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104 PhD students

8000 m26 technology platforms

131 publications
Most international lectures 
were postponed due to the 
Covid-19 pandemic

317 members

44 nationalities

45 postdoctoral students

44% 56%
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FROM THE DIRECTOR

Iam thrilled to introduce this summary of research accomplishments at the de Duve Institute in the year 
2021, which has seen a progressive return to normal operations in the wake of the pandemic. 

In line with our motto “Deeper knowledge for better cures”, you will read in the research highlights 
(pages 6 to 14) how our scientists discovered the cause of several unexplained diseases. You will see that 
in a number of cases this understanding led to the identi�cation of an e�ective therapy for previously 
incurable diseases, such as myo�bromatosis (page 9) and rare inherited immune diseases (page 7). These 
cases exemplify the mission of the de Duve Institute, by showing how fundamental research can improve 
human health, sometimes through unexpected paths. 

These are only examples, and you will �nd in this report many other exciting discoveries made by the 
di�erent teams of researchers at the Institute. These teams comprise increasing numbers of young 
scientists: 104 PhD (doctorate) students and 45 postdoctoral fellows. Their �ndings were published in a 
record number of 131 scienti�c publications in 2021. 

Another good news in 2021 has been the appointment of Nick van Gastel as a “Chercheur quali�é FNRS”, 
which is a coveted permanent position. Nick joined the Institute in July 2020 and is now a group leader 
studying metabolic regulation and the role of the bone marrow microenvironment in blood cell formation 
and leukemia, with the hope of developing new therapeutic strategies (page 18).

Benoit Van den Eynde
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ABOUT THE INSTITUTE

Originally named International Institute of Cellular and Molecular Pathology (ICP), de Duve Institute 
was founded in 1974 by Professor Christian de Duve († 4th 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 de�ned 
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 e�orts 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 (UCLouvain) and many of its senior members hold 
a Faculty position and have teaching appointments. The in�ux 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 
de Duve Institute. A fruitful collaboration between the two institutions has been pursued ever since, 
and is today embodied in the full structural support of two research groups within de Duve Institute.  

The ambition of de Duve Institute is to pursue 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 �nancing 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 de Duve Institute to remain at the forefront of European research. We are extremely grateful to 
all those who support the Institute.
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OUT OF BALANCE

Our immune system operates on a delicate balance. It must respond quickly 
and rigorously, to stop invaders such as bacteria and viruses. But if it acts too 

vigorously, it may harm own, healthy tissue. Nisha Limaye studies diseases 
where the system is out of balance, in the hope of improving their diagnosis and 

treatment in the future.

The immune system is a complex machinery, involving 
many types of cells and molecules whose interactions are 
strictly regulated. The malfunction or absence of a critical 
molecule can disturb the balance of the system and lead 
to a variety of diseases. “These range from cancers, where 
the immune cells fail to kill the abnormal cancer cells, to 
autoimmune diseases, like systemic lupus erythematosus 
(SLE), in which the immune system attacks own tissue”, 
says Nisha Limaye. Starting from patient samples, her lab 
focuses on the genetic causes of these diseases. 

Nisha Limaye started to work on autoimmune diseases 
during her PhD in Dallas (USA). There she met her future 
husband, who she then followed to Belgium. She got 
a post-doc position at de Duve Institute in 2005, in the 
group of Miikka Vikkula. Her talent for research was recog-
nized in 2010 when she was appointed as FNRS quali�ed 
researcher. Since 2018 she runs her own lab. She has built a 
diverse group that is characterized by a passion for science 
and a strong team spirit. In just three years, they have 
achieved remarkable results. 

One of the diseases the team investigates is lupus nephri-
tis (LN), a severe and frequent complication of the auto-
immune disease SLE. In LN, the immune system attacks 
the kidney tissue, which leads to functional impairment 
or even complete failure. 

Nisha Limaye’s team hypothesized that the kidney cells 
participate in the pathological process, instead of being 
just passive victims. “We therefore aimed our studies at the 
tissue of patients, rather than only the blood.” 

Gaëlle Tilman, a researcher in the group who according to 
Nisha Limaye “does not stop until she gets to the bottom 
of things”, recently made a promising discovery on the 
disease. She found that a phenomenon called cellular 
senescence occurs in the kidneys of LN patients. “When 
cells go into senescence, they stop proliferating, but still 
produce molecules that act on the environment around 
them. Senescence occurs in normal tissue remodeling 
processes, such as embryogenesis and wound healing. 
After such processes, the senescent cells are cleared. But 
here, they persist in the tissue”, explains Gaëlle Tilman.

The team showed that senescence in the LN kidney is 
related to the severity of the disease, she continues: 
“Patients with high levels of senescent cells had a bad 
outcome after �ve years. We also saw that CD8-positive T 
cells (a type of lymphocyte with a major role in immune 
defense) are located near the senescent cells, in regions 
that show signi�cant �brosis. This suggests that there 
may be some interaction between the senescent kidney 
cells and these immune cells, with a functional role in the 
development of LN.” It is not yet clear what that role entails, 
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adds Nisha Limaye: “We now want to work out how the 
senescent cells participate in the disease.” 

The discovery could be a lead for a treatment. “There are 
drugs, used in cancer treatment, that eliminate senescent 
cells. We want to test whether these would work for LN. 
Besides that, the results may provide us with a prognostic 
marker. Biopsies taken to make a diagnosis of LN can be 
analyzed for markers of senescent cells, to see if they have 
the power to predict how the disease will develop in the 
coming years.”

Collaboration is an indispensable aspect of the team’s 
work. They work together with immunologists within the 
Institute and have strong links with the rheumatology 
department at University Hospital Saint-Luc. PhD student 
Cécile Boulanger works half her time in the lab and the 
other half as physician in the pediatric hematology and 
oncology department of the hospital. “For some of the 
children that I see in the clinic, I try to identify the genetic 
cause of their disease.” 

Sometimes the research has directly led to a better treat-
ment. This was the case for a 9-year-old boy with Aicardi-
Goutières syndrome, a rare brain disease. Cécile Boulanger 
noticed that he had a sign not usually associated with 
this syndrome: the virtual absence of B cells in his blood. 
Through analysis of his genetic data, she discovered that 

the boy had a second disorder called Bruton’s disease. He 
is now treated with immunoglobulins, antibodies that 
are normally produced by B cells, which help him to �ght 
infections. In another case, she identi�ed a genetic variant 
that modi�es a major regulator of the immune system, 
in DNA from a 10-year-old girl who was chronically and 
severely ill. The same variant was present in archived DNA 
from her mother, who had passed away from a similar 
condition. The girl now receives a treatment that targets 
this speci�c molecule. 

These rewarding results motivate Cécile Boulanger to 
combine the two intensive jobs, though it is often di�cult 
to divide her time. “I feel that the research I do also makes 
me a better doctor.”

The genetic research that the team performs is labori-
ous work. “We always �nd thousands of ‘genetic variants’, 
that is, nucleotides that di�er between people. Most of 
them are harmless, the challenge is to identify which ones 
cause the disease. In around 30 percent of the persons 
with immune diseases, we can �nd a genetic cause. In 
others, the cause may lie in the other, non-coding part 
of the genome or in epigenetic factors.” Results are thus 
not guaranteed, but this cannot temper Nisha Limaye’s 
enthusiasm. “I love to do research, to be free to follow my 
curiosity. Sometimes it feels like I’m paid to play.”

“ We always �nd thousands of 
‘genetic variants’, the challenge is 
to identify which ones cause the 

disease.”

.
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WHEN THE CELLULAR COMMUNICATION FAILS

Receptors are the cells’ antennas that receive messages from other cells. Jean-
Baptiste Demoulin studies one type of them, the PDGF receptor. Errors in the 
genetic code of the receptor can lead to a variety of diseases. For one of these 

diseases, his team found a treatment.

PDGF (Platelet-derived growth factor) is an important mes-
senger molecule in our body. It plays a role in embryonic 
development, but also in later life, for example in wound 
healing. PDGF instructs its target cell by binding to a mol-
ecule on the cell surface, the PDGF receptor. Jean-Baptiste 
Demoulin got acquainted with the PDGF receptor during 
his post-doc study at the Ludwig Institute in Sweden and 
has been studying it since then. “There are so many things 
about the receptor that we don’t know yet.” 

He especially looks at the roles of the receptor in human 
diseases. These are many and diverse. The receptor is 
involved in certain types of leukemia and tumors, and 
in non-cancerous diseases such as atherosclerosis, �bro-
sis and neurological disorders. His team studies these in 
collaboration with clinicians. To obtain data and samples, 
but also to share knowledge. “We have expertise in bio-
chemistry and molecular biology. Physicians who treat the 
patients have a better feeling of what is really happening 
in the disease”, Jean-Baptiste Demoulin says. 

His team is working together with Dr. Gaël Nicolas of the 
university of Rouen on a rare neurodegenerative disease 
called primary familial brain calci�cation. The disease, 
characterized by the deposit of calcium salts in the brain, 
can lead to a range of motor, cognitive and psychiatric 
symptoms. Some ten years ago, Dr. Nicolas found that a 
patient had a mutation in the PDGF receptor, which was 

characterized by Jean-Baptiste Demoulin. It was the �rst 
time that the receptor was linked to brain calci�cation, but 
since then, many more patients with a mutated receptor 
were found. 

Recently, the team has performed an in-depth analysis 
of how these mutations a�ect the PDGF receptor, again 
in collaboration with Dr. Nicolas. They also included the 
mutation of a girl whose mother contacted the team 
directly to obtain information about her uncertain diag-
nosis. Using cultured cells and biochemical assays, they 
found that all pathogenic mutations lead to an inactive 
receptor, however this happens in di�erent ways. Some 
mutations hinder the expression on the cell surface, others 
make the receptor unable to bind to PDGF and a third 
mechanism induces the loss of enzymatic activity. Some 
mutations, which were initially thought to be pathogenic, 
were found to have very little e�ect on the receptor. 

The new knowledge makes a better diagnosis possible. “If 
a patient has one of these mutations in the PDGF gene, 
a diagnosis can immediately be made. We also corrected 
mistakes made in the diagnoses of some patients. But 
unfortunately it does not give leads for a treatment. If a 
receptor works too much, we can block it. But if it does 
not work, it’s not easy to restore its function”, says Jean-
Baptiste Demoulin. 
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It’s the other way around in infantile myo�bromatosis (IM), 
a disease the team has been studying for about seven 
years now. IM are rare tumors that can grow in various 
places of the body. They mostly occur in children under 2 
years. “The tumors are benign, but if they grow large, they 
may cause serious injury. If they are in the head, they can 
damage the brain, and in the abdomen they may harm 
organs. It can lead to permanent damage and some chil-
dren die of the disease.”

The team of Jean-Baptiste Demoulin found that in chil-
dren with the disease, the PDGF receptor is overactive. 
“Normally, when PDGF binds to the receptor, a brief signal 
is triggered inside the cell. In infantile myo�bromatosis, 
the receptor signals continuously, also without PDGF.” 

Based on this �nding, the team had an idea for a treat-
ment. “A drug named imatinib, which is used in some 
leukemias, is a potent inhibitor of the signaling activity 
of PDGF receptors. We �rst tested it on cultured cells of 
one patient and this worked well. Because it was already 
approved, it could then be used in the patient. This was 
a 10-year-old American boy who had myo�bromatosis 
and skin problems that caused contraction of the hands. 
I remember well that the MD of the boy called me after 
the treatment had started, and said that the boy could lace 
his shoes! The drug has greatly improved the quality of his 
life, even though it limits his growth as a side-e�ect.” This 

was 7 years ago. Since then, some other children have also 
been treated successfully with the drug. 

Having studied the receptor for many years, Jean-Baptiste 
Demoulin has become the world expert in the �eld. 
Clinicians from across the world ask him for advice. A few 
years ago, he was contacted by a London clinician who 
had a patient with histiocytosis, a rare disease a�ecting 
immune cells. The cause of the disease was unknown, but 
genetic analyses showed a mutation in the PDGF recep-
tor gene. “We analyzed the mutation and found that it 
was activating the receptor. Recently, we found a second 
patient with this mutation, con�rming a true relationship 
between the histiocytosis and the receptor.”

Still as eager to study ‘his’ receptor as he was 20 years ago 
during his post-doc, Jean-Baptiste Demoulin has many 
more questions he wants to answer. “Why does the acti-
vated receptor lead to myo�bromatosis in one patient and 
to histiocytosis in another? That really puzzles me. We also 
try to �nd another inhibitor of the PDGF receptor, with 
fewer side e�ects. And we continue to work on brain cal-
ci�cation. If we understand the receptor better, we might 
at some point �nd a treatment.”

“ There are so many things 
about the PDGF receptor that we 

don’t know yet.”

.
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REINFORCE THE DEFENSE

Cancer immunotherapy has emerged as a new treatment for various cancers. Its 
development started with discoveries by the team of Thierry Boon, with Pierre 
Coulie as one of the members. Today, he explores the immunological activity in 

early stage tumors. Immunotherapy will remain a key treatment of cancer, he 
expects.

The immune system can speci�cally detect and eliminate 
pathogens, without touching normal cells. Stimulating 
this ability, by vaccines, has long been a common practice 
to �ght bacteria and viruses. That the immune system 
could also eliminate cancer was proposed, back in the ‘50s, 
but never proven. “It was a nice dream”, says Pierre Coulie.

The �rst step from dream to reality was set at de Duve 
Institute (called ICP at the time). In the mid-’80s, Thierry 
Boon demonstrated for the �rst time that the human 
immune system can indeed detect and speci�cally elimi-
nate cancer cells. Young MD Pierre Coulie joined the team 
of Thierry Boon in this exciting time. Having worked at the 
Institute since 1976, �rst as a medical student, then as PhD 
student and researcher in the group of Jacques Van Snick, 
he was attracted to the unconventional research style of 
Thierry Boon. “Most researchers were following the same 
tracks. Thierry Boon’s approach was completely out of the 
classical pathway. He attacked problems that could not be 
answered at the time.”

The novelty of the team’s approach was to look into the 
genetic make-up of the cancer cells. While designing new 
ways to experiment, they succeeded to identify the mole-
cules on the cancer cells’ surfaces (antigens) that immune 
cells recognize and the genes that code for them. The 
discoveries they made are now textbook material.

The work of the team led to a large, worldwide interest in 
cancer immunology. Pierre Coulie: “Once it became clear 
that immune cells can recognize tumor cells, we knew 
there would be ways to stimulate the anti-cancer activity.” 
At the Institute, an enormous e�ort was undertaken to 
develop therapeutic cancer vaccines. With support of the 
Ludwig Institute, scientists from the Institute collaborated 
with University Hospital Saint-Luc and other hospitals in 
Belgium and abroad, as well as several pharmaceutical 
companies, to set up clinical trials. But the outcome was 
disappointing. “Sometimes the results were exciting, 
but never good enough to be developed further. Some 
patients responded, but they were too few. As the results 
accumulated, people lost interest”, says Pierre Coulie.

Then there was an unexpected turn, when other labs 
made a breakthrough with immune-stimulating drugs. 
These drugs boosted the complete immune system, not 
only the tumor-speci�c response as Thierry Boon’s team 
envisioned. “It was transformative. Many more patients 
responded, sometimes tumors were rejected and metas-
tases prevented. The success came as a surprise. Almost 
nobody had anticipated that the anti-tumor response 
could be boosted like that to have a clinical impact. It 
was also expected to trigger enormous problems with 
autoimmunity. Which it also did, but over the years clini-
cians devised ways to circumvent these e�ects, which are 
nevertheless still present.”
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The drugs showed some miraculous results. Pierre Coulie: 
“Patients with melanoma and lung cancer, who had no 
treatment options left, recovered after treatment. Even 
some patients with brain metastases are still alive ten 
years later. This has never happened before.” 

Despite the fantastic clinical results, the number of 
patients responding to the treatment remains low. Since 
he started his own group, the charismatic scientist inves-
tigates why immunotherapy works in some patients and 
not in others. “Our objective is to understand the status 
of the immune system in these tumors. Is it active? If not, 
are tumor cells ignored by the system because they are 
not recognized? Or has the immune response been active 
before, but has the tumor become resistant? In the �rst 
case, we should look for ways to make tumor cells seen by 
the immune system. In the second, the question is how we 
can circumvent the resistance.” Pierre Coulie’s team tries to 
answer these questions by studying samples from patients 
with breast and bladder cancer. “We are looking at the very 
early stages of breast cancer, called in situ carcinoma. At 
this stage, there are very small tumors that may grow and 
cause cancer, but can also disappear. In some patients, 
we observed immunological activity in these early stages. 
Bladder carcinoma”, he continues, “is super�cial and often 
detected early. Interesting is that certain types are treated 
with BCG, a vaccine for tuberculosis consisting of living 
bacteria. In a signi�cant proportion of the patients it helps 

to shrink the tumor. This is probably immune-mediated, 
but nobody knows how it works. Our hypothesis is that 
in�ammation stimulates the immune response.”  

Understanding the immune responses in early stages of 
a tumor can widen the applicability of immunotherapy, 
believes Pierre Coulie. “The future of cancer treatment is 
early detection followed by immunotherapy combined 
with other treatments, there is little doubt about that. 
Many promising new modalities of immunotherapy are 
explored. Like the genetic manipulation of immune cells: 
cells are taken from a patient, endowed with anti-tumor 
speci�city and then re-injected. Or mRNA vaccines, which 
are now used for COVID, but were actually being devel-
oped for cancer. These can be combined with new tech-
niques for early detection, such as sequencing tumor DNA 
in the blood. Detecting tumor cells before they are too 
many, makes treatment much more e�ective.”

Cancer immunology has been a thriving �eld since he 
entered it, �nds Pierre Coulie, who has become a highly 
regarded professor in and outside the Institute. Next to 
being a gifted immunologist, he is a beloved teacher and 
holds various social positions, such as president of the 
Foundation against Cancer. But humbleness stays one of 
his virtues. “I landed in this fantastic �eld by chance and 
feel extremely privileged to work in this interesting envi-
ronment, surrounded by smart and enthusiastic people.”

“ Once it became clear that 
immune cells can recognize tumor 

cells, we knew there would be 
ways to stimulate the anti-cancer 

activity. ”
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SPAGHETTI-LIKE PROTEIN ESSENTIAL FOR 
BACTERIUM’S DEFENSE

Bacteria are increasingly resistant to antibiotics, which 
is a major global health problem. Under the motto “To 
�ght your enemy, you have to know his strengths and 
weaknesses”, the laboratory of Jean-François Collet tries 
to understand how bacteria defend themselves. 

Bacteria have one or two boundary walls (membranes) 
to protect themselves from invaders such as antibiotics. 
The walls are made up of proteins with speci�c structures 
that determine their function. In the outer protective wall, 
in particular lipoproteins are found, which are proteins 
attached to the wall via a lipid (fatty) anchor. These lipo-
proteins participate in the construction of the wall, in its 
maintenance and in its defense, thus allowing the bacteria 
to live and to conquer.

Jessica El Rayes, researcher in Jean-François Collet’s team, 
observed that between the active part of the lipoprotein 

and the lipid part, there is a sequence without structure, 
which resembles cooked spaghetti: all soft and able to 
adapt its shape as it desires. Though little research has 
been done on these unstructured sequences, they are 
present in many bacteria such as E. coli or Borrelia (Lyme 
disease). 

The researcher found that the bacterium was weakened 
when the ‘soft spaghetti’ was transformed into spirelli or 
when it was shortened into angel’s hair. This demonstrates 
the essential role of the disordered sequence: without it, 
the lipoproteins no longer reach the surrounding wall and 
the bacterium is weakened. This �nding also shows that 
there are still many regions within proteins that we know 
nothing about.

A NEW NEUROLOGICAL DISEASE CAUSED BY 
GLUCOSE-1,6-BISPHOSPHATE DEFICIENCY

It has long been known that the brain contains a lot of 
a molecule called glucose-1,6-bisphosphate (because it 
contains glucose and two phosphates), but it was unclear 
why we have so much of it in the brain (and we think 
particularly in neurons) and whether it plays an important 
role or not. About ten years ago, Maria Veiga-da-Cunha 
and Emile Van Schaftingen identi�ed the gene that codes 
for the enzyme that makes this molecule. Recently, this has 
led to the discovery of four patients in whom the enzyme 
in question does not function and who have therefore 
a glucose-1,6-bisphosphate de�ciency. The researchers 
have described the clinical and biochemical characteri-
zation of this new neurological disease in The American 
Journal of Human Genetics.  

The patients were discovered ‘by chance’. At present, when 
faced with patients, especially very young ones, whose 
disease is not understood, clinicians often ask geneticists 
to sequence their genome to see if they can �nd mutated 

gene(s) that could explain the disease. Geneticists share 
their �ndings concerning mutated genes in databases. By 
searching these databases, Maria Veiga-da-Cunha and her 
team were able to get in touch with clinicians who care for 
the four patients (two in the USA, one in Austria and one 
in Denmark). This allowed them to obtain cells from the 
patients to study them in their laboratory. 

These young patients have serious neurological problems, 
including motor and language development. Following 
the discovery of this new disease, they now know that it is 
important to have glucose-1,6-bisphosphate in the brain. 
They continue their work to try to understand why, with 
the serious hope of making a scienti�c breakthrough that 
will be useful for patients.

Reference
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NEW INSIGHTS IN HOW CANCER CELLS CAN KEEP 
ON DIVIDING

Telomeres are specialized structures found at the ends of 
our chromosomes. These ‘protective caps’ are important in 
the aging process. Every time a cell divides, the telomeres 
get shorter. When the telomere length becomes too short, 
the cell can no longer replicate and goes into senescence. 

Cancer cells circumvent entry into senescence and attain 
immortality by maintaining their telomere length. They 
can do so in two ways. Most cancer cells reactivate the 
enzyme telomerase that restores telomere length. An 
estimated 10% of cancers (and up to 20% of pediatric 
cancers) hijacks cellular DNA replication and repair factors 
in a mechanism called alternative lengthening of telo-
meres (ALT). 

The group of Anabelle Decottignies has previously found 
indications that these two mechanisms mutually exclude 
each other and cannot coexist in one cell. In recent 

research they further explored the interplay between the 
telomerase and ALT pathways. In their studies they used 
hybrid cells, made by hybridization of a telomerase-ex-
pressing cell and an ALT-positive cell, as well as various 
cultured cancer cells. 

They found more evidence that the two mechanisms 
indeed cannot coexist and obtained new insight in the 
complex interference between them. They also unrav-
elled that, in ALT cancer cells, the RNA molecule hTR 
and the protein NHP2 have a crucial role in regulating 
the DNA damage response that leads to senescence. The 
results suggest that hyper-activation of the DNA damage 
response, through the modulation of hTR signaling, may 
be a valid option for future therapies targeting cancer cells 
with the ALT mechanism.

MECHANISM UNCOVERED FOR THE SYSTEMIC 
CONTROL OF AN IMMUNE- AND MOOD-REGULATING 
AMINO ACID

Tryptophan is an important amino acid in our body. It 
is the precursor of neuro-active compounds that regu-
late our mood and also a potent regulator of immune 
responses. We get tryptophan from our food and the 
intake thus varies largely. However, the levels in the blood 
are remarkably constant. The group of Benoit Van den 
Eynde recently uncovered the mechanisms that ensure 
this homeostasis.

Tryptophan is degraded in the liver by an enzyme called 
tryptophan 2,3-dioxygenase (TDO). The group discov-
ered how tryptophan itself regulates the stability of the 
enzyme complex. The enzyme contains two types of tryp-
tophan-binding sites: catalytic sites, which are responsi-
ble for tryptophan degradation, and noncatalytic sites, 
which regulate the enzyme’s stability. Simon Klaessens, 
researcher in the group, showed that binding of tryp-
tophan to the noncatalytic sites stabilizes the enzyme 

complex by reducing its destruction by the proteasome. 
So, when tryptophan is abundant, it induces its own deg-
radation. When tryptophan is scarce, it detaches from the 
noncatalytic sites. This leads to dissociation of the enzyme 
complex and the unmasking of a site, called degron, that 
triggers its degradation by the ubiquitin-proteasome sys-
tem. The degradation of tryptophan is thus interrupted 
and the blood level maintained. The group also identi�ed 
the location of the degron as well as the protein complex 
that mediates the destruction of the enzyme. 

The results provide a framework to manipulate the tryp-
tophan blood levels, using TDO inhibitors to increase it 
and TDO stabilizers to reduce it. This could be of medical 
interest for the management of mood disorders, autoim-
mune disorders, and cancer.

Reference
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INCREASED KRAS EXPRESSION INITIATES
PANCREATIC CANCER

Pancreatic cancer is one of the most aggressive and deadly 
cancers, with only an 8% survival rate after 5 years. A gene 
called KRAS, a so-called oncogene, appears to play an 
important role in this cancer. Although KRAS is mutated 
in about 30% of cancers, this mutation is particularly com-
mon in pancreatic cancer, with almost 95% of patients 
a�ected. 

Patrick Jacquemin and his team developed a tool to visu-
alize the expression of KRAS protein in pancreatic tissue. 
They developed two new mouse models in which the 
protein (the normal version or the mutated version) has 
been fused to a �uorescent protein. This made it possible 
to visualize, for the very �rst time, the expression pattern 
of KRAS in the pancreas and the cancer that derives from it. 

Using these models, Mohamad Assi, post-doc in the 
team, found that KRAS expression, contrary to common 

belief, is not present in all cells of the pancreas, but only 
in a small number of these cells. When the pancreas is 
in�amed, a condition that is a precursor event of pancre-
atic cancer, the majority of these pancreatic cells start to 
express KRAS. He also discovered that the same is true for 
a whole series of proteins essential for KRAS activity, called 
e�ectors. In collaboration with Prof. Mariano Barbacid’s 
team in Madrid, it was shown that one of these e�ectors, 
called C-RAF, plays a determining role in this tumorigenic 
process. The results suggest the interest of targeting the 
expression of oncogenes as a therapeutic option.

NEW MODEL GIVES INSIGHT IN PROGRESSION OF 
CHOLANGIOCARCINOMA

Cholangiocarcinoma (CCA) is a cancer that begins in chol-
angiocytes, the cells that line the bile ducts and gallblad-
der. The prognosis of CCA is dismal. Surgery is the only 
curative treatment, but is often not possible due to a late 
diagnosis. Numerous studies investigated the molecu-
lar mechanisms operating in full-blown CCA, but little is 
known about mechanisms that initiate CCA and promote 
progression toward malignancy. The group of Frédéric 
Lemaigre aims to �ll this knowledge gap. 

To study the initiation of CCA, the group developed a 
mouse model that mimics the development of iCCA (intra-
hepatic CCA). In this model they introduced a mutation in 
the oncogene KRAS, a gene that is often mutated in this 
type of cancer. They succeeded to express the gene only 
in cholangiocytes, and not in other liver cells, which makes 
it possible to speci�cally study iCCA. They then induced 
in�ammation of the liver through a diet to mimic chronic 

cholangitis, a risk factor for the development of iCCA. The 
model developed iCCA-tumors in a way that recapitulates 
the tumorigenesis in humans very well. 

With this model and in vitro studies, the researchers inves-
tigated which signaling pathways drive the development 
of iCCA. They identified a gene-regulatory pathway, 
involving a protein called Tensin-4, that is activated during 
tumorigenesis and which promotes cell proliferation and 
migration.  While it is too early to translate this research 
into improved diagnosis or treatment, the results con-
tribute to our fundamental understanding of the disease 
mechanisms. The researchers will continue their research 
by investigating how the cancer cells interact with their 
local environment to proliferate and migrate.

Reference
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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 the signaling 
mechanisms that regulate cell growth and how 
genetic mutations lead to aberrations in these 
mechanisms, inducing for example blood cancers 
or child tumors. Our institute proudly was at 
the basis of today’s cancer immunotherapy 
treatments. We now investigate how the e�cacy 
of these treatments can be enhanced.
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Stefan Constantinescu

We study how cytokines regulate blood formation via their 
transmembrane receptors, Janus kinases, STAT proteins and other 
signaling pathways. We decipher how blood cancers evolve and can be 
targeted by treatment.

CELL SIGNALING
& MOLECULAR

HEMATOLOGY

Formation of blood requires small proteins, denoted as 
cytokines, such as erythropoietin, thrombopoietin or 

interleukins. These proteins induce survival, growth and 
di�erentiation 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. 
We study how these speci�c receptors assemble on the 
membrane and couple at 
the cell interior to Janus 
Kinases (JAKs), which 
are absolutely required 
to transmit a signal. We 
found that mutations 
in JAKs or in receptors 
themselves, such as the 
receptor for thrombopoi-
etin (TpoR/MPL) confuse 
the cells and make them 
grow inde�nitely, leading 
to blood cancers, specif-
ically myeloproliferative 
neoplasms (MPNs). Our 
hypothesis is that a cura-
tive treatment needs mutant-speci�c inhibitors. To this 
end, we delineated the circuit of JAK2 kinase activation by 
the V617F acquired mutation in the pseudokinase domain 
that could be a target for speci�c inhibition. The same 
strategy is taken for mutants in the TpoR that we discov-
ered in 2006, where mutations in W515 just after the trans-
membrane domain activate the receptor. We reported that 
a region of the extracellular sequence containing residue 
W491 just upstream of the transmembrane sequence is 
required for stabilization of oncogenic forms of TpoR, and 
for their ligand independent activity (Figure). Since this 
region is not required for physiologic function of TpoR, it 

can become a target for therapy given its accessibility to 
protein therapeutics.

We have also discovered that mutations can endow a 
chaperone protein, calreticulin, the oncogenic ability 
to persistently activate the TpoR. This closes the circle 
of major driver mutations in MPNs. The next challenge 

is the delineation of the 
pathway by which MPNs 
evolve to leukemia. We 
also study myeloprolifer-
ation and myeloid leuke-
mia in children, especially 
those being resistant to 
treatment. This work is 
supported by ‘Les avions 
de Sébastien’.

In order to pursue our 
aims, we use molecular 
biology approaches like 
extensive mutagenesis as 
well as functional assays 

as read-outs for structural determinants, biophysical 
approaches, as well as in vivo transgenesis, microscopy 
and fractionation, mouse bone marrow transplantation, 
as well as investigation of primary patient cells.
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The extracellular domain sequence containing W491 above the 
transmembrane domain is required for activation of TpoR by oncogenic 
S505N (middle) and W515K (right) mutations, while the non-mutated 
receptor is monomeric (left).
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Converting nutrients from the environment into 
energy and biomass is a fundamental challenge of 

life. Unicellular organisms, like bacteria or yeasts, face 
this challenge in each cell individually. However, they can 
release certain metabolites as communication signals to 
indicate changes in nutrient availability, the presence of 
environmental stress or to coordinate growth. An import-
ant advantage of multi-cellularity is 
the ability of cells to metabolically 
diversify and work together, with 
metabolites produced in one cell 
type used as nutrients by another. 
In complex organisms such as mam-
mals, metabolites are still used for 
cellular communication, but the 
extent and importance of these 
interactions is not well understood.

One example of a tissue in which 
many different cell types work 
together is the bone marrow, 
where daily 200 billion red blood 
cells, 10 billion white blood cells, 
and 400 billion platelets are made. 
The correct functioning of this pro-
cess relies not only on blood stem 
cells, but also on their interactions 
with other cell types in the bone 
marrow microenvironment such as bone cells, blood 
vessel cells, immune cells and connective tissue cells, col-
lectively referred to as the bone marrow niche. The bone 
marrow niche is also involved in the development and 
progression of blood malignancies such as leukemia, in 
which blood stem cells start to grow uncontrollably and 
no longer form normal blood cells. 

Our laboratory explores how metabolic communication 
between di�erent cells in the bone marrow regulates 
blood stem cell function, blood cell production and leu-
kemia growth. We use state-of-the-art metabolic analysis 
techniques in combination with cell and animal models 
to investigate how metabolites produced by one cell type 
in�uence the behavior of the other cells in its environ-

ment. The goal of our research is to 
identify niche-derived metabolic 
signals important for the main-
tenance of blood stem cells and 
the production of red blood cells, 
white blood cells and platelets. 
This information can then be used 
to improve bone marrow transplan-
tation or help in the treatment of 
blood diseases. By comparing nor-
mal and leukemic blood cell pro-
duction, we further aim to identify 
changes in metabolic communica-
tion systems that can be targeted 
to reduce the growth of leukemia 
cells or improve the e�cacy of 
current treatment methods such 
as chemotherapy.

Nick van Gastel

We aim to understand how metabolic interactions between cells in the 
bone marrow control blood cell production, how these pathways become 

dysregulated in leukemia, and how we can leverage this information for 
therapeutic purposes.

CELLULAR

METABOLISM & 
MICROENVIRONMENT
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Microscopy image showing blood vessel cells 
(green) and connective tissue cells (red) in the bone 
marrow of mice, both of which play an important 
role in blood cell formation and leukemia. The blue 
color shows all cells by staining the DNA in their 
nuclei; most of these are blood cells at di�erent 
stages of maturation.
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We have a long-standing interest in platelet-derived 
growth 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 other human diseases. 
We analyze signaling cascades activated by these recep-
tors, with a particular interest for 
transcription factors, such as STAT, 
FOXO, HBP1 and SREBP. Recently, 
the role of micro-RNA (miR), as 
modulators of gene expression and 
cell proliferation, was also investi-
gated.

PDGF receptors can be aberrantly 
activated by gene mutation or 
gene fusion in cancer. Gene fusions 
involving PDGF receptors cause a 
rare type of leukemia character-
ized by proliferation of eosinophils 
(a blood cell type). Our team has 
studied the mechanism whereby 
these fusion products stimulate 
cell growth and differentiation 
into eosinophils by introducing 
mutated receptors in hematopoi-
etic progenitors. In collaboration with the hematology 
unit of the University Hospital Saint-Luc, we also discov-
ered new fusion genes. 

Recently, using deep sequencing, we identi�ed mutations 
in PDGFRB as a cause of childhood soft tissue tumors 
(infantile myo�bromatosis). The disease is characterized 
by the presence of multiple tumor masses, which can 
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 su�ering from rare congenital disorders, such 
as Kosaki overgrowth syndrome, Penttinen syndrome, or 
hereditary progressive mucinous histiocytosis. In a pre-
clinical study, we showed that these mutants are sensitive 
to a drug named imatinib, which potently blocks PDGF 

receptors. Based on our results, this 
drug was tested successfully in a 
child harboring a germline PDGFRB
mutation.

Finally, dominant PDGFRB muta-
tions were also associated with 
primary familial brain calci�cation 
(formerly ‘Fahr disease’). In this case, 
patients do not develop tumors, 
but su�er 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 di�erent human diseases. 
Our promising results suggest that 

some patients may bene�t from PDGF receptor inhibitors. 
We now aim to understand these diseases in more detail 
and validate treatments. 

Our team analyzes the signaling pathways that promote cancer cell 
proliferation. Recently, we made signi�cant progress in understanding 
infantile myo�bromatosis. We showed that these life-threatening tumors 
are caused by PDGFRB gene mutations and identi�ed a treatment.

CANCER SIGNALING

Jean-Baptiste Demoulin

Disease-causing mutations (indicated by colored 
spheres) in the PDGF receptor kinase domain.
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Our immune system protects us by detecting and 
destroying foreign bodies like bacteria and viruses. 

Key e�ectors in this process are T cells, a type of white 
blood cells. T cells can also recognize tumor cells, as 
demonstrated by T. Boon and colleagues at de Duve 
Institute when they discovered the speci�c markers recog-
nized on tumor cells. It paved the way for clinical applica-
tions and remarkable clinical results 
have been obtained since 2010 with 
immunostimulatory antibodies that 
enhance the activity of anti-tumor 
T cells. However, many patients do 
not respond to currently available 
immunotherapies. We try to under-
stand the mechanisms of these 
limitations to eventually improve 
cancer immunotherapy.

One project focuses on T cells 
present within human breast tumors. We observed that 
anti-tumor T cells were often absent from these tumors, 
the simplest explanation being that T cells have nothing 
to recognize on breast tumor cells. Now we study the ear-
liest stage of breast cancer, the so-called in situ carcino-
mas, asking whether anti-tumor immunity would not be 
stronger there than in more advanced tumors. Thus far we 
have no clear evidence for that, and instead we observed 
activated regulatory T cells, which are known to suppress 
immune responses. We study also bladder carcinomas, 
trying to understand the mechanism behind the clinical 
e�cacy, in some patients, of instillations of live BCG, the 
bacteria that constitute the anti-tuberculosis vaccine.

Another project deals with in�ammation, which is normally 
a local response to microbes or various types of cellular 
stress. In�ammation depends on soluble factors, notably 

cytokines including IL-1β. In nascent cancer, in�ammatory 
signals are faint and probably often absent. Increasing 
them locally could induce or increase anti-tumor T cell 
responses. In this context, we study the secretion of IL-1β 
by monocytes, another type of white blood cells and an 
important source of IL-1β. Monocytes can secrete IL-1β 
while they die, thus releasing their intracellular content. 

However we have observed that 
under certain conditions monocytes 
secrete IL-1β but do not die. We try 
to understand the mechanism of this 
secretion. Using CRISPR-Cas9 librar-
ies we identi�ed genes involved in 
this secretion. Speci�cally blocking 
or increasing IL-1β secretion could 
have important medical applications 
in chronic in�ammatory diseases or 
cancer.

Pierre Coulie

Cancer immunotherapy is a breakthrough but only for a minority of 
cancer patients. We explore early stage tumors for signs of anti-tumor T 

cell immune responses, such as antigenicity and in�ammation.

HUMAN TUMOR

IMMUNOLOGY
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“ Analyzing human tumors 
at a very early stage, which 
is possible for example with 
in situ breast carcinomas, is 
key to understand why anti-

tumor immunity is present or 
absent in a given patient.”
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Immune cells protect us against infections and cancer 
because they can kill 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 control of immune 
cells, which they suppress 
to prevent auto-destruc-
tive reactions. Patients 
with insufficient Tregs 
su�er from autoimmune 
diseases. In contrast, 
excessive Treg function 
contributes to cancer 
progression and chronic 
infections.  

We try to identify the 
mechanisms by which 
Tregs suppress immune 
responses. We found that 
Tregs produce a protein 
called TGF-β1, which acts 
as an inhibitory messen-
ger on immune cells. We 
also found that production of the immunosuppressive 
TGF-β1 requires another Treg protein called GARP. We 
developed tools (e.g. monoclonal antibodies) that bind 
GARP and block TGF-β1 production by Tregs. We used 
x-ray crystallography to solve the 3D structure of a protein 
assembly comprising GARP, TGF-β1 and a blocking anti-
body (Figure). This allowed us to understand how GARP 
presents TGF-β1 for activation on Tregs, and how our anti-
body actually blocks this process. We explored in mouse 
models whether anti-GARP antibodies could be used as 
drugs to block Treg immunosuppression in patients suf-
fering from cancer. We observed in several mouse models 

of cancer that anti-GARP antibodies favor the elimination 
of tumors when they are combined to another approach 
of cancer immunotherapy known as PD1/PD-L1 blockade. 
The latter is the best currently available immunothera-
peutic approach, but it is still insu�ciently e�cient when 

used on its own in most 
patients. We also reported 
that anti-GARP antibodies 
act in the mouse tumor 
microenvironment by 
modifying the function 
and abundance not only 
of immune cells such as 
T cells and Tregs, but also 
that of other non-im-
mune and non-cancerous 
cells such as endothelial 
cells. Our antibodies were 
licensed to a pharma-
ceutical company, and a 
clinical trial was initiated 
in March 2019. We are 
now participating to the 
trial, in collaboration with 

University Hospital Saint-Luc. We will have the opportunity 
to study in depth the anti-tumor immune responses that 
may occur in the few patients who will receive the anti-
GARP antibodies that were developed in our laboratory.

Sophie Lucas

The immune system defends us against cancer and infections, but requires 
tight control to avoid allergy or auto-immunity. We study how Tregs and 
TGF-β control immune responses, hoping to design immunotherapeutic 
approaches for cancer or auto-immunity.

REGULATORY T CELLS

& TGF-β
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3D structure of TGF-β1 presented by GARP on Tregs, blocked by an anti-
GARP antibody which could serve for the immunotherapy of cancer.
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Cancer immunotherapy works by helping the immune 
system to �ght cancer. Its cornerstone is the notion, 

pioneered at de Duve Institute, that tumor cells express 
markers, called ‘tumor antigens’, which are absent on 
normal cells and allow the immune system to identify 
and destroy cancer cells. These tumor antigens are rec-
ognized by cytolytic T lympho-
cytes, 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 immunosup-
pressive factors that paralyze the 
immune system. Our group stud-
ies these mechanisms, hoping to 
devise therapeutic strategies able 
to counteract resistance to immu-
notherapy. 

Tumor antigens are made of 
small protein fragments, named 
peptides, which are presented 
at the cell surface by class I 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 di�erent types of prote-
asomes, which di�er 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 
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 research-
ing the immunosuppressive 
mechanisms acting in the tumor 
microenvironment. We observed 
that tumors can selectively induce 
the death of T lymphocytes by 
apoptosis, and can produce 
immunosuppressive factors such 
as tumor-growth factor beta 
(TGFβ). Tumors also paralyze T 
lymphocytes by starving them of 
key amino acids, such as trypto-
phan. They do so by expressing 
enzymes, such as  indoleamine 
dioxygenase (IDO) and trypto-
phan dioxygenase (TDO), which 
rapidly degrade tryptophan. We 

try to develop therapeutic strategies that can block these 
immunosuppressive mechanisms and thereby improve 
the clinical e�cacy of cancer immunotherapy. 

Benoit Van den Eynde

Cancer immunotherapy is showing clinical bene�t in a subset of cancer 
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.

IMPROVING CANCER

IMMUNOTHERAPY
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A T lymphocyte (green) in the tumor microenviron-
ment (blue) is undergoing apoptosis and disappear-
ing (red).
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Most tumors are not ignored by the immune system of 
cancer patients. They contain immune cells, particu-

larly T cells directed against tumor antigens.

In the ‘90s we identi�ed the gene MAGE-1, which encodes 
the �rst known antigen that is expressed by many tumors 
but not by normal tissues, and that is recognized by cyto-
lytic T lymphocytes. We subsequently identi�ed genes 
with the same expression pro�les (e.g. gene families MAGE, 
BAGE, and GAGE). Antigenic pep-
tides encoded by these genes can 
be recognized by both CD4 and CD8 
T cells. We designed approaches to 
identify the antigenic peptides and 
measure patients’ T cell responses to 
vaccines.  

Today, we remain dedicated to 
studying T cells and the di�erent 
immunosuppressive mechanisms that operate in human 
tumors. Tumor-in�ltrating T cells (TILs) are often dysfunc-
tional, and we focus on three factors that might limit 
TIL function: extracellular galectins, TIL exhaustion and 
myeloid-derived suppressor cells (MDSCs). We discovered 
that extracellular galectin-3 secreted by tumor cells and 
macrophages binds glycoproteins at the T cell surface, 
which blocks human TIL functions.

TILs become less functional in tumors, a phenomenon 
often named exhaustion. We are characterizing in-depth 
CD8 T cells in�ltrating human tumors functionally, phe-
notypically and molecularly. We abrogate or increase the 
expression of speci�c transcription factors to study how 
they contribute to or prevent TIL exhaustion. The results 
may help to improve adoptive transfer therapies with 
engineered CAR-T cells. 

We also ask how MDSCs impede T cell functions. While 
rare in healthy individuals, MDSCs are found in greater 
numbers in patients with some chronic diseases or cancer. 
We assess the suppressive functions of MDSCs from blood 
and tumors in T cell co-cultures and by transcriptomic 
approaches. 

Most of our clinical samples are obtained from patients suf-
fering from either ovarian or lung cancer. Ovarian cancer 

is often diagnosed at an advanced 
stage and patients receive chemo-
therapy before surgery. However, 
today it is still impossible to predict 
if and how a patient will respond to 
chemotherapy. To explain the het-
erogeneous responses to chemo-
therapy, we collect samples before 
and after treatment, and we study 
the immune cells, the tumor micro-

environment and the genetics of the tumors. For lung 
cancer, chemotherapy and immune checkpoint inhibitors 
are the standard of care. To achieve the best outcomes 
for patients and to minimize side e�ects, it is important 
to predict how patients will respond to treatment. We 
examine if high level of MDSCs in the blood before treat-
ment correlates to poor clinical response rates. We dream 
of identifying factors that could predict therapeutic out-
comes or that could be targeted to improve the clinical 
management of future patients.

Pierre van der Bruggen

We study the interactions between cancer cells and the human immune 
system. We ask why tumor-in�ltrating lymphocytes (TILs) are often 
unable to eliminate tumors, and aim to �nd strategies to overcome this 
challenge.

T LYMPHOCYTE

DYSFUNCTION
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“ There is a need to 
understand how myeloid-
derived suppressor cells, 

which are present in most 
cancer patients, participate 
in immune suppression.”



GENETICS AND

DEVELOPMENT

All cells of a human body originate from one 
cell that, directed by the genetic information, 
divides, grows and di�erentiates into a fully 
functional organism. How do our cells develop 
in the embryo? Which genetic mutations lead 
to diseases? How do cells maintain themselves 
during a lifetime and how do they age? How is 
the expression of genes regulated? Our groups in 
genetics and development try to elucidate these 
secrets of life.

3D imaging of the close association of blood vessels 
(in green) with pancreatic epithelial cells (in red)

(imaging platform, Pierreux’s group)
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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 sinusoïds, stretching of muscle 
cells during contraction or pressure exerted by tumors 
on surrounding cells. We aim at elucidating how plasma 
membrane lipid composition and biophysical properties 
contribute to cell deformation, 
as a prerequisite towards under-
standing diseases.  

We mainly use RBCs, as the sim-
plest and best-characterized 
human cell model with remarkable 
deformability. Using high-resolu-
tion confocal imaging and atomic 
force microscopy (coll. D. Alsteens, 
UCLouvain), we discovered the 
existence of stable submicromet-
ric lipid domains at the living RBC plasma membrane. 
Three types of domains coexist, showing di�erential com-
position, membrane curvature association, lipid order and 
role in RBC deformation. Cholesterol-enriched domains 
contribute to RBC deformation through their gathering in 
highly curved membrane areas. The two other domains, 
coenriched in cholesterol and sphingolipids, increase in 
abundance upon calcium in�ux and e�ux respectively, 
suggesting they could provide platforms for the recruit-
ment and/or activation of proteins involved in calcium 
exchanges.

At the end of their lifetime, RBCs become less deformable 
and lose part of their membrane by extracellular vesicle 
(EV) release. EV release is also relevant to blood tubes 
stored at 4°C and accompanied by the loss of cholester-
ol-enriched domains, suggesting they could represent 

sites susceptible to vesiculation. Despite a lower extent 
of vesiculation, this relationship is also relevant to RBC 
concentrates at the end of the conservation period (coll. 
Croix-Rouge de Belgique), opening the possibility of tar-
geting cholesterol to limit EV release in RBC concentrates 
before transfusion. 

Membrane lipid domains and 
biophysical properties are dereg-
ulated in RBC-related diseases, 
including spherocytosis, elliptocy-
tosis (coll. B. Brichard & C. Lambert, 
University Hospital Saint-Luc) 
and hypobetalipoproteinemia. 
Extension to erythroleukemia, a 
rare type of acute myeloid leuke-
mia with poor prognosis is ongo-
ing (coll. V. Havelange).

We recently started to explore the contribution of plasma 
membrane lipids for myoblast migration and fusion into 
myotubes and for breast cancer cell invasion. Both myo-
blasts and mammary cells exhibit di�erent types of lipid 
domains with distinct roles in cell migration. Moreover, 
the comparison of malignant with pre- and non-malig-
nant cells reveals that cholesterol-enriched domains and 
plasma membrane biophysical properties are deregulated 
in breast cancer (coll. D. Alsteens) and that the decrease 
of cholesterol content speci�cally inhibits invasion of the 
malignant cells. Our data open the possibility to target 
cholesterol by a pharmaceutical approach in breast cancer. 

Cell deformation is critical for numerous pathophysiological processes. 
Our group explores how plasma membrane biophysical properties 
contribute with the cytoskeleton and membrane bending proteins to cell 
deformation and how this interplay is deregulated in diseases.

MEMBRANE BIOLOGY

Donatienne Tyteca

“ Elucidating the role of 
membrane lipids in disease 
paves the way towards use 

as diagnostic biomarker and 
manipulation for therapeutical 

bene�t.”



26 | Research

Our immune system, responsible for defending us 
against harmful pathogens such as certain bacteria 

and viruses, can sometimes turn on us. It may mistake 
components of our own cells for foreign invaders, or react 
too zealously against perceived 
threats, causing signi�cant collat-
eral damage to our own tissues 
and organs. The resulting autoim-
munity and systemic autoin�am-
mation can be devastating. On the 
�ip-side, inadequate surveillance 
or responsiveness of the immune 
system to abnormal ‘self’ cells can 
allow for the unchecked growth of 
cancers. 

Our laboratory explores the con-
tribution of genetics to immune 
dysfunction, in rheumatic (auto-
immune, autoin�ammatory) con-
ditions such as systemic sclerosis 
and systemic lupus erythemato-
sus, and in Hodgkin lymphoma, 
a hematological malignancy. In 
very rare cases, these diseases 
run in families. By sequencing the 
genomes of multiple members of 
such families, we identify genetic 
variants that are shared by the a�ected individuals, but 
not their healthy relatives. These genes may therefore 
contribute to disease. 

This is no trivial task: we all carry tens-of-thousands of 
genetic variants, i.e., have slightly di�erent ‘versions’ of 
each gene, relative to one another. The more closely 
related we are, the more of these variants we share with 

each other. A tremendous amount of accumulated infor-
mation, knowledge-based predictions, and data-process-
ing is therefore required to distinguish the one-to-a-few 
genetic variants that actually impact disease, from the 

thousands of others incidentally 
shared by family members. Once 
we identify a genetic variant that 
we hypothesize may cause disease, 
we test for functional evidence 
of its impact: we induce cells to 
express the faulty version of the 
gene, and study how this changes 
their appearance, behavior and 
function. 

Another important focus of our 
research is the organs that are 
damaged by systemic immune 
dysfunction. More speci�cally, we 
study the interaction between 
immune and non-immune cells 
in the kidney in lupus nephritis, 
a frequent and severe complica-
tion of systemic lupus erythema-
tosus. Our goal is to understand 
why some patients go on to have 
chronic or even end-stage renal 
disease despite therapy, while oth-

ers respond well. Ultimately, by understanding the genetic 
and molecular bases of these rare diseases, we seek to 
better predict, prevent, and treat them.

Nisha Limaye

We study genetic factors underlying diseases potentiated by 
inappropriate immune responses: inadequate (cancers) or excessive 

(autoimmunity). As extremes of the same spectrum, the insights we gain 
into disease mechanisms of one have profound implications for the other.  

GENETICS OF

AUTOIMMUNITY & 
CANCER
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Strategy to identify candidate disease-causative 
genes, i.e. genes with rare, potentially pathogenic 
variants that co-segregate with disease in multiple 
families. Brackets: number of variants retained after 
each �ltering step.
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The bases of many disorders remain unknown, and 
treatments are often aimed at alleviating symptoms. 

We try to identify the causes of vascular tumors and mal-
formations, lymphedema, and cleft lip and palate. This 
research is based on blood and tissue samples collected 
from patients in collaboration with clinical expert centers 
worldwide, and especially 
with University Hospital 
Saint-Luc. We generate 
large amounts of data 
of the patient’s genome 
using high-throughput 
DNA and RNA sequencing, 
and analyze them with our 
own specialized bioinfor-
matic tool Highlander or 
Qlucore/R, respectively 
(Figure). We manage the 
UCLouvain Genomics 
Platform and an important 
computational cluster.

We have identi� ed several genes that are mutated and 
cause inherited forms of vascular malformations. We 
have also discovered that the much more common 
non-hereditary forms are due to somatic mutations. Due 
to these mutations, the PI3K/AKT or the RAS/MAPK sig-
naling pathway is abnormally activated, which we could 
show in cellular models (Figure). Using mouse models, 
we discovered that the time of occurrence of the muta-
tion during development plays a crucial role in de� ning 
lesion development. With our murine model for venous 
malformations, we demonstrated that the mTOR inhibi-
tor rapamycin can control expansion of lesions. We also 
demonstrated its e� ectiveness in patients and a phase 
III European trial, called ‘VASE’, is ongoing, coordinated 

by Prof. L. Boon at University Hospital Saint-Luc (Figure). 
More recently, we have generated a model for arteriove-
nous malformation, and it is being tested for e�  ciency of 
medical treatments. Similarly, we provided insight to the 
pathogenesis of Gorham-Stout disease, a complex lym-
phatic anomaly, and discovered a novel treatment option 

for these patients. 

A large part of our e� orts is 
dedicated to understand-
ing lymphedema, which 
causes chronic swelling of 
legs and arms and predis-
position to infections. We 
have discovered several 
genes that can be mutated 
and predispose to lymph-
edema. In 2020, we added 
a completely new gene 
and signaling pathway to 
the ever-increasing pic-
ture of underlying causes. 

Altogether, 29 genes are now known, explaining about 
30% of the cases. Our current work focuses on identi� ca-
tion and explanation for the other 70%.

Miikka Vikkula

We aim to understand the mechanisms underlying cardiovascular and 
skeletal disorders, and some cancers. We evaluate the contribution of 
genetic variation to human disease by using bioinformatics and arti� cial 
intelligence. We also generate models to test novel molecular therapies. 

HUMAN GENETICS
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Work� ow from bedside to bench back to patients
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Maintenance of gene expression programs is essen-
tial 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 addition of chemical modi�cations on de�ned genes. 
Among such modi�cations, DNA methylation has an 
essential role in the long-term inactivation of tissue-spe-
ci�c genes. Importantly, the distri-
bution of DNA methylation marks is 
profoundly altered in most tumors, 
and there is evidence that this con-
tributes to cancer progression. The 
causes and consequences of this 
epigenetic disruption in tumor cells 
remain however unclear.

We discovered that DNA methyla-
tion alterations often a�ect a par-
ticular group of genes, which normally display speci�c 
expression in germline cells. These genes lose methyla-
tion in many tumors, and become therefore aberrantly 
activated. Due to their particular expression pro�le, such 
genes were termed ‘cancer-germline’ (CG). Bioinformatics 
analyses are being conducted to better de�ne the group 
of CG genes, and to explore possible mechanisms under-
lying their epigenetic de-repression in tumor cells (in col-
laboration with the team of Laurent Gatto).

Several CG genes were found to encode proteins that dis-
play oncogenic properties, and are therefore considered 
as potential targets for anti-cancer therapies. It is expected 
indeed that therapies directed against proteins expressed 
almost exclusively in tumors and germline cells will have 
only little side e�ects in cancer patients. Our group also 
isolated a CG gene (CT-GABRA3) that is not translated into 
a protein, but carries a clustered pair of miRNAs (miR-

105 and miR-767). These miRNAs were found to promote 
tumor development, notably by favoring the formation 
of distant metastases.

More recently, we made the surprising observation that 
several CG genes produce long non-coding transcripts 
that overlap downstream promoters and thereby trigger 

their hypermethylation. Another 
consequence of CG gene activa-
tion in tumors is therefore the epi-
genetic repression of neighboring 
genes, which include tumor sup-
pressor genes. 

In order to determine the full spec-
trum of gene activations induced 
by genome demethylation in 
tumors, we performed a compu-

tational analysis of transcriptomic and methylomic data 
from lung cancer. This led to the identi�cation of new 
transcripts activated by DNA demethylation in tumors, 
the majority of which are germline speci�c. Interestingly, 
we also identi�ed two groups of transcripts that display 
speci�c expression in somatic tissues: one in the lower 
digestive tract, and the other in strati�ed epithelia. In lung 
tumors, activation of several of these genes was associated 
with poor patient outcome.

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.

EPIGENETICS IN

CANCER
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Charles De Smet

“ Altered DNA methylation 
patterns in tumors often lead 

to aberrant activation of genes 
that normally display speci�c 

expression in germline cells.”
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Telomeres are specialized  protective protein-RNA-DNA 
structures at chromosome ends and shorten with suc-

cessive cell divisions until they get too short, leading to 
a permanent exit from cell cycle and cellular senescence. 

Although we found that some mel-
anoma cells do not activate any 
telomere maintenance mechanism 
and yet form aggressive tumors, 
suggesting that inde� nite replicative 
potential is not a general cancer cell 
hallmark, most cancer cells avoid telo-
mere shortening. In 80% of tumors, 
telomerase expression is reactivated. 
In embryonic stem cells, telomerase 
counteracts telomere shortening, but 
its expression is lost upon cell di� eren-
tiation. Sarcomas or central nervous 
system tumors (including pediatric 
tumors), however, frequently activate 
a telomerase-independent mecha-
nism, called ALT (Alternative Lengthening of Telomeres), 
based on homologous recombination events. As ALT is not 
active in normal cells, this o� ers interesting perspectives 
for targeted cancer therapy. Thanks to a powerful genetic 
system, we identi� ed TSPYL5 as a possible speci� c anti-ALT 
target. In collaboration with chemists, we are currently 
working on the identi� cation of anti-TSPYL5 drugs. The 
same screen led us to discover new unexpected non-ca-
nonical roles for the hTR subunit of telomerase in the regu-
lation of DNA damage response at telomeres. Last year, we 
developed new assays for ALT diagnosis on tumor sections 
and established the � rst ALT+ mouse xenograft model.

Another part of our research focuses on TElomeric 
Repeat-containing RNA species, dubbed TERRA, which 

contribute to telomere protection. We discovered that the 
AMPK/PGC1-α metabolic pathway, activated by endur-
ance exercise, promotes human telomere transcription 
through NRF1, suggesting a role in antioxidant defenses. 

We recently characterized mouse 
TERRA species and demonstrated 
their non-telomeric origin, highlight-
ing important di� erences between 
human and mouse.

Finally, we study cellular ageing, nota-
bly in the context of premature ageing 
diseases linked to defective telomere 
maintenance (telomeropathies). We 
studied the cellular defects induced 
by telomeropathy-linked PARN loss-
of-function and evaluated telomeres 
and senescence in lungs from IPF 
patients. Telomeropathy diagnosis is 
achieved through telomere length 
measurement in blood cells using a 

technique called Flow-FISH, which was not available in 
Belgium. Recently, we set up Flow-FISH in collaboration 
with University Hospital Saint-Luc and enrolled about 
500 healthy volunteers to establish the standard curves. 
The technique is now used by Belgian clinicians. These 
curves allowed us to show that most severely a� ected 
COVID-19 patients are characterized by short telomeres, 
further supporting the link between telomere length and 
resistance against viral infections. Over the last year, we 
also investigated the link between mitochondrial genome 
sequence and telomere length.

Anabelle Decottignies

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.

TELOMERES & 
EPIGENETICS
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The native FISH assay to detect the ALT 
mechanism in solid paediatric and adult 
tumors: a red FISH probe containing the 
G-rich telomeric sequence is used to detect 
single-stranded C-rich telomeric DNA, a 
hallmark of ALT+ cells.
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To develop into a complex organism cells in the embryo 
need to proliferate, di�erentiate and organize in 

three-dimensional tissues. While focusing on liver and 
pancreas, our group aims at identifying the mechanisms 
that promote cell di�erentiation and tissue morphogen-
esis in the embryo, and those that perturb di�erentiation 
in adults and induce liver or pancre-
atic cancer. We share our �ndings 
on normal di�erentiation with col-
laborators who transpose the infor-
mation in cell culture protocols to 
produce hepatic or pancreatic cells 
for cell therapy. Our observations 
on disease mechanisms aim at pro-
moting early cancer diagnosis and 
identifying targets for therapy.

The main cell types of the liver 
are the hepatocytes, which exert 
the metabolic functions of the 
organ, and the cholangiocytes, 
which delineate the bile ducts. 
Cholangiocytes also form the epithelial lining of the 
gallbladder. We investigate the transcriptional networks 
that drive hepatocyte and cholangiocyte development 
in the embryo and identi�ed several regulators of normal 
hepatocyte and biliary development, e.g. HNF6 – discov-
ered in our laboratory –, and TGFβ signaling. Parallel to our 
research on liver development, we investigate how cells 
transit from normal to precancerous and eventually inva-
sive cancer states in gallbladder cancer and intrahepatic 
cholangiocarcinoma. For the latter, we developed an origi-
nal mouse model that faithfully reproduces the sequential 
steps of tumorigenesis in humans, and identi�ed a gene 
network promoting tumor progression. 

In pancreas, the most abundant cells are the exocrine 
cells. These comprise acinar cells that produce diges-
tive enzymes, and ductal cells that delineate pancreatic 
ducts through which acinar enzymes �ow to the gut. 
Implementing our expertise in cell di�erentiation, we 
identi�ed ductal cells as a cell type of origin of pancreatic 

ductal adenocarcinoma (PDAC), 
as well as signaling cascades pro-
moting formation of precancerous 
lesions and their evolution to can-
cer. We found how primary cilia, 
EGF signaling and peroxiredoxin 
control in�ammation, a main driver 
of tumorigenesis. Importantly, we 
also uncovered a novel post-trans-
lational mechanism regulating 
the activity of KRAS – the most 
frequently mutated oncogene in 
PDAC.

Frédéric Lemaigre &
Patrick Jacquemin

Our group identi�es mechanisms that allow cells in liver and pancreas 
to acquire their mature functions during embryonic development. We 

also determine how these functions are perturbed in adults, which is 
essential to understand how diseases, in particular cancer, are initiated.

CELL

DIFFERENTIATION
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Immunolabelling of the pancreas of a mutant 
mouse showing the presence of the Kras oncogene 
at the cell membrane (green) and of an activated Jak 
signaling pathway (red). Cell nuclei were labelled in 
blue.
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Throughout 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 di�erentiate provide the unlimited source of 
cells required for tissue homeostasis and injury repair. 
The regeneration of tissues is �ne-tuned by signaling 
cues from their microenvironment. Deregulation of this 
signaling may contribute to the development of tumors. 

In mammals, Wnt signaling path-
ways, including canonical and 
non-canonical Wnt signaling, reg-
ulate diverse processes, such as 
cell proliferation, differentiation, 
migration and polarity. Canonical 
Wnt signaling, referred as Wnt/β-
catenin signaling, is known as an 
important pathway that regulates 
developmental processes, tissue regeneration and can-
cers. While Wnt/β-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 receptor tyrosine kinase-like orphan 
receptor 2 (ROR2) in the regulation of skin stem cells and 
tumorigenesis. 

Wnt 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 
determine how ROR2-dependent Wnt signaling regulates 
skin development and hair follicle regeneration. Using the 
cell culture system, we dissect the mechanism of ROR2 
underlying stem cell proliferation and di�erentiation. By 

generating double-mutant mouse models, we further 
investigate the cross-interaction between canonical and 
non-canonical Wnt signaling pathways in stem cell fate 
determination.

How non-canonical Wnt signaling regulates tumor devel-
opment remains elusive. To address this important ques-
tion, our group collaborates with a surgeon, Dr Benoît 

Lengele, at University Hospital 
Saint-Luc, to collect and analyze 
human non-melanoma skin tumors. 
Using these human specimens in 
combination with our mouse mod-
els, we investigate the functional 
significances of ROR2-dependent 
signaling in carcinogen- and onco-
gene-induced tumorigenesis. The 
ultimate goal of our research is to 

identify the clinical relevance of the main regulators 
involved in non-canonical Wnt signaling pathways and 
to use them as therapeutic targets to treat cancer and 
other diseases.

The goal of our research is to understand how Wnt signaling pathways 
regulate skin stem cell maintenance and skin tumor development. Our 
studies provide an integrative view of signaling regulation and extend 
our knowledge for regenerative medicine and treatment of cancers.

SIGNALING

CROSSTALK
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Wen-Hui Lien

“ An integrative view of 
signaling regulation for 

regenerative medicine and 
treatment of cancers.”
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Our body is composed of various cell types, among 
which epithelial cells ful�ll di�erent 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 form par-
ticular tridimensional structures, like closed spheres in 
the thyroid. They also gradually specialize by acquiring 
speci�c function(s), e.g. production 
of digestive enzymes in the pan-
creas. These happen during embry-
onic development through timely 
and tightly controlled epithelial 
di�erentiation programs. Loss or 
impairment of the tridimensional 
organization and specialization of 
these cells are frequently observed 
in pathological conditions.

Our group aims at understanding 
how thyroid  and pancreatic epithelial cells organize and 
di�erentiate in response to signals from their environment. 
We have shown that thyroid and pancreatic progenitors 
�rst form a tridimensional mass of proliferating, non-polar-
ized epithelial cells. Then, epithelial cells polarize and form 
monolayers that adopt a structure tailored to the organ’s 
function: multiple independent closed spheres, the thy-
roid follicles, or a single, highly branched network of ducts 
and acini in the exocrine pancreas. We demonstrated the 
importance of VEGF signaling during thyroid and pan-
creas formation and uncovered a perfusion-independent 
function of blood vessels, mediated by paracrine signals 
from endothelial cells. Recently, we have deciphered the 
precise 3D topological relationships between embryonic 
pancreatic epithelial cells and cells in their microenviron-
ment, a prerequisite for organ bioprinting. We are also 

studying a sophisticated communication system that 
uses small (~100 nanometers) vesicles to transfer infor-
mation between cells. During thyroid development, we 
uncovered the role of these extracellular vesicles in inter-
cellular communications aiming at shaping the thyroid 
follicles. We are now investigating the messages contained 
in extracellular vesicles released by thyroid cells during 
cancer development.

We are also investigating epithe-
lial homeostasis in adult organs. 
On the one hand, we study blood 
vessels remodeling during pancre-
atitis, a condition mainly a�ecting 
our western countries, and inves-
tigate the molecular mechanisms 
causing these tissular changes. On 
the other hand, we also addressed 
the pathophysiology of cystinosis, 
a multisystemic lysosomal disease 

due to defective lysosomal membrane cystine/H+ anti-
porter, cystinosin. We found that the disease �rst man-
ifests by a kidney Fanconi syndrome, largely caused by 
megalin-dependent cystine accumulation in kidney lyso-
somes. We are now investigating the possibility to trans-
late our basic discoveries into a simple diet-based therapy 
for cystinosis in mouse and rat models of the disease. 

Christophe Pierreux

Our group studies paracrine communications between epithelial cells 
and their endothelial environment that govern epithelial di�erentiation 

during thyroid and pancreas organogenesis, and in diseases.

EPITHELIAL

DIFFERENTIATION

Sta� members
Emeritus: Pierre J. Courtoy • Postdoctoral Fellows: Virginie 
Janssens, Manon Moulis • PhD Students: Elias Aajja 
Maazoubi, Ophélie Delcorte, Laura Glorieux, Hélène Lefort, 
Catherine Spourquet • Undergraduate Students: Fairouz 
Chahinez Djaaba, Laura Vandooren • Research Assistant:
Pascale Lemoine • Technical Assistants: Freddy Abrassart, 
Roméo Delemazure • Administrative Support: Aimée-Lys 
Rusesabagina

“ In-depth characterization 
of tissular, cellular and 

molecular mechanisms during 
embryonic development 

and disease paves the way 
towards organ bioprinting and 

therapeutic testing.”



INFECTIONS AND

INFLAMMATION

Our body deals with viral or bacterial infections 
by in�ammatory responses of the immune sys-

tem. Our groups investigate how viruses modu-
late the body’s immune reactions, or escape from 

them. We also address the worrying emergence 
of bacteria resistant to all available antibacterial 
agents. When in�ammation gets ill-controlled, it 

can induce in�ammatory diseases, like Crohn’s 
disease, asthma or psoriasis, of which we study 

key mechanisms.
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The overuse of antibiotics to treat bacterial infec-
tions in human and veterinary medicine has created 

a global resistance crisis that could lead to a surge in 
infection-related 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 bacteria, including Pseudomonas aeruginosa
and enterobacteria 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 e�ort aiming to prevent the 
return of untreatable epidemics by 
better understanding how bacteria 
respond to the di�erent types of stress to which they are 
exposed. In particular, we want to understand how bac-
teria defend themselves against oxidative stress and how 
they maintain the integrity of their cell envelope despite 
always changing environmental 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.

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 e�ort to �nd 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 discov-
eries were made. In particular, we 
identi�ed two antioxidant systems 
that are active in the bacterial enve-
lope. The �rst system protects single 
cysteines from oxidation by reactive 
oxygen species, while the second 
rescues methionines from oxidative 
damage. 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 β-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.

It is urgent to develop new antibiotics against resistant bacteria. Our 
laboratory wants to contribute to the global e�ort aiming to prevent the 

return of untreatable epidemics by better understanding how bacteria 
respond to di�erent types of environmental stress.

BACTERIAL STRESS

RESPONSES

Jean-François Collet

“ Proteins involved in 
envelope biogenesis and 

maintenance are attractive 
targets for the design of new 

antibiotics.”
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Acquiring fundamental knowledge on the cell biology 
of bacteria is a prerequisite for many clinical applica-

tions, including the �ght against pathogenic strains, the 
development of solutions to the problem of antibiotic 
resistance, and the appropriate use of bacteria with ben-
e�cial roles in the human 
body. In our group, we 
study how bacteria orga-
nize their cellular con-
tent in space and time to 
achieve complex lifestyles, 
using a combination of 
bacterial genetics, molec-
ular biology, live �uores-
cence microscopy and 
quantitative image analy-
sis at the single-cell level.

We focus on the predatory 
bacterium Bdellovibrio 
bacteriovorus for two 
main reasons: (i) Bdellovibrio is a promising complement 
to classical antibiotics, since it kills other Gram-negative 
bacteria (including antibiotic-resistant and bio�lm-form-
ing pathogens), while being harmless for eukaryotic (e.g. 
human) cells; (ii) Bdellovibrio has an astounding cell cycle 
(Figure), which challenges the paradigm of binary cell 
division in bacteria: while most model species produce 
two cells per generation, Bdellovibrio releases larger and 
variable numbers of descendants. How cellular processes 
are orchestrated to govern the sophisticated biology 
of Bdellovibrio is largely unknown. Yet, discovering the 
molecular determinants underlying the cell cycle of this 
micro-predator is critical to understand how it kills and 
thrives inside its prey.

Recently, we discovered that the single chromosome 
of Bdellovibrio (its genetic material) is compacted to an 
unprecedented level when the bacterium is outside its 
prey, and partially decondenses during the growth phase 
inside the prey. We are now investigating the molecular 

cues and physiological 
role of this unique cell-cy-
cle-dependent organi-
zation. We also revealed 
the complex dynamics 
of chromosome repli-
cation and segregation, 
which led us to propose a 
model that explains how 
Bdellovibrio produces vari-
able, odd or even numbers 
of daughter cells that do 
not follow a canonical 
exponential pattern. 
Moreover, we developed 
methodologies to quanti-

tatively assess predation e�ciency. In parallel, we examine 
the function of proteins that keep the content of the bac-
terial cell in order and we investigate the mechanisms of 
non-binary division and its regulation (i.e. how and when 
the cell divides at multiple locations along its length). This 
year, we also started to investigate the impact of the prey 
morphology and physiology on the predation cycle. For 
all projects, we constantly develop new analytic tools to 
extract quantitative data from live microscopy images, at 
the single-cell and population levels.

Géraldine Laloux

Predatory bacteria kill other bacteria while being ino�ensive for 
eukaryotic cells, hence representing a promising strategy to �ght 
antibiotics-resistant pathogens. We study the biology of these microbes 
to understand how they proliferate inside their prey.

BACTERIAL CELL

BIOLOGY
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The possibility for evoluted organisms to survive infec-
tions depends on the ability of their immune system 

to eliminate the pathogenic agent without induction of 
immunopathology. Therefore, both quantitative and qual-
itative parameters of the immune responses will deter-
mine the outcome of infections. For instance, infection 
with Plasmodium parasites may result in asymptomatic 
carriage, mild or severe malaria. 
Our main project is to determine 
in patients from Rwanda some 
of the causative environmental 
events that modulate anti-par-
asite responses and thus lead 
to severe forms of malaria or 
to asymptomatic persistence 
of the parasite. A dysbalance 
between proin�ammatory and 
regulatory immune responses 
may be related to such distinct 
clinical forms of infectious diseases.

Using lactate dehydrogenase-elevating virus (LDV), and 
other common mouse viruses, we were �rst to show that 
viruses triggered a speci�c type of response, now called 
Type 1, characterized by increased proportion of IgG2a 
antibodies that were more e�cient to protect mice against 
a fatal polioencephalomyelitis. Some of these characteris-
tics of the immune responses are found also after infection 
with intracellular parasites such as Plasmodium, whereas 
helminths, including Schistosoma, induce a completely 
di�erent response. Infections result therefore in a bias in 
the immune microenvironment of the host, which often 
leads to alterations of responses elicited against non-in-
fectious antigens and of concomitant diseases with an 
immune component.

In mice, LDV- and Plasmodium-modulated immune micro-
environment resulted in an enhanced susceptibility to dis-
eases concomitant to the infection, but of unrelated cause, 
such as septic shock, through macrophage activation lead-
ing to enhanced TNF production. These infectious agents 
triggered an increased production of soluble receptors 
for bacterial lipopolysaccharide, which might serve as 

early indicators of this enhanced 
susceptibility to develop shock. 
Similarly, autoantibody-me-
diated hemolytic anemia and 
thrombocytopenia were aggra-
vated by viral infection because 
of enhanced phagocytosis of 
opsonized erythrocytes and 
platelets by activated macro-
phages. This could explain how 
Immune Thrombocytopenic 
Purpura develops in children 

after infection with diverse common viruses. 

However, modulation of the host immune microenviron-
ment by infections could also protect against immune-me-
diated diseases such as graft-versus-host response and 
experimental autoimmune encephalitis. Similarly, mouse 
NK cell activation and IFN-γ production triggered by LDV 
infection or by ligands of immune receptors that mimick 
infections resulted in the inhibition of the development of 
some tumors such as plasmacytoma and mesothelioma. In 
contrast, Schistosoma antigen decreased both IFN-γ pro-
duction and plasmacytoma prevention. Similarly, a study 
of Egyptian myeloma patients suggested an enhanced risk 
to develop cancer after Schistosoma infection. 

Jean-Paul Coutelier

Our project is to analyze the relationships between infectious agents and 
the immune microenvironment, and their consequences on unrelated 

diseases that develop concomitantly in the infected host, with a special 
focus on developing countries.

INFECTIONS & 
IMMUNITY

Sta� members
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“ Modulation of the host immune 
microenvironment by infections 
enhances susceptibility to some 

diseases (blood autoimmune 
diseases, septic shock), but 

prevents the development of 
others (autoimmune encephalitis, 

some cancers such as myeloma).”
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Thomas Michiels

VIRAL PERSISTENCE

& INTERFERON

RESPONSE
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Owing to their rapid multiplication, viruses constantly 
evolve to adapt to their host. They notably developed 

many strategies to counteract immune defenses. Among 
antiviral immune defenses, the interferon (IFN) system 
is likely the most potent one. 
IFNs are a family of substances 
secreted by infected cells, which 
promote antiviral resistance in 
neighboring cells and alert 
the immune cells in a systemic 
fashion. Our research focuses on 
topics related to the interplay 
between viral infections and 
the immune response of the 
host and in particular the IFN 
response.

Theiler’s virus is a mouse picor-
navirus that has a striking ability 
to persist in the central nervous 
system despite a strong and 
specific immune response. 
We study how the leader (L) 
protein encoded by this virus 
and by related cardioviruses 
interfere with innate immunity. 
Our recent data show that L can 
hijack cellular kinases of the RSK family to interfere with 
the activation of PKR, a key e� ector of the IFN response. 
Our data suggest the ‘model of the clamp’ whereby L 
recruits and activates cellular kinases of the RSK family 
and promotes the phosphorylation of speci� c targets by 
activated RSKs. Phosphorylated targets would then act as 
second messengers to trigger the e� ects of the L protein 
(Figure).

Ongoing research:
• We currently test the model of the clamp and analyze the 
involvement of individual kinases of the RSK family in the 
virulence of micro-organisms as well as in cell physiology.

• We analyze the mechanisms 
by which RSK recruitment by 
cardiovirus L proteins triggers 
PKR inhibition as well as pertur-
bation of nucleo-cytoplasmic 
tra�  cking in the infected cell. 
We further analyze the involve-
ment of phosphorylation in the 
� ne-tuning of PKR activity since 
a de� cient PKR activity can lead 
to increased sensitivity to viral 
infections whereas a too high 
PKR activity was associated with 
crippling autoimmune diseases 
such as Aicardi-Goutières syn-
drome or systemic lupus ery-
thematosus.
• In view of the COVID-19 emer-
gency, we also embarked in 
basic researches related to the 
SARS-CoV-2 coronavirus, the 
COVID-19 agent. We analyze 
the spike proteins determinants 

that de� ne how the virus enters into cells. We also ana-
lyze polymerase properties that regulate viral replication 
with the hope that polymerase may be targeted by future 
antiviral agents. 

Viruses developed fascinating strategies to hijack cellular signaling 
pathways and to counteract defenses of their host. Studying how viral 
proteins act provides insight into infection mechanisms as well as into 
important and physiological cellular processes.

‘Model of the clamp’: the L protein binds RSK and recruits 
targets, which, once phosphorylated by RSK, act as second 
messengers to trigger the e� ects of L.
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In our laboratory, we work towards improving our under-
standing of the role of cytokines (small signaling pro-

teins) in in�ammation. More speci�cally, our research is 
focused on two cytokines, IL-9 and IL-22, crucial players in 
the in�ammatory process, both of which were discovered 
by our lab.

IL-9 is a double-edged sword depending on disease. For 
instance, it is involved in the protection against worm 
infection whereas it plays a detrimental role in asthma. 
Asthma is a common chronic 
in�ammatory disease of the airways, 
characterized by reversible air�ow 
obstruction and bronchospasm. We 
showed that overexpression of IL-9 
can cause bronchial hyperrespon-
siveness 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 con�rmed 
by genetic analyses performed by others, pointing to both 
IL-9 and the IL-9 receptor genes as major candidates for 
human asthma. We collaborate with pharmaceutical com-
panies to produce molecules that can block IL-9 activity, in 
order to improve the quality of life of asthmatic patients.

Recently, we investigated the role of IL-22 and IL-22-
related cytokines in skin in�ammatory disorders including 
psoriasis, allergic contact dermatitis and urticaria. In col-
laboration with the dermatology department of University 
Hospital Saint-Luc, we have shown that IL-22-related cyto-
kines are highly expressed in the skin of patients with 
these three in�ammatory diseases. These results strongly 
suggest that these cytokines are involved in skin in�am-
matory processes. Indeed, we have been able to show 
that in animal models of psoriasis, administration of an 

antibody blocking IL-22 activity is able to decrease some 
features such as scaly lesions and redness, demonstrating 
the deleterious role of this cytokine in the disease.

In contrast to the skin, we have shown that IL-22 plays a 
bene�cial role in in�ammatory bowel disease by protecting 
the gut mucosa. Crohn’s disease and ulcerative colitis are 
the most common types of in�ammatory bowel disease. 
They can a�ect any part of the digestive tract (Crohn’s), 
or only the colon and rectum (colitis). Crohn’s disease is 

caused by chronic in�ammation, in 
which the immune system of the 
body attacks the gastrointestinal 
tract. Currently, there is no cure 
for this disease and treatments are 
restricted to controlling symptoms. 

In the future, we aim to develop a 
therapy that blocks only the deleterious arm of IL-22 activ-
ity, leaving intact its bene�cial functions in Crohn’s disease.

In�ammation is a response to a variety of aggressions, like infections. It 
normally heals, but when excessive or ill-controlled, it can induce so-called 

in�ammatory diseases such as Crohn’s disease, asthma or psoriasis. We 
study the key mechanisms in these diseases.

INFLAMMATORY

DISORDERS & 
CYTOKINES
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Jean-Christophe Renauld &
Laure Dumoutier

“ IL-22 and its receptor are 
good therapeutic targets in 

skin in�ammatory diseases.”



METABOLISM

AND HORMONES

Our metabolism assures that our cells always 
dispose of the energy they need, despite a 

�uctuating 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. 
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Work performed by our group in collaboration with 
Guido Bommer leads us to revise our 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 constit-
uents. Biochemistry textbooks say that these enzymes are 
extremely speci�c and that 
this is important to avoid 
the formation of useless or 
even toxic side-products: 
only useful, non-toxic prod-
ucts are formed.  

What the study of L-2-
hydroxyglutaric aciduria 
told us is that, quite to the 
contrary, enzymes of inter-
mediary metabolism are 
not absolutely speci�c, they 
make signi�cant amounts 
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 de�cient due to muta-
tions in its gene. Another metabolite repair enzyme is a 
highly conserved protein called Nit1, which degrades a 
damaged form of glutathione, deaminated glutathione, 
resulting from side activities of transaminases. 

The metabolite repair concept led us to understand the 
cause of the congenital neutropenia found in patients 

de�cient in G6PC3, a phosphatase present in the endo-
plasmic reticulum, or de�cient in G6PT (SLC37A4), the 
glucose-6-phosphate transporter of the endoplasmic retic-
ulum. These two proteins collaborate to destroy 1,5-anhy-
droglucitol-6-P, an abnormal metabolite made in vivo by 
side activities of glucose-phosphorylating enzymes. Lack 

of dephosphorylation of 
1,5-anhydroglucitol-6-P 
leads to its intracellular 
accumulation and, as a 
result, to strong inhibition 
of glucose phosphoryla-
tion. This is toxic to neu-
trophils and explains the 
patients’ neutropenia. An 
inhibitor of the sodium-de-
pendent glucose trans-
porter SGLT2, which causes 
a depletion of 1,5-anhy-
droglucitol in serum, has 
been successfully used to 

treat the neutropenia in four patients.

In collaboration with clinicians, we recently identi�ed a 
new neurological disease due to de�ciency in an enzyme 
that serves to make high concentrations of glucose-1,6-
bisP in the brain. Our data indicate that this de�ciency 
does not lead to a glycosylation defect and that glucose-
1,6-bisP plays an important role in the brain.

Our work focuses on the discovery of metabolite repair enzymes. Unlike 
what is usually assumed, enzymes of intermediary metabolism are not 

absolutely speci�c, they make signi�cant amounts of side-products. 
Metabolite repair enzymes are indispensable to eliminate these side-

products.

METABOLITE REPAIR

Emile Van Schaftingen & 
Maria Veiga-da-Cunha
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The local ‘success’ of a cancer cell is measured by its 
ability to proliferate and survive better with the avail-

able nutrients than its neighboring cells. Like any other 
cell, a cancer cell needs to maintain cellular integrity and 
ful� ll baseline housekeeping functions. All cell types need 
to synthesize ATP by breaking down 
nutrients in pathways such as glycol-
ysis, citric acid cycle and mitochon-
drial oxidative phosphorylation. In 
addition, 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 intermedi-
ary products in the same pathways 
that are used to synthesize cellular 
ATP. Several adjustments of the � ux 
through these pathways are needed 
to reconcile cellular demand for bio-
synthetic 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-
the-art metabolomics (GC-MS and LC-MS) and genetic 
manipulation of cell lines to understand the cellular e� ects 
of novel regulatory molecules. Classical enzymological 
studies (in collaboration with the laboratory of Emile 
Van Schaftingen and Maria Veiga-da-Cunha) on puri� ed 
proteins are then used to understand the molecular basis 
of the observed e� ects. Eventually, we hope that our work 
will reveal novel therapeutic targets in cancer. Currently, 
we are particularly interested in several phosphatases 

that might serve to eliminate metabolic side-products or 
metabolic regulators.

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 
modi� cation of α-dystroglycan by 
ribitolphosphorylation. Furthermore, 
we are following-up on observations 
that suggest that so far unknown bio-
chemical changes may contribute to 
the development of Parkinson’s dis-
ease.

In this context, we have been inter-
ested in a protein called PARK7, 
which is inactivated by mutations in 
some hereditary cases of Parkinson’s 
disease. We discovered that this 
enzyme serves as a guardian to pre-
vent damage of metabolites and 
proteins caused by glucose metab-

olism. In fact, we found that a metabolite in glycolysis 
spontaneously converts into the reactive compound cyclic 
1,3-phosphoglycerate that can attack amino groups in 
both proteins and metabolites. PARK7 eliminates this 
compound and thereby prevents damage. In contrast, 
de� ciency of PARK7 leads to Parkinson’s disease and the 
accumulation of damaged proteins and metabolites 
(which carry glycerate or phosphoglycerate modi� ca-
tions).

Cells need to adjust their metabolism to ful� ll changing needs for 
building blocks, energy and protection from stress. We search for 
vulnerabilities in known or newly discovered metabolic pathways that 
might be targeted in future therapies

METABOLISM IN

CANCER & 
OTHER DISEASES
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Guido Bommer

Degradation of glucose in glycolysis leads to 
a newly discovered reactive metabolite that 
causes cellular damage, unless it is eliminated 
by the Parkinson’s disease protein PARK7. 
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Metformin is the most prescribed drug used for the 
treatment of type 2 diabetes (T2D) and its e�ects 

can partly be explained by activation of AMP-activated 
protein kinase (AMPK), which is the main 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 hypoxia or 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 
energy-consuming biosynthetic 
pathways. Insulin, on the other 
hand, acts via protein kinase B 
(PKB) and stimulates anabolic 
pathways. AMPK is now a well-rec-
ognized drug target for treating 
metabolic disorders such as T2D.

In white adipose tissue (WAT), we used inhibitors to show 
that PKB plays a major role in insulin-stimulated lipogen-
esis by controlling the phosphorylation state of key lipo-
genic enzymes. We also showed that pharmacological 
AMPK activation by compound ‘SC4’  in WAT inhibits insu-
lin-stimulated lipogenesis and glucose uptake to prevent 
lipid accumulation, a major cause of insulin resistance, 
but without a�ecting insulin-stimulated fatty acid esteri-
�cation. AMPK activation by SC4 also inhibited noradren-
aline-induced lipolysis, which could also be bene�cial for 
treating T2D. In the liver, a panel of small-molecule AMPK 
activators was shown to inhibit glucagon-stimulated glu-
cose production, pertinent for treating T2D, although one 
compound (991) had o� targets e�ects by interfering with 
pyruvate uptake and redox state.

In addition to our work on AMPK, we run the mass spec-
trometry protein analysis facility (MASSPROT) on the 
Brussels campus of UCLouvain. The acquisition by de Duve 

Institute of the High Resolution/Accurate Mass Orbitrap 
Lumos has enabled us to perform quantitative proteom-
ics and increase our capabilities to study other protein 
modi�cations. Indeed, we have been able to improve our 
strategy for the quantitative measurement of di�erential 
changes in protein phosphorylation by studying insulin 
action in WAT. In collaboration with the group of Prof. E. 
Van Schaftingen, we described a new syndrome, caused by 
genetic NAA80 variants, leading to decreased actin acetyl-

ation and disrupted associated 
molecular functions, reflecting 
the importance of controlled actin 
dynamics for inner ear, brain and 
muscle. With the group of Prof. S. 
Constantinescu we showed that 
cleavage by β-secretase of the 
amyloid precursor protein (APP) 

to produce the C99 transmembrane protein is regulated 
by dimeric C99 transmembrane orientation.

Mark Rider

We study control by protein phosphorylation in relation to diseases such 
as type 2 diabetes. AMP-activated protein kinase and insulin signaling 

are our main interests. We also run the mass spectrometry protein 
analysis facility.

PROTEIN

PHOSPHORYLATION
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“ Drug targeting AMPK with 
novel compounds will be 

bene�cial for the treatment of 
type 2 diabetes.”
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Throughout 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 under-
standing of the molecular events 
surrounding 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 
pathology 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-�ve years ago, our laboratory was the �rst 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 �rst axis, we investigate how the di�erent potential 
sex hormone receptors combine their speci�c e�ects to 

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-1α, TGF-βs and Lefty2, in the control 
of MMP expression. We recently turned to PGRMC1, a 
potential modulator of progesterone response involved 
in control of cell survival and proliferation. 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 endo-
metrium, we also investigate the molecular mechanisms 
coupling tissue lysis and subsequent scarless regenera-
tion. Indeed, our results highlighted that genes required 
for early endometrial repair, in particular extracellular 
matrix components, are expressed concomitantly with 
MMPs during menstruation. 

Etienne Marbaix &
Patrick Henriet

Our group identi�es 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. 
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“ Treatment of two endometrial 
pathologies, dysfunctional 
uterine bleeding (DUB) and 

endometriosis, should bene�t 
from a better understanding 

of the molecular events 
surrounding menstruation.”



COMPUTATIONAL

BIOLOGY

Modern high throughput biology produces huge 
amounts of data that can be analyzed, and the 
challenges of modern biology are statistical inter-
pretation and integration of these data. Research 
and developments in computational biology and 
bioinformatics aim to provide the methods and 
tools to comprehend these high dimensional 
data and understand their underlying biological 
processes.
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For the last decades, biology and biomedical sciences 
have seen an impressive increase in the size of the data 

that are collected as part of routine research projects. The 
increase in amount and complexity of these data lead 
some to call it a data deluge. Indeed, we have reached a 
situation where the sheer volume of data that is produced 
is overwhelming the capacity of individual researchers 
and research groups to manage, analyze and extract 
meaningful information from them. 
This revolution is shifting biomedi-
cal research towards a quantitative, 
data-driven discipline. This evolution 
has been driven by technological 
breakthroughs that, today, allow us to 
sequence whole genomes, quantify 
the near complete set of transcripts or 
proteins, measure epigenetic modi�-
cations across whole genomes, assay 
proteins for post-translational modi�cations, interactions 
and localization. But the question remains: what to do 
with all that data?

Our group works on diverse projects and bene�ts from 
computational and biological expertise. We work on 
transcriptomics and proteomics gene expression projects 
in collaboration with other research groups at de Duve 
Institute, to identify di�erentially expressed genes and 
processes related to cancer development, cell signaling, 
or metabolomic disorders. We are also involved in single 
cell-level assays, at the RNA and protein level, to contribute 
to the identi�cation of cell types and cell states in organ 
development or the immune response.

The lab is also heavily invested in the development of 
novel, open source research software, with a long-stand-
ing interest in mass spectrometry-based proteomics data. 

These include quantitative data processing and analysis, 
sub-cellular spatial proteomics methods, or the identi�ca-
tion of protein-protein interactions.

Finally, the lab is also involved in integrative omics, i.e. 
the development of methods to integrate di�erent types 
of omics data or experimental and publicly available 
resources. Indeed, it becomes essential to integrate dif-

ferent biological modalities or com-
plementary resources to gain further 
insights into the complexity of biolog-
ical processes and their regulation.

Clarity and traceability of the data and 
the analysis methodology enable us 
to better understand what we do, how 
and why we do it and consequently 
exploit complex data and comprehend 

the underlying biology. The collaborative and interdisci-
plinary nature of high throughput biology calls for open 
approaches, from communication between stakeholders, 
open research and development and open dissemination 
of all research outputs, which our lab fully adheres to.

Our group uses statistical learning, computational techniques 
and visualization to analyze and understand high throughput and 
multivariate biological data and comprehend complex biological 
processes.
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“ This revolution is 
shifting biomedical 
research towards a 

quantitative, data-driven 
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Work in progress at the imaging platform
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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 identi�ed cell populations, for any 
downstream characterizations. The platform is managed by Prof. Pierre Coulie and is run by Dr. Nicolas Dauguet.
[W] http://www.deduveinstitute.be/�ow-cytometry-and-cell-sorting

GENOMICS
The genomics platform provides the scienti�c community with access to the latest technologies related to Next 
Generation Sequencing (Massive Parallel Sequencing), including bioinformatics. Theses techniques facilitate and 
speed up data analysis, which is bene�cial for many di�erent �elds, 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. Miikka Vikkula and is run by Drs. Pascal Brouillard and Raphaël Helaers.
[W] http://www.deduveinstitute.be/genomics-platform

IMAGING
The imaging platform trains and provides the scienti�c community with �uorescence, confocal, multiphoton 
and super-resolution microscopy, as well as a wide range of sophisticated methods of vital confocal microscopy, 
immunolabeling and dynamics. It is also a source of collaborations and advices, providing users 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. Donatienne Tyteca and is run by Dr. Patrick Van Der Smissen.
[W] http://www.deduveinstitute.be/pict-platform-imaging-cells-and-tissues

LABORATORY ANIMALS
The platform produces mice under ‘SPF’ health status for academic research use, with no commercial purpose. 
It hosts 80 di�erent mouse strains, both non-genetically and genetically modi�ed, available under a very high 
sanitary status monitored via a sentinel program, for research teams of the University of Louvain and collaborators. 
The platform is managed by Prof. Sophie Lucas and is run by Dr. Pedro Gomez, with technical help from Pascale 
Bougard, Lionel Crikeler, Laurent Hermanns and Quentin Lechien.
[W] http://www.deduveinstitute.be/laboratory-animals 

MASS SPECTROMETRY
The platform provides proteomics services principally through gel-free approaches coupled to mass spectrometry. 
It specializes in the identi�cation and quanti�cation of proteins from complex samples, and can also provide data 
on the location of post-translational modi�cations, even in complex samples. The platform is managed by Profs. 
Jean-François Collet and Mark Rider and is run by Dr. Didier Vertommen.
[W] https://www.deduveinstitute.be/massprot-platform-mass-spectrometry
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TRANSGENESIS
The transgenesis platform o�ers 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 o�ers training opportunities to PhD students and post-doctoral researchers. 
The platform is managed by Profs. Patrick Jacquemin and Frédéric Lemaigre, and is run by Dr. Younes Achouri.
[W] http://www.deduveinstitute.be/transgenesis

PRIZES, AWARDS AND HONORS

Mohamad ASSI • Perdieus-Petit Prize 2021
Awarded every three years to a UCLouvain scientist for his/her work in cancer research.

Thierry BOON • Honorary doctorate from the Vrije Universiteit Brussel
Conferred in recognition of his pioneering work in cancer immunotherapy.

Stefan CONSTANTINESCU • Vice-President of the Académie royale de Médecine de Belgique

Stefan CONSTANTINESCU • President of the Federation of European Academies of Medicine (FEAM)

Stefan CONSTANTINESCU • Tytgat Prize 2021
Awarded every three years to a Belgian researcher by the Alexandre and Gaston Tytgat Foundation as a ‘reward and 
encouragement for his/her work and research on cancer’.

Stefan CONSTANTINESCU • Professor of Cancer Signalling at the University of Oxford, United Kingdom

Jean-Paul COUTELIER • Honorary Professor at the University of Rwanda

Laurent GATTO • Bioconductor Award 2021
Granted every year to four awardees for outstanding contributions to the Bioconductor project and community.

Patrick JACQUEMIN • Matthys-Bove Prize 2021
Awarded every four years to a UCLouvain scientist for an important contribution to the prevention, treatment or phys-
iopathology of serious illnesses.

Géraldine LALOUX • Member of the Board of Directors of the Belgian Society for Microbiology

Géraldine LALOUX, Wen-Hui LIEN & Sophie LUCAS • Nominated by the FNRS to the AcademiaNet network as part of 
20 outstanding female researchers from the Wallonia-Brussels Federation

Selection based on outstanding scienti�c quali�cations, remarkable academic credentials and independent leadership.

Sophie LUCAS • Francqui Chair 2020-2021 - Faculty of Medicine, University of Namur
Attributed every year by the Francqui Foundation to a Belgian professor invited by another Belgian university to give a 
10-h teaching.

Sophie LUCAS • Full Member of the Académie royale de Médecine de Belgique
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Miikka VIKKULA • Member of the Medical Scienti�c Advisory Committee of the Lymphangiomatosis & Gorham’s Disease 
Alliance

Miikka VIKKULA • Member of the Board of Directors of the International Society for the Study of Vascular Anomalies

PHD THESES

Xuhao ZHANG • Role of GARP in regulating autoimmunity and immune responses to infection or protein immunisation • 
Promoter: S. Lucas

Christopher LANG • Investigating the roles of ROR2 in mouse skin tumorigenesis and its clinical relevance with human 
skin tumors • Promoter: W.-H. Lien

Alix DEVAUX • Recherche de lymphocytes T CD8 spéci�ques des cellules tumorales dans les carcinomes canalaires in situ 
du sein • Promoter: P. Coulie, co-promoter: J. Carrasco

Raquel RODRIGUEZ ALONSO • New insights into the β-Barrel Assembly Machinery mechanism and its interaction with 
the stress sensor lipoprotein RcsF in Escherichia coli • Promoter: J.-F. Collet

Emna OUNI • From in-depth human ovary characterization toward a biomimetic arti�cial ovary • Promoter: C. Andrade 
Amorim, co-promoter: D. Vertommen

Teresa CESARO • PKR regulation by phosphorylation and antiviral activity of the PKR-ADAR1 axis • Promoter: T. Michiels

Sara LECOMTE • GARP-dependent TGF-β1 activation in myeloproliferative neoplasms: a new therapeutic target • 
Promoter: S. Lucas

Arina KOZLOVA • Design, synthesis and evaluation of original 1-H-indol-3-yl heterocyclic derivatives as tryptophan 
2,3-dioxygenase inhibitors • Promoter: R. Frédérick, co-promoter: B. Van den Eynde

Charlotte BERTRAND • Multiple modes of action for antibodies targeting GARP-expressing cells in tumors • Promoter: S. 
Lucas

Sheng-Ju CHUANG • Role of AMP-activated protein kinase (AMPK) in metabolic control in white adipose tissue • 
Promoter: M. Rider

Violette FERRARI • Étude de la présentation d’antigènes de classe I : compréhension des mécanismes d’épissage pep-
tidique sur base de l’étude de l’apprêtement d’antigènes tumoraux épissés par les 4 sous-types de protéasome • Promoter: 
B. Van den Eynde, co-promoter: N. Vigneron

Benoît URY • Function and biogenesis of ribitolphosphorylation, a novel posttranslational modi�cation of glycoproteins • 
Promoter: G. Bommer

Jessica EL-RAYES • New insights into the journey of lipoproteins in the cell envelope of Escherichia coli: disorder matters • 
Promoter: J.-F. Collet
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Simon KLAESSENS • Tryptophan 2,3-dioxygenase stability is the main checkpoint of tryptophanemia • Promoter: B. Van 
den Eynde, co-promoter: E. De Plaen

Damien NEYENS • HELIOS is a marker of HLA-E-restricted CD8 T cells with an atypical cytokine production pro�le • 
Promoter: P. van der Bruggen

Nassim HOMAYUN SEPEHR • Identi�cation of genetic causes and molecular mechanisms in lymphatic anomalies • 
Promoter: M. Vikkula, co-promoter: P. Brouillard

LECTURES & SCIENTIFIC EVENTS

N.B. Due to the Covid-19 pandemic, most scienti�c events and lectures had to be postponed or cancelled.

Gregory FETTWEISS • National Cancer Institute, National Institutes of Health, Bethesda, MD, USA
Quantitative microscopy and genomic methods synergize to reveal how transcription factors stimulate enhancer-pro-
moter looping

Emilie DUPRE • Centre de Recherche en Cancérologie et Immunologie Nantes Angers, University of Nantes, France
A novel strategy to identify antigens for cancer immunotherapy: peptides from long non-coding RNAs

Marie-Pierre BOUSQUET • Institut de Pharmacologie et de Biologie Structurale, University of Toulouse, France
Understanding the structure-function relationships of proteasome using modern mass spectrometry approaches

François FOULQUIER • Structural and Functional Glycobiology Unit, University of Lille, France
Insights into the regulation of Golgi glycosylation by ions

Ward CELUS • VIB Center for Cancer Biology, University of Leuven, Belgium
PlexinA4 mediates cytotoxic T cell tra�cking and exclusion in cancer

Denis MIGLIORINI • Center for Translational Research in Onco-Hematology, University of Geneva, Switzerland
Overcoming challenges in CAR-T cells for brain tumors

Etienne MEYLAN • Jules Bordet Institute & Institute for Molecular Biology and Medicine, Université Libre de Bruxelles, Belgium
Metabolic perturbations in lung cancer: from tumor cells to tumor-associated neutrophils

_____________________________________

PhD Day

All PhD students of the de Duve Institute present their work either as a talk or as a poster.
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SUPPORTING ORGANIZATIONS

Académie de Recherche et 
d’Enseignement Supérieur

Cystinosis Research Foundation, USA

European Commission

European Research Council

Fédération Wallonie-Bruxelles

Fondation contre le Cancer

Fondation Louvain
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Fonds de soutien Marguerite-Marie 
Delacroix

Fonds Jacques Goor

Fonds Joseph Maisin

Fonds National de la Recherche 
Scienti� que

Fonds Wetenschappelijk Onderzoek

Les avions de Sébastien

Loterie Nationale

Ludwig Cancer Research

Lymphatic Malformation Institute, USA

National Institutes of Health, USA

Nederlandse Organisatie voor 
Wetenschappelijk Onderzoek

Région Wallonne

Télévie

Université catholique de Louvain

WELBIO Laboratories

Guido Bommer         41
Jean-François Collet         34
Stefan Constantinescu        17
Pierre Coulie            20
Sophie Lucas         21
Benoit Van den Eynde          22
Pierre van der Bruggen           23
Miikka Vikkula            27
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PRIVATE FUNDING
M. & Mme Ch. Adriaenssen • M. & Mme M. Alloo • 
Association du Petit Papillon • M. & Mme B. Auxenfans • 
M. & Mme L. Badin • M. & Mme P. Battard • M. & Mme P. 
Bérend • Baron & Baronne L. Bertrand • M. & Mme J.-E. 
Bertrand • Mme Th.-M. Bordot • M. & Mme J.-N. Bossé • 
M. & Mme M. Carlier • M. F. Casier • M. & Mme J. Castillo 
• M. & Mme J. Coppée • M. & Mme D. Dalibot • Comte & 
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de Duve • M. & Mme O. de Duve • Mme P. de Jong • Baron 
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Roover • M. & Mme P. De Smet • Vicomte & Vicomtesse 
N. de Spoelberch • Baron & Baronne G. de Vaucleroy • 
M. & Mme J. de Vaucleroy • M. & Mme A. Dieryck • Mme 
M.-C. Donnet • Mme A. Doret • Comte & Comtesse F. du 
Chastel • M. & Mme J.-L. Duplat • Fondation Haas-Teichen 
• Fonds Maurange • M. & Mme B. Godefroid • M. & Mme 
L. Hayem • M. & Mme O. Homans • M. E. Hublet • M. N. 
Jacquemin • Mme E. Janssen • M. & Mme D. Lancksweert 
• M. & Mme J.-P. Lutgen • M. & Mme S. Mahieu • M. A. 
Mercx • Baron & Baronne D. Moorkens • Mme E. Morel de 
Boucle St-Denis • M. H. Mottart • M. & Mme Y. Overdick • 
Baron & Baronne Ch.-A. Peers de Nieuwburgh • Baronne 
Peterbroeck • M. & Mme M. Peterbroeck • M. & Mme J. 
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• Dr & Mme N. van Baren • Mme J. Van Cauwenberghe • 
M. & Mme L. van de Werve de Schilde • Pr & Mme B. Van 
den Eynde • Baron & Baronne J. van Rijckevorsel • Pr & 
Mme E. Van Schaftingen • M. & Mme G. Van Velthoven • 
M. & Mme Th. van Zuylen • M. & Mme C. Vanderhaeghe • 
M. B. Vanderschueren • vzw Céleste • M. & Mme P. Wailliez 
• M. & Mme B. Waucquez • M. & Mme P. Weerts • M. P. 
Willaert • M. I. Zatalovski • Mme A. Zenebergh • M. & 
Mme D. Zenner
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ACKNOWLEDGEMENTS

In 2021, de Duve Institute has attracted major donations 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 a�ict people around the world. Donations 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 2021, the Institute has 
been able to allocate the following fellowships, entirely supported by our donors:

the ‘Haas-Teichen’ fellowship to Frédéric Sorgeloos (back from the United Kingdom),

the ‘Maurange’ fellowship to Nicolas Capelli (France),

a de Duve fellowship to Laurie Thouvenel (France),

a second de Duve fellowship to Ilianna Zoi (Greece),

and a third de Duve fellowship to Sander Govers (back from the USA), followed by Emilie Dupré (France).

In addition to their support for a postdoctoral fellow, the Maurange Fund also enabled the acquisition 
of cutting-edge equipment for Pierre van der Bruggen’s laboratory. 

We express our gratitude to them and to all who contributed to the �nancing of postdoctoral fellows 
and state-of-the art research laboratories at de Duve Institute, ensuring that this institute will remain at 
the top in the �eld of biomedical research. 

Luc Bertrand 
Chairman of the Development and Expansion Council
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