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We are very proud to present to you the work of the ninth group of students of the
Radboud Honours Programme Medical Sciences who started in 2016.
The honours programme enables second and third year bachelor students in biomedical
sciences, dentistry and medicine to expose themselves to an extra challenge and become
actively involved in (bio-)medical research.
During the first year of the honours programme (their second bachelor year) the students
improved their English writing and presentation skills, and familiarized themselves
with the research carried out at the Radboudumc. The three research institutes, Radboud
Institute for Molecular Life Sciences, Radboud Institute for Health Sciences, and Donders
Institute for Neuroscience, provided lectures, clinical visits, lab visits and actual handson experiments to introduce the research themes and technology centers.
After this introduction, the students started their own research project. For five to seven
months they prepared themselves, under the guidance of a principal investigator, for a
research internship abroad of at least three months at renowned institutes all over the
world. These extra activities were all completed next to the regular bachelor programme.
From Toulouse to Toronto, Milan to Minneapolis, from Berlin to Boston and from
Melbourne to Oxford our students found a warm welcome in the research group of their
choice. Being rather inexperienced at this stage of their careers, they had to quickly
acquaint themselves with the various (lab) techniques that were required. But with
their motivation and ambition to distinguish themselves and to advance their research
field, their hard work and the help of their supervisors, all have made their internship a
success. Many of our students will be co-author of a scientific publication.
From their personal statements on their honours experience we learn that this has been
a period of enormous personal and professional growth. We hope and are also very
confident that they will continue to do research to tackle the many questions that still
need to be answered in (bio)medical science.
For this book, the students have adapted their internship reports into an article for a
broader public. These articles show the great diversity of research fields to which our
students have contributed, and we hope that they will be an inspiration to others.

Prof. Dr. Roland Brock
Programme Director
Radboud Honours Programme Medical Sciences
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Diana Bakoueva
(Almaty, Kazachstan, 1993)
Bachelor of Medicine 2016-2019

“I was able to satisfy my thirst for
knowledge and at the same time
explore my interest in research.”

Honours Internship: Nephrology research laboratory, Department of Nephrology,
Radboudumc;
Institute of Medical Immunology,
Charité—Universitätsmedizin Berlin
Supervisors:

Dr. Johan van der Vlag, Cansu Yanginlar MSc;
Prof. Dr. Birgit Sawitzki, Christine Appelt BTA

For me, the Honours Program Medical Sciences was the challenge I was missing in the
normal medical curriculum. With this program I was able to satisfy my thirst for knowledge
and at the same time explore my interest in research. During the second year the wide
variety of different themes gave me a good insight into my own personal preferences which
I could explore more extensive during my internships in Nijmegen and Berlin.
During my studies I discovered my interest for the kidneys and the immune system and
this interest led me to the Nephrology research laboratory. At this lab I met the nicest group
of people who were always willing to help me. Under the supervision of Cansu Yanginlar
I could improve both my practical research skills as my ‘’soft’’ skills like presenting and
writing. For me it was my time in Nijmegen that confirmed that I am someone who likes to
be part of the research community in addition to being a physician.
During my time in Berlin at Prof. Dr. Birgit Sawitzki’s lab at the institute of Medical
Immunology I learned so much about the immune system and I was constantly reminded of
how beautifully complex it truly is. It has been a fantastic experience to live in such a big city
with so much history as Berlin. With its many small hip coffee shops, brunch places, overload
of Vietnamese restaurants and the most exciting mix of people it is truly one of a kind.
During the program and the internships in both Nijmegen and Berlin I have learned much
about what it is to do research, I experienced how exciting or frustrating it can be at times,
I could broaden my knowledge and find out wat truly interests me. However, the best thing
of all is that I met people who have become some of my closest friends.
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Identifying the good, the bad and
the exhausted T cells
Diana Bakoueva
Eating healthy, exercising regularly and getting enough sleep are just a few things that
can help boost your immune system. But have you ever wondered about how the immune
system works and how all the different cells that make up your immune system are
identified? Well, you are not alone, to this day researchers are still trying to come up with
a better method of immune cell identification that can possibly lead to promising new
therapies.

Mechanism of attack: cytokines

The immune system

When it comes to T cells the most important cytokines are interferon γ (IFN-γ) and tumor
necrosis factor (TNF). IFN-γ is important for viral and bacterial defense. TNF can cause
fever, inflammation and it suppresses appetite. High concentrations of TNF can cause
shock-like symptoms; chronical exposure to low concentrations on the other hand can
cause loss of weight, fatigue and weakness. However, these are only just a few of the
many things these cytokines are responsible for and identifying the T cells that produce
the too many cytokines in auto-immune disease or other inflammatory diseases (the bad
guys) can be crucial in developing new targeted immune therapies and it can potentially
help predict disease severity or progression in inflammatory diseases.

When something foreign, for example bacteria, enter the body the immune system gets
activated. This is because the immune system recognizes structural molecules called
antigens. The immune system can be divided into two parts. The first part is called the
innate immune system, which is the system you are born with and which reacts first
and fast but is unspecific to antigens. The second part is called the adaptive, or acquired,
immune system, it is the immunity you build up during your life and it is very specific
to antigens, but it reacts more slowly. However, once you have been sick from a certain
antigen the adaptive immune system will remember that it reacted to this antigen and
upon second encounter it will react faster. Both these systems contain a lot of different
cells with different roles but as this project was about the second part of the immune
system I will focus a bit more on the adaptive immune system.

The adaptive immune system and its cells
The adaptive immune system can be divided into B lymphocytes (B cells) and T
lymphocytes (T cells) and with these cells it is able to build its ‘’memory’’ against certain
antigens. The B cells are probably the most well-known cells in this group as they are
the ones that produce antibodies. Antibodies can neutralize pathogens by recognizing
a specific antigen or they can clump together on antigens which makes the antigen an
easy target for other cells to clean it up. However, they cannot do this without the help of
T cells. This is where it, again, becomes a bit more complicated as T cells can be further
divided into helper T cells and cytotoxic T cells. Helper T cells are the once that assist
the B cells with antibody formation and they also support the development of cytotoxic
T cells and help regulate the immune system. Cytotoxic T cells on the other hand are
somewhat limited in their function: they selectively kill cancer cells, infected cells or
damaged cells. However, even though their function is selective, cytotoxic T cells possess
a wide range of mechanisms to fulfill this function.
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One of the mechanisms the cytotoxic T cells use is the production of cytokines, small
molecules that are important for cell signaling and that have a broad variety of functions
such as: activating immune cells, inducing fever, inducing inflammation and inhibiting
viruses from replicating. And it is this cytokine producing ability of T cells that is
intensely studied by researchers at the Charité as it is a potential target for medication.

The four different T cell subsets
In both helper T cells and cytotoxic T cells there are four subsets that can be identified:
naïve (TN), central memory (TCM), effector memory (TEM) and, terminally differentiated
effector memory (TEMRA) T cells. TN cells are called naïve because they have yet to
encounter the antigen they are specific to. They circulate between lymphatic tissue
(lymph nodes, bone marrow, spleen, tonsils and thymus) and peripheral blood and when
they encounter their antigen they divide (or more precisly ‘’differentiate’’) into TEM cells.
TEM cells circulate outside of lymphatic tissue and migrate towards sites of action where
they execute their functions and help with antigen clearance. The majority of TEM will
die after the antigen is cleared, but the small percentage that survives will develop into
TCM that patrol lymphatic tissues and blood. When the same antigen is encountered
again, TCM cells will react much faster resulting in a faster clearance of the antigen. The
last subset, TEMRA cells, are highly differentiated cells but they are not able to multiply
as much as the ‘’normal’’ effector memory T cells. The reason this identification method
is used is because the different subsets can be identified as low cytokine producing cells
(TN), high cytokine producing cells (TEM) and exhausted (lower) cytokine producing cells
(TEMRA).

11
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The classic way of identifying cytokine producing T cells
To help with this identification researchers use so-called ‘’surface markers’’. Molecules
that can be found on the surface of the T cells and which often have a specific function.
For both helper and cytotoxic T cells researchers use the surface markers CCR7
(chemokine receptor 7) and CD45RA (cluster of differentiation 45 isoform RA) (see Figure
1). However, a very big difference between TN cells and the other three subsets is that
TN cells are functional homogenous, which means that they show little variety in their
function and cytokine production. This is not the case for TCM, TEM and TEMRA cells
which show a lot of variety when it comes to cytokine production and unfortunately this
makes it hard to distinguish the good guys from the bad guys when it comes to T cells in
inflammatory diseases. This is why researchers are looking for a unified classification
which can describe the different subsets more accurately when it comes to the amount of
cytokines they produce.

Figure 2: New method of identifying low, medium, high or exhausted cytokine producers in cytotoxic T cells.

This new and improved pathway has the potential to describe the cytokine producing
state in cytotoxic T cells in a more precise manner and our research can eventually
provide opportunities for new targeted immune therapy or help clinicians to track
immune disease progression.

Acknowledgements
First of all, I would like to thank Prof. Dr. Luuk Hilbrands for bringing me into contact
with Dr. Johan van der Vlag and Prof. Dr. Birgit Sawitzki which made this internship
possible. I would like to thank Dr. Johan van der Vlag for all the helpful feedback and
allowing me to do my internship at the nephrology research laboratory where I was
supervised by the lovely Cansu Yanginlar. Thanks to her I had a very nice and most of
all educational experience. The whole team at the nephrology research laboratory in
Nijmegen made me feel very welcome at the lab and I hope that my future workplaces can
be as warm and enjoyable as this one was.
Figure 1 Figure 1: Classical method of identifying T cells based on CCR7 and CD45RA surface expression.

The new and improved way of identifying cytokine producing T cells
The department of medical immunology at Charité has tackled this problem and has
found that in helper T cells the expression of the killer cell lectin-like receptors (KLRs)
B1, G1 and, F1 and, G protein-coupled receptor 56 (GPR56) on the surface of T cells can
identify low, high or exhausted cytokine producers. In my project we found that this is
also true for cytotoxic T cells (see Figure 2). We found that the progressive expression of
KLRG1, KLRB1 and, GPR56 is associated with increasingly higher levels of the cytokines
IFN-Y and TNF while the expression of all four surface markers is associated with an
exhausted cytokine productive state.
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Additionally, I would like to thank Prof. Dr. rer. nat. Birgit Sawitzki for the opportunity
of performing my bachelor internship at her lab. Her help and guidance were very useful
while interpreting the data. Furthermore, I would like to thank Ms. Christine Appelt for
the great supervision, for the help and for all the long and nice conversations. Lastly, I
would like to thank the group in Berlin for the fun and for always helping me when I had
questions.
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Eckart de Bie
(Oss, 1998)
Bachelor of Medicine 2016-2019

“Because of the amazing experience
I had during my internship, I feel
extremely motivated to pursue a
career that combines research with
clinical medicine.”

Honours internship: Department of Laboratory Medicine, Radboudumc;
Division of Genetics and Cell Biology, IRCCS Ospedale San Raffaele,
Milan, Italy
Supervisors:
Prof. Dorine Swinkels, MD, PhD, Laura Diepeveen, MSc;
Laura Silvestri, PhD, Alessandro Dulja, MSc, Alessia Pagani, PhD
During my first year of medical school, I thoroughly enjoyed learning about physiology,
disease mechanisms and clinical medicine. As I was interested in the rationale behind
the knowledge we were taught, I figured doing research would be an exciting and
challenging addition to my medical school experience! Therefore, I applied to the
Honours Programme Medical Sciences, and I can say it was the best choice I ever made.
I decided to work on a ‘molecular project’ on iron metabolism that involved laboratory
work, but also linked these preclinical findings to clinical knowledge. This translational
approach really appealed to me as it taught me a lot of new experimental skills that I
could use in combination with clinical data. At first, the lab work was quite challenging
as I had never done it before. I was unsure if I could successfully complete the project.
However, because of the excellent training I received from my amazing supervisors in
both Nijmegen and Milan, I rapidly became more proficient in these techniques and
gained a lot of knowledge on molecular biological research.
It was amazing to have the opportunity to conduct the internship in the lab in Milan.
Not only am I grateful that I could be in an environment with such a huge expertise
on iron research, I also really enjoyed experiencing Italian culture at its best. I had the
opportunity to visit a lot of places and my co-workers were eager to teach me about Italian
culture and gave excellent advice on places to visit!
Because of the amazing experience I had during my internship, I feel extremely
motivated to pursue a career that combines research with clinical medicine. The Honours
Programme has helped me tremendously in this endeavour, even now during my research
master at the University of Cambridge.

14

15

Radboud Honours Academy

Radboud Honours Academy

To cleave or not to cleave, that is
the question
Eckart de Bie
Iron isn’t only a vital component of steel, the building material we all know, but it
also has important functions in the human body. For instance, iron is of paramount
importance for the function of red blood cells. These blood cells are responsible for
oxygen transport from our lungs to our organs. In these blood cells, iron is part of a
complex that acts as a ‘shopping bag’ for oxygen. This shopping bag enables the red blood
cells to transport oxygen through the body. Moreover, iron also has other important roles
in processes in the body, such as in the production of DNA.
Because of these important roles of iron, it makes sense that we need sufficient amounts
of iron for our bodies to function properly. A shortage of iron leads to anaemia, resulting
in tiredness, shortness of breath and other discomforts. However, if the amount of iron
in the body increases too much, the body cannot cope. Iron will then be stacked up in
organs, causing – if untreated – organ dysfunction and even death. Hence, there is a
delicate balance of iron levels in the human body.
Unsurprisingly, the human body has a system to regulate these iron levels. The hormone
hepcidin (HAMP), produced by the liver, is able to prevent iron entry into the bloodstream
from the gut (iron from food) and from the spleen (iron from recycled red blood cells).
As such, hepcidin decreases iron levels. In conditions of high iron levels, hepcidin levels
increase, whilst they decrease in situations where iron availability is limited. This is
illustrated in Figure 1.

Certain molecules increase hepcidin levels and thereby regulate
iron levels
Hepcidin production, in its turn, is regulated in order to control iron levels. A major
factor that increases hepcidin is represented by BMP-molecules (BMPs). These molecules
can bind to a sensor specific for BMPs, much like keys that are specific for a lock. In this
instance, the keys are BMPs whilst the locks are BMP sensing molecules, known as
BMP-receptors (BMPRs). When these keys open the BMPR ‘lock’, a signal stimulates the
liver to produce more hepcidin. As a result of this binding between BMPs and their
BMP sensor, hepcidin levels are increased and iron is reduced.
To further complicate matters, besides the BMP sensor ‘lock’ there is another protein
present in the liver that helps to bind BMPs. This protein, hemojuvelin (HJV), acts as a
so-called coreceptor because it can bind BMPs and therefore can help to open the ‘lock’
and activate the hepcidin production signal. It essentially works as the oil for the lock.

Molecular scissors decrease hepcidin production
When iron levels threaten to become too low, there is a brake on hepcidin production.
This brake is like molecular scissors, namely matriptase-2 (MT-2). MT-2 is present on
liver cells, just as the BMP sensors and HJV. The MT-2 scissors cleave HJV. Essentially, this
means MT-2, like normal scissors, cuts the coreceptor of the BMP sensor ‘lock’. Therefore,
it is more difficult for the BMP keys to open their lock (because of a lack of oil), thus there
is less hepcidin production signal. Obviously, this results in less hepcidin in the body,
and therefore an increase in iron levels.

Figure 1. Schematic overview of iron regulation in the body
Figure 2. Schematic overview of the molecular regulation of the hormone hepcidin
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These molecular scissors are rather important for humans. It is known that mutations
in the genetic material responsible for these molecular scissors result in a rare form of
anaemia. Because mutated scissors have difficulties with cleaving the HJV coreceptor,
hepcidin production signals are continuously present. Hence, hepcidin levels remain
high. This rare form of anaemia is known as Iron Refractory Iron Deficiency Anaemia.
It is characterised by unresponsiveness of patients to iron pills as high hepcidin levels
prevent iron uptake form the gut.

Molecular scissors MT-2 may not be specific scissors
Although general consensus is that HJV is cut by the MT-2 scissors, it has recently been
proposed that the BMP sensors are also cut by MT-2. We set out to investigate if this new
hypothesis is a valid one. By using a technique that adds additional genetic material to
cells, so that cells express the effects of these genes to a higher extent than under normal
conditions, we investigated the effects of the molecular scissors MT-2. Four groups of
cells with different additions of DNA from specific genes were made; I) had normal MT-2
scissors in combination with the HJV coreceptor, II) had normal scissors in combination
with the BMP sensor, III) had broken scissors (that don’t work at all) with HJV, and IV) had
the same broken scissors with the BMP sensor.

Radboud Honours Academy

A new mutation in the MT-2 scissors
In a patient treated by the Radboudumc Expertise Centre for Iron Disorders, a mutation
in the MT-2 scissors was found that had not been described in literature. We assessed the
effect of this mutation by using the same techniques as described above. We compared
cells with HJV and normal MT-2 scissors to cells with HJV and broken MT-2 and to cells
with HJV and mutated MT-2 that corresponded to the mutation of the patient. We found
that hepcidin activation is slightly higher in the cells with mutated MT-2 from the patient
compared to cells with normal MT-2, although hepcidin activation was still lower than in
cells with inactive MT-2. This indicates that the mutated MT-2 from our patient isn’t as
potent in inhibiting hepcidin as a normal MT-2 scissors, thus enlarging the chance this
patient develops anaemia.

Acknowledgements
I would like to thank my supervisors, Dorine Swinkels, Laura Silvestri, Laura Diepeveen,
Alessandro Dulja and Alessia Pagani for their excellent guidance during the internship!
Moreover, I would like to thank the entire lab in Milan for their friendship, helpful
attitude and willingness to teach me about Italian culture. You all made me really feel at
home!

By using a technique assessing activation of the hepcidin gene, we found when HJV is
present in combination with normal MT-2 scissors hepcidin levels are reduced compared
to cells with HJV and with broken scissors. This indicates HJV is cut by the scissors.
Interestingly, hepcidin levels were about the same in the groups with BMP sensors, both
with normal and broken scissors (there was a small, but not statistically significant,
difference). This indicates the scissors are not able to cut BMP sensors, but are only able
to cut HJV. This may be deduced because if the BMP sensors would be cut by the scissors,
the group with the combination of normal scissors and BMP sensors should have reduced
hepcidin levels compared to the group with BMP sensors and broken scissors.

Figure 3. Schematic overview of hepcidin activation in different conditions
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Stijn Bluiminck
(Winterswijk, 1997)
Bachelor of Medicine 2016-2019

“The variety of approaches to
research that I came across
during these internships gave me
an interesting insight into how
research is conducted in the different
disciplines of medicine.”

Honours internship: Department of Surgery, Radboudumc; Department of Surgery,
The University of Chicago, USA
Supervisors:
Prof. dr. Harry van Goor; Dr. John Alverdy and Dr. Olga Zaborina
I started at the Radboud University as a Biomedical Sciences student, but during the first
year, I realized that I wanted to be a doctor. Even though I switched to Medicine I wanted
to learn about research in addition to the clinical curriculum. The Honours Program
Medical Sciences gave me the opportunity to conduct the research that I aspired.
During the first year of this two-year program, we were privileged to learn about research
projects at different departments at the Radboudumc. The variety of approaches to
research that I came across during these internships gave me an interesting insight into
how research is conducted in the different disciplines of medicine.
This extracurricular research program gave me the opportunity to work at the University
of Chicago at the department of Surgery. The lab of Dr. John Alverdy gave me a lot of
freedom to conduct my research project. I learned a lot about how to design experiments,
present my results, but also take a step back from the in-depth research that I was doing
visualizing how my project contributed to the general idea that our lab wanted to show
to the world. The Surgical Residents, Dr. Zaborina and Dr. Alverdy himself are incredibly
ambitious and inspiring which makes me very grateful that I got the opportunity to work
with them.
To be honest I did not know much about Chicago at first. I knew it was a big city, but I
had no idea how lively and exciting it could be. The city is characterized by enormous
skyscrapers and the center has a profound industrial appearance. If I wanted to be away
from all this I went to lake Michigan where I could enjoy my morning runs and enjoy the
nature this city has to offer. The city itself is beautiful and the people that I got to meet
made my stay in Chicago a wonderful experience that I will never forget.
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Can our microbiome be used
as a tool to prevent surgical site
infection?
Stijn Bluiminck
Minimally invasive approaches with fast recovery time and little scar tissue have become
the standard of surgery. Robotic surgery is emerging and the equipment available for
surgeons has changed the face of surgical medicine. Despite these astonishing innovative
environments in which surgeons nowadays operate, they still face the same problem of
infection as surgeons in the 18th century. The first person ever to recognize the problems
of surgical infection was a Hungarian doctor who noticed that his medical students, who
assisted with births after having been in the dissecting room, caused more maternal
death than midwives. Although it took at least a decade before they discovered that these
infections were caused by bacteria, this Hungarian doctor made his students wash their
hands before they could enter the delivery room.
This was the first implementation of an antiseptic surgical approach. After the discovery
that bacteria were causing these infections medicine vastly introduced new anti-septic
methods to prevent bacterial wound contamination and transmission. Together with the
discovery of antibiotics, this led to a steep decline in infection rates. However, despite
improvements in peri-operative care, still about 5% of the surgical patients develop a
surgical infection (These wound infections after surgery are called surgical site infections
(SSI)). Why can we not prevent SSI entirely? Are we missing out on a concept by which
bacteria cause SSI?

The missing link
The most common bacteria to cause SSIs are S. Aureus, E. Coli, P. Aeruginosa,
K. Pneumoniae, and Acinetobacter. To elucidate how these bacteria cause SSI we have
to understand how these bacteria reach the wound. It is often thought that SSI is a
consequence of direct intra- or postoperative wound contamination. However, SSI is
seen in patients with gross contaminated wounds, but also in patients who are operated
on under completely sterile conditions. The evidence for direct wound contamination
during or after surgery is minimal. Wound cultures during surgery do not indicate the
presence of bacteria, making intra-operative wound contamination less likely. A recent
study showed that postoperative application of Methicillin-Resistant Staphylococcus
Aureus (MRSA: an antibiotic-resistant strain of S. Aureus) directly onto the wound does
not cause an SSI. There must be something else that determines whether the bacteria to
which patients are exposed cause an infection. One might suggest that SSI is a result of
a disorder in host biology to clear the infection. Many patient-specific characteristics
have been identified that are associated with an increased risk of SSI. This made surgeons
classify patients to certain high-risk populations and optimize their perioperative care to
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prevent infection. However, even though we know which patients are at risk, the surgeon
cannot predict or prevent SSI based on host biology alone. This is because, in all our effort
to optimize host biology and prevent bacterial contamination, we forget that a patient
brings billions of his own bacteria into the operating room. These bacteria are better
known as our microbiome. We now know that bacteria causing SSI likely originate from
our nasal cavity or our gut microbiome. This article will focus on our gut microbiome
concerning SSI by explaining what our gut microbiome is and how these gut bacteria can
cause an SSI.

Microbiome and surgical site infection
Our microbiome is a reservoir of bacteria, fungi, and viruses that live inside our gut,
lungs, and on our skin. There are ten times more bacteria in our body than we have
human cells. Our biggest microbiome is present in our gut. In a normal situation, these
bacteria are no harm to us. They actually make us healthier for example by helping to
digest food and to train our immune system to fight potential pathogens.
But how is the microbiome relevant to SSI? Our gut microbiome contains hundreds of
different bacterial species which live harmoniously together. A healthy human being
normally has a ‘health-promoting microbiome’ or also called a healthy microbiome. A
healthy microbiome is very diverse in composition and it mainly consists of bacteria
that we call ‘good’ bacteria. The harmonious living of the bacteria in our microbiome
is dependent on the environment to which these bacteria are exposed. The intestinal
environment can be defined as everything present in our gut except the bacteria.
Everything we eat, medication we take, travels we make, comorbidities we have
contributes to the intestinal environment in which these bacteria live. The event of a
surgery, the use of antibiotics, or the consumption of an unhealthy high fat, low fiber
Western diet changes the intestinal environment resulting in a massive loss of good
bacteria. The ‘health-promoting microbiota’ shifts to a ‘disease-promoting microbiota’.
This disease-promoting microbiota is characterized by a loss of diversity of bacterial
species and a radically changed intestinal environment. As a result, the reduced pool of
good bacteria cannot compete with the pathogenic bacteria anymore. These pathogenic
bacteria can now easily colonize our intestine and make us sick. To put this into context,
surgical patients are almost always subjected to antibiotics and many of them consume
a Western diet. This leads to a “disease-promoting microbiome” containing pathogenic
bacteria which the patient brings inside the operating room without the surgeon
knowing.
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But if these bacteria are in our gut, why does it matter? It does matter because research
has shown that SSI can be caused by bacteria derived from our gut. If we artificially
colonize the gut of mice with MRSA and we subject these mice to surgical stress, the
MRSA can travel to the surgical wound causing SSI. Also, a recent publication from our lab
showed that mice that were subjected to a Western diet and surgical stress died because
of sepsis caused by antibiotic-resistant bacteria derived from their gut. Mice that were on
a standard diet (high fiber, low fat) and also had surgical stress did not die and were not
colonized with antibiotic-resistant bacteria. This tells us that the disease-promoting state
of our microbiome facilitates the emergence of antibiotic-resistant pathogenic bacteria
which determines the outcome of surgery.

Many people have been involved in enabling this research internship. I want to thank the
Department of Surgery of the Radboudumc and especially Prof. Dr. Harry van Goor for
providing me with this insightful internship in Chicago. I want to express my gratitude
to Dr. John C Alverdy, Dr. Olga Zaborina and Bobby Keskey M.D. for their guidance,
undivided enthusiasm, and encouragement during my stay in Chicago. I thank you all
for strengthening my excitement for basic science research and giving me this enormous
opportunity.

Western diet and antibiotic resistance
How is it possible that the MRSA that is directly applied to the surgical wound does not
cause a surgical infection, but if it is derived from the gut it does? This is because the
phenotype (observable characteristics) of bacteria determines whether it will cause
an infection. The phenotype of bacteria is determined by the environment to which
bacteria are exposed. A Western diet changes the intestinal environment influencing
the phenotype of the bacteria in our gut. Two key phenotypic characteristics of bacteria
are relevant for surgical infection: 1) the ability of a bacteria to kill, also called bacterial
virulence; 2) antibiotic resistance. Antibiotic resistance means that bacteria do not
respond to the antibiotics that we give to clear an infection. Currently, about 15-50%
of the surgical site infections are caused by bacteria resistant to antibiotics used for
prophylaxis. My project in Chicago focused on whether the consumption of a Western
diet facilitates the emergence of antibiotic-resistant bacteria in our microbiome. We
showed that the microbiota population of mice that were subjected to a Western diet
show increased antibiotic resistance compared to mice on a standard diet. This tells us
that the intestinal environment from a Western diet allows antibiotic-resistant bacteria
to colonize our intestine.

Future clinical implications
My research established that the emergence of antibiotic-resistant bacteria in our
microbiome is diet-dependent and does not require prior antibiotic exposure. Previous
research also revealed that the virulence of bacteria is influenced by diet and that a
healthy diet results in a better surgical outcome in mice. To use our microbiome as a tool
to prevent SSI it has to be elucidated how the intestinal environment from a Western diet
drives the emergence of antibiotic-resistant bacteria and how this intestinal environment
changes the virulence of gut bacteria. It has to be determined which components in the
intestinal environment are responsible for the development of bacterial virulence and
antibiotic resistance. The ultimate goal is to develop a future pre-operative intervention
to reduce the virulence of intestinal bacteria and to prevent antibiotic-resistant bacteria
from colonizing our intestine to improve surgical outcome.
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Hanna van den Broek
(Nijmegen, 1998)
Bachelor of Medicine 2016-2020

“I loved doing research, from the
freedom of choosing your topic to
the precision of data analysis.”

Honours Internship: Department of Psychiatry, Radboudumc;
Institute of Mental Health Research, UT Austin
Supervisors:
Annemiek Bergman, Janna Vrijsen;
Kean Hsu, Chris Beevers
When I learned that I could apply for a two-year Honours programme at the Radboud,
I never doubted whether I wanted to join. I only had to think about which programme:
disciplinary or interdisciplinary? In the end, my interest in medicine swayed me towards
the disciplinary programme, a choice I do not regret at all!
I spent my first few months joining the researchers in the psychiatry department at the
Radboudumc. There I got the chance to learn more about how we measure psychiatric
illness and to understand more about how psychiatric illnesses can affect every part of
life, right down to how you see and remember your experiences.
After 7,5 months, it was time for me to put the skills I had learned to the test abroad: I
found out that I would be going to Texas, in my mind a rural, deserted and gun-crazy
state. I was a bit apprehensive, but curious enough to step on the plane to my new life.
When I arrived in Austin, I was surprised: it was a beautiful, bustling city. I immersed
myself; I saw live music, learned the Texas Two-step and rode on the back of a pick-up
truck. I came to enjoy the way of life there. I learned a lot about why people live the way
they do, and I could understand why they did.
My research group abroad was the cherry on top. My colleagues were driven, interesting,
intelligent and always ready to help. I loved doing research, from the freedom of choosing
your topic to the precision of data analysis. The excellent supervision I received from
Kean Hsu inspired me and taught me to think in new ways. All in all, my internship has
brought me fun experiences, good friendships and passion for research!
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Curing depression with a simple
computer task
Hanna van den Broek
Always look on the bright side of life! I’m sure you’ve heard this saying before. The
interesting thing is, science has proven that most people actually do look on the bright
side of life. Or to be more precise, they look AT the bright side of life. Think about where
you would look in the following situation: you’re walking down the street and you see an
adorable puppy! Right next to the puppy is a big pile of rotting trash. Most people reading
this would look at the puppy, and avoid looking at the trash. After all, the puppy is cute
and makes your day better, and looking at trash certainly doesn’t. Scientists agree that
most people would prefer looking at the puppy; the attention of mentally healthy people
tends to gravitate towards positive images (“positive stimuli”). However, not everyone
looks at the world in such a positive way.

Ways of changing people’s attention
Luckily, there are ways to change attentional bias! This is done by ‘reprogramming’
people’s perceptions by giving them computer tasks. There are different kinds of tasks.
You can let people search for positive images while the computer screen is filled with
images that are negative or neutral. This is called ‘visual search’ (see figure 1). This task
teaches people to only pay attention to the positive images, and to ignore the other
images on the screen. The idea is that in real life they will also mostly pay attention to
positive stimuli while ignoring negative stimuli.

Different ways of seeing the world
People with certain mental illnesses have a very different way of seeing the world. For
addicts for instance, the temptation of the substance they are addicted to is so strong that
every time that substance is in the room, they pay attention to it, while others would not.
So, if an alcoholic walks into a work event and they see that is alcohol being served, they
would get very distracted by looking at all the people drinking. This is called attentional
bias, in this case towards alcohol. The attentional biases in other mental illnesses are less
specific.
In the lab where I interned, we studied depression. The attentional bias in depression
changes the way depressed people see the world in multiple ways. Firstly, people with
depression tend to look more often at negative images (“negative stimuli”). If they have a
choice between a neutral image or a negative image, they will look at the negative image
more. They also look at positive images less if they have the choice between a neutral or
a positive image. But this is not all, depression actually changes the way people perceive
images. When looking at faces, people with depression often thought faces were angry
or sad, while they were actually neutral. Depressed people may remain depressed partly
because of the ways the attentional bias changes their perceptions. It makes their view
of the world a negative one, since they focus so much of their attention on the negative.
This negative view of the world could cause depressed people to feel bad. In this way
attentional bias sustains depressive symptoms, like a sad mood.
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Figure 1: An example of a visual search task

Another way of changing people’s attention is to make them pay attention to a ‘probe’.
This probe is a letter or symbol that people have to differentiate from another similar
looking letter or symbol. An example would be to differentiate the letter O and Q. The
probe, in this example a Q, appears after two images or words related to two different
emotions, such as happy and sad. It is shown on one side of the screen, so it appears
‘behind’ one of the images, for example the happy image (see figure 2).
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Fortunately, the training seems to have an effect. Not all the data are analysed yet, but
during my time in the lab the people that received the training improved more than the
people that did not. Several people even told me that over the course of the four weeks
they felt their attention being drawn to the positive pictures more and more. To hear this
made me very happy! All in all, evidence seems to show that a simple computer task can
alleviate depression.
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me tackle my problems. I would like to thank Annemiek Bergman for her dedication to
helping me with the eye-tracker and to helping me understand some of the attentional
bias field. I also want to thank Dr Kean Hsu for his hospitality, his amazing guidance and
for teaching me a lot about research, and Chris Beevers for letting me do research in his
lab. Additionally, I am grateful to Jocelyn Labrada for helping me out with study visits.

Figure 2: A visual explanation of the ‘probe’ method

When the participants see the probe they press or type the corresponding button or
letter on the keyboard. This can change attention because the probe appears more often
behind the image or word you want people to pay attention to. So, for example, if we
want a depressed person to pay more attention to happy stimuli, we would make sure
that almost all of the probes appear behind the happy stimuli. This way, people start
to automatically pay more attention to the happy images because they subconsciously
notice that looking at these images means they can find and correctly label the probes
more quickly. The intention is that this preference for positive stimuli would also be
present in real life. Both of these methods of changing attention have been successful in
a variety of ways. Among other things, they caused a reduction in attentional bias and in
overall depression symptoms.

What did the lab I interned at do?
Although the effects of changing attentional bias are good, there is not enough evidence
in large groups of depressed persons to recommend using it in real life. Therefore,
it is not often implemented. In the lab where I interned, they studied the effects of
changing attentional bias in a large group of depressed people. We used the ‘probe’
method of changing attention. We measured the effects once a week for 4 weeks. It was
quite an undertaking for the participants. I helped them go through a whole circuit of
measurements, from MRIs to questionnaires to clinical interviews. It usually took them
around 3 hours to complete everything. And that’s just the measurements! The training to
change their attention (about 20-30 minutes) took place every day. Some of the training
could be done at home, which made the process a bit easier for participants. On top of all
of that, the participants could also give permission to the lab to track their phone so their
social activities could be monitored.
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Joshua Climo
(Hardinxveld-Giessendam, 1997)
Bachelor of Medicine 2016-2020

“In retrospect I have learnt a lot
from participating in the Honours
Programme; it really changed my
perspective on the world, research
and myself.”

Honours Internship: Radboud Institute for Molecular Life Sciences, Parasitology
London School of Hygiene and Tropical Medicine, Infection and 		
Immunity
Supervisors:
Prof. Dr. Teun Bousema, Kjerstin Lanke,
Prof. Dr. Chris Drakeley, Dr. Khalid Beshir
The past three years I have studied medicine at the Radboudumc. The combination
between research and becoming a doctor has always appealed to me, hence I chose to
apply for the disciplinary Honours Programme. That way I could conduct research, and
gain insight into what it means to be a scientist. Last two years I have conducted research
into malaria-related subjects, of which the article into HRP2 deletions is a very brief
summary.
In retrospect I have learnt a lot from participating in the Honours Programme; it really
changed my perspective on the world, research and myself. Especially the full-time
traineeship abroad contributed to these changes. I recommend this programme to those
who would like to invest in and learn from research within a biomedical context. For me
research will very probably be a part of my future studies and career!
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Missing proteins: the missing link
in malaria diagnosis
Joshua Climo
Imagine yourself in Parc National de Kahuzi-Biega, on the border of North and South
Kizu in the Democratic Republic of the Congo. You arrived here two days ago and are
traveling around to enjoy the beauty of the park. All looks serene and perfect. Except for
those small, but very prominent creatures: mosquitos. They bite you but the itch goes
away after a few days, so you try to ignore them. After your journey through the park you
decide to travel to Goma, an 8-hour drive from where you are. Slowly you are starting to
feel a little sick. Kilometre after kilometre passes and your condition is worsening. The
chills and shivers you had in the beginning are gone, but you are now feeling absolutely
miserable. Your head is exploding, you feel exhausted, nauseous and your muscles ache
throughout your entire body. Finally, you reach the Kibati Health centre. The staff suspect
you have severe malaria. The doctors perform a rapid diagnostic test, which comes out
negative. That was not anticipated. They decide to start malaria medication anyway and
to perform a more complex diagnostic test. So, there you are in a small, rural health
centre, feeling miserable. Fortunately, the drugs are kicking in and your condition is
slowly improving. So, it was malaria after all! This was confirmed by the more complex
diagnostic test. But why was your first test result negative?
To understand that I will first briefly explain what malaria is, how it is transmitted, and
how rapid diagnostic test (RDTs) work – or like in this case, fail.
Figure 1. Life cycle of P. falciparum

Some background on malaria
The word malaria comes from the medieval Italian mal aria, meaning bad air. The ancient
Roman believed that the disease was caused by the bad fumes from the swamp. Nowadays
it is known that malaria is caused by parasites transmitted by mosquitos. There are five
different strains of the parasite. However, in this article we’ll only focus on P. falciparum,
because this strain causes most infections in Africa.
There is one type of mosquito that can transmit the malaria parasite to humans:
Anopheles. This name literally means ‘good for nothing’. If an infected mosquito bites a
human, the parasite can further develop in the human liver and blood. After development
it can be transmitted to a mosquito again if the mosquito feeds on infected human blood.
In the mosquito the parasites develop, and so the mosquito can become infectious again,
thereby completing the cycle! Figure 1 shows the lifecycle of the parasite.

34

Rapid diagnostic test
To understand how a rapid diagnostic test (RDT) works, I will first explain a very basic
concept of the human immune system. If the human immune system encounters
something that does not normally occur on or in the body, say a parasite, the immune
cells of the human body identify specific molecules that can produce an immune
response. Those specific molecules are called antigens – which is short for antibody
generator. Intruding materials and organisms all have their own specific antigens, and
therefore the human immune system creates antibodies that are very specific for exactly
those materials and organisms.
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If a human is infected by P. falciparum antibodies are also generated. One specific antigen
is histidine-rich protein type two, HRP2 in short. HRP2 is expressed only by P. falciparum
and causes the production of HRP2 specific antibodies, and these specific antibodies are
detected by RDTs. There are multiple RDTs – which all react to something different – but
the one based on HRP2 is most common. Especially in Africa, where it is used in 75% of
malaria diagnoses. So, if I mention an RDT from now on I am referring to a HRP2 based
RDT. The test works very similar to a common pregnancy test, only in this case you use
blood and detect antibodies; you take a drop of blood, and if the antibody is present a line
appears – your positive test result.
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HRP2 deletions
There are, however, parasites that do not produce HRP2 proteins. Normally this is caused
by a genomic defect; a deletion of the gene coding for the protein. Parasites that don’t
express HRP2 due to a deletion are called HRP2 deleted. As you might have guessed
already, this can have serious implications! If the parasites don’t express the protein, your
body cannot make antibodies against it, and if no HRP2 specific antibodies are produced,
the test will be negative, even though malaria parasites are present. This might result in
you being ill for longer and it also increases the chances of spread.

Analyses of blood samples
To monitor and to acquire insight in the prevalence (i.e. how many cases you have at a
specific moment) and spread of the deletion I analysed blood samples from North and
South Kivu. In these analyses I attempted to determine whether a sample was HRP2
deleted. To do so I selected samples which were RDT negative but had been confirmed to
be malaria positive by a more complex diagnostic test.
Firstly, a test was performed to guarantee sufficient genomic material – there is not much
sense in testing a sample if there is not enough DNA to detect them. Secondly, samples
with sufficient genomic material were tested for the presence of HRP2. If samples were
negative for this test, they were tested for three other genes: MSP1, MSP2 and PgMET. This
was done because HRP2 has very few copies, and the first test – the one to confirm the
presence of sufficient genomic material – uses a gene which has many copies (genes with
fewer copies are normally harder to detect, so that leaves a chance of just not being able
to detect low-copy genes even if a gene with many copies can be detected).
I found that 11.3% of RDT negative samples was HRP2 deleted! This can have far-reaching
implications for malaria management, and therefore this must be a priority for policy
makers and research institutions. My advice is to further investigate the spread and
characteristics of the deletions. The first step in solving a problem is defining it.
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Stijn Donker
(Eindhoven, 1998)
Bachelor of Medicine 2016-2019

“Going abroad for six months with
a total of 14 Kg of luggage (my
internship preceded a 3-month
backpack adventure) to a country
I had never been to before, without
knowing anyone or anything was
both adventurous and scary. For me,
this journey was life changing.”

Honours internship: Department of Physiology, Radboudumc;
School of Human Sciences (Exercise and Sport Science),
University of Western Australia, Perth
Supervisors:
Yvonne Hartman, Prof dr. Dick Thijssen;
Dr. Louise Naylor, Prof. Daniel Green
In the first year of my bachelor of medicine, my curiosity towards research and my urge to
see the world led me to apply for the Radboud Honours Programme Medical Sciences. The
application was successful. This was the beginning of a journey that not only involved my
physical travel abroad but also contributed to my personal development. Going abroad for
six months with a total of 14 Kg of luggage (my internship preceded a 3-month backpack
adventure) to a country I had never been to before, without knowing anyone or anything
was both adventurous and scary. For me, this journey was life changing.
When I arrived at the university in Australia, I received a very warm welcome from the
professor and everyone in his research group. However, starting up took some time,
and in the first weeks of the internship I did not have a clear idea of what exactly my
work there would include. I did not have a clear goal. Additionally, at times I felt alone
because I did not have a circle of friends and family that I could rely on. After two weeks,
a few goals for my internship were set. That gave me some structure and made me more
comfortable. The support and encouragement that everyone in that research group gave
me increased the quality of both my work and my stay in Perth.
Looking back, the internship was a huge success and will most likely result in a
paper in the area of sport science and cardiovascular physiology. I am grateful for the
opportunities that the Radboud University and the University of Western Australia
gave me, and would not hesitate to recommend applying for this or similar programs to
anyone.
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Blood vessels: more than
just pipelines?
Stijn Donker
Perhaps you are familiar with the term “sitting is the new smoking”. Although I would
recommend sitting over smoking, there is no doubt that sitting for multiple hours a
day has serious negative effects on the cardiovascular system (the heart plus all blood
vessels). Nowadays everyone knows that a daily walk with your dog and riding your
bike to work is very healthy for the heart and the blood vessels. And just like the phrase
“sitting is the new smoking” leaves no doubt about the cardiovascular problems related
to inactivity, you would think that research cleared all uncertainty about the effects of
sports on the cardiovascular system, right? Wrong! Still a lot is unknown about the effects
of sport on the blood vessels. With my research I tried to contribute to the knowledge in
this area.

bigger and stronger so that it can create a higher force to overcome the elevated blood
pressure. These adaptations are called respectively eccentric remodelling and concentric
remodelling, see figure 1.

Exercise modalities
It is well known among researchers and doctors that different forms of exercise place
distinct demands on our body. These different “exercise modalities” can be classified, for
example as endurance vs. resistance training. Endurance training (AKA cardio-training)
consists of prolonged periods of force generation. The force that you generate with
endurance training is relatively low, given the fact that your body needs to deliver these
forces consistently for a longer time. Think of endurance training as your 30 minute
jogging-session in the park or your 10K hike in the mountains. On the other hand,
resistance (strength) training involves high forces delivered for only a very short time
(usually less than a minute). You can find examples of this kind of training at the fitness
machines in your local gym.

Exercise modalities change the heart
The exercise modalities have different effects on the heart. Endurance training is
known to increase your muscles’ oxygen consumption. The heart is responsible for the
distribution of oxygen: it is basically a pump that pumps the blood to the places where it’s
needed, so in endurance training the heart has to pump a greater amount of blood. But
strength training is different. When performing strength training, your blood pressure
increases. This is a result of the high forces in the muscles that squeeze the blood vessels.
The heart now has to create more force to pump out the blood, but the amount of blood
stays the same. As you can see, different exercise modalities place different challenges on
the heart. It is for this reason that the heart adapts differently to these forms of exercise.
In response to the cardio training, the cavities in the heart increase so that the heart can
pump a larger volume of blood, whereas in strength training the heart muscle becomes
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Figure 1. This is the left ventricle of the heart. Endurance and resistance training cause eccentric
and concentric remodelling, respectively.

Exercise modalities and their effect on the arteries
Resistance exercise increases the blood pressure in arteries. That is different for
endurance exercise. In response to endurance exercise blood flow and thus friction with
the blood vessel walls (scientists say “shear stress”) increases. That friction is important:
specific cells in the blood vessel walls sense this shear stress. Tiny muscles in the wall
of the vessel respond to that by relaxing. In return, the blood vessel dilates so that
more blood can flow through. This process is called flow mediation dilation (FMD) and
indicates the function and thus the health of the blood vessel.
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Do blood vessels adapt too?
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It is interesting to note that the demands created by the two exercise modalities (either
increases in blood flow or in blood pressure) are similar in the blood vessels and the
heart. Because of that, it is very plausible that the two exercise modalities cause the blood
vessels to remodel and adapt differently. Not much research has been done in this field.
Our study is the first to work with professional athletes to determine the long term effects
of the exercise modalities on the blood vessel structure and function. To do this, we used
ultrasound imaging to measure the diameter (structure) and the FMD (function) of blood
vessels of professional athletes in endurance and resistance sports.

The mentoring, advice and the guidance from my supervisors Yvonne Hartman, Prof.
Dr. Dick Thijssen, Dr. Louise Naylor and Prof. Daniel Green has been an indispensable
part of the research I conducted both in the Netherlands and in Australia. Furthermore, I
would like to thank Dr. Angela Spence, who supplied me with the necessary information
and background to complete this study, and Dr. Andy Haynes and Dr. Howard Carter for
sharing their expert visions, thereby helping me to improve my project. The opportunities
that the University of Western Australia and their School of Human Sciences offered me
made it possible to do an exceptional amount of work in only 14 weeks.

Blood vessels respond not as expected
Oddly, we found no differences in the arterial structure and function between the
endurance (running and rowing) and resistance (powerlifting and weightlifting) athletes.
We also compared athletes from all the different sports with each other, regardless of
exercise modality. The results confirmed that different forms of exercise have different
effects on the blood vessels. Athletes from some sports had a larger diameter and
function in certain arteries, while other athletes showed different results, for example
differences in diameter and function of other arteries. These differences seem to be
independent from exercise modality.
We found a strong relationship between location of the blood vessels and location of the
muscles that are used in a sport. For instance, arteries in the arms of rowers showed more
changes (a higher diameter of the artery) than arteries in the arms of runners, because
rowers use their arms way more intensively than runners. They both use their legs a
lot, so there wasn’t any difference in the vessels of their legs. This is a new finding and
although it seems very logical that changes in blood vessels only occur at the location of
active muscles, this is something that has not been found and described before.

Bloodvessels more than just pipelines
Our study showed that it is not necessarily the exercise modality – endurance vs.
resistance – that causes distinct adaptations in vessels. This means that there is a very
important difference in adaptation between the heart and the blood vessels. Everything
that has an effect on the heart also has an effect on the blood vessels, but the blood
vessels don’t always show the same alterations in structure and function. For doctors
and other health care professionals this is important because it can change the way that
they cure diseases. It changes the way they think of the cardiovascular system, because
the complicated ways in which blood vessels respond to all these different stimuli clearly
show that our vessels are more than just pipelines.

42

43

Ilse van Es
(Deventer, 1998)
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“I can say for sure that it greatly
contributed to my personal and
professional development. And
besides that, I am really glad that
via the Honours Program I got
acquainted with the NSHV, where I
am still an active member.”

Honours Internship: Department of Internal Medicine, Radboudumc;
Department of Nutrition, Metabolism and Genomics, Wageningen
Supervisors:
dr.ir. Rinke Stienstra;
Lisa Smeehuijzen (PhD)
Two years ago a new experience started when I got invited, and eventually also selected,
for the Honours Programme. I always had the desire to deepen and broaden my medical
knowledge, more than was offered during lectures, in order to challenge myself.
Furthermore, I saw the participation in the Honours Program as an opportunity to figure
out where my interests lie within the research field.
The English proficiency course that was given in the first year really helped, I got more
comfortable with writing and presenting in English. Thereafter, we were introduced to
different research themes where we got the ability to get a glance at the research labs and
their experiments.
For the arrangement of the internship, many topics interested me. And although making
choices is not my best quality, I applied for an internship in the field of immunology and
metabolism, which had a collaboration with the Ben-Gurion University in Beër Sjeva,
Israel. However, due to circumstances I chose to stay in The Netherlands. So I did my
internship in Wageningen at the department of Nutrition, Metabolism and Genomics
(NMG). Although this meant I had to travel around 3 hours a day, this was outweighed
by the experiences I gained. Not only did I learn a lot of different techniques - how to
plan my experiments and how to analyse and interpret my data - I also guided a master
student myself.
Overall, I enjoyed the Honours Program, and I would definitely recommend it to
everyone. I can say for sure that it greatly contributed to my personal and professional
development. And besides that, I am really glad that via the Honours Program I got
acquainted with the NSHV, where I am still an active member.

44

45

Radboud Honours Academy

Radboud Honours Academy

The interplay between
immunology and metabolism
Ilse van Es
We are continually exposed to foreign pathogens, that have the potential ability to
make us sick. Luckily, we possess guards, e.g. immune cells, such as monocytes and
macrophages that respectively circulate through our blood and reside in our tissues.
They are responsible for the first line of defence, and when recognizing these pathogens,
they will eliminate them via digestion, also called phagocytosis. However, when people
are suffering from a disease causing a chronic state of inflammation, such as diabetes,
the function of the macrophages and monocytes is negatively affected.

After treatment, the cells were killed and procedures to collect the DNA were started.
This DNA was researched for the expression of genes that are involved in the lipid
metabolism. The expression of these genes was then compared to expression of β-actin,
a so called housekeeping gene with a constant expression, in order to see whether the
lipid metabolism related genes were increased or decreased in their expression after
stimulation with LPS or LPS and C75.

Accumulation of lipids: lipid droplets

The lipid metabolism within a cell is tightly regulated via genes that can either be
increased or decreased in expression during inflammation in comparison with the
resting state. A total of 11 genes were tested for their expression. ATGL, HSL and PLIN2 are
genes encoding for proteins at the membrane of the lipid droplets. Both ATGL and HSL are
involved in the breakdown of the lipid droplets, whereas PLIN2 facilitates the synthesis
of lipid droplets. However, ATGL is inhibited by Hilpda and GOS2. The relative expression
of these genes to each other will determine whether a lipid droplet will grow or shrink in
volume.

When suffering from an infection, monocytes may encounter bacteria within the
blood, causing them to be triggered and subsequently activated. In this study, the
activation of monocytes is mimicked by exposure to LPS (lipopolysaccharide), which is a
component of the cell membrane of bacteria. Once monocytes are activated, they become
macrophages and travel from the bloodstream into the infected tissue. However, this
differentiation from monocyte into macrophage goes along with some changes in the
lipid metabolism. Immune cells are known to accumulate fatty acids into lipid droplets,
and thereby affecting the cellular function. Whereas macrophages normally show an
increased phagocytotic rate during inflammation, the accumulation of fatty acids can
cause it to decrease. Therefore the defence against pathogens will be less effective.
However, while the occurrence of lipid accumulation within macrophages is established,
monocytes, the precursor of the macrophages, are sporadically studied.

Cell culture and treatment
To investigate the lipid metabolism within both monocytes and macrophages, human
acute monocytic leukemia (THP-1) cells were used as cell model. This cell model is
commonly used to study processes within monocytes and macrophages. Besides that,
fresh blood samples were used to collect peripheral blood mononuclear cells (PBMCs)
and subsequently primary human monocytes by centrifugation. Both cell lines were
differentiated into macrophages by supplementing the medium with growth factors
(GM-CSF and M-CSF). For the THP-1 cell line it took 3 days before the macrophages
could be used for experimenting. For the human monocyte-derived macrophages, the
differentiation lasted 4 days. After optimisation of the LPS concentration, the monocytes
and differentiated macrophages of both cell lines were treated with LPS or were incubated
with LPS combined with C75. C75 is known to inhibit the synthesis of fatty acids.
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It is all about genetics

Besides that, genes encoding for proteins involved in the fatty acid synthesis were tested
for the expression. FASN, ELOVL7, AGPAT2 and DGAT1 follow each other in the pathway
of fatty acid synthesis. FASN, at the beginning of the pathway, can be inhibited by C75.
Treatment with C75 will therefore obstruct the entire synthesis of fatty acids. At the
end, the ratio between the rate of fatty acid synthesis and lipid droplet breakdown will
determine whether monocytes and macrophages accumulate fatty acids. The action of
the different genes is schematically depicted in figure 1.
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The effect of C75
C75 inhibits FASN, but treatment with LPS and C75 caused, remarkably, an increased
expression of FASN within both monocytes and macrophages. This can be explained by
the fact that C75 blocks only the protein that is made by the gene FASN. The gene itself can
therefore be increased in its expression without having any effect. Further in the pathway,
ELOVL7, AGPAT2 and DGAT1 were decreased in genetic expression, meaning that the fatty
acid synthesis indeed was hindered.
Besides that, ATGL was inhibited as well in both the monocytes and macrophages.
However, the difference between them is that within the monocytes the inhibition is
predominantly caused by GOS2, while within the macrophages Hilpda is responsible for
the inhibition.

In conclusion
Figure 1: Schematic overview of the genes involved in the fatty acid synthesis and the lipid droplet formation
within monocytes and macrophages.

From monocyte to macrophage
In order to determine and compare the effect of LPS or LPS combined with C75, the
difference between monocytes and human monocyte-derived macrophages at the
beginning of the experiment was determined. Because both the breakdown of the lipid
droplet was inhibited and the synthesis via PLIN2 was increased at the same time,
stimulation with the growth factors caused accumulation of fatty acids and so the
formation of lipid droplets.

The effect of LPS
Treatment of monocytes and macrophages with LPS caused different responses. First
of all, monocytes showed an increased fatty acid synthesis via upregulation of FASN,
ELOVL7, AGPAT2 and DGAT1. Besides that, LPS causes the monocytes to accumulate
lipids in the form of lipid droplets. This was concluded based on the fact that ATGL was
decreased in expression, whereas especially GOS2 was highly increased. Because both
HSL and PLIN2, acting contradictory, were increased, monocytes are expected to have a
dynamic flow of lipids that are released from the lipid droplet and lipids taken up by the
lipid droplet. These results differ from that of macrophages. Macrophages already formed
lipid droplets during their differentiation. During exposure to LPS, their goal seemed to
be preservation of these lipid droplets, since GOS2 showed an increased expression and
ATGL a decreased expression. Therefore the release of lipids from the lipid droplet is
inhibited. The synthesis of fatty acids on the other hand was increased via upregulation
of the genetic expression of FASN, ELOVL7, AGPAT2 and DGAT1.
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Looking at the genetic expression of all those genes, the results showed indeed
differences between monocytes and macrophages after stimulation with LPS and LPS
combined with C75. During the differentiation into macrophages, lipid droplets are
formed and they were preserved while mimicking inflammation. Monocytes on the
other hand, actively increase their fatty acid synthesis after LPS exposure in order to
form these lipid droplets. The genes involved in these processes, however, differ between
macrophages and monocytes.
Since this interplay between immunology and metabolism is seen in many diseases that
are rising in prevalence, further research is highly relevant. And although the complexity
of this interplay complicates the development of therapeutic strategies, these studies will
contribute to the development of an intervention.
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“This experience taught me what a
scientific working environment is
like, and to think creatively when
dealing with inevitable setbacks and
to be more solution-minded.”

Honours internship: Department of Clinical Genetics, Radboudumc;
Nuffield Women’s Research Department, University of Oxford, UK
Supervisors:
MD Bert de Vries, drs Erika Leenders PhD;
Christoffer Nellaker
I chose to participate in the Honours programme because it would allow me to dig deeper
than my medical knowledge and broaden my scientific knowledge simultaneously. Due
to small rotational internships in several different research fields during the first year,
I learned which subjects appealed to me. It made me enthusiastic to set up my own
project from scratch with dr. De Vries and drs. Leenders. Instead of doing an entirely new
research abroad, I had the chance to take the data that I collected in Holland to the Big
Data Institute in Oxford, were I could use their knowledge and techniques to look for
different ways to analyse my data.
I learned so many new skills, such as scripting language, data organisation strategies,
and data visualisation (these were topics outside of my comfort zone) from the amazing
Christoffer Nellaker. Next to that, I also got the chance to work together with PhD
students and attend several seminars from international researchers. This experience
taught me what a scientific working environment is like, and to think creatively when
dealing with inevitable setbacks and to be more solution-minded.
Although unfortunately I did not go far from home, it did not take away from the
experience of staying abroad and being on myself for three months. Living abroad has
given me new insights in my abilities. For instance, I have learned to say yes to every
possible new experience without doubting or fearing the experience itself. Moreover, I
had the possibility to meet people from different cultural backgrounds and experience
the college life in Oxford.
I feel very fortunate in having participated in the programme. It provided me with a lot
of new skills, new friends, and has definitely unveiled opportunities for me in the
nearby future.
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Say “cheese” to discover disease
Maike Grootenhaar

With a prevalence of one in 1000–2500 live births, Noonan syndrome (NS) is a disorder
that most doctors will encounter during their careers. The origin of this syndrome
can be found in the RAS/MAPK signalling pathway, a chain of genes in the body that
communicates signals between specific genes. Mutations in either one of those genes
can result in NS. Clinical findings in these patients are diverse. What has been observed
is short stature, cardiac defects, chest wall abnormalities, and most importantly specific
facial features. These clinical findings, however, can be very mild, especially the facial
features. Furthermore, the facial features recede with age. These two factors make it a
hard syndrome to detect. As of today, the recognition of individuals with NS still relies on
the ability of the clinician to recognize the syndrome based on the related facial features.
Which makes the diagnosis of NS easy to be overlooked.

The area that is most known to incorporate facial recognition nowadays is the area of
mobile platforms. Many of you have probably used it yourself for opening your iPhone,
using FaceID from Apple. Your iPhone collects facial data by screening your face while
installing the FaceID. The next time you want to unlock your phone, the technique
screens your face again and compares these facial data to the ones that were installed.
Another area is security. Only recently, facial recognition is starting to be used at the
passport control in airports. The device screens the picture from your passport and
collects the facial data. After this, you have to stand in front of a screen that scans your
face. Once again, with the use of facial recognition the device compares the two facial
data to see if they match.
And now these technologies have found their way into the medical world. A lot of
research has been done, specifically at the department of Clinical Genetics, to find out if
facial recognition can be implemented into medicine. We are curious to find out whether
facial recognition can be used as a diagnostic tool in patients with Noonan syndrome.

How does facial recognition work?

Fig.1 Typical facial and body dysmorphologies observed in Noonan syndrome

Because of this, research on how to improve the recognition of Noonan syndrome has
been done. One of the main techniques that has matured in recent years and really shows
potential is (digital) facial recognition.

What is facial recognition?
Facial recognition is a computer technique that is capable of identifying or verifying a
person by comparing and analysing patterns based on a person’s facial features. Facial
imaging techniques were first innovated by Woody Bledsoe in 1964, and were initially
used to compare photographs in order to determine identity. Since then its application
has been implemented in numerous areas. You might be familiar with some of them.
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So, lets explain step by step how facial recognition works precisely. The first step is to
take a photograph of the patients face. That sounds easy, but there are some instructions
to be followed if you want the technique to work. These instructions are:
a) only the patient must be in the photograph (so no other faces) since it would then
maybe detect the wrong face,
b) there should be no obstructions of the face (so no glasses, no hats, no hair in front of
the ears, or anything else in front of the face) in order for the technique to be able to
detect all of the facial features,
c) the face should be properly positioned at un upright position, because the technique
is not good enough yet to be able to detect faces at another angle,
d) the patient has to have a neutral facial expression, because the technique has to
distinguish between facial features and not between expressions.
These photographs are then transferred to a facial recognition technique, for example
the Clinical Face Phenotype Space Pipeline from Ferry. This is a computer technique that
consists of a chain of processing elements. The first step of this pipeline is to detect the
facial points on the photograph. There are 36 facial points in total to describe the face;
seven for the jaw, six for the mouth, seven for the nose, eight for the eyes and eight for the
eyebrow.
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The second step of the pipeline is to calculate facial features. These are the distances
between all the facial points. The outcome can be described best as a sort of cobweb
drawn on the face. With these facial features a lot of analyses can be performed.

Radboud Honours Academy

gene to another was calculated for all the genes, and this is called the pathway distance.
All of the genetic mutations that had the same pathway distance were grouped together.
The final step was to compare the Euclidean distances to the pathway distances. The
final outcome of this analysis shows that there is a significant difference between these
two. This means that the closer two genes are in the pathway (so the closer the genetic
mutations are), the closer their facial features are in the plot (so the more they look alike
in facial features).

Research needs to keep going
The discovery that the closer the genetic mutations are in their gene pathway, the
more they look alike, is a novel one for Noonan Syndrome. It is very exciting to see that
these interesting discoveries can be made using facial recognition. Nevertheless, facial
recognition techniques do not seem good enough yet to use them in the clinical setting.
But the techniques of facial recognition are still being refined and researchers are positive
and determined that in the near future they can be used in the field of clinical genetics.
So it is very important to continue the research on facial recognition as a diagnostic tool
for Noonan syndrome, in order to make an earlier diagnosis and to be able to find a more
suitable approach of counselling for each individual patient.

Fig.2 Overview of the facial recognition technique.

Analyses on facial features
In order to perform some analyses, the facial features from patients with NS that have
a known genetic mutation where calculated after running their photographs through
the pipeline. This was also done for patients with another syndrome. Firstly, the facial
features of patients with another syndrome were compared to those of patients with NS.
This was done by plotting all the facial features on a graph, where every dot represents
the facial features of one patient. What could be observed is that the facial features of the
patients with another syndrome looked more alike than compared to the facial features
of patients with NS. However, this was not really obvious. So it is possible for clinicians to
distinguish NS from other syndromes, but it is not always as easy since the differences in
facial features can be very subtle.
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Secondly, the facial features of patients with NS were compared to each other based on
the genetic mutation. Expected was that the facial features of patients with NS that share
the mutated gene would group together. However, they did not. So it looks like even
patients that share the same gene as origin of their syndrome do not look alike. This
highlights how difficult it is for clinical geneticists to predict which gene is mutated as
the cause of NS, and therefore also to predict what problems the patient might encounter
since this can differ for every specific gene mutation.
Another aspect we looked at was the Euclidean distance. This is the distance between the
facial features of two patients. So in easier terms, the distance between two points on the
plot. This was calculated for all possible combinations of patients. Furthermore, a closer
look was taken at the different genetic mutations. All of these mutations are present in
the RAS/MAPK pathway in a specific order. The number of steps it takes to go from one
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“I vividly remember my first day,
with a jetlag, at the Mayo Clinic.
My supervisor explained my project
to me in 15 minutes, gave me some
articles to work with, showed me my
office and I could get started.”

Honours internship: Department of Anatomy, Radboudumc;
Department of Clinical Genetics, Mayo Clinic,
Rochester, Minnesota, USA
Supervisors:
Dr. Dylan Henssen;
Prof. dr. Eva Morava-Kozicz,
Prof. dr. Tamas Kozicz
I realised very early in my bachelor that I am a research orientated person. I am always
thinking about the unanswered questions in science. The honours programme gave me
the opportunity to develop skills which are necessary to test and answer these questions.
The whole experience far exceeded my expectations. With the internship at the Mayo
Clinic being the highlight of this journey.
I vividly remember my first day, with a jetlag, at the Mayo Clinic. My supervisor explained
my project to me in 15 minutes, gave me some articles to work with, showed me my office
and I could get started. I needed to write a report to the independent ethical committee
(IEC). I never wrote an IEC before, but I came a long way with the clear explanation and
literature. In the afternoon I attended a lab meeting, while still enjoying my jetlag. I did
not understand a thing what was said there. Finally, my supervisor told me I could go
home, the day was done (fieuw). Tired and with a head full of information I went back to
my room thinking: The tone has been set.
Looking back, it was all worth it. I learned a lot about conducting research and I met
people from all over the world. It was very inspiring working in a prestigious hospital
like the Mayo Clinic and seeing the dedication people have for medicine. I am grateful for
experiencing this; I came a long way since my first day.
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Environmental changes
for the better
Alis Guberiniç
Did you know that a chocolate bar and a bone have a lot in common? To better understand
this similarity, we have to go back in history. In 1835, Lobstein described a bone disease
called osteogenesis imperfecta (OI). Brittle bone disease, as it is also known, is caused by
a genetic defect. Since then we found out that the cause of the disease lies hidden deep
within the cells. Imagine a cell being like a little factory which produces a lot of different
proteins so it can survive and function properly. Bone cells produce a protein called
collagen and this is the building block of our bones. It is essential that collagen is being
processed the right way for it to function properly and make our bones strong. Just like
it is essential to have the right ingredients to produce a delicious chocolate bar. Cacao
is being moved forward from workstation to workstation on the assembly line in which
different ingredients are added at every checkpoint. The same happens with collagen
within the cell. The problem arises when the assembly line slows down and too much
ingredients are being added. This also happens with collagen, too much sugars are being
added on the protein in a process called overglycosylation and this makes the bones
brittle. It is like wanting to produce a normal chocolate bar, but instead you get a ‘Bros’
chocolate bar.

Decreasing activity
Knowing the cause of a disease is the first step for developing a treatment option. In
this case there are two possible options. The first would be to increase the speed of the
assembly line. However, to our knowledge there is no drug which can increase the speed
in which the proteins are being moved forward in the cell. The second would be slowing
down the enzymes which add the sugars on collagen. Enzymes, which can be seen as
machines, are adding sugars onto the collagen like machines add ingredients to create a
chocolate bar. Monensin is a drug which causes environmental changes within the cell.
Therefore, we hypothesized that Monensin could decrease collagen glycosylation in OI
by reducing enzymatic function of the enzymes responsible for the overglycosylation of
collagen, thus producing a normal chocolate bar again.

concentration of Monensin was too high the cells would die, which was shown by the
incucyte. With this information we could determine what the safe concentration was and
use it for treatment of the cells.
The next step was to visualize the glycosylation of collagen. Researchers have shown
that galactose is the sugar with which the collagen is being ‘overdosed’ in OI patients.
A carbohydrate (galactose) binding protein was used as a fluorescent lectin probe. The
probe lights up underneath a microscope and gives an estimate of how many galactose
sugar residues were attached on collagen. It is like giving all the galactose a flashlight
in the dark. A high fluorescent signal would correlate with overglycosylation and a low
signal with low glycosylation. However, the fluorescent signal still needs to be quantified.
The quantification of the fluorescent density was analysed using ImageJ. Approximately
four pictures were taken of each dish with cells. The mean fluorescent density per cell
was calculated by drawing a line around each cell. This was done for OI and non-OI cells
to determine the baseline difference of glycosylation. Furthermore, for quantification
of glycosylation in the cells treated with Monensin the mean fluorescent density was
calculated for OI cells treated with and without Monensin. Additionally, this was also
done for non-OI cells.

Exciting first steps in decreasing activity
We showed that Monensin concentrations of 1uM, 10uM and 100uM were lethal for both
OI and non-OI cells. Concentrations of 1nM, 10nM and 100nM (1000 times smaller) were
tolerated and the cells treated with 1nM and 10nM were the least toxic. Based on this data,
we determined that 10nM Monensin would be safe to use in subsequent experiments.
Also, concentration higher than 1uM seemed to be more toxic for OI cells then for non-OI
cells. Furthermore, we determined that the baseline fluorescent density was higher in
OI cells without Monensin treatment. This was what we expected, since the OI cells are
being overglycosylated. This was validated and quantified using ImageJ. See figure 1.

But, how to test it?
The first step of testing this hypothesis was to collect bone marrow stem cells from OI
patients which produce the overglycosylated collagen. This was done during surgery
on six different patients. Additionally, two different cell lines without OI were also
included to compare the effect of Monensin on OI and non-OI cells. Secondly, the toxicity
of Monensin was determined using a highly advanced machine called the incucyte.
With this machine the cell growth could be monitored every six hours. The cells were
treated with different concentration Monensin and put into the incucyte to grow. If the
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The future
With these preliminary data we showed that collagen is over-glycosylated in OI cells. We
gained important insight in the potentially therapeutic dose and how long OI cells can be
treated with Monensin. In future experiments, we intent to show that Monensin could
decrease glycosylation by using a lower concentration and lower period in which we treat
the cells with Monensin. If proven, this could open novel innovative therapeutic avenues
to treat osteogenesis imperfecta, a condition that to date has no successful treatment.

Acknowledgements
I would like to thank Dylan Henssen for being an inspiration and always pushing me to
be the best version of myself. Also, I would like to thank Tamas Kozicz and Eva MoravaKozicz for their dedication to make this research and my internship a success.
Figure 1: Baseline lectin probe staining. (A) has a much brighter signal than (B), which correlates with a higher
glycosylation.

We then treated the cells with the (safe) concentration of 10nM Monensin. Interestingly,
we observed that the fluorescent density was higher in treated OI cells than nontreated OI
cells, as shown in Figure 2. This is not something we would expect, since the Monensin
treatment should decrease the glycosylation however, instead it increased. Additionally,
we saw that the cells were under severe stress, based on cell count and how the cells
looked. We saw the same results in non-OI cells treated and not treated with Monensin.
Therefore, we could conclude that either the concentration was still too high, or the
period the cells were treated in was too long. In ongoing experiments, we are testing OI
and non-OI cells with lower Monensin concentration (1nM) and with shorter times
(48-72 hours).

Figure 2: cells treated with Monensin. (C) has a much higher signal than (D), which is not something you would
expect with Monensin treatment.
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“Leaving the “dentistry bubble”
for a while was the best decision
I could have made.”

Honours Internship: Department of Dentistry – Regenerative Biomaterials,
RIMLS Radboudumc;
Division of Craniofacial and Molecular Genetics, Department of
Oral and Maxillofacial Pathology, Tufts University, Boston, USA
Supervisors:
Prof. Dr. X. Frank Walboomers;
Weibo Zhang and Prof. Dr. Pamela C. Yelick
If I am being completely upfront with you, I have to say I’ve had my doubts about whether
this program was the right choice for me. Not because I didn’t like it, on the contrary, I’ve
loved everything I learned, the new people I’ve met and everywhere this program has
taken me. Yet I hesitated. Why? It’s not just the extra workload corresponding with this
program, that’s something I can handle without a doubt. For me it was the increasing
expectations of the people in both my “inner circle” and “outer circle”. The countless
times people took my success in this program for granted. Many tend to forget the
persistence, the sacrifices and the mindset needed for success.
Nonetheless, I wouldn’t have changed a thing. The day of arrival in Boston was very
exciting. It came to me then: that I made it all the way out here. Boston taught me many
lessons about myself, my ability to adapt to a new culture, new people and to a place I had
never been before.
Doing my own research is something I never imagined myself doing. Doing it in Boston
as part of a team made it even more extraordinary. I acquired countless new skills and
learned to face and resolve challenges that go hand in hand with doing research. Time
flew by and before I knew it I was on the plane back home with an expanded cultural
horizon, new international friends and incredible memories. Leaving the “dentistry
bubble” for a while was the best decision I could have made.
Finally, I’d like to take this opportunity to thank the Honours Programme Medical
Sciences, my colleagues from the Radboudumc lab in Nijmegen and the Tufts Yelick lab
in Boston for this memorable experience, their expertise and support during my stay.
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Lost a tooth? Grow a new one!
Johanna Heezen

Growing a tooth. It does have a weird ring to it, don’t you think? Nevertheless, replacing
missing or (partially) lost teeth by growing them is a very interesting research subject in
our current modern day society.

Tailormade solutions to individual dental problems
Nowadays when people visit the dentist, the most common solution for the most
common chronic disease, tooth decay, is replacement of the missing dental tissue. This
can be achieved in multiple ways, for instance: dentures, (partial)bridges, crowns and/
or implants. Most of these solutions are used on a large scale for a variety of different
individuals each with their own unique dental situation. When stating it like this it
seems rather strange that a similar solution can be used for so many different people. The
only reason this can work is that compromises are made to fill in for the variety arising
between individuals. For example, dental tissue will have to be removed in advance of the
placement of a crown or bridge so that it will fit. People with dentures have to accept the
(slight) decrease in comfort and function (esthetics, eating, speaking, etc.) and implants
often go hand in hand with (local) bone loss and an increased chance on peri-implantitis
(an inflammation surrounding the implant).
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tissue. Fortunately research on this subject has been ongoing for many years already and
cells from both germ layers have been retrieved and brought together. In fact, scientists
have successfully regenerated several complete teeth. But not all experiments were
successful. Some ended up with a tooth that was twice the size of the other teeth or
was formed without the top (enamel)layer. To counter these problems and get a better
reliability regarding the outcome of the regeneration, scientist now try to control every
single step in the creation of a tooth. One of these steps is creating the three-dimensional,
highly mineralized, enamel layer. This is the groundwork of my research approach.

The effect of growth factors on the development of enamel

Now imagine an individually tailored therapeutic treatment option available to all with
only little, if any, compromises. The future of solving the loss of dental tissue is by
regenerating dental tissue using tissue engineering. To better understand the challenges
faced during the regeneration of tooth material it is essential to first learn how a tooth
develops.

Since a tooth is such an intricate structure, regenerating an entire tooth would be very
ambitious for my three and a half months’ internship period. Instead, I focused my
research on the enamel layer of the tooth. The idea was to investigate the effect of two
selected growth factors on the mineralization potential of dental epithelial cells. You
can compare it with the milk a kitten drinks to grow strong and big. Instead of the milk,
cells can use factors to stimulate internal growth and development. The main purpose of
the addition of the growth factors is to increase the thickness of the tooth’s top mineral
layer (the enamel) deposited by ameloblasts, cells that originate from the ectoderm.
The growth factors used in this study were Insulin-like Growth Factor 1 (IGF-1) and
Emdogain. Before starting the experiment, a three-dimensional model was established
to mimic the natural development of a tooth as close as possible. For this a scaffold, a
three-dimensional structure made up of PCL/PLGA fibers, was created using the process
of electrospinning.

A lesson in layering

Three stages

You might be aware of the fact that our teeth are in fact organs, little organs. Our teeth
are derivatives of two of the initial germ layers that come into existence during our
embryonic development, the ectoderm and the mesoderm. The epithelial cells from
the ectoderm need to be able to communicate and connect with the mesenchymal cells
originating in the mesoderm. In other words, think of it as a plate of lasagna. The lasagna
is made up of layers that together form the famous Italian dish. However, without the
sauce in between it will never become real lasagna. This similar principal is of relevance
when looking at the development of a tooth. When one of the germ layers is absent,
a tooth will not develop. This means that to regenerate dental material, we need to
retrieve the different cells from these two germ layers to meet the requisite of cell-cell
interactions between the twosome. Without the interaction the epithelial cells are not
able to grow, proliferate or differentiate and, therefore, will not be able to deposit dental

The experiment was divided into three different stages. First of all, a trial to test different
techniques and discover which one would create the best chance on getting the most out
of the analyses. Secondly, the start of the actual experiment. The experimental approach
was a 21-day experimental period in which there were 3 groups that each contained
samples that could be retrieved at day 3, day 14 and day 21 to be analyzed thereafter. The
three groups were divided by means of their media (the food for the cells to stay alive).
All groups contained the standard media necessary for both cell types to survive (an 1:1
mixture of epithelial and mesenchymal cell media). Group 1 and 2 contained an extra
supplement. Included in the medium of group 1 was Insulin Growth Factor-1 (IGF-1) and
in the medium of group 2 Emdogain (EMD). Group 3 was considered the control group,
with no extra supplements inside the media. After 21 days all samples were retrieved,
preserved and prepared for the different analyses: Histological staining, Scanning
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electron microscopy, PCR and Immunofluorescence staining. Figures 1-3 present a picture
of the outcomes of these different techniques.

Figure 1: Histological staining of scaffolds cultured with
hDM cells and pDE cells at D14 of the group with EMD
enriched media. The image displays the cell’s morphology
and possible cell-cell interactions. Both epithelial and
mesenchymal cells are present.

Figure 2: Scanning Electron Microscope image at Day 3 on
the IGF group. The magnitude used is 1000x. A clearly
visible cell sheet can be seen in the image.

Figure 3: Immunofluorescent staining at Day 21 on the IGF-1 group, with antiVM-Mouse (1:50) and anti-Ecad (Rabbit, 1:50) as the primary antibodies. Goat
Anti-Mouse (Excitation: 488nm, green) and Goat Anti-Rabbit (Cy5) were used as
the secondary antibodies. DAPI was used to counterstain all nuclei blue. The Vimentin (Green) marks the areas in which the mesenchymal cells are situated while the
anti-Ecad (red) displays the presence, position and development of the cell sheet at
this specific time point. A close contact between the different layers can be seen.

Faster and better development with EMD
The group that contained the extra EMD supplement seemed to developed faster and
better compared to the other 2 groups. The IGF group was expected to behave in a similar
way as the EMD group, but this was not the case. This could be due to many different
variables. My assumption is that many cells have died too soon for the given time frame.
Future research is therefore necessary to investigate this effect better and to confirm
any causal relationship between the addition of IGF and the mineralization potential of
enamel cells.

Special thanks to:
The Radboud Honours Programme Medical Sciences for providing me with the
opportunity and resources to do a research internship abroad. I would also like to take
this opportunity to express my gratitude to the supervisors Prof. Dr. XF Walboomers
(Radboudumc), Prof. Dr. PC Yelick (TUFTS) and W. Zhang for their continuous
constructive criticism, their infinite support during the execution of the research and
their patience in answering all questions asked. Furthermore, I would like to thank
research technician S. Rudolph for her assistance and education in working with the celllines, the different analyzing techniques and, in general, all nudges in the right direction.
Lastly, I am blessed with a family supporting every decision I have made so far.
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“The news messages about the
detrimental effects of heatwaves
in elderly and diseased people in
The Netherlands and in Canada
gave me a sense that the research
I was doing is important and that
added great value to my internship.”
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Honours Internship: Department of Integrative Physiology, Radboudumc;
EPIC centre for Cardiovascular Prevention and Rehabilitation,
Montreal Heart Institute, Montreal, Canada
Supervisors
dr. Thijs Eijsvogels;
dr. Hugo Gravel, dr. Daniel Gagnon
When we received the list of possible research projects, I was immediately interested in
the project about thermoregulatory challenges for athletes. I love sports, so this project
was the right choice for me. However, this internship taught me so much more about
the dangers (and benefits!) of heat, not just in the context of athletes. For example, I also
helped with a study about cooling interventions for elderly during heatwaves. The news
messages about the detrimental effects of heatwaves in elderly and diseased people in
The Netherlands and in Canada gave me a sense that the research I was doing is important
and that added great value to my internship.
Living abroad for 4 months was a very special experience. Montreal is a big city, where
you never have to be bored. Moreover, drive one hour up north and you’ll find yourself in
amazingly beautiful national parks. I did my internship with a research group that was a
mix of Canadian, French and Australian people; an international crowd that knows what
it’s like to live on your own, thousands of kilometres away from your family. We had a lot
of fun together and supported each other when someone was going through a difficult
time. They made the other side of the Atlantic ocean feel like home. I am very thankful
that I had this opportunity to go abroad and it is an experience that I treasure and I will
never forget it.
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Treat your blood vessels right:
visit the sauna?
Michelle Jacobs
Every one of us probably knows somebody with cardiac or vascular problems as
cardiovascular disease (CVD) is unfortunately the number one cause of death worldwide.
While you can prevent getting a heart attack by living healthy, there is one risk factor
none of us can change: age. With age, our bodies function less well and this also applies
to blood vessels. We can’t prevent aging, but new research suggests that heat therapy
might be good for your blood vessels. This article will explain how that works and why, in
a few years, your doctor might tell you to visit the sauna.

Blood vessels
Blood vessels are vital for humans. They provide organs with nutrients and oxygen and
they dispose of waste products. The blood vessels that transport blood from the heart to
the other organs are called arteries. They are elastic and have a muscular wall, so they can
widen and narrow if needed. For example, when you go for a run, the heart pumps more
blood to your leg muscles. Your leg arteries widen in order to facilitate this increased
blood flow. The ability to widen and narrow is called endothelial function and this
ability decreases as people age, leading to endothelial dysfunction. It’s called endothelial
(dys)function because the inner layer of cells of the arterial wall, the endothelium, is
responsible for this function.
The problem with endothelial dysfunction is that it can cause CVD. Picture an artery as a
garden hose. When water runs through a hose, normally there is no problem; the water
comes out at a normal speed. However, if you apply pressure on the hose and decrease its
diameter, the water comes out at a higher speed. This is the same for your arteries. The
pressure in an artery will increase if the artery isn’t able to dilate enough to facilitate an
increased blood flow. This is what we call high blood pressure (hypertension). In the long
run, hypertension can cause cardiovascular diseases, like heart attacks and strokes.

Heat therapy
Finnish sauna bathing is an old form of sauna bathing and an important part of Finnish
culture. A few decades ago, a group of Finnish researches wondered what the effect of
this lifestyle habit is on a persons’ health and they followed a group of over a thousand
Finnish men for 30 years. They compared the participants’ health at the beginning to the
changes in health over time and studied if this is related to sauna frequency and duration.
The results showed that men who went ≥4 times per week to the sauna and for ≥19
minutes per session had a lower risk of cardiac death, compared to men who went less.
Thus, going to the sauna might protect you from heart disease.
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More researchers have looked at the effects of heat therapy on CVD and endothelial
function. Heat is one of the triggers for vessel dilation, so scientists think that repeated
heat therapy can ‘train’ the arteries’ endothelial function. They have proven that different
forms of heat therapy, like saunas or hot water baths, can improve endothelial function.
However, these studies were performed in participants with healthy arteries. What we
still don’t know is whether heat therapy can reverse endothelial dysfunction in patients
who already have CVD. That is why we studied the effect of sauna bathing on endothelial
function in patients with CVD.

8 weeks of sauna bathing
During my internship, this new study of the EPIC centre of the Montreal Heart Institute
included 5 men with coronary artery disease (CAD). CAD is a collective name for
cardiovascular diseases where the coronaries, the arteries that supply your heart, are
diseased. We know that if a person has CAD there is a big chance that other arteries
are diseased as well and that they probably have endothelial dysfunction. We had two
groups of participants in our study: a group that went to the sauna 4 times per week for
8 weeks and a group that wasn’t allowed to visit the sauna. All participants were asked
to not change anything else in their lifestyle, so to maintain their normal diet, physical
activity levels, etc. This is important because several factors, like a change in diet, can
alter endothelial function as well and we aim to study solely the effect of saunas on
endothelial function.

Measuring vascular health
How do we measure if endothelial function improves after 8 weeks of sauna? In the
nineties, Dr. Celemajer invented a test that measures endothelial function, called flowmediated dilation (FMD). With FMD, we measure the diameter of a person’s artery of the
upper arm with ultrasound. Next, we inflate a blood pressure cuff on the lower arm to
250 mmHg. This pressure is so high that the artery in the arm is closed and no blood is
coming through. The cuff stays inflated for 5 minutes and as soon as it is deflated, there
is a huge increase in blood flowing through the artery that is now open again. The artery
will dilate in response to this stimulus. We can then calculate the relative dilation as
a percentage, based on the ‘normal’ diameter before cuff inflation and the maximum
diameter reached after cuff deflation. A higher percentage of dilation means a better
endothelial function.
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Another indicator of blood vessel health is blood pressure. We know that sauna lowers
blood pressure acutely, but we don’t know its long-term effect on blood pressure.
Therefore, we measured blood pressure before and after the 8-week intervention period.
Many factors influence blood pressure, for example stress and physical activity. To
minimise the effect of these factors, the participants have to lie down for 10 minutes in a
silent and darkened room and the blood pressure is measured after this resting period.

We can see the FMD values on the y-axis and the groups on the x-axis. The colours show
the before (blue) and after (pink) measurements. It clearly shows that the sauna group has
a bigger increase in FMD than the control group, thus indicating an improved endothelial
function. We also measured resting blood pressure as a measure of vascular health, but
the before and after measurements are very similar so far.

Effects of sauna bathing on the body

Even though it looks like Finnish sauna bathing can improve endothelial function, we
have data of only 5 participants. This means that we cannot be sure whether the increase
in FMD is due to improved endothelial function or if it might be a coincidence. The
researchers in Montreal are still working hard every day to include more participants
in this study. In about 2 years, they will have enough data to conclude whether there is
an effect present or not. In the meantime, Finnish sauna bathing is a safe and relaxing
activity, so feel free to enjoy it!

Two participants were randomised to the sauna group and the others were in the control
group. All the participants were men and they were on average 60 years old. We only
included patients who had had a heart attack or who have angina.
Since we study the effect of Finnish saunas on vascular health, we want to be sure
that sauna bathing does something to the human body. In order to prove this, the skin
temperature, oral temperature, heart rate and blood pressure were measured during
one of the sauna visits. We saw that the skin temperate increased from 32.8⁰C to 40.8⁰C
and the oral temperature increased more than 1⁰C (from 36.7⁰C to 37.8⁰C). Heart rate also
increased, from 65 beats per minute (bpm) to 86 bpm. The blood pressure did not really
change while the participants were in the sauna. This is most likely because the body has
several compensation mechanisms to keep blood pressure stable. All in all, we measured
a big effect of sauna bathing on the body.

Effects of sauna bathing on vascular health

More participants needed

Acknowledgements
I would like to thank several people. Firstly, dr. Thijs Eijsvogels and dr. Daniel Gagnon
for their excellent supervision during my internship. They always made time in their
busy schedules to help me and I really appreciate that. Secondly, a big thanks to all the
postdocs in Montreal (dr. Hugo Gravel, dr. Nicholas Ravanelli and dr. Georgia Chaseling)
for teaching me new lab skills and other research related skills. Lastly, I would like
to thank Sam van de Sande for our great collaboration during the internship in the
Netherlands and for all the things I learned from you!

Our big question is: what is the effect of sauna bathing on endothelial function? We
would expect to see an increase in FMD in the sauna group if sauna bathing actually
improves endothelial function. Since the control group did nothing differently for 8
weeks, we expect their FMD values to remain stable. Figure 1 shows our FMD results.

Figure 1. FMD results before and after the 8-week intervention or control period.
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“Everything I missed in my
regular studies was added by this
programme. I feel like I did not only
grow as a young scientist, but I also
learned more about myself and the
things I want to do in life.”

Honours Internship: Department of Tumor Immunology, Radboudumc;
Centre de recherches en cancérologie de Toulouse (CRCT),
Toulouse
Supervisors:
prof. dr. Jolanda de Vries, dr. Georgina Flórez-Grau;
Salvatore Valitutti, MD, Sabina Mueller
Before I started with my bachelor of medicine, I doubted whether I wanted to become a
researcher or a medical doctor. I decided to become a medical doctor, but I was always
searching for more knowledge and I felt that something was missing in my studies. When
I learned about the honours programme medical sciences, I knew I had to apply. From
the first day on, it was an incredible adventure and I loved every part of it. Everything I
missed in my regular studies was added by this programme. I feel like I did not only grow
as a young scientist, but I also learned more about myself and the things I want to do in life.
In the first part of the honours programme, during the rotations, I noticed that I was
interested in immunology. I decided to arrange my own internship and I came in contact
with the department of Tumor Immunology or short TIL. I enjoyed my time in the lab a
lot and next to all the practical things I learned, I also met some wonderful people.
For the internship abroad, I went to an amazing institute in Toulouse called CRCT. There, I
met an intriguing and enthusiastic professor with a heart for both medicine and research.
Thanks to him, I could learn so many new things I had not thought possible when I
started this programme. I also got acquainted with the warm and human-centred French
culture when I was in Toulouse.
Now, I want to pursue my dream to become both a researcher and a medical doctor.
Thanks to the honours programme, I found my passion for research. I’ll never forget this
experience and I’m sure these first two projects will be followed by many more!
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The battle against lung cancer:
finding the killer cells
Dané Koops
In the Netherlands, around 10.000 new patients get the diagnosis lung cancer every
year. Unfortunately, it is a very common disease and almost everyone knows someone
who suffers or died from lung cancer. When the tumor appears, we can fight it with
chemotherapy, radiotherapy or surgery, but none of these therapies can cure the patient
yet. It seems that the immune system, an important player in the anticancer response,
is not strong enough to overcome the cancer. Localising the cytotoxic T-cells inside
the tumor and enforcing them to fight the cancer could improve the treatment for the
patient. This new strategy is called adoptive T-cell therapy. In this article, I will explain
how we can better identify functional cytotoxic T-cells inside the tumor and how we can
link their appearance to the survival of patients with lung cancer.

Defining CTLs with a high killing potential

Cytotoxic T-cells (CTLs) and their function

But before we can use these specific CTLs in adoptive T-cell therapy, we need to learn
more about them. Specifically, we wanted to learn more about the behaviour, the
functional state and the location of these CTLs. With the help of the techniques described
before, we could visualise the CTLs which were positive for CD39 and CD137 inside long
tumor tissue obtained from patients. Often, these CTLs were seen close to the lung tumor
and it seemed like there were putting up a fight against the tumor cells. We could see that
the CTL and the tumor cell were interacting with each other and that an immunological
synapse was formed. Also, we observed that in some patients there were plenty of ‘useful’
CTLs and in other patients, we found only ‘useless’ CTLs (without the markers CD39 and
CD137). These CTLs were roaming around in the lung tumor, but they were not able to
actively attack the tumor cells.

Cytotoxic T-cells (CTLs) are roaming the human body to control the behaviour of other
cells. With the help of specific molecules called surface markers CTLs can recognize every
cell in the human body. Like waving flags, cells show a specific combination of surface
markers on their cell membrane which can be used by the CTL to identify the cells. Up
until today, more than 300 surface markers are discovered and more are added to this list.
When a cell is showing abnormal behaviour, the CTL will start to attack it. A small space,
the immunological synapse, is formed between the CTL and the cell. In this space,
molecules which break the cell membrane are released to make holes in the cell. This is
followed by the release of granzyme B, a strong molecule which will eventually lead to
the death of the cell. After this process, the CTL will start roaming again in search of other
abnormal cells.

Visualising cells inside the tumor
In order to learn more about the role of CTLs in lung cancer we wanted to visualise the
tumor. Surface markers are the ideal candidates to do this. With the help of fluorescent
probes, both tumor cells and different immune cells such as CTLs can be observed in
the tumor microenvironment. Fluorescently labelling the surface markers will not only
reveal the location of the cell, but it can also show the identity and the function of the
cell. We used a confocal fluorescent microscope to visualise the fluorescently labelled
surface markers inside patient samples. Lung tumor samples from operated patients
were stained with primary antibodies against specific surface markers. Then, a secondary
fluorescently labelled antibody was used to bind to the first antibody, making the surface
markers fluorescent.
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CTLs also show specific surface markers on their cell membrane. As explained before,
a surface marker can also indicate the functional state of the cell. Previous research
identified two different markers on the surface of the CTLs, namely CD39 and CD137. It
was seen that CTLs showing CD39 on their surface were prone to kill the lung tumor cells.
Another surface marker found on these CTLs was CD137. This marker is shown on the cell
membrane when the CTL is recently activated and ready to attack. A combination of those
two markers would point out the ideal CTL to use against the lung tumor cells in adoptive
T-cell therapy.

Visualising CD39 and CD137 in lung tumor tissue

Two different groups of CTLs
After we were able to visualise the CTLs, we wanted to know more about their functional
state. Was there a difference in the killing potential of the CTLs found in different
patients? A random sample was taken from the patient samples and the number of
CTLs in these pieces of tumor was counted. Then, a staining for granzyme B was used to
determine the killing potential of these CTLs. As explained before, CTLs can use granzyme
B to kill a tumor cell. A higher amount of granzyme B could mean that the CTL is more
prepared to fight the tumor.
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When we looked at the combination of the number of CTLs in the tumor and the killing
potential of these CTLs, we could observe two different groups. One group of patients
showed a high number of CTLs in the tumor which were very rich in granzyme B. The
other group of patients showed a low number of CTLs in the tumor and these CTLs did
not have a lot of granzyme B. To summarise, one group of patients was ready to fight the
tumor with lots of CTLs and granzyme B. But the other group however, was less prepared
for the upcoming battle.

What can we learn from this?
The results above clearly show the large variety between patients. In our case, some
patients showed a lot of CTLs with specific markers where others showed almost none.
This explains the need for a patient specific treatment. In the future, it would be great if
we could make a patient-specific treatment based on the biological features of both the
tumor and the immune system of the patient. But before we reach this, we must do more
research and strengthen our knowledge about CTLs and their interactions with tumor cells.
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“During the measurement days,
I had the opportunity to work with
patients and listen to stories about
their experiences, while improving
my practical skills.”

Honours Internship: Systems Neurology, Donders Centre for Cognitive Neuroimaging;
Mov’It, Brain and Spine Institute (ICM), Paris
Supervisors:
Dr. Freek Nieuwhof, dr. Rick Helmich;
Dr. Cécile Galléa
When I first discovered the Honours Programme, I immediately knew this would be
the perfect opportunity for me to broaden my understanding of research, deepen my
knowledge about a wide variety of biomedical topics and improve my scientific skills. I
was ready to take on the extra challenge I had been looking for – and it was even better
than I had expected.
Despite my research background in Biomedical Sciences, my internship at the Donders
Institute was a completely new experience. Movement disorders being my main topic,
it was my goal to analyse electromyography (EMG) and functional magnetic resonance
imaging (fMRI) data of patients. In order to perform these analyses, you need to be able to
write your own scripts in Matlab: something I had never done before. Learning to code is
like learning a new language: in the beginning, nothing seems to make sense. However,
at some point you understand the basic rules and after a lot of trial and error, everything
starts falling into place. My supervisors at the Donders Institute and the Brain & Spine
Institute (ICM) both did a great job in guiding me through this.
My experience at the ICM in Paris was, without doubt, the most amazing of the past
three years of my bachelor’s studies. After I mastered the (basic) art of programming, my
supervisors gave me a lot of freedom in learning new techniques and trying out my own
analyses, and notably valued my contributions. During the measurement days, I had the
opportunity to work with patients and listen to stories about their experiences, while
improving my practical skills. I am very grateful for everything I learned, the enthusiasm
and kindness of my supervisors and colleagues, and all the wonderful people I met during
an amazing time in Paris.
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Unstoppable movements:
an error in the brain
Nina van Lier
Your usual, everyday morning routine may look somewhat like this: you get up, button
your shirt, prepare your breakfast and quickly brush your teeth before heading to work.
Even though you might still be half asleep, you have no problems performing any of these
activities. However, for some people these simple tasks are incredibly difficult: due to a
small defect in their brain, they make movements that they cannot control in any way.
These symptoms, which we describe as ‘hyperkinesia’, are caused by a very rare mutation
in the so-called ADCY5-gene. In this study, I tried to get to the source of the disturbances
in the brain.

A genetic mutation with severe consequences
DNA is often described as the basis of life. It is made up of about twenty thousand
pieces called genes, all coding for another characteristic in our body: our eye colour,
the structure of our muscles, the way our heart should beat. In general, our bodies
are functioning perfectly well, but sometimes a small mistake is made in the DNA: a
mutation. These mutations can have severe consequences. About 70 patients in the world
have been diagnosed with a mutation in the ADCY5-gene. They all experience movement
troubles: their limbs are making unexpected, dancing-like movements called ‘chorea’.
They can also take on abnormal positions, called ‘dystonia’. Unfortunately, the patients
have no way to stop this.

striatum is involved in strengthening, weakening and adjusting movements: it is the
control system of the network.

How to study the disturbed motor network?
All brain regions work closely together. Whenever a defect is arising somewhere in the
brain, not just one area is disturbed, but a whole network. We wanted to find out which
part of the movement network in the brain was affected as a result of the mutation in
the ADCY5-gene in the striatum. To study this, we measured the activity of the brain and
the muscles at the same time. When the brain intends to give a sign to the muscles to
move, it produces an electrical signal. In order to produce this signal, extra blood flow
is going towards the brain area involved in giving the signal. This is exactly what can be
measured with magnetic resonance imaging, or MRI. Muscle activity is measured in a
different way: when the brain signal arrives at the muscles, they contract to move, while
producing a new electrical current. We can measure this electrical signal directly with
electromyography (EMG). In Figure 1, the set-up of these measurements can be seen.

All organs, including the brain, need energy to function. We get energy from the food that
we eat. To be able to make usable energy from food, different enzymes work together. The
ADCY5-gene is a gene that codes for one of these enzymes that has an important role in
the energy cycle in the brain. What is particularly special about this enzyme, is that it is
only active in a specific part of the brain: the striatum, a structure located deep down in
our brain. This structure plays an essential role in regulating our movement. When an
error occurs here, a disorder can develop.

The brain movement network
When you pick up your cup of coffee and bring it to your mouth to take a sip, you
probably do this without thinking. Yet, in the brain, a lot of processing is being done to
make sure that you can lift your hand, reach out to exactly the right spot and to assure
that enough strength is used to take the cup without spilling anything. To perform the
several steps, different brain regions are working together. The most trivial one is the
motor cortex, which sends the actual signal to the muscles to perform a movement. A
second area is the cerebellum, coordinating and timing movements. A third brain region
in the motor network is the striatum, in which the defect occurs in these patients. The
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Figure 1. Measurements of muscle activity (EMG, left) and brain activity (MRI, right).

Movement-specific brain activity
There is always some activity in your brain, even if you lie completely still and think
about nothing. This is why the combination of brain and muscle measurements is so
useful: we can ‘filter’ the brain activity that we measure, by selecting only the signals
that were sent when the muscles were active. Since this is a very recent technique, the
first step in my project was to process the data in the right way and to check if the motor
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network – motor cortex, cerebellum and striatum – could be seen in the brain. The
brain activity and muscle activity were both measured during eight minutes of rest. For
the analysis, I wrote a coding program that only selected the time periods in the brain
measurements during involuntary movement. As you can see in Figure 2, the whole
motor network was active during the abnormal movements.
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Figure 2. Brain motor network active in patients with involuntary movements. Vertical sections (left picture) are
made and displayed at different places in the brain (motor cortex, cerebellum, striatum).

Cerebellum as a key factor
Next, I was interested in which area is mostly active in this highly connected brain motor
network. To test this, I used an analysis technique called dynamic causal modelling
(DCM). This allowed me to look at the influence of a brain region on movement.
Interestingly, all analyses showed that the cerebellum was the most important factor
in the network. How is it possible that the cerebellum seems to play such an important
role, while the mutation in the DNA disturbs a process in the striatum? This is a crucial
question. It is possible that the striatum sends so many wrong signals to the cerebellum,
that the cerebellum gets disturbed and starts acting in an abnormal way. A second
option is that the cerebellum actually tries to compensate for the wrong signals of the
striatum. What is happening in the network should be further examined in a large study
population.

A future treatment
A lot more research is needed to develop a treatment for this patient population.
However, we can already think about some potential remedies. It is possible to stimulate
brain areas by using magnets or electrodes, that can restore the disturbed electrical
brain signals. The striatum could be a target for this technique, but invasive surgery is
needed to implant the stimulator, which is of course a disadvantage. Stimulating the
cerebellum would be another possibility, because it is located just under the skull and can
be stimulated from outside the brain. This is currently being investigated, but no positive
results have been found yet. One last treatment that is very promising is a very simple and
unexpected one: caffeine. Recently, doctors have reported that they could already see a
reduction of the symptoms in patients after drinking a few cups of coffee. When we know
more about the brain disturbances in this disease, a specific treatment may be developed
that combines both the targets found in this study and these recent clinical observations.
The right amount of caffeine could be part of a treatment to help patients perform their
daily tasks like everyone else.
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“I learned a lot of being on
the other side of research. Not
doing experiments, but being
experimented on. Now I have a
much better knowledge of how
to handle participants and do
experiments myself.”

Honours Internship: Department of Physiology, Radboudumc;
Institute for Exercise and Environmental Medicine, Dallas, USA
Supervisors:
Prof. Dr. Maria Hopman;
Prof. Dr. Ben Levine, Katrin Dias
Three months in Texas, the “Lone Star State”. A time of very warm sunny weather
and thunderstorms with floods. I did my internship at the Institute for Exercise and
Environmental Medicine and helped with a lot of measurements and analysis in studies
about heart failure. However, the main reason I went to this institute was my interest
in space travel and space medicine. I helped with a bedrest study for NASA, wherein
subjects had to stay in bed twice for three days. Lying in bed is a good simulation of the
weightlessness astronauts experience when in space.
Not unimportant to mention: I have been a participant myself as well. I learned a lot of
being on the other side of research. Not doing experiments, but being experimented on.
Now I have a much better knowledge of how to handle participants and do experiments
myself.
I have had an amazing time in Dallas! The people in my lab were great and answered all of
my many questions. They gave me responsibilities and a lot of things to do. I am grateful
for their time and enthusiasm. Besides doing an internship, I travelled around Texas and
Dallas with my roommate Bram. Furthermore, I rowed at an amazing rowing club and
even competed at a rowing race in another state!
After my internship in Dallas, I was not ready to stop doing research. A few weeks after
coming back in the Netherlands, I started a new internship at the German Aerospace
Center in Cologne. I am helping with a bedrest study with 60 days of lying. Space
medicine, here I come!
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A vacuum sleeping bag: the
solution for visual problems of
astronauts?
Kirsten Peters
Astronauts on long duration space flight have a lot of medical problems caused by
weightlessness, for example osteoporosis (bone loss), decreased muscle strength
and space adaptation syndrome (motion sickness). However, the top health risk for
long duration space flight has nothing to do with muscles and bones; sixty percent
of astronauts report vision changes after being in space for six months. These visual
impairments are called Spaceflight Associated Neuro-ocular Syndrome (SANS) and are
seen as the biggest problem for NASA’s future plans: the first human on Mars.

Cause of SANS
On earth, people are usually in an upright position (standing or sitting) for approximately
two-thirds of the day. In this position, gravity pulls blood and fluids towards the feet.
The other one-third of the day is usually spent in a supine (horizontal) position in which
gravity has no influence on blood flow. This fluid shift in the body causes the pressure in
the head to be lower in an upright position compared to a supine position. Therefore, this
pressure fluctuates each day with a decrease upon waking up and an increase when going
to sleep.
Astronauts in space experience no gravity. This condition of weightlessness means that
gravity has no effect on fluids and blood flow. Hence, no daily decrease in the pressure in
their head occurs, which results in a higher average pressure throughout the day than on
earth.
The elevated pressure in an astronaut’s head causes an increased pressure in their eyes.
This higher ocular pressure causes some layers in the eye to thicken and it changes the
spherical shape of the eyeball. These physical alterations in the eyeball are the root-cause
of an astronaut’s visual problems, which can be short-lasting or stay for several years.

Countermeasure
At this moment, there are no viable countermeasures used to prevent SANS, so many
astronauts need to wear glasses when they return to earth. However, there is a promising
new technique called lower body negative pressure (LBNP). LBNP means that you lie waist
down in an air-tight box that is attached to the body just above the hips. This box provides
gentle suction to the lower body and causes fluids to flow towards your legs and feet,
relieving the pressure in the head. Therefore, LBNP can be used as a substitution
for gravity.
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Figure 1: LBNP sleeping bag used in the study

The next question to ask ourselves is how we can manage to have LBNP in the
International Space Station or in a rocket to Mars? Researchers have made a prototype
of a foldable ‘sleeping bag’ that can be taken in space. Every night, astronauts have to
sleep in the bag and undergo eight hours of simulated gravity. In this way, LBNP is used
as a simulation for an upright posture by reintroducing gravitational unloading of the
pressure in the head and thereby decreasing the pressure in the eyes.

Six days in bed to assess safety and utility
It would be best to take the sleeping bag to the international space station for
experimentation, but research in space is very time consuming and expensive.
Alternatively, weightlessness is simulated in bedrest studies: lying flat in bed without a
pillow for several days. Subjects have to do all of their daily activities in bed, including
eating, brushing their teeth and ‘going to’ the restroom.
A previous bedrest study performed in Dallas already studied the effects of LBNP on the
choroid thickness. The choroid is a layer in the eye that can be measured with optical
coherence tomography (OCT), which is a sort of very detailed ultrasound. The study
showed that 8 hours of daytime LBNP was able to reduce the increase in choroidal volume
as seen during bedrest.
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In order to take the next step in translating these findings to the International Space
Station, the purpose of the current experiment is to assess the safety and efficacy of 8
nightly hours of LBNP (since astronauts will most likely use this countermeasure while
they are asleep). The current study differs on some points when compared with the
previous study; the most important of which are that the prototype of a sleeping bag that
can be taken in space is used and the eight hours LNBP are during the night instead of at
daytime.
Subjects had to be in bed for three days twice, with at least two weeks in between. One
of these periods in bed included sleeping in the sleeping bag. The subject had to wear a
kayak skirt which was tightened with a screwdriver to the sleeping bag in order to make
an air-tight seal. The negative pressure was created with a vacuum cleaner attached to the
bottom of the sleeping bag.
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Safe countermeasure?
Previous studies showed that a level of -20 mmHg LBNP is optimal for counteracting
SANS without impairing blood flow to the brain. The safety of LBNP during the night was
tested by monitoring blood pressure levels and by taking heart frequency measurements.
No significant reduction or increase in blood pressure or heart frequency levels were
observed in the continuous recording overnight. This suggests that overnight LBNP of -20
mmHg can be used safely.
The biggest question was: does LBNP work to counteract optic remodeling? OCT-scans
were performed every morning and evening to analyze the change in choroid volume. In
the control trial (without the use of LBNP at night), the choroidal volume increased by
3,2% after 72 hours of bedrest. This was expected, as weightlessness causes thickening of
the choroid. The LBNP trial showed no increase in choroid volume. In fact, it showed a
decrease of 1,0%! Based on these findings, the use of the LBNP sleeping bag is a safe and
effective countermeasure for visual problems in long duration space flight.

Future
It seems the solution to visual problems experienced by astronauts is found. However,
during the study some technical problems with the prototype of the sleeping bag arose;
it collapsed after a few nights of LBNP. Researchers in Cologne are currently working on
a final prototype to solve that issue. The new sleeping bag can then be brought to the
International Space Station to test whether it meets its design intent!
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Bram Rubens
(Nijmegen, 1998)
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“As part of the Honours project in
the Netherlands I have been
teaching children around the age of
12 about doing research and the
brain. These lessons and the positive
feedback from the children really
motivated and inspired me.
Thanks to this, I know that I want
to do something with teaching in
the future!”
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Honours internship: Department of Geriatrics, Radboudumc, Nijmegen;
Institute for Exercise and Environmental Medicine,
UT Southwestern, Dallas, Texas, USA
Supervisors:
Dr. Jurgen Claassen;
Dr. Rong Zhang and Dr. Evan Pasha
The Radboud Honours Programme has given me an unique opportunity to learn more
about research. I taught me the use of academic language, the important steps in research
and how to cope with setbacks. In addition, I found out what kind of people work in the
labs, what are the ethics of research, and most importantly, I learned a whole lot about
myself. Therefore, I would really like to thank my supervisors in Nijmegen and in Dallas.
Special thanks go to Annelies Ruijs who always has been ready to help me.
As part of the Honours project in the Netherlands I have been teaching children around
the age of 12 about doing research and the brain. These lessons and the positive feedback
from the children really motivated and inspired me. Thanks to this, I know that I want to
do something with teaching in the future!
I will never forget my time in Dallas. The American culture is so much different from the
Dutch culture that after 3 months I still don’t fully understand the American way of living.
Experiencing this new culture, meeting a lot of new and interesting people and doing
research for five days per week on the other side of the world have really changed me. I
have learned to put things in perspective and what research means to me. In conclusion,
the Radboud Honours Programme really was a once in a lifetime experience and I don’t
regret a second of it.
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Understanding Alzheimer’s
disease: the role of our blood
vessels
Bram Rubens
Alzheimer’s disease (AD) is a growing problem in the United States of Amerika and
the rest of the western world. We probably all know somebody who has it. Symptoms
of AD are a slowly growing loss of memory and thinking skills, eventually leading to
dependence in daily life activities. The amount of people diagnosed with AD in the U.S.A.
is expected to grow from 5 million at this moment to approximately 15 million in 2050.
Despite incredible efforts from scientists and industry to understand the underlying
pathophysiology of AD, its cause remains a conundrum and effective therapies still do
not exist.

Vascular dysregulation
Vascular dysregulation means that the blood regulation inappropriately responds to
the needs of certain tissues. This phenomenon, also referred to as vascular aging, is
hypothesized as a critical pathologic factor in the development of AD. An important
component in vascular aging is the blood flow to the brain, the cerebral blood flow (CBF).
The CBF normally decreases with age and, interestingly, CBF is significantly lower in
patients diagnosed with AD. This makes CBF an important subject for investigation.
Other factors influencing the vascular pathophysiology of aging and AD are arterial
stiffness, cerebrovascular resistance (CVR) and arterial structure. Every heartbeat the
arteries expand to make the blood flow to the tissues easier. If the stiffness of the arteries
increases, due to for instance atherosclerosis or aging, these arteries lose their ability to
expand. CVR describes the resistance of the arteries supplying the brain with blood. If
the cerebrovascular resistance grows, it becomes more difficult for the blood to reach the
brain.
Research shows that increased arterial stiffness is correlated with decreased cognitive
function. Further, increased arterial stiffness is related to increased CVR and decreased
cerebral blood flow, and can cause vascular remodelling, which results in an enlarged
vascular diameter. Taken together, it is clear that vascular dysregulation plays a role
in AD; the specific mechanism of interaction between all the factors described above
however is unknown.

and the stoppage of bleeding. Endothelial function in humans is often measured using
the brachial artery flow mediated dilatation (FMD) technique, which describes the
vasodilator change of the artery that occurs after blocking the blood flow to this vessel.
If the blood flow in a vessel is blocked, the endothelium will try to get more blood to this
part by dilating the vessels in this region. In other words, a healthy endothelium causes a
bigger dilatation of the vessels, and therefore a bigger FMD.
Endothelial dysfunction or a decreased FMD is associated with several risk factors for
AD like aging, smoking, atherosclerosis, diabetes and high blood pressure. Interestingly,
an impaired FMD is thought to be independently correlated with AD. Judging these
findings, it can be concluded that endothelial dysfunction plays an indirect role in the
pathophysiological mechanism of AD.
To truly understand the pathophysiological mechanism of AD, it is important to
understand the impact of endothelial dysfunction on the cerebral circulation in the
context of aging. Therefore, the aim of this study is to elucidate the relationship between
endothelial function and cerebral hemodynamics. To really understand this relationship,
we measured the FMD, CBF, arterial stiffness, CVR and baseline diameter of the brachial
artery in healthy subjects between 20 and 80 years old. Using a statistical analysis, we
compared the results of these measurements to find possible correlations.

New and interesting results
The analysis showed quite a few new and interesting things. The primary new finding
of this study is that subjects with a better endothelial function have a higher cerebral
blood flow independent of age. Furthermore, we found that the diameter of the brachial
artery is bigger in subjects with a lower CBF and in subjects with a higher cerebrovascular
resistance. Finally, consistent with previous work, we found that aging negatively
affected both flow mediated dilatation and the cerebral hemodynamics. This last result is
important, because it shows us that we can trust our data.

Endothelial dysfunction
A critical modulator of the vascular function is the vascular endothelium, a single cell
layer lining the inner walls of the blood vessels of the entire circulatory system. The
endothelium is critical for the regulation of for instance the vascular tone, cell migration
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Fitting everything together
What do these new findings mean? We constructed a hypothetical model that integrates
and explains our results (Figure 1).

Radboud Honours Academy

stiffer. Subsequently, a rise in arterial stiffness can lead to a rise in cerebrovascular
resistance (CVR), which eventually can lead to a lower blood flow to the brain (CBF). This
theory explains why subjects with a better endothelial function have a better CBF.
Further, a higher arterial stiffness can lead to a higher pulse pressure. The rise in pulse
pressure can lead to vascular remodelling, meaning that the diameter of the arteries will
enlarge. This vascular remodelling is seen as a compensatory mechanism to the high
pulse pressure. Eventually, the vascular remodelling and arterial diameter influence the
arterial stiffness and possibly the endothelial function. This theory explains why we
found that people with a bigger diameter of their arteries also have a bigger CVR and a
lower CBF.
Unfortunately, our hypothetical model does not explain why no correlations were found
between flow mediated dilatation and the other cerebral hemodynamics, like arterial
stiffness. Interestingly, other studies did find a few of the correlations that are depicted in
Figure 1. For instance, an inverse relation between FMD and arterial stiffness. A possible
explanation for the absence of these findings in our study is that we did our study in
healthy adults. The correlations between these factors are probably more clear in older
adults or adults who are diagnosed with Alzheimer’s disease.

What next?
The next step is to look into the role of the endothelial function in Alzheimer’s disease.
Therefore, it can be interesting to link endothelial function to cerebral atrophy
and cognitive function. Cerebral atrophy is a loss of brain cells that is often seen in
Alzheimer’s disease and other cognitive diseases. We expect that a shortage of blood flow
in the brain (CBF) can lead to cerebral atrophy, which consequently leads to cognitive
dysfunction. This theory is also added in figure 1. If we prove that our hypothetical model
is true, we can start looking for ways to interfere in this pathological process in order to
prevent or treat Alzheimer’s disease.

Conclusion

Figure 1: Hypothetical model of the association between endothelial function, cerebral hemodynamics and
cognitive dysfunction.

In conclusion, this study found that adults with a better endothelial function have a
better cerebral blood flow and that adults who have a wider vascular diameter have an
increased cerebrovascular resistance and a decreased cerebral blood flow. These new
findings contribute to a better understanding in the relationship between endothelial
function and cerebral hemodynamics in the context of vascular aging. Therefore, this
study brings us a small step closer to understanding the pathophysiological puzzle of
Alzheimer’s disease and finding a way to treat it!

Special thanks to:
In healthy vasculature, an important function of the endothelium is to cause dilatation
of the vessels in a reaction to for instance a rise of blood flow. In subjects with a lower
endothelial function this reaction can be insufficient, causing more constricted vessels.
As a result of this, the vessels can become stiffer, meaning that the distensibility and the
buffering capacity of the arteries decreases. In addition, endothelial dysfunction can
cause atherosclerosis, in which cholesterol and fat build up inside the wall of the vessel,
causing narrowing and hardening of the artery. This also means that the arteries become
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Sam van de Sande
(Zeist, 1996)
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“Despite facing some serious
challenges, I am grateful for what
my time in Canada offered me:
perspective and renewed respect
for the Dutch mentality and
educational system.”

Honours internship: Department of Integrative Physiology, Radboudumc;
Human and Environmental Physiology Research Unit,
School of Kinetics, University of Ottawa, Canada
Supervisors:
Dr. Thijs Eijsvogels;
Dr. Glen Kenny
In the past two years, I have learned a great deal about conducting scientific research. I
enjoyed a mix of wonderful and less enjoyable experiences, starting with my one year
internship in the Netherlands. Dr. Thijs Eijsvogels was a great supervisor, who always
offered high quality guidance. He taught me and fellow student Michelle Jacobs how to
conduct a field study. I really enjoyed doing research in an athletic setting, and during
this period I learned to adopt a more critical attitude.
My internship in Canada can be described in many ways, but the best way comes down
to an intense learning experience. I have learned to plan, lead and execute experiments
autonomously. I have acquired a skillset that ranges from doing biochemical lab work to
performing invasive procedures. I have overcome insecurities by hosting lab tours and
pitching in a different language.
Despite facing some serious challenges, I am grateful for what my time in Canada offered
me: perspective and renewed respect for the Dutch mentality and educational system.
Thanks to this internship, I feel more appreciative of and determined about where I
am heading. It may not have been the aim of this program, but I learned a very valuable
lesson which is that the academic world isn’t one that I wish to pursue a position in. I am
more excited than ever to continue my medical training.
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Blood, sweat and heat
Sam van de Sande

It’s a summer’s day and it is especially hot outside. You wake up, get yourself ready and
hop on the bike to work. You start to sweat a little bit and by the time you arrive, you
wonder why you even showered. Your skin is clammy and your face is flushed. Don’t get
too annoyed though, because that clammy, red skin is what keeps you safe in the heat.

Heat and the human body
The body has various way of combatting heat. Two of its most powerful weapons are
sweating, more specifically the evaporation of sweat, and increased blood flow in the
small blood vessels of the skin, with red cheeks as a result. When this is not enough, and
heat gain exceeds heat loss, your core temperature increases. When temperatures remain
atypically high for several days, people can suffer from potentially deadly illnesses such
as heat exhaustion and heat stroke quickly and unexpectedly. With increasing average
temperatures, the risk of excess heat-related deaths is only growing. That is why it is
important to find out more about how our body combats heat. My research concentrated
on blushing and the mechanisms that facilitate blood flow changes in the skin’s vessels.

Skin blood flow
The human skin contains an incredibly extensive and complex network of small blood
vessels, called microvessels. Heat triggers these microvessels to dilate. More blood can
then pass in a given time unit. In other words: heat causes increased skin blood flow. The
result is that heat stored in the body is lost to the environment more quickly. To assess
the skin’s microvessel functioning you need very a refined and precise technique.

Laser Doppler probes are placed on top of the skin area where the microdialysis fibres
are inserted. These probes send out a laser light beam. When it hits circulating red blood
cells, the laser light is reflected. As a result, the wavelength of the laser beam changes
which is used to measure how many red blood cells pass every second. The Laser Doppler
probes can be placed in local heaters, which cause temperature-induced vasodilation.
Laser Doppler flowmetry combined with intradermal microdialysis allows for recording
of the local skin blood flow responses to infusion of a drug into the skin (Figure 1).

Intradermal microdialysis
An example of such a technique is intradermal microdialysis which is used deliver drugs
to the skin. Much like sewing, this is achieved by inserting a needle almost parallel to
the skin and exiting the tip of the needle about 2 cm from the insertion site. A dialysis
fibre, similar to a sewing thread, is pulled through the needle after the which the needle
is removed. The fibre then rests in the dermal layer of the skin. The part of the fibre that is
underneath the skin is constructed in such a way, that drugs can move from the fibre into
the skin where it finds its way to the microvessels.

Figure 1. Schematic representation of intradermal microdialysis technique.
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SKBF response to needle insertion

Radboud Honours Academy

Individual responses
As is necessary with piloting, we examined individual responses to see how these could
vary between subjects and to distinguish typical from unusual responses. An example of
these responses is depicted in the figure below.

Figure 2. Absolute skin blood flow response in one individual following microdialysis needle insertion. The dashed
vertical line represents the start of baseline data collection.

The technique of inserting microdialysis fibres affects skin blood flow. As demonstrated
in Figure 2, microtrauma caused by the transdermal needle insertion results in an
initial increase in skin blood flow before stabilizing after 60-90 minutes. Therefore, it
is important to wait for a standardized time of 90 minutes to allow for inflammation
to subside before starting baseline. For each trial, skin blood flow in all examined sites
is normalized to the maximal vasodilator response for each site, which is achieved by
infusing a vasodilator substance called sodium nitroprusside for 20-30 minutes at the
end of the experimental protocol. This is done to minimize the influence of between-site
variations in skin blood flow.

SIS
I was involved in the concept development and piloting of a study called SIS - acronym
for sensory inhibition study – which looked at the contribution of sensory nerves to
physiological responses to heat stress is. These responses include skin blood flow and
sweating responses. The subjects were installed with various equipment and material
to acquire the necessary data. The left forearm was set up with four microdialysis fibres,
and with four local heaters and four Laser-Dopplers respectively to heat the skin locally
and to calculate skin blood flow. The right forearm was set up with sweat capsules to
measure sweat rate, and with a finger cuff to measure finger blood pressure. Mean arterial
pressure is derived from the finger blood pressure and heart rate. On both arms, two 2
cm by 2 cm areas were covered with a cream called EMLA, which is the intervention that
inhibits the sensory nerves. An oesophageal core temperature probe was used to measure
core temperature accurately, and a water perfused tube suit to passively heat the whole
body up to 1.2 degrees Celsius above baseline temperature. The number of activated
sweat glands was visualized on square papers saturated with iodine. When pressing these
papers down on the skin surface, the activated sweat glands appear as dark spots.
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Figures 3.E and 3.F demonstrate skin blood flow in four sites in response to different drugs. As demonstrated, absolute blood flow can vary highly between people.

Finally
Unfortunately, there were too little data at this point of the study to draw any solid
conclusions. The evaluation of the mechanisms governing the heat loss responses of skin
blood flow and sweating can be challenging. Such studies require extensive planning and
pilot testing. With this article, I hope to have provided you with a good glimpse of what
such a study, and the techniques used, look like.
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“For a long time, I’ve been interested
in oncology and immunology. My
experiences at the labs in Nijmegen
and Minneapolis made me even more
enthusiastic about these subjects.”

Honours internship: Hematology Lab, Radboudumc;
Division of Hematology, Oncology, and Transplantation,
University of Minnesota, Minneapolis, USA
Supervisors:
Ralph Maas, Harry Dolstra PhD;
Martin Felices PhD,
Dr. Jeffrey Miller MD
My journey as a student at the Radboud University started 6 years ago when I began
studying Medical Biology. While I was studying Medical Biology my passion for research
grew. I also discovered I was very passionate about medicine, so I decided to continue
studying Medicine. During the first year of Medicine, I started to miss research. And that
is where the honours program came in, giving me the opportunity to combine both of my
passions: medicine and conducting research.
For a long time, I’ve been interested in oncology and immunology. My experiences at
the labs in Nijmegen and Minneapolis made me even more enthusiastic about these
subjects. I’ve been studying the role of Natural Killer cells in invasive aspergillosis in the
Netherlands, a fungal infection only seen in patients with a weak immune system. In
Minneapolis, I’ve worked on the development of a molecule targeting prostate cancer
cells and selectively activating natural killer cells to get rid of the cancer cells.
The honours program made my bachelors’ program whole. It provided me with many
opportunities and beautiful memories that I know I’ll never forget. I’ve learned a lot, had
a lot of fun in both labs and I’m truly grateful for every minute I got to spend there.
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Time to fight with our
own soldiers!
Pauline van Son
Imagine that your body is one big city. And this big city is filled with trillions of different
citizens, our cells. To keep the city safe from criminals and threats from outside, your
city has a huge defense system: police, FBI, undercover agents and soldiers. They remove
every single criminal coming from the inside and the outside. Your skin is like a big wall
surrounding the city, keeping all big threats outside. Policemen and soldiers are also close
to the wall and patrol the city to prevent harm.
Every citizen carries an identification number to prove that they are true citizens of the
big city. Special schools make sure that each and every policeman, FBI-agent, undercover
agent and soldier is trained to identify and react correctly to good citizens and bad
criminals. So, on a regular basis, policemen and soldiers are able to remove all criminals
coming from the outside world without threatening or fighting good citizens.

Unfortunately, some men develop a more aggressive type of prostate cancer, like a
very bad criminal who doesn’t stop at stealing gum. This criminal is able to cause a
lot of harm and pain, first within the neighborhood, then invading small surrounding
neighborhoods, and eventually other bigger neighborhoods. In prostate cancer, the
cancer first spreads within the prostate itself. Without the proper treatment, prostate
cancer will metastasize, in other words invade, to so-called lymph nodes (surrounding
neighborhoods) and eventually bones (bigger neighborhoods). Metastasized prostate
cancer comes with a lot of pain resulting in a high burden for the patient. Without proper
treatment, these patients will die.

Good turning bad
But what if one of the good citizens becomes the threat? If a good citizen turns bad, the
policemen, soldiers won’t be able to recognize him and so the FBI and undercover agents
will not be alarmed. This is similar to what happens in our body when cancer develops.
Cancer derives from cells that were harmless at first. Think of it as a citizen that was
raised to be a good person, but unfortunately, he became a bad guy in his adult phase.
Most of these bad guys lose their identification number and no identification number
leads to removal by our defense system. However, in some cases the bad guy is so good at
faking that our defense system isn’t able to distinguish him from other good citizens.

Prostate cancer
Each big city has many different kinds of people grouped into neighborhoods. All these
people are capable of becoming a bad person, resulting in a different kind of criminal
depending on the neighborhood they live in. That is also the case for cancer. The type of
cancer depends on the cell type within an organ, like the brain, heart, lungs and stomach,
that will turn into a cancer cell. One of these types of cancer is called prostate cancer.
This cancer can only develop in men, since the prostate is an organ that is only present in
men. Most of the elderly men get prostate cancer, but they don’t die because of it. Think
of it as a bad guy who started stealing gum from groceries shops, but never tried to steal
something bigger. That doesn’t sound like too much harm, right? These elderly men
eventually die from another cause than prostate cancer.
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Figure 1 The linker is able to specifically bind to natural killer cells (NK cell) and prostate cancer cells, resulting in
natural killer cell activation and reaching out for other immune cells (policemen, soldiers and other FBI agents)
for help.

Immunotherapy
For quite some time we’ve been trying to fight cancer by using a type of medicines called
‘chemotherapy drugs’. The problem is that chemotherapy drugs not only kill the bad
guys, but also many good citizens living in peace in the big city. You can compare these
medicines with bombs destroying your beautiful city. Some patients with cancer can be
cured with these chemotherapy drugs. But they suffer many side effects and parts of the
body have to recover from this brutal attack.
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For a while now, scientists and doctors are working together to develop a new kind of
treatment called immunotherapy. Immunotherapy is all about using our own defense
system against cancer. In other words, we can help the policemen, soldiers, FBI agents
and undercover agents of the big city in recognizing which good citizens turned bad
by giving them extra training. At the University of Minnesota in Minneapolis, we are
developing a linker that will bring prostate cancer cells close to so-called natural killer
cells, our FBI agents. Also, the linker will activate these natural killer cells to remove the
prostate cancer cells and to call for backup from other defending cells. For some time
now, we are able to recognize specific cancer cell types by specific signals. For example,
prostate cancer cells have two specific signals called PSMA and TROP-2. In other words,
if we look at the big city, each bad citizen carries a unique marker, like a fingerprint. Your
natural killer cells cannot recognize PSMA and TROP-2 without sophisticated equipment.
This is where the linkers come in, they help in recognizing PSMA or TROP-2 and thus the
bad guys in our body.
So far, I’ve been working on creating this linker. Within the lab at the Masonic Cancer
Center, scientists have been able to create linkers specifically recognizing different blood
cancers. Several experiments showed that the linkers are able to both bind to cancer cells
and to our Natural Killer cells, resulting in cancer cell death. Hopefully, this linker will
support our fight against, in this case, prostate cancer using our own body’s soldiers.
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“The people, atmosphere, history
and the fact that they all hate
Trump really made me feel at home.”

Honours Internship: Department of Radiation Oncology, Radboudumc;
Department of Biochemistry, Molecular Biology & Biophysics,
University of Minnesota, Minneapolis, USA
Supervisors:
Pieter Roelofs, Dr. Paul Span;
Dr. William Brown, Prof. Dr. Reuben Harris
The Honours programme has been an unbelievable opportunity to learn, laugh and
broaden my views. My initial motivation to participate in this programme was the
lack of medical research in my studies. I was eager to deepen my knowledge and better
understand why we treat patients the way we do. For example, which blood pressure
medication should I give this specific patient or which chemotherapeutic drug works best
against breast cancer? All questions I encountered during my studies, and for which the
answers can only be understood by digging deeply into medical research. I feel fortunate
the Honours programme has given me the tools to research these questions myself.
I look back on my experiences within the Honours programme with a huge smile. I
started my Honours internship at the department of Radiation Oncology. They introduced
me to this interesting protein called APOBEC3B, which could possibly have major clinical
consequences for people with cancer. I especially enjoyed the time in my internship
discussing possible theories on how APOBEC3B works and how future treatments could
intervene and improve clinical outcomes.
I continued my internship on APOBEC3B in Minneapolis, USA. When I enthusiastically
went to a book store to get a visitor’s guide for Minneapolis they sent me back emptyhanded, since Minneapolis was of course not the famous, touristy New York. Well,
after having been there, I can say that Minneapolis is better than New York. The people,
atmosphere, history and the fact that they all hate Trump really made me feel at home.
The internship was also an unforgettable experience. I had the chance to work in the
Harris lab, where I watched great scientific developments happen. Moreover, they gave
me the chance to work quite independently on a project, learning so much about doing
research. Overall, I had a blast!
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Understanding the mechanism
of therapy resistance in breast
cancer
Lieke ter Steeg
Breast cancer is one of the leading causes of death for women. In the Netherlands alone,
more than 3,000 women die of breast cancer each year. These women mostly die because
they do not respond to their anti-cancer therapy anymore, allowing the cancer cells to
grow undisturbed. This is also referred to as therapy resistance. Therapy resistance can
occur for several possible reasons. Some cancer cells develop skills to pump the anticancer drugs out of the cell; other cancer cells learn how to repair the damage that the
anti-cancer drugs inflict. Not long ago, researchers proved that a protein called APOBEC3B
(A3B) plays an important role in therapy resistance in breast cancer. Although the
researchers know exactly what function A3B has in the body, they cannot figure out how
A3B contributes to therapy resistance. This is a mystery yet to be solved, and this study
may contribute to a breakthrough.

in the sequences T-C-A or T-C-G. Together, this creates an A3B signature which you can
recognize in the DNA of cells.

Function of A3B

Therapy resistance

A3B is part of a group of proteins called the APOBEC family. This family has a crucial
function: protecting your body against viral infections. One of the ways they protect you
is by damaging the genetic material of a virus, causing the virus to die. Now, the nasty
thing about viruses is that they infect your body by crawling into healthy cells. And
unfortunately, the APOBEC proteins don’t always aim well when trying to damage the
virus. So, sometimes, they accidentally damage the DNA of the cell during their battle
with the virus. It is as shooting an arrow at your enemy, expecting to hit its target, to then
see the arrow deflecting and hitting one of your own soldiers. Unfortunately, when the
DNA of a cell is damaged repeatedly, the cell can start to behave differently and become a
cancer cell. And when even more damage accumulates, this cancer cell is more likely to
become therapy resistant.

The A3B signature can be found abundantly in the cancer cells of many women with
breast cancer. Importantly, breast cancer with many A3B signatures more often becomes
therapy resistant than breast cancer with little A3B signatures. How the damage inflicted
by A3B contributes to therapy resistance is largely unknown. However, if we are able to
simply detect these A3B signatures in DNA, this could tell us something about the genes
which are frequently victims of A3B damage. If this is for example a gene involved in
pumping toxic substances (like anti-cancer drugs) out of the cell, damage to the gene can
cause an increase in function and thereby therapy resistance. So, detecting A3B signatures
in DNA can help solve the mystery of A3B and therapy resistance.

An A3B signature in the DNA
From all the proteins in the APOBEC family, A3B is most responsible for accidentally
damaging the DNA of cells. When A3B inflicts damage, it leaves a specific signature in
the DNA. What is this signature? Well, DNA consists of different building blocks: A, T, C
and G. A3B damages the DNA by changing a C in the DNA in a totally different building
block called U, which is not a building block naturally occurring in DNA. So, of course,
the cell wants to get rid of this weird building block in the DNA and, therefore, removes
it and puts in another building block. If this is not a C, the DNA is changed and this is
called a mutation (see Figure 1). A mutation in a gene can affect the function of a gene. A
gene can lose or improve its function, or gain a different function. Besides changing Cs
into Us, A3B has the tendency to always change Cs in specific parts of the DNA, namely
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Figure 1. A3B and successive repair mechanisms cause mutations in DNA

Detecting the A3B signature
In this study, we specifically wanted to detect the sequence T-U-A in DNA, which is part
of the A3B signature. This sequence is caused by A3B changing the C in T-C-A into a U and
only exists for a short time until the cell removes the U. To detect T-U-A in DNA, we used
a naturally occurring process in the body: antibodies. Antibodies are made in the bone
marrow by immune cells to attack invaders of the body (also called antigens). For each
antigen, there is an antibody that fits exactly to it, which means that there are millions
of different antibodies in your body for all the possible antigens that your body can
encounter. So, possibly, among these millions there could also be an antibody specific
against T-U-A in DNA. To select such an antibody, we used a technique called phage
display technology.
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Phage display technology is a technique which enables us to select an antibody specific
against a chosen antigen from a whole library of antibodies. This technique works with
phages, which are viruses that infect bacteria. Only, the phages used in phage display
technology are modified in such a way that each phage presents a different antibody on
their surface. All these phages together create a library of different antibodies. So, how
do we select an antibody specific against T-U-A from this library? First, we attach a little
piece of DNA with T-U-A to magnetic beads in a cup. Next, we add the phages with all
the different antibodies on their surface. Only a small part of the antibodies will bind
strongly to T-U-A (figure 2A). Those phages with the strong binding antibodies are now
attached to the magnetic beads. We can then select those phages by using a magnet. The
magnet will keep the phages with strong binding antibodies attached to the cup, while
the other phages can be removed (figure 2B). The phages with strong binding antibodies
are subsequently disconnected from the magnetic beads and collected (figure 2C). The
last step is letting the phages infect special bacteria, which will start producing the strong
binding antibodies, which were once presented on the surface of the phages (figure 2D).
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capacity of these 23 antibodies to other antigens was further investigated. This resulted in
2 antibodies which could both be “the antibody”. Interestingly, both of these antibodies
also bind strongly to the sequence T-U-G. Fortunately, this sequence is also part of the
A3B signature, so this is actually a happy coincidence. We now have antibodies which can
bind to both T-U-A and T-U-G and not only to part of the A3B signature.

Future directions
The antibodies binding strongly to both T-U-A and T-U-G will be further characterized.
We want to know if there are other antigens out there that they are binding to and we
would like to determine the strength of the binding between the antibody and antigen.
Furthermore, we will investigate in which techniques these antibodies can be used. If an
antibody can be used in microscopy, it doesn’t necessarily mean that it can also be of use
in genetic research. Hopefully, we will be able to find “the antibody” which can be used to
point out genes in the DNA which are most often victims of A3B damage. These genes may
unravel the mechanism of A3B and therapy resistance in breast cancer and guide the way
to new treatments.

Special thanks to
Dr. Paul Span and Prof. Dr. Reuben Harris for giving me the opportunity to research
this amazing protein called APOBEC3B. They were both great supervisors and were very
supportive during my internship. I would also like to thank Pieter Roelofs for guiding
me and teaching me a lot about scientific thinking and laboratory techniques. Finally, I
would like to thank William Brown for his guidance during my research project and for
letting me work so independently.

Figure 2. Steps in phage display technology
Figure 2. Steps in phage display technology

Screening of antibodies
With phage display technology, we selected hundreds of antibodies, all able to bind to
T-U-A in DNA. Unfortunately, the downside of antibodies is that they are sometimes not
specific enough to one antigen and, therefore, are able to bind to other antigens as well.
However, in order to detect the A3B signature in DNA, we of course want an antibody
only binding to T-U-A. To find “the antibody” only binding to T-U-A, we tested all these
hundreds of selected antibodies for their binding capacity to T-U-A and to T-C-A. T-C-A
is a sequence in DNA which is not yet damaged by A3B. All the antibodies with a strong
binding capacity to T-C-A were eliminated to end up with 23 antibodies. The binding

114

115

Manon van Steen
(Leiderdorp, 1997)
Bachelor of Medicine 2016-2019

“The department was very
welcoming and invited me to take a
look at multiple ongoing studies and
to help me prepare the internship
abroad. The highlights where
attending heart catheterizations
and helping with the 4-days
marches study.”

Honours internship: Department of Physiology, Radboudumc;
Research Institute for Sport and Exercise Sciences, Liverpool
John Moores University, Liverpool, United Kingdom
Supervisors:
prof. Dick Thijssen, Geert Kleinnibbelink;
dr. David Oxborough
In the first year of medicine, I learned about the Honours program medical sciences. I saw
this program as an opportunity to get familiar with research and to give myself an extra
challenge. My expectations were met. In the first year of the program, we visited research
facilities. We met researchers who enthusiastically introduced us to their studies. I saw a
variety of different research fields: from cancer research to technological research. I got a
clearer view of what medical research can look like.
In the second year, I got challenged to choose an internship placement. Since I am
interested in various specialties, I decided to choose the internship I liked best: an
internship at the department of physiology. This turned out to be a good decision. The
department was very welcoming and invited me to take a look at multiple ongoing
studies and to help me prepare the internship abroad. The highlights where attending
heart catheterizations and helping with the 4-days marches study.
Nevertheless, the best part of the honours program was the internship abroad. I think
I have never learned as much in such a short period of time. I got to work amongst a
great research team with research participants using unique facilities. This was a great
experience.
Besides the internship itself, I learned a lot from preparing for and staying abroad. I
found out that I am more independent then I thought I was. On the other hand, I did meet
people in Liverpool from all around the world who helped me find my way. I soon felt at
home. Therefore, I felt sad having to leave Liverpool after three great months.
Looking back on the honours program, I am very grateful for this unique learning
opportunity and I would definitely recommend this program to others.
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Exercise at altitude:
what about your heart?
Manon van Steen
Performing endurance exercise at altitude has gained popularity in recent decades. Where
elite athletes use altitude training to improve their performances, recreational athletes
challenge themselves by pushing their boundaries. Exercise at altitude has impact on
the body’s functioning. However, the exact influence this has on the heart is not yet fully
understood.
Assessment of the heart during exercise is challenging. Echocardiography of the
heart offers the possibility to do this. Where the conventional echocardiographic
measurements do have their limitations, a recently new introduced technique called
‘strain-volume loop analysis’ has the capabilities to overcome these. This technique has
potential to investigate acute cardiac responses of high-altitude exercise. Therefore,
a team of researchers in Liverpool designed a study for this purpose and I had the
opportunity to join this group for the honours program.

So we know there are effects of exercise and of altitude on the heart but we wanted to find
out exactly what the impact on the heart is for each condition separately and also when
you take these conditions together.

Ultrasound heart scans
To investigate this, we performed ultrasound heart scans (echocardiography) on twenty
participants under all combinations of the following conditions: A) in rest and a) during
exercise on a treadmill at both B) sea level as well as at b) high altitude.
Next, we analysed the images with the previously mentioned new technique: strainvolume loop analysis. This analysis is based on a graph, the strain-volume loop, which
describes the relationship between wall deformation (strain) and volume changes, see
Figure 1. It therefore provides information about cardiac structure and function.

Before I describe the experiment, I will give some background information about the
effects of exercise and high altitude on the heart.

Our heart’s response to exercise and to altitude
Endurance sports ask for strenuous muscle activity. The body will need more energy and
oxygen to keep going. Fortunately, your body can increase its supply up to tenfold by
increasing the heart’s blood output: it will beat faster and release more blood during each
powerful contraction.
When you ascend from sea level to higher altitude, the air pressure will drop gradually,
a condition called hypoxia. The oxygen uptake from the air into the blood stream will
decrease, due to this condition. To compensate for this lower availability of oxygen, your
body increases your heart’s output to meet the oxygen demand.
This is not the only consequence of hypoxia. Hypoxia also influences the cardiovascular
system. The vessels of the lung circulation will respond by constricting. This increases
the local blood pressure. Your heart, specifically the right side, drains into these vessels.
Therefore, your heart will need to increase its workload to overcome this higher blood
pressure. These changes in workload will, in turn, influence the haemodynamics of the
heart. The mechanism behind this is yet to be elucidated.
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Figure 1: Example of a strain-volume loop. The graph depicts volume changes on the x-axis and wall motion
(strain) on the Y-axis based on echocardiographic measurements. The blue line represents the contraction and the
orange line represents the relaxation of the heart.
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What we learned

Special thanks to

Surprisingly, we did not find that exercise and altitude influence or relate to each other.
We did find some interesting influences on our hearts of exercise and altitude separately.

I want to thank Geert Kleinnibbelink for supervising this project. I am grateful for
his support and advice during this internship. In addition, I wish to acknowledge the
research team involved in the data collection supporting the EXAcTA Database and thank
them for their contributions to this project. Finally, my internship took place at the
research institute for sport and exercise sciences of the Liverpool John Moores University
in collaboration with the department of physiology of the Radboudumc in the context
of the Honours program Medical Sciences of the Radboud University. I want to thank
all three parties, and in particular professor Dick Thijssen and dr. David Oxborough, for
offering this learning opportunity.

During exercise, the strain-volume loop makes a left- and downward shift. This tells us
that less blood remains in the heart during exercise via increased wall motions. The heart
beats more powerfully, squeezing out more blood during exercise. This enables us to keep
exercising.
Another interesting finding regards the filling and emptying of the heart. It seems like the
heart is less capable of relaxing after exercise. Some speculate it could be cardiac fatigue,
a phenomenon of a temporary decrease of function after exercise, others say it might be
cardiac damage and some claim it is just another normal bodily response.
We also found the heart’s filling patterns to be altered in hypoxia. This could possibly be
explained by an increased pressure in the right side of the heart due to lung blood vessel
constriction, a decreased pressure of blood supply to the left side of the heart, a decreased
relaxational function of the heart, or a decreased compliance of the heart.
Taking everything into consideration, our experiment did teach us more about the heart’s
functioning, but some questions and research opportunities remain.

What is next?
A lot of data from this study is yet to be analysed and published. Unfortunately, only three
months were reserved for my internship, so we selected the best quality images for my
analysis. The findings in this article should therefore be considered with caution. A group
of researchers, however, is still working on the complete dataset. We have their results to
look forward to.
There is also the data from the second part of this study, about the effects of repeated
high-altitude exercise. This part consisted of a twelve-week training program on a
treadmill followed by the same measurements as described in this article. The outcome of
the analysis of these data will be particularly relevant for popular high-altitude training
programs. I will certainly continue following their work.

Finishing remarks
Looking back on this project, we learned a great deal about our heart’s functioning as a
response to both exercise and altitude. Nevertheless, still a lot is to be revealed from this
study’s dataset. I am eagerly waiting for the results on this matter.

120

121

Renée Thewissen
(Kerkrade, 1996)
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2016-2019

“Acquiring all of these scientific
skills and performing surgery on
mice on my own was so amazing it
made me even more excited about
the surgical (research) field!”

Honours internship: Department of Surgery, Radboudumc;
Department of Surgery, University of Chicago, USA
Supervisors:
Prof. Dr. Harry van Goor;
Dr. John Alverdy, Dr. Olga Zaborina
Since the first year of my study Biomedical Sciences I knew I would love to study abroad,
but I had no idea how I could realize this. Then I saw the opportunity of the Honours
Program Medical Sciences. Not only would this enable me to study abroad, but it would
also allow me to improve my scientific skills and get more in-dept knowledge about
biomedical research! I was excited but hesitated a lot whether or not I should apply:
would the program completely suit me? Wouldn’t it be too challenging? It turned out to
be one of the best choices I made so far. It granted me opportunities I think I might never
have gotten if it weren’t for this program.
I was so excited to start my internship at the department of Surgery at the Radboudumc
and being linked to the University of Chicago. Joining Dr. Alverdy’s lab in Chicago was
for sure a one-of-a-kind opportunity. Not only could I work at an outstanding institute
with exceptionally good researchers, it also taught me what research really is about: both
success and (learning from) failure. Even though I was supervised and supported by one
of the residents of the lab, I was allowed and encouraged to perform much of my research
independently. For me this was an excellent opportunity to grow as a professional and
rely on my own decisions and judgement. Acquiring all of these scientific skills and
performing surgery on mice on my own was so amazing it made me even more excited
about the surgical (research) field!
Oh, and I almost forgot to mention what a great city Chicago is, with its skyscrapers,
Chicago river, cool bars, amazing restaurants, and summer festivals. It is such a beautiful,
energetic city that never stops and living there for 6 months was a huge experience I will
never forget!
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The power of poop
Renée Thewissen

As strange and unattractive as it may sound, poop can actually save lives! In the 4th
century, the Chinese already knew how they could use poop to treat people with lifethreatening food poisoning. Later on, German soldiers who were stationed in Northern
Africa during World War II saw that natives ate camel poop to treat severe diarrhea! So, it
seems to make sense to use poop as a treatment, right? That’s what researchers thought
too. Today we call this treatment a Fecal Microbiota Transplant or in short: FMT.

The microbiome, an important factor for FMT
Every one of us has a microbiome, which is composed of all the bacteria and other
microbes in and on our body and consists of roughly 100 trillion microbes. That is
almost 3 times more microbial cells than our own human cells! But wait, aren’t microbes
supposed to be dangerous? The answer is: No. Some of them are pathogens (meaning they
can cause disease), but fortunately most of them aren’t. We all carry a unique microbiome
starting from the day we are born. Even when two people are living in the same city, you
see huge differences in the microbes they carry! Most of these microbes live in our gut.
Normally, our gut is full of bacteria that protect us and our intestines against infections.
The microbes also help us in programming the immune system and providing nutrients
for our cells. Stool contains a lot of microbes from our microbiome, and therefore the
microbiome is such an important factor for FMT.

What exactly is an FMT?
Normally our gut contains mostly microbes that are good for our health and help us
when our intestines encounter infections. But sometimes this healthy microbiome can
get disrupted, by for examples stressors such as an unhealthy diet, surgery or antibiotics.
In these cases, the healthy microbiome can get replaced by an unhealthy one, called a
pathogenic microbiome or pathobiome. This pathobiome contains more pathogenic
bacteria that outcompete the healthy ones, leading to a collapse of the microbiome. One
way to restore the ‘sick’ gut microbiome to a healthy balance is to introduce a new and
healthy microbiome into the person with the pathobiotic gut. This can be done with FMT.
By dissolving stool from a healthy individual you get a liquidy substance, which is then
given to the sick individual via rectal administration, called a rectal enema. In this way a
healthy donor’s microbiome can ‘reset’ the inner community of an individual with a sick
microbiome.

FMT an effective treatment options for sepsis?
Research has shown that during infections there is a loss of the intestinal microbiota,
leading not only to differences in composition, but also leaving the microbiome changed
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functionally. This collapse of the microbiome in critical illness has major adverse effects
on the host’s immune system. This suggests that FMT could be an effective treatment
option for patients that suffer from a life-threatening infection or even sepsis. Sepsis is
a very dangerous, overwhelming and life-threatening response of the body to infection,
which can even lead to organ damage and death. In other words, it is an overactive and
toxic response of your body to infection. Sepsis is considered the leading cause of death
in most intensive care units with approximately 250,000 deaths in the United States each
year. Even though there are advances in management of sepsis, its incidence increased
more than twofold over the course of the past 10 years, raising the need for better
treatment options, such as for example FMT.

Using mouse models to understand the potential benefits of FMT
in sepsis
In Dr. Alverdy’s lab in Chicago we used mouse models to understand the benefits of FMT
to save mice from sepsis. Here we used a pathogen called Serratia Marcescens which
we gave to the mice by injecting this intraperitoneally (into their body cavity). This
intraperitoneal injection then caused a life-threatening infection and sepsis within
24 hours. Immediately after we gave the injection with the pathogen, we gave an FMT
via rectal enema. Previously our lab has shown that FMT is able to save mice from this
lethal infection. However, these FMT’s were prepared slightly different from the ones
we used. Formerly, to prepare this FMT, a healthy mouse was sacrificed and the contents
of its cecum (this is a pouch connecting the small and large intestines) were used. After
collection, this cecal content was dissolved and administered via a rectal enema. For our
experiments however, we wanted to make the model more clinically relevant by using
each mouse’s own stool (from before the infection) for the FMT, creating a so called
autologous FMT (AFMT).

How we used AFMT
The 25 mice in our experiment were divided into 3 groups: an intervention group that
received AFMT (AFMT), a control group that received an autoclaved (heated) FMT (ACFMT), and a group that was non-treated (NT). The control group (AC-FMT group) received
an FMT that was heated to a temperature at which all the bacteria died, making the FMT
ineffective and therefore this group could function as a control for the treatment group
that received AFMT.
All the mice received an intraperitoneal injection with Serratia Marcescens and
immediately after that the AFMT and AC-FMT mice received their rectal enemas. The
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mice were then closely monitored for 24 hours. The mice that survived until this point
were considered to survive indefinitely. When mice were (almost) dying or reached
the 24-hour mark, we sacrificed them and collected samples of blood, lung, liver, and
spleen. And we also collected the so-called peritoneal fluid. This was done by injecting
3mL of fluid (10% glycerol) into the body cavity (peritoneal cavity). Then we would let
this fluid gently flow through the peritoneal cavity after which we would recollect the
fluid. Because we injected the bacteria into this same cavity, we could now see how much
bacteria there were actually left after 24 hours. Pretty cool, right?
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still present in the peritoneal fluid we collected (Figure 2). And there were not just a few
bacteria, but a lot. About 519,000,000 per mL on average, to be more precise.
So, what about the mice that survived? Well, those were completely different from the
ones that died. These mice cleared all the bacteria from their peritoneal cavity and were
left with zero bacteria in their belly! And the interesting part is that these results were the
same for each mouse that died and lived, regardless of the treatment they had received.
So why did some mice succeed in clearing the bacteria and some didn’t? That is for future
research to find out.

Unexpected results
When we treated mice with AFMT we saw a 20% increase in survival compared to the
mice that were non-treated, as shown in Figure 1. Unfortunately, this result was not
statistically significant and therefore did not confirm the outcomes of the previous
studies investigating the FMT in the sepsis mouse model.
We expected the control group - the mice receiving the (dead) AC-FMT - to also show no
improvement in survival and to have similar mortality (death) rates as the non-treated
mice. But what we saw was the opposite: only 20% of the mice in the AC-FMT group died
compared to 60% of the NT mice, a difference of 40%!

Figure 2. Concentrations in peritoneal fluid cultures for mice that did and did not survive after 24 hours
of monitoring. **p� 0.01

Future implications

Figure 1. Survival curves for the indicated groups, with NT: non-treated, AFMT: autologous fecal microbiota transplant, and AC-FMT: autoclaved fecal microbiota transplant

Clarifying the results
A very important outcome of our experiments was that we were able to clarify some of
the unexpected differences within the groups. Even though we weren’t able to show
differences in survival between the different groups, we found clues for why one mouse
dies and another one from the same group doesn’t. What we saw was that all the mice
that died had positive peritoneal cultures, meaning the Serratia Marcescens bacteria was
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Although AFMT did not seem to work in our study, the Alverdy lab is working to improve
the model based on our findings. There is ongoing work to determine what factors within
an FMT provide the ability to rescue the mice from sepsis and in this way elucidate what
drives this immune response. In the future we hope to find answers for the management
of critically ill patients and show whether FMT really is a potential treatment option for
life-threatening infections.
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“I met a lot of CF patients and
learned how their lives were affected
by their illness. As a result of this,
my motivation to do research
regarding this disease only grew.”

Honours Internship: Amalia Children’s Hospital, Radboudumc;
Department of Translational Medicine, the Hospital for Sick
Children, Toronto (ON), Canada
Supervisors:
Dr. Peter JFM Merkus;
Dr. Felix A Ratjen and Michelle Klingel (MSc)
I joined the honours program because I wanted to broaden my academic skills and gain
experience in doing research. Since this is not really part of the Bachelor of Medicine,
the honours program was an excellent opportunity for me. I started my internship at the
Amalia children’s hospital, where I got the chance to attend a lot of outpatient clinics,
which was very valuable for me as a medical student.
I met a lot of CF patients and learned how their lives were affected by their illness. As
a result of this, my motivation to do research regarding this disease only grew. I also
had the opportunity to gain some experience with the research tools before I went to
Toronto. The combination of clinical knowledge, experience with research and scientific
knowledge from articles made sure that I felt completely well-prepared to leave Nijmegen
and exchange the Amalia children’s hospital for the Hospital for Sick Children in Toronto
(Canada). This is where my actual research started and it was quite a challenge at the
beginning.
As a medical student, I barely had any previous experience with research so I felt thrown
into the deep end. However, I learned so much during my time abroad about the scientific
world and about doing clinical research. I’ve also learned a lot about myself and adapting
to an entirely new city has been an amazing adventure in itself. I’ve developed a lot of
personal skills by living in a huge city in a different country and I’ve made the most
priceless memories. When the time came to leave Toronto, it felt more like leaving home
than going home. For me, my internship has been a truly lifechanging experience and if I
could, I’d do it all over again.
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Respiratory cultures and lung
function in Cystic Fibrosis
Kim Vandenput
Cystic fibrosis (CF) is a congenital disease, mainly effecting people in the Caucasian
population. Due to a defect in an ion transporter (CFTR) in the membrane of the cell, the
mucus of people with CF becomes very thick and sticky. This results in a wide variety of
symptoms, but the lungs and the digestive system are affected in almost every patient
with CF. In fact, most patients with CF need one or more lung transplants and eventually
die before their 5th decade as a result of respiratory failure. In addition, as a result of their
lung disease, the lungs of patients with CF are more prone to colonization by bacteria,
causing infections and further damage to the lungs. This is the reason lung function
monitoring is essential for patients with CF.
Up until now, spirometry has been used to assess the lung function in people with CF.
The patient has to inhale as deep as possible and then forcefully exhale in one second.
But these days spirometry is not sensitive enough anymore. People with CF are diagnosed
at an increasingly younger age and treated with more effective therapies, so many
patients maintain normal lung function until adulthood. This is the reason that a novel,
more sensitive lung function test, called the Multiple Breath Wash-out (MBW), has been
gaining an increasing amount of attention.

Multiple Breath Wash-out as a new lung function test
Multiple Breath Wash-out (MBW) is a lung function test that is different from spirometry.
Whereas spirometry looks at the amount of air someone can exhale (accessibility of the
airways), MBW looks more at the productivity of the airways. In people with CF, some
parts of the lungs are more damaged than other parts. This results in uneven gas mixing,
where some parts of the lung can ventilate pretty well and other parts cannot. MBW
is designed to assess those differences. The way this test works is as follows. Patients
are breathing into a circuit through a mouth piece or a mask with nose clips on. While
doing this test, a patient has to breath in a relaxed, calm way, in the same way he or she
would when laying on the couch, watching television. In order to achieve this, the kids
can actually choose a show to watch, while doing the test. At the beginning of the test
the patient inhales so-called ‘medical air’, which is kind of similar to the normal air you
breathe in. After a while, the wash-out phase begins and the patient now breaths in 100%
O2. By doing this, the amount of exhaled nitrogen will slowly decrease until a certain
cut-off point has been reached. At this point the wash-out is completed. The longer it
takes to reach the cut-off point, the ‘sicker’ someone’s lungs are. The most commonly
used outcome of the MBW is the Lung Clearance Index (LCI). Like the name suggests, this
value indicated how fast you can ‘clear’ your lungs from the nitrogen.
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Micro-organisms and lung function decline
As mentioned above, the lungs of CF patients are often (chronically) infected with
micro-organisms, mainly bacteria. Pseudomonas aeruginosa and staphylococcus aureus
are most frequently found in respiratory cultures (collected from sputum or a throat
swab). These micro-organisms are thought to contribute to lung function decline in CF,
measured by spirometry. However, the relationship between respiratory cultures and the
Lung Clearance Index is still unknown, so that’s why we want to know more about that.
The aim of my study was to create a clear overview of the current knowledge about the
microbiology and the LCI and to assess acute changes in the LCI when the microbiology
changes.

What did we already know?
I read a lot of articles in order to find out what we currently know about respiratory
cultures and the LCI. I concluded that it was pretty clear that people with CF that tested
positive for these cultures have a higher LCI than people with CF without positive
respiratory cultures. In addition, if you’re looking at the lung function decline per year,
this is higher in patients with those cultures. However, the short-term effects of acquiring
or clearing bacteria is unknown and most research has been performed in older patients.
We tried to fill this gap in the second part of my research.

What did we find out?
During the second part of my research, we looked at changes in LCI in preschool patients
with CF. When looking at the change in LCI in these young children with CF acquiring or
clearing bacteria, we found that this change is really small (~5%). The vast majority of the
changes falls within the natural variability of the test, which is 15% and can be attributed
to natural variability.
However, there were some outliers that made us look a little closer. We divided the
group of patients in stable and symptomatic (meaning increased cough or a flare of CF
related symptoms) and looked at them separately, also taking into account their clinical
data. By doing so, we found that the change in LCI in stable patients was not affected by
changes in their culture status. However, in symptomatic patients we found something
interesting. The change in LCI in symptomatic patients without a change in their culture
status (meaning that they had either two consecutive negative or two consecutive
positive cultures), was similar to the change found in stable patients. The vast majority
of these changes was smaller than 15%. However, symptomatic patients acquiring a CF
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pathogen, showed an increase of ~30%, which is almost twice as high! An increased
LCI is frequently found in symptomatic patients, however, it’s very interesting that the
change in LCI in those two subgroups (without change in culture versus the acquisition
of a pathogen) is so (significantly) different. Further research will be needed to figure out
where this difference comes from.

Where to go next?
The Lung Clearance Index itself is unfortunately not able to pick up changes in
respiratory culture status in preschool patients with CF. However, in combination with
clinical data (whether or not a patient is symptomatic), LCI values do seem to be different
in different events. Further research has to investigate this in more detail, possibly with
a different study population. We need to fully understand in what way certain factors
influence the LCI, before this test can be implemented in CF clinical care.
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“In the lab, my colleagues warmly
welcomed me, we ate our
home-cooked lunch together and
drank coffee in the bar across
the street. In my opinion this all is
a true reflection of the Italian
family culture.”

Honours internship: Department of cognitive neuroscience Donders Institute,
Radboudumc, Nijmegen;
Department of pharmacological and biomolecular sciences,
University of Milan, Milan
Supervisors:
Danielle Mendes Diniz and Judith Homberg;
Paola Brivio and Francesca Calabrese
The main reason for me to apply for the Honours Programme Medical Sciences was that
I wanted to gain more practical experience in biomedical research. Until the moment
of application, the only experience I had were the scarce practicals we did in the regular
bachelor programme during ‘Research’. Luckily, as soon as the second part of the Honours
programme started I got enough opportunities to fulfil this aim. I was very happy that I
could give my own direction to the learning path by choosing subjects of my interest such
as neurodevelopmental disorders. Nevertheless, I also tried new subjects which were
sometimes surprisingly interesting.
The 5-month internship in Nijmegen gave me more insight in what a PhD project entails.
I got to experience different steps of the process together with my supervisor, and
practised different techniques which I could later apply in my internship abroad.
For my bachelor internship I moved to Milan for 5 months. My first impression was that
the labs in Italy are totally different from what I was used to in Nijmegen. All students
and other staff in the lab worked together on the project, whereas in Nijmegen only one
person was responsible for a certain project. In the lab, my colleagues warmly welcomed
me, we ate our home-cooked lunch together and drank coffee in the bar across the street.
In my opinion this all is a true reflection of the Italian family culture.
Of course the practical experience in the lab will be beneficial for my future career, but in
my perspective that is not the most important part… I have learned a lot of other things
during my stay in Milan; how to make new friends from all over Europe, how to adapt to
another culture, how to live on your own in another city, and even some Italian words.
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A step towards a new treatment
against depression based on the
neurotrophin hypothesis
Isa van der Werff
Depression has a huge impact on modern society. Approximately one out of five people
will encounter a depression during their life, making it an issue which cannot be ignored.
Depression is a mood disorder often characterized by symptoms such as sad feelings, loss
of interest, tiredness, and suicidal thoughts. It is important for researchers to understand
the mechanism behind the disease in order to develop effective treatments to help
these patients. The aetiology of depression is thought to be related to neurotransmitter
imbalance. Neurotransmitters are substances in the body, especially present in the
brain, that play a role in the communication between cells. Neurotransmitters could be
compared to postmen delivering letters to cells. These letters can contain messages such
as “stay alive”, “grow” or even “die”. In depression the postmen do not execute their work
properly, therefore some important letters will not be delivered.

The monoamine hypothesis
In the 1960s researchers discovered that people with a depression have lowered levels
of monoaminergic neurotransmitters, of which serotonin is the most important one.
Antidepressant drugs that are on the market nowadays, have a mechanism that is
based on this view of the disease. In current healthcare, serotonin reuptake transporter
inhibitors (SSRI’s) are the most commonly prescribed antidepressant drugs. The image
below describes the mechanism of action of action of SSRI’s.

The green balls in Figure 1 represent serotonin molecules. Serotonin molecules are
packed into vesicles; these are the cars that are able to transport them. After the neuron
receives a signal serotonin will be carried by the vesicles and released in the space
between the two neurons, called the synaptic cleft. Serotonin will bind to the serotonin
receptors; this will eventually lead to stimulation of the receiving cell. Serotonin reuptake
transporters (SERT) take the serotonin back into the neuron so it can be recycled for later
use. As said before, depressed people have less serotonin and therefore need some help
to stimulate serotonin receptors. The SSRI antidepressants block SERT’s. As a result,
serotonin will not be taken back into the cell and therefore can continuously stimulate
receptors. Unfortunately, antidepressants can cause a lot of side effects, and are not
always effective in every patient. For this reason, researchers are trying to find other
targets for the development of new treatments.

The neurotrophin hypothesis
The monoamine hypothesis is widely accepted to explain the aetiology of depression.
However, this hypothesis seems to be too simplistic to include all involved factors.
Recently a new hypothesis has been stated: the neurotrophin hypothesis. Neurotrophins
are a family of proteins that are responsible for cell survival and development. Brain
Derived Neurotrophic Factor (BDNF) is one of them; these postmen deliver letters with
the message “stay alive”. On the other side, his evil little brother called ‘pro-BDNF’ tells the
cells to do the opposite. In a healthy situation there is an ongoing battle between BDNF
and pro-BDNF, resulting in balance between the cell survival stimulation and the cell
death. Unfortunately, depressed people have less BDNF in their brains, especially in the
prefrontal cortex, so the evil little brother is on the winning hand.

Injection of Brain Derived Neurotrophic Factor

Figure 1. Mechanism of action SSRI’s
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In our research project the aim was to investigate the opportunities of BDNF as a
treatment against depression. Because of safety reasons new treatments have to be
tested on animals first before they can be applied on humans, in our case we used
rats. Researchers have created ‘depressed’ rats by altering one of their genes, these rats
are called the SERT-KO rats. Normal rats were used to compare them with. As already
explained in the former paragraph, depression leads to decreased levels of BDNF. With
use of an injection in the prefrontal cortex of the rats we aimed to restore BDNF levels
and normalize depressive-like behaviour. To investigate the outcome of the injection
we looked at the gene expression to see whether injection actually led to more BDNF
expression in the rats. Consequently, we looked at the behaviour of the animals.
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Effects on the gene expression

Conclusion and future directions

Genes are pieces in the DNA that encode for proteins, eventually leading to specific
characteristics. The expression of genes can differ over time, sometimes they are more
expressed and sometimes less. As mentioned before, BDNF is less expressed in depressed
people. The goal of our injection is therefore to activate gene expression of BDNF and
thereby increase BDNF levels in the brain. To determine whether we succeeded we used a
quantitative polymerase chain reaction (q-PCR) technique, which measures the quantity
of the genes.

Based on the results of our experiment we can conclude two things. First of all, the
findings suggest that BDNF injection in the prefrontal cortex does not have a significant
effect on gene expression and depressive like behaviour in SERT-KO rats. Secondly, the
results confirm SERT-KO as a suitable model to mimic depression in rats.

Effects on the depressive-like behaviour
Depression is related to a wide set of symptoms, including loss of interest, decreased
social interactions, and sad feelings. Just like humans, ‘depressed’ rats also show changes
in their behaviour. The rats in our experiment underwent several behavioural tests to
investigate depressive-like behaviour:
- In the sucrose consumption test the rat’s preference for sugar as compared to water
was measured. Usually rats like the taste of sugar, but in depression loss of interest
occurs resulting in less preference for sugar.
- The novelty induced loco-motor activity test assessed the distance the rats moved in
a cage. Depression leads to less exploratory behaviour.
- In the social interaction test the frequency and duration of social interactions with
other rats was measured, indicating social behaviour. In depression rats tend to have
less social interactions.
- In the forced swim test rats were placed in a cylinder filled with water and their
behaviour (mobility, immobility, floating, or climbing) was observed, indicating
behavioural despair.

In the future, the aim would be to develop a drug with use of liposomes, which are
vesicles that can transport medicines throughout the whole body. This would be
applicable in human medicine, as we can not use injections in the brain in regular
healthcare. The idea seems promising but the implementation harder, therefore more
research is needed. A new part of the project will focus on injection in another area of the
brain. Hopefully this projects will give us new insights that lead to the development of a
BDNF based treatment against depression.
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Results of the experiments
The results of our experiment showed an increased expression of BDNF in the area where
the injection was given, however BDNF levels in the other brain areas didn’t change. The
genetically modified SERT-KO rats showed an overall lower BDNF expression as compared
to the ‘normal’ rats.
The results of the behavioural experiments showed more depressive-like behaviour in
SERT-KO rats as compared to ‘normal’ rats. Unfortunately, consistent with the unchanged
gene expression no effect due to the BDNF injection was observed. In the sucrose
consumption test the SERT-KO rats consumed less sugar, indicating loss of interest. In
the novelty induced loco-motor activity SERT-KO rats spent less time in the centre of the
cage and travelled a smaller distance, indicating less exploratory behaviour. In the social
interaction test SERT-KO rats had less moments of social interaction. No significant
differences were found between the SERT-KO rats and the ‘normal’ rats in the forced
swimming test.
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“Doing an internship in a
psychology department also
stretched my interests beyond
medicine, for which I am very
grateful. It was a nice change and
I had no idea how intricate sleep
actually is!”

Honours Internship: Department of sleep research, Donders Institute;
Drummond team sleep research, Monash University, Melbourne,
Australia
Supervisors:
Martin Dresler and Leonore Bovy;
Sean Drummond
I would like to tell you something very inspirational about why I started the Honours
program. But the truth is I joined it for pretty superficial reasons. The reasons I stuck with
it though were the handful of great researchers that have shown me in the last two years
what research is about. Besides that, I also learned so much about what kind of doctor I
want to be in a couple of years.
The honours program gives you a pretty honest look into the different research fields at
the Radboudumc. This really helps you to decide whether research is your thing; but it
also makes you a lot more critical when reading about research.
Let me tell you straight away, this was not a smooth ride. However, from where I am
standing now, it was all worth it. It wasn’t always easy, things went wrong left and
right, but I got so much out of this. It was such a valuable experience and I met so many
incredible people. Besides the research skills, I learned to be by myself, to solve problems,
to get to know completely different perspectives and I made some great friends.
Doing an internship in a psychology department also stretched my interests beyond
medicine, for which I am very grateful. It was a nice change and I had no idea how
intricate sleep actually is!
I also got to know the Australian way of life, which I am still enjoying (as I write this I am
backpacking down under).
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