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Dennis L. Kasper to be awarded

the Paul Ehrlich and Ludwig Darmstaedter Prize 2024
Laureate discovered the language in which gut bacteria educate our
immune system

Physician and immunologist Dennis L. Kasper (80) of Harvard Medical School
will receive the 2024 Paul Ehrlich and Ludwig Darmstaedter Prize, the
Scientific Council of the Paul Ehrlich Foundation announced today. Kasper
discovered the to date only known words of the biochemical language with
which bacteria that populate our colon educate our immune system, thereby
ensuring its healthy development. In so doing, the prize winner has opened
up a new and dynamic field of research, in which concrete starting points for
the treatment of severe autoimmune diseases are already emerging.

FRANKFURT. Around ten trillion bacteria live in the large intestine of every human
being. They make up the majority of our microbiome, i.e., all the microorganisms that
settle on our skin and in our body cavities. That bacteria are not only harmful but also
beneficial has been gradually recognized by biomedical sciences since the analysis of
antibiotic side effects in the 1960s. But how bacteria communicate useful messages to
their hosts' immune systems in particular has long remained an enigma. Dennis Kasper
has solved it using the bacterium Bacteroides fragilis as a model organism. He
discovered two special molecules with the help of which this intestinal microbe
educates the immune system of its hosts to act in moderation and not to attack its own
body. “The award winner was the first to succeed in uncovering communication
channels in the superorganism that humans and their microbiome form,” says Prof. Dr.
Thomas Boehm, Chairman of the Scientific Council of the Paul Ehrlich Foundation.
“Through him, we have learned which signals intestinal bacteria use in our immune
system to ensure a healthy balance between aggressiveness and dampening of
inflammation. This will have far-reaching clinical consequences.”

B. fragilis is a bacterial species that colonizes our intestines particularly early and in
large numbers after birth. Dennis Kasper began to study it in the mid-1970s because it
plays an often-fatal role in injury-related infections of the normally sterile abdominal
cavity, due to its resistance to penicillin. Within the intestine, however, B. fragilis is not
a pathogen. Some bacteria protect themselves from their environment by forming a
capsule. Kasper discovered that in B. fragilis, this capsule is characterized by an
extraordinary variability. While most bacteria equip their capsule with only one
polysaccharide, B. fragilis can produce eight different ones and combine them into ever
new patterns. In this way, it appears to its host's immune system in constantly
changing garb, eluding its grasp, and is thus able to influence it in good disguise. For
this purpose, B. fragilis primarily uses the most commonly expressed of these capsule
sugars, which Kasper named PSA. In this very large molecule, up to 200 units of four
different sugars each are linked together and attached to the membrane with a fat-like
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anchor. Kasper discovered that dendritic cells — which act as "sentinel cells", informing
the immune system about the state of the body — take up the sugar, process it and
display it on their surface, thereby stimulating the production of certain T cells.

In immunology, this so-called MHC-II pathway of antigen presentation previously was
considered to be reserved for foreign proteins invading from the outside and fighting
the microbe. With his fundamental discovery, Kasper broke this dogma in 2004. He
showed that the bacterial sugar provides a balance between different types of T cells via
the MHC-II pathway, thereby ensuring that the development of immune-relevant
organs such as the spleen also proceeds in a coordinated manner. PSA can also
program dendritic cells to stimulate regulatory T cells to produce interleukin-10, one of
the immune system's most important anti-inflammatory messengers. The award
winner has deciphered in detail the signaling pathways through which PSA exerts this
effect.

While B. fragilis controls the maturation of a balanced population of regulatory T cells
in its host organism throughout its life with the polysaccharide PSA, it intervenes in
the immune system’s development with another molecule only for a brief time, but
nevertheless effectively. As Kasper demonstrated, this molecule is the glycosphingolipid
GSL-Bf717, a fat-like substance. In the weeks and months after our birth, this bacterial
lipid inhibits the proliferation of natural killer T cells (NKT cells), which can trick the
immune system into excessive inflammatory responses and attacks on its own body.
Because it bears structural similarity to molecules that promote NKT proliferation, the
bacterial lipid displaces many of these molecules from their binding sites, preventing
the development of an oversized NKT pool. Adult mice who were exposed to the
bacterial sphingolipid as newborns have a significantly lower risk of developing an
autoimmune disease such as ulcerative colitis.

Thanks to Dennis Kasper’s decades of persistent work, connections between the gut
microbiome and the immune system can for the first time be established causally and
no longer merely associatively. The anti-inflammatory effect of the " B. fragilis words"
he discovered is not limited locally to the gut. It also manifests systemically. GSL-B{717
not only prevents chronic intestinal inflammation, but also allergy-related diseases
such as asthma. The potential of the polysaccharide PSA, in turn, has spurred research
into the signaling axis between the gut and the brain. There is convincing evidence that
this bacterial sugar counteracts the breakdown of the myelin sheaths of nerve fibers in
experimental multiple sclerosis (MS).

Dennis L. Kasper (laboratory homepage) has been William Ellery Channing Professor
of Medicine since 1989, and Professor of Immunology at Harvard Medical School since
1997. He is co-editor of Harrison's Principles of Internal Medicine (currently 22nd
edition), the most widely used textbook of medicine in the world, of which he was
editor-in-chief of the 16th and 19th editions.

Photos of the award winner are available for use at www.paul-ehrlich-stiftung.de.
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http://www.paul-ehrlich-stiftung.de/
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Detailed background information with the title "Lessons from the Gut" can be found here:
https://tinygu.de/PELD24b

The prize will be awarded by the Chairman of the Scientific Council of the Paul Ehrlich Foundation on
14 March 2024 at 5 p.m. in Frankfurt’s Paulskirche. We kindly ask you to take this into consideration in
your planning. Please do not hesitate to contact us if you have any questions.

Further Information

Press Office Paul Ehrlich Foundation
Joachim Pietzsch

Phone: +49 (0)69 36007188

E-mail: j.pietzsch@wissenswort.com
www.paul-ehrlich-stiftung.de

The Paul Ehrlich and Ludwig Darmstaedter Prize is Germany’s most renowned medical award, endowed with €120,000. It is
traditionally awarded on Paul Ehrlich’s birthday, 14 March, in Frankfurt’s Paulskirche. It honours scientists who have made special
contributions in areas of research represented by Paul Ehrlich’s achievements, namely in immunology, cancer research,
haematology, microbiology and chemotherapy. The prize, which has been awarded since 1952, is funded by the Federal Ministry
of Health, the German Association of Research-based Pharmaceutical Companies (Verband Forschender Arzneimittelhersteller
e.V.) and by earmarked donations from the following companies, foundations and institutions: Else Kroner-Fresenius-Foundation,
Sanofi-Aventis Deutschland GmbH, C.H. Boehringer Sohn AG & Co. KG, Biotest AG, Hans und Wolfgang Schleussner-Foundation,
Fresenius SE & Co. KGaA, F. Hoffmann-LaRoche Ltd., Griinenthal Group, Janssen-Cilag GmbH, Merck KGaA, Bayer AG, Georg
von Holtzbrinck GmbH & Co.KG, GlaxoSmithKline GmbH & Co. KG, B. Metzler seel. Sohn & Co KGaA. The award winners are
selected by the Scientific Council of the Paul Ehrlich Foundation. A list of the members of the Scientific Council is available on the
website of the Paul Ehrlich Foundation.

The Paul Ehrlich Foundation is a legally dependent foundation administered in trust by the Association of Friends and Sponsors
of Goethe University. Honorary President of the Foundation, which was established in 1929 by Hedwig Ehrlich, is Professor Katja
Becker, President of the German Research Foundation, who also appoints the elected members of the Scientific Council and the
Board of Trustees. The Chairman of the Scientific Council of the Paul Ehrlich Foundation is Professor Thomas Boehm, Director at
the Max Planck Institute for Inmunobiology and Epigenetics in Freiburg; Chairman of the Board of Trustees is Professor Jochen
Maas, Managing Director Research & Development, Sanofi-Aventis Deutschland GmbH. In his function as Chairman of the
Association of Friends and Benefactors of Goethe University, Professor Wilhelm Bender is also a member of the Scientific Council
of the Paul Ehrlich Foundation. The President of Goethe University is in this capacity also a member of the Board of Trustees.

With its research strength and international orientation, Goethe University is one of Frankfurt’s largest employers and a member
of the association of the 15 major research-intensive and leading medical universities in Germany (German U15). Together with
the Technical University of Darmstadt and Johannes Gutenberg University Mainz, Goethe University Frankfurt operates the
strategic Rhine-Main Universities alliance (RMU). Established in 1914 as a foundation university with funding from Frankfurt’s
citizens, Goethe University enjoys a high degree of autonomy, and is embedded in a highly participatory and supportive
environment.

Research at Goethe University is structured into six profile areas spanning the humanities, social sciences, economics, natural and
life sciences, as well as medicine — and is conducted in an interdisciplinary, cross-faculty and self-governed manner. Whether it
concerns teaching and research, or the transfer of technology and knowledge in close interaction with civil society, Goethe
University delivers contributions to meet the challenges of the 21st century and acts as a driving force for the progressive
development of society, politics, and business — together with its regional, national, and international partners. Based on its
holistically conceived, research-oriented educational process, Goethe University is dedicated to qualifying its students to become
responsible, cosmopolitan citizens. https://www.goethe-university-frankfurt.de/en
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