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FrRom THE DIRECTOR

his is a special year for us as the founder of our Institute, Professor Christian de Duve, would have

been 100 years old. Trained as an MD, he started working in the laboratory of Professor J.P. Bouckaert
in Leuven while in second year of medical school. This prompted him to become a researcher and after
obtaining his PhD degree, he undertook postdoctoral stays in the laboratories of Hugo Theorell in
Stockholm and of Carl and Gerty Cori in St. Louis. There he worked with Earl Sutherland, who was to
discover cyclic AMP a few years later. Back in Leuven, de Duve set up his own laboratory with the goal
of understanding the mechanism of insulin action. He discovered the glucose-producing enzyme, glu-
cose-6-phosphatase, and found that this enzyme was associated with membranes (of the endoplasmic
reticulum as we now know). The use of cell fractionation techniques for this study led him to discover
serendipitously that acid phosphatase and other hydrolases with an acidic pH optimum were located in
a new type of organelle that he named lysosomes, and that several enzymes producing or consuming
H,0, were in another’new’organelle, for which the name peroxisome was coined. For these findings, he
was awarded the Nobel Prize in 1974, the very year in which, with colleagues of the University of Louvain
(UCL), he founded the‘International Institute of Cellular and Molecular Pathology, now renamed ‘de Duve
Institute’ The guiding principles of the Institute he created were inspired by his own experience in basic
research: excellence, the freedom of researchers to choose their own research themes, the importance of
using cutting-edge techniques, the importance of interdisciplinary collaborations, and the importance of
keeping a strong interest in the potential medical applications of discoveries. These principles still guide
research performed in our Institute.

This year we decided to change the format of our annual Scientific Report. We start with a few research
highlights followed by a short presentation of the different groups working in the Institute. Representative
publications are presented together on page 44 and following. Those interested to know more about
the Institute and its research groups are invited to consult our website.

The use of mass spectrometry has been an important asset for research carried out in our Institute and uni-
versity. Our Institute took the initiative to invest in a new machine, the latest generation Thermo Orbitrap
Fusion Lumos mass spectrometer. This will allow our researchers to use state-of-the-art technology to
quantify differential protein expression, differential protein phosphorylation and identify protein-protein
interactions after chemical cross-linking in cells by high-resolution accurate mass spectrometry. The
new machine will help our researchers to better understand diseases and improve antibiotic treatment.

Emile Van Schaftingen

Introduction
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ABOUT THE INSTITUTE

riginally named International Institute of Cellular and Molecular Pathology (ICP), the de Duve Institute
was founded in 1974 by Professor Christian de Duve (t+ 4™ of May 2013) to develop basic biomedical
research with potential medical applications.

Excellence and freedom of the researchers to choose their line of research are our core values as defined
by de Duve. We attract excellent researchers from Belgium and from abroad, and give them the liberty
to develop their original ideas in an inspiring environment. Discovery is the endpoint of their efforts and
the only element taken into account for their evaluation.

We value collaborative work and interdisciplinary research. The Institute functions in symbiosis with the
Faculty of Medicine of the University of Louvain (UCL) and many of its senior members hold a Faculty
position and have teaching appointments. The influx of doctoral students and postdoctoral fellows from
the University is key to the success, as well as the close collaborations with clinicians of the University
Hospital (Cliniques universitaires) Saint-Luc, located within walking distance. In addition we have good
contacts and many joint research projects with other research institutions in Belgium and all over the
world.

In 1978 the Ludwig Institute for Cancer Research decided to base its Belgian branch within the walls of
the de Duve Institute. A fruitful collaboration between the two institutions has been pursued ever since.
Even though the two institutes are completely independent, the collaboration between their scientists
is extremely close and the sharing of resources considerable.

The de Duve Institute has the ambition of pursuing research projects of high quality under conditions that
allow original, long-term projects. Research is funded by public bodies, national and international, as well
as by private donations. Most funds are awarded on a competitive basis. The Institute has an endowment,
which is a source of key financing for priority issues, such as the creation of new laboratories for promising
young researchers. The quality of our researchers, supported by sound organisational approaches, will
enable the de Duve Institute to remain at the forefront of European research. We are extremely grateful
to all those who support the Institute.

Introduction |7
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DIGGING INTO THE MOLECULAR MECHANISMS OF THE

HUMAN BODY

Guido Bommer’s team found out how three enzymes work together in modifying
a-dystroglycan, a protein that is needed for muscular strength. Based on their
results, a simple diet will be tested as therapy for people lacking one of these
enzymes, who suffer from severe muscular disorders.

One might think that today’s science knows almost every-
thing about the human body. But sometimes researchers
find things that surprise themselves. It happened to Guido
Bommer when his group discovered how the modification
of a protein in muscle cells works.’We found a mechanism
that occurs in bacteria, but has never been observed in
mammalians before. As we first posed our theory, we
didn't actually believe it was true. So we tried to prove it
wrong in various ways. When we couldn’t do that, we got
convinced that it was right!

Guido Bommer always wanted to be a researcher.’| like
to play with ideas, to solve problems, says the German
scientist. He probably would have studied physics, if he
hadn’t been placed in a hospital for his social service. He
then chose medicine and did his residency in gastroenter-
ology and metabolic diseases.’l didn't know if | was smart
enough to be a researcher and one can work everywhere
as a doctor; he explains. After working as a physician in
Munich for three years, he followed his passion and went
to do research at the University of Michigan. He there
proved his doubts unfounded and in 2009 the de Duve
Institute took on the talented researcher.

His research group has, at first glance, a broad scope: they
study cancer, metabolic and neuromuscular diseases.
These diseases come together through the underlying
mechanisms, explains Bommer: ‘We study the molecular

mechanisms in metabolic pathways. Sometimes the same
changes in a pathway lead to very diverse clinical entities!

This is well illustrated by his recent discovery, which
started with research on cancer and ended up with a
breakthrough on a neuromuscular disease. ‘It began with
failure; recalls Bommer.‘We had a great hypothesis on an
enzyme in cancer metabolism that proved completely
wrong. But during this research, we found that the enzyme
ISPD can make an activated form of ribitol phosphate, a
structure that was not known to be presentin human cells.
So we started to look for human enzymes that could use
these structures as substrate. This led us to two enzymes
called FKTN and FKRP, which show similarity to the bac-
terial enzymes that use activated ribitol phosphate. FKTN
and FKRP are known to be involved in neuromuscular
diseases, by - when absent - causing dysfunctional a-dys-
troglycan. So we hypothesized: could these three enzymes
work together to attach ribitols onto a-dystroglycan?’

To investigate their hypothesis, the team collaborated
with several other groups. With the group of Emile Van
Schaftingen they worked out the biochemistry. Methods
for the complex analysis of a-dystroglycan by mass spec-
trometry were set up in collaboration with the University
of Cologne. Various French hospitals provided cells from
patients for the research.

Research Highlights |9



4/ The difficulty was to make
sure that what we saw in tubes
was also happening in cells.
There are so many variables. 77

With this joint effort, they showed that indeed ISPD first
synthesizes an activated form of ribitol, called CDP-ribitol,
which is then used by FKTN and FKRP to attach two
sequential ribitol phosphate residues onto a-dystroglycan.
‘We could demonstrate quite quickly how the enzymes
perform the modification in a tube. The difficulty was to
make sure that what we saw in tubes was also happening
in cells. There are so many variables!

The protein a-dystroglycan helps anchoring the cytoskel-
eton of a cell to other cells or to the extracellular matrix.
‘If the ribitols are not attached, muscles cannot stick
together. People lacking one of the three enzymes are
born with normal muscular strength, but when they start
moving, their strength goes down. Some people end up
in a wheelchair at 40 years, others die at only one year of
age. In brain cells, dysfunctional a-dystroglycan may lead
to severe brain and eye disorders; says Bommer.

The researchers also made a hopeful discovery. ‘In some
patients with ISPD mutations, the enzyme is not com-
pletely dead, but works on a slow rate. With in vitro exper-
iments we showed that, by adding the substrate ribitol in
excess to the cells, the modification of a-dystroglycan can
be restored partially or even completely. This could mean
that adding ribitol to the diet of patients might help them

10| Research Highlights

to regain muscle strength. Tests with such a diet will be
done by clinical centers!

Bommer now tries to find out if the modification also
occurs in brain cells or if the same mechanism happens
in other proteins. Driven by curiosity and with his critical
mind as compass, there are so many things he would like
to investigate. ‘When | read an explanation in literature
that | don’t understand or that is not supported by good
data, | get suspicious. Things that don’t seem right, prob-
ably aren't right. There are still a lot of things in biology
that we think we understand, but in fact we don't really
know what is going on!

Reference

Gerin |, Ury B, Breloy |, Bouchet-Seraphin C, Bolsée J, Halbout M, Graff J,
Vertommen D, Muccioli GG, Seta N, Cuisset JM, Dabaj |, Quijano-Roy S,
Grahn A, Van Schaftingen E, Bommer GT. ISPD produces CDP-ribitol used
by FKTN and FKRP to transfer ribitol phosphate onto a-dystroglycan.
Nature Communications 2016;7:11534.



IMANIPULATING THE FATE OF CELLS

Telomeres, the caps at the end of each chromosome, play an important role in cell
aging and cancer. Anabelle Decottignies’ group found out that exercise helps to
protect telomeres, thereby delaying the aging of cells.

The human genome is packed into 46 chromosomes in
each cell’s nucleus. The ends of all these chromosomes,
called telomeres, are identical in every human being: they
consist of a fixed 6-base-pairs long sequence, repeated
several thousands of times. These apparently boring struc-
tures constitute in fact the essence of life: they determine
when a cell stops dividing.

‘Over a person’s lifetime the telomeres get shorter and
shorter due to successive cell divisions and, when they
get too short, cells go into senescence. Cells that can
maintain their telomeres are immortal. Embryonic stem
cells have this ability, which they lose in the first steps of
development. In many cancers, cells have found a way
to escape telomere breakdown, giving them the ability
to proliferate endlessly; explains Anabelle Decottignies,
who studies telomeres since she started working at the
de Duve Institute in 2004. ‘It's about the immortality of
cells, the genetics of cancer. When | first read about it, |
was immediately fascinated.

Decottignies started her research career in a quite differ-
ent area. Both as PhD student in Louvain-la-Neuve and
as postdoc in London, she had been doing biochemical
research on yeast. Coming back to Belgium, she was desir-
ous to change her field of study.’l wanted to do biomedical
research, to contribute to a better understanding and new
treatments of human diseases. And | was eager to work

on genetics. | first worked on this in London and really
fell in love with it/ That opportunity came when she got
an independent position at the de Duve Institute. All by
herself, as she didn’t have grants to pay staff in the first
two years, she plunged into the research on telomeres. ‘At
the time, it was a completely new field. | was the only one
in the Institute and even in Belgium to study telomeres. |
hadn't learned anything about it in university, as it wasn't
in any textbook yet!

By gradually gaining knowhow and expanding her group,
Decottignies built up the expertise of her lab, which today
is renowned in the telomere field. The group investigates
the mechanisms that cells use to maintain their telomeres.
One goal is to find ways to induce shortening in cancer
cells, which might be a means to end theirimmortality. At
the same time, they research how telomeres attrition can
be prevented in order to hold back the aging of cells."We
search for ways to delay aging processes in pathologies,
like Alzheimer’s, not to make people immortal, clarifies
Decottignies.

Recently the group demonstrated that doing physical
exercises helps to maintain telomere health. This works
via a molecule called TERRA, a non-coding RNA molecule
that is thought to protect telomeres by forming a glue-
like layer on the DNA ends. Decottignies’ lab showed that
working out boosts the production of TERRA.

Research Highlights | 11



41Because the ALT
mechanism is not
present in normal cells,
itis a promising target
to touch only cancer
cells.

The researchers got on track of the mechanism by in sil-
ico analyses of human telomeric sequences. They found
a potential binding site for a transcription factor called
NRF1, which is activated during exercise via depletion
of ATP stores. In human cell lines they proved that NRF1
indeed binds to telomeric promoters.

To demonstrate the mechanism in humans, they enlisted
10 healthy volunteers to do a 45 minutes workout on a
stationary bicycle. Before and after the exercise they took
muscle biopsies and blood samples. The results showed
a clear relation between the exercise intensity and the
TERRA transcription levels.’The responses were even bet-
ter than in vitro, says Decottignies. The results prove for
the first time a link between telomere transcription and
metabolism in humans.

In other research, the group studies a mechanism called
ALT, a pathway that lengthens the telomeres by recom-
bination of the DNA repeats. The mechanism is active in
certain kinds of brain cancer and osteosarcomas that are
most common in children. ‘Because ALT is not present in
normal cells, it is a promising target to touch only cancer
cells. In collaboration with all Belgian hospitals, we are cur-
rently starting a project to search for therapeutic targets
for which we will use cell lines obtained from children’
says Decottignies.

12| Research Highlights
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Being still the only lab in Belgium in the field, Decottignies
group is making preparations to start a spin-off company
for telomeres analyses. The service will be for cellular ther-
apy companies that want to see if cells are in good enough
shape to replenish tissue. It is also intended for hospi-
tals that have patients with genetic telomere problems,
such as children that age very early or have dysfunctional
bone marrow. At the moment they have to go to France
or Germany for such analyses.

All this will bring the work of the group closer to the bed-
side, as is the ambition of Anabelle Decottignies.'We were
recently involved in the investigation of defects in babies
with bone marrow problems. Being able to help such chil-
dren with our research, that is a dream coming true!

Reference:

Diman A, Boros J, Poulain F, Rodriguez J, Purnelle M, Episkopou H,
Bertrand L, Francaux M, Deldicque L, Decottignies A. Nuclear respiratory
factor 1 and endurance exercise promote human telomere transcription.
Science Advances 2016;2:e1600031.



WHY DOES OUR IMMUNE DEFENSE FAIL IN TUMORS?

In various types of cancer, T lymphocytes fail to attack and kill tumor cells because
they are covered with galectins, as discovered by Pierre van der Bruggen’s team
almost 20 years ago. They now found out why. ‘It’s like a gun that is loaded, aimed,
but then not fired.

Pierre van der Bruggen had a remarkable reason to join
the de Duve Institute in 1988. Having just obtained his
PhD in plant agriculture, he filed several applications for
fellowships at UK and US universities. In order to avoid the
daily trips to the Social Security Agency while waiting for
the outcome, he asked Prof. Thierry Boon for voluntary
work at the Institute. He was offered a contract, intended
for six months. But when his applications were accepted,
he preferred to stay at the Institute, a decision he never
regretted.

He started to work in the group of Thierry Boon, an
internationally renowned immunologist whose discov-
eries formed the basis of today’s cancer immunotherapy.
Though a plant biologist, Pierre van der Bruggen fitted
perfectly in the team. In 1991 he identified the first gene,
MAGE-1, coding for a tumor antigen on human melanoma
cells. Over the years he identified several other tumor anti-
gens, which have been used in clinical trials.

Since Pierre van der Bruggen set up his own research
group, he has been studying the interactions between
cancer and immune cells, especially focusing on CD8 T
lymphocytes, the killer cells of ourimmune system.’Cancer
cells are clearly not ignored by our immune system. They
are recognized, attacked and damaged by CD8 T lympho-
cytes. Unfortunately, at a certain point the lymphocytes
stop to work efficiently, and that is when it goes wrong;
says van der Bruggen. He studies the mechanisms that

cause this dysfunction. Where most researchers in his field
work with mouse models, he uses human cells as study
material. An approach that has proved successful many
times. ‘Recently, we observed an effect in exhausted T
lymphocytes that has never been seen in mice studies!

In 1998, while studying such T lymphocytes in vitro, van
der Bruggen found that the cells were dysfunctional for
reasons he couldn’t explain."Then Nathalie Demotte, a PhD
student in my lab, found an article relating dysfunctional
T lymphocytes to galectins. Examining our dysfunctional
lymphocytes showed that they were indeed covered by
a glue-like galectin layer! Galectins are soluble proteins,
present at low levels in every healthy individual, but pro-
duced at elevated levels by certain tumors. They readily
bind to certain sugars, producing large complexes that can
cover the lymphocyte surface. Van der Bruggen found the
galectin layer on dysfunctional lymphocytes from several
types of human tumors. ‘Importantly, when we removed
the galectins on the surface, the T lymphocytes regained
their functionality. Realizing the clinical potential of this
discovery, the group embarked on the identification of
reagents that could remove the galectin glue from T lym-
phocytes in patients.

Meanwhile, the mechanism by which galectins block the
lymphocytes’activity was still unknown. ‘For this we would
need to look into the precise physical interactions between

Research Highlights |13



41|n contrast to what
was assumed before,
dysfunctional lymphocytes do
produce cytokines and lytic
enzymes, but are unable to
secrete them. 7/

the T lymphocyte and its target, which was outside our
field of competence. But then Anne-Elisabeth Petit came
to me, asking for a PhD project. She was trained for two
years in the lab of Salvatore Valitutti at the University of
Toulouse in studying the molecular dynamics of lympho-
cyte interactions. Our research question was perfect for
her!

The immunological synapse is a specifically structured
communication area in T lymphocytes, which forms
during activation of the lymphocytes upon contact with
their target. In CD8 T lymphocytes, the synapse contains
a secretory domain, where lytic enzymes and cytokines
are released to deliver lethal hits to target cells. Anne-
Elisabeth Petit set up a method to examine in detail the
formation of the immunological synapse, using confocal
microscopy of the Institute’s imaging platform. Studying
human tumor-infiltrating T lymphocytes with and without
galectin, she observed that the activation of galectin-cov-
ered T lymphocytes occurs normally, except for the last
step of theimmunological synapse formation. The results
indicate that, in contrast to what was assumed before,
dysfunctional lymphocytes do produce cytokines and lytic
enzymes, but are unable to secrete them. In collaboration
with Prof. Benoit Scheid, a specialist in microfluidics at ULB
who happens to be Pierre van der Bruggen’s nephew, the
researchers developed a method to measure the adhesion
force of the lymphocytes to their targets. With this tech-

14| Research Highlights

nique they learned that dysfunctional galectin-covered
T lymphocytes bind their target less tightly than their
galectin-free functional brothers. All defects are relieved
by releasing the surface galectin.

The results might be beneficial to current cancerimmuno-
therapy treatments, which work by releasing the brakes on
Tlymphocyte proliferation. These treatments have shown
impressive results, even curing melanoma patients with no
other treatment options left, but work only on a minority
of patients. The response percentage can become signifi-
cantly higher, believes van der Bruggen, by countering the
other mechanisms of T lymphocyte dysfunction. Like with
galectin antagonists. The recent results have enforced our
feeling that this problem should be targeted in the clinic!

Reference

Petit A-E, Demotte N, Scheid B, Wildmann C, Bigirimana R, Gordon-
Alonso M, Carrasco J, Valitutti S, Godelaine D, van der Bruggen P. A major
secretory defect of tumour-infiltrating T lymphocytes due to galectin
impairing LFA-1-mediated synapse completion. Nature Communications
2016;7:12242.



UNRAVELING MECHANISMS OF METABOLIC CONTROL

Individuals with type 2 diabetes often have high circulating levels of the hormone
glucagon, which contributes towards hyperglycemia. Activation of the enzyme
AMP-activated protein kinase (AMPK) in the liver might counteract this effect of
glucagon, a recent finding by Mark Rider’s group.

Each cell contains millions of proteins that are indispens-
able for it to live. The protein population of a cell is very
dynamic. New proteins are constantly synthesized, old
ones broken down, while others are modified. This allows
the cell to respond to a changing environment, or to grow
or differentiate.

An important modification of proteins is phosphoryla-
tion, the attachment of phosphate groups to serine,
threonine or tyrosine residues. This can change enzyme
activity, allow protein-protein interactions, affect protein
subcellular localization and stability or even affect other
post-translational modifications. As the phosphate may
be removed again, the change is reversible.’Protein phos-
phorylation is arguably the most important post-trans-
lational modification of proteins; says Mark Rider, who
studies the role of protein phosphorylation in the control
of cell function, especially metabolism.

Mark Rider learned about protein phosphorylation as an
undergraduate student at Bristol University. He did his
final year laboratory project under the supervision of Paul
England labeling cardiac contractile proteins in vitro with
cyclic AMP-dependent protein kinase (PKA) and P-32, a
radioactive isotope of phosphorus. He then studied for
his PhD at University College London in the laboratory
of David Saggerson working on the hormonal control of
triglyceride synthesis in white adipose tissue and the role
of PKA. He came to Brussels to work at the ICP, as the de

Duve Institute was called then, in 1983. 1t might well have
been different, he tells: ‘I wanted to go to the USA for a
postdoc. At the time President Reagan had just launched
his “Star Wars” defense program. There was little money
for research so the group leaders | approached could not
finance me!

Mark Rider obtained a Royal Society European Fellowship,
which gave him the opportunity to go anywhere in Europe.
He met Louis Hue of the ICP in Prakash Datta’s ‘beer tent’
during a meeting at University College London. Louis
Hue had recently discovered fructose 2,6-bisphosphate
together with Emile Van Schaftingen and he convinced
Mark Rider to come to Brussels. Here he started working
on fructose 2,6-bisphosphate and soon gathered inter-
esting results on insulin action in heart. Some years later
this led to the elucidation of the role of protein kinase B in
the mechanism by which insulin controls heart glycolysis.

Since 2000 Mark Rider’s laboratory has focused on AMPK,
another protein kinase controlling heart glycolysis. AMPK
is important for maintaining cellular and whole body
energy homeostasis. It becomes activated when energy
reserves fall and then phosphorylates targets to switch
off energy consuming pathways while energy-generat-
ing pathways are switched on. Because AMPK activation
in muscle during exercise stimulates glucose transport,
AMPK has emerged as a drug target for the management
of type 2 diabetes.

Research Highlights |15



4/ The discovery suggests
that AMPK activation in the
liver could oppose the short-
term action of glucagon
representing a new therapeutic
strategy for treatin,q type 2
diabetes. /.

Recently the group discovered a mechanism by which
AMPK counteracts the short-term effects of glucagon on
the liver. They found that AMPK activation by a compound
called’991’increased the destruction of cyclic AMP, gluca-
gon’s ‘second messenger’ The decreased levels of cyclic
AMP reduced PKA activation, which would lower liver
glucose production by inhibiting gluconeogenesis and
cause glucose levels in the blood to go down. They also
found that the cyclic AMP lowering effect of AMPK was
mediated by phosphorylation-induced activation of cyclic
nucleotide phosphodiesterase 4B. The activation of this
enzyme by AMPK might be of broad physiological rele-
vance, since phosphodiesterase 4B and its other isoforms
have a wide tissue distribution.

Glucagon levels are often elevated in type 2 diabetes,
which may contribute to hyperglycemia. The discovery
of Mark Rider’s group suggests that AMPK activation in
the liver could oppose the short-term action of glucagon
representing a new therapeutic strategy for treating type 2
diabetes. The group is continuing research on compound
991 to look whether it has AMPK-independent effects on
the gluconeogenic pathway.

In addition to its implication for diabetes, AMPK has
become a hot research topic as a possible new target for
cancer treatment. Indeed, epidemiological studies indi-
cate that patients taking metformin, the most prescribed
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drug for diabetes and an AMPK activator, have reduced
incidence of certain cancers. The group of Mark Rider is
exploring whether AMPK activation can have an anti-can-
cer effect by inhibiting cell proliferation or, on the contrary,
plays a pro-cancer role during metabolic stress in anoxic
and nutrient-deprived tumors. Which role it takes would
depend on context. AMPK exists as three subunits, each
of which has various isoforms. ‘Cancer cells seem to only
express certain subunits, which might affect the targets
of AMPK;, says Mark Rider.

A final goal of Mark Rider’s research is to search for new
direct AMPK activators that can be used safely in humans.
He believes interesting compounds can be found in
nature. ‘Many of today’s best drugs are based on plant
components, such as metformin and aspirin, both of
which activate AMPK. At least a hundred phytochemicals
have been shown to activate AMPK, but for many nobody
knows how. The aim is to screen for compounds that act
directly on AMPK!

Reference

Johanns M, Lai YC, Hsu MF, Jacobs R, Vertommen D, Van Sande J, Dumont
JE, Woods A, Carling D, Hue L, Viollet B, Foretz M, Rider MH. AMPK antag-
onizes hepatic glucagon-stimulated cyclic AMP signalling via phosphor-
ylation-induced activation of cyclic nucleotide phosphodiesterase 4B.
Nature Commununications 2016;7:10856.
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CANCER

A cancer starts when cells acquire the ability to
grow fast and the body’s defence system cannot
control them. We study how defects in signaling
mechanisms cause cells to speed up their growth.

Countering the mechanisms of resistance to
chemotherapy for blood cancer is another goal

of our research. Our institute proudly was at the
basis of today’s cancer immunotherapy treatments.
We now investigate how the efficacy of these
treatments can be enhanced.



Francoise Bontemps &
Eric Van Den Neste 4

The purine analogs fludarabine and cladribine are effective drugs in the
treatment of chronic lymphocytic leukemia (CLL), but chemoresistance
limits their clinical use. The main objective of our research was to find

novel strategies to enhance their clinical efficacy.

o exert their action, purine analogs (PA) require
Tintracellular conversion into an active triphosphate
form. The first and rate-limiting step of this activation is
catalyzed by deoxycytidine kinase (dCK) (Figure), which
was shown to play a key role in purine analog efficacy.
Therefore, we focused on the mechanisms that control
dCK activity aiming to improve purine analog activation
and counteract chemoresistance. We demonstrated that
dCK activity is enhanced by phosphorylation of the Ser-74
residue. In addition, we established that increase in dCK
activity in response

PURINE ANALOGS IN
LEUKEMIA

suppressor p53 and dCK. Interestingly, activation of ATR
in response to purine analogs in CLL cells promotes cell
death, playing a substantial role in their mechanism of
action.

In parallel with the latter studies, we investigated whether
activation of dCK through Ser-74 phosphorylation might
be a strategy to enhance the activation and thereby the
efficacy of nucleoside analogs. We found that increase in
dCK activity could enhance the clinical efficacy of pyrim-

idine analogs, such

to a genotoxic stress
is correlated to an
increase in Ser-74 o
phosphorylation. limiting step
While ATM, a kinase
primarily activated
in response to
DNA double strand
breaks, was found to
control dCK activa-

tion in response to

deoxycytidine
kinase

P oy

PAv

5’-nucleotidase

as gemcitabine, but
not of the purine
analogs fludara-
bine or cladribine.
Nevertheless, we
observed that
aphidicolin, which

Active form

Ig—*PA—* PA

induces increase
in dCK Ser-74
phosphorylation

without enhanc-

ionizing radiation,

we recently demonstrated that ATR, which is activated by
single stranded DNA, is the kinase that controls basal dCK
activity and activates dCKin response to replication stress.
On the other hand, we identified the protein phosphatase
2A as the negative regulator of dCK activity.

The finding that dCK was activated in primary resting CLL
cells in response to ATR activators (UV, aphidicolin), while
ATR signaling has been reported to be suppressed in these
cells, led us to reevaluate this view. We demonstrated that
ATR, though expressed at low protein level, was actually
activated in response to UV or purine analogs and able to
phosphorylate known ATR targets, including the tumor

ing fludarabine or
cladribine activation, was able to increase their cytotoxic-
ity in primary CLL lymphocytes. This potentiating effect of
aphidicolin was correlated to an increase in DNA damage,
which was explained by disruption of NER (nucleotide
excision repair), a DNA repair mechanism that involves
aphidicolin-sensitive DNA polymerases.

Staff members

Emeritus: Georges Van den Berghe - PhD Students: Maxime
Beyaert, Eliza Starczewska - Administrative Support: Pauline
Leverrier, Marie-Victoire Uwimana

Research |19



Stefan Constantinescu

CELL SIGNALING
& MOLECULAR
HemATOLOGY

Formation of blood requires small proteins, denoted
as cytokines, such as erythropoietin, thrombopoietin,
interleukins or interferons. These proteins transmit infor-
mation either from distant tissues or from surrounding
cells, and induce survival, growth and differentiation of
blood precursors. They act by binding on the surface of
target cells to ‘receptors, which function like ‘antennae’
that transmit a signal to the cell interior and ultimately
to the nucleus, where the choice
of expressed genes is made. We
study how these specific receptors
assemble on the membrane and
couple at the cell interior to other
proteins, such as Janus Kinases
(JAKs), which are absolutely
required to transmit a signal. We

e

found that mutations in JAKs or in
receptors themselves confuse the
cells and make them grow indef-
initely, leading to blood cancers,
specifically myeloproliferative neo-
plasms (MPNs). While the excessive
blood formation is explained by /
the activation of JAK2 pathway, it is
still a mystery why clones emerge
and why disease progresses from
the chronic MPN condition to severe acute leukemia.
Inhibitors of JAK2 have been isolated by several compa-
nies, and one such inhibitor has been approved for the
treatment of Myelofibrosis and Polycythemia Vera. Yet,
the JAK2 inhibitor does not eliminate the mutated clone
and is not very effective. Our hypothesis is that a curative
treatment needs a mutant specific inhibitor. To this end,
we delineated the circuit of JAK2 kinase activation by the
V617F acquired mutation in the pseudokinase domain and
aim to target this circuit, which would lead to inhibitors

20| Research
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We study how cell membrane receptors in blood precursors receive
signals and transmit them to the cell nucleus. We discovered that
mutations in cytokine receptors, in JAK proteins and in the chaperone
calreticulin persistently activate JAK2 and induce blood cancers.

that discriminate between wild type and mutated JAK2.
The same strategy is taken for mutants in the Tpo receptor
(TpoR/Mpl) that we discovered in 2006, where mutations
in W515 in the cytosolic juxtamembrane domain change
the structure of the region encompassing the transmem-
brane domain.

More recently, we discovered that mutations can endow
a chaperone protein, calreticulin,
with the ability to bind and acti-
vate a cytokine receptor, namely
Tpo receptor (TpoR/MPL) both in
the secretory pathway and at the
surface of megakaryocyte progen-
itors. This closes the circle of major
driver mutations in myeloprolifer-
ative neoplasms and blood malig-
nancies. The next challenge is the
delineation of the pathway by

TpoR W515K/SS0SN

which blood cancer cells evolve to
leukemic blasts which are blocked
in differentiation and give acute
leukemia phenotype.

Profiferation
Differentiation
Survival

Signals from cytokines are transmitted to the nucleus
via JAK2 and STAT proteins. JAK2, CALR or TpoR
mutations can lead to blood cancers.

In order to pursue our aims we
use approaches like extensive
mutagenesis, functional biological assays as read-outs for
structure, biophysics, in vivo transgenesis, microscopy and
fractionation, mouse bone marrow transplantation, as well
as investigation of primary patient cells.

Staff members
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Jean-Baptiste Demoulin

Our team analyzes the signals that promote cell proliferation in

cancer and other human diseases. We currently focus on leukemia and
childhood tumors caused by mutations in membrane proteins called

PDGF receptors, which are therapeutic targets.

e have a long-standing interest in platelet-derived
Wgrowth factors (PDGF), which act via two recep-
tor-tyrosine kinases, namely PDGFRA and PDGFRB. These
proteins play important roles in the development of the
embryo, as well as in cancer and fibrosis. We investigate
how signaling cascades activated by these receptors
affect transcription factors and gene expression, using
techniques such as RNA sequencing, microarrays, classi-
cal molecular biology and bioinfor-
matics. Regulation of transcription
factors, such as FOXO, HBP1 and
SREBP, by the phosphatidylinosi-
tol 3-kinase pathway is particu-
larly studied in the context of cell
growth. Recently, the role of micro-
RNA (miR), as modulators of gene
expression and cell proliferation,
was also investigated.

PDGF receptors can be aberrantly
activated by gene mutation or
gene fusion in cancer. Gene fusions
involving PDGF receptors are found
in leukemia caused by proliferation
of eosinophils (a blood cell type).
Our team has studied the mechanism whereby these
fusion products stimulate cell growth and differentia-
tion into eosinophils by introducing mutated receptors
in hematopoietic progenitors. In collaboration with the
hematology unit of the University Hospital Saint-Luc, new
fusion genes have also been characterized.

Recently, using deep sequencing, we identified mutations
in PDGFRB as a cause of childhood soft tissue tumors
(infantile myofibromatosis). The disease is characterized
by the presence of multiple tumor masses, which can

CANCER SIGNALING

be life-threatening, particularly in young children. The
mutations aberrantly activate the kinase domain of the
receptor (Figure). Similar mutations were also found in
patients suffering from rare congenital disorders, such
as Kosaki overgrowth syndrome or Penttinen syndrome.
In a preclinical study, we showed that these mutants are
sensitive to a drug named imatinib, which potently blocks
PDGF receptors. This drug has been successfully tested ina
child harboring a germline PDGFRB
mutation.

Finally, dominant PDGFRB muta-
tions were also associated with
familial brain calcification (Fahr dis-
ease). In this case, patients do not
develop tumors, but suffer from
severe neurological symptoms. We
showed that these mutations cause
a partial loss of receptor function
(in sharp contrast to the mutations
described above).

In conclusion, we have shown that
alterations of PDGF receptors cause
several different human diseases.
Our promising results suggest that some patients may
benefit from PDGF receptor inhibitors. We now aim to
understand these diseases in more detail and validate
treatments.
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Human Tumor
IMMUNOLOGY

he immune system protects the human body against

diseases by destroying foreign substances like bacteria
and viruses. T cells, a type of white blood cells, are the
active components in this process as they recognize and
destroy foreign cells.T cells can also recognize tumor cells.
About thirty years ago, T. Boon and colleagues at the de
Duve Institute and Brussels branch of the Ludwig Institute
discovered specific markers on the surface of cancer cells
(called tumor antigens) that can be recognized by T cells,
which then destroy the tumor cells. This work paved the
way for clinical applications of cancer
immunotherapy, taking advantage
of the tumor-specificity and memory
of these T cells to propose specific
and harmless cancer treatments.

In recent years, immunotherapy
has emerged as a new modality
of cancer treatment. Remarkable
results are obtained in patients with
advanced metastatic cancer, treated with immunostimu-
latory antibodies that enhance the activity of anti-tumor
T cells. Many oncologists consider cancer immunotherapy
to be at the forefront of the oncology field, as it is clear that
patients with a variety of cancers are achieving clinical
benefit. However, despite the indisputable clinical suc-
cesses, the effectiveness of the treatments is still limited
in many cases. Our research aims to better understand the
mechanisms and limitations of T cell-mediated immunity
to human tumors in order to improve the clinical efficacy
of cancer immunotherapy.

One line of our research focuses on the specificity and
functional properties of the T cells that are present within
human tumors but appear to be quiescent. In breast can-
cer we have observed that anti-tumor T cells were often
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4/n a tumor that contained
many antigens we did find
anti-tumor T cells, indicating
that tumor-specific T cell
responses do occur against
breast cancer when the
tumor antigenicity is high. 77

‘&‘ J Pierre Coulie

Cancer immunotherapy is a breakthrough for some but not all cancers.
Our group tries to understand why it is not the case for breast cancer.

absent from the tumors, which stands in sharp contrast
with what we had observed in melanomas. It probably
explains why immunostimulatory antibodies do not bring
a significant clinical benefit to most patients with breast
cancer.

One reason for the paucity of anti-tumor T cells in breast
cancer is the scarcity of tumor antigens in these tumors.
In a tumor that contained many antigens we did find
anti-tumor T cells, indicating that tumor-specific T cell
responses do occur against breast
cancer when the tumor antigenicity
is high. We will explore the possibility
that anti-tumor T cell responses
develop at an earlier stage of breast
cancer development, in the so-called
in situ carcinomas. If we detect such
responses, immunotherapy for very
early stage breast cancers should
then consist inimmunization against
tumor antigens, combined with immunostimulatory
antibodies.
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Sophie Lucas

Our group studies how Regulatory T cells (aka ‘Tregs’) suppress immune re-
sponses. Our long-term goal is to design therapeutic approaches to modulate
immunosuppression in patients suffering from diseases associated with Treg
dysfunction. These include cancer, chronic infections and auto-immunity.

Our immune system protects us against infections
and cancer, notably because immune cells are able
to kill and eliminate microbial pathogens, infected cells,
and tumor cells. But immune
cells need to be kept under
tight control to avoid aberrant
destruction of healthy tissues.
Tregs are specialized in the con-
trol of immune cells, which they
suppress to prevent auto-de-
structive reactions. Patients
with insufficient Treg numbers
or function suffer from auto-
immune diseases. In contrast,

insufficient = auto-immunity
excessive = cancer

Immunosuppression by Tregs

ReGULATORY T CELLS
& TGF-f

We are currently exploring whether these tools could be
used as therapeutic agents to block Treg immunosup-
pression in individuals suffering from cancer (Figure). We

are also thoroughly examining
whether, and in which circum-
stances, cell types other than
Tregs could produce TGF-B1 via
GARP. This is important to pre-
dict potential adverse effects
of therapeutic agents targeting
GARP. Finally, we are now also
trying to develop tools that
would increase, rather than
block, production of TGF-B1

excessive Treg function is asso-
ciated with cancer and chronic
infections.

We try to identify the mecha-
nisms by which Tregs exert their
immunosuppressive activity, as
these are not yet completely
understood. We recently found
that Tregs inhibit immune
responses by producing a pro-

Inhibiting Tregs to treat cancer

Anti-GARP

by Tregs. These could serve as
new therapeutic approaches to
increase Treg immunosuppres-
sion in patients suffering from
autoimmune diseases.

improve anti-tumor immunity
{cancer immunotherapy)

tein called TGF-B1, which acts
as a messenger between Tregs
and the immune cells they suppress (Figure). We also
found that production of the immunosuppressive TGF-
B1 by Tregs requires another Treg protein, called GARP.
Production of TGF-31 by any cell type is a highly regu-
lated process, often requiring various accessory proteins.
Tregs appear to be among the very few cell types of our
organism producing TGF-B1 in a manner that depends
on GARP. We developed tools (monoclonal antibodies)
that bind to GARP and block TGF-B1 production by Tregs.

Staff members
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Cancer immunotherapy is showing clinical benefit in a subset of cancer

ImPrOVING CANCER
IMMUNOTHERAPY

Cancer immunotherapy works by helping the immune
system to fight cancer. Its cornerstone is the notion,
pioneered at the de Duve Institute, that tumor cells express
markers, called ‘tumor antigens, which are absent on nor-
mal cells and allow the immune system to identify and
destroy cancer cells. These tumor antigens are recognized
by cytolytic T lymphocytes, which
have the capacity to kill tumor cells.
However, many tumors manage to
resist immune rejection. This can
be linked to two mechanisms: they
can either lose expression of the
tumor antigen, or they can produce
immunosuppressive factors that
paralyze the immune system. Our
group studies these mechanisms,
hoping to devise therapeutic strat-
egies able to counteract resistance
to immunotherapy.

Tumor antigens are made of
small protein fragments, named
peptides, which are presented
at the cell surface by class | molecules of the Major
Histocompatibility Complex (MHC, also named HLA in
human). These peptides generally come from the deg-
radation of intracellular proteins by the proteasome, a
proteolytic particle localized in the cytoplasm and the
nucleus. We have characterized different types of prote-
asomes, which differ in their ability to produce peptides
corresponding to tumor antigens. This means that the
antigens presented at the surface of cancer cells partly
depend on the proteasome composition of these cells, a
notion that can explain the variability in tumor antigen
expression. We further study how some cancers, while
losing expression of classical tumor antigens, unmask
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A T lymphocyte (green) in the tumor microenviron-
ment (blue) is undergoing apoptosis and disappearing
(red).

patients. Our work studies the basic mechanisms of immune recognition
and rejection of cancers, aiming to increase the fraction of cancer

patients who respond to immunotherapy.

other antigens that we are characterizing. We also dis-
covered a new function of the proteasome, which enables
the splicing of peptides, i.e. the production of peptides
from noncontiguous fragments in the parental protein,
following a‘cut and paste’ process.

In addition, we are also researching
the immunosuppressive mecha-
nisms acting in the tumor microen-
vironment. We recently observed
that tumors can selectively induce
the death of T lymphocytes by
apoptosis. Furthermore, our previ-
ous work showed that tumors are
able to paralyze lymphocytes by
starving them of a key amino acid,
tryptophan.They do so by express-
ing an enzyme, called indoleamine
dioxygenase (IDO), which degrades
tryptophan. Several pharmaceu-
tical companies, including our
spin-off iTeos Therapeutics, are
developing IDO inhibitors, some of
which are currently in Phase lll clinical trials in combination
with immunotherapy.
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We study the interactions between cancer cells and the human immune

system. We have a particular focus on understanding why tumor-
infiltrating lymphocytes (TILs) are unable to kill tumor cells, and finding

strategies to overcome this blockage.

ost tumors are not ignored by the immune system of
Mcancer patients. They contain immune cells and, in
particular, T cells directed against tumor antigens. These
tumor-infiltrating T cells are most of the time dysfunc-
tional and this impaired function is maintained by immu-
nosuppression. We try to better understand the different
immunosuppressive mechanisms that operate in human

tumors.
Cytokine and lytic granules

are trapped inside the T cell

Galectin-3
to play a role in

seems

human TIL dysfunc-
tion. It belongs to a
family of lectins, i.e.
sugar-binding pro-
teins, with pleiotro-
pic functions both
intracellularly and
extracellularly (after
secretion). Galectin-3
is mainly secreted by

stimulating tumor cell

': cytokine granules . Iytic granules
Cytokines and lytic enzymes are produced
tumor cells and mac-
rophages. By binding
to glycoproteins at the TIL surface and forming glycopro-
tein-galectin lattices, galectin-3 restrains the mobility of
surface molecules. We observed that extracellular galec-
tin-3 blocks functions of human TILs, as treating TILs
with an anti-galectin-3 antibody, or galectin antagonists,
detached galectin-3 from the T cell surface and increased
cytokine secretion and cytotoxicity of treated TILs.

We subsequently made the unexpected observation that
a large fraction of TILs covered with galectin-3 failed to
secrete cytokines and lytic enzymes upon stimulation,
although they were activated and expressed these effec-
tor molecules in intracellular vesicles. The normal secre-

lymphocytes but remain trapped inside the cells.

T LYMPHOCYTE
DYSFUNCTION

tion process requires the formation of a secretory synapse
allowing exocytosis of secretory granules. This process is
blocked in TILs covered with galectin, due to impaired
mobility of LFA-1, an adhesion molecule, and actin rear-
rangement at the secretory synapse. As a result, cytokines
and lytic enzymes remain trapped inside TILs, thereby
preventing their anti-tumor activity. From a practical

standpoint, the new

Cytokine and lytic granules .
v Weo mechanism of T cell

are secreted
dysfunction indicates
il TS that evaluating T cell
& f/ - function by intracel-
/ @ lular cytokine stain-
> ) cytoking hytic: . .
" [ yu.rum granulss Ing, a W|dely used
a® % ¥R

immune-monitoring
assay, can be highly
misleading as it may
-/ wrongly suggest that
T cells expressing
intracellular
kines are functional.
According to our
new mechanism of T

T
aving tumor cell

w+ Galectin f LFA-1 - actin

cyto-

normally by human tumor-infiltrating T

cell dysfunction, some of these T cells may fail to secrete
the cytokines.

These results also indicate that cancer immunotherapy
regimens could be improved by blocking this mechanism
of T cell dysfunction, and we will participate to the identi-
fication of clinical grade reagents potentially able to block
galectin-3 effects in cancer patients.
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GENETICS AND

DEVELOPMENT

3D imaging of the close association of blood vessels
(in green) with pancreas epithelial cells (in red)
(imaging platform, Pierreux’s group)

All cells of a human body originate from one

cell that, directed by the genetic information,
divides, grows and differentiates into a fully func-
tional organism. How do our cells develop in the
embryo? Which genetic mutations lead to dis-
eases? How do cells maintain themselves during a
lifetime and how do they age? How is the expres-
sion of genes regulated? Our groups in genetics
and development try to elucidate these secrets of
life.
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Cell deformation is critical for numerous physiopathological processes.

Our group explores how plasma membrane biophysical properties
contribute with the cytoskeleton and membrane bending proteins to cell

MEemBRANE BioLoGy

deformation and how this interplay is deregulated in diseases.

In their environment, cells face a variety of stimuli and
stresses inducing cell deformation. Typical examples are
shear stress by squeezing of red blood cells (RBCs) in the
narrow pores of spleen sinusoids, stretching of muscle
cells during contraction or pressure exerted by tumors on
surrounding cells. Cell deformation is generally attributed
to a dynamic cytoskeleton and membrane bending pro-
teins but the contribution of plasma membrane biophys-
ical properties is not understood.

plasma membrane submicrometric protein domains, the
eisosomes (coll. B. André, ULB).

We recently demonstrated that lipid domains contribute
to RBC deformation via their gathering in highly curved
areas and their increased abundance upon calcium efflux.
Our findings suggest that lipid domains could stabilize/
modulate membrane curvature areas and represent plat-
forms for recruitment of proteins involved in calcium efflux
(b,c). These two hypotheses are under investigation. In

Our group aims at bringing
new insight in the importance
of plasma membrane in cell
deformation, as a prerequisite
towards understanding mem-
brane deformability disorders.
We mainly use RBCs, as the sim-
plest and best-characterized | r-

| i S
h Il del that exhibits | i, {
uman cell mode at exniplIts \ @ ) \.f,

remarkable deformability allow-
ing squeezing through narrow
splenic pores (more than 10,000
times in RBC lifetime). In senes-

Domain vesiculation = Sites
for membrane fission?

Domain gathering =

Membrane curvature
modulation? a_
o

Cholesterol- & sphingomyelin-enriched domains in resting RBC (a) & upon
deformation (spleen filtration; b,c) & vesiculation (aging & diseases; d)

parallel, we examine the interplay
between plasma membrane lipid
domains, membrane bending
proteins and the cytoskeleton
for RBC deformation (coll. D.
Alsteens, M.-P. Mingeot-Leclercq
& P. Morsomme, UCL).

Domain abundance
increase = Platforms
for calcium efflux?

Besides implication in RBC defor-
mation, lipid domains are lost

’\ upon RBC aging and modulated

.
A 4

in a splenectomy-dependent
manner in spherocytosis, sug-

cence and spherocytosis, a
genetic membrane deformability disorder that causes
hemolytic anemia eventually requiring spleen removal,
RBCs fail to deform coordinately and instead undergo local
vesiculation.

Using high-resolution confocal imaging, we discovered
the existence of stable submicrometric lipid domains at
the plasma membrane of living RBCs. At least two types
of domains coexist, showing differential composition,
membrane curvature association and fluidity, suggesting
control by membrane biophysical properties (Figure, red &
green spots at a). To explore whether membrane proteins
also control lipid domains, we use the yeast S. cerevisiae,
which offers a large collection of mutants and displays

gesting they could represent sites
susceptible to vesiculation (d). To test for this hypothesis,
we isolate and purify vesicles from aged and spherocytotic
RBCs and determine their lipid composition and physi-
opathological implications (coll. C. Vermylen, University
Hospital Saint-Luc, & N. Dauguet).

We thus demonstrated that lipid domains contribute to
RBC deformation. Extension to Duchenne muscular dys-
trophy and cancer cell migration and invasion is appealing.
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Miikka Vikkula
(with Laurence Boon, Pascal Brouillard and Nisha Limaye)

The aim of our research is to understand the molecular mechanisms that

HumaN GENETICS

The bases of many disorders remain unknown, and
current treatments are often aimed at alleviating
symptoms. Identification of the primary causes would
allow for the development of treatments that are more
specific and eventually curative. We
focus on vascular anomalies (vascu-
lar tumors, such as hemangiomas)
and vascular malformations, lymph-
edema, and cleft lip and palate. We
also collaborate to study various
cancers (breast cancer, hematological
cancers and pheochromocytomas).
As this research is based on human
DNA extracted from blood and tis-

underlie a variety of disorders of the cardiovascular and skeletal systems,
as well as certain cancers. We specialize in evaluating the contribution of

genetic variation to human disease.

since identified similar activating somatic mutations in
other genes in various forms of sporadically occurring
vascular anomalies.

To understand how the activating
TIE2 mutations cause venous malfor-
mations, we analyzed their cellular
and molecular effects on endothelial
cells. We found that the activation of
the PI3K/AKT signaling pathway is
the major pathogenic event (Figure).
One of the downstream molecules
is mTOR. We demonstrated that the
mTOR inhibitor rapamycin effectively

. )amycin ; .
sue samples from patients, we work A ?;m;ﬁs controls the expansion of lesions
closely with several clinicians and ;" “\ in a mouse model of the disease.
multidiciplinary centers worldwide, ¥ X Rapamycin also ameliorated symp-

[ Angiogenesis ] “Gm_“h

but especially with the Centre for
Vascular Malformations, and the Cleft
Lip and Palate Centre, University Hospital Saint-Luc, UCL.

Vascular anomalies are a heterogeneous group of disor-
ders.The lesions are localized and composed of masses of
malformed vessels. They can affect any organ, be painful,
cause dysfunction and thus decrease quality of life.

We have been able to identify several genes that are
mutated in individuals with a family history of vascular
anomalies. Moreover, we have been able to demonstrate
that the localized nature of the inherited lesions is due
to a tissular (somatic) second-hit in the same gene that
carries the inherited mutation. This led us to discover that
the much more common non-hereditary, so called spo-
radically occurring form, of venous malformations is due
to somatic mutations. These mutations have a stronger
effect than the inherited mutations, and thus are able
alone to induce lesion formation. Several groups have
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Cell cycle

toms in a preliminary trial of six

patients with VMs recalcitrant to con-
ventional therapies. This demonstrated, for the first time,
the feasibility of a molecular approach to therapy in this
developmental disease, and provided great hope for all
patients affected with vascular anomalies.
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Epigenetic mechanisms are essential to maintain proper gene expression

programs in human tissues. Dysregulation of these mechanisms can lead
to disease, including cancer. Studies in our group explore the causes and

consequences of epigenetic alterations in tumors.

aintenance of gene expression programs is essential
M to ensure proper functioning of the various cell types
that make up the body. To this end, cells have evolved
‘epigenetic’ regulatory mechanisms, based on the addi-
tion of chemical modifications on defined genes. Among
such modifications, DNA methylation has an essential
role in the long-term inactivation of tissue-specific genes.
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Importantly, the distribution of DNA methylation marks is
profoundly altered in most tumors, and there is evidence
that this contributes to cancer progression. The causes and
consequences of this epigenetic disruption in tumor cells
remain however unclear.

Our group discovered that DNA methylation alterations
often affect a particular group of genes, which normally
display specific expression in germline cells (the cells at
the origin of oocytes in females and spermatozoids in
males). These genes lose methylation in many tumors,
and become therefore aberrantly activated. Due to their
particular expression profile, such genes were termed
‘cancer-germline’ (CG).

The process leading to hypomethylation of DNA sequences
in tumors remains obscure. We undertook to address this
issue by using the founding member of the CG group of
genes, MAGEAT1, as a model. Our studies revealed that

EPIGENETICS IN
CANCER

hypomethylation of this gene in tumors relies on a his-
torical event of DNA demethylation, and on the presence
of appropriate transcription factors to protect the region
against subsequent remethylation. More recent work
suggested that the initial process of DNA demethylation
results from an episode of decreased activity of DNA meth-
ylation enzymes during the progression of the tumor.
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exosome @/ barriers

TET
depletion

e )
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Several CG genes were found to display oncogenic proper-
ties, and there is increasing interest for the development of
drugs that target the product of these genes. It is expected
indeed that therapies directed against genes expressed
almost exclusively in tumor and germline cells will have
only little side effects in cancer patients.

Recently, our group isolated a novel CG gene (CT-GABRA3),
which carries a clustered pair of miRNAs (miR-105 and miR-
767). Aberrant expression of these miRNAs was confirmed
in a significant proportion of tumors of different types.
These miRNAs were found to promote tumor develop-
ment, notably by favoring the formation of distant metas-
tases. Current investigation aims at discovering the full
spectrum of miR-105 and miR-767 functions in tumor cells.
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Anabelle Decottignies

TELOMERES &
EPIGENETICS

elomeres are specialized protein-RNA-DNA structures
Tcurrently viewed as biological clocks. They prevent
linear ends of chromosomes from being recognized as
broken DNA. In normal cells, telomeres shorten with suc-
cessive cell divisions until they get too short to ensure
faithful protection of chromosomes, and this triggers
entry into cellular senescence.

The current model is that cellular
senescence, by triggering a per-
manent exit from cell cycle, offers a
protection against cancer since, with
time, cells progressively accumu-
late mutations that are potentially
oncogenic. However, the system is
not perfect and some cells escape
from the senescence barrier to form
tumors. How then do cancer cells
avoid the progressive shortening of
telomeres when they divide? In 90%
of the cases, they acquire mutations
that reactivate the telomerase gene
expression. Telomerase is the enzyme which, in embryonic
stem cells, counteracts telomere shortening, but whose
expression is lost upon cell differentiation.

Sarcomas or central nervous system tumors (including
pediatric tumors) frequently activate a telomerase-inde-
pendent mechanism of telomere maintenance, called
ALT (Alternative Lengthening of Telomeres), which relies
on homologous recombinations between telomeric
sequences. The ALT mechanism is not active in normal
cells, thus offering interesting perspectives for cancer
therapy. Thanks to a genetic system of cellular hybrids,
we discovered new important (epi)genetic features of
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Staining of telomeres in a melanoma cell by
Fluorescent Hybridization In Situ using a green
probe. The chromosomes are stained in blue.

Telomeres are specialized protective structures present at chromosome
ends. How to protect telomeres to delay cellular ageing or, conversely,
how to damage telomeres to stop cancer cell proliferation, are two

aspects of our research.

ALT cells. We are actively working on some of them, with
the long-term perspective of identifying new therapeutic
targets to kill ALT cancer cells. This may, as well, offer a
means to target telomere maintenance in survivor cells
that could arise from anti-telomerase treatments that are
currently being tested in clinical trials.

Recently, together with the
Australian group of Prof. Roger
Reddel (CMRI, Sydney), we discov-
ered that some cancer cells do not
require the activation of a telo-
mere maintenance mechanism to
form aggressive tumors. The unex-
ll pected observation that indefinite
9 replicative potential is not a general
hallmark of cancer cells is of fore-
most importance in the context
of anti-cancer therapies targeting
telomere maintenance.

The second half of our research
focuses on the regulation of telomere transcription
into non-coding RNA species dubbed TERRA (TElomeric
Repeat-containing RNA). TERRA is an important contrib-
utor to telomere protection and increasing telomere
transcription is likely to delay telomere erosion and cel-
lular senescence. We discovered recently that the AMPK/
PGC1-a metabolic pathway, activated by endurance exer-
cise or caloric restriction, promotes human telomere tran-
scription. This discovery fits with the recent suggestion
that lifestyle impacts on telomere status.

Staff members
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Frédéric Lemaigre &
Patrick Jacquemin

Our group identifies mechanisms that allow cells in liver and pancreas to

acquire their mature functions during embryonic development. We also
determine how these functions are lost in adults, which is essential to

CELL
DIFFERENTIATION

understand how diseases, in particular cancer, are initiated.

To develop into a complex organism cells in the embryo
need to proliferate and differentiate, the latter con-
sisting in the acquisition of organ-specific functions.
While focusing on liver and pancreas, our group aims
at identifying the molecular mechanisms that promote
cell differentiation in the embryo, and those that perturb
differentiation in adults and

induce diseases such as liver or _
pancreatic cancer. We share our |
data on normal differentiation
mechanisms with collaborators
who transpose the information
in cell culture protocols aim- |
ing at production of hepatic or £
pancreatic cells for cell therapy.
Our findings on disease mecha- |
nisms from mouse models are | *
validated using human tissue |
samples obtained from collab-
orating clinical research centers.

are the hepatocytes, which exert the metabolic functions
of the organ, and the cholangiocytes which delineate the
bile ducts. We investigate the transcriptional network
that drives hepatocyte and cholangiocyte development
in the embryo and identified several transcription factors
required for normal liver development, e.g. HNF6, Onecut2
- both discovered in our laboratory —, and more recently
SOX4.We also determine how the transcriptional network
is regulated by intercellular signaling, and identified TGFf3
as a key driver of bile duct development. In addition, we
contributed to the understanding of the role of the Notch
and Wnt-B-catenin pathways in this process. During devel-
opment, tight quantitative control is exerted on gene

expression by microRNAs. We identified two microRNAs
(miR-122 and miR-337) which control the dynamics of
the hepatic transcriptional networks. A quantitative and
predictive approach is implemented using mathematical
modeling of the gene networks.

Following up on earlier work in
which we identified key regu-
lators of normal pancreatic cell
differentiation, we now focus on
. the molecular mechanisms driv-
~ ing development of pancreatic
ductal adenocarcinoma (PDAC).
We study the cell type of origin
| of PDAGC, i.e. acinar or duct cells,
2 and the signaling cascades pro-
moting differentiation switches
( occurring during transition
": from normal to precancerous

- '\‘-}1 :
Precancerous lesion in a mouse model of pancreatic cancer
developed in the laboratory.

The main cell types of the liver

and eventually invasive can-
cer states. Our results suggest
that there is a tight association
between defects in primary cilia function in duct cells, and
chronic pancreatitis, a risk factor for PDAC. These obser-
vations account for the increased risk to develop PDAC
in patients with gene mutations affecting cilia function.
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Wen-Hui Lien

SIGNALING
CROSSTALK

The goal of our research is to understand how Wnt signaling pathways
regulate skin stem cell behavior and tumor development. Our studies

provide an integrative view of signaling regulation and extend our

knowledge for regenerative medicine and treatment of cancers.

hroughout life, skin epidermis is constantly renewed
and its appendage, hair follicles, undergoes cycles of
regeneration. Skin epidermal stem cells that can self-re-
new and differentiate provide the unlimited source of
cells required for tissue ¢

determine how Ror2-dependent Wnt signaling regulates
skin development and hair follicle regeneration. Using
cell culture systems, we dissect the mechanism of Ror2
underlying stem cell proliferation and differentiation. By
generating double-mu-

ical WNT signaling Non-canonical WNT signaling
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to the development of  Profeosomat G \N

tumors. i Gk How non-canonical Wnt
:ﬁ?ul?‘__‘ | | signaling regulates tumor

In mammals, Wnt signal- \ D) development remains

ing pathways, including
canonical and non-canon-
ical Wnt signaling, reg-
ulate diverse processes, T
such as cell proliferation,

differentiation, migration and polarity (Figure). Canonical
Whnt signaling, referred to as Wnt/B-catenin signaling, is
known as an important regulatory pathway that regulates
developmental processes, tissue regeneration and can-
cers. While Wnt/[-catenin signaling has been extensively
studied, the functions of non-canonical Wnt pathways are
still underappreciated. Our group uses skin as a model
system to investigate the roles of non-canonical Wnt path-
ways mediated by tyrosine kinase-like orphan receptor 2
(Ror2) in the regulation of stem cells and tumorigenesis.

Whnt signaling is shown to regulate adult stem cells, but
exactly how it functions and for what purpose has been
a matter of much debate. We conduct loss-of-function
approaches by generating mutant mouse models to
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elusive. To address this

important question, our
group collaborates with
Dr Benoit
Lengele, at University

a surgeon,

Hospital Saint-Luc, to collect and analyze human non-mel-
anoma skin tumors. Using these human specimens in
combination with our mouse models, we investigate the
functional significances of Ror2-dependent signaling in
carcinogen- and oncogene-induced tumorigenesis. The
ultimate goal of our research is to identify the clinical rel-
evance of main regulators involved in non-canonical Wnt
signaling pathways and to use them as therapeutic targets
to treat cancer and other diseases.
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Christophe Pierreux

Our group focuses on paracrine communications between epithelial cells

and their endothelial environment that govern acquisition of epithelial
cell polarity and differentiation during thyroid and pancreas organ

EPITHELIAL
DIFFERENTIATION

genesis, and loss of these characteristics in dysgenesis such as cancer.

ur body is composed of various cell types, among

which epithelial cells fulfill different functions: gas
exchange in lung alveoli, nutrient absorption in the
intestine, digestive enzyme secretion from the pancreas,
hormone production by the thyroid, ... To achieve these
diverse and essential functions, epithelial cells organize in
particular tridimensional structures,
like closed spheres in the thyroid.
They also gradually specialize by
acquisition of specific function(s),
e.g. the production of digestive
enzymes in the pancreas. This hap-
pens during embryonic develop-
ment through timely and tightly
controlled epithelial differentiation
programs. Loss or impairment of
the tridimensional organization
and specialization of these cells is frequently observed in
pathological conditions.

Our group aims at understanding how epithelial cells of
the thyroid and the exocrine pancreas organize and dif-
ferentiate in response to signals from their environment.
We have shown that thyroid and pancreatic progenitors
first form a tridimensional mass of proliferating, non-po-
larized epithelial cells. Then, epithelial cells polarize and
form monolayers that adopt a structure tailored to the
organ’s function: multiple independent closed spheres,
or follicles, in the thyroid, or a single, highly branched
network of ducts and acini in the exocrine pancreas. We
demonstrated the importance of VEGF signaling during
thyroid and pancreas formation and uncovered a perfu-
sion-independent function of blood vessels, mediated
by paracrine signals from endothelial cells. Our work on
epithelial-endothelial relationship has been instrumen-
tal to pave the way towards thyroid bioprinting. We are

4/ |n-depth characterization
of cellular and molecular
mechanisms during
embryonic development
and disease paves the way
towards organ bioprinting
and therapeutic testing. 77

now further studying the role of endothelial cells in the
developing thyroid and pancreas, as well as in cancer, and
deciphering how endothelial cells instruct epithelial cells.

We also investigate epithelial homeostasis in adult organs.
Current studies focus on the role of class Ill PI3-kinase/
Vps34 in vesicle trafficking to the
apical pole in kidney tubules and
thyroid follicles. Inactivation of this
lipid kinase causes major cellular
defects in both organs: mice display
kidney tubule dysfunction, referred
to as Fanconi syndrome, as well as
hypothyroidism. We also addressed
the pathophysiology of cystinosis, a
multisystemic lysosomal disease due
to defective lysosomal membrane
cystine/H+ antiporter, cystinosin. This disease first mani-
fests itself by a kidney Fanconi syndrome, and secondly in
the thyroid with defective lysosomal generation of thyroid
hormones from thyroglobulin.

Staff members
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INFECTIONS AND
INFLAMMATIONS

Our body deals with viral or bacterial infections by
inflammatory responses of the immune system.
Our groups investigate how viruses modulate the
body’s immune reactions, or escape from them. We
also address the worrying emergence of bacteria
resistant to all available antibacterial agents. When
inflammation gets ill-controlled, it can induce
inflammatory diseases, like Crohn’s disease, asthma
or psoriasis, of which we study key mechanisms.



Jean-Francois Collet

It is urgent to develop new antibiotics against resistant bacteria. Our
laboratory wants to contribute to the global effort aiming to prevent the
return of untreatable epidemics by better understanding how bacteria

respond to different types of environmental stress.

he overuse of antibiotics to treat bacterial infections in

human and veterinary medicine has created a global
resistance crisis that could lead to a surge in infection-re-
lated mortality. A recent report predicted that multidrug
resistant bacteria will kill more people than cancer by
2050. A particularly serious threat is the emergence of a
new wave of multidrug-resistant Gram-negative bacte-
ria, including Pseudomonas aeruginosa and enterobac-
teria such as Escherichia coli and Klebsiella pneumoniae.
It is therefore urgent to develop new antibiotics against
resistant bacteria, which requires a
deep understanding of the biology
of these microorganisms. Our lab-
oratory wants to contribute to the
global effort aiming to prevent the
return of untreatable epidemics by
better understanding how bacteria
respond to the different types of
stress to which they are exposed. In particular, we want
to understand how bacteria defend themselves against
oxidative stress and how they maintain the integrity of
their cell envelope despite always changing environmen-
tal conditions.

The cell envelope is the morphological hallmark of Gram-
negative bacteria. It is composed of two concentric mem-
branes: the inner membrane (IM), which is in contact with
the cytoplasm, and the outer membrane (OM), which
constitutes the interface with the environment. The IM
and the OM are separated by the periplasm, a viscous com-
partment that contains the peptidoglycan. The cell enve-
lope is essential for bacterial viability. Proteins involved
in envelope biogenesis and maintenance are therefore
attractive targets for the design of new antibiotics.

4/ proteins involved in
envelope biogenesis and
maintenance are attractive
targets for the design of new
antibiotics. 7”7

BACTERIAL STRESS
RESPONSES

The long-term objective of our laboratory is to delineate
and ultimately harness the mechanisms underlying the
assembly and maintenance of the envelope. Our research
will contribute to the global effort to find new antibac-
terials by identifying proteins that play important roles
in envelope assembly and protection, and therefore are
attractive targets for new antibiotics.

Since the lab started in 2005, a number of major discover-
ies were made. In particular, we identified two antioxidant
systems that are active in the bacte-
rial envelope. The first system pro-
tects single cysteines from oxidation
by reactive oxygen species, while the
second rescues methionines from
oxidative damage. Recently, we also
discovered that the lipoprotein RcsF
is targeted to the cell surface, in
contrast to the general view that OM lipoproteins remain
inside the periplasm. We determined that RcsF export is
mediated by Bam, the machinery that inserts -barrel
proteins (porins) in the OM. We now want to investigate
if additional lipoproteins decorate the cell surface of E.
coli, which would radically change the model of the cell
envelope as it is currently presented in many textbooks.
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& Jean-Paul Coutelier

INFECTIONS &
IMMUNITY

The possibility for evoluted organisms to survive infec-
tions depends on the ability of their immune system
to eliminate the pathogenic agent. Therefore, specialized
responses, involving different subsets of immune cells
such as cytolytic lymphocytes, T helper and B lymphocytes
and macrophages, the molecules that allow those cells
to communicate, and the products of those interactions,
including antibodies, have been elaborated. Since dis-
tinct infectious agents induce
different responses, infections
result in a bias in the immune
microenvironment of the host,
which often leads to alterations
of responses elicited against
non-infectious antigens and of
concomitant diseases with an
immune component.

Using lactate dehydrogenase-elevating virus (LDV), and
other common mouse viruses, we were first to show that
viruses triggered a specific type of response, now called
Type 1, characterized by increased proportion of IgG2a
antibodies, not only in antiviral antibodies that were more
efficient to protect mice against a fatal polioencephalo-
myelitis, but also in immunoglobulins with an antigenic
target unrelated to viral proteins. LDV-induced response
includes also an early production of Type 1 interferon
(IFN); transient production of pro-inflammatory cytokines,
including IL-6 and IL-12; an enhancement of macrophage
phagocytic activity; a transient NK cell activation, char-
acterized by enhanced IFN-y production and cytolytic
activity; and a shift in T helper lymphocyte differentiation
towards the Th1 cell subset.

LDV-modulated immune microenvironment resulted in
the exacerbation of some diseases concomitant to the
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4/ Modulation of the host
immune microenvironment by
LDV infection triggered NK cell

activation and IFN-y production,
resulting in the inhibition of the
development of some tumors
such as plasmacytoma and
mesothelioma.”/

The project of our group is to analyze the relationships between
infectious agents and the immune microenvironment, as well as their
consequences on unrelated diseases that develop concomitantly in the

infected host.

infection, but of unrelated cause, such as septic shock,
through macrophage activation leading to enhanced
TNF production. Similarly, autoantibody-mediated blood
autoimmune diseases, like hemolytic anemia and throm-
bocytopenia, were aggravated by viral infection, because
of enhanced phagocytosis of opsonized erythrocytes
and platelets, respectively, by macrophages activated
by virally-induced IFN-y production. This could explain
how Immune Thrombocytopenic
Purpura develops in children
after infection with diverse
common viruses. However,
modulation of the host immune
microenvironment by LDV infec-
tion could also protect against
immune-mediated diseases such
as graft-versus-host response,
through type 1 IFN production,
and experimental autoimmune encephalitis. Similarly,
LDV-triggered NK cell activation and IFN-y production
resulted in the inhibition of the development of some
tumors such as plasmacytoma and mesothelioma.

We wish next to extend this analysis of the relationship
between infectious agents and the immune microenvi-
ronment to parasitic diseases. Using animal models and
clinical studies, we will determine whether helminth infec-
tions affect the severity of malaria through modulation
of the host gut microbiota and the induction of T helper
and regulatory responses. We will also analyze the conse-
quences of Plasmodium infection on immune-mediated
concomitant host diseases.

Staff members
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Jean-Christophe Renauld &
Laure Dumoutier

Inflammation is a response to a variety of aggressions, like infections.
It normally heals, but when excessive or ill-controlled, it can induce
so-called inflammatory diseases such as Crohn’s disease, asthma or
psoriasis. We study the key mechanisms in these diseases.

n our laboratory, we try to improve the understanding of
I the role of cytokines (small signaling proteins) in inflam-
mation. More specifically, we focus our researches on two
cytokines, IL-9 and IL-22, which were both discovered by
our lab and are crucial players in the inflammatory process.

IL-9 is a double-edged sword depending on the diseases.
For instance, IL-9 is involved in the protection against
worm infection whereas it plays a detrimental role in
asthma. Asthma is a common chronic inflammatory dis-
ease of the airways, characterized by
reversible airflow obstruction and
bronchospasm. We showed that
overexpression of IL-9 can cause

upon exposure to various allergens.

In addition, we found that asthmatic patients produce
increased amounts of IL-9. The potential aggravating
role of IL-9 in asthma was confirmed by genetic analyses
performed by others and pointing to both IL-9 and the
IL-9 receptor genes as major candidate genes for human
asthma. We collaborate with pharmaceutical companies to
produce molecules that could block IL-9 activity, in order
to improve the quality of life of asthmatic patients.

Recently, we investigated the role of IL-22 in psoriasis
lesions. Psoriasis is a chronic skin disorder that affects 2%
of the world population. It is characterized by dry flakes
of skin that result from the unusually rapid proliferation of
keratinocytes triggered by immune cells and cytokines. By
using experimental psoriasis models, we have shown that
administration of an antibody blocking the IL-22 activity
is able to decrease some features of the disease such as
scaly lesions and redness, demonstrating the deleterious
role of this cytokine in psoriasis.

4/|1-22 and its receptor are
good therapeutic targets in
bronchial hyperresponsiveness skin inﬂammatory diseases. /7

INFLAMMATORY
DisoRDERs &
CYTOKINES

In collaboration with the dermatology department of
University Hospital Saint-Luc, we have also shown that
IL-22 and cytokine related to IL-22 are highly expressed in
various skin diseases such as atopic dermatitis and allergic
contact dermatitis. These results strongly suggest that
these cytokines are involved in skin inflammatory pro-
cesses.

In contrast to the skin, we have shown that IL-22 plays a
beneficial role in inflammatory bowel disease by protect-
ing the gut mucosa. Crohn'’s disease
and ulcerative colitis are the most
common types of inflammatory
bowel disease. They affect any part
of the digestive tract (Crohn’s) or
only the colon and rectum (colitis).
Crohn’s disease is caused by chronic inflammation, in
which the immune system of the body attacks the gastro-
intestinal tract. Currently, there is no cure for this disease
and treatments are restricted to controlling symptoms.

In the future, we will investigate the role of other factors
that are related to IL-22 and are also up-regulated in some
of our experimental models of psoriasis or of colitis. These
studies will help to improve the understanding of the
inflammatory responses observed in these two diseases
and the treatments that are administered to patients.

Staff members

Emeritus: Jacques Van Snick - Postdoctoral Fellows:
Perrine Cochez, Muriel Lemaire - PhD Students: Elisabeth
Losdyck, Camille Michiels - Undergraduate Students:
Mathilde Choteau, Ariane Sablon - Research Assistants:
Pamela Cheou, Emilie Hendrickx - Administrative Support:
Geneviéve Schoonheydt

Research |37



. Thomas Michiels

Viruses developed fascinating strategies to hijack cellular signaling

VIRAL PERSISTENCE

pathways and to counteract immune defenses of their host. By studying

how viral proteins act, we aim to gain insight into viral infection

We are all bearing at least a dozen of viruses, which
persist in our body in either a latent or an active
form. While some persistent viruses don’t cause disease,
others, like hepatitis C virus or AIDS virus, can induce seri-
ous chronic diseases.

Owing to their rapid multiplication, viruses are likely the
fastest evolving organisms. They constantly evolve to
adapt to their host and thereby developed many strat-
egies to counteract immune defenses. In particular, per-
sistent viruses were found to express proteins that target
key cellular pathways to control their replication rate and
to escape the immune

system.

Among  antiviral theilers virus
immune defenses, the
interferon system is
likely the most potent
one. Interferons are a
family of substances
secreted by infected
cells.They act on neigh-
boring cells and make
them resistant to viral
infection. Dysfunctions
of the interferon system were shown to lead to dramatic
viral infections in humans such as herpes virus enceph-
alitis.

Our research focuses on two topics related to the interplay
between viral infections and the immune response of the
host.

We study Theiler’s virus, a mouse picornavirus that has a
striking ability to persist in the central nervous system. We
currently analyze the function of two viral proteins, named
L and L*, which are dispensable for viral replication but
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Proteins L and L* produced by Theiler’s virus interfere with critical cellular
processes and with IFN-mediated innate immunity.

mechanisms as well as into critical cellular processes.

critical for establishment of persistent infections of the
central nervous system.

« L*: We discovered that protein L* inhibited RNase L,
one of the best-characterized effectors of the interferon
response. Our recent results show that L* competes with
RNase L activators called 2-5A for RNase L binding.
«L:The L proteinis a very short protein endowed with mul-
tiple functions. It notably interferes with IFN production
and with activation of PKR, an IFN-inducible protein kinase
that blocks mRNA translation in infected cells. Our recent
data show that L also interacts with a family of cellular
kinases that control critical aspects of cell biology, such
as proliferation, motility
or mRNA translation. We
currently focus our efforts
toward understanding
how the recruitment of
these kinases by L relates
to the different L protein
activities.

On the other hand, we
analyze the innate immune
response against viral
pathogens in the particular
context of the central nervous system. We focus our anal-
ysis on the recently discovered type Il interferon (IFN-A)
responses, which are critically important to control viral
infections of epithelial barriers such as the lung and the
gut.

Staff members

Guest Investigators: Eric Freundt, Yohei Hayashi - PhD
Students: Teresa Cesaro, Melissa Drappier, Sophie Jacobs,
Michael Peeters - Research Assistants: Stéphane Messe,
Muriel Minet, Fanny Wavreil - Technical Assistant: Christian
Miserez



Our metabolism assures that our cells always
dispose of the energy they need, despite a
fluctuating demand. We study the amazing

networks of metabolic pathways, as well as the
enzymes that are involved in it and the genetic
mutations that cause a pathway to fail. We also
investigate a remarkable example of a dynamic
tissue: the uterine mucosa that is substantially
destructed and again regenerated during every
menstruation.

METABOLISM
AND HORMONES



Emile Van Schaftingen &
Maria Veiga-da-Cunha

Our work focuses on the discovery of metabolite repair enzymes. Unlike what
is usually assumed, enzymes of intermediary metabolism are not absolutely
specific, they make significant amounts of side products. Metabolite repair
enzymes are indispensable to eliminate these side-products.

MEeTABOLITE REPAIR

ork performed by our group, in collaboration with

Guido Bommer and his group, leads biochemists to
revise their ideas about the organization of intermediary
metabolism. Intermediary metabolism is the sum of all
enzyme-catalyzed reactions that allow cells to produce
their own indispensable constituents. Biochemistry text-
books say that these enzyme are extremely specific and
that this is important to avoid the formation of useless
or even toxic side-prod-
ucts: only useful, non-

phospholactate, made by two major enzymes of gly-
colysis. Erythronate 4-phosphate is a strong inhibitor (Ki
< 1 uM) of 6-phosphogluconate dehydrogenase, while
L-2-phospholactate inhibits the synthesis of the glyco-
lytic regulator fructose-2,6-bisphosphate. Absence of
the phosphatase causes dramatic perturbations of sugar
metabolism.

The last repair enzyme
that we described
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nificantamounts of side
products, but our cells
have many, previously unknown enzymes that serve to
eliminate these side-products and are therefore named
metabolite repair enzymes. Thus, L-2-hydroxyglutarate
is made by a side activity of L-malate dehydrogenase; it
is normally destroyed by L-2-hydroxyglutarate dehydro-
genase, a mitochondrial enzyme, but it accumulates in
tissues and causes major neurological problems if L-2-
hydroxyglutarate dehydrogenase is deficient due to muta-
tions in its gene.

These findings led us to identify additional metabolite
repair enzymes. One of the last two that we described
is a phosphatase that is indispensable to destroy two
side-products, erythronate-4-phosphate and L-2-
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one (dGSH), in which
the amino group of the
glutamyl moiety has been replaced by a keto group. dGSH
results from slow side activities catalyzed by numerous
transaminases. Nit1-deficient mice excrete dGSH and
therefore lose a substantial amount of cysteine in urine.
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Etienne Marbaix &

Patrick Henriet

Our group identifies mechanisms controlling physiological degradation

and regeneration of the human endometrium at menstruation, with
the aim to understand how their dysregulation results in dysfunctional

uterine bleeding and endometriosis.

hroughout the reproductive life, the human endo-

metrium - the uterine mucosa - undergoes cyclic
remodeling. Changes in endometrial structure con-
dition fertility and must be perfectly orchestrated by
sex hormones, namely estrogens and progesterone.
Menstruation occurs at the end of every unchallenged
menstrual cycle and results from an intense but locally
restrained degradation of the endometrium when the
circulating concentration of the
sex hormones drops. Treatment
of two endometrial pathologies,
dysfunctional uterine bleeding
(DUB) and endometriosis, should
benefit from a better understand-
ing of the molecular events sur-
rounding menstruation. On the
one hand, DUB results from local
menstrual-like breakdown of the
endometrium, suggesting inadequate response to sex
hormones. On the other hand, endometriosis, a pathol-
ogy characterized by the presence of endometrial tissue
outside the uterus, is believed to often originate from
retrograde menstruation, i.e. migration of menstrual
endometrial fragments through the fallopian tubes and
invasion of the peritoneal cavity, peritoneum and ovaries.

Twenty-five years ago, our laboratory was the first to show
that endometrial tissue breakdown at menstruation is
performed by a group of proteolytic enzymes, the matrix
metalloproteinases (MMPs). Our subsequent work aimed
at characterizing the various molecular mechanisms
that ensure the focal nature of progressive tissue lysis by
locally tuning the global hormonal control. Our research
is focused on three levels of control of MMP activity. In
a first axis, we investigate how the different potential
sex hormone receptors combine their specific effects to

4/ Treatment of two endometrial
pathologies, dysfunctional
uterine bleeding (DUB) and

endometriosis, should benefit

from a better understanding
of the molecular events

surrounding menstruation. 77
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induce or repress MMP expression. In a second axis, we
dissect the complex network of local regulators acting
between hormone receptors and MMP genes. Our work
has highlighted the role of cytokines and growth factors,
such as interleukin-1a, TGF-Bs and Lefty2, in the control of
MMP expression. In a third axis, we explore mechanisms
able to discard obsolete MMP activity. We have shown
that members of the low density lipoprotein receptor
family, LRP-1 and LRP-2, act as
endocytic receptors able to bind
MMPs complexed with their TIMP
inhibitors, in order to induce their
lysosomal degradation.

Following up on puzzling data
from our previous whole genome
transcriptomic analysis of the
menstrual endometrium, we also
investigate the molecular mechanisms coupling tissue
lysis and subsequent scarless regeneration. Indeed, our
results highlighted that genes required for early endo-
metrial repair, in particular extracellular matrix compo-
nents, are expressed concomitantly with MMPs during
menstruation.
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Mark Rider

PROTEIN
PHOSPHORYLATION

etformin is the most prescribed drug used for the
Mtreatment of type 2 diabetes and its effects can
partly be explained by activation of an enzyme, a protein
kinase called AMP-activated protein kinase (AMPK), which
is the focus of our research.

AMPK acts as a sensor of cellular energy status activated by
an increase in the AMP/ATP ratio as occurs during muscle
contraction/exercise. The role of AMPK in the cell is to
maintain ATP by stimulating ATP-producing pathways and
at the same time inhibiting ener-
gy-consuming biosynthetic path-
ways. AMPK has emerged as an
attractive therapeutic drug target
for treating metabolic disorders.
In collaboration with the phar-
maceutical company AstraZeneca
(MéIndal, Sweden), we investi-
gated whether inhibition of AMP
metabolizing enzymes could be
a means of achieving or potentiating AMPK activation.
Mainly using genetic knockout mouse models, however,
we showed that inhibition of AMP-metabolizing enzymes
in skeletal muscle would not be a viable strategy for
increasing AMPK activity and glucose uptake for the treat-
ment of type 2 diabetes.

Therefore, we took advantage of a potent small-mole-
cule direct AMPK activator called compound ‘991’ to
explore AMPK function. Treatment of skeletal muscles
with compound 991 efficiently activated AMPK and elic-
ited metabolic effects in muscle that are appropriate for
treating type 2 diabetes by stimulating glucose uptake
and increasing fatty acid oxidation. Metformin was pre-
viously shown to antagonize glucagon-stimulated cyclic
AMP signaling in liver, independently of AMPK. However,

42| Research

4/ Using compound 991, we
provided a novel alternative
mechanism by which AMPK
antagonizes hepatic glucagon
signaling, with implications
for lowering liver glucose
production in diabetes. /7

We study mechanisms that control cell function via protein
phosphorylation, particularly in relation to diseases involving metabolic
disorders, such as type 2 diabetes.

using compound 991, we provided a novel alternative
mechanism by which AMPK antagonizes hepatic glucagon
signaling, with implications for lowering liver glucose pro-
duction in diabetes. Over the years, we have made other
significant contributions to the field by discovering new
targets downstream of AMPK, such as eukaryotic elon-
gation factor 2 to inhibit protein synthesis, myosin light-
chain kinase to inhibit smooth muscle contraction, liver
glycogen synthase to inhibit hepatic glycogen synthesis
and the FYVE domain-containing phosphatidylinositol
5-kinase to promote skeletal mus-
cle glucose transport.

In addition to our work on AMPK,
we run the protein mass spec-
trometry (MS) facility on the
Brussels campus of UCL. The
development of MS techniques
for protein analysis has been an
important asset for our Institute
and the University. Since the acquisition of an electrospray
ion-trap mass spectrometer in 1997, the use of MS for
our research and collaborations has led to well over 100
publications.
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Guido Bommer

Cancer cells need to adjust their metabolism to fulfill their continuous

need for building blocks and energy. We try to identify vulnerabilities
in known or newly-discovered metabolic pathways, which might be

targeted by future therapies.

he local ‘success’ of a cancer cell is measured by its

ability to proliferate and survive better with the avail-
able nutrients than its neighboring cancerous cells. Like
any other cell, a cancer cell needs to maintain cellular
integrity and fulfill baseline housekeeping functions.
All cell types need to synthesize ATP by breaking down
nutrients in pathways such as glycolysis, citric acid cycle
and mitochondrial oxidative phosphorylation. In addition,

CANCER
METABOLISM

the-art metabolomics (GC-MS and LC-MS) and genetic
manipulation of cell lines to understand the cellular effects
of novel regulatory molecules. Classical enzymological
studies (in collaboration with the laboratory of Emile
Van Schaftingen) on purified proteins are then used to
understand the molecular basis of the observed effects.
Eventually, we hope that our work will reveal novel
therapeutic targets in cancer.
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proliferating cells in general and cancer cells in particular
need to generate bio-mass, composed of amino acids,
nucleotides and lipids. Synthesis of these components
starts with precursors that are intermediary products in
the same pathways that are used to synthesize cellular ATP.
Several adjustments of the flux through these pathways
are needed to reconcile cellular demand for biosynthetic
building blocks and for ATP synthesis.

We are investigating the role of a series of enzymes,
for which we have reason to believe that they might
be involved in the synthesis of regulatory molecules.
In these studies, we use a combination of state-of-

While we strive to understand processes involved in
cancer biology, we remain very much open to surprising
discoveries. As such, we have recently discovered a novel
post-translational modification of a-dystroglycan by rib-
itolphosphorylation (Figure). This modification does not
play a role in cancer, but is known to be defective in a
group of neuromuscular diseases. Hence, part of our labo-
ratory is currently trying to reveal the remaining molecular
machinery to generate this modification.
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TECHNOLOGY PLATFORMS

FLow CyTOMETRY AND CELL SORTING

Flow cytometry technology allows simultaneous multiparametric analysis of thousands of cells per second, enabling
trained users to rapidly analyze complex cell populations based on phenotypic and functional features. High-speed
assisted cell sorting services provide researchers with physical separation of identified cell populations, for any
downstream characterizations. The platform is managed by Prof. P. Coulie and is run by Dr. N. Dauguet.

[W] http://www.deduveinstitute.be/flow-cytometry-and-cell-sorting

GENoOMICS

The genomics platform provides the scientific community with the latest technologies, such as Next Generation
Sequencing (Massive Parallel Sequencing). Theses techniques facilitate and speed up data acquisition, which is
beneficial for many different fields, such as biology, medicine, agronomy, ... Their use in clinical diagnosis also
broadens the spectrum of molecular diagnosis and opens new ways for personalized medicine. The platform is
managed by Prof. M. Vikkula and is run by Drs. P. Brouillard, M. Amyere and R. Helaers.

[W] http://www.deduveinstitute.be/genomics-platform

IMAGING

Theimaging platform trains and provides the scientific community with various confocal and electronic microscopes
and a wide range of sophisticated methods of vital confocal microscopy and immunolabeling. It is also a source of
advices, collaborations and a «school of morphology» for users, providing them with the necessary expertise at all
stages of the experiment, from sample preparation to analysis and interpretation of data. The platform is managed
by Prof. D. Tyteca and is run by Dr. P.Van Der Smissen.

[W] http://www.deduveinstitute.be/pict-platform-imaging-cells-and-tissues

MASSs SPECTROMETRY

The platform provides proteomics services principally through gel-free approaches coupled to mass spectrometry.
It specializes in the identification and quantification of proteins from complex samples, and can also provide data
on the location of post-translational modifications, even in complex samples. The platform is managed by Prof. M.
Rider and is run by Dr. D. Vertommen, together with Prof. P. Morsomme and Dr. H. Degand at the Institute of Life
Sciences (University of Louvain).

[W] http://uclouvain.be/en/research-institutes/isv/massprot

TRANSGENESIS

The transgenesis platform offers transgene technology tools to research teams of the University of Louvain and
other Belgian universities at the lowest possible cost. It also enables the sharing of expertise in designing and
creating transgenic mouse lines and offers training opportunities to PhD students and post-doctoral researchers.
The platform is managed by Profs. P. Jacquemin and F. Lemaigre, and is run by Dr.Y. Achouri.

[W] http://www.deduveinstitute.be/transgenesis
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PRrizes, AWARDS AND HONORS

to Thierry BOON - ITOC Lifetime Achievement Award

Assigned in 2017 by the Cancer Drug Development Forum and the Society for Inmunotherapy of Cancer to “..one of
the most renowned researchers in the field of anti-cancer vaccines”.

to Stefan CONSTANTINESCU - Prix quinquennal des sciences médicales fondamentales 2011-2015
Awarded every five years by the Belgian government to a Belgian researcher for the best published work in basic
medical sciences.

to Stefan CONSTANTINESCU - Special Recognition Award from the A*Star Experimental Therapeutics Centre, Singapore
Assigned in 2017 on the occasion of its 10th anniversary to a scientist that promoted research at the Centre via
collaborative research.

to Patrick JACQUEMIN - Prix Henri Fauconnier 2014-2016

Awarded every three years to a Belgian researcher by the Académie royale de Médecine for a work aiming at the cure
of cancer, tuberculosis or “any other social scourge”.

to Géraldine LALOUX - Prix d’Alvarenga, de Piauhy 2016
Awarded every year to a Belgian researcher by the Académie royale de Médecine for the best thesis on a medical topic.

to Nisha LIMAYE « Prix Lambertine Lacroix 2016

Awarded every other year by the FNRS to a Belgian researcher aged 50 or less, for a translational research on cardio-
vascular diseases.

During the academic year 2016-2017, Laurence BOON became President of the International Society for the Study
of Vascular Anomalies for the period 2016-2018; Jean-Francois COLLET was elected Member of the Académie royale
de Belgique, Classe des Sciences; Stefan CONSTANTINESCU became Vice-President of the Federation of European
Academies of Medicine for the period 2017-2020, as well as Honorary Member of the Romanian Academy, and was
appointed Consultant interne at the Service of Hematology of University Hospital Saint-Luc; Wen-Hui LIEN was elected
to the Board of the Belgian Society for Stem Cell Research; the University of Oxford conferred the title of Professor of
Tumour Immunology on Benoit VAN DEN EYNDE; and Miikka VIKKULA was promoted Full Member of the Académie
royale de Médecine de Belgique.

PHD THESES - Aucust 2016 10 JuLy 2017

Géraldine DESSILLY « Impact des polymorphismes génétiques de la P-glycoprotéine sur le transport des immunosup-
presseurs et des inhibiteurs de tyrosine kinases - Promoter: V. Hautfroid

Perrine COCHEZ - AhR and Ccr6 are not required for IL-22 production in imiquimod-induced psoriasis model - Promoter:
L. Dumoutier

Eliza STARCZEWSKA - From analysis of purine analogue activation to the development of new therapeutic strategies in
chronic lymphocytic leukaemia - Promoter: F. Bontemps
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Joanna SZEWCZYK - The Escherichia coli stress sensor protein RcsF: stress sensing mechanism and subcellular targeting
unravelled - Promoter: J.-F. Collet

Emilie LERQY - Secondary site mutations restoring physiologic function for JAK2 V617F and identification of novel
allosteric sites in oncoproteins: new therapeutic opportunities for blood malignancies - Promoter: S. Constantinescu

David SCHRODER - Tumor-specific CD8 T cells in a primary human breast carcinoma: a detailed analysis - Promoter: P.
Coulie

Isabelle ARTS « How bacterial thioredoxin proteins make or break disulfides - Promoter: J.-F. Collet

Amina HOUDDANE - Role of Akt/PKB and PFKFB isoenzymes in the control of glycolysis, cell proliferation and protein
synthesis in mitogen-stimulated thymocytes « Promoter: M. Rider

Manuel JOHANNS - AMPK in the control of hepatic glucagon signalling and protein synthesis - Promoter: M. Rider

Florence ARTS « PDGFRB mutations cause infantile myofibromatosis and other human congenital diseases « Promoter:
J.-B. Demoulin

Aurélie VAN TONGELEN - Identification of a novel cancer-germline transcript within the miRNA harboring GABRA3 gene.
Epigenetic alterations of the locus in tumors « Promoter: C. De Smet

Olivier DEDOBBELEER - La protéine GARP participe a I'activation du TGF-f dans les lymphocytes B humains et contréle la
production d’IgA « Promoter: S. Lucas.

LECTURES & SCIENTIFIC EVENTS - Aucust 2016 10 JuLy 2017

21st Heremans Memorial Lecture

Hidde PLOEGH - Boston Children’s Hospital & Harvard Medical School, Boston, USA

A biochemical exploration of the immune system: from atomic resolution to non-invasive imaging in vivo
(podcast: https://www.youtube.com/watch?v=RkXViCHR4FE)

Heremans lectures and de Duve lectures are given every other year by a prominent international scientist
(for a complete list of speakers: http://www.deduveinstitute.be/seminars).

Shu S. CHNG - Singapore Center for Environmental Life Sciences Engineering, National University of Singapore
Bacterial outer membrane lipid trafficking and homeostasis

Radek SKODA - University Hospital Basel, Switzerland
Molecular pathogenesis and stem cell characteristics of myeloproliferative neoplasms

Agnieszka CHACINSKA - International Institute of Molecular and Cell Biology, Warsaw, Poland
Protein trafficking at the crossroads to mitochondria
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Harris BERNSTEIN - National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, Maryland, USA
The assembly of the autotrans porter family of bacterial outer membrane proteins

Kerwyn C. HUANG - School of Medicine, University of Stanford, CA, USA
Curvature sensing of the bacterial cytoskeleton dictates cell-shape maintenance and cell-size control

Susanna MANDRUZZATO - Istituto Oncologico Veneto & University of Padova, Italy
Immune evasion in cancer: role of myeloid-derived suppressor cells

Bruno ANDRE - Institute of Molecular Biology and Medicine, Université Libre de Bruxelles, Gosselies, Belgium
Lateral segregation, ubiquitylation and endocytosis of amino acid transporters in yeast

James BARDWELL « Howard Hughes Medical Institute, University of Michigan, Ann Arbor, Ml, USA
Visualizing chaperone mediated protein folding

Fernando M. BELMONTE - Center for Molecular Biology Severo Ochoa, Madrid, Spain
Signaling in epithelial morphogenesis and patterning in tubular organs

Dirk DRASDO - INRIA Paris, France & Interdisciplinary Centre for Bioinformatics, University of Leipzig, Germany
Mathematical multi-level modeling of liver regeneration at histological scales: from data to models and back

Rune HARTMANN - Aarhus Research Center for Innate Immunity, University of Aarhus, Denmark
The dual role of type lll interferon in the antiviral defense and control of pathogenic inflammation

Dagmar IBER « Swiss Institute of Bioinformatics & ETH Zurich, Switzerland
From networks to function - Computational models of organogenesis

Richard MORIGGL - Ludwig Boltzmann Institute for Cancer Research & University of Veterinary Medicine Vienna, Austria
Insights into graded STAT5 activity levels are linked with metabolic glucose sensing with consequences for blood cancers

Carsten BERNDT - Faculty of Medicine, Heinrich-Heine University & Life Science Center, Diisseldorf, Germany
Redoxins in plants, fish, man, and reindeers - Christmas research

Diana MATHEOUD - School of Medicine, University of Montréal, QC, Canada
Mitochondrial antigen presentation (MitAP) in Parkinson’s disease and autoimmunity

Paul MONGA - School of Medicine, University of Pittsburgh, PA, USA
Cellular and molecular basis of hepatobiliary repair: a Wnt-beta-catenin perspective

Stanislas GORIELY - Institute for Medical Inmunology, Université Libre de Bruxelles, Gosselies, Belgium
Regulation of inflammation and tumorigenesis by ARE-mediated mRNA decay

Michele MISHTO - Berlin Institute of Health & Institute of Biochemistry, University of Medicine-Charité, Berlin, Germany
Proteasome-catalysed peptide splicing and its biological implications
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Juliane LIEPE - Center for Integrative Systems Biology and Bioinformatics, Imperial College, London, UK
From in silico to the clinic: methods to study proteasome-catalysed peptide splicing

Alexandra VAN KEYMEULEN - Institute of Interdisciplinary Research in Human and Molecular Biology, ULB, Belgium
Deciphering the cellular hierarchy of the mammary gland and its relation with breast cancer initiation

Mohamad ASSI - M2S Laboratory, University of Rennes 2, France
The impact of physical activity and antioxidants on signaling pathways involved in tumor growth and skeletal
muscle wasting

Patrick GUNNING - Centre for Medicinal Chemistry, University of Toronto Mississauga, ON, Canada
Targeted and covalent modification of STAT3/5 proteins: lessons learned

Lucy GODLEY - Center for Clinical Cancer Genetics, University of Chicago, IL, USA
Clinical implications of familial leukemia syndromes

Chantal DESDOUETS - Institut Cochin, University Paris-Descartes, France
Liver polyploidy: Dr Jekyll or Mr Hide?

Marc PALLARDY - Faculty of Pharmacy, University Paris-Sud, France
The challenges of assessing immunotoxicity and immunogenicity of biopharmaceuticals

Jonathan VAN EYLL « Bioinformatics and New Medicine, UCB Pharma, Braine-I'Alleud, Belgium
Mechanistic causal reasoning to decipher complex transcriptomics signatures

Bengt HALLBERG - Institute of Biomedicine, Sahlgrenska Academy, University of Gothenburg, Sweden
ALK in cancer biology

Sine R. HADRUP - Veterinary Institute, Technical University of Denmark, Copenhagen, Denmark
Novel strategies for mapping the repertoire of tumor reactive T cells

Régis JOSIEN . Center for Research in Transplantation and Immunology, University of Nantes, France
IL-22BP controls IL-22 actions during inflammation and steady state

Daniel OLIVE - Institut Paoli-Calmettes, University of Aix-Marseille, France
Role of BTN3A, novel activators of the VgoVd2 T cells, in cancer

Inaugural Plenary Lecture - Princess Lilian Foundation Visiting Professorship 2016-2017
Daniel KAHNE « Harvard Medical School, Cambridge, MA, USA
From penicillin to the PEZ™ machine

Alain TRAUTMANN - Institut Cochin, University Paris-Descartes, France
Conflicting signals, a useful notion for cancer treatments

Catherine P-J. LU - Howard Hughes Medical Institute, Rockefeller University, New York, NY, USA
How does skin decide to grow hairs or sweat glands? Epithelial-mesenchymal signaling crosstalk from mouse to human
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Marc GRAILLE - Ecole polytechnique, University Paris-Saclay, France
The devil is in the methyl: generation and degradation of methylated RNAs

Nadége BERCOVICI - Institut Cochin, University Paris-Descartes, France
Cooperation between T lymphocytes and myeloid cells during tumor regression induced in mouse models

Robert H. SILVERMAN - Lerner Research Institute, Cleveland Clinic, OH, USA
Roles of viral and host double-stranded RNA, OAS and RNase L in the control of virus replication and cell death

Sven POTELLE - University of Lille 1, France
TMEM165, a new regulator of Golgi Mn2+ homeostasis involved in congenital disorders of glycosylation

Clément BARJON - Saint-Antoine Research Center, University Paris-Sud, France
IL-21 promotes the development of a regulatory subset of y6 T cells expressing CD73

Javier RAMIREZ - Saint-Antoine Research Center, University Paris-Sud, France
Multidisciplinary study of FcgRIl in autoimmunity

Begona HERAS - La Trobe Institute for Molecular Science, La Trobe University, Melbourne, VIC, Australia
Bacterial virulence factors: structures, infection mechanisms and development of antibacterials

“Stunning” Meeting: PhD Day of the SFMBBM Graduate School, organized by graduate students from J.-F. Collet’s lab
Main speakers: James BARDWELL (Howard Hughes Medical Institute, University of Michigan, USA), Helen SAIBIL (Birkbeck
College, London, UK), Anne BERTOLOTTI (University of Cambridge, UK) & Alexander HEUCK (Institute of Molecular Pathol-

ogy, Vienna, Austria)

The “Structure et Fonctions des Macromolécules Biologiques, Bioinformatique et Modélisation” Graduate School

brings together teams from five Belgian universities and two foreign laboratories.

Princess Lilian Foundation Visiting Professorship 2016-2017: awarded to Prof. Daniel KAHNE from Harvard Medical

School, and hosted by J.-F. Collet

Program:inaugural lecture, international mini-symposium, meetings with researchers from Belgian universities working

in the fields of microbiology, chemistry and pharmacology

The Princess Lilian Foundation has established a high profile visiting professorship awarded every year and aimed

at fostering interaction between researchers in Belgium and established experts.

Visit of Prof. Eric LANDER from the Broad Institute of MIT & Harvard, hosted on our campus by Sophie Lucas, as part

of his election to an honorary doctorate at the University of Louvain.
Program: plenary lecture and meeting with graduate students from the University of Louvain

PhD Day

All graduate students of the de Duve Institute present their work either as a talk or as a poster.
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Académie de Recherche et
d’Enseignement Supérieur

Belgian Ministry of Health,
Plan Cancer

Belgian Science Policy Office

Centre du Cancer,
Cliniques universitaires Saint-Luc

Cystinosis Research Foundation

European Commission

European Research Council

Fédération Wallonie-Bruxelles

Fondation contre le Cancer

Fondation Roi Baudouin

Fondation Salus Sanguinis

Fonds Jacques Goor

Fonds Joseph Maisin

Fonds National de la Recherche
Scientifique

ﬁﬂ Les avions de Sébastien

Loterie . .
e nationale  Loterie Nationale
Loterij

MPNigoser, MPN Research Foundation, USA

CHANGE YOUR FROGHOSES

National Institutes of Health, USA
“ Région Bruxelles-Capitale

% Région Wallonne
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UCL N . .
Universita Université catholique de Louvain
Soiamin

e f@ Worldwide Cancer Research

WELBIO Laboratories

The following laboratories are supported by Welbio:

Jean-Francois Collet
Pierre Coulie

Benoit Van den Eynde
Pierre van der Bruggen
Emile Van Schaftingen
Miikka Vikkula
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In 2016, the de Duve Institute has attracted major gifts from several foundations, companies and in-
dividuals who have been very generous. These sponsors are providing the resources that enable our
scientists to better understand and treat diseases that afflict people around the world. Gifts are the
lifeblood of new research initiatives and private resources are crucial in underwriting the costs of new
laboratories. On an annual basis, fund-raising from private sources has increased during the past decade
over levels achieved previously and now supports about 10% of the Institute’s budget.

The appeal for sponsoring postdoctoral fellowships was also widely followed. In 2016 the Institute has
been able to allocate the following fellowships, entirely supported by our donors :

The «Haas-Teichen» fellowship was attributed to Angela Queisser (Germany),
the «Maurange» fellowship to Anita Roy (India),

the «Pierre M» fellowship to Ha-Long Phuoc Nguyen (USA),

and an ICP fellowship has been awarded to Mohamad Assi (Lebanon).

We express our gratitude to all who contributed to the financing of post-doctoral fellows and state-of-
the art research laboratories at the de Duve Institute, ensuring that this institute will remain at the top
of the field in biomedical research.

Luc Bertrand
President of the Development and Expansion Council
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