parent-of-origin-specific allelic associations among 106 genomic loci for age at menarche.
Perry JR, Day F, Elks CE, Sulem P, Thompson DJ, Ferreira T, He C, Chasman DI, Esko T, Thorleifsson G,
Albrecht E, Ang WQ, Corre T, Cousminer DL, Feenstra B, Franceschini N, Ganna A, Johnson AD, Kjellqvist
S, Lunetta KL, McMahon G, Nolte IM, et al.

Nature. 2014 Oct 2;514(7520):92-7. doi: 10.1038/nature13545. Epub 2014 Jul 23.
[PMID: 25231870] IF 42,3510
Visualization of recombination-mediated damage bypass by template switching.
Giannattasio M, Zwicky K, Follonier C, Foiani M, Lopes M, Branzei D.

Nat Struct Mol Biol. 2014 Oct;21(10):884-92. doi: 10.1038/nsmb.2888. Epub 2014 Sep 7.
[PMID: 25195051] IF 11,6330
Mining cancer gene expression databases for latent information on intronic microRNAs.
Monterisi S, D’Ario G, Dama E, Rotmensz N, Confalonieri S, Tordonato C, Troglio F, Bertalot G,
Maisonneuve P, Viale G, Nicassio F, Vecchi M, Di Fiore PP, Bianchi F.

Mol Oncol. 2014 Oct 15. doi:pii: S1574-7891(14)00237-3. 10.1016/j.molonc.2014.10.001. [Epub ahead of print]
[PMID: 25459350] IF 5,9350
From a 2DE-gel spot to protein function: lesson learned from HS1 in chronic lymphocytic
leukemia.
Apollonio B, Bertilaccio MT, Restuccia U, Ranghetti P, Barbaglio F, Ghia P, Caligaris-Cappio F, Scielzo C.

J Vis Exp. 2014 Oct 19;(92):e51942. doi: 10.3791/51942.
[PMID: 25350848]
The PAR complex controls the spatiotemporal dynamics of F-actin and the MTOC in
directionally migrating leukocytes.
Crespo CL, Vernieri C, Keller PJ, Garré M, Bender JR, Wittbrodt J, Pardi R.

J Cell Sci. 2014 Oct 15;127(Pt 20):4381-95. doi: 10.1242/jcs.146217. Epub 2014 Sep 1.
[PMID: 25179599] IF 5,3250
The PAR complex controls the spatiotemporal dynamics of F-actin and the MTOC in
directionally migrating leukocytes.
Crespo CL, Vernieri C, Keller PJ, Garré M, Bender JR, Wittbrodt J, Pardi R.

J Cell Sci. 2014 Oct 15;127(Pt 20):4381-95. doi: 10.1242/jcs.146217. Epub 2014 Sep 1.
[PMID: 25179599] IF 5,3250
Higher metastatic efficiency of KRas G12V than KRas G13D in a colorectal cancer model.
Alamo P, Gallardo A, Di Nicolantonio F, Pavón MA, Casanova I, Trias M, Mangues MA, Lopez-Pousa A,
Villaverde A, Vázquez E, Bardelli A, Céspedes MV, Mangues R.

FASEB J. 2014 Oct 30. doi:pii: fj.14-262303. [Epub ahead of print]
[PMID: 25359494] IF 5,4800
High levels of BRC4 induced by a Tet-On 3G system suppress DNA repair and impair cell
proliferation in vertebrate cells.
Abe T, Branzei D.

DNA Repair (Amst). 2014 Oct;22:153-64. doi: 10.1016/j.dnarep.2014.08.003. Epub 2014 Sep 16.
[PMID: 25218467] IF 3,3620

52

IFOM: A YEAR IN REVIEW 2014

ESCRT-II/Vps25 constrains digit number by endosome-mediated selective modulation of
FGF-SHH signaling.
Handschuh K, Feenstra J, Koss M, Ferretti E, Risolino M, Zewdu R, Sahai MA, Bénazet JD, Peng XP,
Depew MJ, Quintana L, Sharpe J, Wang B, Alcorn H, Rivi R, Butcher S, Manak JR, Vaccari T, Weinstein H,
Anderson KV, Lacy E, Selleri L.

Cell Rep. 2014 Oct 23;9(2):674-87. doi: 10.1016/j.celrep.2014.09.019. Epub 2014 Oct 16.
[PMID: 25373905] IF 7,2070
Transcription factor PREP1 induces EMT and metastasis by controlling the TGF-β-SMAD3
pathway in non-small cell lung adenocarcinoma.
Risolino M, Mandia N, Iavarone F, Dardaei L, Longobardi E, Fernandez S, Talotta F, Bianchi F, Pisati F,
Spaggiari L, Harter PN, Mittelbronn M, Schulte D, Incoronato M, Di Fiore PP, Blasi F, Verde P.

Proc Natl Acad Sci U S A. 2014 Sep 9;111(36):E3775-84. doi: 10.1073/pnas.1407074111. Epub 2014 Aug 25.
[PMID: 25157139] IF 9,8090
Prep1 (pKnox1) regulates mouse embryonic HSC cycling and self-renewal affecting the Stat1Sca1 IFN-dependent pathway.
Modica L, Iotti G, D’Avola A, Blasi F.

PLoS One. 2014;9(9):e107916. doi: 10.1371/journal.pone.0107916.
[PMID: 25233378] IF 3,5340
Population distribution and ancestry of the cancer protective MDM2 SNP285 (rs117039649).
Knappskog S, Gansmo LB, Dibirova K, Metspalu A, Cybulski C, Peterlongo P, Aaltonen L, Vatten L,
Romundstad P, Hveem K, Devilee P, Evans GD, Lin D, Van Camp G, Manolopoulos VG, Osorio A, Milani L,
Ozcelik T, Zalloua P, Mouzaya F, Bliznetz E, Balanovska E, et al.

Oncotarget. 2014 Sep 30;5(18):8223-34.
[PMID: 25327560] IF 6,6270
The combination of IDH1 mutations and MGMT methylation status predicts survival in
glioblastoma better than either IDH1 or MGMT alone.
Molenaar RJ, Verbaan D, Lamba S, Zanon C, Jeuken JW, Boots-Sprenger SH, Wesseling P, Hulsebos TJ,
Troost D, van Tilborg AA, Leenstra S, Vandertop WP, Bardelli A, van Noorden CJ, Bleeker FE.

Neuro Oncol. 2014 Sep;16(9):1263-73. doi: 10.1093/neuonc/nou005. Epub 2014 Feb 6.
[PMID: 24510240] IF 5,2860
Spatial control of Cdc42 signalling by a GM130-RasGRF complex regulates polarity and
tumorigenesis.
Baschieri F, Confalonieri S, Bertalot G, Di Fiore PP, Dietmaier W, Leist M, Crespo P, Macara IG, Farhan H.

Nat Commun. 2014 Sep 11;5:4839. doi: 10.1038/ncomms5839.
[PMID: 25208761] IF 10,7420
Evidence that breast cancer risk at the 2q35 locus is mediated through IGFBP5 regulation.
Ghoussaini M, Edwards SL, Michailidou K, Nord S, Cowper-Sal Lari R, Desai K, Kar S, Hillman KM,
Kaufmann S, Glubb DM, Beesley J, Dennis J, Bolla MK, Wang Q, Dicks E, Guo Q, Schmidt MK, Shah M,
Luben R, Brown J, Czene K, Darabi H, et al.

Nat Commun. 2014 Sep 23;4:4999. doi: 10.1038/ncomms5999.
[PMID: 25248036] IF 10,7420
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Acquired resistance to EGFR-targeted therapies in colorectal cancer.
Van Emburgh BO, Sartore-Bianchi A, Di Nicolantonio F, Siena S, Bardelli A.

Mol Oncol. 2014 Sep 12;8(6):1084-94. doi: 10.1016/j.molonc.2014.05.003. Epub 2014 May 14.
[PMID: 24913799] IF 5,9350
An EMMPRIN-γ-catenin-Nm23 complex drives ATP production and actomyosin contractility
at endothelial junctions.
Moreno V, Gonzalo P, Gó-Escudero J, Pollán Á, Acín-Pérez R, Breckenridge M, Yáñez-Mó M, Barreiro O,
Orsenigo F, Kadomatsu K, Chen CS, Enríquez JA, Dejana E, Sánchez-Madrid F, Arroyo AG.

J Cell Sci. 2014 Sep 1;127(Pt 17):3768-81. doi: 10.1242/jcs.149518. Epub 2014 Jul 2.
[PMID: 24994937] IF 5,3250
PALB2 sequencing in Italian familial breast cancer cases reveals a high-risk mutation
recurrent in the province of Bergamo.
Catucci I, Peterlongo P, Ciceri S, Colombo M, Pasquini G, Barile M, Bonanni B, Verderio P, Pizzamiglio
S, Foglia C, Falanga A, Marchetti M, Galastri L, Bianchi T, Corna C, Ravagnani F, Bernard L, Fortuzzi S,
Sardella D, Scuvera G, Peissel B, Manoukian S, et al.

Genet Med. 2014 Sep;16(9):688-94. doi: 10.1038/gim.2014.13. Epub 2014 Feb 20.
[PMID: 24556926] IF 6,4350
Swi2/Snf2-like protein Uls1 functions in the Sgs1-dependent pathway of maintenance of
rDNA stability and alleviation of replication stress.
Kramarz K, Litwin I, Cal-Bakowska M, Szakal B, Branzei D, Wysocki R, Dziadkowiec D.

DNA Repair (Amst). 2014 Sep;21:24-35. doi: 10.1016/j.dnarep.2014.05.008. Epub 2014 Jun 19.
[PMID: 25091157] IF 3,3620
The CDC42-interacting protein 4 controls epithelial cell cohesion and tumor dissemination.
Rolland Y, Marighetti P, Malinverno C, Confalonieri S, Luise C, Ducano N, Palamidessi A, Bisi S, Kajiho H,
Troglio F, Shcherbakova OG, Dunn AR, Oldani A, Lanzetti L, Di Fiore PP, Disanza A, Scita G.

Dev Cell. 2014 Sep 8;30(5):553-68. doi: 10.1016/j.devcel.2014.08.006.
[PMID: 25203208] IF 10,3660
RAF suppression synergizes with MEK inhibition in KRAS mutant cancer cells.
Lamba S, Russo M, Sun C, Lazzari L, Cancelliere C, Grernrum W, Lieftink C, Bernards R, Di Nicolantonio F,
Bardelli A.

Cell Rep. 2014 Sep 11;8(5):1475-83. doi: 10.1016/j.celrep.2014.07.033. Epub 2014 Sep 4.
[PMID: 25199829] IF: 7,2070
SIGLEC-G deficiency increases susceptibility to develop B-cell lymphoproliferative
disorders.
Simonetti G, Bertilaccio MT, Rodriguez TV, Apollonio B, Dagklis A, Rocchi M, Innocenzi A, Casola S,
Winkler TH, Nitschke L, Ponzoni M, Caligaris-Cappio F, Ghia P.

Haematologica. 2014 Aug;99(8):1356-64. doi: 10.3324/haematol.2013.100230. Epub 2014 May 23
[PMID: 24859880] IF 5,8680
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AID and APOBEC deaminases: balancing DNA damage in epigenetics and immunity.
Franchini DM, Petersen-Mahrt SK.

Epigenomics. 2014;6(4):427-43. doi: 10.2217/epi.14.35.
[PMID: 25333851] IF 5,2150
Tumor vessel normalization by chloroquine independent of autophagy.
Maes H, Kuchnio A, Peric A, Moens S, Nys K, De Bock K, Quaegebeur A, Schoors S, Georgiadou M,
Wouters J, Vinckier S, Vankelecom H, Garmyn M, Vion AC, Radtke F, Boulanger C, Gerhardt H, Dejana E,
Dewerchin M, Ghesquière B, Annaert W, Agostinis P, et al.

Cancer Cell. 2014 Aug 11;26(2):190-206. doi: 10.1016/j.ccr.2014.06.025.
[PMID: 25117709] IF 23,8930
Processive DNA demethylation via DNA deaminase-induced lesion resolution.
Franchini DM, Chan CF, Morgan H, Incorvaia E, Rangam G, Dean W, Santos F, Reik W, Petersen-Mahrt
SK.

PLoS One. 2014;9(7):e97754. doi: 10.1371/journal.pone.0097754.
[PMID: 25025377] IF 3,5340
CBP and p300 acetylate PCNA to link its degradation with nucleotide excision repair
synthesis.
Cazzalini O, Sommatis S, Tillhon M, Dutto I, Bachi A, Rapp A, Nardo T, Scovassi AI, Necchi D, Cardoso MC,
Stivala LA, Prosperi E.

Nucleic Acids Res. 2014 Jul;42(13):8433-48. doi: 10.1093/nar/gku533. Epub 2014 Jun 17.
[PMID: 24939902] IF 8,8080
A RAB5/RAB4 recycling circuitry induces a proteolytic invasive program and promotes
tumor dissemination.
Frittoli E, Palamidessi A, Marighetti P, Confalonieri S, Bianchi F, Malinverno C, Mazzarol G, Viale G,
Martin-Padura I, Garré M, Parazzoli D, Mattei V, Cortellino S, Bertalot G, Di Fiore PP, Scita G

J Cell Biol. 2014 Jul 21;206(2):307-28. doi: 10.1083/jcb.201403127.
[PMID: 25049275] IF 9,7860
Angiopoietin 2 regulates the transformation and integrity of lymphatic endothelial cell
junctions.
Zheng W, Nurmi H, Appak S, Sabine A, Bovay E, Korhonen EA, Orsenigo F, Lohela M, D’Amico G,
Holopainen T, Leow CC, Dejana E, Petrova TV, Augustin HG, Alitalo K.

Genes Dev. 2014 Jul 15;28(14):1592-603. doi: 10.1101/gad.237677.114.
[PMID: 25030698] IF 12,6390
A cell cycle-regulated Slx4-Dpb11 complex promotes the resolution of DNA repair
intermediates linked to stalled replication.
Gritenaite D, Princz LN, Szakal B, Bantele SC, Wendeler L, Schilbach S, Habermann BH, Matos J, Lisby M,
Branzei D, Pfander B.

Genes Dev. 2014 Jul 15;28(14):1604-19. doi: 10.1101/gad.240515.114.
[PMID: 25030699] IF 12,6390
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ATR mediates a checkpoint at the nuclear envelope in response to mechanical stress.
Kumar A, Mazzanti M, Mistrik M, Kosar M, Beznoussenko GV, Mironov AA, Garrè M, Parazzoli D,
Shivashankar GV, Scita G, Bartek J, Foiani M.

Cell. 2014 Jul 31;158(3):633-46. doi: 10.1016/j.cell.2014.05.046.
[PMID: 25083873] IF 33,1160
Mta2 promotes Tipin-dependent maintenance of replication fork integrity.
Errico A, Aze A, Costanzo V.

Cell Cycle. 2014 Jul 1;13(13):2120-8. doi: 10.4161/cc.29157. Epub 2014 May 15.
[PMID: 24830473] IF 5,0060
Orthodenticle is required for the development of olfactory projection neurons and local
interneurons in Drosophila.
Sen S, Biagini S, Reichert H, VijayRaghavan K.

Biol Open. 2014 Jul 4;3(8):711-7. doi: 10.1242/bio.20148524.
[PMID: 24996925]
Membrane trafficking. Nucleoside diphosphate kinases fuel dynamin superfamily proteins
with GTP for membrane remodeling.
Boissan M, Montagnac G, Shen Q, Griparic L, Guitton J, Romao M, Sauvonnet N, Lagache T, Lascu I,
Raposo G, Desbourdes C, Schlattner U, Lacombe ML, Polo S, van der Bliek AM, Roux A, Chavrier P.

Science. 2014 Jun 27;344(6191):1510-5. doi: 10.1126/science.1253768.
[PMID: 24970086] IF 31,4770
Memo is a copper-dependent redox protein with an essential role in migration and
metastasis.
MacDonald G, Nalvarte I, Smirnova T, Vecchi M, Aceto N, Dolemeyer A, Frei A, Lienhard S, Wyckoff J,
Hess D, Seebacher J, Keusch JJ, Gut H, Salaun D, Mazzarol G, Disalvatore D, Bentires-Alj M, Di Fiore PP,
Badache A, Hynes NE.

Sci Signal. 2014 Jun 10;7(329):ra56. doi: 10.1126/scisignal.2004870.
[PMID: 24917593] IF 6,3370
RILP regulates vacuolar ATPase through interaction with the V1G1 subunit.
De Luca M, Cogli L, Progida C, Nisi V, Pascolutti R, Sigismund S, Di Fiore PP, Bucci C.

J Cell Sci. 2014 Jun 15;127(Pt 12):2697-708. doi: 10.1242/jcs.142604. Epub 2014 Apr 24.
[PMID: 24762812] IF 5,3250
Irreparable telomeric DNA damage and persistent DDR signalling as a shared causative
mechanism of cellular senescence and ageing.
Rossiello F, Herbig U, Longhese MP, Fumagalli M, d’Adda di Fagagna F.

Curr Opin Genet Dev. 2014 Jun;26C:89-95. doi: 10.1016/j.gde.2014.06.009. Epub 2014 Aug 11.
[PMID: 25104620] IF 8,5680
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Prolonged fasting reduces IGF-1/PKA to promote hematopoietic-stem-cell-based
regeneration and reverse immunosuppression.
Cheng CW, Adams GB, Perin L, Wei M, Zhou X, Lam BS, Da Sacco S, Mirisola M, Quinn DI, Dorff TB,
Kopchick JJ, Longo VD.

Cell Stem Cell. 2014 Jun 5;14(6):810-23. doi: 10.1016/j.stem.2014.04.014.
[PMID: 24905167] IF: 22,1510
Oncogene-induced reactive oxygen species fuel hyperproliferation and DNA damage
response activation.
Ogrunc M, Di Micco R, Liontos M, Bombardelli L, Mione M, Fumagalli M, Gorgoulis VG, d’Adda di Fagagna
F.

Cell Death Differ. 2014 Jun;21(6):998-1012. doi: 10.1038/cdd.2014.16. Epub 2014 Feb 28.
[PMID: 24583638] IF: 8,3850
Monitoring tumor-derived cell-free DNA in patients with solid tumors: clinical perspectives
and research opportunities.
Esposito A, Bardelli A, Criscitiello C, Colombo N, Gelao L, Fumagalli L, Minchella I, Locatelli M, Goldhirsch
A, Curigliano G.

Cancer Treat Rev. 2014 Jun;40(5):648-55. doi: 10.1016/j.ctrv.2013.10.003. Epub 2013 Oct 23. Review.
[PMID: 24184333] IF 6,4660
NqA: an R-based algorithm for the normalization and analysis of microRNA quantitative
real-time polymerase chain reaction data.
Verderio P, Bottelli S, Ciniselli CM, Pierotti MA, Gariboldi M, Pizzamiglio S.

Anal Biochem. 2014 Sep 15;461:7-9. doi: 10.1016/j.ab.2014.05.020. Epub 2014 Jun 2.
[PMID: 24892985] IF 2,3050
The deficiency of tumor suppressor prep1 accelerates the onset of meis1- hoxa9
leukemogenesis.
Dardaei L, Modica L, Iotti G, Blasi F.

PLoS One. 2014;9(5):e96711. doi: 10.1371/journal.pone.0096711.
[PMID: 24809472] IF 3,5340
Antibiotics counteract the worsening of airway remodelling induced by infections in asthma.
Lucini V, Ciracì R, Dugnani S, Pannacci M, Pisati F, Caronno A, Tirone G, Scaglione F.

Int J Antimicrob Agents. 2014 May;43(5):442-50. doi: 10.1016/j.ijantimicag.2014.02.005. Epub 2014 Mar 20.
[PMID: 24698123] IF 4,2590
Transport of soluble proteins through the Golgi occurs by diffusion via continuities across
cisternae.
Beznoussenko GV, Parashuraman S, Rizzo R, Polishchuk R, Martella O, Di Giandomenico D, Fusella A,
Spaar A, Sallese M, Capestrano MG, Pavelka M, Vos MR, Rikers YG, Helms V, Mironov AA, Luini A.

Elife. 2014 May 27;3. doi: 10.7554/eLife.02009.
[PMID: 24867214] IF 8,5190
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Transcriptional regulation of arterial differentiation via Wnt, Sox and Notch.
Morini MF, Dejana E.

Curr Opin Hematol. 2014 May;21(3):229-34. doi: 10.1097/MOH.0000000000000043.
[PMID: 24626043] IF 4,0530
Minimal residual disease in breast cancer: in blood veritas.
Siravegna G, Bardelli A.

Clin Cancer Res. 2014 May 15;20(10):2505-7. doi: 10.1158/1078-0432.CCR-14-0370. Epub 2014 Mar 21.
[PMID: 24658155] IF 8,1930
Vhs2 is a novel regulator of septin dynamics in budding yeast.
Cassani C, Raspelli E, Chiroli E, Fraschini R.

Cell Cycle. 2014 May 15;13(10):1590-601. doi: 10.4161/cc.28561. Epub 2014 Mar 19.
[PMID: 24646733] IF 5,0060
ESCRT-0 is not required for ectopic Notch activation and tumor suppression in Drosophila.
Tognon E, Wollscheid N, Cortese K, Tacchetti C, Vaccari T.

PLoS One. 2014;9(4):e93987. doi: 10.1371/journal.pone.0093987.
[PMID: 24718108] IF 3,5340
The MLH1 c.1852_1853delinsGC (p.K618A) variant in colorectal cancer: genetic association
study in 18,723 individuals.
Abulí A, Bujanda L, Muñoz J, Buch S, Schafmayer C, Valeria Maiorana M, Veneroni S, van Wezel T, Liu T,
Westers H, Esteban-Jurado C, Ocaña T, Piqué JM, Andreu M, Jover R, Carracedo A, Xicola RM, Llor X,
Castells A; EPICOLON Consortium, Dunlop M, Hofstra R, et al.

PLoS One. 2014;9(4):e95022. doi: 10.1371/journal.pone.0095022.
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Climbing RAS, the everest of oncogenes.
Russo M, Di Nicolantonio F, Bardelli A.

Cancer Discov. 2014 Jan;4(1):19-21. doi: 10.1158/2159-8290.CD-13-0906.
[PMID: 24402942] IF 15,9290
Blood protein coating of gold nanoparticles as potential tool for organ targeting.
Schäffler M, Sousa F, Wenk A, Sitia L, Hirn S, Schleh C, Haberl N, Violatto M, Canovi M, Andreozzi P,
Salmona M, Bigini P, Kreyling WG, Krol S.

Biomaterials. 2014 Mar;35(10):3455-66. doi: 10.1016/j.biomaterials.2013.12.100. Epub 2014 Jan 22.
[PMID: 24461938] IF 8,3120
Tumor suppressor RecQL5 controls recombination induced by DNA crosslinking agents.
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