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Sugars as immune switches
Mijnheer de Rector Magnificus,
Leden van het College van Bestuur van de Universiteit Utrecht,
Leden van de Executive Committe van Sanquin

Dear Family, friends, and colleagues,

Welcome everyone!

Sugars are essential building blocks of life, as they makeup our DNA, and modify lipids and proteins.
We normally do not associate these sugars or glycans with biological processes, but that’s not
because they are not important, its simply understudied because we lack tools to investigate them
and are therefore extremely hard to study. Today | want to explain to you the nature of humoral
immunity, how glycans fit into this picture, and how this knowledge can be used in modern medicine.
This task has been made easy for me since the COVID pandemics, as you all witnessed first hands
how waves of a new infectious agent swept the globe, and you all became immunology experts. You
followed the race against the clock to develop countermeasures in the form of vaccinations (Figure 1)

1796

Dr Edward Jenner created
the world's first successful
vaccine. He found out that
people infected with cowpox
were immune to smallpox.

I French Emperor Napoleon
Bonaparte and American President
Thomas Jefferson acknowledge
Dr Edward Jenner’s work and

endorse the smallpox vaccine.
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which softened the blow for those lucky enough to get it in time. Antibodies largely provide this
protection, who coincidentally are the topic of this chair, my research and of this public lecture. In
the time remaining of this hour, | want to guide you through some historical highlights of this field, as
well as to enlighten you of its significance. In particular, | want to explain to you why the sugar



structures, you see bottom left on the screen, are likely to occupy our students in the future, but also
stipulate why | ended up here, and spotlight those individuals that put me here. Before coming to
that, first some background on antibodies.

So what are antibodies, also known as immunoglobulins, and how do they mediate immune
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protection? Although vaccination, first used against smallpox in the late 18" century, and rather
quickly became generally used, we credit the discovery of antibodies to Emil von Behring (Nobel
1901) and Shibasaburo Kitasato (stamp 1991) who showed that blood fluid from one animal exposed
to diphtheria toxin provided protection to a lethal dose in another ! (Figure 2). When they expanded
to humans, first a year later on an 8-year-old child with diphtheria, the child showed rapid recovery,
leading to successful implementation on other patients. In the succeeding decade, mortality in
Berlin’s children hospitals dropped from 48 to 13%. Even skeptics of the humoral theory of immunity
at the time admitted that “theoretical considerations must give way before the brute force of figures,
which are so expressive as to defy contradiction” (words of Rudolf Virchow, skeptic).

Paul Ehrlich (Nobel 1908) (Figure 3) who joined this effort in 1893 also made significant contributions
to induce immunity in
experimental animals and
application in humans. He
was also the first to

PAUL develop what was then
ERLICH IN called the side-chain
1900 theory, the theoretical

framework for the
existence of antibodies.
Paul Ehrlich was
exceptionally molecularly
minded for his time and
was convinced that all life
processes could be
explained by chemistry
occurring within cells. He




worked extensively on other subjects including chemotherapy and contributed significantly to early
cure for syphilis. He is also known — way ahead of his time — for coining the term "Zauberkugel" or
“Magic Bullet” to describe the ideal therapeutic application of a toxin, not systemically as with his
syphilis drugs, but to combine that with molecular precision.

During the early application of antibodies in humans, so called passive immunization, these pioneers
did not fully understand what antibodies are. They only knew how to induce and apply antisera
(Figure 4). In those early days, they immunized horses and used their plasma as antiserum treatment.
The horses in turn,
mostly of retirement
age otherwise
destined for
slaughter — were
W A & | | instead treated as
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immunizations and
blood donations.
This proved
relatively safe and
economical, and
therefore the
therapeutic
applications quickly moved to other toxins and infectious diseases and proved very successful.
However, after the discovery of antibiotics and vaccinations, the interest in these early antibody
therapies mostly dwindled. They were retained for some special cases such as snake bites but were
also replaced after the discovery of how purify the largest immunoglobulin fractions from human
blood, we now know as intravenous immunoglobulins (IVIg)2.
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Previously, biochemists and developing immunologists made headway in discovering the nature of
immunoglobulins. Henry Bence Jones discovered the first part of immunoglobulins in urine of
multiple myeloma patients, before the realization of immunity. Simple biochemical methods gave the
first indications of the properties and heterogeneity of antibodies (Figure 5). Some of these methods
were based on previous laboratory tricks invented by Landsteiner (Nobel 1930) — who had shown

that humans can have

antibody reactivities to

determinants on blood cells

ernidbsichnr i Bt manss of other individuals, we now

know as blood groups. This
work enabled safe blood
transfusion and blood
banking. Using these
methods scientist showed in
1939 that immunoglobulins
form different classes — work
that was not fully complete
Burtin P. The proteins of normal human plasmia. In: Grabar P. Brtin P. eds. until 1965 when IgE was
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characterized, the antibody class we associate with allergies®*.

However, these early attempts did not bring us closer to the understanding on what
immunoglobulins are and how they actually mediate immunity. They did not explain how we are
capable of recognizing virtually any foreign substance, such as infectious agents or those synthesized
by chemists, and retain that information mostly life-long. Theorists such as Nils Jerne has proposed
we are born with a complete set of antibodies even before we encounter a pathogen — an enticing
theory that was proved wrong by Susumu Tonegawa (Nobel in 1987) who showed in the 1970’s that
immune cells producing antibodies, called B cells, acquire their diversity through shuffling of variable
genes. These variable genes, the so-called V, D and J genes, assemble randomly to generate several
million of millions of different antibodies>® (Figure 6). The random assembly of VDJ fragments form a
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variable region at the tip of each antibody arm, allowing for specific interaction with foreign
substances. Combined, this allows us to recognize virtually any foreign pathogen (Figure 7).

Coming back to the first
experiment of von Behring
and Kitasato, the following
picture had emerged: After
our immune cells recognize a
foreign pathogen, or a toxin
such as diphtheria, they are
licensed to proliferate and
— become long lived, and

- secrete their unique and
acquired antibody in
immense amounts. These
antibodies in turn, seek out
the original antigen,
neutralize it, block its
interaction with receptors on host cells that otherwise can be lethal, and instead target the
diphtheria toxin for destruction before it can do harm.

Adapted from Janeway’s Immunobiology



Meanwhile Cooper and his team demonstrated with pivotal studies in the 1970s that one class of
antibody could switch to another antibody class without losing specificity to its antigen’. Later that
decade Honjo and other groups discovered that another set of genetic rearrangements are also
responsible for this
immunoglobulin class
switching®. In essence, this
changed the view that every
cell in our body contains

o : identical DNA —some immune
COKW%% % % cells are exception to this rule.

Antibody Effector functions

Antibody classes This allows our immune system
/ \ to react to foreign pathogens
Antibody receptors d|fferent|y W|th d|fferent

= effector functions, through

complement and/or antibody
receptors on white blood cells
capable of eating and killing
microbes (Figure 8).

These discoveries were just the start of the journey to our understanding of humoral immunity in the
early 90’s. After completing my
MSc under the guidance of
Ingileif Jonsdottir and Helgi
Valdimarsson at the University
Hospital of Iceland | stayed
pondering if | should continue
my studies in Iceland or find a
place abroad for my future
studies. At my first
international meeting in
Immunology in Barcelona in
1994, the keynote lecture was

Immunology

Jan Klein

Jan Klein “Ehrlich and Darwin: Homochauvinism'in immunology”; I,[‘nmunologv- and Cell Biology (1995) 73. 103 -108. Abbreviated
version of a keynote at the opening of the 12th European Immunology Meeting, Barcelona, Spain. 14-17 June 1994 glve n by prof_ Ja n Kle i n’ the

author of the first textbook in

immunology that | read which
made a lasting impression® (Figure 9). However, Klein ended his lecture on the notes that he had
enough and was stepping out of Immunology. The reasons, he explained, were because we had
discovered all there is to know, solved all the main mysteries, and we now just kept repeating each
other findings.

This “food for thought” from the expert was hard to swallow. However, | was determined to
continue my studies in Immunology, and more precisely on the biology of antibodies. | had already
realized that to truly excel in science, you need besides intelligence and knowledge, also luck, but
first and foremost hard work. It’s top sport. Only when your work becomes your hobby, or the other
way around, you enable the grinding factor that brings you further than the rest. Working 9to 5 is
normally not enough unfortunately. Dolly Parton got it all wrong in my view —even 9 to 5 is unlikely
to give you credit — apologies to the fans — no defaming intended. This mentality may of course very
well change in time, but | doubt it. Even with artificial intelligence introduced into our society,
including science.



My love for immunology was the reason | declined an open offer to join the Rockefeller in New York
as a PhD student already in 1994, which would have steered me further towards microbiology and a
different culture. Instead, | contacted the top lab on my list working on Fc-receptors, led by then Dr.
Jan van de Winkel in Utrecht. To my big, pleasant surprise, Jan responded positively. With the help
of Jan, bridged by mentoring of Ingileif, | wrote numerous minor grants, which enabled me to join his
lab in November 1996, followed by a European biotech grant to finish my PhD in the following two
years. For the roles of Ingileif and Jan | am forever grateful for their opportunity to work in their labs
and their continued support throughout the years.

You might now be wondering if | regret having continued in Immunology, with the words of Jan Klein
on its futility echoing in my mind? Not by a longshot. If anything, | quickly became convinced that he
was in fact wrong.

Last decades have been extremely exciting times, even if we account for only the field of humoral
immunity. Partly fueled by the AIDS pandemic, research in immunology was booming, and the first
glimpses of monoclonal antibody therapies started to see the day of light. Scientist were more and
more ensnared by growing biotech companies, and able to transform antibodies generated in
experimental animals into human-like antibodies for therapies with minimal complications. In 2023
we have already 175 antibodies in regulatory review or approved, with net market share already
above hundred billion, with 1200 new antibodies in clinical studies'® (Figure 10). This has
transformed therapies of life-debilitating autoimmune diseases into manageable forms.

During this time,
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molecular level. Several of those are
magic bullets type proposed more
than century earlier by Ehrlich (Figure
12). In fact, the possible formats seem
a Canonical b Antibody-drug ¢ Bispecifics d Fragments R
antibodies conjugates endless, and only limited by our

\ / [&\ /5&% \ f imagination. As part of my chair of
U%U WU\U 0 immunoglobulin biotherapeutics, a

major focus is research on how our
Carter and Lazar: Nature Reviews Drug Discovery 2018; 17:197-22 own body generates functional
diversity, and how to potentially
utilize this knowledge for diagnostics
or therapeutic purposes. An
additional focus will be to educate
pharmaceutical students on the
nature of antibodies. How to generate them and how to make them as efficient drugs.

After completing my PhD in this very building and the same month in the year of 2000, | continued
my path in antibody biology, first bridged between microbiology and immunology in the vaccine
laboratory at the RIVM and at the department of immunology in the UMC Utrecht. Again, | owe Jan
van de Winkel a great deal for this opportunity, but also Germie van den Dobbelsteen and Luke van
Alphen, then at the RIVM. During this time, we managed to successfully follow up unexpected leads
left open from one of my student projects with Annette Stemerding. | would like to thank Annette for
never stopping to asking all those questions —you are really one of a kind!

By then, | had also fully realized that the doubt still clinging in the back of my mind from Jan Klein’s
lecture back from 1994 had no place in reality. We are still only scratching the surface.

The neonatal Fc receptor (FcRn) was discovered in 1996 as an antibody receptor, responsible for
antibody recycling and their transport across the placenta from mother to fetus (Figure 13). This

The Neonatal Fc receptor (FcRn)

Pyzik et al J Immunol. 2015;194(10):4595 -4603



important discovery explained how newborns are protected against infectious diseases in the first
months before making antibodies on their own. In essence the mother provides their infant their
own humoral immunity before birth!*1>, We and others discovered that, as often in biology, that it is
a little more complex than this as FcRn also participates in phagocytosis, that is eating of microbes,
alongside classical Fc-receptors on the surface of phagocytes'®. Later others showed the biology of
this receptor is important antigen presentation and thereby expansion of another immune arm — the
so-called T cells?.

In 2005, | joined Sanquin after being introduced by prof. Jan van de Winkel to prof. Majsa de Haas
and prof. Dirk Roos of Sanquin. In fact, this was reintroduction as Ingileif and | had previously been in
contact with prof. Albert von dem Borne and Masja, who supplied me with Fc-receptor typing
antibodies and are credited in my first publication in 1994. | must thank Masja and Dirk for providing
me with this opportunity, which resulted in a warm welcome from the group of prof. Ellen van der
Schoot. She is not only a great mentor, but also great collaborator. | must also credit her efforts for
all my career advancements since then, both directly and indirectly. Her Amsterdam directness was
always provided in rational ways that | could always relate to.

With PhD-candidate Nigel Stapleton, later Helga Einarsdéttir, we continued our work on the
Neonatal Fc -receptor. Our goal was clarifying the unexplained short half-life of some of IgG
subclasses and their transport across the placenta, which we eventually did. We believed that these
findings had important implications for improving therapies induced by high-dose intravenous
immunoglobulin (IVIG). | put forward a few proposals for exploratory studies within Sanquin in
collaboration with our plasma factory. Although the scientific vigor of those proposals was
enthusiastically met, it was tempered by the fact they could potentially put the plasma factory out of
business since IVIG was one of their main products.

Rightfully so, but the real threat was of course that otherwise somebody else would. Those projects
were therefore never funded. However, a few years later, several companies started working on
antibodies intervening with FcRn biology in auto- and alloimmune diseases. One is already on the
market with several companies lining up with similar compounds. Through contacts with Hans de
Haard, and Tim Van Hauwermeiren and other argenx colleagues, our work on FcRn was reinvigorated
with successful training of top PhD student Max Brinkhaus together with Peter Verheesen,
Magdalena Sips, and Bianca Balbino and many more. This work is now being followed up with a new
PhD student Elvera van der Kooi. For this collaboration | owe the enthusiasm of Hans and Tim, for
enabling us to continue to work on FcRn.

Through collaborations with Ellen van der Schoot, Masja de Haas, and importantly also Leendert
Porcelijn, | was stimulated to work on autoimmune and alloimmune hematological problems, in
particular immune reactions of the mother to fetal cells during and after pregnancy. There a large
problem at hand was the clinical inconsistencies between the magnitude of antibody responses and
clinical outcome. This was a puzzle begging for solution, and apparently through something we did
not yet understand.



From a structural approach, there seemed little left to investigate that could solve these
discrepancies. However, one vital part had eluted our efforts to decipher and understand — the
constant part of the antibody (Figure 14). We knew of variations in the form of classes and genetic

variations between individuals, a subject of post docs Steven de Taeye and Timon Damelang, in
collaboration with Janine Schuurman, Aran Labrijn and many more at Genmab. We also knew that
inflammatory conditions modulate the output of immune responses, work of PhD student Robin
Temming. This is likewise impacted by genetic differences in Fc receptors on myeloid cells, work of
PhD students Tamara Stegman and David Schmidt. However, these variations did not seem to explain
our problem. Although considered constant from a protein perspective, here in orange, we had
started to understand that there was considerable variability in the sweet parts you see in yellow
(Fig. 14B). These are the sugars where | started this lecture with. The reason for the elusive nature of
these sugary patches was —and remains - a technical problem: although we had ample tools to study
DNA sequences, or even protein sequences, the ability to read the structures of sugary antennas still
eluted us. That changed after meeting now prof. Manfred Wuhrer at the LUMC, who had
independently set up methods by mass-spectrometry to specifically decode the makeup of these
sugars found within antibodies. With Masja and Leendert, we joined forces with Manfred and the
late prof. André Deelder. Together with then student in the lab, Rick Kapur, we succeeded generating
glycan profiles of maternal antibodies directed against fetal platelets. Those results completely
changed our view on how variable the constant region is, as apparently the sugary chains can be
altered in some immune responses. With PhD students like Gillian Dekkers and later Thijs Van Osch,
and the tireless help of Arthur Bentlage we started to unravel what these changes functionally mean
by engineering glycans in antibodies generated in the lab. This became possible also with the aid of
technological advances in the form of multiplexing biosensor equipment and direct help of Dr.
Richard Schasfoort from IBIS technologies and my close colleague Dr. Theo Rispens. With Rick Kapur
as PhD student, now as Pl at Sanquin, and later Myrthe Sonneveld, David Schmidt, Mads Larsen, and
Janita Oosterhoff, not forgetting former post-doc Erik de Graaf and now Julie Van Coillie, and of
course the team of Manfred, we have continued to unravel more such discrepancies in various
diseases, leading to new theories in how immune responses can evolve towards different functional
trajectories®?,

Despite being small, the individual glycan adducts radically alter the binding behavior of antibodies to
certain Fc-receptors. Especially antibodies without fucose turn out to be critical due to their powerful
and strong interaction with antibody receptors. Although afucosylated antibody responses are very
uncommon, they are highly enriched in certain immune responses, such as in immune responses to
fetal cells, after transplantation, and in malarial and some viral infections?®?! (Figure 15).



ANTIBODY FUCOSYLATION: CELLULAR IMMUNITY
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This leads to activation of immune cells, such as natural killer cells, that will engage to eliminate the
target. This can be a good thing and absolutely required to eliminate some pathogens from our body.
However, in other cases — for example in highly proliferative viruses, we and others have more
recently shown that this can result in serious side effects, with immune activation spiraling out of
control and doing more harm than good, as for example in the first SARS-CoV-2 infection in the first
infection of unvaccinated people®?2,

Meanwhile, our early effort in understanding the glycan changes in antibodies had also showed that
other changes in another sugar type called galactose, altered the antibody capacity to activate the
complement cascade. To initiate this cascade, they line up forming large hexameric complexes, that
not only tag pathogens for recognition by antibody receptors, but they also form docking platforms
for the first complement component to initiate further tagging by other complement components
(Figure 16). In addition, this cascade can culminate in the formation of holes that can lyse pathogens .
Building on the work of Gillian Dekkers and Arthur Bentlage in our lab, PhD student Thijs van Osch
showed that by enhancing galactosylation of I1gG, their tendency to form these hexamers, and
therefore to activate complement, is enhanced. This is highly relevant as the level of galactose in our
antibodies is reduced as we get older— which is strongly accelerated during menopause - perhaps
partly explaining our enhanced susceptibility to infectious diseases at advanced age. Conversely, I1gG
galactosylation is also strongly elevated in newly formed antibodies, for example after vaccination, or
in pregnancy, likely providing optimally enhanced antibodies to the fetus in the first few months after
birth?8,

In essence this work has taught us that antibodies can be finetuned, and in many ways also turned on
and off — by sugar entities found in antibodies. Understanding exactly what this means for our health
is an obvious top priority for our future studies. Interdisciplinary collaborations, especially with that
of prof. Manfred Wuhrer of Leiden University, were instrumental to enable these studies. | am
extremely privileged to have enjoyed this collaboration with you - without your help none of the
work on antibody glycosylation would have been possible. While we have many things planned to
continue these efforts together, we have also plans to invigorate this with other technological
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possibilities existing in the group of prof. Albert Heck and prof. Geert-Jan Boons at this university and
our joint collective capabilities. In collaborations with the clinical diagnostic teams of Masja de Haas,
Leendert Porcelijn, and Ellen van der Schoot, we plan to generate simple tools enabling their use in
routine diagnostics to identify harmful antibodies in pregnancy and transfusion settings. To this end,
the first prototype tools have already been generated and tested in various settings by post docs
Zoltan Szittner, Tonci Sustic, Julie Van Coillie and Thijs van Osch. With their help, and that of PhD
student Janita Oosterhoff we are now also beginning testing what this means for immunity in
transplantation with several collaborators at the UMC Utrecht. In future studies with larger consortia
lead by prof. Debby van Baarle of University Medical Center of Groningen, we also want to study the
effect of antibody glycosylation on old and new vaccination schemes and what this means for
infectious diseases settings in various labs across Europe.

With all these amazing discoveries only in this sector of science, | realize that being a scientist by
profession, being a modern invention, is a privilege. Historically, most scientists were either natural
born amateurs or hobbyists that earned enough without the need to do regular work. Well known
philosophers and scientists, for example Plato and Aristotle in Greece in the fourth century before
Christ (384-322 BC), are good examples.

Even better examples come from more recent preindustrial times with the birth of a new class of
wealthy individuals called Clergymen within Church of England, some of which were initially installed
to deliver Sunday sermons. With the help of previous invention called the printing press, in those
days perhaps a similar revolution as ChatGTP, allowed them literally to copy sermons of others. In
their newly found spare time they apparently pondered the nature of things with great dexterity—
giving birth at least partly to the industrial revolution by invention of the power loom, they started
modern Archeology, documented ancient life forms such as dinosaurs, laid the foundation of
theorems for celestial objects such as black holes, invented the submarine, and developed advanced
statistical theorems such as Bayesian statistics (Figure 17). These are mere examples of the
enormous output of the Clergymen of England at the dawn of the industrial revolution. These are
also perfect examples of how unfocused basic research can in the course of time result in new
unanticipated scientific disciplines — perhaps good counterweight of what recently became known in
the Netherlands as science in transition.
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At different times Gregor Mendel in Austria (now in part of Czech Republic), Sir Isaac Newton at
Cambridge UK, and Nicolaus Copernicus of Royal Prussia, now Poland, are all good examples of
individuals who enjoyed a rather privileged live under the wings church while doing groundbreaking
science (Figure 18). They were all required to partake only in minor Church activities, enabling them
to focus more on the science part. Combined, they founded the field of genetics, physics, and
basically completely changed our view of our place in the universe.

RELIGIOUS SCHOLARS BREAKING THE RULES

Gregor Mendel (1822 -1884): Isaac Newton (1642 -1672): Nicolaus Copernicus (1473 -1543):
Founding father of Genetics Gravity “Reorganization” of the celestial bodies
Became a monk to get education for free Exemption from church activities by Required unusual minor church activities
spared from "perpetual anxiety about a orders of King Charles Il working at various catholic entities
means of livelihood” (his own words)
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A common theme emerges. When given good education and enormous time to spare, some people
use it in a very unpredictably creative manner to satisfy their curiosity. They use their imagination to
seek out explanations of the natural world around us by verifiable and testable means. These and
many more examples of groundbreaking science resulted in leaps of knowledge that occurred before



science was invented as a modern
career option. Nowadays we have
the option. However, | also notice a
worrying trend which is that
scientists are in some places given
less and less time to do actual
science. We are now also becoming
managers of human resources,
HoaNREsouRce 4] financial managers, and business
managers. In theory, this is all
possible using user-friendly software
tailored to our needs (Figure 19). The
question we now face, is whether
this is what we want, is this the new
reality or just a pipedream devised

by managers of scientists?

| think it’s clear that Science itself suffers if we continue too far in this direction. For its inevitable that
if given less time to do Science, then less thought is put into science, with less output, of lesser
quality. Although perhaps economically attractive at first, | think we need Science-support teams to
do proper financial and human resource management. The Scientist should focus on the science for
better science. In turn, this enables easier access for future funding, and to attracts new talents. This
should also financially maintain our support teams. This is particularly true for the young scientists,
but also the old — we should prevent them from too much distraction from the actual science. Then,
and only then, can they truly generate creative solutions for urgent problems, even solutions to
problems we don’t know to exists. Only then, they can accumulate enough academic strength to be
competitive at the national- and international level for funding for future research.

With that out of the way, | would finally like to thank the Executive board of Utrecht University, as
well as the executive board and committee of Sanquin Bloedvoorziening, for their faith in installing
me in this chair of Immunoglobulin biotherapeutics. | would especially like to thank the personal
commitment of current director of Sanquin Research Gerald de Haan, but also previous CEO of
Sanquin Research Tjark Tjin-A-Tsoi, and previous director of Sanquin Research prof. René van Lier, for
their promoting roles.

In addition, | would like to thank the previous professor of this joint Sanquin/Utrecht University chair,
prof. Sander Meijer, and prof. Wim Hennink former head of Department of Pharmaceutical Sciences
for facilitating this transition, and likewise his successor prof. Marcel Bouvy. For that | also have to
thank prof. Roos Masereeuw, Dr. Ed Moret, prof. Robbert Jan Kok, Carlon van Gerven, prof.
Alexandre Bonvin, prof. Albert Heck, and prof. Suzanne Rooijakkers, who were all instrumental in
realization of this chair, for their trust in me. Albert and his whole team | also have to thank for their
great welcoming atmosphere in Utrecht — | am really looking forward to our future projects together!

| also need to thank, Anita Engels, Fatima Muntar, Kaoutar Boukdid, Corine Heuzer, Anja Elberse, and
Sonja Hendrix, for their support.
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