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Introducing the 2013
edition of 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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IFOM Review: deep in the
background of science

The authors:

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
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.

He was the founder in 2009 of
the European Nanomedicine
Foundation (CEN) and vice-
president 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.

Francesco Blasi
IFOM Deputy Director

Francesco Blasi born in Naples,
October 19, 1937.

MD from Naples University
Medical School, then two post-
Docs 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

Il Faculty of Medicine of the
University of Naples.
Subsequently, Professor at

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.

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 lItaliana per la Ricerca
sul Cancro, and of the Board of
EMBO Journal.
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A view from the Scientific
Advisory Board

by Tomas Lindahl/

IFOM, the FIRC Institute of Molecular Oncology
in Milan, is currently in a challenging and
expansive phase, thanks to the impressive work
by the international scientific staff, the generous
supportive funding from FIRC and related
sources, and the dynamic leadership by Marco
Foiani and his close colleagues.

In addition to the essential core activities and
basic research in Milan, translational research
has been strengthened by closer links with Alberto
Bardelli’s IFOM unit localised in Turin, about 1 -
1.5 hour travel distance from the IFOM campus
in Milan.

Three successful young scientists in Milan were
awarded tenured posts in 2013, after the usual
detailed scrutiny. They are Dana Branzei, Andrea
Ciliberto and Stefano Casola. We congratulate
them!

Dana Branzei was considered by a committee
chaired by Jiri Bartek (Copenhagen). Dana is
an expert on cellular responses to DNA damage,
employing yeast genetics with complementary

An expanding
research institute of
Increasing impact

experiments in the chicken DT40 cell line. The
work is elegant, clarifying template switching
during recombination and replication as an
important strategy to avoid copying damaged
DNA. Dana’s group publishes in the leading
journals, and she is frequently invited to speak
at the major meetings in her field. She has the
unusual talent of being fluent in Japanese,
although she has a European background, and she
is an important participant in several of IFOM’s
international activities.

Andrea Ciliberto was reviewed by a committee
chaired by Sir Tim Hunt (London). Andrea
obtained thorough training in applied
mathematics and bioinformatics, and then decided
to complement this approach with experimental
work in molecular biology, especially in yeast.
He investigates cell cycle key events, such as
the spindle assembly checkpoint and cellular
exit from mitosis. The data are leading to novel
theoretical work, and Andrea has a close-to-
perfect background for such ventures.
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Stefano Casola has investigated B lymphocyte
development, especially with regard to
lymphomagenesis. He had a long collaboration
with Klaus Rajewsky before setting up his own
group in Milan. At IFOM, Stefano has played a key
role in establishing top class mouse genetics, and
new ventures in developmental biology. Stefano
was reviewed by a committee chaired by Michael
Neuberger (LMB Cambridge). Since Michael was
frail due to the myeloma that later killed him,
this tenure review was unusually carried out by
Skype. The participants were impressed with
Casola’s deep insights, but perhaps even more so
by the brilliant, constructive and helpful scholarly
reviewing by Neuberger.

The death of Michael Neuberger is a great loss to
the whole scientific community. He contributed
invaluably to the work of the IFOM Scientific
Advisory Board. Michael’s former mentor,
Klaus Rajewsky (Berlin) has kindly agreed to
replace Michael on the SAB, under these sad
circumstances.

In view of the increasing international profile of
IFOM, and the ongoing collaborative activities in
Asia, especially in Singapore and Bangalore, we are
extremely pleased that Professor Krishnaswamy
VijayRaghavan FRS agreed to join the Board
to strengthen IFOM developmental biology, in
spite of parallel new commitments, in particular
recently becoming Secretary of Department of
Biotechnology in the Indian Government.

We look forward to broad scientific discussions!

An expanding research institute
of increasing impact
by Tomas Lindahl



An expanding research institute
of increasing impact

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

IFOM: A YEAR IN REVIEW

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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Commentary on Stefano
Casola’s paper

published on The Journal of
Clinical Investigation

by Riccardo Dalla-Favera

Our ability to produce antibodies with high
specificity for foreign substances (antigens) is
dependent on Germinal Centers (GC), a highly
specialized structure that forms in response to
certain antigens in lymphoid organs, including
tonsils and lymphnodes. GC are generated when
B lymphocytes (also called B cells), the cells that
will eventually produce antibodies, encounter for
the first time an antigen for which they have some,
usually low, degree of affinity. Once recruited to
the GC, B cells rapidly proliferate in the so-called
dark zone and, notably, actively modify their DNA,
specifically the Variable (antigen encountering)
region of their antibody genes by the process of
somatic hypermutation (SHM). As a consequence
of these DNA modifications, the original specificity
of the antibody for the challenging antigen will
either be lost or greatly increased in different B
cells within the GC.

B cells will then move to the Light Zone of the
GC, where they encounter the antigen again: cells
carrying on their cell surface an antibody with

Germinal center
dysregulation

by histone
methyltransferase
EZH2 promotes
lymphomagenesis

high-affinity for the antigen will be selected for
survival and differentiation into memory cells and
plasma cells, the final producers of high affinity
antibodies; B cells carrying antibodies that have
lost affinity will miss the encounter with the
antigen and die. In the GC, B cells also undergo
a second DNA modification in their antibody
genes, namely class-switch recombination (CSR),
a DNA remodeling event that confers distinct
biological properties to antibodies with identical
specificities. SHM and CSR represent highly-
specialized functions unique to B cells; they are
both performed by an enzyme, activation-induced
cytidine deaminase (AID), whose function
involves the creation of DNA breaks, an event that
is normally not tolerated in other cell types.

The ability of GC B cells to control proliferation
and differentiation while performing sophisticated
genomic remodeling functions is critical to ensure
the selection of antibody-producing cells as well
as the elimination of dangerous cells producing
antibodies against self components or carrying

10
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excessive DNA damage and mutations that may
lead to cancer. Thus, a thorough understanding of
the mechanisms regulating the GC is important for
the understanding of the physiology of antibody
production as well as of the mechanisms that lead
to pathology, including autoimmune diseases
and lymphomas deriving from the malignant
transformation of GC B cells.

Toward this end, important insights into GC
physiology and pathology have been provided
by the study of Caganova et al. in the research
team led by Stefano Casola at IFOM (Caganova
et al. J. Clinical Investigation, 123: 5009-
5022, 2013). Their research has focused on the
function of EZH2, a gene encoding an enzyme
(methyltransferase) that contributes to the
regulation of specific target genes by posing
repressive markers on chromatin, the protein
structure that coats DNA and regulates its activity.
Casola and colleagues have selected to study
EZH2 based on two important observations:
first, the EZH2 gene is expressed at high levels in
GC B cells, suggesting an important and specific
function; second, its structure and function is
altered in various types of lymphomas, suggesting
a role of these alterations in tumor development.

In order to identify the normal function of EZH2
in the GC, Casola and colleagues generated mice
in which this gene was specifically deleted in GC B
cells. These mice displayed specific defects in the
formation of GC and in the generation of memory
B cells, leading to greatly impaired antibody-
dependent immunological responses.

Germinal center dysregulation by histone
methyltransferase EZH2 promotes lymphomagenesis
Protection against deadly pathogens requires the
production of high-affinity antibodies by B cells, which

are generated in germinal centers (GCs). Alteration of

the GC developmental program is common in many B cell
malignancies. Identification of regulators of the GC response
is crucial to develop targeted therapies for GC B cell
dysfunctions, including lymphomas. The histone H3 lysine
27 methyltransferase enhancer of zeste homolog 2 (EZH2)
is highly expressed in GC B cells and is often constitutively
activated in GC-derived non-Hodgkin lymphomas (NHLs).
The function of EZH2 in GC B cells remains largely unknown.
Herein, we show that Ezh2 inactivation in mouse GC B cells
caused profound impairment of GC responses, memory

B cell formation, and humoral immunity. EZH2 protected
GC B cells against activation-induced cytidine deaminase
(AID) mutagenesis, facilitated cell cycle progression, and
silenced plasma cell determinant and tumor suppressor
B-lymphocyte-induced maturation protein 1 (BLIMP1). EZH2
inhibition in NHL cells induced BLIMP1, which impaired
tumor growth. In conclusion, EZH2 sustains AID function
and prevents terminal differentiation of GC B cells, which
allows antibody diversification and affinity maturation.
Dysregulation of the GC reaction by constitutively active
EZH?2 facilitates lymphomagenesis and identifies EZH2 as a
possible therapeutic target in NHL and other GC-derived B
cell diseases.

[PMID 24200695]

In a series of remarkably precise and sophisticated
investigations, they also showed that the
function of EZH2 in GC control is based on
multiple mechanisms, among which two appear
particularly relevant: first, EZH2 protects the
genome of B cells from the excessive genomic
damage produced by the remodeling functions of
AID, thus preventing or repairing genetic lesions
that are dangerous for malignant transformation.
Second EZH2 represses the expression of BLIMP1,
a gene required for the differentiation of B cells in
memory and antibody-secreting plasma cells, thus
preventing the premature exit of B cells from the
GC prior to their selection for the production of
high-affinity antibodies.

Germinal center dysregulation by histone
methyltransferase EZH2 promotes lymphomagenesis
by Riccardo Dalla-Favera

11
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These results identify EZH2 as one of the most
important regulators of GC development and
therefore of the development of physiologic
antibody-mediated responses to foreign antigens.
The results of the Casola’s group have also
important implications for the pathogenesis and
the therapeutic treatment of lymphomas. Both
Follicular Lymphoma and Diffuse Large B-Cell
Lymphoma, the two most common types of human
lymphomas, express the EZH2 gene and protein,
and a fraction of them carry a mutant form of the
EZH2 gene that alters its activity. As suggested
by the authors, the roles of EZH2 in protecting
from AID-induced DNA damage and in preventing
differentiation imply that genotoxic drugs, in
combination with differentiation-inducing agents,
may be useful complements in anti-lymphoma
regimens.

More importantly, drugs specifically targeting
and inactivating normal or mutant EZH2 are
already available and have been shown to have
activity against lymphoma cells. The results of the
Casola’s group provide important insights into
their mechanism of action and identify potential
biomarkers to monitor their activity.

Figure (page 10): Germina center in lymph node.
Germinal center B cells are identified on
the basis of Ezh2 expression (brown).

Genetics of B Cells and Lymphomas
Stefano Casola

Germinal center dysregulation by histone
methyltransferase EZH2 promotes lymphomagenesis
by Riccardo Dalla-Favera

12
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Germinal center dysregulation by histone
methyltransferase EZH2 promotes lymphomagenesis

The author:

Riccardo Dalla-Favera

Professor and Director, Institute for Cancer Genetics

Dr. Dalla-Favera has provided key
leadership to the cancer research
community at Columbia University
Medical Center, particularly in his
roles as founding Director of the
Institute for Cancer Genetics, and
from 2005-2011, as Director of
the Herbert Irving Comprehensive
Cancer Center.

As a researcher, he has
contributed much of the current
knowledge on the genetic lesions
responsible for human B cell
lymphoma.

The molecular lesions identified
by Dr. Dalla-Favera have led to the
development of diagnostic tests
and are being tested as targets
in clinical trials with lymphoma
patients. His work is widely
guoted in scientific publications
and in medicine and oncology
textbooks.

Dr. Dalla-Favera has been
recognized with several national
awards, including the 2006
William Dameshek Prize for
Outstanding Contribution to

Hematology from The American
Society of Hematology.

In 2011 he was elected to the
Institute of Medicine of the
National Academy of Sciences,
USA, and in 2012, received the
National Cancer Institute’s Alfred
Knudson Award
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Commentary on

Pier Paolo Di Fiore’s paper
published on

The Embo Journal

by Ivan Dikic

My first encounter with Pier Paolo di Fiore dates
back to 2002. It was a memorable dinner at the
FEBS meeting in Istanbul that sparked the start of
an interesting and productive collaboration. Our
conversation revolved around the question why
and how ubiquitination regulates internalization
and trafficking (=endocytosis) of active growth
factor receptors. We shared the same scientific
enthusiasm and engaged in quite stimulating
discussions that were continued during the visit
to the blue mosque (and admittedly hampered our
capacity to appreciate its cultural beauty). In the
following year our labs reported a common work
showing that epidermal growth factor receptors
(EGFRs) are multiply monoubiquitinated and
that this modification determines the kinetics and
fidelity of the endocytic process.

What is endocytosis and what makes us so
enthusiastic about it? In simple words endocytosis
is a logistics process committed to the transport
of plasmamembrane proteins and different types

Endocytosis-setting
the course with
Ubiquitin

of extracellular molecules to the inside of the cell
followed by the shuttling to their intracellular
destinations. This process is often ligand-induced,
i.e. happens only when a ligand interacts with
its cognate cell surface receptor. This type of
internalization is observed for signalling receptors
(e.g. the receptors for hormones, growth factors or
cytokines) that trigger an intracellular signalling
cascade upon binding to an extracellular ligand
ultimately leading to a certain cellular response.

Internalization of these activated receptors
serves primarily to extinguish the signal by
removing the signalling receptor through
lysosomal degradation. This is crucial to avoid
overstimulation of the cell that would cause serious
problems such as malignant transformation. An
important signal that drives lysosomal targeting
of the plasma-membrane receptors is provided
by ubiquitin, a small molecule that is attached
to the activated receptors. Those receptors that
escape ubiquitination are recycled back to the

14
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plasmamembrane and can be activated again.

A seminal theme - and here the excitement starts
- is the unexpectedly tight connection between
endocytosis and signalling: It is thought that the
receptor, being associated with its ligand and thus
active, continues to emit signals inside the cells
until it reaches the lysosomes. These signals are
distinct from those emitted from the cell surface
and have thus distinct outcomes. Importantly,
there are different routes that the ligand-activated
receptor can take to enter and travel inside the cell
and it became clear that the very early decision
which way to go will impact on receptor signalling.

For a very long time our understanding of
these internalization routes was very simplistic.
Yet, by combining computational modelling,
experimental work and a very original, unbiased
view Paolo has challenged and significantly
expanded the canonical knowledge. In his
pioneering work on the endocytic adaptor Epsis
he shed light on the molecular mechanism that
governs the Ub-dependent transport of activated
receptors towards the lysosome. He was also the
first one to question the ingrained notion that
the Clathrin-dependent entry route required
ubiquitination of the activated EGFR. Instead, he
proposed that ubiquitination provided a short-cut
signal to destruction via a Clathrin-independent
pathway.

Cellular Logistics in Cancer
Pier Paolo Di Fiore

Threshold-controlled ubiquitination of the EGFR directs
receptor fate

How the cell converts graded signals into threshold-
activated responses is a question of great biological
relevance. Here, we uncover a nonlinear modality of
epidermal growth factor receptor (EGFR)-activated signal
transduction, by demonstrating that the ubiquitination

of the EGFR at the PM is threshold controlled. The
ubiquitination threshold is mechanistically determined

by the cooperative recruitment of the E3 ligase Cbl, in
complex with Grb2, to the EGFR. This, in turn, is dependent
on the simultaneous presence of two phosphotyrosines,
pY1045 and either one of pY1068 or pY1086, on the

same EGFR moiety. The dose-response curve of EGFR
ubiquitination correlate precisely with the non-clathrin
endocytosis (NCE) mode of EGFR internalization. Finally,
EGFR-NCE mechanistically depends on EGFR ubiquitination,
as the two events can be simultaneously re-engineered

on a phosphorylation/ubiquitination-incompetent EGFR
backbone. Since NCE controls the degradation of the EGFR,
our findings have implications for how the cell responds to
increasing levels of EGFR signalling, by varying the balance
of receptor signalling and degradation/attenuation.

[PMID 23799367]

Endocytosis-setting the course with Ubiquitin
by Ivan Dikic
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In Paolo’s recent paper (EMBO J, 2013) his
team has described the mechanism that creates
a switch-like degradation signal from a graded
signal, i.e. explains how a cell that is exposed to
variable concentrations of extracellular ligand
ensures a sharp response (ON/OFF) to the signal.

Phosphorylation-dependent ubiquitination of the
EGFR constitutes the heart of this process. Only
if the concentration of EGF is sufficient to ensure
phosphorylation of two specific sites within one
receptor molecule, i.e. the threshold concentration
is reached, the Ub ligase Cbl can be recruited to
ubiquitinate the receptor, the ultimate signal that
drives rapid lysosomal degradation. Receptors
that do not fulfil the criterion are directed to a
clathrin-mediated entry portal and remain much
longer in a signalling-competent mode.

This and previous discoveries of Paolo’s group have
important biological implications as endocytosis
and signalling are inseparable processes. It has
become clear that alterations in the endocytic
program are indeed implicated in diseases that
include cancer, infectious diseases, immune
system disorders and neurodegenerative diseases.
Paolo’s work has set the stage for manipulating
the endocytic process to obtain a desired outcome.
On the way there, a number of exciting unresolved
issues await their solution: For example, how the
ubiquitinated receptor is coupled to the non-
clathrin mediated endocytic pathway and whether
threshold-controlled ubiquitination functions as a
switch for other signalling molecules as well.

Figure: Top, pathways of EGFR internalization at low
and high EGF concentration (CME, clathrin-mediated
endocytosis, NCE, non-clathrin endocytosis). Middle,
schematic representation of EGFR ubiquitination

(Ub), phosphorylation (pY) and endocytic routes, as a
function of ligand concentration. Bottom, cooperativity
mechanism responsible for the EGFR-Ub threshold.
Three phosphotyrosines (pYs) are critical for the
cooperative recruitment of Cbl to active EGFR: pY1045
binds directly to Cbl, pY1068/pY1086 bind indirectly to
Cbl:Grb2 complex.
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Endocytosis-setting the course with Ubiquitin
by Ivan Dikic
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Endocytosis —setting the course with Ubiquitin

The authors:

Ivan Dikic

Ivan Dikic grew up in Croatia,
where he trained as a medical
doctor. He obtained his PhD

in molecular biology from the
University of Zagreb and New
York University Medical Center.
He is currently a Professor at
Goethe University Medical School
and Founding Director of the
Buchmann Institute for Molecular
Life Sciences in Frankfurt,
Germany.

His research focuses on the role
of ubiquitin (Ub), a small protein
that is covalently attached to
thousands of cellular proteins.

His pioneering work explained
how Ub acts as a multivalent
cellular signal that is recognized
by an expanding number of
Ub-binding proteins, which in
turn translate this molecular
signal into appropriate

cellular phenotypes. His group
demonstrated the importance
of Ubiquitin in the regulation of
DNA repair, inflammation, cancer,
infection, receptor endocytosis,
and proteasomal degradation.
Most recently, they revealed
mechanisms by which linear
ubiquitination can regulate the

NF-kB pathway making a decision
between cell survival and death
pathways and how selective
autophagy pathways remove
specific cargoes to the lysosome
for degradation.

His recent recognitions and
awards include the AACR Award
for Outstanding Achievement

in Cancer Research in 2006, the
Hans Krebs Prize 2010, the Leibniz
Award (2013) and Ernst Jung
Award in Medicine 2013 as well
election in the German Academy
Leopoldina (2010).
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Commentary on Elisabetta
Dejana’s paper published on
Nature Communications

by Stefan Liebner

The blood vascular system of higher vertebrates is
crucial for the nourishment of organs throughout
the organism, as well as for the removal and
excretion of metabolic waste products. With the
heart as the central pumping organ, the circulation
is divided in a high-pressure arterial system that,
with exception of the lung circulation, carries the
oxygenized blood, and a low-pressure venous
system that returns the deoxygenated blood back
to the heart. Between arteries and veins a highly
organ-specific network of capillaries mediate
the exchange between blood and interstitial
compartment. Due to their function as high- and
low-pressure “tubing”, arteries and veins differ
considerably in their morphology and in their
molecular signature. For example smooth muscle
cells (SMCs) are mainly attached to arteries,
supporting the endothelium as the innermost
layer of blood vessels to resist pressure and to
modulate vessel diameter.

Veins instead develop valves, which reinsure
unidirectional blood flow in absence of sufficient
pressure as a driving force. Because of the
apparent coupling of blood pressure to vessel

Arterial fate
decision revised:
Sox17 links

Wnt/B-catenin and
Notch signaling

morphology, physical parameters were considered
to induce the vascular differentiation into arteries
and veins via flow-/pressure-sensing pathways.
In the present article in Nature Communications,
Corada and colleagues of the research group
headed by Professor Elisabetta Dejana at IFOM
report that arterial determination of endothelial
cells is blood flow-/pressure-independent,
providing novel insight in vascular signaling and
differentiation. The group of Professor Dejana
has a been working at the cutting edge of vascular
research with major contribution to the molecular
dissection of endothelial junctional complexes and
their role during developmental angiogenesis as
well as in health and disease.

Particularly, Corada et al. could show that the
HMG-box transcription factor Sox17 determines
arterial fate by directly regulating Notch4 and
delta-like 1 in endothelial cells. The Notch pathway
has been shown to be crucial for the regulation of
angiogenic processes, influencing the “sensitivity”
of endothelial cells for the growth factor VEGF in
their environment and contributing to vascular
maturation. In a previous publication Professor

18
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Dejana’s group has shown that the Wnt/p-catenin
pathway can directly regulate the Notch ligand
delta-like 4 (Dllg). Interestingly, in the present
publication the authors show that Sox17 acts
downstream of the Wnt/B-catenin pathway and
in turn activates Notch /DIl signaling. Apparently,
this neat, consecutive interaction of different
pathways is independent of blood flow, as the
first arterial markers (such as ephrinB2 etc.) are
detectable even before blood circulation starts
during embryogenesis in the mouse. This novel
finding establishes the transcriptional regulator
Sox17 as a crucial link in the chain of signaling
events leading to arterial differentiation.

A major strength of this work is the smart
combination of in vivo and in vitro experiments
to decipher the molecular crosstalk of Wnt/[3-
catenin, Sox17 and Notch/DIl signaling pathway.
These exciting findings also raise a number
of further questions for example which are
the upstream events initiating Wnt/p-catenin
signaling in a subset of endothelial cells and which
other arterial genes are influenced by Sox17.

From a medical point of view, these findings will
be critical for the further understanding and
eventually therapy of deleterious arteriovenous
malformations, which may lead to spontaneous
bleeding often in the brain -hemorrhagic stroke-
of affected patients.

New strategies to inhibit tumor angiogenesis
Elisabetta Dejana

Sox17 is indispensable for acquisition and maintenance of
arterial identity.

The functional diversity of the arterial and venous
endothelia is regulated through a complex system of
signalling pathways and downstream transcription factors.
Here we report that the transcription factor Sox17, which
is known as a regulator of endoderm and hemopoietic
differentiation, is selectively expressed in arteries, and
not in veins, in the mouse embryo and in mouse postnatal
retina and adult. Endothelial cell-specific inactivation
of Sox17 in the mouse embryo is accompanied by a lack
of arterial differentiation and vascular remodelling that
results in embryo death in utero. In mouse postnatal retina,
abrogation of Sox17 expression in endothelial cells leads
to strong vascular hypersprouting, loss of arterial identity
and large arteriovenous malformations. Mechanistically,
Sox17 acts upstream of the Notch system and downstream
of the canonical Wnt system. These data introduce Sox17
as a component of the complex signalling network that
orchestrates arterial/venous specification.

[PMID 24153254]
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Commentary on Stefano
Casola’s paper published on
PLoS genetics

by Gustavo Mostoslavsky

The beginning of the 215t century will most
likely be remembered in biomedical history
as the time when stem cells took center stage,
thanks to the incredible discovery of induced
pluripotency. Immediately after the now seminal
2006 report of Yamanaka et al., scientists
around the world started asking how a somatic
cell could change its identity in such a dramatic
fashion. It was suspected - in part thanks to
the “rediscovered” Waddington’s epigenetic
landscape - that chromatin modifiers may be
mechanistically involved in reprogramming. In
recent years, several histone posttranslational
modifications including methylation, acetylation,
phosphorilation and others have all been
implicated in gene regulation, and whether or not
any of them participate in the process of induced
pluripotency has become a topic of intense
research.

In this regard the manuscript by Stefano Casola
and Giuseppe Testa’s labs represents a key
advance in our understanding of how chromatin

Cell Reprogramming
Requires Silencing
of a Core Subset of
Polycomb Targets

remodeling regulates reprogramming. Before their
studies came to light it was generally accepted that
a wave of dimethylation of lysine-4 of histone H3
(H3K4me2) was established at enhancers and
promoters of genes important for pluripotency
preceding reprogramming, but that chromatin
state differed in established induced pluripotent
stem cells (iPSC) which showed Polycomb-
mediated trimethylation of lysine 27 of histone 3
(H3K27me3) (Boyer et al., 2006; Maherali et al.,
2007; Mansour et al., 2012; Onder et al., 2012).

Hence, a major role was attributed to the gene
silencing activity of the PRC2 complex (mainly
mediated by Ezh2) in establishing this H3K27me3
signature, which became the chromatin hallmark
of iPSC. The elegant studies by the Casola and
Testa’s labs utilizing conditional Ezh2 knock-out
cells, revealed that in actuality, Ezh2 and global
H3K27me3 were dispensable for reprogramming
to occur, except for a highly specific H3K27me3
mark on a defined core of Polycomb targets that
ultimately enables nuclear reprogramming. More
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surprisingly, they showed for the first time that
this gene repression mark was achieved through
an alternative PRC2, most likely Ezh1, providing
the first functional validation of the role of
PRC2 in the establishment of pluripotency. This
was further confirmed by their findings that
downregulation of EED, an essential component
of PRC2 significantly reduced H3K27me3 and
prevented reprogramming.

The concepts illuminated by Stefano and
Giuseppe’s manuscript provide the basis for and in
some cases explained several recent articles (Gafni
etal., 2013; Malouf et al., 2013; Tiwari et al., 2013;
Ding et al., 2014), confirming the significance and
importance of their original findings. Indeed, the
fact that H3K27me3 marks are retained in specific
hotspots and that is mediated independently
of Ezh2, opens new exciting opportunities to
advance our understanding of the basic processes
of reprogramming and provides novel targets for
the manipulation of cell fate. I have been lucky to
know Stefano and Giussepe for many years and
I am proud to have played a small part in this
seminal paper.

Cell reprogramming requires silencing of a core subset of
polycomb targets.

Transcription factor (TF)-induced reprogramming of
somatic cells into induced pluripotent stem cells (iPSC)

is associated with genome-wide changes in chromatin
modifications. Polycomb-mediated histone H3 lysine-27
trimethylation (H3K27me3) has been proposed as a
defining mark that distinguishes the somatic from the
iPSC epigenome. Here, we dissected the functional role

of H3K27me3 in TF-induced reprogramming through the
inactivation of the H3K27 methylase EZH2 at the onset of
reprogramming. Our results demonstrate that surprisingly
the establishment of functional iPSC proceeds despite
global loss of H3K27me3. iPSC lacking EZH?2 efficiently
silenced the somatic transcriptome and differentiated into
tissues derived from the three germ layers. Remarkably, the
genome-wide analysis of H3K27me3 in Ezh2 mutant iPSC
cells revealed the retention of this mark on a highly selected
group of Polycomb targets enriched for developmental
regulators controlling the expression of lineage specific
genes. Erasure of H3K27me3 from these targets led to a
striking impairment in TF-induced reprogramming. These
results indicate that PRC2-mediated H3K27 trimethylation
is required on a highly selective core of Polycomb

targets whose repression enables TF-dependent cell
reprogramming.

[PMID 23468641]

Figure (page 21): iPS reprogrammed cells

Genetics of B Cells and Lymphomas
Stefano Casola

Cell Reprogramming Requires Silencing
of a Core Subset of Polycomb Targets
by Gustavo Mostoslavsky
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- TALE homeodomain

HEXA transcription factors:
super-regulators
of the genome
DECA transcriptional

specificity

Commentary on Francesco
Blasi’s paper published on
Cell reports

by Miguel Torres Sdnchez

Transcription factors (TF) are proteins that
regulate gene expression through recognizing
and binding specific DNA sequences on their
target genes. Two major classes of TFs can be
distinguished; general TFs, which are common
to a majority of genes, and specific TFs, which
specifically regulate certain genes in space and
time during embryonic development and adult
life. Homeodomain TFs belong to this last family
and are characterized by the presence of a DNA
binding motif highly conserved in evolution termed
homeodomain. Nowadays it is estimated that
there are more than 500 homeodomain protein-
encoding genes in vertebrates. Homeodomain
proteins play essential roles in specifying
body parts and in determining cell identities,
differentiation and proliferation, during embryonic
development and adult tissue homeostasis.

The homeodomain was named after its discovery
in genes belonging to the Drosophila bithorax and
antenapedia gene complexes, whose mutations
lead to so-called homeotic transformations,

which transform a body part into the appearance
of another. The genes within these complexes,
named Hox, confer segmental identity along the
main antero-posterior (A-P) embryonic axis. Hox
gene complexes are conserved in evolution at the
molecular and functional levels. The ability of
Hox proteins to bind their target DNA depends
critically on their interaction with cofactors of
the TALE (Three Aminoacids Length Extension)
homeodomain subfamily.

There are two TALE subfamilies playing this role
in vertebrates, the Pbx subfamily with 4 genes and
the Meis/Prep with 3 Meis and and 2 Prep genes
(discovered by Francesco Blasi in 1988). Further
analyses led to the identification of additional
roles for Pbx and Meis/Prep TFs as cofactors of
several other families of tissue-specific TFs. Not
surprisingly, genetic alterations in members of the
TALE-Hox network correlate both with congenital
and acquired diseases such as cancer. Given their
ability to regulate the activity of sets of TFs that
control specific pathways, the TALE TFs occupy
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a very high position in the genome regulatory
hierarchy and can be regarded as super-regulators
of the genome transcriptional specificity.

Most of the knowledge accumulated on the role of
Meis-Prep and Pbx biochemical interactions had
been addressed in vitro and was derived form the
analysis of a few specific cases of gene regulation.
The picture emerging for these previous studies
mostly suggested similar DNA binding specificity
and redundant roles in interactions with Hox
proteins/genes for Meis and Prep factors;
however, this view was in conflict with the mutant
phenotypes found respectively by Blasi in Prep1
mutants and by my own laboratory in Meis1
mutants.

The situation required at this point a
comprehensive and unbiased study of the in
vivo specificity of TALE factors, something that
could only be achieved through the coordination
of several laboratories interested in this area. It
was the initiative of Francesco Blasi that made
this possible; we had recently obtained a COST
grant for the coordination of research efforts
across Europe towards the understanding of
TALE homeodomain protein function, when I
received a phone call from Francesco proposing a
coordinated effort to achieve this important goal.
He did not need much insistence to convince
me of embarking on this project and we rapidly
put together efforts from laboratories in Italy,
Spain, Germany and Rusia that had in hands the
reagents and expertise required for this ambitious
project. Main actors of this effort were Dmitry

Transcriptional Regulation
in Development and Cancer
Francesco Blasi

Analysis of the DNA-binding profile and function of TALE
homeoproteins reveals their specialization and specific
interactions with Hox genes/proteins.

The interactions of Meis, Prep, and Pbx1 TALE
homeoproteins with Hox proteins are essential for
development and disease. Although Meis and Prep behave
similarly in vitro, their in vivo activities remain largely
unexplored. We show that Prep and Meis interact with
largely independent sets of genomic sites and select
different DNA-binding sequences, Prep associating mostly
with promoters and housekeeping genes and Meis with
promoter-remote regions and developmental genes. Hox
target sequences associate strongly with Meis but not
with Prep binding sites, while Pbx1 cooperates with both
Prep and Meis. Accordingly, Meis1 shows strong genetic
interaction with Pbx1 but not with Prep1. Meis1 and Prep1
nonetheless coregulate a subset of genes, predominantly
through opposing effects. Notably, the TALE homeoprotein
binding profile subdivides Hox clusters into two domains
differentially regulated by Meis1 and Prep1. During
evolution, Meis and Prep thus specialized their interactions
but maintained significant regulatory coordination.

[PMID 23602564]

TALE homeodomain transcription factors:

super-regulators of the genome transcriptional specificity

By Miguel Torres Sdnchez
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Penkov from the University of Moscow, a former
Blasi lab postdoc and specialist in protein-DNA
interactions, and Daniel Mateos San Martin, a
PhD student in my lab with a special talent for
bioinformatics.

Together we could generate ChIP-seq data
addressing the DNA binding landscape of a
majority of Meis-Prep and Pbx TFs. Importantly
this was achieved in vivo and targeting the
endogenous native proteins. The studies
were complemented with phenotypic and
transcriptional analyses of several single-
factor mutant and compound mutant mice. The
informatics analysis of the huge amount of data
generated indicated a very different picture
from previous conceptions in the field; Meis
and Prep factors, not only were not redundant
but they showed complementary DNA-binding
patterns, different DNA sequence preference
and, most importantly, different cofactor-binding
preferences.

Not surprisingly, Meis/Prep compound mutants
displayed no cooperative interactions in any
organ/tissue studied. The differences identified
affected especially the ability of Meis/Prep to
interact with Hox proteins; Meis was the preferred
DNA binding partner for Hox proteins and,
surprisingly, the nearly exclusive factor binding
on Hox clusters for Hox gene regulation.

The structural analysis of the binding profiles

was not less surprising; while Prep was revealed
as promoter-binding transcription factor, Meis
bound with a strong preference to promoter-
remote regions. Finally, the type of genes bound
by each factor revealed that Prep bound mostly
genes acting on basic cellular functions, while
Meis preferentially bound developmentally
regulated genes.

A recent example of the application of the
knowledge generated in this work derives from
the observation that a significant set of genes co-
regulated by Meis and Prep displayed antagonistic
regulation by these factors. Based on these
observations the group of Francesco Blasi has
recently described in PNAS the antagonistic
activity of Meis1 and Prep1 in tumor formation.
This study has thus modified the way we
understand the regulatory interactions within a
family of TFs essential for animal development
and adult tissue homeostasis. Thanks to the vision
of Francesco Blasi and a fruitful collaborative
effort, the knowledge generated in this work is
paving the way to new discoveries and will likely
have a long-standing impact in several fields of
research.

Figure: Meis and Prep select different DNA target

sequences in the genome A) DNA sequence
conservation (vertebrate PhastCons) profile of
Meis, Prep and Pbx1 peaks. For comparison,
the plot shows binding sites for HoxC9, HoxA2,

....................

p300 forebrain and other transcription factors
(Mahony et al., 2011; Schmidt et al., 2010). B)
Core sequence motifs identified in exclusive,
double and triple peaks. C) Co-occurrence of
core sequence motifs in each binding class. D)
Abundance of core sequence motifs in each
factor-binding class. E) EMSA testing of the in
vitro binding ability of the TALE factors. FP = free
probe.

TALE homeodomain transcription factors:

super-regulators of the genome transcriptional specificity

By Miguel Torres Sdnchez
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Commentary on Simona
Polo’s paper published
on Nature Structural &
Molecular Biology

by Brenda A. Schulman

A key way that protein activities are controlled in
a spatiotemporal manner is by post-translational
modification, such as by covalent ligation of
the small protein ubiquitin. In some cases, a
single monoubiquitin is attached. Alternatively,
repeated rounds of ubiquitin ligation can form
polyubiquitin chains with multiple ubiquitin
molecules attached to each other. Chains can form
on several different sites of ubiquitin.

Initially, polyubiquitin chains were mainly
known for mediating interactions with the
proteasome and directing degradation of the
modified protein. However, it is now known that
chains linked via lysine 63 on ubiquitin (“K63-
linked chains”) regulate diverse functions such
as protein trafficking, DNA repair, and immune
signaling. Likewise, monoubiquitin can bestow
its targets with a wide-range of alternative fates.
Therefore, a major question for understanding
protein regulation is: how are specific ubiquitin
modifications directed to their particular protein
substrates? Simona Polo at IFOM and I came to

llluminating a
ubiquitin transfer
relay, step-by-step

work on this question from different directions.
I have long been interested in the biochemical
and structural basis by which ubiquitin becomes
attached to targets to regulate function. For over
a dozen years, Simona Polo has been a leader
in understanding numerous facets of ubiquitin
signaling, although her path started with a quest
to decipher regulation of and by the epidermal
growth receptor. In seminal work performed
initially with Pier Paolo Di Fiore, and then later
in her own lab, Simona found that Kay Hofmann’s
predicted ubiquitin interacting motif (UIM)
sequence in epsin family endocytic regulators
both binds monoubiquitin, and is also responsible
for Epsi5 monoubiquitination. Simona’s lab
discovered a novel mechanism termed “coupled
monoubiquitination”, where Epsi15 uses its UIM
to bind ubiquitin on an E3 enzyme NEDD4. The
burning follow-up problem was to understand
how NEDD¢ transfers ubiquitin.

NEDD4 belongs to the family of E3 enzymes
known as HECT. NEDD4 and other HECT E3s
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function as part of multi-enzyme ubiquitin
transfer cascades through a two-step mechanism.
First, ubiquitin is transferred from the catalytic
cysteine of an E2 enzyme to that on the E3 HECT
domain.

This produces a transient HECT~ubiquitin
intermediate that is linked by a thioester bond.
Next, ubiquitin is transferred from the HECT
E3 cysteine to either a substrate protein, or to
a specific lysine on the surface of ubiquitin to
generate a chain. This process is often likened to
a relay, where ubiquitin is the baton transferred
between athletes (e.g. E2, E3, substrate, and
eventually ubiquitin linked to substrate). We
had previously determined the structure transfer
of ubiquitin from E2 to the HECT domain and
subsequently of a downstream intermediate, and
Simona’s and Jon Huibregtse’s labs had solved
structures of other forms of HECT E3s bound to
ubiquitin.

However, several big questions remained. In
particular, noone had ever been able to “see”
the transient intermediate with ubiquitin linked
at a HECT E3 catalytic cysteine, because such
complexes are extremely unstable. Simona and
her colleagues overcame this challenge with a very
clever approach, by using an alternative, more
stable bond to link the active site of the NEDD4
HECT E3 and ubiquitin.

Their study published in Nature Structural and
Molecular Biology was a big breakthrough, and
remains to date the only structure capturing an
elusive HECT E3~ubiquitin intermediate, as if
after ubiquitin transfer from E2!

Structure of a ubiquitin-loaded HECT ligase reveals the
molecular basis for catalytic priming.

Homologous to E6-AP C terminus (HECT) E3 ligases
recognize and directly catalyze ligation of ubiquitin (Ub) to
their substrates. Molecular details of this process remain
unknown. We report the first structure, to our knowledge, of
a Ub-loaded E3, the human neural precursor cell-expressed
developmentally downregulated protein 4 (Nedd4).

The HECT(Nedd4)~Ub transitory intermediate provides

a structural basis for the proposed sequential addition
mechanism. The donor Ub, transferred from the E2, is bound
to the Nedd4 C lobe with its C-terminal tail locked in an
extended conformation, primed for catalysis. We provide
evidence that the Nedd4-family members are Lys63-specific
enzymes whose catalysis is mediated by an essential
C-terminal acidic residue.

[PMID: 23644597]

Ubiquitin and Signal Transduction
Simona Polo

[lluminating a ubiquitin transfer relay,
step-by-step
by Brenda A. Schulman
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Their data beautifully shows a mechanism for how
the E2-to-E3 relay goes forward even though the
thioester bonds linking E2~ubiquitin and HECT
E3~ubiquitin intermediates may be perceived as
similar. In the context of the HECT E3~ubiquitin
intermediate, there is a new beta sheet formed
between NEDD4 and ubiquitin, which stabilizes
the complex.

In terms of visualizing ubiquitin transfer cascades,
our combined data suggest that NEDD4 functions
as ifin a children’s relay. First NEDD4 faces E2 to
receive ubiquitin. After ubiquitin transfer to the
NEDD4 HECT domain, a new beta sheet stabilizes
the intermediate. Then, the NEDD4 HECT E3
turns around to face the substrate.

The article from Simona’s group also reports that
all HECT Eg3s related to NEDD4 build K63-linked
chains. These may mediate trafficking through
membrane compartments, or regulate substrates
through other proteasome-independent means.

The authors also found residues that when
mutated completely eliminate K63 chain
formation. This will serve as a very useful tool for
numerous researchers trying to unravel myriad
functions of HECT E3s in cells.

It also serves as tremendous motivation to
understand how and why NEDD4 builds K63-
linked ubiquitin chains.

On a personal note, Simona’s enthusiasm is
infectious, and it has been immensely inspiring
for me to share data and discuss ideas with her
along my own path.

Figure (page 28): X-ray crystallography

[lluminating a ubiquitin transfer relay,
step-by-step
by Brenda A. Schulman
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Commentary on Andrea
Ciliberto’s paper published
on elife

by Uttam Surana

Making two cells from one is a complex affair. This
fundamental process of ‘life in miniature’ (cell
division) requires a myriad of cellular processes
and events that need to be coordinated and
executed in a precise order. Such an overarching
coordination is enforced by a class of cellular
surveillance systems known as the checkpoint
controls (or simply checkpoints). Checkpoints
ensure that a later event is not initiated until a
prior event is properly executed and completed.
In the event of a malfunction, the checkpoint
will impose a cell cycle arrest, preventing all
subsequent events, thus allowing cells more
time to complete the preceding event. There is a
number of checkpoint controls operating during
the cell division cycle, ensuring cells’ smooth
passage through various transitions. For example,
DNA damage checkpoint is activated when cells
incur chromosome damage; it arrests cells in
G2 phase and subsequently ‘allows’ them to
enter mitosis once the damage is repaired. Thus
checkpoints play a critical role in the maintenance
of genome integrity.

Insights into the
mechanics of
adaptation

to spindle assembly
checkpoint

Like other checkpoint controls, Spindle Assembly
Checkpoint (or SAC) is conserved from yeast to
man and functions during mitosis (or M phase).
It monitors the transition from metaphase to
anaphase during which duplicated chromosomes
are equally partitioned in to the two daughter
cells. During normal division, a number of
things have to be in place before anaphase can
be initiated: the master regulator kinase Cdk1
(a complex of catalytic subunit Cdki and the
regulatory subunit cyclin) should be activated, all
duplicated chromosomes have to be aligned at the
metaphase plate (approximately the mid-region of
the dividing cell) and the chromosomes have to be
properly attached to the mitotic spindle via their
kinetochores. Once these conditions are met, the
cohesion between the duplicated chromosomes
(due to a protein complex known as cohesins) is
dissolved, an event mediated by a E3 ubiquitin
ligase APCC2° (Cdc20-activated Anaphase
Promoting Complex), followed by progressive
segregation of one set of chromosomes into each
daughter cell by the mitotic spindle.
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There is a functional link between APCCdcze
and Cdki1 in that Cdki1 activates APCC2° by
phosphorylation in mitosis.

Central to this intricate orchestration is the
attachment of duplicated chromosomes to the
mitotic spindle via their kinetochores. This is the
event that is monitored critically by the SAC such
that a single unattached kinetochore can activate
the SAC resulting in the inhibition of APCP¢2° and
consequently, of chromosome segregation. SAC
signalling that mediates inactivation of APC<P¢z°
and imposes a cell cycle arrest involves highly
conserved Madi, Mad2, Mad3, MPS1, Bubi,
Bub3 and Ipl1 proteins (yeast nomenclature).
During this transient arrest if all kinetochores
are eventually captured by the spindle, SAC is
turned off, APC®¢ jg activated again and cells
proceed to anaphase. The presence of a single
unattached kinetochore, however, keeps the SAC
in the activated state and cell cycle arrest remains
in place for an extended duration.

However, there is a twist in this neat scheme. The
SAC cannot impose cell cycle arrest indefinitely.
After a prolonged period of arrest, cells adapt
to the activated state of SAC (i.e. become
desensitized) and resume cell cycle progression
despite the presence of unoccupied kinetochores.
The mechanism governing this cellular response,
which is clearly detrimental to the chromosome
stability, is not clear. The important paper
(JCB, 202:765-778) from Andrea Ciliberto’s
laboratory provides an insight into the mechanism
underpinning this atypical cellular behaviour.

Adaptation to the spindle checkpoint is regulated by the
interplay between Cdc28/Clbs and PP2ACdc55.

The spindle checkpoint arrests cells in metaphase until all
chromosomes are properly attached to the chromosome
segregation machinery. Thereafter, the anaphase promoting
complex (APC/C) is activated and chromosome segregation
can take place. Cells remain arrested in mitosis for hours

in response to checkpoint activation, but not indefinitely.
Eventually, they adapt to the checkpoint and proceed

along the cell cycle. In yeast, adaptation requires the
phosphorylation of APC/C. Here, we show that the protein
phosphatase PP2A(Cdc55) dephosphorylates APC/C, thereby
counteracting the activity of the mitotic kinase Cdc28. We
also observe that the key regulator of Cdc28, the mitotic
cyclin Clb2, increases before cells adapt and is then abruptly
degraded at adaptation. Adaptation is highly asynchronous
and takes place over a range of several hours. Our data
suggest the presence of a double negative loop between
PP2A(Cdc55) and APC/C(Cdc20) (i.e., a positive feedback
loop) that controls APC/C(Cdc20) activity. The circuit could
guarantee sustained APC/C(Cdc20) activity after Clb2 starts
to be degraded.

[PMID: 23999167]

Quantitative Biology of Cell Division
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This study fittingly uses yeast Saccharomyces
cerevisiae as a model system to investigate the
phenomenon of adaptation, since concepts of
checkpoints and ‘adaptation’ were both first
defined in yeast. Using non-phosphorylatable
mutants of APC subunits Cdc16 and Cdc27, and
mutants lacking its activator Cdc20, Andrea and
colleagues first established that adaptation to SAC
requires both Cdc20 and APC phosphorylation. In
these experiments Adaptation was measured in
terms of a decline in the levels of the mitotic cyclin
Clb2 and chromosome-segregation inhibitor
Pds1, and elongation of the mitotic spindle.
Intriguingly, even though Clb2 levels decline
during adaptation meaning that Cdk1 activity
also declines, it was found that Cdki activity is in
fact required for adaptation. Single cell analysis
of cells undergoing adaptation revealed that
before adaption, Clb2 concentration increases
but it rapidly declines once adaptation ‘sets-in’.
There are, then, two key issues: (i) Cdki1 activity is
required for adaptation and yet it declines rapidly
during adaptation, and (ii) why does it take a long
period before a cell initiate adaptation.

The authors reasoned that if phosphorylation of
APC subunits by Cdk1 is required for adaptation
then there should be a phosphatase that opposes
this phosphorylation to maintain the checkpoint.
Since PP2A55 has been reported to be required
for the maintenance of the SAC, it could be the
phosphatase that opposes the ‘adaptive-action’
of Cdki. The following key observations were
consistent with this notion: (i) APC subunit
Cdc16 underwent enhanced phosphorylation in
the absence of PP2% (ii) in contrast to cde55A
deletion cells cdc16-6A cdc27-5A cdes5A triple
mutant was arrested by the checkpoint and
was severely defective in its ability to adapt.
These data point to a scheme where Cdk1/Clb2
phosphorylates and PP2A¢d5 dephopshorylates
Cdc16.

These opposing activities are what possibly
determine whether a cell arrests or adapts.
Since it takes some time before phosphorylation
overtakes dephopshorylation by PP2ACdcs5s5, it
explains why it requires a long period for cells to

adapt to the SAC-induced arrest. Based on these
central observations, Andrea and colleagues
propose a dynamic model for metaphase to
anaphase transition in the context of checkpoint-
efficacy. According to this model, checkpoint
arrest by SAC is imposed, aided by continuous
dephosphorylation of APC (inactive) by PP2A%s5,
However, Clb2 continue to accumulate in the
nucleus during the arrest and increasing Cdk1/
Clb2 continues to phosphorylate the APC,
progressively opposing the action of PP2ACds5,
At some point, the balance is tipped in the favour
of net phosphorylation of APC®2°, the process of
adaptation takes hold and the levels of both Clb2
and Pds1 rapidly decline. Thus, ‘arrest/adaptation’
is proposed as a two state system in which the
shifting balance between the inter-linked positive
and negative control loops ultimately determines
the system’s state in a given time frame.

From a teleological perspective then, the spindle
assembly checkpoint control has a built-in ‘escape-
route’ from a potentially unproductive prolonged
arrest, allowing cells to continue with the next
division cycle (even though at the cost of some
degree of genetic instability) than to permanently
remain arrested in metaphase and lose viability.
Hence, this study by Andrea and colleagues
not only provides important insights into the
mechanism underlying adaptation to the spindle
assembly checkpoint but is also a demonstration
of how interlocking control loops determine the
dynamic behaviour of cells during progression
through the cell division cycle.

Insights into the Mechanics of Adaptation
to Spindle Assembly Checkpoint
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Figure: Single cell dynamics of mitotic cyclin in adapting
yeast cells. When cyclin is degraded cells adapt. Each
trace represents a different cell.
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Commentary on Thomas
Vaccari’s paper published on
Molecular oncology

by Angelika M. Vollmar

The study of most signal transduction pathways
have progressed immensely in the last years
in terms of identification of ligands, receptors,
transducers, and transcriptional outputs. Yet,
current knowledge of signaling circuitries is
still vague in terms of how the parts interact
with the cell infrastructure devoted to produce,
deliver and degrade them, namely the membrane
compartment. A case in point of such lack of
cell biological insight is that of Notch signaling.
This signaling system is simple, consisting
of a transmembrane receptor that doubles
as transcription factor, when liberated from
membrane by a rather generic protease.

The simplicity is only apparent considering
that Notch signaling is used iteratively during
organ development and homeostasis to instruct
remarkably different cell fates such as survival,
proliferation or differentiation, depending on
the context. Part of context specificity is given by
co-regulation with tissue-specific transcription

Vacuolar ATPase
control of signaling
and tumorigenesis

factors. However, another part is likely to
emerge from the way the receptor is handled
by the protein trafficking machinery of the cell.
The elegant work of Kobia and colleagues of
Dr. Vaccari’s group at IFOM now shows that
inhibition of a key cellular enzyme, the vacuolar-
H+ (V-) ATPase affects Notch signaling 1.
V-ATPase is the main energized proton pump
in the cell. Its function is pleiotropic and central
to many cellular processes such as organelle
acidification and lysosomal function 2,

Despite more than 30 years of studies, V-ATPAse
has only recently implicated in regulation
of major signaling pathways 4. In fact, the
Vaccari lab had been one of the first groups
who significantly contributed to this issue.
Using Drosophila they showed that V-ATPase
is required for activation of Notch signaling in
the endo-lysosomal compartment 5!, Their and
recent work by other investigators is of utmost
importance: it is bringing into focus a complex
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network of regulation centered around trafficking
and regulation of Notch degradation by the
endo-lysosomal system, a recognized nexus for
signaling regulation. Given the multiple roles
that V-ATPase serves in cells, a number of
outstanding interesting questions remain open.
How is the enzyme regulated? How does it affect
Notch signaling mechanistically? As far as I can
tell from my fruitful interactions with Dr. Vaccari,
his group is perfectly poised and highly competent
to answer those questions experimentally.

Equally interesting is the relevance of work of
Kobia and colleagues to cancer. Owing to the
countless uses of Notch in shaping tissues, Notch
disregulation is associated to multiple diseases. In
particular, oncogenic Notch activation is a serious
problem in T-cell acute lymphoblastic leukemia
(T-ALL), and in certain breast and lung cancers.
Kobia et al demonstrated thatpharmacologic block
of V-ATPase with highly-specific compounds
affects Notch signaling also in cancer cells with
oncogenic Notch activity. Interestingly, while
proliferation was reduced by V-ATPase inhibition
in all cancer cell lines tested, Notch signaling was
reduced only in cell lines derived from breast
cancer and not from T-ALL. Cells in which Notch
signaling was not reduced tended to be those
in which Akt signaling, another major tumor-
associated growth pathway, is perturbed. In these,
V-ATPase inhibition mimicked the effects of Akt
inhibitors.

Pharmacologic inhibition of vacuolar H+ ATPase reduces
physiologic and oncogenic Notch signaling.

Notch signaling in prominently involved in growth
regulation in metazoan tissues. Because of this, Notch is
often upregulated in cancer and current efforts point to
developing drugs that block its activation. Notch receptor
endocytosis towards acidic compartments is a recently
appreciated determinant of signaling activation. Vacuolar
H(+) ATPase (V-ATPase) is responsible for acidification of
endocytic organelles and mutants in V-ATPase subunit
encoding genes in model organisms have been recently
shown to display loss of Notch signaling. Here, we show
that administration of BafilomycinA1l (BafA1), a highly
specific V-ATPase inhibitor decreases Notch signaling during
Drosophila and Zebrafish development, and in human

cells in culture. In normal breast cells, we find that BafA1
treatment leads to accumulation of Notch in the endo-
lysosomal system, and reduces its processing and signaling
activity. In Notch-addicted breast cancer cells, BafA1
treatment reduces growth in cells expressing membrane
tethered forms of Notch, while sparing cells expressing
cytoplasmic forms. In contrast, we find that V-ATPase
inhibition reduces growth of leukemia cells, without
affecting Notch activatory cleavage. However, consistent
with the emerging roles of V-ATPase in controlling multiple
signaling pathways, in these cells Akt activation is reduced,
as it is also the case in BafAl-treated breast cancer cells.
Our data support V-ATPase inhibition as a novel therapeutic
approach to counteract tumor growth via signaling
pathways regulated at the endo-lysosomal level.

[PMID 24309677]

Membrane Trafficking and Tissue Architecture
Thomas Vaccari
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As a pharmacologist, I find inhibition of a
pleiotropic enzyme a risky strategy to block
oncogenes. It is indirect and one is bound to
have plenty of side effects. This is why modern
anticancer drugs are designed to be very specific.
However, it is increasingly found that specific
drugs induce resistance. Also, it is emerging
that each tumor depends and is addicted to few
signaling pathways acting redundantly. The work
of Kobia et al and work of my group on V-ATPase
regulation of HER2 signaling [®! suggest that one
could in fact hit more than one bird with one
stone, perhaps limiting the ability of the tumor
to “mutate away” from inhibition of a single
signaling pathway.

A final interesting aspect of the recent work
of Dr. Vaccari’s group is based on the fact
that V-ATPase itself is found upregulated in
a number of tumors. Despite previous work,
whether upregulation is cause or consequence
of tumorigenesis and how would V-ATPase
would contribute to this is unresolved.
In collaboration with a german group in Freiburg,
the group of Thomas Vaccari has recently shown
that overactivation of V-ATPase is sufficient
for tissue transformation in Drosophila 7.
This, together with work of my group on V-ATPase
and tumor cell migration 8 suggest that
misregulation of V-ATPase might contribute to
drive tissue transformation by altering multiple
signaling pathways. Hopefully, we are going to
learn much more of this in spring 2015 during the
meeting “Vacuolar ATPase: A Novel Anti-Tumor
Target” that I am co-organizing with Dr. Vaccari
at IFOM.
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Figure: Confocal image is V-ATPase (V1 c; green), Notch
(red) and DAPI (blue) in Drosophila egg chambers at
progressive stages of development. Big cells in the
center of each chamber constitute the germline, the
surrounding tissue is the follicular epithelium, apical side
facing the germline.
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by Giovanni Caprara

The media is undergoing deep changes. How is
it possible to communicate science well in this
setting? What is the correct relationship between
the researcher and the journalist today? Can the
scientist perform the role of the journalist? In
economic hard times, does the quality of scientific
information suffer or does it improve? Several
questions arise as the daily news media takes on
a new dimension, a new existence, and is forced
to assimilate technologies that deeply modify their
work. At the basis of this transformation is the
change in the measure and significance of time
that affects radically any diffusion of the news.

The answer to the first question is that, thanks
to the amplification of possibilities offered by
new technologies, today science can be spread
and reported better than in the past. But
communication skills acquired by scientists are
more sophisticated making the journalist’s position
more difficult: he/she can be overwhelmed by
too much information and be influenced by the

review.ifom.eu

Science journalism
in a changing world

personality of the scientist, without verifying the
contents. The only way to balance the relationship
is through higher knowledge on the part of the
journalists, who must learn more about the
topics they cover. They must do this, or risk being
overwhelmed by their interviewees. In addition
to more preparation, method itself needs to be
strengthened and expanded. Verification, always
valid and fundamental to establishing the quality
of any kind of information, must be performed
more rigorously, even as it becomes more difficult.

Information sources today have multiplied
dramatically, thanks to the web, and it is often
difficult to ascertain their level of reliability. This
requires broader and more thorough verification,
even though this conflicts with the need for faster
diffusion of the news.

To better respond to such needs, journalists
should seek opportunities to experience the
professional life of scientist; not so much to “feel”
more like a scientist (danger to be avoided) but
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to get more in tune with the new area in which
they operate. In addition to providing an update
on practical aspects that can be integrated with
theoretical considerations, this provides a more
accurate perception of the speed with which the
world of research is changing.

This was the aim of the initiative organized in
2013 by the UGIS (Italian Union of Science
Journalists) at IFOM (FIRC Institute of Molecular
Oncology). During this program, a selected group
of UGIS (The Union of Italian Science Journalists)
members and science journalism students from
SISSA, the International School for Advanced
Studies in Trieste, experienced a full week at IFOM
where they followed an intensive experimental
program. The aim was to update them on research
methods used for cancer, a complex disease with a
thousand faces and, for that reason, very difficult
to understand. The participants praised the
effectiveness of the experience offered by IFOM
and tailored on their needs through interactive
sessions with the researchers, in addition to
laboratory activities. Experiencing life and
research inside the
Institute raised issues
that would be difficult
to understand from a
simple visit, suggesting
that similar initiatives in
other scientific domains
would be extremely
useful.

There is no doubt that
today science journalists
require more preparation
to properly perform
their role. This is due, not only to the broader
scope of the subject, but also to the use of new
communication channels that allow different
kinds of usage: online media requires a quicker
language, while providing the possibility of links
to further reading for those who need it; whereas,
printed editions usually go directly into a deeper
examination, integrating everything with the news
headline. Moreover, any news of great scientific
impact is now discussed in the popular online

channels and therefore must be addressed in all
of its aspects.

The quality of scientific information in Italy may
be adversely affected because online editors
are still not organized to ensure high quality
information within the tight deadlines that this
medium imposes.

This aspect compounds another evident serious
lack in the national media: public and private
newspapers, television and radio news sources
generally do not have science editors in their
staff. Some newspapers assign occasional science
stories to regular journalists, but what is missing
is a stable figure that continuously covers this
area, as exists for politics, economics or sports.
The absence of this kind of internal specialization,
unlike what happens in other countries where
science newsrooms are an established tradition,
not only highlights the lack of adequate
professional vision to meet the needs of the
themes prevalent in today’s information, but has
produced another anomaly: to tackle these issues,
scientists are often asked to intervene directly.
Although collaboration between researchers and
the media is important, and
should be strengthened, the
intervention of a specialist
should not replace that
of the science journalist.
Journalists have more
appropriate communication
tools for this task, thereby
ensuring the kind of
comprehensive discussion
based on a plurality of
sources that is essential
for a proper analysis. The
best role for scientists in
the media, when appropriate, should be that
of a commentator who adds value to the news
provided by the science journalist.

Science journalism
in a changing world
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These roles, competencies and aims are radically
different and must remain so to avoid confusing
the readers. The proliferation of information and
sources requires more clarity. Time
plays a different role in science news
than it did in the past. The tempo
with which news is produced and
spread urges readers with a rhythm
that they are not accustomed to,
and scientific news is no longer seen
as a fundamental path to knowledge
on which to dwell, but as a relative,
albeit important, step. This changes
its meaning to those who receive it,
and can be interpreted positively
or negatively depending on one’s
reading capacity and background.

This is exactly why the role of science journalists
is essential, because it is their responsibility to
establish the right balance, bridging the natural
limitations of the reader.

Finally, looking at the cuts to research imposed
in some countries, the doubt arises that the
ongoing economic crisis damages also scientific
information. This doubt is legitimate because
budget cuts are often followed by a reappraisal
of priorities for the remaining funds. Studies in
areas with direct applications may be favoured,
with the aim of supporting economic recovery.
Nevertheless, this legitimate need should not
alter the availability of resources dedicated to
basic research with more distant perspectives. To
overcome the limitations imposed by budget cuts,
new avenues of funding such as crowdfunding
have been established.

Youscientist, IFOM Science & Society program

However, these
are extraordinary
measures that can
be used in special
situations, but
cannot support
the continuity
and evolution of
research. These
new methods
do show an
important aspect:
direct involvement by the population that raises
awareness of issues that would otherwise seem
distant and inaccessible. This presents a new
perspective for journalists, positioning them to
expand their analysis and their frame of reference
in order to observe, evaluate and possibly to
criticize the initiatives emerging from the natural
process of selection and funding.

The world of research evolves fast and this must
be matched in the world of science journalism,
especially in Italy, considering that it will assume
a growing role in future communication.

Science journalism
in a changing world
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Corporate profile

IFOM, the FIRC Institute of Molecular Oncology, is an Italian highly
technology, non-profit research centre supported by FIRC, the Italian
Foundation for Cancer Research. Research conducted at IFOM aims
to understand the molecular processes responsible for the onset
and development of cancer.

To meet the demands of modern-day science, IFOM created a
research environment where scientists from the major national
scientific institutions in the Milan area could collaborate and pool
their organisational, economical and cultural resources. The creation
of a research institute “network” was the first of its kind in Italy and
has made IFOM an internationally competitive research centre in
molecular oncology and functional genomics.

IFOM has been recognised as a Centre of Excellence for Research by the Lombardy Regional Council, which also contributed

to IFOM’s development.

Having established a solid base in basic research, IFOM

is now concentrating its efforts on translational research for the rapid

transfer of scientific findings from the laboratory to diagnostic and therapeutic clinical practice. IFOM has adopted a strong
international approach, fostering partnerships with world-class research institutes in Singapore and India. Thanks to these
agreements, IFOM is becoming an important player in the global landscape of cancer research institutions.

Governance

www.ifom.eu

President Vice-President Scientific Director Deputy Director

Scientific Adivisory Board

Tomas Lindahl Ralf H. Adams Julian Downward
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