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Vorwort/Preface

A. Vorwort

Der vorgelegte Forschungsbericht des Virologischen
Instituts umfasst diesmal einen Fiinfjahreszeitraum, da
die Vorbereitungen unseres Tatigkeitsberichtes Anfang
2020 jéh durch die COVID-19-Pandemie unterbrochen
wurden. Als Virologen hat uns dieses Ereignis vor ganz
besondere Herausforderungen gestellt. Im Vordergrund
stand zundchst die rasche Etablierung der COVID-19-
Diagnostik und der Ausbau der PCR-Kapazititen auf bis
zu 5000 Untersuchungen pro Woche. Dies erforderte
eine grofBe Einsatzbereitschaft und Flexiblitit aller
Diagnostik-Mitarbeiterinnen und -Mitarbeiter, die
Umsetzung von Forschungspersonal, die Rekrutierung
und Einarbeitung studentischer Hilfskréfte, eine
Erweiterung der Laborgeriteausstattung und
Kooperationen mit der Transfusionsmedizin, dem Labor
der Kinderklinik und der Mikrobiologie. Ich mdochte
daher allen Beteiligten ganz herzlich fiir ihren
unermiidlichen Einsatz danken, insbesondere aber Herrn
Dr. Klaus Korn, der all diese Anderungen bravourds organisiert hat. Nur durch die
gemeinsamen Anstrengungen aller war diese Herkulesaufgabe zu bewiltigen.

Gleichzeitig waren wir als Ratgeber gefordert, sowohl in der Mitarbeit in den Krisenstdben
von Universitdtsklinikum und Universitét als auch durch vielfdltige Beratungsanfragen der
Landesregierung, von Ministerien, Abgeordneten, dem Landesamt fiir Gesundheit und
Lebensmittelsicherheit, Gesundheitsémtern sowie groen und kleinen Unternechmen. Meine
Tétigkeit als STIKO-Mitglied entwickelte mit wdchentlichen Videokonferenzen und der
Erarbeitung von 25 Aktualisierungen der COVID-19-Impfempfehlung einschlieBlich
evidenz-basierter wissenschaftlicher Begriindungen eine ungeahnte Intensitdt, die durch
vielfiltige Interviewanfragen ebenfalls neue Erfahrungen in der Offentlichkeitsarbeit mit sich
brachte.

Fiir die Herausforderungen der COVID-19-Forschung waren wir hervorragend aufgestellt.
Im Oktober 2019 startete unser DFG-Graduiertenkolleg ,, Neue antivirale Strategien: von der
Chemotherapie bis zur Immunintervention®. Neben sehr motivierten Doktoranden konnten
wir dadurch vor Ort auf ein eingespieltes interdisziplindres Netzwerk von Kolleginnen und
Kollegen aus der Virologie, der Immunologie, der Klinik, Pharmazie und der Bioinformatik
zuriickgreifen. Dies ermoglichte uns, rasch vielféltige interdisziplindre Forschungsprojekte zu
implementieren, die auch groBle epidemiologische Beobachtungsstudien unter Beteiligung des
offentlichen Gesundheitsdienstes einschlossen. Eine Darstellung der wichtigsten Ergebnisse
der COVID-19-Forschungsprojekte und der bisherigen Forschungsschwerpunkte des Instituts
sind zusammenfassend im Abschnitt ,, Forschungsschwerpunkte® dargestellt. Weitere
Information zu den Forschungsaktivititen finden sich bei den ,, Berichten der einzelnen
Arbeitsgruppen “.

Die intensiven interdisziplindren Kooperationen wihrend der COVID-19-Pandemie haben
das Titigkeitsfeld des Virologischen Instituts substantiell erweitert, und wir sind den
Kooperationspartnern fiir die haufig lehrreiche, konstruktive Zusammenarbeit dankbar. Ich
danke dem Vorstand des Universitétsklinikums, dem COVID-19-Krisenstab, den Mitgliedern
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der COVID-19 Task Force sowie den Mitarbeitern in der Verwaltung des
Universitdtsklinikums fiir die vertrauensvolle Zusammenarbeit. Danken mdchten wir auch
den externen Drittmittelgebern, die viele der dargestellten Projekte erst moglich gemacht
haben. Dies sind vor allem die Deutsche Forschungsgemeinschaft, das Bundesministerium
fiir Bildung und Forschung, die Européische Union und das NIH sowie die privaten Foérderer
wie die Wilhelm Sander-Stiftung, die Johannes und Frieda Marohn-Stiftung, die Doktor
Robert Pfleger-Stiftung sowie die Volkswagen-Stiftung und die Boehringer Ingelheim-
Stiftung. Wahrend der COVID-19-Pandemie wurden zusétzliche Forderungen durch das
Bayerische Staatsministerium fiir Wissenschaft und Kunst und die Bayerische
Forschungsstiftung ermdoglicht, die zur Bekdmpfung der Pandemie beigetragen haben.
Wichtig wére, nun vor allem auch die Lehren aus der COVID-19-Pandemie zu ziehen, um
auf die ndchste pandemische Situation besser vorbereitet zu sein.

Wihrend der Pandemie gab es fiir das Virologische Institut zwei besonders traurige
Ereignisse. Am 4. Mai 2021 verstarb Prof. Dr. med. Bernhard Fleckenstein, der das
Virologische Institut von 1978 bis zur seiner Emeritierung 2015 mit grolem Erfolg leitete
und ausbaute. Da wihrend der Pandemie eine angemessene Wiirdigung seiner Téatigkeit
schwierig war, hielten wir am 16.07.2022 ein Gedenksymposium ab, an dem viele nationale
und internationale Weggefahrten teilnahmen und bewegende Worte fanden. Das Programm
des Symposiums finden Sie auf Seite 183. Ich mdchte auch auf einen Nachruf hinweisen, den
einige seine Schiiler fiir das Journal of Virology verfassten (doi: 10.1128/JVI1.00896-21).

Zwei Jahre spiter verstarb am 28. Mai 2023 Prof. Dr. Dr. h.c. mult. Harald zur Hausen.
Prof. zur Hausen wurde 1972 als Griindungsdirektor des Instituts fiir Klinische und
Molekulare Virologie berufen und leitete das Institut bis 1977. Er fiihrte hier in Erlangen
erste Untersuchungen zu seiner Hypothese durch, der Gebarmutterhalskrebs konnte durch
Humane Papillomviren verursacht sein. Nach weiteren drei Jahrzehnten intensiver Forschung
wurde Prof. zur Hausen im Jahr 2008 fiir seine Entdeckung von humanen Papillomviren, die
Gebarmutterhalskrebs verursachen, mit dem Medizin-Nobelpreis ausgezeichnet.

Ich mochte aber auch dieses Vorwort nutzen, um Frau Privatdozentin Andrea Thoma-Kref3
und Frau Privatdozentin Krystelle Nganou-Makamdop nochmal zur erfolgreich
abgeschlossenen Habilitation zu gratulieren. Herzliche Gliickwiinsche fiir den Erhalt von
Rufen gebiihren Frau Privatdozentin Krystelle Nganou-Makamdop und Prof. Thomas
Gramberg. Ich freue mich, dass es Fakultit und Universitdt gelungen ist, beiden ein
iiberzeugendes Bleibeangebot zu unterbreiten.

Sehr erfreulich ist ferner die erfolgreiche Verlingerung unseres DFG-Graduiertenkollegs
,,Neue antivirale Strategien: von der Chemotherapie bis zur Immunintervention” im
November 2023. Dies ermdglicht uns nun, bis 2028 unseren Promovierenden ein attraktives
Ausbildungsprogramm anbieten zu kdnnen.

Ich hoffe, ich konnte Thnen die wichtigsten Ereignisse aus Sicht des Virologischen Instituts
kurz und prégnant vorstellen.

Erlangen, 30. April 2024
SRR
/’ i
Vo
Klaus Uberla
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A. Preface

This time, the Virology Institute's research report covers a five-year period, as the
preparations for our research report were abruptly interrupted by the COVID-19 pandemic at
the beginning of 2020. As virologists, this event presented us with very special challenges.
The initial focus was on quickly establishing COVID-19 diagnostics and expanding PCR
capacities to up to 5000 tests per week. This required a great deal of commitment and
flexibility on the part of all diagnostics staff, the deployment of research staff, the recruitment
and training of student assistants, an expansion of laboratory equipment and cooperation with
Transfusion Medicine, the Children's Hospital laboratory and Microbiology. 1 would
therefore like to thank all those involved for their tireless efforts, and in particular Dr. Klaus
Korn, who brilliantly organized all these changes. This Herculean task could only be
accomplished thanks to the joint efforts of everyone involved.

At the same time, we were called upon to provide advice, both in our work on the crisis
teams at the University Hospital and University and through a wide range of requests for
advice from the State Government, ministries, members of parliament, the State Office for
Health and Food Safety, health authorities and large and small companies. My work as a
STIKO member developed an unexpected intensity with weekly video conferences and the
development of 25 updates to the COVID-19 vaccination recommendation, including
evidence-based scientific justifications, which also brought new experiences in public
relations work through a variety of interview requests.

We were in an excellent position to meet the challenges of COVID-19 research. Our DFG
Research Training Group "New antiviral strategies: from chemotherapy to immune
intervention" started in October 2019. In addition to highly motivated doctoral students, we
were able to draw on a well-established interdisciplinary network of colleagues from
virology, immunology, clinical practice, pharmacy and bioinformatics. This enabled us to
quickly implement a wide range of interdisciplinary research projects, including large
epidemiological observational studies involving the public health service. A summary of the
most important results of the COVID-19 research projects and the Institute's research
priorities to date are presented in the "Research priorities” section. Further information on the
research activities can be found in the "Reports of the individual working groups”.

The intensive interdisciplinary cooperation during the COVID-19 pandemic has
substantially expanded the field of activity of the Institute of Virology, and we are grateful to
our cooperation partners for the often instructive and constructive collaboration. I would like
to thank the Executive Board of the University Hospital, the COVID-19 Crisis Team, the
members of the COVID-19 Task Force and the administrative staff of the University Hospital
for their trusting cooperation. We would also like to thank the external third-party funders
who made many of the described projects possible in the first place. These are primarily the
German Research Foundation, the Federal Ministry of Education and Research, the European
Union and the NIH, as well as private sponsors such as the Wilhelm Sander Foundation, the
Johannes and Frieda Marohn Foundation, the Doctor Robert Pfleger Foundation, the
Volkswagen Foundation and the Boehringer Ingelheim Foundation. During the COVID-19
pandemic, additional funding was made possible by the Bavarian State Ministry of Science
and the Arts and the Bavarian Research Foundation, which helped to combat the pandemic.
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Above all, let us now learn the lessons from the COVID-19 pandemic in order to be better
prepared for the next pandemic situation.

During the pandemic, there were two particularly sad events for the Institute of Virology.
On May 4, 2021, Prof. Dr. med. Bernhard Fleckenstein, who led and expanded the Institute
of Virology with great success from 1978 until his retirement in 2015, passed away. As it was
difficult to adequately honor his work during the pandemic, we held a memorial symposium
on July 16, 2022, which was attended by many national and international companions who
found touching words. You can find the program of the symposium on page 183. I would also
like to draw your attention to an obituary written by some of his scholars for the Journal of
Virology (doi: 10.1128/JV1.00896-21).

Two years later, Prof. Dr. Dr. h.c. mult. Harald zur Hausen passed away on May 28, 2023.
Prof. zur Hausen was appointed founding director of the Institute of Clinical and Molecular
Virology in 1972 and headed the institute until 1977. Here in Erlangen, he carried out the first
investigations into his hypothesis that cervical cancer could be caused by human
papillomaviruses. After a further three decades of intensive research, Prof. zur Hausen was
awarded the Nobel Prize in Medicine in 2008 for his discovery of human papillomaviruses
that cause cervical cancer.

However, I would also like to use this foreword to congratulate Dr. Andrea Thoma-Kref3
and Dr. Krystelle Nganou-Makamdop once again on successfully completing their
habilitations. Congratulations to Dr. Krystelle Nganou-Makamdop and Prof. Thomas
Gramberg for receiving offers for professorship positions at other universities. I am delighted
that the Faculty and the University have succeeded in making both of them convincing offers
to stay.

We are also very pleased with the successful extension of our DFG Research Training
Group "New antiviral strategies: from chemotherapy to immune intervention” in November
2023. This will now enable us to offer our doctoral students an attractive training program
until 2028.

I hope I have been able to briefly and concisely present the most important events from the
perspective of the Institute of Virology.

Erlangen, 30. April 2024

o o

Klaus Uberla
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B. Kollegium des Instituts
Members of the Department

Adresse - Address

Virologisches Institut — Klinische und Molekulare Virologie

Uniklinikum Erlangen, Schlossgarten 4, 91054 Erlangen
http://www.virologie.uk-erlangen.de
vorname.nachname@uk-erlangen.de, andernfalls wie angegeben
(+49) 09131 85%****  Fax: (+49) 09131 8532101

URL
E-mail-Adressen
Vorwahl Tel.

Hochschullehrer — Professors and Junior Faculty

Name, Vorname

Biesinger-Zwosta, Brigitte

Doerfler, Walter
Ensser, Armin

Fleckenstein , Bernhard (1 04.05.2021)

Gramberg, Thomas
Kndll, Antje

Mach, Michael
Marschall, Manfred

Nganou Makamdop, Krystelle

Neipel, Frank
Schubert, Ulrich
Thoma-Kref3, Andrea
Temchura, Vladimir
Tenbusch, Matthias
Uberla, Klaus

Titel

PD Dr. med.
Prof. Dr. med.
Prof. Dr. med.
Prof. Dr. med.
Prof. Dr. rer. nat.
PD Dr. med.
Prof. Dr. rer. nat.
Prof. Dr. rer. nat.
PD Dr. rer. nat.
PD Dr. med.
Prof. Dr. rer. nat.
PD Dr. rer.nat.Dr.

PD Dr. habil. med.

Prof. Dr. rer. nat.
Prof. Dr. med.

Wissenschaftliche Mitarbeiter — Research Staff

Name, Vorname
Beileke, Stephanie
Birzer, Alexandra
Cordsmeier, Arne
Damm, Dominik

Deutschmann, Janina (bis 08/22)

Full, Florian (bis 02/21)
Hage, Sigrun (bis 11/22)
Hahn, Friedrich

Herrmann, Alexandra (bis 07/22)

Kicuntod, Jintawee
Korn, Klaus
Lagisquet, Justine
Lapuente, Dennis
Maier, Clara

Millen, Sebastian (bis 04/22)

Titel
Arztin

Dr. rer. nat
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. med.
Dr. rer. nat.
Dr. rer. nat.
Arztin

Dr. rer. nat.
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E-mail-user
brigitte.biesinger@fau.de
walter.doerfler@t-online.de

armin.ensser@fau.de

thomas.gramberg@fau.de
antje.knoell
michael.mach@fau.de
manfred.marschall@fau.de
krystelle.nganou
frank.neipel@fau.de
ulrich.schubert@fau.de
andrea.thoma-kress
vladimir.temchura@fau.de
matthias.tenbusch@fau.de
klaus.ueberla@fau.de

E-mail-user
stephanie.beileke
alexandra.birzer
arne.cordsmeier
dominik.damm

friedrich.hahn

jintawee kicuntod
klaus.korn
justine.lagisquet
dennis.lapuente
clara.maier

Tel.

36447
36011
32104

36433
35648
32487
36096
36740
33783
36357
43662
43652
36742
32035

Tel.

36439
36422
36494
33016

36480

32106
34027
32100
36740
36424
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Miiller-Schmucker, Sandra
Nagel, Angela

Reiprich, Simone

Reuter, Nina

Setz, Christian

Setz, Melanie

Socher, Eileen (bis 07/22)
Steininger, Philipp
Thomas, Marco
Volkmann, Bianca (bis 03/21)
Weber, Stefanie (bis 10/20)
Weidl, Daniel (bis 09/21)
Wiytopil, Monika

Ziegler, Katharina (bis 11/20)

Dr. rer. nat.
Dr. rer. physiol.
PD Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. med.

Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. rer. nat.
Dr. med.

Dr. med.

sandra.mueller 36740
angela.nagel 35793
simone.reiprich 36740
nina.reuter 32487
christian.setz 32102
melanie.setz 32102
philipp.steininger 36428
marco.thomas 32487
monika.wytopil 36424

Promovierende in den Naturwissenschaften — Graduate Students

Name, Vorname

Akan, Selin (bis 07/20)
Aksoy, Burak

Baheerathan, Abarna
Bauer, Larissa

Bednar, Christopher (bis 12/23)
Byren, Hannah

Dhotre, Kishore

Dinc, Hanife

Di Vincenzo, Riccardo

El Kenz, Boutaina (bis 05/23)
Fuchs, Jana (bis 12/23)

Grof3e, Maximilian (bis 09/22)
Heym, Stefanie

Kemeter, Laura

Klessing, Stephan (bis 03/22)
Kogler, Melanie

Kohrt, Stephan (bis 10/23)
Kiibel, Sabrina

Losing, Josephine Katharina
Mitric, Aleksandra
Obergfill, Debora

Peter, Antonia Sophia (bis 07/23)
Richel, Elie

Rist, Simona (bis 05/20)
Rolfes, Caroline

RuB, Alina

Simon, Florian

Svrlanska, Adriana (bis 12/19)
Schmidt, Anna
Schmiedeberg, Moritz

6

Titel

MasterScience
Master Science
MasterScience
MasterScience
MasterScience
MasterScience
MasterSciende
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience
MasterScience

E-mail-user

burak.aksoy
abarna.baheerathan
larissa.bauer

hannah.byren
kishore.dhotre
hanife.dinc
riccardo.divincenzo

stefanie.heym
laura.kemeter

melanie.koegler

sabrina.kuebel
josephine.katharina.loesing
aleksandra.mitric
debora.obergfall

elie.richel
caroline.rolfes
alina.russ

florian.simon

anna.schmidt
moritz.schmiedeberg
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Schneiderbanger, Julia (vis 12120) MasterScience
Schiitz, Martin (bis 12/23) MasterScience
SpriBler, Laura MasterScience
Steingruber, Mirjam (bis 02/20) MasterScience
Tannig, Pierre (bis 11/20) MasterScience
Teufert, Natascha (bis 02/19) MasterScience
Tillmanns, Julia MasterScience
Vieira Antdo, Ana Isabel MasterScience
Viherlehto, Vera MasterScience
Wagner, Jannik MasterScience
Walter, Stephanie (bis 06/20) MasterScience
Weingirtner, Christoph MasterScience
Wild, Markus (bis 12/23) MasterScience
Wittdorf, Franziska MasterScience
Wrage, Marius (bis 06/23) MasterScience
Xiao, Han (bis 06/21) MasterScience

Promovierende der Medizin — M.D. Students/cand. med.

Name, Vorname

Auth, Janina (07/23)
Blaschke, Anahita
Bohm, Magdalena (bis 06/19)
Dachsel, Mona

Froba, Maria
Hastreiter, Tamara
Hermann, Manuel

Jorg, Leticia

Maier, Clara
Menschikowski, Hanna
Miiller, Alexander
Miinzberger, Marius
Miinzner, Carmen (bis 05/19)
Rasp, Louisa

Reithofer, Katharina
Ruhland, Anna (bis 12/19)
Schnell, Annika
Stobrawe, Jule

Vogel, Anna Salomé
Wientjes, Peter

Zuber, Kilian (bis 09/21)

Masterstudenten — Master Students

Name, Vorname
Auer, Sophia (bis 10/22)
Bartelsen, Nils
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laura.sprissler

julia.tillmanns

ana.isabel.vieira.antao

vera.viherlehto
jannik.wagner

christoph.weingaertner

franziska.wittdorf

E-mail-user

nils.bartelsen
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Bayerlein, Jasmin (bis 02/19)
Briickner, Nadine (bis 12/21)
Engelbrecht, Hanna (bis 11/23)
Falkner, Patrick (bis 01/23)
Fischhaber, Natalie (bis 11/22)
Giezen, Julia (bis 10/21)

Graf, Lisa-Marie (bis 09/21)
Grliner, Eva (bis 10/21)
Guntenkunst, Eva (bis 12/23)
Hirt, Leonie (bis 04/23)
Hollweck, Julia (bis 12/21)
Horsch, Deborah (bis 04/19)
Hiibner, Julian (bis 09/20)
Jochem, Seraphine (bis 08/22)
Kern, Janina (bis 02/22)
Klein, Paulina (bis 11/20)
Kogel, Merle (bis 08/21)
Kocak, Ilayda

Krebs, Pauline (bis 07/23)
Laufer, Moritz (bis 03/19)
Marosan, Anita (09/20)
Meyer, Bastian

Niesar, Aischa (bis 10/20)
Pfister, Felix (bis 10/20)
Raithel, Andrea (bis 10/22)
Schneiderbanger, Julia (bis 08/20)
Spanaus, Lucas (bis 02/22)
Sommerer, Mona (bis 01/23)
Sun, Ao (bis 11/22)
Theobald, Hannah (bis 09/19)
Vogg, Mario (bis 08/20)
Wardin, Julia (bis - 12/23)
Wider, Stephanie

Willar, Jonas (bis 07/22)

Technische Mitarbeiter(innen) - Technicians

Name, Vorname
Albrecht, Jens-Christian
Bartlime, Ariane
Donhauser, Norbert
Dormann, Monika
Fey, Tanja

Finze, Nathaly
Fraedrich, Kirsten
Holzenleuchter, Karin
Holzer, Angela
Hotter, Melanie
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bastian.meyer

stephanie.wider

E-mail-user
jens.albrecht
ariane.bartlime
norbert.donhauser
monika.dormann
tanja.fey
nathaly.finze
kirsten.fraedrich
karin.holzenleuchter
angela.holzer
melanie.hotter
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Kollegium/Members

Irrgang, Pascal
Jungnickl, Doris
KieBling, Melissa
Kropff, Barbara
Loffler, Anna-Maria
Lorenz, Carmen

Misir, Hiilya

Moestel, Regina
Moschik, Brigitte
Miiller, Regina

Paatz, Christiane

Peter, Corinna

Rauch, Pia

Rausch, Christina
Schmidt, Bettina (bis 07/22)
Schmidt, Katja (bis 08/23)
Schmidt, Monika
Schneider, Grit

Scholz, Brigitte
Sicheneder, Laura (bis 09/21)
Wagner, Sabrina
Wangen, Christina
Weigler, Vanessa
Wittmann, Sabine
Zank, Anke

Ziegler, Christine

Administration — Administration

Name, Vorname

Ertl, Karin

Grell, Birgit

Hoger, Andrea

Hott, Renate

Lindenberger, Anita (bis 09/22)
Misir, Hiilya

Murrmann, Susanne

Smith, Jutta (bis 03/21)

Tel.

35974
36490
32765
32035

32766
32766

pascal.irrgang
doris.jungnickl
melissa.kiessling
barbara. kropff
anna-maria.loeffler
carmen.lorenz
huelya.misir
regina.moestel
gitta.moschik
mueller.regina
christiane.paatz
corinna.peter
pia.rauch
christina.rausch

monika.schmidt
grit.schneider
brigitte.scholz

sabrina.wagner
christina.wangen
vanessa.weigler
sabine.wittmann
anke.zank
christine.ziegler

E-mail-user
karin.ertl
birgit.grell
andrea.hoeger
renate.hott

huelya.misir
susanne.murrmann

Mitarbeiter(innen) in zentralen Diensten — Central Service

Name, Vorname

Cakir, Rozet

Prechtel, Stefan

Puszka, Raphael

Rabold, Ines

Rossler, Wolfgang
Schmittlein, Monika (bis 03/21)

Tel.

36431
36425
34050
43667
36425
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Kollegium/Members

Wissenschaftliche Hilfskrifte - Research Assistants

Name, Vorname

Binder, Amanda (bis 12/22)
Doeppner, Carina
Engelmann, Leon
Eulenstein, Lara (bis 08/22)
Gokeel, Siikrii Enes

Graf, Lisa Marie (01/21)
Gubbi, Sanukta (bis 05/22)
Hitschfel, Julia (bis 03/21)
Jacobi, Lukas (bis 03/22)
Kogel, Merle (bis 02/22)
Neugebauer, Eva (bis 11/19)
Nitsche, Nikolas

Niesar, Aischa (bis 03/21)
Pappa, Maria (bis 09/23)
Petrich, Laura

Perez Oros, Jorge
Regensburger, Timo (bis 07/22)
Schneider, Ann-Kathrin (bis 04/23)
Tanoé¢, Rosette

Voss, Lennard (bis 04/23)
Wild, David (bis 09/23)

E-mail-user

carina.doeppner
leon.engelmann

suekrueenes.goekcel

nikolas.nitsche

laura.petrich
jorge.perez.oroz

rosette.tanoe

Studentische Hilfskrafte — Student Assistants

Name, Vorname
Ballenberger, Lena (bis 06/20)
Demleiter, Madeleine (bis 07/19)
Drollmann, Bastian (bis 08/20)
Ehring, Antonia (bis 10/23)
Errerd, Theresa (bis 09/19)
Foltin, Tim (bis 09/22)

Gold, Rebecca (bis 09/21)
Grundler, Magdalena (bis 02/20)
Hahn, Rosalie

Hiisemann, Helena (bis 09/22)
Jochmann, Jasmin (bis 06/21)
Jungkunz, Malte (bis 11/19)
Kaup, Jannik (bis 01/22)
Kaszubowski, Tomasz (bis 06/20)
Konig, Paul (bis 07/20)
Langmaier, Maria (bis 03/21)
Launer, Paula (bis 11/23)
Loffler, Patrick (bis 08/19)
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Name, Vorname
Mittmann, Claire (bis 01/20)
Miinzebrock, Katrin (bis 09/20)
Osterloh, Justus (bis 07/20)
Ott, Kristin (bis 04/22)
Plum, Jonas (bis 08/22)
Pricht, Angela (bis 08/21)
Prokscha, Jonas (bis 03/22)
Rank, Kristina (bis 09/19)
Reimann, Annika
Schleicher, Oskar

Uberla, Anja (bis 05/20)
Uberla, Pia (bis 04/20)
Umotoy, Jeffrey (bis 07/20)
Vollhardt, Saskia
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(. Forschungsschwerpunkte des Instituts

Der Schwerpunkt der Forschungsaktivititen des Virologischen Instituts liegt in der
Untersuchung molekularvirologischer Prozesse bei Infektionen mit Retroviren und
Herpesviren sowie der antiviralen Immunitiit. Dariiber hinaus haben im Berichtszeitraum
COVID-19-Forschungsprojekte die wissenschaftlichen Aktivitidten des Instituts wesentlich

gepragt.

Forschungsschwerpunkt SARS-Coronavirus-2

Die  SARS-CoV-2-Forschungsprojekte
umfassten die Entwicklung und Evaluierung
diagnostischer Assays, epidemiologische
Studien, Analysen von Antikérper- und T-
Zell-Reaktionen nach  Infektion und
Impfung, die Evaluierung der Sicherheit,
Immunogenitdt und Wirksamkeit von
COVID-19-Impfstoffen in préklinischen
und klinischen Studien, die Etablierung
molekularer Klone von SARS-CoV-2 fiir
molekularvirologische Analysen und die
Konstruktion von abgeschwichten SARS-
CoV-2-Lebendimpfstoffen sowie die
praklinische Entwicklung antiviraler
Antikdrper und Wirkstoffe.

Zunéchst wurden Tests fiir die medizinische
Diagnose von SARS-CoV-2-Infektionen
entwickelt und bis Januar 2020 eingefiihrt.
Die sorgfiltige Auswertung der klinischen
Testergebnisse zeigte den Einfluss des
viralen  genetischen Drifts auf die
Empfindlichkeit der diagnostischen Tests
(Wollschliger et al, 2021, PMID:
34044153, Steininger et al., 2021, PMID:
33293385, Ziegler et al, 2020, PMID:
33006300).

In der Frithphase der Pandemie wurde
unter Leitung von Prof. Tenbusch ein
durchflusszytometrischer ~ Schnelltest zur
Quantifizierung von SARS-CoV-2-
spezifischen Antikorpern entwickelt
(Lapuente et al., 2021, PMID: 33078221).
Die Methodik zur Charakterisierung von
Antikorperreaktionen gegen SARS-CoV-2
wurde auch von der Gruppe von Prof.
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Uberla und der Diagnostik-Abteilung in
enger Zusammenarbeit mit Prof. Ralf
Wagner (Regensburg) eingesetzt, um die
Seroprivalenz in einer gro3en
bevolkerungsbezogenen Kohorte aus dem
Landkreis Tirschenreuth, einem frithen
COVID-19-Hotspot, zZu analysieren
(Wagner et al., 2021, PMID: 34200766,
Peterhoff et al., 2022, PMID: 35214782;
Einhauser et al., 2022, PMID: 35746640)
und die Immunantwort auf verschiedene
COVID-19-Impfschemata zu untersuchen
(Vogel et al., 2022, PMID: 36206622,
Tenbusch et al., 2021, PMID 34332707;
Wratil et al., 2022, PMID 35090165). Die
letztgenannten  Studien lieferten  auch
wichtige Informationen fiir die Erarbeitung
von Impfstoff-Empfehlungen durch die
STIKO.

Durch Immunisierung von Mausen, die
die humane variable Region der Gene fiir
die schwere und leichte Kette des
Immunglobulins tragen, entwickelten die
Gruppen von Prof. Uberla, Prof. Jick und
Prof. Winkler rasch humane Antikdrper, die
SARS-CoV-2 neutralisieren (Peter et al.
2022a, PMID: 34355795; Peter et al.,
2022b, PMID 35897753). Die
Weiterentwicklung der Antikorper fiir den
klinischen Einsatz wurde von dem Start-up-
Unternehmen der Forscher, der CovER
Antibodies GmbH, angestrebt. In einer
gemeinsamen Arbeit der Gruppen von Prof.
Tenbusch, Prof. Winkler, Prof. Schober,
PD Dr. Nganou-Makamdop und Prof.
Uberla wurde nach wiederholter SARS-
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CoV-2 mRNA-Impfung ein Klassenwechsel
zu nicht-entziindlichen, spike-spezifischen
IgG4-Antikorpern beobachtet (Irrgang et
al., 2023, PMID 36548397). Da dies die Fc-
vermittelten Effektor-Funktionen betrifft,
konnten diese Ergebnisse Konsequenzen fiir
den optimalen Zeitpunkt und die Auswahl
von Impfstoffregimen sowie fiir zukiinftige
Auffrischungsimpfungen gegen SARS-
CoV-2 und andere Viren haben.

Um die Immunreaktionen der
Schleimhdute nach der Impfung mit denen
nach einer SARS-CoV-2-Infektion zu
vergleichen, wurden von der Gruppe von
PD Dr. Nganou-Makamdop in
Zusammenarbeit mit der Gruppe von Prof.
Harrer Spike-spezifische Antikérper in
Speichel- und Serumproben von HIV-1-
infizierten Patienten unter antiretroviraler
Behandlung und gesunden Probanden
bestimmt. Bei den mit Comirnaty geimpften
Probanden wurden im Vergleich zu
rekonvaleszenten Probanden hohere Werte
an Anti-Spike-IgG und neutralisierenden
Antikorpern festgestellt. Niedrige Titer von
spike-spezifischen Antikdrpern und geringe
neutralisierende Aktivitdt im Speichel im
Vergleich zZu starken Serum-
Antikorpertitern und
Neutralisierungsaktivitit konnten trotz des
guten Schutzes vor einer symptomatischen
Erkrankung zum Infektionsrisiko sowohl
bei geimpften als auch bei rekonvaleszenten
Personen beitragen (Schmidt et al., 2022,
PMID 35337058).

In Zusammenarbeit mit Prof. Eichler
untersuchte die Gruppe Uberla verkiirzte
synthetische Peptidvarianten des
neutralisierenden SARS-CoV-2-
Miniproteins LCB1 auf ihre
Neutralisierungsaktivitit und fand dabei ein
zyklisches Peptid mit einer 10-fach
erhohten Virusneutralisierungsaktivitit
sowie einer bemerkenswerten
proteolytischen Stabilitdt (Weiflenborn et
al., 2022, PMID: 35682988).

Die derzeitigen COVID-19-Impfstoffe
sind bei der Verringerung des Risikos einer
schweren COVID-19-Erkrankung
hochwirksam, der Schutz vor einer Infektion
und die Verringerung der Ubertragung neu
auftretender besorgniserregender Varianten
(VOCs) scheinen jedoch begrenzt. Die
Induktion einer Immunreaktion  der
Schleimhdute durch eine Impfung koénnte
eine schnellere Kontrolle der
Virusvermehrung ermdglichen. Daher hat
die Gruppe um Dr. Dennis Lapuente und
Prof. Matthias Tenbusch mit
Unterstiitzung der Gruppen von Profs.
Ensser und Uberla ihre Arbeiten zu RSV
und Influenzaviren erweitert und mukosale
Booster-Immunisierungen mit adenoviralen
Vektorimpfstoffen bei Méusen untersucht,
die zuvor mit intramuskuldren DNA- oder
RNA-Impfstoffen, die fiir das SARS-CoV-
2-Spike-Protein ~ kodieren,  immunisiert
worden waren. Sie konnten zeigen, dass die
mukosale Booster-Immunisierung wichtig
fiir die Etablierung lokaler,
gewebsresistenter Gedachtnis-T-Zellen
(TRM) und sekretorischer IgA-Antikdrper
ist (Lapuente et al, 2021, PMID:
34836955). Das entziindliche Milieu
wiahrend des anfanglichen T-Zell-Primings
ist entscheidend fiir die Pragung des TRM-
Phénotyps, wie bei adenoviralen Vektor-
Immunisierungen mit IL-1beta kodierenden

Vektoren als mukosale  Adjuvantien
beobachtet wurde.
Abgeschwichte SARS-CoV-2-

Lebendimpfstoffe konnen auch mukosale
Immunantworten hervorrufen und eine
Strategie zur Steigerung der hybriden
Immunitit ohne das Risiko von Long/Post-
COVID bieten. Die Entwicklung eines
molekularen SARS-CoV-2-Klons auf der
Grundlage eines bakteriellen kiinstlichen
Chromosoms (BAC) durch die Ensser-
Gruppe (Herrmann et al., 2021, PMID:
34638527) Dbietet das Werkzeug zur
Erzeugung rekombinanter SARS-CoV-2-
Varianten mit prézisen Mutationen und
Deletionen im Spike-Gen (Chen et al.,
2023, PMID: 36630998; Zech et al., 2021,
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PMID: 34824253; Cordsmeier et al., 2023,
PMID: 37175863, Yu et al., 2022, PMID:
35455942) oder anderen Genregionen
(Miiller et al., 2023, PMID: 37870297, Kim
et al., 2023, PMID: 37676771; Wu et al.,
2022, PMID: 35343786). Die Gruppen von
Profs. Gramberg und Ensser haben eine
Reihe von NSP14-, NSP16- und ORF6-
Deletionsmutanten ~ von ~ SARS-CoV-2
erzeugt, die in einem neuen humanen
ACE2-transgenen Mausmodell, das von
Prof. Winkler in Zusammenarbeit mit der
Gruppe von Dr. Thomas entwickelt wurde,
auf ihre Pathogenitét untersucht werden.

Die Gruppen von Dr. Thomas und Prof.
Uberla identifizierten eine unzureichend
beschriebene ACE-2-Rezeptor-unabhingige
Zell-Zell-Fusionsaktivitdt von SARS-CoV-
2, die durch Furin-Inhibitoren oder eine
Untergruppe von monoklonalen
Antikorpern beeintrachtigt wurde (Reuter,
Chen et al., 2023, PMID: 37515187). In
Zusammenarbeit mit dem Deutschen
Zentrum fiir Immuntherapie hat die Gruppe
Uberla ein geschlossenes Zellkultursystem
fiir die sichere Vermehrung von SARS-
CoV-2 unter GMP-éhnlichen Bedingungen
etabliert (Klessing et al., 2023, PMID:
36851610).

Trotz des endemischen Ubergangs stellt die
COVID-19-Pandemie weiterhin eine
Bedrohung fiir die o6ffentliche Gesundheit
dar, insbesondere im Hinblick auf neu
auftretende besorgniserregende Varianten
(VOCs) und die Notwendigkeit, in Zukunft
auf Pandemien vorbereitet zu sein. Daher
besteht nach wie vor ein dringender Bedarf
an der Entwicklung antiviraler
Medikamente, die sicher, allgemein
verfligbar und breit gegen verschiedene
VOCs von SARS-CoV-2 und anderen
Atemwegsviren wirksam sein sollten. In
Anbetracht des zeit- und kostenaufwindigen
Weges zur Entwicklung neuer Therapeutika
stellt  die  Evaluierung  bestehender
Medikamente sowie von Naturstoffen auf
ihre antivirale Aktivitdt eine schnelle und
vielversprechende  Alternative dar. In
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diesem Zusammenhang konnte die Gruppe
von Prof. Ulrich Schubert zeigen, dass die
Naturstoffe Iota-Carrageenan, Lektin aus
Triticum vulgaris (WGA), Chinin und
Europdischer Schwarzer Holunder-Extrakt
eine breite antivirale Aktivitit gegen SARS-
CoV-2 aufweisen (Morokutti-Kurz et al.,
2021, PMID: 33596218; Morokutti-Kurz et
al., 2021, PMID: 34526804, Froba et al.,
2021, PMID: 34947999, Auth et al., 2021,
PMID: 34638545, Groffe et al., 2021,
PMID:  33918670;  Setz et  al,
https://doi.org/10.3390/nutraceuticals30100
07.). In Zusammenarbeit mit Armin Ensser
wurde die antivirale Aktivitit gegen
verschiedene VOCs analysiert, und es
konnte gezeigt werden, dass die getesteten
Naturstoffe die Replikation aller VOCs mit
vergleichbaren IC50-Werten hemmen (Sezz
et al, 2023, https://doi.org/ 10.3390/
nutraceuticals 3030025).

Neben Naturstoffen konnte Schuberts
Gruppe auch eine Anti-SARS-CoV-2-
Aktivitit von spezifischen Inhibitoren

deubiquitinierender Enzyme (Grofe et al.,
2022, PMID: 35891385), des p38 MAP-
Kinase-Inhibitors Pamapimod und des

immunmodulatorischen =~ PPRy-Agonisten
Pioglitazon (Setz et al, 2022, PMID:
35743273) sowie der

immunmodulatorischen Substanz MP1032
(Schumann et al., 2020, PMID: 33233817)
nachweisen. Im Rahmen einer EU-
Foérderung im Rahmen des Horizon 2020-
Programms wurde MP1032 in einer
doppelblinden, placebokontrollierten,
multizentrischen klinischen Studie auf seine
Wirksamkeit gegen SARS-CoV-2-
Infektionen untersucht. Dariiber hinaus
wurde die Wirksamkeit einer
Kombinationsbehandlung aus Pamapimod
und Pioglitazon sowie Iota-Carrageenan in
mehreren klinischen Studien untersucht.

Die Gruppe von Prof. Thomas
Gramberg  verwendete  rekombinante
SARS-CoV-2-Viren, die in

Zusammenarbeit mit der Gruppe von
Armin Ensser erzeugt wurden, um die 2'O-
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Methyltransferase Nsp16 von SARS-CoV-2
als neue Achillesferse des Virus zu
identifizieren (Russ, Wittmann et al., 2022,
PMID: 36285486). Die Gruppe konnte
zeigen, dass Nspl6 essentiell ist, um die
Erkennung und Restriktion von SARS-
CoV-2 durch angeborene
Immunmechanismen zu verhindern.
Gemeinsam mit Forschern in Bonn und
Miinchen gelang es der Gruppe von
Thomas Gramberg, mit kleinen
Molekiilen, die gegen das virale und das
zelluldire Enzym gerichtet sind, diese
Schwachstelle in der viralen Replikation
anzugehen (Bergant et al., 2022, PMID:
35833542).

Prof. Walter Doerfler und Mitarbeiter
entdeckten mikro-modulare Hotspots im
Genom von SARS-CoV-2 mit
fragmentierten Homologien von ~ 45% mit
den Genomen vieler vollig unterschiedlicher
Organismen (Weber et al., 2020, PMID:
32979477,  Weber et al., 2021, PMID:
33931941; Weber et al., 2022, PMID:
35632627), die Plattformen fiir evolutionére
Rekombinationen darstellen konnten: Eine
Eigenheit des 4-Buchstaben genetischen
Alphabets?

Die Gruppe von Prof. Manfred
Marschall und Dr. Friedrich Hahn
etablierte und validierte mit Unterstiitzung
der Gruppen Uberla und Ensser einen
SARS-CoV-2 Multi-Readout Assay (MRA)
zur schnellen und genauen Quantifizierung

der viralen Replikation, der anschlieBend
zeigte, dass Inhibitoren zelluldrer
zyklinabhingiger Kinasen ebenfalls gegen
das Pandemievirus SARS-CoV-2 wirksam
sind (Hahn et al., 2021, PMID: 34578109).
Diese neue Methode wurde weiter
angewandt, um Ansédtze zu charakterisieren,
bei denen neuartige Chinolinverbindungen
und so genannte PROTACs zum gezielten
Proteinabbau als neue Strategie gegen
SARS-CoV-2 eingesetzt werden (Herrmann
et al., 2022, PMID: 35043485; Hahn et al.,
2021, PMID: 34884662).

Dartiiber hinaus wurde das
Entwicklungspotenzial oligomerer
Molekiile gegen SARS-CoV-2 durch die
Untersuchung des experimentellen
Breitspektrum-Virostatikums TF27, einem

Derivat des zugelassenen
Malariamedikaments Artesunat,
hervorgehoben (Hahn et al., 2022, PMID:
36678744). Schliellich wurden

wirtsspezifische Ansdtze zur Kontrolle der
SARS-CoV-2-Replikationswege erfolgreich
untersucht, indem zellulare
Stoffwechselwege ins Visier genommen
wurden, z. B. die De-novo-Pyrimidin-
Synthese mit dem entwicklungsfordernden
DHODH-Inhibitor IMU-838 und die
Cholesterin-Synthese durch Interferenz mit

dem zelluldren Kernrezeptor ~ und
Transkriptionsfaktor RORy Isoform 1
(Hahn et al, 2020, PMID: 33291455;

Wangen et al., 2024, PMID: 38056603).

Forschungsschwerpunkt Retroviren

Die Forschungsgruppe von Prof. Dr.
Thomas Gramberg konzentriert sich auf
die angeborene Immunantwort gegeniiber
viralen Infektionen. Neben exogenen
Retroviren fand die Gruppe heraus, dass der
HIV-Restriktionsfaktor TRIMSa auch gegen
endogene Retroelemente, wie etwa LINE-1

Elementen aktiv ist und damit das
menschliche Genom vor dem Zugriff
mobiler genetischer Elemente schiitzt

(Volkmann et al., 2020, PMID: 32651277,
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Lagisquet et al., 2023, PMID: 37180175).
SAMHDI1 ist ein weiterer wichtiger
antiretroviraler Wirtsfaktor. Anhand eines
SAMHDI1-Knockout-Mausmodells und
primérer menschlicher Zellen entdeckte das
Gramberg-Labor, dass SAMHDI1 auch die
Infektion humaner und muriner
Cytomegaloviren (CMV) blockiert, indem
es die Replikation des viralen DNA-
Genoms hemmt. Dariiber hinaus
identifizierte das Labor die virale Kinase als
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neuartigen Mechanismus von CMV, um
dem Block entgegenzuwirken und so eine
Infektion sich nicht-teilender Zielzellen zu
ermdglichen (Deutschmann et al., 2019,
PMID: 31548683; Businger et al., 2019,
PMID: 31548682).

Bei der mikrobiellen Translokation
handelt es sich um einen Prozess, bei dem
Darmmikroben in den  Blutkreislauf
wandern konnen, und zwar aufgrund eines
so genannten "undichten Darms", der durch
eine  Schidigung des Darmgewebes
verursacht wird, wie sie bei einer HIV-
Infektion auftritt. Die Arbeit von PD Dr.
Krystelle Nganou-Makamdop und
Kollegen untersuchte das translozierte
Mikrobiom mittels Sequenzierungsanalyse
bei Menschen mit HIV und identifizierte

Mechanismen, durch die bestimmte
Bakterienarten die Erholung des
Immunsystems wihrend einer
antiretroviralen ~ Therapie  beeinflussen.

Diese Arbeit, die 2021 in der Zeitschrift
Cell  veroffentlicht  wurde, eroffnet

Maoglichkeiten fur therapeutische
Interventionen bei Krankheiten, die durch
mikrobielle Translokation verursacht
werden.

Die Forschungsgruppe von PD Dr. Dr.
Andrea Thoma-Krefl untersucht im
Rahmen einer BMBF-geforderten
Nachwuchsgruppe in der
Infektionsforschung die Mutter-zu-Kind-
Ubertragung des onkogenen Retrovirus
Humanes T-Zell-Leukdmie-Virus Typ 1
(HTLV-1) iiber Muttermilch (Millen and
Thoma-Kress, 2022; PMID: 35360738).
Bislang konnte die Arbeitsgruppe neue
Wirtsfaktoren und deren  Regulation
aufkldren, die die Ubertragung von HTLV-1
regulieren. (Donhauser et al., 2020, PMID:
32997728). Dariiber hinaus war die
Arbeitsgruppe an der Entwicklung neuer,
gegen HTLV-1 gerichteter Designer-
Rekombinasen beteiligt, welche in der Lage
sind, das Virus aus infizierten Zellen
herauszuschneiden (Rojo-Romanos et al.,
2023, PMID: 36934299).

Forschungsschwerpunkt Herpesviren

Die SARS-CoV-2-Pandemie ermunterte
die Arbeitsgruppe von Prof. Dr. Armin
Ensser zur Entwicklung eines molekularen
Bacmidklons von SARS-CoV-2 (Herrmann
et al, 2021, PMID: 34638527). Dies
ermoglichte es, rekombinante SARS-CoV-
2-Varianten mit prézisen Mutationen und
Deletionen im Spike-Gen zu erzeugen, was
viele Kooperationen erdffnete (Chen et al.,
2023, PMID: 36630998; Zech et al., 2021,
PMID: 34824253, Cordsmeier et al., 2023,
PMID: 37175863, Yu et al., 2022; PMID:
35455942) oder andere Genregionen
(Miiller et al., 2023, PMID: 37870297, Kim
et al., 2023, PMID: 37676771; Wu et al.,
2022, PMID: 35343786). Funktionelle CAR
und BiTE, die auf virale Glykoproteine
abzielen, wurden fiir Proof-of-Concept-
Studien zur T-Zell-Immuntherapie gegen
das Cytomegalovirus im MCMV-System
entwickelt. Ein weiterer Schwerpunkt der
Forschungsarbeit der AG Ensser ist die
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Anwendung  von NGS  fir die
Uberwachung, Entdeckung und Analyse
von Viren, einschlieflich der Mdglichkeit
der 10X-basierten Einzelzellsequenzierung
und bioinformatischen Analysen.

Die Arbeitsgruppe von Prof. Dr.
Manfred Marschall hat sich in den
zuriickliegenden Jahren zunehmend auf
Fragen der Herpesvirus-Wirtsinteraktion
konzentriert, welche gleichermaflen fiir die
virale  Infektionsregulation und  die
Pathogenese, als auch fiir die Entwicklung
von antiviralen Wirkstoffen bedeutsam sind.
Im Mittelpunkt des Interesses stand das
humane Cytomegalovirus (HCMV),
welches wiahrend der Schwangerschaft
klinisch hochrelevant ist, aber darliber
hinaus auch weitere Herpesviren und
vergleichend dazu eine Reihe von nicht
verwandten Humanviren, wie Influenza-
und Coronaviren. In allen Fillen wurden
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virale Proteinphosphorylierungen, in der
Verbindung aus Kinase-Aktivititen und
antiviralen Kinase-Inhibitoren, analysiert.
Die Highlights der Untersuchungen lieferten
neue Einblicke in die Regulation der Virus-
Wirtsproteinkomplexe, der Pathogenese-
Determination, des nukledren Egress und
eines neuen Targetings von
Wirksubstanzen.

Die Arbeitsgruppe von PD Dr. Frank
Neipel untersucht im Rahmen des
Graduiertenkollegs GRK2504 die humorale

Immunitit gegen die Glykoproteine gpK8.1
und gH/gL des Kaposi-Sarkom-assoziierten
Herpesvirus (KSHV). Es  konnten
monoklonale  Antikérper gegen das
Glykoprotein gpK8.1 hergestellt werden,
die in Zellkultur die Infektion neutralisieren.
Dabei ist bemerkenswert, dass die
Neutralisierung durch Antikdrper gegen
gpK8.1 bei B-Lymphozyten weit effizienter
ist als bei epithelialen Zellen, obwohl B-
Zellen den bisher bekannten Rezeptor fiir
gpK8.1 nicht exprimieren.

Forschungsschwerpunkt Antivirale Immunitat

Ein dominierendes Thema in der
Arbeitsgruppe von Prof. Dr. Michael
Mach und Dr. Marco Thomas ist die
Definition von Schutzmechanismen
monoklonaler Antikérper (MAbs) gegen
HCMV-Oberflachenproteine, die essentiell
sind fiir Anheftung (gM/gN),
Rezeptorbindung (gH/gL-enthaltende
Komplexe) oder Fusion (gB). Um die
Membranfusionsaktivitit von HCMV gB
oder SARS-CoV-2 Spike detailliert zu
untersuchen, hat das Labor automatisiert
quantifizierbare Fusionsassays etabliert. Mit
diesen konnte nachgewiesen werden, dass
nur eine Auswahl der neutralisierenden
MAbs den Fusionsprozess unterbindet. Dies
suggeriert, dass unterschiedliche
Mechanismen fiir die Neutralisation von
Viren existieren. Gegenstand aktueller
Projekte ist die Bestimmung der protektiven
Kapazitit dieser MADbs in vivo sowie die
Aufklarung ihrer Wirkmechanismen im
MCMV-Infektionsmodell.

Impfung ist die effektivste Methode, um
einen langfristigen Schutz gegen
Infektionskrankheiten zu erreichen. Das
Forschungsziel der Arbeitsgruppe von PD
Dr. Vladimir Temchura besteht darin, zur
Entwicklung innovativer Impfstrategien
beizutragen. Nanopartikel-Impfstoffe sind
eine neuartige Art von Impfstoffen, die aus
verschiedenen Materialien wie Lipiden,
Polymeren oder anorganischen Molekiilen
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zusammengesetzt sein konnen. Zahlreiche
Studien deuten auf ihr Potenzial hin, die
Immunantwort gegen ein breites Spektrum
von Infektionskrankheiten zu verbessern.
Die intrinsischen Eigenschaften von

Nanopartikeln, im Zusammenspiel mit
Fortschritten in den Techniken der
genetischen und biochemischen
Modifikation, machen Nanopartikel-
Impfstoffe zu einem innovativen und
adaptiven Ansatz fliir die rationelle

Impfstoffentwicklung. Das Labor arbeitet

derzeit an folgenden Haupttypen von
Nanopartikeln: ~ Biologisch ~ abbaubare
anorganische Kalziumphosphat-
Nanopartikel, T-Helfer-Liposomen und

HIV-abgeleitete virusédhnliche Nanopartikel.

Die Arbeitsgruppe von Prof. Dr.
Matthias Tenbusch beschiftigt sich mit der
Entwicklung neuer Impfstrategien gegen
virale Atemwegsinfektionen. Der besondere
Fokus liegt hierbei auf der Induktion von
lokalen Immunantworten an den
Eintrittsorten der Viren, den Schleimhéuten
des Respirationstrakts. In verschiedenen
Tiermodellen zu Infektionen mit Influenza

A Viren oder dem Respiratorischen
Synzytial Virus (RSV) konnte die
Arbeitsgruppe  zeigen, dass mukosale

Impfungen eine wichtige Voraussetzung
sowohl fiir die Ausbildung lokaler,
antiviraler IgA Antikorper als auch fiir
gewebsstindige Memory T-Zellen sind.
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Durch die Verwendung von genetischen
Adjuvantien, wie z.B. Interleukin-1§
kodierende Vektoren, oder die Kombination
mit systemischen Impfungen in heterologen
Immunisierungsschemata  konnten  die
mukosalen Impfstoffe im Laufe der letzten
Jahre weiter optimiert werden. Die so
induzierten Immunantworten vermitteln
einen effektiven Schutz gegen nachfolgende
Infektionen mit diversen Influenzastimmen
oder auch gegen RSV. Im Fall von RSV ist
die  Schutzwirkung einer mukosalen
Impfung sogar hoher als die einer
natiirlichen Immunitit, die durch eine
vorangegangen Primérinfektion  erlangt
wurde. Diese Arbeiten zeigen zum einen das
enorme Potential mukosaler Impfstrategien
auf, aber auch den weiteren
Optimierungsbedarf fiir die Translation zur
Anwendung beim Menschen.
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Das Labor von Prof. Dr. Klaus Uberla
arbeitet an der Verbesserung der
Impfstoffreaktionen auf HIV mit Hilfe
viraler Partikelimpfstoffe und des Konzepts
der interstrukturellen Hilfe. Durch den
Einbau von T-Helferzell-Epitopen in den
Kern von virusdhnlichen Partikeln konnen
T-follikulare Helferzellen, die fiir diese
Epitope spezifisch sind, B-Zell-Antworten
gegen HIV-Env fordern, das an die
Oberflaiche der virusdhnlichen Partikel
gekoppelt ist. Dariiber hinaus untersucht das
Labor in einem HIV-Modell bei
nichtmenschlichen Primaten, ob
monoklonale Antikdrper die Infektion der
allerersten Zellen unter neutralisierenden
und nicht-neutralisierenden Bedingungen
verhindern konnen. Aktuell erforscht das

Labor, ob intrastrukturelle Hilfe die
Antikdrperantwort in Schleimhduten
verbessern kann.
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(. Research foci of the Institute

The research foci of the Institute are Molecular Virology of Retroviruses and
Herpesviruses and Antiviral Immunity. In response to the COVID-19 pandemic, a large
number of research projects on SARS-CoV-2 were performed during the current reporting

period.

Research Focus SARS-CoV-2 Infection

The SARS-CoV-2 research projects
included development and evaluation of
diagnostic assays, epidemiological studies,
analyses on antibody and T cell responses
after infection and vaccination, evaluation
of safety, immunogenicity and efficacy of
COVID-19 wvaccines in preclinical and
clinical studies, establishment of molecular
clones of SARS-CoV-2 for molecular
virological analyses and construction of
live-attenuated SARS-CoV2 vaccines and
preclinical ~ development of antiviral
antibodies and compounds.

First, assays for medical diagnosis of
SARS-CoV-2 infection were established
and in place by January 2020. Careful
observation of clinical testing results
revealed the influence of viral genetic drift
on diagnostic assay sensitivity
(Wollschldger et al, 2021, PMID:
34044153, Steininger et al., 2021, PMID:
33293385, Ziegler et al, 2020, PMID:
33006300).

In the early phase of the pandemic, a
rapid response flow cytometric assay to
quantify SARS-CoV-2 specific antibodies
was also developed in a collaborative effort,
headed by Prof. Tenbusch’s group
(Lapuente et al., 2021, PMID: 33078221).
The methodology to characterise antibody
responses against SARS-CoV-2 was also
used by Prof. Uberla’s group and the
diagnostic department in close collaboration
with Prof. Ralf Wagner (Regensburg) to
analyse the seroprevalence in a large
population-based cohort from the county of
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Tirschenreuth, an early COVID-19 hot spot,
(Wagner et al., 2021, PMID: 34200766,
Peterhoff et al., 2022, PMID: 35214782;
Einhauser et al., 2022, PMID: 35746640)
and immune responses to different COVID-
19 vaccine regimens (Vogel et al., 2022,
PMID: 36206622; Tenbusch et al., 2021,
PMID 34332707; Wratil et al., 2022, PMID
35090165). The latter studies also provided
important information for the drafting of
vaccine recommendations by STIKO.

By immunising mice harbouring the
human variable region of  the
immunoglobulin heavy and light chain
genes, the groups of Prof. Uberla, Prof.
Jack, and Prof. Winkler rapidly developed
human antibodies neutralising SARS-CoV-2
(Peter et al., 2022a, PMID: 34355795;
Peter et al, 2022b, PMID 35897753).
Further development of the antibodies for
clinical use was attempted by the
investigators” start-up company, CovER
Antibodies GmbH. In a joint effort of the
groups of Prof. Tenbusch, Prof. Winkler,
Prof. Schober, PD Dr. Nganou-Makamkop
and Prof. Uberla, class switching toward
noninflammatory,  spike-specific  IgG4
antibodies was observed after repeated
SARS-CoV-2 mRNA vaccination (Irrgang
et al, 2023, PMID 36548397). As this
affects Fc-mediated effector functions, these
findings may have consequences for the
optimal timing and the choice of vaccine
regimens as well as future booster
immunisations against SARS-CoV-2 and
other viruses.
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To compare mucosal immune responses
after vaccination with those seen after
SARS-CoV-2 infection, Spike-specific
antibodies were determined in saliva and
serum samples of HIV-1-infected patients
on antiretroviral treatment and healthy
subjects by the Nganou-Makamdop group
in collaboration with Prof. Harrer’s group.
Higher levels of anti-spike-IgG and
neutralizing antibodies were observed in
subjects vaccinated with Comirnaty in
comparison to convalescent subjects. Low
titres of spike-specific antibodies and low
neutralising activity in saliva in comparison
to strong serum antibody titres and
neutralization activity could contribute to
the risk of infection of both vaccinated and
convalescent  subjects  despite  good
protection from symptomatic disease
(Schmidt et al., 2022, PMID 35337058). In
a collaboration with Prof. Eichler, the
Uberla group evaluated truncated synthetic
peptide variants of the SARS-CoV-2
neutralising miniprotein LCB1 for the
neutralizing activity yielding a cyclic
peptide with a 10-fold increased virus
neutralising activity, as well as a remarkable
proteolytic stability (Weifsenborn et al.,
2022, PMID: 35682988).

The current COVID-19 vaccines are
highly effective in reducing the risk of
severe COVID-19, but protection from
infection and reduction of transmission of
emerging variants of concern (VOCs) seems
limited. Induction of mucosal immune
responses by vaccination may provide more
rapid control of virus replication. Therefore,
the group around Dr. Dennis Lapuente and
Prof. Matthias Tenbusch, supported by the
Ensser and Uberla groups, extended their
work on RSV and influenza virus and
explored mucosal booster immunisations
with adenoviral vector vaccines in mice
previously immunised by intramuscular
DNA or RNA vaccines encoding the SARS-
CoV-2 spike protein. They could
demonstrate that the mucosal booster
immunisation is important to establish local,
tissue-resident memory T-cells (TRM) and
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secretory IgA antibodies (Lapuente et al.,
2021, PMID: 34836955). The inflammatory
milieu during the initial T-cell priming is
critical for the imprinting of the TRM
phenotype as observed during adenoviral
vector immunizations using IL-1beta
encoding vectors as mucosal adjuvants.

Live-attenuated SARS-CoV-2 vaccines
may also induce mucosal immune responses
and provide a strategy to raise hybrid
immunity without the risk of Long/Post-
COVID. The development of a molecular
SARS-CoV-2 clone based on a bacterial
artificial chromosome (BAC) by Prof.
Ensser’s group (Herrmann et al., 2021,
PMID: 34638527) provides the tool to
generate recombinant SARS-CoV-2 variants
with precise mutations and deletions in the
spike gene (Chen et al., 2023, PMID:
36630998, Zech et al, 2021, PMID:
34824253, Cordsmeier et al., 2023; PMID:
37175863; Yu et al, 2022; PMID:
35455942) or other gene regions (Miiller et
al, 2023, PMID: 37870297; Kim et al.,
2023; PMID: 37676771; Wu et al., 2022,
PMID: 35343786). The groups of Profs.
Gramberg and Ensser have generated a
panel of NSP14, NSP16 and ORF6 deletion
mutants of SARS-CoV-2 that will be
analysed for pathogenicity in a novel human
ACE2 transgenic mouse model developed
by Prof. Winkler in collaboration with Dr.
Thomas” group.

The groups of Dr. Thomas and Prof.
Uberla identified a poorly described ACE-2
receptor-independent cell-cell-fusion
activity of SARS-CoV-2, which was
impaired by Furin Inhibitors or a subset of
monoclonal antibodies (Reuter, Chen et al.,
2023, PMID: 37515187). In collaboration
with  the  Deutsche  Zentrum  fiir
Immuntherapie, the Uberla group has
established a closed cell culture system for
the safe propagation of SARS-CoV-2 under
GMP-like conditions (Klessing et al., 2023,
PMID: 36851610).
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Even with the endemic transition, the
COVID-19 pandemic remains a public
health threat, particularly in the light of
emerging variants of concern (VOCs) and
the need for pandemic preparedness in the
future. Thus, there is still an unmet urgent
need to develop antivirals, which should be
safe, widely available, and broadly acting
against different VOCs of SARS-CoV-2 and
other respiratory viruses. Considering the
time- and cost-consuming path for the
development of new therapeutics, the
evaluation of existing drugs as well as
natural substances for their antiviral activity
represents a fast and promising alternative.

In this context, the group of Prof. Ulrich
Schubert could show that the natural
substances iota-carrageenan, lectin from
triticum vulgaris (WGA), quinine, and
European black elderberry extract exhibit
broad antiviral activity against SARS-CoV-
2 (Morokutti-Kurz et al., 2021, PMID:
33596218, Morokutti-Kurz et al., 2021,
PMID: 34526804; Froba et al, 2021,
PMID: 34947999, Auth et al., 2021, PMID:
34638545, Grofse et al., 2021, PMID:
33918670; Setz et al.,
https://doi.org/10.3390/nutraceuticals30100
07.). In cooperation with Prof. Armin
Ensser, the antiviral activity against various
VOCs was analysed, and it could be shown
that the tested natural substances inhibit the
replication of all VOCs with comparable
ICso  values (Setz et al, 2023,
https://doi.org/10.3390/nutraceuticals30300
25).

Apart from natural substances, Schubert’s
group could also demonstrate an anti-
SARS-CoV-2 activity of specific inhibitors
of deubiquitinating enzymes (Grofle et al.,
2022, PMID: 35891385), the p38 MAP-
kinase inhibitor pamapimod and the
immunomodulatory PPRy-agonist
Pioglitazone (Setz et al., 2022, PMID:
35743273), as well as the
immunomodulatory ~ substance = MP1032
(Schumann et al., 2020, PMID: 33233817).
As part of an EU grant within the Horizon
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2020 program, MP1032 entered a double-
blinded, placebo-controlled, multicentre
clinical trial to determine its efficacy against
SARS-CoV-2 infection. Moreover, the
efficacy of a combinational treatment of
Pamapimod and Pioglitazone as well as
iota-carrageenan has been evaluated in
several clinical trials.

The group of Prof. Thomas Gramberg
used recombinant SARS-CoV-2 viruses,
which were generated in collaboration with
Armin Ensser’s group, to identify the 2°O-
methyltransferase Nspl6 of SARS-CoV-2
as novel Achilles heel of the virus (Russ,
Wittmann et al., 2022, PMID: 36285486).
The group could show that Nspl6 is
essential to avoid detection and restriction
of SARS-CoV-2 by innate immune
mechanisms. Together with researchers in
Bonn and Munich, the group of Thomas
Gramberg was able to target this soft spot in
viral replication with small molecules
directed against the viral and the cellular
enzyme (Bergant et al., 2022, PMID:
35833542).

Prof. Walter Doerfler and coworkers
discovered micro-modular patchy sequence
identity patterns of ~ 45% in the genomes of
SARS-CoV-2 and many even distantly
related organisms (Weber et al, 2020,
PMID: 32979477;  Weber et al., 2021,
PMID: 33931941, Weber et al, 2022,
PMID: 35632627), which could serve as
platforms  for recombination  during
evolution: A characteristic of the four-letter
genetic alphabet?

The group of Prof. Manfred Marschall
and Dr. Friedrich Hahn, supported by the
Uberla and Ensser groups, established and
validated a SARS-CoV-2 Multi-Readout
Assay (MRA) for fast and accurate
quantitation of wviral replication, which
subsequently revealed that inhibitors of
cellular cyclin-dependent kinases are
likewise effective against the pandemic
virus SARS-CoV-2 (Hahn et al, 2021,
PMID: 34578109). This new method has
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been further applied to characterize
approaches implementing novel quinoline
compounds and so called PROTACs for
targeted protein degradation as novel
strategy against SARS-CoV-2 (Herrmann et
al., 2022, PMID: 35043485, Hahn et al.,
2021, PMID: 34884662).

Moreover, the developmental potential of
oligomeric molecules against SARS-CoV-2
was  highlighted by studying the
experimental broad spectrum antiviral
TF27, a derivative of the approved anti-

Research Focus Retroviruses

The research group of Prof. Dr. Thomas
Gramberg focuses on innate immune
responses against viral infections. In
addition to exogenous retroviruses, the
group found that the HIV-restriction factor
TRIMS5a is also active against endogenous
retroelements, such as LINE-1 (Volkmann et
al., 2020, PMID: 32651277, Lagisquet et
al., 2023, PMID: 37180175) and thereby
protects the human genome from access
activity of mobile genetic elements.
SAMHD1 is another important
antiretroviral host factor. Using a SAMHDI1
knockout mouse model and primary human
cells, the Gramberg lab discovered that
SAMHDI1 also blocks the infection of
human and murine Cytomegalovirus (CMV)
by inhibiting the replication of their DNA
genome. Furthermore, they identified the
viral kinase as novel means of CMV to
counteract the restriction, thereby allowing
for infection of its non-dividing target cells
(Deutschmann et al., 2019, PMID:
31548683, Businger et al., 2019, PMID:
31548682).

Microbial translocation is a process by
which gut microbes can migrate into the
blood circulation due to a so-called ‘leaky
gut’ caused by damage of gut tissues as seen
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malarial medication artesunate (Hahn et al.,
2022, PMID: 36678744). Finally, host-
directed approaches to control SARS-CoV-
2  replication pathways have been
successfully investigated by targeting
cellular metabolic pathways, e.g. the de
novo pyrimidine synthesis with the
developmental DHODH inhibitor IMU-838
and cholesterol synthesis by interference
with the cellular nuclear receptor and
transcription factor RORy isoform 1 (Hahn
et al., 2020, PMID: 33291455, Wangen et
al., 2024, PMID: 38056603).

during HIV infection. The work of PD Dr.

Krystelle Nganou-Makamdop and
colleagues dissected the translocated
microbiome by means of sequencing

analysis in people with HIV and identified
mechanisms by which distinct bacterial
species shape immune recovery during
antiretroviral therapy. This work published
in 2021 in the journal Cell opens avenues
for therapeutic interventions in diseases
driving microbial translocation.

The research group of PD Dr. Dr.
Andrea Thoma-Kref} is investigating the
mother-to-child  transmission  of  the
oncogenic  retrovirus  human  T-cell
leukaemia virus type 1 (HTLV-1) via breast
milk as part of a BMBF-funded junior
research group in infection research (Millen
and Thoma-Kress, 2022, PMID: 35360738).
To date, the research group has been able to
identify new host factors and their
regulation that regulate the transmission of
HTLV-1 (Donhauser et al., 2020, PMID:
32997728). In addition, the research group
has been involved in the development of
new designer recombinases directed against
HTLV-1, which are able to excise the virus
from infected cells (Rojo-Romanos et al.,
2023, PMID: 36934299).
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Research Focus Herpesviruses

The response to the SARS-CoV-2
pandemic led the group of Prof. Dr. Armin
Ensser to the development of a bacterial
artificial chromosome (BAC)-based
molecular SARS-CoV-2 (Herrmann et al.,
2021, PMID: 34638527). This allowed the
generation of recombinant SARS-CoV-2
variants with precise mutations and
deletions in the spike gene, opening many
collaborations (Chen et al., 2023, PMID:
36630998, Zech et al., 2021, PMID:
34824253; Cordsmeier et al., 2023, PMID:
37175863, Yu et al, 2022, PMID:
35455942) or other gene regions (Miiller et
al, 2023, PMID: 37870297; Kim et al.,
2023, PMID: 37676771; Wu et al., 2022,
PMID: 35343786). Functional CAR and
BiTE targeting viral glycoproteins were
established for proof of concept studies of T
cell immunotherapy against
Cytomegalovirus in the MCMV system.
Another mainstay of the AG Ensser research
work is the application of NGS for virus
surveillance, discovery and analysis,
including the possibility of 10X based
single cell sequencing and bioinformatic
analysis.

During the last years, the research group
of Prof. Dr. Manfred Marschall has
focused on questions of herpesvirus-host
interaction, which are significant, at the
same time, for the regulation of virus

infection and the pathogenesis as well as the
discovery of antiviral small molecules. In
the center of this interest stood the human
cytomegalovirus (HCMV), which is
clinically most pertinent during pregnancy,
but beyond that also  additional
herpesviruses, and in comparison a number
of non-related human viruses, such as
influenza and coronaviruses. In all cases, the
analyses aimed at the understanding of viral
protein phosphorylation, in the interesting
overlap between kinase activities and
antiviral kinase inhibitors. Highlights of
these investigations thus provided new
insights into the regulation of virus—host
protein complexes, pathogenesis
determination, the viral nuclear egress, and
novel targeting strategies for antiviral drugs.

In the context of the graduate training
program GRK2504, the laboratory of PD
Dr. Frank Neipel is studying humoral
immunity against glycoproteins gpK8.1 and
gH/gl.  of Kaposi sarcoma-associated
herpesvirus (KSHV). The group was able to
generate monoclonal antibodies against
gpK8.1 that neutralize infection in cell
culture. Notably, neutralization by these
antibodies was by far more effective in B-
lymphocytes compared to epithelial cells,
although B-lymphocytes do not express the
cellular receptor for gpK8.1 which has been
identified before by the group.

Research Focus Antiviral Immunity

The lab of Prof. Dr. Michael Mach and
Dr. Marco Thomas has continued their
efforts in isolating and defining the
mechanisms of protective antibodies
(MAbs) directed against HCMV
glycoproteins  that are essential for
attachment (gM/gN), receptor binding
(gH/gL-containing complexes) or fusion
(gB). In order to dissect the cell membrane
fusion activity of viral fusogens like HCMV
gB or SARS-CoV-2 spike in further detail,
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they have established assays that allow for
the automated quantification of fusion. The
obtained results revealed that only a subset
of neutralizing MAbs blocked fusion, thus
arguing for differential modes of action of
neutralizing MAbs. The current focus of the
lab is to assess the in vivo protective
capacity of these MAbs and to decipher
their modes of action in the MCMV
infection model.
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Vaccination is the most effective method
to achieve long-term protection against
infectious diseases. The aim of PD Dr.
Vladmir Temchura’s group is to contribute
to the development of innovative
vaccination strategies. Nanoparticle
vaccines are a novel type of vaccines that
can be composed of various materials like
lipids, polymers or other inorganic
molecules. Numerous studies indicate their
potential to enhance immune responses
against a broad spectrum of infectious
diseases. The intrinsic properties of
nanoparticles, in synergy with
advancements in genetic and biochemical
modification techniques, empower
nanoparticle-based ~ vaccines as  an
innovative and adaptable approach for
rational vaccine design. The laboratory is
currently working on the following main
types of nanoparticles: biodegradable
inorganic calcium phosphate nanoparticles,
T helper liposomes and HIV-derived virus-
like nanoparticles.

Prof. Dr. Matthias Tenbusch's research
group is working on the development of
new vaccination strategies against viral
respiratory tract infections. The particular
focus is on the induction of local immune
responses at the entry sites of the viruses,
the mucosal surfaces of the respiratory tract.
In various animal models of infections with
Influenza A viruses or respiratory syncytial
virus (RSV), the research group was able to
show that mucosal vaccination is an
important prerequisite for the development
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of local antiviral IgA antibodies as well as
for tissue-resident memory T cells. By the
use of genetic adjuvants, such as
interleukin-1B encoding vectors, or in
combination with systemic vaccinations in
heterologous ~ immunization  regimens,
mucosal vaccines have been further
optimized in the last five years. The
immune responses induced in this way
provide effective  protection  against
subsequent infections with various influenza
strains or with RSV. In the case of RSV, the
protective effect of mucosal vaccination is
even higher than that of natural immunity
acquired through a previous primary RSV
infection. On the one hand, this work shows
the enormous potential of mucosal
vaccination strategies, but also the need for
further optimization for translation for the
use in humans.

The lab of Prof. Dr. Klaus Uberla is
interested in improving vaccine responses to
HIV using viral particulate vaccines and the
concept of intrastructural help. By
incorporating T helper cell epitopes in the
core of virus-like particles, T follicular
helper cells specific for these epitopes can
promote B cell responses to HIV Env
coupled to the surface of the virus-like
particles. In addition, the lab explores in an
HIV non-human primate model, whether
monoclonal antibodies can prevent infection
of the very first cells under neutralizing and
non-neutralizing conditions. Currently, the
lab is exploring whether intrastructural help
can improve mucosal antibody responses.

23



Forschungsgruppen/Research Groups

). Forschungsgruppen des Instituts
Research Groups of the Institute

Oncogenic Rhadinoviruses and Pathogen Discovery

Armin Ensser

Phone +49 (0)9131 85 32104 (Office)
+49 (0)9131 85 36494 (Lab)

Fax: +49 (0)9131 85 36493

E-mail: armin.ensser@fau.de

Investigators

Armin Ensser, Prof. Dr. med.
(Principal Investigator)

Arne Cordsmeier, Dr. rer. nat.
Christopher Bednar, M.Sc.
Sabrina Kiibel, M. Sc.

Manuel Herrmann, cand.med.
Hanna Menschikowski, cand.med.
Doris Jungnickl, Technician
Brigitte Scholz, Technician

Associated members/ Alumni:

Florian Full, Dr. rer. nat.
Alexandra Herrmann, Dr. rer. nat.
Marius Wrage, Dr. rer. nat.
Stephanie Walter, PhD student

24

Antiviral Immunotherapy against the
human Cytomegalovirus. This research
builds on our development of the first
CMV-specific CAR (Full et al, 2010;
Bednar & Ensser, 2021). We continue this
project, which started in a longstanding
cooperation with the group of Prof.
Wolfgang Holter and PD Dr. Manfred
Lehner, St. Anna Children’s Hospital and
Children’s Cancer Research Institute,
Vienna, within the research training grant
GRK2504 project B6. Here we seek proof
of concept for antiviral therapies with
chimeric antigen receptors in the murine
model and mouse CMV (MCMV)
(Cordsmeier, 2023b) using novel sensors for
T cell mediated cytotoxicity (Bednar, 2023).
We are also developing bispecific reagents,
based on an earlier cooperation with the
biopharmaceutical company Amgen on
BiTE®-based immunotherapies for CMV
infection (Brey et al., 2018; Menschikowski
et al., 2024), for the MCMV model.
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To efficiently replicate within a host cell
viruses have to circumvent intrinsic immune
barriers. This includes avoiding recognition
(sensing) by specific receptors and
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counteracting or evading antiviral inhibitory
mechanisms within the cell. The research of

our laboratory focuses on the innate
immune response to viral infections and
mobile genetic elements. We are interested
in understanding how intrinsic immune
factors sense, signal, and block the
replication of retroviruses as well as other
DNA- and RNA-viruses and by which
means these restrictions are counteracted by
viruses. In addition to exogenous viruses,
we are asking how endogenous retroviruses
and mobile genetic elements are recognized
and controlled by intrinsic immune factors

and how these interactions prevent
autoimmunity, inflammation, and
tumorigenesis.

The antiretroviral restriction factor
SAMHDI1. The SAM and HD domain-
containing protein 1 (SAMHD]1) is a dNTP
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triphosphohydrolase that plays a crucial role
in a variety of different cellular functions.
Besides balancing intracellular dNTP
concentrations, facilitating DNA damage
repair, and dampening excessive immune
responses, SAMHDI1 has been shown to act
as a major restriction factor against various
virus species. In addition to its well-
described activity against retroviruses such
as HIV-1, SAMHDI has been identified to
also reduce the infectivity of different DNA
viruses such as the herpesviruses CMV and
EBV, the poxvirus VACV, or the
hepadnavirus HBV. While some viruses are
efficiently restricted by SAMHDI1, others
have developed evasion mechanisms that
antagonize the anti-viral activity of
SAMHDI.

The viral kinase M97 counteracts the
in vivo restriction of murine
cytomegalovirus by SAMHDI1. Human
cytomegalovirus belongs to the herpesvirus
family and is of great clinical importance,
especially  during pregnancy or in
immunosuppressed  patients such  as
transplant recipients. Although the antiviral
activity of SAMHD1 towards DNA viruses
has been demonstrated, the role of
SAMHDI during cytomegalovirus (CMV)
infection remains elusive. To determine the
impact of SAMHD1 on CMV replication,
we used murine CMV (MCMV) to infect
our previously established SAMHDI KO
mouse model and found that SAMHDI1
inhibits MCMV replication in vivo. We
report that murine CMV has evolved a tool
to counteract SAMHD1 and employs a
novel mechanism to inactivate the
restriction factor. By comparing MCMV
replication in vitro in myeloid cells and
fibroblasts from SAMHD1 KO and control
mice, we found that the viral kinase, M97,
actively counteracts SAMHDI1 by inducing
its phosphorylation at the regulatory residue
threonine 603, thereby inactivating
SAMHDI. The phosphorylation of
SAMHDI in infected cells correlated with a
reduced dNTP hydrolase activity and the
loss of viral restriction. In addition, we
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showed for the first time that SAMHDI acts
as a bona fide restriction factor against a
naturally occurring virus in vivo. Using our
previously established SAMHD1 KO mouse
model, we found that SAMHD1 blocks the
in vitro and in vivo replication of murine
CMV, the well-established model for the
human pathogen HCMV. Together, we
demonstrate that SAMHDI1 acts as a
restriction factor in vivo and identify the
M97-mediated phosphorylation of
SAMHDI1 as a so far undescribed viral
countermeasure. Our findings explain how
CMV is able to replicate in its target cells
and demonstrate the importance of the
inactivation of SAMHDI by the viral kinase
for in vivo replication, which makes the
MO97-mediated inactivation of SAMHDI1 an
attractive drug target.
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TRIMSa blocks and senses LINE-1
retroelements. We found that the host
factor TRIMSa senses and restricts LINE-1
retroelements. Previously, TRIMSa has
mainly been described as antiretroviral
restriction factor. Most notably, rhesus
TRIMS5a is well-known to efficiently block
HIV-1 replication, while human TRIMSa is
less active. Surprisingly, we found that both
human and rhesus TRIMS5a efficiently
repress human LINE-1 retrotransposition.
TRIMS5a interacts with LINE-1
ribonucleoprotein ~ complexes in  the
cytoplasm, which is essential for restriction.
In addition, we found that TRIMS50. induces

f dNTPs
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Human cytomegalovirus (HCMV) is an
important, ubiquitously occurring, human
pathogen in immunocompromized hosts.
The virus can cause severe disease in
transplant recipients. In large parts of the
world, HCMV is also the most common
viral infection acquired in utero. In the USA
and Europe an estimated 0.2% -1.2% of all
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live born infants are infected with HCMV
and 5-15% of these babies develop long
term sequelae resulting from congenital

infection. As a consequence of the
importance of congenital HCMV infection
for public health, the Institute of Medicine
at the National Institutes of Health (NIH),
USA, has ranked the development of an
HCMYV vaccine as a top priority. A major
obstacle for the development of a vaccine is
a lack of knowledge of the nature and
specificities of protective responses that
should be induced by the vaccine. HCMV is
a complex virus containing numerous
antigens within the viral envelope that could
be targets for protective antibodies. The
fusogen glycoprotein B (gB) and/or the
heterodimeric gH/gL which are components
of the receptor binding trimeric (gH/gL/gO)
or pentameric (gH/gL/UL128,130,131A)
complexes are important targets for
neutralizing antibodies and hence interesting
molecules for intervention strategies such as
vaccination or passive immunotherapy. The
main research areas of our lab are:
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Uncovering novel neutralizing epitopes
on cytomegaloviral glycoproteins

To extend the knowledge of mechanisms of
virus neutralization, monoclonal antibodies
(mAbs)  were  generated  following
immunization of mice with HCMV.
Hybridoma supernatants were screened for
in vitro neutralization activity, yielding
three potent mAbs, 6E3, 3C11, and 2B10
(Figure 1). MAbs 6E3 and 3C11 blocked
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infection of all viral strains that were tested,
while mAb 2B10 neutralized only 50% of
the HCMV strains analyzed. The strain-
specific determinant for neutralization by
mAb 2B10 was identified as a single
Met/lle amino acid polymorphism within
gH, located within the central part of the
protein. The polymorphism is evenly
distributed among described HCMYV strains.
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Figure 1. Antibody binding sites on HCMYV gH, including the novel antigenic
determinant of mAb 2B10. Known binding sites of gH-specific antibodies isolated from
mouse (AP86-SA4, 14-4b, as well as 6E3, 3C11, and 2B10), and human (13H11, 11B12,
MSL-109, and 3G16) are indicated with their respective epitopes within the ribbon model
of gH (gray) complexed with gL (wheat) as deduced from Chandramouli et al., 2017
(PDB ID 5VOB). Right: Detailed presentation of the 2B10 epitope, rotated 90 degrees
around the vertical axis relative to its orientation in the left panel. Amino acids crucial for
2B10 binding are highlighted in red, and Met in yellow. (Modified from Thomas M., et

al., J Virol. 2021.)

Thus, the 2B10 epitope represents a novel
strain-specific antibody target site on gH of
HCMV. The dependence of the reactivity of
2B10 on the simultaneous presence of
gB/gH/gL will be of value in the structural
definition of this tripartite complex. The
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2B10 epitope may also represent a valuable
tool for  diagnostics to  monitor
infections/reinfections with different
HCMV strains during pregnancy or after
transplantation.
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Define the capacity of antibodies to against both glycoprotein B and H (gB and
limit cell-associated spread of HCMV gH) could significantly inhibit viral plaque
In vivo HCMV spreads cell-to-cell. Thus, expansion of diffgrent .HCMV strains aqd

was equally efficient in fibroblasts as in
epithelial cells (Figure 2). In contrast, an
anti-pentamer mAb was active only in
epithelial cells. Taken together, our data
demonstrate that specific anti-HCMV mAbs
can significantly limit cell-associated virus
spread in vitro. A better understanding of
the target epitopes targeted by antibodies
that  block  cell-associated ~ HCMV
transmission will likely be of great
importance in the design of improved
vaccine or therapeutic antibodies for
prophylaxis and treatment of HCMV

quantifying the inhibition of cell-to-cell
transmission could be important in the
evaluation of therapeutic antibodies and/or
humoral responses to infection or
immunization. We established a quantitative
plaque reduction assay, which allowed for
the measurement of the capacity of
antibodies to limit HCMV spread in vitro.
Using an automated Fluorospot reader,
infection progression was assayed by the
expansion of viral plaques during the course
of infection with various GFP-expressing
viruses. We found that in contrast to non-
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Figure 2. Neutralizing antibodies limit cell-associated spread of HCMYV in epithelial cells and fibroblasts.
HFFs were infected with HCMV strain Towne. After 24 h, medium was replaced by agarose overlay medium
containing the antibodies (50 pg/mL) or BSA, respectively. Starting at 4 dpi, images were captured by a
Fluorospot reader and used for automated quantification of the mean plaque size (1E-3 Sq.mm, numbers in the
upper left corner) of all fluorescent spots (numbers in the lower right corner). (b) Bar graphs of the mean plaque
sizes at 9 dpi. (c) Capacity of the indicated mAbs to reduce the mean plaque size (in % relative to the no
antibody control at 4 dpi) following infection of HFF or ARPE cells with strains TB40/E or TR. Red, not
significant (<30%); yellow, significant (30-49%); green, highly significant reduction (>50%); n.d., not
determined. (Modified from Reuter et. al., Viruses, 2022.)
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Obtain molecular insights into the
fusion process of HCMV-gB or SARS-
CoV-2 spike protein

One main interest of our lab is to define
the mechanisms of protective antibodies
against the fusion protein gB of HCMV.
By utilizing a panel of virus-neutralizing
gB-specific monoclonal antibodies
(MAbs), it was demonstrated that
syncytium formation of an intrinsically
fusion-active gB/VSV-G chimera was
inhibited by only a subset of neutralizing
MAbs, which target a distinct antigenic
domain of gB. This observation argues for
differential modes of action of HCMV
neutralizing anti-gB MADbs and suggests
that blocking the membrane fusion
function of gB could be one mechanism of
antibody-mediated virus neutralization.

Like HCMYV, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
spreads efficiently cell-to-cell through
mechanisms facilitated by its glycoprotein
spike. In order to dissect the cell
membrane fusion activity of spike in
further detail, we established a dual split
protein  (DSP) assay based on
complementation of GFP and luciferase, to
quantify the fusogenic activity of the viral
fusion proteins (Figure 3). We provide
several lines of evidence that the spike
protein of SARS-CoV-2, but not SARS-
CoV-1, induced cell—cell fusion even in
the absence of its receptor, angiotensin-
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converting enzyme 2 (ACE2).This poorly
described ACE2-independent cell fusion
activity of the spike protein was strictly
dependent on the proteasomal cleavage of
spike by furin, while TMPRSS2 was
dispensable. Previous and current variants
of concern (VOCs) differed significantly
in their fusogenicity. The Delta spike was
extremely potent compared to Alpha, Beta,
Gamma and Kappa, while Omicron spike
was almost devoid of receptor-independent
fusion activity. Nonetheless, for all
analyzed variants, cell fusion was
dependent on furin cleavage and could be
pharmacologically inhibited with CMK.
Mapping studies revealed that amino acids
652-1273 conferred the ACE2-
independent fusion activity of spike.
Unexpectedly, residues proximal to the
furin cleavage site were not of major
relevance, whereas residue 655 critically
regulated fusion. Finally, we found that
spike’s fusion activity in the absence of
ACE2 could be inhibited by antibodies
directed against its N-terminal domain
(NTD) but not by antibodies targeting its
receptor-binding domain (RBD). The DSP
assay allows screening for inhibitors or
antibodies that interfere with the fusion
process and may therefore contribute to
both rational vaccine design and
development of novel treatment options
against the human pathogenic viruses
SARS-CoV-2 or HCMV.
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Figure 3. Dual split protein (DSP) assay for the automated quantification of cell-cell fusion. (a) Scheme of
the DSP assay. (i) HEK293T cells were transduced with lentiviruses coding for split chimeric reporter
proteins composed of GFP and Renilla Luciferase (RLuc), resulting in DSP1-7 and DSP8-11 cells, that were
mixed in a 1:1 ratio. (ii) Co-cultured DSP cells were transfected with plasmids encoding diverse viral fusion
proteins either alone or in combination with a plasmid coding for their corresponding receptor. Membrane
fusion was quantified by detection of recovered GFP-fluorescence and/or bioluminescence upon RLuc-
mediated cleavage of EnduRen. (iii) The DSP assay was used to identify monoclonal antibodies and
inhibitors which block viral glycoprotein-mediated cell-cell fusions. (b) Automated quantification of the GFP
counts (numbers in the left corner) using a CTL-Fluorospot reader. (c) Validation of the assay via
transfection of 293T-DSP-mix cells with gB of human cytomegalovirus (HCMV) (panel b) or the
intrinsically fusion-active derivative gB/VSV-G (panel c¢). The GFP counts measured by the Fluorospot
reader (upper left corner of the immunofluorescence images) are diagramed as a column chart. (Modified
from Reuter and Chen et al., Viruses, 2023.)

Identification of antibody signatures as
predictors for HCMYV disease and
transmission

HCMV primary infection, reactivation, or
reinfection can hardly be discriminated and
predictions for the risk of HCMV
transmission and likelihood to progress to
disease cannot be made. Our aim is to
identify HCMV antibody signatures induced
by various HCMV antigens that might serve
as predictors for HCMV disease and
transmission. As an alternative to
inactivated virus particles, recombinant viral
proteins are increasingly being used as
antigens for serological test methods.
However, their coupling to surfaces require
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complex development and validation work.
A variable that is difficult to control is the
spatial orientation and presentation of the
proteins immobilized on the surfaces used.
Specific hetero-dimerizing peptide tags, so-
called coiled-coils (Bind &  Bite
technology), offer a clear improvement.

For this, heterodimers of two peptides with
K-coil or E-coil are formed and can be
stabilized by covalent coupling. Various
structural and non-structural HCMV
antigens were cloned for prokaryotic or
eukaryotic expression in-frame to a C-
terminal K-coil-tag. Via cooperation with
our industry  partner  Virion\Serion
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(Wiirzburg, Germany), we were able to
purify recombinant HCMV proteins via
Bind & Bite technology with E-coil-coupled
paramagnetic beads from crude cell lysates
(Figure 4). As a proof-of-principle, antigen-
loaded magnetic beads were incubated with
HCMV-positive sera and stained with a PE-
labeled secondary antibody to determine the
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IgG/IgM-specific antibody responses. As
these pilot experiments successfully
reconfirmed the seropositive individuals, the
set of analyzed HCMV antigens is currently
extended, as it will be for the IgG-subclass-
specific antibody responses and FcR-
binding capacity of the respective sera.
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Figure 4. Experimental setup for the detection of antigen-specific antibody signatures. (I) (a)
paramagnetic fluorescent beads loaded with E-coil peptides are coupled via Bind & Bite technology with (b)
HCMV antigens fused with a C-terminal K-coil-tag. (IT) (c) Antigen-coupled beads are (d) incubated with
human sera followed by (e) incubation with PE-coupled secondary antibodies. (f) The antigen-specific
antibody responses are determined by FACS and/or Luminex assay.

Characterization of the mechanisms of
protection in vivo

Using murine cytomegalovirus (MCMYV) as
a model system, we could demonstrate that
adoptive transfer of antibodies can protect
immunodeficient RAG-/- mice from the
lethal course of  MCMV-infection.
Strikingly. in vivo protection was not
directly correlated to the transfer of virus-
neutralizing activity, since (i) mAbs without
neutralizing activity in vitro can provide
protection in vivo (Bootz et al., 2017), and
(i) Fcy-receptor-deficient RAG-/- mice
could not be protected by antibodies,
indicating a decisive role for Fc-mediated
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effector functions for the protection. To
characterize the protective mechanism of
mAbs, we have generated an extensive set
of neutralizing (nt) and non-neutralizing
(nnt) mAbs expressed as different IgG
subtypes with or without Fc-mutations that
enhance or diminish the capacity of binding
to Fcy-receptors or complement. The
potency of these mAbs is currently analyzed
by monitoring infection in immunodeficient
RAG-/- mice infected with a luciferase-
expressing MCMV-strain. Taken together
this project assesses the mechanisms of
protection facilitated by antibodies as the
basis for a rational vaccine design against
HCMV.
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Introduction. The human
cytomegalovirus (HCMV) is a major
opportunistic pathogen of humans with a
worldwide distribution. Primary infection
with HCMV in persons with a normal
immune system is generally mild or
asymptomatic. However, HCMV frequently
causes systemic disease with severe clinical
consequences in  immunocompromised
persons and in the situation of congenital
infection during pregnancy (cCMV). Most
of the currently available anti-HCMV drugs
face limitations in terms of unwarranted
side-effects and the induction of drug
resistance. Thus, the development of novel
anti-HCMV  drugs, and similarly also
broader-acting antiherpesviral drugs, is
urgently required. For this, protein kinase
inhibitors proved to be highly interesting
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drug candidates, as both cellular and
herpesviral protein  kinases represent
important determinants of viral replication
and pathogenicity.

The research concept of the group is
focused on the following topics:

Functional and structural characterization
of the HCMV protein kinase pUL97
Cross-talk  between herpesviral and
cellular kinases
Nuclear egress of HCMV and other
herpesviruses
Cyclin—kinase complexes modulated
by viral infection
Virus-host protein assemblies as
factors of viral pathogenesis
Drugs, targets/kinases, and mechanisms:
new antiviral strategies

Functional and structural analysis of
the cytomegalovirus-encoded protein
kinase pUL97. In general, herpesviral
protein kinases are important determinants
of the efficiency of viral replication. They
fulfill a number of regulatory functions by
phosphorylating both viral and cellular
proteins. Specifically, the pUL97 kinase of
HCMV is the prototype of the UL-
subfamily of herpesviral serine/threonine-
specific protein kinases (distinct from the
HSV-1 US-subfamily). An analysis of the
structure—activity relationship of pUL97 and
homologous kinases of other herpesviruses
resulted in the definition of the kinase
domain, the mapping of functionally
important regions and the identification of
phosphorylated substrates. Experimental
settings to reveal the 3D structure of pUL97
are presently performed, including both
approaches of structural biology and
bioinformatics. As an important functional
feature of pUL97, we demonstrated that this
kinase is expressed in three isoforms arising

from alternative translational initiation.
Catalytic activity, including
autophosphorylation and substrate
phosphorylation, proved to be

indistinguishable for the first two isoforms
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(M1 and M74), while the third isoform
(M157) comprised functional differences. In
particular, the interaction and
phosphorylation of viral substrate proteins
was less efficiently performed by the
smallest isoform M157. These findings
were substantiated by the analysis of
recombinant HCMVs expressing individual
pUL97 isoforms.

The term 'vCDK': herpesviral
orthologs of host cyclin-dependent
kinases. A very relevant consequence of the
investigations of herpesviral kinases was the
recognition of similarities with cyclin-
dependent kinases (CDKs) of the host cell.
As mainly based on findings reported for
the HCMV-encoded protein kinase, four
lines of evidence created the new term of
vCDK/pUL97. First, a report of our group
described the structural similarity between
pUL97 and CDKs. In the absence of any
crystallization-based structural information
about herpesviral kinases, the bioinformatic-
driven structural modeling revealed a
number of comparable features, when using
known 3D structures of host CDKs as
modeling templates. Second, the use of a
CDK-depleted yeast mutant revealed a
partial functional complementation by
heterologous overexpression of the viral
pUL97. Third, the identification of
phosphorylated substrates pUL97 more and
more revealed that these contain typical
CDK substrates, such as retinoblastoma
protein, nuclear lamins A/C, and others.
Finally, our closer investigations of host
protein interaction of HCMV pUL97
provided evidence that human cyclins, in
particular types H, T1 and BI, represent
specific binding partners. Taken together,
these properties pointed to the classification
of pUL97 and related herpesviral kinases as
vCDKs.

The regulatory importance of protein
kinases for cytomegalovirus nuclear
egress. The role of pUL97 within the
HCMV replication cycle is manifested in
several different stages, including viral
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interference appear possible. It should be
emphasized that we already identified the
first prototypes of NEC-inhibitory small
molecules, such as merbromin (MBM;
Figure 3), ibrutinib (IBM), LDC599, and
others. Along with the characterization of
these new core NEC inhibitors, we
recognized that the property of covalent
target binding of compounds proved to be
highly advantageous for the efficacy of PPI
inhibition. Therefore, the study of these
covalent binders, termed ‘'warheads',
recently attracted our closer interest. The
mechanistic analyses of warheads, either
directed against NEC, kinases or other
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ongoing. Moreover, an indirect NEC-
associated  prototype  inhibitor = was
characterized with maribavir (MBV). This
drug is directed to the viral kinase pUL97,
which is a crucial codeterminant of NEC
regulation, so that MBV exerts a strong
nuclear egress-inhibitory activity. MBV has
recently been clinically approved as the only
kinase inhibitor within the entire field of
antiviral therapy.
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Figure 3. Summarized depiction of the mechanistic properties of prototypic NEC-inhibitory small
molecule merbromin (MBM). (A) Chemical structure of merbromin (MBM). (B) MBM disrupts the
localization of pUL53 on the nuclear rim. (C) The interaction of HCMV core NEC proteins, pUL50—
pULS3, decreases in the presence of higher concentrations of MBM. (D) The localization of the
cytoplasmic viral assembly complex (cVAC) is dispersed after treatment with MBM.
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cellular protein kinases is

particularly interesting. In the case of
HCMV, the specific interaction between
viral proteins and cellular protein kinases,
especially cyclin-dependent protein kinases
(CDKs), is presently investigated. The
identification of regulatory consequences of
such interactions will define novel aspects
of virus-host cell interaction. Our recent
data confirmed previous reports that CDK
activity = modulates  the intracellular
localization of the HCMV nuclear
regulatory protein pUL69. CDK inhibitors
induce a nuclear speckled aggregation of
pUL69 in HCMV-infected fibroblasts.
Moreover, experimental data proved a direct
protein interaction between pUL69 and
CDKY/cyclin T. Interestingly, we identified
that the phosphorylation of pUL69 can be
mediated through cellular CDK as well as
viral pUL97 kinase activities. This finding
supported the current postulate that pUL97
represents a viral CDK ortholog. We
identified additional interactions between
pUL97 and human cyclins of types T1, Bl
and H (Figure 4).

As a specifically important aspect, the
demonstration of pUL97-cyclin complexes

by biochemical settings (ColP), mass
spectrometry-based proteomics and
bioinformatic =~ modeling  (Figure 5)

addressed novel questions of regulatory
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consequences of the cyclin-associated viral
kinase pUL97. Our concept suggests that
the cyclins bound to pUL97 may recruit

substrate proteins and may reinforce
preferential events of pUL97-mediated
substrate  phosphorylation. =~ Mutational

analysis is presently performed and a ColP-
based interactomic analysis of pUL97 site-
directed replacement and deletion mutants
carrying putative defects in cyclin
interaction refined our insight into the
underlying regulatory details. Specific
findings of the ongoing investigations are:
(1) pUL97 interacts with cyclins Bl and H
in a manner dependent on pUL97 kinase
activity and phosphorylation or HCMV-
specific cyclin modulation; (i) pUL97-
mediated in vitro phosphorylation of cyclins
is measurable for type B1 but not H, and no
evidence is provided for mutual
transphosphorylation between pUL97 and
CDK7; and (iii) a cyclin T1/H-mediated
bridging mechanism of pUL97 self-
interaction is supported by current data.
Concerning our approaches to define the
functional relevance and molecular mode of
interaction between pUL97 and human

cyclins, we recently identified the
following: ) vCDK/pUL97—cyclin
interaction was found conserved in all
analyzed HCMV mutants, and viral
replication fitness was almost
indistinguishable  from  wildtype; (i)
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deletion mutagenesis helped to map the
interface 2 (IF2), the deletion of which
resulted in a loss of interaction with cyclins
T1 and H (but not B1), as well as a severely
impaired viral replication efficiency; (iii)
upon IF2 deletion, pUL97 kinase activity
was significantly reduced, thus proving the
functional importance of the pUL97—cyclin
interaction; (iv) knock-out and knock-down
experiments confirmed the importance of
cyclin H as a major determinant of HCMV
replication efficiency; (v) a quantitative in
vitro kinase assay (qSox-IVKA) showed a
significant increase of pUL97 kinase
activity proportionally with the presence of
cyclin H; and (vi) biochemical and
bioinformatic analyses demonstrated a
ternary complex vCDK/pUL97-cyclin H—
CDK7 (Figure 5), which (vii) enables a
transstimulation of CDK?7 through pUL97
(but not vice versa). As a consequence of
these investigations, a first covalently
binding compound that inhibited the
pUL97—cyclin H interaction was identified
with potent anti-HCMV activity, pointing
towards another novel antiviral targeting
strategy (Figure 6)

Figure 6. Scheme summarizing the regulatory
characteristics of HCMV-specific vCDK/pUL97—
cyclin interaction. Detailed explanations are given
in the text.

ayclin H

Figure 5. Structural model of the putative cyclin
H-bridged interaction between pUL97 and CDK7.
(A) Model of the binary CDK7-cyclin H complex.
(B) Model of the binary pUL97-cyclin H complex.
Both models were generated based on the
homologous CDKO9-cyclin  T1 complex crystal
structure using the strategy described before and
revealed the canonical interaction via the large
globular domain interfaces. The globular domain
interfaces shown in (A) and (B) are overlapping and
thus only one partner can interact with cyclin H via
this interface. (C) Model of a putative ternary CDK7-
cyclin H-pUL97 complex, in which the long
unstructured N-terminal region of pUL97 is supposed
to interact with cyclin H via an alternative binding
motif or interface. A yellow star denotes a yet
undefined modification of cyclin H induced by the
HCMV-specific infectious environment that is
required for pUL97 binding.
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Figure 7. Specific features of our current investigation of antiviral drug synergy, based on the combination
treatment between inhibitor of vCDK/pUL97 (maribavir) and host CDK7 (LDC4297).

In addition, even more host CDKs have
been characterized as coregulators of
herpesviral replication by studies of our
group and further investigators. Currently,
we are performing a characterization of the
interaction patterns and regulatory roles of
individual CDKs (most of all CDK7) during
HCMYV infection of human fibroblasts and
other cell types. Especially, CDKs and
further protein kinases that possess
importance for the replication of HCMV as
well as other herpesviruses have been
considered as potential antiviral drug
candidates. In this regard, it appears
promising that our current in vitro and also
first in vivo data have proven the high
antiviral efficacy of inhibitors of virus-
relevant CDKs. In particular, a highly
potent and selective inhibitor of CDK7,
LDC4297, exerts a broad and effective
antiviral activity. Interestingly, quantitative
approaches of combination treatments
identified statistically significant drug
synergy levels between inhibitors of CDKs
(LDC4297 and others) and vCDK/pUL97
(MBV  and others). A  mechanistic
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investigation of the synergy between these
drugs pointed to specific advantages of this
combination strategy (Figure 7), namely (i)
a reduction of effective drug dosages, (ii) a
novel kinase-based antiviral mode of action,
and (iii) an improvement in drug resistance
barriers. According to our current state of
investigations, we are describing the further
development of enhanced derivatives of
parental CDK?7 inhibitor, LDC4297, namely
QRS compounds with the ability to
covalently bind to this host target. Through
this modification, an enhancement of anti-
HCMV efficacy in vitro has been improved
into the picomolar range of drug
concentrations. Combined, these findings
may be highly beneficial for the
development of novel broad-spectrum
antiherpesviral drugs.

Virus-host protein interactions:
impact on cellular signaling and viral
pathogenesis. It is an established concept
that cytomegalovirus infection (or similarly
infections with many other human
herpesviruses) induce a cellular program of
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signaling that is characterized by the
induced expression and activity of a variety
of cellular protein kinases. This kind of
upregulated signaling program provides a
fingerprint, individually reflecting the
parameters of replication and pathogenesis
of a single virus (virus-specific cellular
signaling, VSS). In case of HCMV, we
established a novel approach of kinome
profiling that suggests an important role of
specific cellular protein kinases for viral
replication. Experimental inhibition of such
kinases showed a significant reduction,
whereas inhibition of other kinases led to an
activation of HCMV replication.
Furthermore, analysis of the mode of action
of those kinase inhibitors exerting antiviral
activity (VSS inhibitors) suggested a
substantial benefit for the efficiency of viral
replication at the immediate early or early-
late phases of HCMV gene expression.
Interestingly, an ongoing comparative
analysis of kinase patterns induced by
various herpesviruses (as representatives of
the alpha-, beta- and gamma-herpesvirus
subfamilies) indicated partly conserved
events of kinase/signaling upregulation and,
for other kinases, virus-specific differences.
Thus, our combined data provide new
information on host cell kinases involved in
viral replication and revealed potential
targets for future diagnostic or antiviral
proceedings.

The latter aspect is also addressed by our
long-term analysis of the antiviral mode of
the broad antiinfective drug artesunate.
Several experimental findings demonstrated
an important point of the antiviral activity of
artesunate (ART), i.e. its interference with
NF-«B-specific signaling. A direct binding
of artesunate to NF-kB p65 is strongly
suggested by our data. As an additional
mechanistic information arising from our
mass spectrometry-based proteomic studies
of drug binding (using linker-coupled
versions of artesunate compounds), ART
and related drugs are able to bind a number
of additional regulatory host proteins, such
as mitochondrial regulators, a nuclear export
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factor, and others. Thus, a multifactorial,
host-directed mode of antiviral action is
strongly supported by these findings.
Notably, the enhanced anti-HCMV activity
of synthetic artesunate dimers, trimers and
hybrid molecules (cooperation with the
group of Svetlana B. Tsogoeva) recently
opened promising novel perspectives, not
only in antiviral research, but also in the
mechanistic analysis of HCMV specific
cellular signaling. Importantly, the antiviral
efficacy of artesunate compounds increased
with the degree of multimerization
(trimers>dimers>monomers).  Also, the
functional validation of these drug features
and target proteins postulates a regulatory
link between mitochondrial activity and the
efficiency of HCMYV replication.

As another highly attractive point of virus—
host protein interaction, we identified the
unique role of Pinl in HCMV replication.
Pinl is a prolyl cis/trans isomerase that
converts the conformational cis/trans
changes of substrate proteins. Although
Pinl target sites are represented by proline
residues (recognized by the Pinl WW
domain), the substrate docking of Pinl is
strongly enhanced through the presence of a
phosphorylated serine residue (contained in
the pSer/Thr-Pro binding motif). This
phospho-dependent mode of Pinl activity
has been demonstrated for the cellular
substrate lamin A/C, in which pSer22
determines the rate-limiting step in Pinl-
mediated isomerization. The resulting
conformational change is a hallmark in the
HCMV-specific rearrangement of the host
nuclear lamina to facilitate viral nuclear
egress. Beyond that, the interaction between
Pinl and viral proteins has also been
reported by several researchers including
our group. In the case of HCMV, a Pinl-
binding activity has been proven for pULS50,
pUL69 and pUL44. Hereby, the phospho-
specificity of Pinl binding, as determined
by threonine residues T45 and T84 appeared
particularly striking. Thus, the regulatory
role of Pinl interaction with pUL44, acting
as the processivity factor of viral DNA
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polymerase, is in the focus of our ongoing
research.

Experimental development of
antiherpesviral drug candidates based on
protein kinase inhibitors. Considering the
current repertoire of approved
antiherpesviral drugs, it appears striking that
the vast majority is provided by direct-
acting antivirals (DAAs). This may have
practical reasons in the history of antiviral
drug development, since the strategy was
originally derived from the early recognition
of virus-encoded targets and target
structures that are unique or differ from
their host orthologs. DAAs have been
proven to be clinically highly expedient,
their achievements and benefits in
treatment, however, can be strongly limited.
In particular with long-term therapeutic or
prophylactic treatments, the induction of
viral drug resistance, or unwarranted side-
effects. For these reasons, an additional
characterization of host-directed antivirals
(HDAs) is presently aspired. Host-directed
drugs, in particular when recognizing
pathogenesis-related mutants of target
proteins, have been greatly successful in
areas spanning the treatments of tumor,
metabolic, infectious, and inflammatory
diseases. However, within the field of
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antiviral therapy, this topic misses in-depth
experience, since only quite few HDAs have
been clinically approved and utilized in
therapeutic settings thus far.

Considering anti-HCMV drug targeting
options, both DAAs and HDAs have been
analyzed in more detail during the last
decades  (Figure 8). Hereby the
cytomegaloviral kinase pUL97 has been
validated as a target enzyme for novel
antiviral drugs, with maribavir (MBV) as
the first kinase-directed DAA that has
recently been approved. This targeting
strategy seems particularly interesting due
to the fact that pUL97 has already been an
essential part of conventional antiviral
therapy for a long time, as it carries out a
pacemaker phosphorylation reaction on
ganciclovir and related nucleoside analogs.
For developmental works of the pUL97-
directed antiviral strategy in our own group,
quantitation systems for pUL97 kinase
activity have been established, thereby
leading to the identification of novel
chemical classes of compounds
(quinazolines, indolocarbazoles, benzimi-
dazoles, others) that inhibit the pUL97
kinase activity. Hereby, it was shown that
these kinase inhibitors block HCMV
replication efficiently in vitro and in vivo
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and that the inhibitory effects on the levels
of kinase activity and virus replication are
linked. Our study of quinazoline-type
inhibitors of pUL97 indicated the high value
of bioinformatic-based modeling
approaches in the optimization of candidate
compounds. An  enlarged platform
combining biochemistry-, bioinformatic-,
structural biology- and medicinal chemistry-
based approaches may substantially take
forward our efforts of pUL97-directed drug
design.

In addition to the analysis of pUL97
inhibitors, a broad-spectrum antiherpesviral
activity was also identified for the CDK7
inhibitor ~LDC4297. This interesting
compound comprises an outstanding
selectivity for CDK?7 (as characterized by a
kinome-wide evaluation of >330 kinases
profiled in vitro). LDC4297 exerts an
efficient inhibition of HCMV replication in
primary human fibroblasts at nanomolar
concentrations (ECso 24.5+1.3 nM), proved
efficacy also in vivo in a MCMV/mouse
model, and moreover, provides a broad
antiherpesviral activity. In comparison, non-
herpesviruses, i.e. adeno-, pox-, retro- and
orthomyxoviruses, showed either
intermediate or no sensitivity. These results
provided a proof-of-concept for the antiviral
potency of the targeting of host CDK7 by
LDC4297 or even enhanced-efficacy
derivatives.

Host CDKs as promising targets for
anti-HCMV  and related antiviral
treatment strategies. On an even broader
scale, we demonstrated the importance of

additional host CDKs for HCMV
replication, including CDK2, CDK4/6,
CDK9 and, very recently, CDKS8. In

particular, CDK8 ranged into the focus of
our specific interest and might represent
another highly interesting drug target. This
is particularly true when considering the
modern options for chemical modification
of CDK target binders, i.e. through the
coupling of a degrader unit. This strategy is
based on the use of 'Proteolysis Targeting
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Chimeras' (PROTACs), which are hetero-
bifunctional molecules containing two small
molecule-binding ligands joined together by
a linker. Such chemical linkage of PROTAC
moieties is a means of recruiting a specific
E3 ligase, thereby inducing the proteasome-
mediated degradation of the target protein.
Such PROTAC approaches, which are
intended to enhance antiviral drug activity
compared to their parental, non-degrading
inhibitors, are especially worked out in the
context of CDK targeting, so that the
generation of an efficient CDK8-PROTAC
is being intensely pursued. Thus, the longer-
term objectives of this research line are the
assessment of broadly acting antiherpesviral
prototype compounds and the specific
nomination of candidate drugs or
combinatorial drug synergies. Beyond that,
the use of CDK inhibitors in our projects
provides a powerful tool for the analysis of
mutual interregulation between HCMV and
the host CDK—cyclin machinery.

Very similar approaches of drug targeting
are now also developed for additional
herpesviruses, such as Epstein-Barr virus
(EBV), human herpesvirus 6 (HHV-6),
rhesus macaque cytomegalovirus
(RhCMV), and for a panel of non-
herpesviruses. For these virus systems,
specific reporter modules have been
established, which now allow for the
analysis of regulatory details of virus
replication in host cell types and for the
assessment of antiviral candidate drugs.

Concerning our comparative analyses with
non-herpesviruses, we explored the human
nuclear receptor and transcription factor
RORy isoform 1 (RORy1), a member of the
retinoic  acid  receptor-related  orphan
receptor (ROR) family, as a putative target
of antiviral HDAs. To this end, cell culture
models were used to investigate major viral
human pathogens, i.e. the severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2), human cytomegalovirus (HCMV),
varicella zoster virus (VZV) and human
immunodeficiency virus 1 (HIV-1). Our
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results demonstrated (i) an antiviral activity
of the clinically relevant RORy modulators
cedirogant and others, (ii) that isoform
RORy1 acts as the responsible determinant
and drug target in the analyzed cell culture-
based models, (iii) a selectivity of the
antiviral effect for RORyl over related
receptors RORa and RORp, (iv) a late-
phase inhibition exerted by cedirogant in
HCMV replication and (v) a mechanistic

link to the cellular cholesterol biosynthesis
(Figure 9). Combined, the data highlight
this novel RORy-specific antiviral targeting
concept and the developmental potential of
RORy-directed small molecules. For future
studies from 2024 on, this investigation of
the RORy role in virus infections will be
further developed by Friedrich Hahn as an
independent research line.
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Figure 9. Antiviral activity of RORy-modulating small molecules. (A) Caco-2 cells infected with SARS-
CoV-2 d6-YFP at MOI 0.003, (B) HFFs infected with HCMV AD169-GFP at MOI 0.001, (C) HFFs co-
cultured with VZV Oka-GFP-infected cells (ratio 40:1), (D) or CEMx-GFP cells infected with HIV-1 NL4-3
at MOI 0.001 were treated with descending concentrations of the RORy modulators cedirogant or
cintirorgon or an appropriate reference compound. Viral replication was measured by quantitation of the
respective viral reporter signal. Cell viability was determined in parallel with uninfected cell cultures
(Neutral Red assay) for the equivalent duration of exposure to the compounds. For details, see Wangen,

Raithel et al., 2023
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Das Titelmotiv wurde durch die Arbeitsgruppe von
Prof. Dr. Manfred Marschall, Virologisches Institut,
in Zusammenarbeit mit Prof. Dr. Yves Muller und
Mitarbeitern/innen, Lehrstuhl fiir Biotechnik der
FAU, zur Verfiigung gestellt. Die Abbildung zeigt
die struktuelle Konserviertheit der nukledren
Egresskomplexe (NEC) der drei humanpathogenen
Herpesviren Varicella-Zoster-Virus (VZV), humanes
Cytomegalovirus (HCMV) und Epstein-Barr-Virus
(EBV). Die Core-NECs stellen, in Form einer
ibergreifend wichtigen Schrittmacher-Komponente,
einen sehr relevanten Regulationspunkt der viralen
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Replikation und Pathogenese dar. Sie vermitteln das
regulierte Ausschleusen der herpesviralen Kapside
aus dem infizierten Zellkern in die umgebenden
Zellkompartimente. Aktuelle
Validierungsexperimente haben gezeigt, dass der
NEC eine sehr geeignete Zielstruktur fiir das
Targeting  von  neuartigen  antiherpesviralen
Medikamenten sein kann. Die 3D-Darstellungen

basieren auf den kiirzlich ermittelten NEC-
Kristallstrukturen und beschreiben, in farblich
markierter Weise, den heterodimeren

Interaktionsmodus der "Hook-into-Groove'-Bindung
des NEC, welche sich als eine der mechanistisch
attraktivsten Angriffspunkte fiir NEC-spezifische
antivirale Wirksubstanzen erwiesen hat (Hook-
Elemente: VZV cyan, HCMV blau, EBV griin;
Hook-Elemente: VZV orange, HCMV rot, EBV lila).
Modifizierte Darstellung basierend auf Schweininger
et al.,, 2022, PMID: 35074430; Muller et al., 2020,
PMID: 31980459; Walzer et al., 2015, PMID:
26432641.
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KSHV/HHV-8. Since the beginning of
the AIDS epidemic, three human
herpesviruses have been discovered. DNA
fragments of human herpesvirus 8§ (HHV-8),
also termed Kaposi sarcoma-associated
herpesvirus (KSHV) were first identified in
1994 in AIDS associated Kaposi’s sarcoma
biopsy specimens by representational
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difference analysis. DNA of this virus is
invariably found in Kaposi’s sarcoma, body
cavity based lymphomas, and certain forms
of Castleman’s disease.

Herpesvirus entry into host cells. Entry
of herpesviruses into host cells is seen as a
multistep process involving several cellular
receptors and at least four viral envelope
glycoproteins of which only three
(glycoproteins H, L and B) are conserved
amongst all herpesviruses. The first step is
attachment of the virion to the cytoplasma
membrane. In most human herpesviruses,
this step is mediated by one or more of the
virus- or genus-specific glycoprotein(s)
which bind to specific cellular receptor(s)
and are often responsible for the cell tropism
of the respective herpesvirus. In KSHV
glycoprotein  gpK8.1 is important for
attachment of the virion to the cell by binding
to heparansulfate. These strain-specific viral
glycoproteins form complexes with the
highly conserved glycoproteins H and L
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important for infection, as mutants in the

ligand binding domain (R103A, AI90N —

L192S, MO95S) significantly reduced

infection rates (figure 2). However, although

dimerization is triggered by gH/gL binding

and required for the induction of signal
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transduction, a  mutation  inhbiting
dimerization did not have a significant
influence on cell infectability (figure 2, dIC-
G131Y). This is consistent with our finding
that the intracellular domain of EphA?2 is not
required to trigger KSHV endocytosis.
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Figure 2: Point mutations in the interaction surfaces with both gH and gL of EphA2 reduce KSHV
infection. EphA2-k.o. cells were transfected with expression vectors for the indicated EphA2-mutants via
retroviral vector. This was followed by infection with the recombinant GFP-expressing variant rKSHV.219.

Infection rates were determined by flow cytometry.

Identification of antibodies blocking
KSHYV infection. Almost all tumor cells of
KSHV-associated malignancies harbor the
viral genome in a latent state. However, the
development of KS-lesions is associated with
an increase of antibodies against lytic
KSHV-proteins  indicating that lytic
replication precedes KS development.
Nevertheless, antiviral drugs currently
available against KSHV and other
herpesviruses are not effective against
KSHV-associated malignancies. Passive
and/or active immunization against KSHV
would thus be important for people at risk for
KS due to immunosuppression or living in
areas of high KSHV prevalence. group of
Frank Neipel studies function and
immunogenicity of KSHV glycoproteins
since the discovery of the virus. We
identified the KSHV-specific glycoprotein
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gpK8.1 and were able to show that it
mediates virion attachment by binding to
heparansulfate. In addition, as described
above, we identified two cellular receptors
for the glycoprotein complex gH/gL and
were able to show that soluble variants of the
cellular protein EphA2 efficiently neutralize
KSHV in cell culture. Neutralizing activity is
detectable in the sera of KSHV infected
individuals. However, the targets of these
neutralizing antibodies have not been clearly
identified, according to our data gpK8.1 and
gH/gL are very likely candidates. We thus
analysed the neutralising antibody targets in
human sera.

Remission from KS is associated with
an increased gpk8.1 antibody response.
The levels of gpk8.1- and gHglL-specific
antibodies from patients with asymptomatic
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HHV-8 infection, active disease and those in
remission from KS were measured via
gpk8.1- and gHgL-specific ELISAs. The
antibody levels were then compared between
the different disease groups (Figure 3). The
level of gpk8.1 binding antibodies was
significantly raised in the sera of patients
experiencing active disease and in those in
remission from KS compared to sera from
asymptomatic infected patients (Figure 3A).
No significant difference was observed
between the levels of gHglL binding
antibodies and the different disease status
groups (Figure 3B). In order to better
visualise the pattern in the number of patients

with a positive gpk8.1- or gHgl-specific
ELISA response, the percentages of ELISA
positive patients were determined for both
anti-gpk8.1 and anti-gHgL responses (Figure
3C). The percentage of patients with
antibodies against gpk8.1 was increased in
those with active disease (KS+: 85 %)
compared to those with asymptomatic
infection (KS-: 33 %). Notably, all serum
samples taken from those in remission were
positive for gpk8.1 antibodies. This increase
in the number of gpk8.1 positive responders
during disease progression was not reflected
by the gHgL positive responders.
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Figure 3: : gpk8.1 but not gHgL antibody levels are raised during active KS and remission. gpk8.1- and
gHgL-specific ELISAs were used to measure the levels of anti-gpk8.1 (A) and anti-gHgL (B) antibodies in patient
serum samples from those with asymptomatic infection (KS-), active disease (KS+) and from those in remission
from KS (Remission) (AU: arbitrary units). Values were plotted on scatter plots and the median antibody level
displayed for each disease group. gpk8.1 and gHgL responses were then compared as a percentage of patients
with positive or negative ELISA responses (C) (Abs: antibodies). T refers to a patient who was in partial remission
from KS. Data was analysed using Kruskal-Wallis tests (A: p = 0.014, B: p = not significant), followed by
uncorrected Dunn’s test for multiple comparisons (* = p < 0.05, ** = p < 0.01). Uncorrected tests were used for
multiple comparisons due to the small sample size in the remission group which may otherwise lead to type II
error.

Antibodies against the N-terminal
domain of gpKS8.1 block KSHYV infection.

neutralising response. In an effort to isolate a
neutralising  antibody,  gpk8.1-specific

A vaccination platform targeting gpk8.1 was
tested using multimeric gpk8.1 in an attempt
to enhance antigen immunogenicity.
Monomeric, dimeric and trimeric gpk8.1,
using Fc and T4 foldon domains for
dimerisation and trimerisation respectively,
were produced and used in mouse
immunisations. Immunisation was found to
induce gpk8.1-specific antibodies, and in
most cases could induce an HHV-8

60

monoclonal antibodies were produced from
trimeric gpk8.1 immunised TRIANNI mice.
Two of these monoclonal antibodies were
able to block HHV-8 infection in the B cell
line MC116, which lacks HS on its surface
(figure 4). This is in support of previously
published data and suggests that gpk8.1 is
essential for B cell infection, independent of
its known HS binding properties.
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Figure 4: Monoclonal antibodies targeting gpk8.1 can block HHV-8 infection in MC116 cells. Purified
gpk8.1-specific monoclonal antibodies (TKS8.1) were incubated at a range of dilutions with rKSHV.219 before
addition to MC116 cells. The GFP expression was then quantified via flow cytometry as a measure of infection.
Along with the positive control (anti-K8.1A/B 4A4), two IgG TKS.1 antibodies (TK8.1 2490 and TKS8.1 2619)
were identified as being able to block HHV-8 infection (A). This neutralising effect was present down to 0.05
pg/ml (B). Results were normalised to the non-specific TRES 224 IgG antibody (A and B). The neutralising
activity of the TKS8.1 IgM (C) antibodies were also assessed and normalised to a non-specific isotype control (anti-
nuclear spliceosomes IgMxk). The mean and standard deviation of three replicates are displayed.

The

interaction of

these neutralising

antibodies with gpk8.1 to an unknown
receptor on B cells was localised to the first
24 amino acids of gpk8.1, indicating the
likely location of a binding domain.

Collaborations

Prof. Michael Stiirzl, Institut fiir Experimentelle

Chirurgie, Universitdt Erlangen, Germany

Dr. Alexander Hahn, Deutsches Primatenzentrum,
Leibniz Institut fiir Primatenforschung, Géttingen,
Germany

Dr. Marija Backovic, Department of Virology,
Structural Virology Unit, Institut Pasteur, Paris,

France.

Virologisches Institut - Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023

Funding

Deutsche Forschungsgemeinschaft, GRK 2504:
Novel antiviral approaches: from small molecules
to immune intervention, project C4

Bayerisches Staatsministerium fiir Wissenschaft
und Kunst — Coronaforschung, TP14: The role of
vascular plasticity and angiocrine effects in the
pathogenesis of Covid-19

Selected References

Yu, D., Wagner, S., Schiitz, M., Jeon, Y., Seo, M.,
Kim, J., Briickner, N., Kicuntod, J., Tillmanns, J.,
Wangen, C., Hahn, F., Kaufer, B. B., Neipel, F.,
Eickhoff, J., Klebl, B., Nam, K., & Marschall, M.
(2024). An Antiherpesviral Host-Directed
Strategy Based on CDK7 Covalently Binding
Drugs: Target-Selective, Picomolar-Dose, Cross-
Virus Reactivity. Pharmaceutics
2024,16(2),158;https://doi.org/10.3390/pharmace
utics16020158 - 23 Jan 2024

61



Forschungsgruppen/Research Groups

62

Peter, A. S., Roth, E., Schulz, S. R., Fraedrich, K.,
Steinmetz, T., Damm, D., Hauke, M., Richel, E.,
Mueller-Schmucker, S., Habenicht, K., Eberlein,
V., Issmail, L., Uhlig, N., Dolles, S., Gruner, E.,
Peterhoff, D., Ciesek, S., Hoffmann, M.,
Pohlmann, S., McKay, P. F., Shattock, R. J.,
Wolfel, R., Socher, E., Wagner, R., Eichler, J.,
Sticht, H., Schuh, W., Neipel, F., Ensser, A.,
Mielenz, D., Tenbusch, M., Winkler, T. H.,
Grunwald, T., Uberla, K., & Jack, H. M. (2022).
A pair of noncompeting neutralizing human
monoclonal antibodies protecting from disease in
a SARS-CoV-2 infection model.  European
Journal of Immunology 52, 770-783.

Hornich, B. F., Grosskopf, A. K., Schlagowski, S.,
Tenbusch, M., Kleine-Weber, H., Neipel, F.,
Stahl-Hennig, C., & Hahn, A. S. (2021). SARS-
CoV-2 and SARS-CoV Spike-Mediated Cell-Cell
Fusion Differ in Their Requirements for Receptor
Expression and Proteolytic Activation. J Virol.
95,

Karam, L., Abou, S. S., Chaaban, R., Hayar, B.,
Ismail, B., Neipel, F., Darwiche, N., & Abou, M.
R. (2021). Anticancer activities of parthenolide in
primary effusion lymphoma preclinical models.
Mol.Carcinog. 60, 567-581.

Lapuente, D., Maier, C., Irrgang, P., Hubner, J.,
Peter, A. S., Hoffmann, M., Ensser, A., Ziegler,
K., Winkler, T. H., Birkholz, T., Kremer, A. E.,
Steininger, P., Korn, K., Neipel, F., Uberla, K., &
Tenbusch, M. (2021). Rapid response flow
cytometric assay for the detection of antibody
responses to SARS-CoV-2. Eur J Clin
Microbiol.Infect Dis 40, 751-759.

Light, T. P., Brun, D., Guardado-Calvo, P.,
Pederzoli, R., Haouz, A., Neipel, F., Rey, F. A.,
Hristova, K., & Backovic, M. (2021). Human
herpesvirus 8 molecular mimicry of ephrin ligands
facilitates cell entry and triggers EphA2 signaling.
PLoS.Biol. 19, ¢3001392.

Marschall, M., Hage, S., Conrad, M., Alkhashrom,
S., Kicuntod, J., Schweininger, J., Kriegel, M.,
Losing, J., Tillmanns, J., Neipel, F., Eichler, J.,
Muller, Y. A., & Sticht, H. (2020). Nuclear Egress
Complexes of HCMV and Other Herpesviruses:
Solving the Puzzle of Sequence Coevolution,
Conserved Structures and Subfamily-Spanning
Binding Properties. Viruses. 12,

Grosskopf, A. K., Ensser, A., Neipel, F.,
Jungnickl, D., Schlagowski, S., Desrosiers, R. C.,
& Hahn, A. S. (2018). A conserved Eph family
receptor-binding motif on the gH/gL complex of
Kaposi's sarcoma-associated herpesvirus and
rhesus monkey rhadinovirus. PLoS.Pathog. 14,
¢1006912.

Virologisches Institut — Klinische und Molekulare Virologie

FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023



Krystelle Nganou-Makamdop

Basic and Translational Research on Vaccine-induced Immunity

Krystelle Nganou-Makamdop

Phone (KN office): +49 (0)9131 853 6011

Phone (lab): +49 (0)9131 85 3 2678
Fax: +49 (0)9131 85 3 2101
E-mail: krystelle.nganou@uk-erlangen.de

Investigators

Krystelle Nganou, PhD

(Principal Investigator)

Anahita Blaschke, cand. med.

Nina Bohmer, M.Sc., PhD student
Boutaina El Kenz, M.Sc., PhD student
Moritz Schmiedeberg, M.Sc., PhD
student

Katja Schmidt, M.Sc., PhD student
Melissa KieBling, Technician (until 8/21)

Vaccines are seen as the most cost-effective
approach to curb the impact of infectious
diseases on  public  health.  The
immunogenicity and efficacy of vaccines
rely on optimal functioning of immune
cells. However, in disease setting, various
mechanisms lead to suboptimal, sometime
deleterious immune responses. Our research
aims to unravel the various processes that
alter vaccine-induced immunity.
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Immunity and vaccine-responses in
HIV-exposed uninfected infants.
A growing number of newborns are exposed
to HIVin utero. Although not infected,
these HIV-exposed uninfected infants still
have a higher risk of severe infections,
infection-related hospitalizations, and death
compared to HIV-unexposed uninfected
infants. In this DFG-funded collaborative
project with Cameroon, we are performing a
comprehensive analysis that integrates the
rate common childhood infections, the
inflammation profile and vaccine-induced
antibody and T cell responses in HIV-
exposed (HEU) compared to unexposed
(HUU) infants. Our project aims to unravel
immune factors that contribute to a higher
risk of disease in HEU infants.

Interaction between the translocated
microbiome and the immune system.
Very early on during HIV infection, the
virus causes damage to gut tissues with as
consequence what is commonly named a
‘leaky gut’. Because of this leaky gut,
pieces of microbes can now migrate into the
blood circulation — a phenomenon called
microbial translocation - and reach a wider
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array of immune cells and organs to incite
even more inflammation. To clarify how
microbial translocation drives inflammation,
we used sequencing technology to detect
any non-human entity in the blood (i.e. the
translocated microbiome) and measured
inflammation. In the immune cells, we
looked at gene expression, which gives a
detailed look into how cells are responding
to their environment at that particular
moment. Our works that includes several
HIV-cohorts from Uganda, Canada and the
USA, revealed that the composition of the
translocated microbiome changes during the
course of antiretroviral therapy and
identified bacteria that likely drive in
increased inflammation during treated HIV
infection. The results of this work appeared
in the journal Cell (22nd of July 2021,
volume 184, issue 15) and opens new
avenues as it may help identify a new line of
therapeutic targets, namely translocated
microbial products, that will help limit
chronic inflammation in HIV infection.
Ongoing work of our research group further
addresses the influence of the translocated
microbiome on T cell functions.

Understanding dysfunction of vaccine-
induced immunity in disease setting. HIV
infection causes profound and often
irreversible changes to the innate and
adaptive immune system. For example, a
permanent state of immune activation as
well as depletion and dysfunction of CD4"
T cells that are important regulators of
humoral and cellular responses, all
contribute to an overall impaired immunity
even in ART-treated HIV infection. Here,
we aimed to study the effect of ART-treated
HIV infection on the immunity gained from
vaccines administered prior to HIV
infection. Samples from HIV-infected
subjects are obtained in collaboration with
Prof. Dr. med. Thomas  Harrer
(Medizinische Klinik 3 — UK Erlangen).
Our findings highlight a link between
persistent inflammation and loss of T cell

mediated  immunity. Complementary
research on SARS-CoV-2-specific
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immunity explored among other quality of
antibody responses in people with HIV and
revealed an effect of HIV infection on
antibody responses after vaccination. Next
to our work on HIV infection, parallel
avenues are currently under exploration in
the field of hemato-oncology, where our
preliminary work similarly shows impaired
induction of antigen-specific responses
upon vaccination (collaboration with PD.
Dr. med. Fabian Miiller - Medizinische
Klinik 5 — UK Erlangen). In addition, we
are exploring whether targeting of distinct
cellular pathways may help mitigate the
effect of diseases on T cell responses to
vaccine antigens.

Collaborations

PD Dr Fabian Miiller, Medizinische Klinik 5 —
UK Erlangen

Prof. Dr. med. Thomas Harrer, Medizinische
Klinik 3 — UK Erlangen

Dr. Roland Schwarze, UK Essen
Dr. Bart Everts, Leiden UMC

Dr. Livo Esemu, Centre for Research on
Emerging and Reemerging Diseases (CREMER)
— Yaoundé, Cameroon

Micheal Besong MD, Biotechnology Center,
Yaoundé, Cameroon
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Even with its endemic transition, the
COVID-19 pandemic remains a public
health threat, particularly in the light of
emerging variants of concern (VoCs) and
the need for pandemic preparedness in the
future. Although the protease inhibitor
Paxlovid® and the polymerase inhibitors
Molnupiravir  and  Remdesivir  were
approved as specific antiviral treatment
options for COVID-19 patients in the early
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effective

stages after infection,
prophylactically acting substances with low
adverse effects have not been available yet.
Moreover, though numerous vaccines have
been approved worldwide, complete herd
immunity might be difficult to achieve, as it
appears that the vaccines do not confer
sterile immunity. Thus, there is still an
unmet urgent need to develop antivirals,
which should be safe, widely available, and
broadly acting against different VoCs of
SARS-CoV-2 and other respiratory viruses.

We are currently working on the
following main research topics:

Natural substances SARS-

CoV-2.

The coevolution of viruses and humankind
led to the mostly unexplored wisdom for the
use of natural products in prevention and
treatment of infectious diseases. Natural
substances have been used for centuries to
combat infections, even though in most
cases the exact antiviral mechanism has not
yet been clarified.

against
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Natural antivirals can be wused as
prophylaxis and treatment to prevent
progression of virus induced diseases for
emerging viruses. As they commonly
represent broadly acting antivirals they are
important for pandemic preparedness.
Moreover, in most cases, they are directed
preferentially against host cell targets and
thus chances for drug resistances are low. In
addition, because of of their natural origin,
they have fewer side effects than chemically
designed drugs.

We tested the antiviral activity of several
natural substances against SARS-CoV-2
which have previously been shown to be
effective against other viruses in vitro and in
vivo and which exhibit an excellent safety
profile.

Quinine inhibits infection of human cell
lines with SARS-CoV-2. Quinine, an
extract of the bark of the Chinchona tree
(native to the Andes of South America), was
used to treat feverish infections, particularly
malaria, for hundreds of years almost
worldwide. As a matter of fact, it can be
considered as the oldest medication used as
a pure molecular drug since the 17" century.
The first records for medical use of quinine
date back to 1630, where in Peru the
countess of Chinchon developed malaria
and was successfully treated with an extract
of the bark of the fever tree, which was later
termed Chinchona bark. First structurally
characterized in 1820 and chemically
synthesized in 1944, it was the only
antimalarial drug available. In the 19th
century, British citizens and soldiers used
tons of the Chinchona bark to protect
themselves from malaria and thus permitted
a stable British population in tropical
colonies. Based on this natural product,
Hydroxy-Chloroquine (H-CQN) was
synthesized in 1946 and mainly used for the
treatment of malaria. Nevertheless, and even
until now, quinine is used for the treatment
of severe and H-CQN-resistant cases of
malaria tropica.
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It is also approved for the treatment of calf
cramps, and it is commonly used as an
aromatic agent. For instance, it is added to
bitter lemon and tonic water. Quinine has
been commercialized since the 19th century
in beverages known as Indian quinine tonic.
The latter was the standard beverage for the
pioneers in malaria-invested tropical areas.
Particularly British soldiers mixed tonic
water with lime and gin. Winston Churchill
said: “The gin and tonic has saved more
Englishmen’s lives, and minds, than all the
doctors in the Empire”.

As an approved aromatic agent, quinine is
added to bitter lemon and tonic water.
According to  the  well-elaborated
pharmacokinetics, 85 mg quinine, present in
1 L of, e.g., tonic water, could lead to a
plasma concentration of ~0.5 pg/mL,
corresponding to a molarity of ~1.5 uM,
which would reach values close to the ICso
values established in our in vitro systems.

We could show that in Vero cells quinine
inhibited SARS-CoV-2 infection more
effectively than Chloroquine (CQN), and H-
CQN and was less toxic. In human Caco-2
colon epithelial cells as well as the lung cell
line A549 stably expressing ACE2 and
TMPRSS2, quinine also showed antiviral
activity. In consistence with Vero cells,
quinine was less toxic in A549 as compared
to CQN and H-CQN. Finally, we confirmed
our findings in Calu-3 lung cells, expressing
ACE2 and TMPRSS2 endogenously. In
Calu-3, infections with high titers of SARS-
CoV-2 were completely blocked by quinine.
Overall, the inhibitors exhibit ICso values
between ~3.7 to ~50 uM, dependent on the
cell line and multiplicity of infection (MOI).
Conclusively, our data indicate that quinine
could became a treatment option for SARS-
CoV-2, particularly as the toxicological and
pharmacological profile seems more
favorable when compared to its progeny
drugs H-CQN or CQN.
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Iota-Carrageenan inhibits replication of
SARS-CoV-2 and the respective Variants
of Concern Alpha, Beta, Gamma, Delta
and Omicron. Carrageenan is a high
molecular  weight sulfated  polymer
originated from red seaweed (Rhodophyta)
that has been widely used in food, cosmetic
and pharmaceutical industry and is
commonly acclaimed as safe by the FDA. It
represents a traditional Irish and Japanese
medicine for the treatment of virus induced
cold and pneumonia. Three main forms of
carrageenans are commercially used: iota,
kappa and lambda. They vary from each
other in the degree of sulfation, solubility
and gelling properties. In contrast to kappa-
and lambda-carrageenan, preparations of
iota-carrageenan are highly pure, have high
molecular weight (MW > 1100 kDa), cannot
enter cells and thus are known to be
biologically inert in terms of adverse and
immunomodulatory effects. The EFSA and
the FDA approved iota-carrageenan as food
safe for a quantum satis of 75 mg/kg b.w.
per day, i.e., 4500 mg for a 60 kg person,
while with the nasal spray, only 2.3 mg/day
is applied.

Safety and efficacy of iota-carrageenan has
been investigated in at least six clinical
trials. An independent meta-analysis
confirms its high efficacy in the prevention
of common cold.

The antiviral activity of iota-carrageenan is
well established and has been demonstrated
for a diversity of respiratory viruses.
Thereby, the mechanism is based on its
ability to form gels. Following application
of iota-carrageenan to the nasopharyngeal
mucosa, the polysaccharides interact with
cations of the respiratory mucus and
positively charged structures of the viral
surface proteins, resulting in a change of
conformation of their double helices by
forming a gel. This gel builds a protective
barrier between the infectious viruses and
the epithelial cells of the respiratory tract
and acts as a purely physical barrier. In
addition, the gel envelops the viruses and

68

prevents them from entering the cell.
Finally, iota-carrageenan and trapped
viruses are removed spontaneously from the
nasopharynx by mucociliary clearance.
Thus, iota-carrageenan, when applied
contentiously in short intervals of approx.
30 minutes, can act as an inner mask.

Nasal sprays, throat sprays and lozenges
containing iota-carrageenan have been
approved as common cold preventions and
treatment and have been sold in more than
30 countries worldwide.

We could show for the first time that iota-
carrageenan exhibits antiviral activity not
only against the SARS-CoV-2 Wuhan type
but also the VOCs Alpha, Beta, Gamma,
Delta and Omicron with comparable ICso
values around 1 pg/mL. This effect was
shown in human cell lines and in a SSPL
(SARS-CoV-2 spike pseudotyped lentivirus
particles) system. Thereby, the ICso values
varied depending on the form of infection
and cell lines used, ranging from 1.4-5
ug/mL iota-carrageenan in the SSPL
particles system to 2.1-10.3 pg/mL in
A549-ACE2/TMPRSS2 cells, and 0.04—
0.15 pg/mL in Calu-3 human lung cells
infected with the SARS-CoV-2 variants.
Tox was controlled by water-soluble
tetrazolium salt (WST)-1 assays in
uninfected A549-ACE2/TMPRSS2 or Calu-
3 cells under otherwise identical conditions
as for infection experiments. Thereby we
demonstrate that treatment with iota-
carrageenan had no influence on the cell
viability up to 100 ng/mL, which indicates a
therapeutic window of at least 3-log stages.
A randomized, placebo-controlled, double-
blinded, multicenter clinical study revealed
that a nasal spray containing iota-
carrageenan shows prophylactic efficacy in
counteracting SARS-CoV-2 infection in
healthcare workers caring for COVID-19
patients with a relative risk reduction of
79.8%.

The German and the Austrian Society of
Hospital Hygiene recommend the use of
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iota-carrageenan for health care workers on
COVID-19 stations.

In the context of a clinical study conducted
in cooperation with the Marinomed AG, we
investigate whether sucking of an iota-
carrageenan containing lozenge releases
sufficient iota-carrageenan into the saliva to
neutralize SARS-CoV-2. Thereby, firstly
the iota-Carrageenan amount in saliva after
taking an iota-carrageenan containing
lozenge was determined by NMR analysis.
Then, the antiviral activity of iota-
carrageenan  containing  saliva  was
determined by in vitro infection analysis.
The results revealed that the salivary
concentration of iota-carrageenan reached
the concentration required to inhibit the
virus replication of SARS-CoV-2 by 60-
fold.

Lectin from Triticum vulgaris (WGA)
inhibits infection with SARS-CoV-2 and
its Variants of Concern Alpha and Beta
Lectins are proteins that bind specifically to
carbohydrate structures. Due to their
potential to interact with viral envelope
glycoproteins, different plant- and bacteria-
derived lectins have been reported to exhibit
strong antiviral activity against a number of
viruses, including SARS-CoV and MERS-
CoV. In addition to the antiviral properties
of lectins, numerous studies have
highlighted their potential as antineoplastic
agents active against different tumor cell
lines, and several clinical trials have been
conducted.

A common lectin belonging to the group of
chitin-binding lectins composed of hevein
domains is lectin from Triticum vulgaris,
also known as Wheat Germ Agglutinin
(WGA). WGA is one of the most
extensively studied and characterized
lectins, which is widespread in nutrition. Up
to 0.5 g/kg lectin concentration are present
in wheat germ resulting in 25g/center wheat
flour. WGA binds specifically to N-Acetyl-
D-glucosamine (GIcNAc) and was shown to
interact with sialic acid residues. By now,
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only very rare knowledge about its antiviral
effects is available. For instance, WGA has
been reported to inhibit the adsorption of
human T-cell leukemia virus type 1 to the
target cells.

We could show for the first time that WGA
displays antiviral activity against SARS-
CoV-2 Wuhan type with an ICsp of
approx.10 ng/mL. The ICso values for the
VoC Alpha and Beta was approx. 100

ng/mL. WGA is effective  upon
preincubation with the virus or when added
during  infection.  Pull-down  assays

demonstrate direct binding of WGA to
SARS-CoV-2, further strengthening the
hypothesis that inhibition of viral entry by
neutralizing free virions might be the mode
of action behind its antiviral effect.
Furthermore, WGA  exhibits antiviral
activity against human coronavirus OC43,
but not against other RNA-viruses as human
Rhinovirus serotype 1A and serotype 8,
Coxsackievirus A10, Human Parainfluenza
Virus Type 3 and Influenza virus A
HINI1pdm09. This supports the idea that
WGA interacts in a very specific way with
certain Env glycoproteins from a selective
number of viruses.

However, due to its unspecific interaction
with glycosylated proteins, prophylactic or
therapeutic usage would be limited to
topical administration.

European Black Elderberry fruit extract
inhibits replication of SARS-CoV-2 in
vitro. European black elderberries and
extracts thereof have been wused since
ancient times in traditional medicine to treat
upper respiratory infections. The antiviral
effects of black elderberries have been
evaluated in several in vivo and in vitro
studies. Thereby, it was shown that liquid
black elderberry extract inhibits in vitro the
replication of the Influenza A virus (IAV),
Feline Immunodeficiency Virus (FIV) and
the human coronavirus HCoV-NL63.
Moreover, clinical trials have shown that
application of concentrated black elderberry
extracts reduce symptom severity as well as
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the duration of viral infections, especially
IAV and the Influenza B virus (IBV).
Moreover, a juice concentrate of black
elderberry suppressed viral replication in the
bronchoalveolar lavage fluids of mice
infected with human IAV. Due to the
history of using European black elderberry,
it can be considered as safe for ingestion or
topical application.

The black elderberry extract used in our
study is a standardized European black
elderberry fruit extract (Sambucus nigra,
variety ‘Haschberg’), termed ELDERcraft®,
with a total polyphenol content of 4.6% and
a total anthocyanin content of 3.5%.

We investigated the antiviral activity of
ELDERcraft® against SARS-CoV-2 and its
VoCs and explored the possible mode of
action by performing time of addition
experiments. The results revealed that the
extract displayed a strong anti-SARS-CoV-
2 activity against the Wuhan type as well as
the VoCs Alpha, Beta, Gamma, Delta and
Omicron with a comparable antiviral
activity. Based on cytotoxicity data, a 2-log
theoretical therapeutic window can be
expected. The data accumulated so far
suggest that Elderberries contain certain
components that specifically interfere with
SARS-CoV-2 replication at late stages of
the replication cycle.

The immune-modulating drug
MP1032 shows SARS-CoV-2 antiviral
activity in vitro.

MP1032 is a phase-pure anhydrous
polymorph  of 5-amino-2,3-dihydro-1,4-
phthalazinedione sodium salt that is very
stable, water-soluble, and has good
bioavailability via different routes of
administration. It is currently under
development at MetrioPharm (Zurich,
Switzerland), reaching clinical Phase II for
the oral treatment of psoriasis and showing
a very good safety profile. The
physiological action of MP1032 is based on
a multi-target mechanism that depends on
localized, self-limiting ROS (reactive

70

oxygen species) scavenging activities and
PARP-1-modulating properties. Efficacy
has been demonstrated in preclinical models
with  excessively activated  immune
responses (such as lipopolysaccharide
(LPS)-induced endotoxemia), suggesting
MP1032 as a potential agent for the
treatment/prevention of the SARS-CoV-2-
induced cytokine storm.

We was able to demonstrate for the first
time that MP1032 exhibits antiviral activity
against the SARS-CoV-2 Wuhan type in
Vero B4 cells. Thereby, MP1032
concentrations that effectively suppress
SARS-CoV-2 replication did not affect cell
viability. The cumulative results suggest
that MP1032 exerts a dual mode of action:
(i) immune-modulatory: it reduced cytokine
storm and thus inflammation and organ
failure and (ii) direct antiviral activity:
reduced replication of SARS-CoV-2.

As part of an EU grant within the Horizon
2020 program, MP1032 entered a double-
blinded, placebo-controlled, multicenter
clinical trial to determine its efficacy against
SARS-CoV-2 infection.

Synergistic antiviral activity of the p38
MAP-Kinase inhibitor Pamapimod and
the anti-inflammatory drug Pioglitazone
against SARS-CoV-2 and its Variants of
Concern.

The role of p38 MAPK has been revealed
to be a key player in SARS-CoV-2
replication and inflammatory responses.
SARS-CoV-2 binds and downregulates
angiotensin-converting enzyme 2 (ACE2) as
it enters the cell. ACE2 modulates the
function of angiotensin II (Ang II). A
number of reports indicate that the p38
MAPK pathway is important in Ang II
signaling. Ang II increases blood pressure
and inflammation, leading to tissue injury,
particularly in alveoli. The interaction
between the SARS-CoV-2 spike protein
reduces the inhibition of Ang II, leading to
tissue damage often observed in COVID-19
patients. The loss of ACE2 activity upon
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viral entry may allow Ang II mediated
activation of p38 in the lungs and heart,
resulting in excessive inflammation. Based
on these data, p38 MAPK inhibitors
previously developed for other indications
may be repurposed as a potential therapy for
COVID-19.

We investigated the efficacy of pamapimod
(PAM), a potent and selective inhibitor of
p38 MAPKa, previously developed for the
treatment of rheumatoid arthritis, on SARS-
CoV-2 replication in vitro. As previous data
have suggested substantial crosstalk
between the p38 MAPK and peroxisome
proliferator-activated receptors y (PPARy)
pathways, we have also investigated the
combination of PAM with pioglitazone
(Pio). Pio belongs to the family of
thiazolidinedione (TZD) drugs that are used
to lower glucose and HbAIC in type 2
diabetic patients. Pio also has broad anti-
inflammatory activity, exemplified by its
ability to significantly reduce interleukin-6
(IL-6) and tumor necrosis factor a (TNFa).
Moreover, Pio has also been shown to
inhibit monocyte gene and protein
expression of IL-1b, IL-6, and IL-8 and
lymphocyte IL-2, IL-6, and IL-8.

Our data show that PAM potently inhibited
the replication of SARS-CoV-2 with ICso
and ICoo values of approximately 100 nM
and 3 pM, respectively. PAM demonstrated
similar antiviral activity against the SARS-
CoV-2 Wuhan type and all VoCs across
several cell lines. We also showed that
treatment with Pio strongly reduced the
release of SARS-CoV-2 progeny virions
with an ICso of approximately 800 nM and
ICop of ~10 uM. The combination of the two
drugs demonstrated synergistic activity
against the original SARS-CoV-2 strain, as
well as against the most problematic VoCs,
Delta and Omicron. Our data suggest that
combined treatment with PAM and Pio
should be considered as a potentially
effective treatment to reduce severity and
time to recovery in COVID-19 patients.
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Inhibitors of deubiquitinating enzymes
interfere with the SARS-CoV-2 Papain-
like protease and block virus replication
in vitro.

The ubiquitin proteasome system (UPS),
particularly its deubiquitinating enzymes
(DUBSs), play a key role in the replication
cycle of coronaviruses. The SARS-CoV-2
papain-like protease (Plpro) is known to
process the viral polyproteins to form the
replicase transcriptase complex and to
counteract the host viral response.
Moreover, it was shown that this viral
protease can also act as a deubiquitinating

enzyme.

We demonstrate for the first time that
certain DUB-Inhibitors (DIs) interfere with
SARS-CoV-2 replication. The DIs PR-619
and HBX41108 restrict SARS-CoV-2 in
both Vero B4 and human Calu-3 lung cells
where cells were infected with a MOI of
0.02. An in vitro protease assay using

recombinant  Plpro and  Amido-4-
methylcoumarin (AMC)-conjugated
substrate revealed that PR-619 and

HBX41108 are able to block the protease at
concentrations where the interventions
restricted virus replication. In contrast, DIs
that do not inhibit Plpro had no influence on
virus replication, which indicated that the
protease might be at least one major target.

Lipid Accumulation in Host Cells
Promotes SARS-CoV-2 Replication.

Lipid levels in the host cells have been
shown to promote SARS-CoV-2 replication,
and since the start of COVID-19 pandemic,
several studies have linked obesity and
other components of the metabolic
syndrome with severity of illness, as well as
mortality in patients with COVID-19.

In cooperation with Prof. Claus Hellerbrand
(Institute  of Biochemistry, Friedrich-
Alexander-Universitdt Erlangen-Niirnberg)
we aimed to obtain insights into the
pathophysiological mechanisms of these
associations. First, we established an in
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vitro model simulating high fatty acid levels
and showed that this situation induced the
uptake of fatty acids and triglyceride
accumulation in human Calu-3 lung cells.
Importantly, ~we found that lipid
accumulation significantly enhanced the
replication of SARS-CoV-2 Wuhan type or
the VoCs, Delta, in Calu-3 cells. In
summary, these findings indicate that
hyperlipidemia as found in patients with
obesity promotes viral replication and
herewith the disease course of COVID-19.

HIV-1 Viral Protein R (Vpr) couples
metabolic inflexibility with white adipose
tissue thermogenesis.

The major focus of this long-term project in
cooperation with the lab of Dr. Ashok
Balasubramanyam (Baylor College of
Medicine, Houston, TX, USA) has been the
functional characterization of the HIV-1
accessory protein Vpr. The 96 amino acid
Vpr has multiple functions in HIV-1
pathogenesis, including virion
incorporation, nuclear translocation of the
HIV-1 preintegration complex, induction of
cell cycle arrest at the G2/M phase, and the
regulation of apoptosis.

HIV patients manifest adipose dysfunction
characterized by accelerated lipolysis,
hepatosteatosis,  dyslipidemia,  insulin
resistance, and hyperglycemia. However,
the in vivo mechanisms whereby HIV
infection induces those defects in human
adipose disorders have not been reported.
Thus, in cooperation with the lab of Dr.
Ashok Balasubramanyam the pathogenic
role of Vpr in HIV-associated adipose
dysfunction was investigated.

Persons living with HIV (PLWH) manifest
chronic disorders of brown and white
adipose tissues that lead to diabetes and
metabolic syndrome. The mechanisms that
link viral factors to defective adipose tissue
function and abnormal energy balance in
PLWH remain incompletely understood.
We explored how Vpr -contributes to
adaptive thermogenesis in two mouse
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models and human
Uncoupling protein 1 (UCP1) gene
expression was strongly increased in
subcutaneous white adipose tissue (WAT)
biopsy specimens from PLWH and in
subcutaneous WAT of the Vpr mice, with
nearly equivalent mRNA copy number.
Histology and functional studies confirmed
beige transformation in subcutaneous but
not visceral WAT in the Vpr mice.
Measurements of energy balance indicated
Vpr mice displayed metabolic inflexibility
and could not shift efficiently from
carbohydrate to fat metabolism during day-
night cycles. Furthermore, Vpr mice showed

adipose tissues.

a marked inability to defend body
temperature when exposed to 4°C.
Importantly, Vpr couples higher tissue

catecholamine levels with UCP1 expression
independent of B-adrenergic receptors. Our
data reveal surprising deficits of adaptive
thermogenesis  that  drive  metabolic
inefficiency in HIV-1 Vpr mouse models,
providing an expanded role for viral factors
in the pathogenesis of metabolic disorders
in PLWH.
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Vaccination is the most effective method
to achieve long-lasting protection against
infectious diseases. Nanoparticle vaccines, a
novel type of vaccine that can be composed
of various materials like lipids, polymers, or
inorganic molecules. Numerous studies
indicate their potential to enhance immune
responses against a wide range of infectious
diseases. The intrinsic properties of
nanoparticles, in synergy with
advancements in genetic and biochemical
modification techniques, empower
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nanoparticle-based ~ vaccines as  an
innovative and transformative approach to
rational vaccine design. The Nanoparticle
vaccines group’s research goal is to
contribute to the development of innovative
vaccination  strategies by  designing,
characterizing, and conducting preclinical
evaluations of diverse B-cell targeting
nanoparticle-based prototype vaccines. We
are currently working on the following main
types of nanoparticles:

Biodegradable inorganic calcium
phosphate nanoparticles. During the last
decade, antigen-functionalized nanoparticles
have become a major focus in the field of
HIV-1 vaccine research. The efficacy of an
HIV-1 vaccine, however, depends on the
presence of vaccine-induced immune
mechanisms that may increase the
susceptibility for HIV-1 infection. The
unique characteristic of HIV-1 to infect
activated CD4+ T-cells requires alternative
vaccination strategies that differ from the
classical approaches used. In particular, the
number of HIV-specific IFN-y-secreting
cells induced by vaccination correlates with
an increased risk of infection. Currently, in
cooperation with Prof. Matthias Epple we
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molecules. The peptide encapsulation
process was then quantitatively improved by
an electrostatically driven approach using an
overall anionic lipid formulation. We
demonstrated that peptides delivered by
liposomes were presented by DCs in
secondary lymphoid organs after
intramuscular immunization of mice. UFO
(uncleaved prefusion optimized) Env
trimers were covalently coupled to peptide-
loaded anionic liposomes by His-
tag/NTA(Ni) interactions and EDC/Sulfo-
NHS crosslinking. The conformation of the
trimers was verified by liposomal surface
flow cytometry. Furthermore, anionic Env-
coupled T helper liposomes effectively
induced Env-specific B cell activation and
proliferation.

We  further  functionalized  cationic
liposomes with Env trimers by a tag-free
approach designed to enable a simplified
GMP production. The pre-fusion
conformation of the conjugated Env trimers
was verified by electron microscopy
imaging and flow cytometry. The cationic
liposomes induced strong activation of Env-
specific B cells in vitro. In comparison to
previously described anionic liposomes,
cationic T helper liposomes were superior in
CD4+ T cell activation after uptake by
dendritic cells. Moreover, the T helper
liposomes were able to target Env-specific
B cells in secondary lymphoid organs after
intramuscular injection. We also observed
efficient T helper cell activation and
proliferation in co-cultures with Env-
specific B cells in the presence of cationic T
helper liposomes.

Taken together, we generated T helper
liposomes by different approaches. An array
of in vitro methods was established and
adapted to functionally characterize these
nanoparticles in terms of Env trimer
conformation, quantitative peptide
encapsulation, activation of Env-specific B
cells as well as the uptake and peptide

presentation to T Thelper cells. The
established functional nanoparticle
78

characterization assays can be applied to
other systems of synthetic nanoparticles
delivering antigens derived from various
pathogens.

HIV-derived virus-like nanoparticles.
Virus-like particles (VLPs) are a promising
tool for HIV-1 vaccine development. The
great advantage of VLP-based vaccines is
their structural identity to wild-type viruses,
ensuring that antigen-specific  B-cells
encounter viral proteins in their natural
conformation. VLPs can be further
genetically or biochemically functionalized
with biomolecules (antigens and adjuvants).
HIV-derived enveloped VLPs consist of a
common HIV-Gag protein backbone
enclosed in a cellular lipid membrane in
which the proteins of interest can be
expressed. Previously, we functionalized
HIV-derived VLPs with model antigens that
were originally soluble, non-viral proteins.
We used a genetic approach to integrate a
truncated form of bacterial flagellin of a
nonpathogenic E. coli strain that lacks the
D2 and D3 domains into HIV-based viral
nanoparticles via recombinant fusion with
the transmembrane domain of the vesicular
stomatitis virus G protein (VSV-G).
Deletion of hypervariable domains ND2-
D3-CD3 reduced the immunogenicity of the
protein and the systemic inflammatory
response against it, but retained the TLRS
agonist activity. An increasing number of
studies have demonstrated the efficiency of
flagellin as an adjuvant, as well as its ability
to promote cytokine production by a range
of innate immune cell types. Moreover, it
triggers the recruitment of T- and B-cells to
secondary lymphoid sites and activates
dendritic cells (DCs) and T lymphocytes.
Previously, using CaP-NP B-cell-targeting
vaccines functionalized with a model
antigen, hen egg lysozyme (HEL), we
demonstrated that additional
functionalization with flagellin improved
antibody responses against HEL in mice.
Here, we generated HIV-based VLPs
displaying multiple molecules of the
membrane-bound form of truncated flagellin
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Without any doubt, vaccines are the most
effective measures to prevent infectious
diseases and to promote individual and
public health. Our group has developed and
optimized gene-based vaccines for viral

respiratory pathogens, including SARS-
CoV-2, Respiratory Syncytial Virus (RSV)
and Influenza A Virus (IAV). During the

recent SARS-CoV-2  pandemic, the
enormous potential of mRNA and
adenoviral vector vaccines to induce
broadly  protective  immunity = was

demonstrated for the first time in humans.
The licensed COVID19 vaccines are applied

intramuscularly and provide excellent
protection  against  severe  disease,
hospitalization and death, but do not

effectively prevent breakthrough infection
in and transmission among vaccinated
individuals. These findings are consistent
with our previous knowledge from viral
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respiratory tract infections in animal
models, which guided our research interest
to the development of vaccines able to
induce immunity at the viral entry site, the
mucosa of the respiratory tract. Here are
some highlights of our recent research
activities :

Mucosal immunity against viral
respiratory tract infections induced by
gene-based immunizations.

Along the newly emerged SARS-CoV-2,
established pathogens such as IAV and RSV
are causative agents of severe respiratory
tract infection especially in young children
and elderly people. The global disease
burden is estimated to ~ 650 million cases
per year for these two viruses leading to
estimated 0.5 million  deaths/year
worldwide. Due to the short incubation
period of respiratory viral infections,
vaccines need to induce immune responses
yielding an immediate antiviral response
upon exposure. Secretory IgA and tissue-
resident memory T-cells (TRM) at mucosal
surfaces have been identified as major
players involved in the protection against
pulmonary virus infections. Specifically,
lung TRM cells directed against the
conserved nucleoprotein of IAV provide
heterosubtypic immunity against divergent
IAV strains. Since TRM cells reside in the
target tissue, they locally respond to a
secondary infection, restrict immediate viral
replication and recruit further immune cells
by the secretion of inflammatory cytokines,
e.g. [IFN-y.

Fitting  to the observation  that
intramuscularly applied vaccines do not
induce mucosal T-cells, our research
confirmed local antigen presentation and
inflammation induced by mucosal vaccines
as prerequisite for the induction and
imprinting of lung TRM (Lapuente et al.,
2018b). We evaluated different vaccine
platforms, including DNA, RNA or
replication-deficient —adenoviral  vectors
(Ad5/Ad19a) for their potential to induce
local antibody and T-cell responses and to
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provide protection from IAV, RSV and
SARS-CoV-2 in mice (Lapuente et al,
2018a; Lapuente el al., 2021b).

However, these studies also confirmed that
a prior systemic immunization with either
DNA or RNA based vaccines encoding the
same viral antigens maximizes the
immunogenicity of the mucosally applied
adenoviral vector vaccines. An
intramuscular DNA immunization followed
by an mucosal adenoviral boost resulted in
mucosal immunity, including antiviral IgA
antibodies in the BAL and TRM responses,
and provided efficient protection against
Influenza and RSV in mice and NHP,
respectively (Lapuente et al, 2018a;
Grunwald et al, 2014). A confirmatory,
multi-center non-human primate study as a
next step to translate this approach into a
clinical trial is currently on-going.

Most recently, we utilized the licensed
mRNA vaccine Comirnaty® as systemic
prime immunization followed by intranasal
vaccinations with adenovirus 5 and 19a
vectored vaccines encoding the SARS-CoV-
2 spike protein (Lapuente el al., 2021b). In
contrast to two intramuscular applications of
the mRNA vaccine, intranasal boosts with
adenoviral vectors induced high levels of
mucosal IgA and lung-TRM. The mucosal
neutralization of virus variants of concern
was also enhanced.
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Human T-cell leukemia virus type 1
(HTLV-1). Our group studies HTLV-1, a
highly oncogenic yet neglected retrovirus,
which primarily infects white blood cells
(CD4* T-cells) in vivo and causes incurable

diseases like Adult T-cell leukemia/
lymphoma (ATLL) or inflammatory
maladies like HTLV-1-associated

myelopathy/ tropical spastic paraparesis
(HAM/TSP) after lifelong viral persistence.
Worldwide, at least 5-10 million people are
HTLV-1 infected and most of them are
unaware of their infection. Endemic regions
are located in Japan, Central Australia,
Melanesia, South America, the Caribbean,
and the Middle East. The virus is
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transmitted via cell-containing body fluids
such as blood products, semen and breast-
milk, which constitutes the major route of
mother-to-child transmission. After
infection of CD4" T-cells, HTLV-1 is
reversely transcribed and integrates into the
host cell genome. Despite the high number
of people worldwide living with a persistent
HTLV-1 infection, there is still no efficient
prevention strategy, vaccine or cure for
HTLV-1 and its associated diseases.

Our major research aims are

(1) Understand breast milk transmission of
HTLV-1 and develop prevention strategies

(2) Elucidate molecular mechanisms of
HTLV-1 cell-to-cell transmission

(3) Develop strategies to lower the proviral
load of infected individuals

(4) Interfere with HTLV-1 induced

leukemogenesis

Milk transmission of HTLV-1 and
develop prevention strategies. At the end
of 2020, we started a new area of research in
our group since the Ministry of Education
and Research (BMBF) has supported us by
funding a Junior Research Group in
Infection Research. Within the project Milk-
TV, which is short for “Milk Transmission
of Viruses”, we seek to explore early events
of HTLV-1 transmission and to develop
prevention strategies to fight HTLV-1
infections.  Briefly, breastfeeding is
recommended by the World Health
Organization for at least 6 months and up to
2 years of age, and it is proven that breast
milk protects against several diseases and
viral infections. Intriguingly, few viruses are
preferentially transmitted via breastfeeding
including HTLV-1. Risk of transmission
increases with the duration of breastfeeding,
however, abstinence from breastfeeding is
not an option in resource-limited settings or
underrepresented areas or populations.
Despite significant progress in
understanding  details of  cell-to-cell
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transmission, it is still unclear, which cells
in which organs get infected via the oral
route of virus transmission (Kemeter et al.,
2023), how these cells get infected, how
breast milk affects this route of infection,
and how to inhibit oral transmission despite
breastfeeding, which is an urgent need,
especially in underrepresented areas of the
world (Figure 1, Millen and Thoma-Kress,
2022). Thus, we strive within this project to
address these questions experimentally with
the help of different tissue culture model
systems and the development of strategies
to block HTLV-1 transmission. Overall, our
central aim is to uncover prevention
strategies that might ultimately allow infants
to benefit from breastfeeding while reducing
the risk of HTLV-1 transmission.
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Figure 1. HTLV-1 transmission from mother to
child via breastfeeding. Our projects aims to
uncover how HTLV-1 crosses epithelial barriers via
the oral route of transmission, how milk impacts
virus transmission and how we can interfere with
milk transmission of HTLV-1. Taken from: Millen
and Thoma-Kress, Front. Med. (2022).

Elucidate molecular mechanisms of
HTLV-1 cell-to-cell transmission.
Transmission of HTLV-1 to other T-cells is
strictly dependent on cell-cell contacts, and
viral particles are transferred after polarized
budding at a tight and confined cell-cell
contact, the so-called virological synapse.
Earlier work of our group identified the
actin-bundling protein Fascin to be crucial
for HTLV-1 cell-to-cell transmission (Gross
et al., 2016). During the last years, we
studied transcriptional regulation of Fascin
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in more detail. Interestingly, HTLV-1 and
related tumor viruses have evolved
strategies to transcriptionally induce Fascin
(Heym et al., 2022). A fragment of the
human Fascin promoter, which we
identified to specifically respond to HTLV-
1 (Mohr et al., 2015), was also suitable for
transcriptional targeting of dendritic cells,
which might be wuseful in vaccination
approaches (Zeyn et al., 2023).

HTLV-1 transmission may also occur via
viral biofilms at virological synapses, an
agglomeration of viruses that are packaged
on top of the infected cells in a microbial

Transmission

FLAG-VASP

biofilm-like structure. Our work shed
further light on the composition of theses
viral biofilms. Based on transcriptomics and
data mining, we found that the structural
protein Collagen IV (COL4A1/ COL4A2) is
transcriptionally regulated by Tax and a
component of viral biofilms, with COL4A2
appearing to impact virus transmission.
Thus, our study provided first links between
Tax’s activity and formation of the viral
biofilm by hijacking COL4 protein
functions (Millen et al., 2019).

p8-HA

VASP/p8/Calcein

Figure 2. p8 is transferred to target cells via VASP-containing protrusions. Immunofluorescence staining of
co-cultures of Jurkat T-cells expressing FLAG-VASP (blue) and p8-HA (red) with Jurkat T-cells pre-stained
with the live cell marker Calcein (green). White arrow: p8 co-localizing with VASP in a protrusion; black

arrow: p8 in co-cultured target Jurkat T-cell.
https://doi.org/10.1371/journal.ppat.1008879.

HTLV-1 is not only transmitted at tight cell-
cell contacts, rather, transmission may also
occur via long-distance connections, which
are induced by the small accessory viral
protein p8. This protein is generated by
proteolytic cleavage from the precursor p12
encoded on open reading frame I of the
HTLV-1 genome. p8 induces cellular
protrusions and is transferred to other cells
to foster HTLV-1 cell-to-cell transmission.
To get molecular insights into p8 transfer
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Taken from: Donhauser et al., PLoS Pathog (2020)

and HTLV-1 transmission, we made use of
bioinformatics in  combination  with
proteomics. Our studies identified novel
interaction partners of p8 (Figure 2),
amongst them, vasodilator stimulated
phosphoprotein  (VASP). After having
developed a novel flow cytometry-based
assay which allows rapid and automatic
quantitation of p8 transfer to target cells
(Donhauser et al., 2018), we could show
that knockout of VASP delays the transfer
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of p8 between cells, most likely by
impairing recruitment of p8 to the plasma
membrane (Donhauser et al, 2020).
Importantly, this study revealed that VASP
is also important for HTLV-1 cell-to-cell-
transmission.

Develop strategies to lower the
proviral load of infected individuals. Our
lab works on different projects to interfere
with  HTLV-1 persistence to ultimately
lower the proviral load. This is of special
importance since the risk to develop HTLV-
1 associated diseases increases with higher
proviral loads. Upon infection with HTLV-
1, the viral transactivator Tax stimulates
viral replication by recruiting host cell
factors like positive transcription elongation
factor b (p-TEFb) to the viral promoter and
by enhancing mitotic expansion of infected
cells. Since viral gene expression is
repressed in vivo by viral, cellular, and
epigenetic mechanisms in late phases of
infection, HTLV-1 avoids an efficient CD8"
cytotoxic T-cell (CTL) response directed
against the immunodominant viral Tax
antigen. Hence, new therapeutic strategies
aim to transiently activate viral gene
expression to shift the equilibrium in favor
of an enhanced CTL response to enhance
immunogenicity of HTLV-1 Tax, and thus,
to expose the latent HTLV-1 reservoir to
immune destruction. Thus far, the
composition of the protein complex guiding
viral gene expression is only partially
understood, and systematic analyses and
comparisons of compounds affecting viral
transcription are lacking. In earlier work, we
could identify strong and specific
upregulation of the transcription elongation
factor ELL2 in HTLV-l-infected -cells
(Mann et al., 2014). We found that ELL2
strongly enhances Tax-mediated
transactivation of the HTL V-1 promoter, and
that ELL2 and Tax are part of a common
protein complex. However, the detailed
composition of this complex and its impact
on viral reactivation were unclear. We
recently uncovered important domains
within Tax and ELL2 which are crucial for
Tax:ELL2 complex formation (Kohrt et al.,
2021). Moreover, we aim to develop
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strategies to interfere with HTLV-1
transcription, and, thus, to enhance
immunogenicity of HTLV-1 (Schnell et al.,
2021). Among several selected histone
deacetylase  inhibitors, we identified
Panobinostat and Romidepsin to be superior
to previously tested compounds in
enhancing viral transcription (Schnell et al.,
2022), however, their impact on viral
protein expression was only moderate.
Thus, we worked on alternative strategies to
interfere with HTLV-1. In a collaborative
project, we attacked the integrated HTLV-1
provirus by molecular evolution of a
designer recombinase, which was adapted to
a recognition site within the HTLV-1 long
terminal repeats flanking the integrated
proviral DNA (Rojo-Romanos et al., 2023).

Interfere with HTLV-1-induced
leukemogenesis. It has been known for
years that constitutive activation of the
classical and alternative NF-xB signaling
pathways by the viral oncoprotein Tax is a
hallmark of HTLV-1-driven cancer. NF-«xB-
deficient Tax transgenic mice lack the
induction of ATL-associated aggressive
skin diseases. Further, animal studies
therapeutically targeting NF-xB slow down
and reduce tumor growth in ATL-like
diseases. Although there are different
reports whether NF-kB is critical for
initiating cellular transformation, there is a
strong connection between Tax, NF-«xB,
tumor formation and maintenance. We
could recently show that activation of NF-
kB signaling specifically enhances the
abundance of Tax protein, but not of Tax
transcripts (Millen et al., 2020). This led to
the identification of a positive feedback loop
between Tax and NF-kB activity, which
results in enhanced protein expression of
Tax and might thus serve as a novel
therapeutic target to interfere with Tax-
driven transformation. In a collaboration
with Dr. Calabro (Padova, Italy), we seek to
elucidate the interplay between HTLV-1-
infected  T-cells and the  tumor
microenvironment making use of a mouse
model of Adult T-cell leukemia.
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HIV Vaccine Research

With annual HIV infection rates of 1.3
million people a year, development of an
HIV vaccine remains a world-wide urgency.
The HIV vaccine research group is therefore
exploring novel vaccination strategies and
aims at a better understanding of immune
responses that are induced by HIV or are
required for protection. Currently, the
following projects are pursued:

Improving antibody responses to
particulate vaccines by intrastructural
help. Antigen-specific T follicular helper
cells provide critical signals for cognate B-
cells to differentiate into memory B-cells
and plasma cells. In the context of
particulate vaccines composed of different
proteins, T helper cell epitopes and B-cell
epitopes do not need to be covalently
linked. HIV-Env specific B-cells for
example can internalize virus-like particles
(VLPs) containing HIV Env and Gag. This
leads to presentation of Env- and Gag-
derived peptides on their MHC-II molecules
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Additionally, ISH enhanced the frequency
of Env-specific long-lived plasma cells in
the bone marrow. We also inserted murine T
helper cells epitopes of the Spike protein of
SARS-CoV-2 into the HIV-VLPs and
observed strong intrastructural help effects.
Using mucosal immunization regimens
against the spike protein we are currently
exploring the hypothesis that T helper cell

responses induced by mucosal
immunization can improve mucosal
antibody  responses after  subsequent

systemic booster immunizations with VLPs
by intrastructural help.

Particulate HPV vaccine plattform. To
extend the concept of intrastructural help to
non-enveloped viruses, we established an E-
coli-based production system for L1 VLPs
of HPV-16. Different coupling strategies
were explored to coat the L1 VLPs with
HIV-Env, and the immunogenicity of these
experimental  vaccines are  currently
explored.

Figure 2. EM of HPV-16 L1 VLPs. Upon expression in E. coli, recombinant L1 proteins accumulate in
irregular aggregate structures that do not spontaneously reassemble after cell lysis (left panel). Instead, a
disassembly-reassembly process in vitro is typically required. To this end, L1 aggregates are first dissociated
into soluble pentamers under the influence of reducing agents (center panel). Gradually removing the
reducing agents via dialysis against a low-acidic buffer environment with high salt concentrations finally
promotes the reassembly into functional L1 VLPs that may be conjugated with HIV-1 Env (right panel).

Sterilizing immunity after passive
immunization. Antibodies targeting the
HIV-1 Env protein have been shown to
prevent systemic infection in non-human
primate models of AIDS. To explore
whether these antibodies can block infection
of the “first cell” at the portal of viral entry,
challenge viruses Dbased on simian
immunodeficiency  virus  (SIV)  were
developed that use HIV-1 Env for entry into
target cells during the first replication cycle,
but then switch to SIV Env for all
subsequent rounds of the infection. Passive
immunization of monkeys with a broadly
neutralizing antibody binding to Env of
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HIV-1, but not SIV, prior to rectal exposure
to the switching challenge virus led to a
>100-fold reduction of HIV-1 Env-mediated
infection events. Using this challenge model
under non-neutralizing conditions did not
reveal a major reduction of HIV-1 Env
mediated first infection events.
Consistently, the same broadly neutralizing
antibody with mutations inactivating the
interaction with Fc-receptors reduced the
HIV-1 Env-mediated infection events to a
similar extent.
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Figure 3: HIV antibodies can prevent
infection with viruses that use HIV-1 Env
for entry into the first cell, but SIV Env
for all subsequent infection cycles. Since
the HIV antibodies do not bind to SIV
Env, they must act prior to infection of
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Passive immunization strategies Collaborations
against SARS-CoV-2. In response to the
SARS-CoV-2 pandemic, we established in Prof. Dr. Christian Bogdan, Institute of

close collaboration with Prof. Ralf Wagner
(Regensburg) and Dr. Philipp Steininger
(Clinical Diagnostics) different cohorts for
studies on the sero-epidemiology (TiKoCo),
the cellular and humoral immune responses
to infection and vaccination, and the clincial
course of  break-through infections
(CoVaKo). In collaboration with Prof.
Hans-Martin Jack from the Division of
Molecular Immunology und Prof. Thomas
Winkler from the Chair of Genetics, we also
rapidly generated human neutralizing
monoclonal antibodies by immunizing
TRIANNI mice genetically modified to
express the human immunoglobulin variable
region repertoire. The antibodies reduced
viral loads in mice and non-human primates,
but rapid emergence of viral escape mutants
limited the applicability of the SARS-CoV-
2 antibodies identified. In collaboration with
Prof. Dirk Grimm and Sirion Biotech, we
also developed a myotropic AAV-based
vector, that provided high serum
concentrations of one of the SARS-CoV-2
neutralizing antibodies for more than a year
after a single injection in a preclinical
model.
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Prof Dr. Holger Hackstein, Department of
Transfusion Medicine and Haemostaseology,
Uniklinikum Erlangen, Germany

Prof. Dr. Thomas Harrer, Department of
Medicine 3 — Rheumatology and Immunology,
Uniklinikum Erlangen, Germany

Prof. Dr. Iris Heid, Chair of Genetic
Epidemiology, University of Regensburg,
Germany
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Infectious Diseases & Tropical Medicine |,
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Prof. Dr. Hans-Martin Jéack, Division of
Immunology, Department of Medicine 3 -
Rheumatology and Immunology, Uniklinikum
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Dr. Dietmar Katinger, Polymun Scientific
Immunbiologische  Forschung GmbH, Bad
Klosterneuburg, Austria

Prof. Dr. Oliver Keppler, Max von Pettenkofer
Institute, Ludwig-Maximilians-Universitit
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Prof. Dr. Florian Klein, Institute of Virology,
University Hospital of Cologne, Germany
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Prof. Dr. Bernhard Liebl, Bavarian State Office
for Health and Food Safety, Erlangen, Germany

Prof. Dr. Johannes G. Liese, Department of
Pediatrics, Uniklinikum Wiirzburg, Germany

Prof. Dr. Anja Lux, Professorship for Integrated
Immunology, Chair of Genetics, Faculty of
Sciences, Friedrich-Alexander-Universitit
Erlangen-Niirnberg (FAU), Germany

Prof. Dr. Stefan P6hlmann, Infection Biology
Unit, German Primate Center (DPZ), Leibniz
Institute for Primate Research, Goéttingen,
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Prof. Dr. Ulla Protzer, Institute of Virology,
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Prof. Robin Shattock, Department of Infectious
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Dr. Eileen Socher, Institute for
Biochemistry/Institute for Anatomy, Faculty of
Medicine, Friedrich-Alexander-Universitét
Erlangen-Niirnberg (FAU), Germany

Dr. Christiane Stahl-Hennig, Unit of Infection
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Prof. Dr. Heinrich Sticht, Professorship for
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Universitéit Erlangen-Niirnberg (FAU), Germany
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Ao.Univ.Prof. Dipl.-Ing. Dr. Karola Vorauer-Uhl,
Institute of Bioprocess Science and Engineering,
BOKU University, Vienna, Austria

Prof. Dr. Ralf Wagner, Institute for Microbiology
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DFG UE 45/13-2 ,Relevance of Fc effector
functions for protection from infection of the first
cells in an HIV-1 non-human primate model®.

BMBF (01KI2043A) ,Human antibodies to
SARS-Cov2 for the prophylaxis and therapy of
COVID-19 (CoVER Ab)“.

STMWK ,Safety and efficacy of vaccination
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Tirschenreuth (TiKoCo19)“.

STMWK  ,Bavarian COVID-19 Research
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protection by SARS-CoV-2 antibodies*.
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Comparative Viral Genetics
Walter Doerfler

Stefanie Weber, front row, first from the right

+49 (0)9131 85 32035
(via Institute office)
Mobile: +49 (0)171 205 1587
E-mail: walter.doerfler@t-online.de

Phone:

Investigators

Stephanie Weber, Dr. rer. nat.

Walter Doerfler, Prof. Dr. med. Dr. med.
h. c. (Guest Professor in the Institute for
Virology, FAU Erlangen-Niirnberg,
Medical School, and Professor emeritus,
Institute for Genetics, University of
Cologne)

General background

The worldwide Covid-19 (Corona Virus
Disease-19) pandemic between 2019 and
2023 has opened unprecedented challenges
for research on viral genetics. The causative
agent of the disease, the newly emerged
SARS-CoV-2 (Severe Acute Respiratory
Syndrome  Coronavirus-2), has  been
intensely studied under many different
aspects by researchers worldwide. Our
group initially became interested to follow
the emergence of new mutants and variants
[1-3]. In the course of this more systematic
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work, the idea came up to compare the spike
nucleotide sequence of SARS-CoV-2 with
the spike sequences of human Adenoviruses
2 and /2 and eventually of many different
species, from viruses to Homo sapiens [4-
71.

Starting in 1966, human Adenoviruses have
been a major research tool for investigations
in mammalian molecular genetics also in
Walter Doerfler’s laboratory. Our work was
started in 1966 at the Rockefeller University
in New York, N.Y., continued starting in
1972 at the Institute for Genetics at Cologne
University and, since 2002, at the Institute
for Clinical and Molecular Virology,
Friedrich-Alexander-University ~ Erlangen-
Niirnberg. Integrative recombination, the
structure of junction sites with integrated
foreign DNA, inverse correlations between
DNA methylation and transcriptional
activity as well as genome-wide alterations
of methylation patterns that followed
foreign DNA insertions into mammalian
genomes have been topics of our long-
standing interest [summary in references 4-
71.

Driven by curiosity, we compared the full
lengths spike nucleotide sequences between
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SARS-CoV-2 and Human Adenoviruses and
made the serendipitous discovery of ~ 45%
sequence identities between these viral
genomes. A more detailed inspection of the
identity profiles revealed patch type
sequence identity patterns similar to those
we and many others had found at the
junction sites of illegitimate recombination
partners, among others at the junction sites
of Adenovirus DNA integrates into
mammalian ~ genomes  [summary in
references 4, 5]. Extension of the sequence
alignments to the genomes of completely
different species — as far apart as human and
Oryza sativa (rice) or SARS-CoV-2 and llex
aquifolium - invariably revealed ~ 45%
patch type sequence identities, often along
the entire lengths of the alignments with the
shorter partners. Here, we entered the field
of Comparative Viral Genetics with
important consequence for biology and
medicine [4-7]. We have argued that these
unexpectedly high levels of inter-species
nucleotide sequence identities might be an
inherent built-in feature of a four-letter
genetic alphabet. This notion is supported
by the finding in control experiments that
among 1.000 artificial genomes generated
by shuffling A, C, G, and T, patchy
sequence identities have been invariably
observed [4-6].

Our research between 2019 and 2024 was
facilitated by the free availability of large
amounts of nucleotide sequence data from
sources like GISAID and the NCBI
nucleotide databases.

Between 2019 and 2023, our research group
has concentrated on the following topics:

The nature and possible biological
significance of patch type identities
between the genomes of distantly or
unrelated species and SARS-CoV-2
evolution

The rapid worldwide rise and selection of
SARS-CoV-2 mutants and variants

104

A built-in feature of the four-letter
genetic alphabet — patchy sequence
identities between genomes of diverse
species are key to illegitimate
recombination and evolution [4,5]

Patch-type nucleotide sequence identities
were detected among genomes of a wide
and diverse spectrum of biological taxa,
including viruses, bacteria, plants, animals,
and humans. Surprisingly, a comparison of
the genomes of Adenoviruses and SARS-
CoV-2 revealed patch type sequence
identities of ~ 45% along the entire lengths
of the global viral genome alignments.
Extending sequence comparisons to 65
genome alignments of distantly or unrelated
species, the same patterns of patchy
sequence identities at ~ 45% recurred. In
silico control experiments showed similar
percent identities with patchy patterns when
A, C, G, and T sequences were randomly
permuted. A four-letter genetic alphabet and
its possibly built-in ability to give rise to
patch type identity patterns with unrelated
sequences facilitate genetic exchange and
recombination  processes. This latter
conclusion is based on results from the early
1980s of patchy sequence patterns at
junction sites of recombination or
integration events in many biological
systems. The present study also explored the
potential role of patchy identity patterns to
cause the high rates of mutation in S4RS-
CoV-2 and its Omicron variants. In the
Omicron variant BA.2.86, a 22-nucleotide
exchange was documented between the
genomes of the original SARS-Col-2
Wuhan-Hu-1 reference genome and the
BA.2.86 Omicron variant. In this exchange
reaction, patchy identity patterns were also
observed. Moreover, individual mutations in
the viral spike gene are often only a few

nucleotides  apart. Hence, patch-type
sequence identities may have served as
specific signals for illegitimate
recombination.
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Possible relevance for an understanding
of the origin of SARS-CoV-2 and its
continuously emerging Omicron variants:
The nucleotide sequences of Omicron
variants BA.1, BA.2, BA.2.75, BA.4, BA.5
and XBB.1.5 of SARS-CoV-2 were inspected
for distances between neighbouring
mutations that proved to be very closely
spaced, in many cases only a few
nucleotides apart [5]. Close mutation
spacing was particularly noted in the
receptor domain of the spike segment of
these SARS-CoV-2 genomes [4, 5]. Even
more to the point, in the Omicron variant
BA.2.86  (,Pirola®), a  22-nucleotide
exchange was documented between the
genomes of the original SARS-CoV-2
Wuhan-Hu-1 reference genome and the
BA.2.86 Omicron variant. In this 22-
nucleotide sequence exchange segment, 2
four- and 2 two-patch type identities were
detected. This finding suggests a direct
sequence exchange between SARS-CoV-2
RNA and unknown, possibly cellular,
RNAs.

Open Questions and Transient Therapy:
In the future, we will pursue the
biochemical and genetic mechanisms of
illegitimate recombination in mammalian
cells. Therapeutic considerations for viral
infections raise the question of whether this
mechanism could be interfered with or even
be temporarily halted as a transient
therapeutic measure during a viral
pandemic? Moreover, we plan to extend the
number of sequence alignments, since our
to-date repertoire of investigated sequence
comparisons is still limited.

Conclusions: Patch-type nucleotide
sequence identities were observed among
the genomes of various and even unrelated
species. These identities could allow for
inter-molecular sequence exchanges by a
mechanism akin to heterologous or
illegitimate recombination reactions. The
results of computational analyses, including
randomly permutated sequences generated
from the 4, C, G, T/U 4-letter alphabet,
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revealed that the 43% to 50% sequence
identities and their patchy patterns were
maintained. The patchy identity patterns
might be related to a built-in property of the
four-letter alphabet that must have been
selected very early-on in evolution since it
pervades all forms of life.

In many integration or illegitimate
recombination reactions, the sites of linkage
between foreign and host DNAs, are
characterized by patchy sequence identities,
by partial deletions or insertions of short
sequences of unknown derivation [4-5].
These frequently recurring observations in
very different biological systems imply that
sequence identity-based stem-loop
structures have the potential to serve as
signals in the recognition between mutual
recombination partners.

A sizable literature exists that describe
recombination between RNA molecules,
among the genomes of distantly related viral
RNAs and even with any RNA that is
available to serve as recombination partner
[reviewed in references 4, 5].

The distribution patterns of mutations in the
glycoprotein spike gene of SARS-CoV-2 are
characterized by closely spaced point
mutations by short deletions and insertions,
hence might be due to exchanges between
short sequence stretches, e. g., from the
human host genome or human/viral RNAs.
The rapid appearance of new variants of
SARS-CoV-2, particularly of the Omicron
family, renders this hypothesis worth
considering. More specifically, comparison
of the nucleotide sequences of the SARS-
CoV-2 Wuhan Hu-2 reference and the
SARS-CoV-2 Omicron variant BA.2.86
(Pirola) reveals four patch type sequence
identities involving two of 2 and two of 4
nucleotides in lengths.

These  observations  underscore  the
significance of patchy sequence identities in
the context of sequence exchange and
recombination processes. However, there
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still are limitations to this study and further
research will be needed to elucidate the
nature of unknown evolutionary events and
the mechanisms governing illegitimate
recombination and sequence exchange
reactions.

The rapid worldwide rise and selection
of SARS-CoV-2 mutants [1-3]

Scientists and the public were alarmed by
the occurrence of the large number of viral
variants of SARS-CoV-2 reported starting in
2020. We have followed the time course of
emerging viral mutants and variants during
the SARS-CoV-2 pandemic in ten countries
on four continents. We examined > 383,500
complete SARS-CoV-2 nucleotide sequences
in GISAID (Global Initiative of Sharing All
Influenza Data) with sampling dates
extending until April 05, 2021. These
sequences originated from ten different
countries: United Kingdom, South Africa,
Brazil, United States, India, Russia, France,
Spain, Germany, and China. Among the 77
to 100 novel mutations, some previously
reported mutations waned and some of them
increased in prevalence over time.
yui2012/01  (B.1.1.7) and  501Y.V2
(B.1.351), the so-called UK and South
Africa variants, respectively, and two
variants from Brazil, 484K.V2, now called

P.l and P.2, increased in prevalence.
Despite  lockdowns, worldwide active
replication in genetically and socio-

economically diverse populations facilitated
selection of new mutations. Rapidly
evolving new variant and mutant strains
might give rise to escape variants, capable
of limiting the efficacy of vaccines,
therapies, and diagnostic tests.

Collaborations

Christina Ramirez, PhD, Professor, Department
of Biostatistics, UCLA Fielding School of Public
Health, Los Angeles, CA 90095-1772, USA. Our
research group has been collaborating with
Christina Ramirez since 2012.
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We have also published in collaboration with
Profs. Harold Burger, MD, PhD and Barbara
Weiser, MD, formerly at Medical School, UC
Davis CA, USA
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I, Aktivititen in Klinischer Diagnostik

»

Mitarbeiter(innen)/Staff

Arztliche Koordination
Medical Coordination
Dr. med. Klaus Korn,
Leiter der Sektion
PD Dr. med. Antje Kndll,
stellvertretende Leiterin
Dr. med. Philipp Steininger,
Facharzt

Tel  +49 (0)9131 85 3 2766
Fax: +49 (0)9131 85 3 6408
E-mail: klaus.korn@uk-erlangen.de

Homepage:
http://www.virologie.uk-erlangen.de

Weiterbildungsassistentinnen
Physicians in residency
Stephanie Beileke
Clara Maier
Dr. med. Monika Wytopil
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Activities in Clinical Diagnostics

Wissenschaftliche Beratung
Scientific Advisors
Prof. Dr. med. Klaus Uberla
Prof. Dr. med. Armin Ensser
Prof. Dr. rer. nat. Thomas Gramberg
PD Dr. med. Frank Neipel

Qualititsmangementbeauftragte
Quality Manager
Dr. rer. physiol. Angela Nagel

Medizinisch-technische Assistentinnen
Medical Technicians

Albrecht, Jens-Christian (03/2020 -04/2023)

Bartlime, Ariane

Dormann, Monika

Fey, Tanja

Finze, Nathaly

Holzenleuchter, Karin

Hotter, Melanie

Loffler, Anna-Maria

Lorenz, Carmen

Moestel, Regina
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Moschik, Brigitte Zank, Anke

Paatz, Christiane Ziegler, Christine

Peter, Corinna

Rausch, Christina Verwaltung/Pforte

Schmidt, Bettina (08/2021-07/2022) Administration

Schmidt, Katja (09/2020-07/2023) Lindenberger, Anita (bis 09/2022)
Schneider, Grit Misir, Hiilya

Weigler, Vanessa Murrmann, Susanne

Untersuchungsspektrum/Spectrum of Laboratory Tests

Indirekte Immunfluoreszenz zum Antikdrpernachweis
Indirect immunofluorescence for antibody detection
Epstein-Barr-Virus-Capsid-Antigen IgA-Antikdrper

Humanes Herpesvirus Typ 6 (IgG-Antikorper, [gM-Antikdrper)
Humanes Herpesvirus Typ 7 (IgG-Antikdrper, [gM-Antikorper)
Humanes Herpesvirus Typ 8 (IgG-Antikorper)

ELISA- (ELFA-, CLIA-, CMIA-) Tests fiir den Antikdrpernachweis gegen:
ELISA (ELFA, CLIA, CMIA) tests for the detection of antibodies against:
Adenoviren (IgG- und IgA-Antikdrper)

Cytomegalovirus (IgG- und IgM-Antikorper, [gG-Avidititstestung)
Epstein-Barr-Virus (anti-VCA-IgG, anti-VCA-IgM, anti-EBNA-IgG)
Herpes-simplex-Virus (IgG- und IgM-Antikérper)

Varizella-Zoster-Virus (IgG- und IgM-Antikdrper)

Parvovirus B19 (IgG- und IgM-Antikdrper)

HIV-1 und HIV-2

HTLV-VII (menschliche T-Zell-Leuk&mie-Viren)

Enteroviren (IgG- und IgM-Antik&rper)

FSME-Virus (IgG- und IgM-Antikdrper)

Mumpsvirus (IgG- und IgM-Antikdrper)

Masernvirus (IgG- und IgM-Antikorper)

Rubellavirus (IgG- und IgM-Antikorper)

ELISA-/CLIA-/CMIA-Tests in der Hepatitis-Serologie fiir folgende Parameter:
ELISA/CLIA/CMIA tests in hepatitis serology
Hepatitis-A-Virus-Antikorper
Hepatitis-A-IgM-Antikérper

HBs-Antigen

HBs-Antigen (quantitativ)

HBe-Antigen

HBs-Antikdrper

HBc-Antikdrper

HBc-IgM-Antikérper

HBe-Antikorper

Hepatitis-C-Virus-Antikdrper
Hepatitis-Delta-Antikdrper
Hepatitis-E-Virus-IgG-Antikodrper
Hepatitis-E-Virus-IgM-Antikdrper
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Immunchromatografische Schnelltests

Rapid immunochromatographic tests for the detection of antibodies/antigens

fiir den Antikorpernachweis gegen Dengue-Virus Typ 1-4 (IgG- und IgM-Antikdrper)
zum Nachweis von Denguevirus-NS1-Antigen

zum Nachweis (Bestitigung und Differenzierung) von Antikdrpern gegen HIV-1 und
HIV-2

Immunoblot-Tests zum Antikérpernachweis fiir folgende Viren:

Immunoblot assays for antibody detection against the following viruses:
Bunya-/Hantaviren (IgG, IgM fiir Hantaan-Virus, Puumala-Virus, Dobrava-Virus, Seoul-
Viren und Sandfliegenfieber-Virus Toscana)

Hepatitis-C-Virus

Hepatitis-E-Virus (IgG- und IgM-Antikdrper)

Herpes simplex-Virus Typ 1 und 2 (typspezifische Antikorper)

HTLV-1 (menschliches T-Zell-Leukdmie-Virus Typ 1) und HTLV-2

Parvovirus B19 (IgG- und IgM-Antikdrper)

Tropische Fieber-Viren (IgG und IgM fiir Chikungunya-, Dengue- und Zikavirus)

Nachweis viraler Nukleinsdure mittels PCR oder anderen Nukleinsiure-
Amplifikationsmethoden fiir folgende Erreger:

Detection of viral nucleic acids using PCR or other nucleic acid amplification methods
Herpes simplex-Viren Typ 1 und 2

Varizella-Zoster-Virus

Cytomegalovirus

Epstein-Barr-Virus

Humanes Herpesvirus Typ 6 und 7

Humanes Herpesvirus Typ 8 (Kaposi-Sarkom-assoziiertes-Herpesvirus)
Adenoviren

Parvovirus B19

Humane Papillomviren

Polyomaviren BK und JC

Merkelzell-Polyomavirus

Trichodysplasia spinulosa-Virus

Orthopoxviren

Parapoxviren

Influenzaviren A und B

Spezifischer Nachweis der Hadmagglutinin-Gene von Influenza A HINI1pdm2009,
saisonaler Influenza A H3 sowie avidrer Influenza A HS und H7
Parainfluenzaviren 1-4

Respiratory-Syncytial-Virus

Enteroviren

Parechoviren

Rhinoviren

Metapneumoviren

SARS-Coronavirus 2

Saisonale Coronaviren (OC43, 229E, NL63 und HKU1)

Mumpsvirus

Rubellavirus

Astroviren

Noroviren Genogruppe 1 und 2
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Rotaviren
Chikungunya-Virus
Denguevirus
FSME-Virus
West-Nil-Virus
Zikavirus

HIV-1 und HIV-2
HTLV-1 und HTLV-2
Hepatitis-A-Virus
Hepatitis-B-Virus
Hepatitis-C-Virus
Hepatitis-Delta-Virus
Hepatitis-E-Virus

Genotypisierungen und Tropismusbestimmungen
Genotyping and testing of viral tropism
Adenovirus-Typisierung (Sequenzanalyse)
Denguevirus-Typisierung (Sequenzanalyse)
Enterovirus-Typisierung (Sequenzanalyse)
Parechovirus-Typisierung (Sequenzanalyse)
HAV-Genotypisierung (Sequenzanalyse)
HBV-Genotypisierung (Sequenzanalyse)
HCV-Genotypisierung (Sequenzanalyse)
HEV-Genotypisierung (Sequenzanalyse)

HIV-1- und HIV-2-Subtypisierung (Sequenzanalyse)
Bestimmung des Korezeptor-Tropismus von HIV-1 durch Sequenzanalyse
HPV-Typisierung (typspezifische PCR und Sequenzanalyse)

Untersuchungen zum Nachweis von Resistenzen gegen Virostatika

Antiviral drug resistance testing

Genotypische Resistenzbestimmung fiir HIV-1 durch Sequenzierung und Analyse des
Mutationsprofils

- Proteaseinhibitoren

- Reverse Transkriptase-Inhibitoren

- Integrase-Inhibitoren

Genotypische Resistenzbestimmung fiir HBV durch Sequenzierung und Analyse des
Mutationsprofils

Genotypische Resistenzbestimmung (Ganciclovir) fir CMV durch Sequenzierung des
UL97-Gens und Analyse des Mutationsprofils

Genotypische Resistenzbestimmung (Aciclovir) fiir HSV-1 durch Sequenzierung des
Thymidinkinase-Gens und Analyse des Mutationsprofils

Auf Anfrage stellen wir IThnen gerne unsere ,Hinweise fiir die Einsender“ und ein
ausfiihrliches Leistungsspektrum zur Verfiigung.
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Probenaufkommen und besondere Entwicklungen

Der Berichtszeitraum von 2019 bis 2023
war natiirlich geprdgt durch die SARS-
CoV-2-Pandemie, die unser diagnostisches
Labor vor extreme Herausforderungen
stellte. Diese sollen hier in einer kurzen
Chronologie dargestellt werden:

Nachdem das Labor von Prof. Christian
Drosten an der Charité in Berlin am 20.
Januar 2020 ein Protokoll zum Nachweis
des neuen, damals noch als 2019-nCoV
bezeichneten Virus mit verschiedenen
Primer/Sonden-Sets filir die real-time-PCR
veroffentlicht  hatte, haben wir die
entsprechenden  Reagenzien umgehend
bestellt und konnten schon eine Woche
spiter, am 27. Januar 2020, die ersten
Proben mit den neuen real-time-PCR-
Assays testen. Diese Testung lieB sich auch
problemlos in unseren Arbeitsablauf
integrieren und konnte zusammen mit
anderen  real-time-PCR-Testungen  fiir
respiratorische Viren und Gastroenteritis-
Viren im gleichen Lauf durchgefiihrt
werden. In den ersten Wochen war das
Probenaufkommen noch iiberschaubar und
die Indikationen reichten von tatséchlichen
Reiseriickkehrern aus China bis zu sehr
vagen Verdachtsfillen (,arbeitet in der
Passkontrolle am Flughafen, da kommen ja
auch Leute aus China vorbei®). Einen
Monat nach Beginn der SARS-CoV-2-PCR-
Testungen dnderte sich das dann schlagartig
mit dem ersten diagnostizierten Fall einer
SARS-CoV-2-Infektion in Erlangen. Dieser
zog zundchst umfangreiche Untersuchungen
bei einer groBen Zahl von Kontaktpersonen
nach sich, bei denen aber keine weitere
Infektion festgestellt werden konnte. Es
folgten jedoch in den nédchsten Tagen eine
Reihe weiterer positiver Befunde bei
Reiseriickkehrern aus Norditalien und dann
auch aus  Osterreich  sowie  eine
tiberbordende Anzahl von Testanfragen, die

wir in dieser ersten Phase mangels
Reagenzien- und Geritekapazititen
teilweise auch abschldgig bescheiden

mussten. Ein groBer Gliicksfall war dann die
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Moglichkeit, in Kooperation mit der
Abteilung fir Transfusionsmedizin auf
deren urspriinglich fiir die PCR-Testung auf
HIV und Hepatitisviren bei Blutspendern
angeschafften Grof3gerdt auch SARS-CoV-
2-real-time-PCR-Testungen in groBerem
Mafstab durchfilhren zu konnen. Damit
konnten wir unsere Kapazititen schon ab
dem 23. Mirz 2020 erheblich erweitern, und
wir  haben im Rahmen dieser
Zusammenarbeit, fir die ich mich bei allen
beteiligten Kolleg(inn)en in der
Transfusionsmedizin nochmals ganz
herzlich bedanken mochte, bis zum
30.03.2023 fast 200.000 Proben getestet,
was etwa der Hilfte aller SARS-CoV-2-
PCR-Tests entspricht, die wir in den Jahren
2020-2023 durchgefiihrt haben.

Eine besonders schwierige Phase galt es
dann zum Jahresende 2020 hin zu
bewiltigen, als die Fallzahlen und damit
auch die Testanforderungen fiir die SARS-
CoV-2-PCR nach einigen Monaten der
Entspannung im Sommer stark anstiegen
und gleichzeitig bei den Herstellern grof3e
Kapazitdtsprobleme auftraten, so dass die
Versorgung mit den notwendigen Testkits
zu einem groBeren logistischen Problem
wurde. Mit der Inbetriecbnahme eines
zweiten Grofigerdtes in unserem eigenen
Labor konnte dann auch diese Situation
gemeistert werden, so dass im Winter
2021/2022, als durch das Auftreten der
Omikron-Varianten die Testzahlen das
Niveau des vorherigen Winters sogar noch

iibertrafen, keine vergleichbare
Mangelsituation mehr auftrat.
Als zweite Herausforderung in der

SARS-CoV-2-Pandemie présentierte sich
ab Anfang des Jahres 2021 die
Untersuchung auf SARS-CoV-2-
Varianten, angefangen mit der sog.
,oritischen* Variante, die spéter offiziell als
B.1.1.7- bzw. ,,Alpha“-Variante bezeichnet
wurde. Hier haben wir zunédchst versucht,
diese mit selbst entwickelten
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mutationsspezifischen PCR-Tests von der
urspriinglichen  ,,Wuhan-Variante  zu
unterscheiden, konnten aber recht bald auf
kommerzielle Tests zuriickgreifen, die
sukzessive auch den Nachweis der Beta-,
Gamma-, Delta- und Omikron-Variante
sowie auch die Differenzierung der beiden
ersten Omikron-Subvarianten BA.1 und
BA2 ermdglichten. Mit diesen
mutationsspezifischen PCR-Tests war es
moglich, eine sehr schnelle Identifizierung
der Varianten zu erreichen, in der Regel am
Tag nach dem Vorliegen des positiven
PCR-Ergebnisses, teilweise sogar schon am
gleichen Tag. Ab dem Friihjahr 2022 war es
dann aber so, dass die sehr starke
Aufsplitterung der Omikron-Variante in
zahlreiche Subvarianten mit immer wieder
neuen Mutationsmustern die Moglichkeiten
der mutationsspezifischen PCR-Testung
tiberstieg. Daher haben wir diese Testungen
dann eingestellt und wuns auf die
Untersuchung einer zufdlligen Auswahl der
neuen positiven Proben mittels
Vollgenomsequenzierung beschréinkt. Diese
Methode  ist  deutlich  zeit- und
kostenaufwéndiger als die Varianten-
Testung mit mutationsspezifischen PCRs,
ermdglicht aber dafiir eine zuverléssige
Erkennung und Differenzierung auch von
sehr komplexen Mutationsmustern.

Die nichste Herausforderung fiir unsere
Diagnostik ergab sich im Jahr 2022 mit
dem Auftreten von Erkrankungsféllen durch
Affenpocken-Viren, die mittlerweile als
Mpox-Erkrankungen bezeichnet werden.
Nachdem im Mai 2022 erstmals iiber das
gehaufte Auftreten von Mpox-
Erkrankungen auflerhalb der endemischen
Regionen in Afrika berichtet wurde, wurden
wir auch kurze Zeit spéter mit einem ersten
Verdachtsfall konfrontiert. Wir konnten
noch am Tag des Probeneingangs mit einer
schon vor vielen Jahren etablierten
konventionellen Orthopoxvirus-PCR  die
Diagnose einer Orthopoxvirus-Infektion
stellen und hatten am nichsten Tag bereits
das Resultat der Sequenzierung des
entsprechenden PCR-Produkts vorliegen, da

Virologisches Institut - Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023

mit dem Ergebnis ,Affenpockenvirus,
westafrikanische Linie“ die Diagnose
endgiiltig sicherte. Fiir die weiteren
Verdachtsfille, die ab Mitte Juni zur
Diagnostik kamen, konnten wir dann bereits
auf neu  etablierte  real-time-PCRs
zuriickgreifen, mit denen die Diagnose noch
schneller gestellt werden konnte. Insgesamt
haben wir bis Mitte September 2022 21
Fille von Affenpockenvirus-Infektionen
diagnostiziert. Die Charakteristika dieser
Patienten entsprachen ganz dem auch in
grofleren Fallserien beobachteten Muster
(alle ménnlich, mittleres Alter ca. 40 Jahre,
knapp die Hiélfte mit bekannter HIV-
Infektion). Als Probenmaterial war bei allen
Patienten Abstrichmaterial von Lésionen
vorhanden, bei einem Teil der Patienten

konnten wir zusitzlich auch
Rachenabstriche  und/oder EDTA-Blut
untersuchen. Im Gegensatz zu Covid-19

konnte diese Infektionswelle jedoch rasch
eingeddmmt werden. Schon ab Anfang
August nahmen die Einsendezahlen bei uns
deutlich ab, und nach dem 15.09.2022
haben wir keinen weiteren Fall mehr
gesehen. Auch deutschlandweit gingen die
Fallzahlen vom Maximum mit 424 Mpox-
Fillen in der KW 28 (Mitte Juli 2022)
bereits bis Mitte Oktober 2022 auf
einstellige Werte zuriick und blieben bis
heute auf diesem sehr niedrigen Niveau.
Fir diesen raschen Riickgang der
Fallzahlen —waren sicherlich mehrere
Faktoren verantwortlich. Zum einen ist flir
die Ubertragung von Mpox-Infektionen
offensichtlich ein relativ enger Kontakt
erforderlich (die meisten Infektionen sind
vermutlich sexuell {ibertragen). Auflerdem
wurden die Mpox-Infektionen in der
hauptsédchlich  betroffenen Gruppe von
Minnern, die Sex mit Méannern haben, als
ein neues Risiko wahrgenommen, was auch
zumindest  voriibergehend zu  einer
Anderung von Verhaltensweisen gefiihrt
hat. Und nicht zuletzt stehen mit den gegen
die echten Pocken (Variola major)
entwickelten Impfstoffen auf der Basis des
,Modifizierten = Vacciniavirus  Ankara“
(MVA) auch gegen Mpox-Viren sehr
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effektive Impfstoffe mit guter
Vertrdglichkeit zur Verfligung, die in den
Haupt-Risikogruppen auch in gréflerem
Umfang eingesetzt wurden.

Was uns dariiber hinaus im Berichts-

zeitraum immer wieder in Erstaunen
versetzte, waren die vielfdltigen
Auswirkungen, die die SARS-CoV-2-

Pandemie bzw. die Mafinahmen zu ihrer
Eindidmmung auf andere
Infektionskrankheiten hatten. So fiihrten
die Maflnahmen zur Kontaktbeschriankung,
die im Mairz 2020 ergriffen wurden, zu
einem abrupten Ende der Influenza-
Erkrankungswelle der Saison 2019/2020.
Mit weiteren MaBnahmen wie der
Maskenpflicht in verschiedenen Bereichen
des beruflichen und privaten Lebens und

breit angelegten Kampagnen zur
Propagierung  verschiedener  Hygiene-
MafBnahmen - insbesondere auch zur

Hinde- und Flachendesinfektion — fiihrte
dies dazu, dass es im Winter 2020/2021
praktisch keine Fille von Influenza- und
auch Respiratory syncytial-Virus (RSV)-
Infektionen gab. Aus dem
Infektionsepidemiologischen Jahrbuch
meldepflichtiger Infektionskrankheiten des
Robert-Koch-Instituts fiir das Jahr 2020
lasst sich auBBerdem ersehen, dass in diesem
Jahr  praktisch alle meldepflichtigen
Infektionskrankheiten im Vergleich zum
Mittel der vorhergehenden 5 Jahre deutlich
abgenommen haben. Besonders ausgeprigt
war dies wie zu erwarten bei
reiseassoziierten Infektionen wie
Denguefieber, Shigellose oder Malaria, aber
auch die viralen  Gastroenteritiden
verzeichneten starke Riickgidnge von 75 %
bis 80 %. Die einzige meldepflichtige
Infektionskrankheit, die 2020  eine
Zunahme der Inzidenz im Vergleich zu den
Vorjahren zeigte, war die FSME. Auch dies
iberrascht nicht, da bei dieser Zecken-
iibertragenen Erkrankung keine relevanten
Auswirkungen der Hygienemallnahmen zu
erwarten sind und zum anderen aufgrund
der stark eingeschriankten Moglichkeiten fiir
Auslands- und Fernreisen und der
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Beschriankung vieler Freizeit-Aktivitdten im
Innenbereich und der Absage von
GroBveranstaltungen von einer erhdhten
Zecken-Exposition in der heimischen
Umgebung auszugehen ist. Wihrend diese
Auswirkungen der SARS-CoV-2-
Restriktionen im ersten Pandemie-Jahr
nicht unerwartet waren, zeigten sich in den
Folgejahren dann iiberraschende Anstiege
bei verschiedenen Infektionskrankheiten,
die in dieser Form doch teils sehr
tiberraschend waren. Zunéchst zeigte sich
beginnend im August 2021 ein starker
Anstieg von Erkrankungen durch RSV.
Eine solche Haufung von RSV-Infektionen
zu dieser Jahreszeit ~war  &dufBerst
ungewohnlich; normalerweise féngt die
RSV-Saison erst im November oder
Dezember an. Auch die folgende RSV-
Saison 2022/2023 begann frither als iiblich
bereits Anfang Oktober und fiihrte zu
besonders vielen schweren Verldufen, die
stationdre Behandlung benétigten, wodurch
es zu einer starken Uberlastung der
Kinderkliniken kam.

Auch eine Reihe von iiberwiegend
respiratorisch ~ iibertragenen  bakteriellen
Infektionskrankheiten zeigten im Zuge der
SARS-CoV-2-Pandemie zunidchst deutlich
niedrigere Fallzahlen, die dann von einem
starken Anstieg gefolgt waren. Als erstes
kam es schon im zweiten Halbjahr 2021 zu
einem Wiederanstieg der Félle von
ambulant erworbener Pneumonie durch
Pneumokokken. Im Winter 2022/2023
folgte dann ein sehr starker Anstieg der
Fallzahlen von  Erkrankungen durch
Streptococcus pyogenes und Haemophilus
influenzae, der auch das prapandemische
Niveau noch deutlich ibertraf. Zeitlich
noch spéter, ndmlich seit November 2023,
fanden wir in  unseren  eigenen
Einsendungen einen deutlichen Anstieg der
Fille einer weiteren bakteriellen
respiratorischen Infektion, der
Mycoplasmen-Pneumonie. Da Mycoplasma
pneumoniae Teil eines Multiplex-PCR-
Panels fiir eine groBe Zahl viraler
respiratorischer Erreger ist, haben wir hier

Virologisches Institut — Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023



Klinische Diagnostik/Clinical Diagnostics

Virologisches Institut - Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-



Klinische Diagnostik/Clinical Diagnostics

Auch hier =zeigte sich in vielen
diagnostischen Laboratorien nach fast 3
Jahren nahezu ohne akute Parvovirus-B19-
Infektionen eine ungewdhnlich hohe Zahl
von Erkrankungen ab November 2023, die
in den ersten Monaten 2024 noch weiter
zunahm. In unserem Klientel mit
vorwiegend stationdren Patienten betraf
dies vor allem Kinder mit angeborener
Sphérozytose (Kugelzellandmie), die im
Rahmen einer akuten Parvovirus-B19-
Infektion schwere aplastische Krisen
entwickeln konnen und auch Kinder (in
Einzelfillen auch Erwachsene) nach
Organtransplantation, bei denen Parvovirus
B19 akute und manchmal auch chronische
Anémien verursachen kann.

Die Ursachen dieser unerwarteten
Anstiege verschiedener
Infektionskrankheiten ~ sind  sicherlich
vielfaltig. Die grofite Rolle spielt
vermutlich die Tatsache, dass durch die
MaBnahmen zur Einddmmung der Covid-
19-Pandemie, die ja gerade auch Schulen
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und Kinderbetreuungseinrichtungen
besonders betrafen, einige Jahrgéinge von
(Klein-)kindern gegeniiber verschiedenen
Erregern kaum exponiert waren, so dass
hier grofere suszeptible Populationen
entstanden sind, in denen sich je nach
Kontagiositét des Erregers, dem
Vorhandensein noch bestehender Immunitét
aus vorpandemischer Zeit und anderen
Faktoren mehr oder weniger schnell ein
Nachholeffekt mit stark  steigenden
Fallzahlen ergibt. Auch dadurch, dass nun
moglicherweise héaufiger Mehrfach-
infektionen mit verschiedenen Erregern
auftraten, konnte es vermehrt zu schwereren
und daher eher diagnostizierten Infektionen

kommen. Ein gewisser Teil der jetzt
beobachteten Anstiege geht vermutlich
auch auf die durch die Pandemie

erweiterten Moglichkeiten der Diagnostik
und auf eine zunehmende ,,Awareness‘
zuriick und lésst die sicherlich tatsdchlich
vorhandene Zunahme der Fallzahlen groBer
erscheinen, als sie tatsdchlich ist.
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Trends and particular events in viral diagnostics

The reporting period from 2019 to 2023 was
of course dominated by the SARS-CoV-2
pandemic, which presented extreme
challenges for our diagnostic laboratory.
These are presented here in a brief
chronology:

After Prof. Christian Drosten's laboratory
at the Charité in Berlin published a protocol
for detecting the new virus, then still
referred to as 2019-nCoV, with various
primer/probe sets for real-time PCR on
January 20, 2020, we immediately ordered
the corresponding reagents and were able to
test the first samples with the new real-time
PCR assays just one week later, on January
27, 2020. This test could also be easily
integrated into our workflow and could be
performed together with other real-time
PCR tests for respiratory viruses and
gastroenteritis viruses in the same run. In
the first few weeks, the volume of samples
was still manageable and the indications
ranged from actual travelers returning from
China to very vague suspected cases
(“works in passport control at the airport,
people from China also pass through
there”). One month after the start of SARS-
CoV-2 PCR testing, this changed abruptly
with the first diagnosed case of SARS-CoV-
2 infection in Erlangen. This initially led to
extensive testing of a large number of
contact persons, but no further infection
could be detected. However, this was
followed in the next few days by a series of
further positive findings in travelers
returning from northern Italy and then also
from Austria, as well as an overflowing
number of test requests, some of which we
had to turn down in this first phase due to a
lack of reagent and equipment capacity. A
great stroke of luck was the opportunity to
be able to carry out SARS-CoV-2 real-time
PCR tests on a larger scale in cooperation
with the Department of Transfusion
Medicine on its large-scale equipment
originally purchased for PCR testing for
HIV and hepatitis viruses in blood donors.
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This enabled us to significantly expand our
capacities as early as March 23, 2020, and
during this successful collaboration, for
which I would like to thank all colleagues
from the Department of Transfusion
Medicine who were involved in this testing
once again, we have tested almost 200,000
samples by March 30, 2023, which
corresponds to around half of all SARS-
CoV-2 PCR tests that we carried out in the
years 2020-2023.

A particularly difficult phase then had to
be overcome towards the end of 2020, when
the number of cases and thus also the test
requirements for SARS-CoV-2 PCR rose
sharply after a few months of relaxation in
the summer and at the same time major
capacity  problems  arose at  the
manufacturers, so that the supply of the
necessary test kits became a major logistical
problem. With the installation of a second
large-scale device in our own laboratory,
this situation could also be overcome, so
that in the winter of 2021/2022, when the
test numbers even exceeded the level of the
previous winter due to the emergence of the
Omicron variants, there was no longer a
comparable shortage situation.

The second challenge in the SARS-CoV-
2 pandemic from the beginning of 2021 was
testing for SARS-CoV-2 variants, starting
with the so-called “British” variant, which
was later officially referred to as the B.1.1.7
or “alpha” variant. We initially tried to
distinguish this from the original “Wuhan
variant” using mutation-specific PCR tests
developed in-house, but were soon able to
use commercial tests that successively
enabled the detection of the beta, gamma,
delta and omicron variants as well as the
differentiation of the first two omicron sub-
variants BA.1 and BA.2. With these
mutation-specific PCR tests, it was possible
to identify the variants very quickly, usually
on the day after the positive PCR result was
available, sometimes even on the same day.
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From spring 2022 onwards, however, the
very strong fragmentation of the Omikron
variant into numerous sub-variants with
constantly new mutation patterns exceeded
the possibilities of mutation-specific PCR
testing. We therefore discontinued these
tests and restricted ourselves to testing a
random selection of the new positive
samples using whole genome sequencing.
This method is significantly more time-
consuming and costly than variant testing
with mutation-specific PCRs, but enables
reliable detection and differentiation of even
very complex mutation patterns.

The next challenge for our diagnostics
came in 2022 with the occurrence of cases
of disease caused by monkeypox viruses,
which are now referred to as Mpox
infections. After the first report of an
increased incidence of Mpox cases outside
the endemic regions in Africa in May 2022,
we were confronted with our first suspected
case shortly afterwards. We were able to
diagnose an orthopoxvirus infection on the
day the sample was received using a
conventional orthopoxvirus PCR established
many years ago and had the result of the
sequencing of the corresponding PCR
product available the next day, with the
result “monkeypox virus, West African
lineage”  definitively  confirming the
diagnosis. For the other suspected cases that
were diagnosed from mid-June, we were
then able to use newly established real-time
PCRs, which allowed us to make the
diagnosis even more quickly. By mid-
September 2022, we had diagnosed a total
of 21 cases of Mpox virus infection. The
characteristics of these patients fully
corresponded to the pattern also observed in
larger case series (all male, mean age
approx. 40 years, almost half with known
HIV infection). Swab material from lesions
was available as specimen in all patients,
and in some of the patients we were also
able to examine throat swabs and/or EDTA
blood. In contrast to Covid-19, however,
this wave of infection was quickly
contained. From the beginning of August,
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the number of cases submitted to us fell
significantly and we did not see any more
cases after 15.09.2022. The number of cases
across Germany also fell from a peak of 424
Mpox cases in week 28 (mid-July 2022) to
less than 10 cases per week by mid-October
2022 and has remained at this very low
level to date. Several factors were certainly
responsible for this rapid decline in case
numbers. Firstly, relatively close contact is
obviously required for the transmission of
Mpox infections (most infections are
presumably sexually transmitted).
Furthermore, in the mainly affected group
of men who have sex with men, Mpox
infections were perceived as a new risk,
which also led to a change in behavior, at
least temporarily. And last but not least, the
vaccines developed against smallpox
(Variola major) based on the “modified
vaccinia virus Ankara” (MVA) are also very
effective against Mpox viruses with good
tolerability, and they have been used to a
large extent in the main risk groups.

What also astonished us on several
occasions during the reporting period was
the diverse impact that the SARS-CoV-2
pandemic and the measures taken to
contain it had on other infectious
diseases. The contact restriction measures
implemented in March 2020, for example,
led to an abrupt end to the wave of influenza
infections in the 2019/2020 season. With
further measures such as the mandatory
wearing of masks in various areas of
professional and private life and broad-
based campaigns to promote various
hygiene measures - including hand and
surface disinfection in particular - this lead
to a virtual disappearance of cases of
influenza and respiratory syncytial virus

(RSV) infections in the winter of
2020/2021. The Robert Koch Institute's
Infection Epidemiology Yearbook of

Notifiable Infectious Diseases for 2020 also
shows that almost all notifiable infectious
diseases decreased significantly in this year
compared to the average of the previous five
years. As expected, this was particularly
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pronounced for travel-associated infections
such as dengue fever, shigellosis or malaria,
but viral gastroenteritis also recorded sharp
declines of 75 % to 80 %. The only
notifiable infectious disease that showed an
increase in incidence in 2020 compared to
previous years was tick-borne encephalitis.
This is also not surprising, as no relevant
effects of the hygiene measures are to be
expected for this tick-borne disease and, on
the other hand, increased exposure to ticks
in the domestic environment can be
assumed due to the severely restricted
opportunities for foreign and long-distance
travel and the restriction of many indoor
leisure activities and the cancellation of
major events. While these effects of the
SARS-CoV-2  restrictions  were  not
unexpected in the first year of the pandemic,
the following years saw surprising increases
in various infectious diseases, some of
which were very surprising in this form.
Initially, starting in August 2021, there was
a sharp rise in RSV infections. Such an
accumulation of RSV infections at this time
of year is very unusual; the RSV season
normally starts in late November or early
December. The following RSV season in
2022/2023 also started earlier than usual at
the beginning of October and led to a
particularly large number of severe cases
requiring inpatient treatment, resulting in a
severe overload of children's hospitals.

A number of predominantly respiratory
bacterial infectious diseases also initially
showed significantly lower case numbers in
the course of the SARS-CoV-2 pandemic,
which were then followed by a sharp
increase. The first event recognized was a
resurgence in cases of community-acquired
pneumonia caused by pneumococci in the
second half of 2021. This was followed in
the winter of 2022/2023 by a very sharp rise
in the number of cases of infections with
Streptococcus pyogenes and Haemophilus
influenzae, ~ which  also  significantly
exceeded the pre-pandemic level. Even
later, namely since November 2023, we
found a significant increase in cases of

Virologisches Institut - Klinische und Molekulare Virologie
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another bacterial respiratory infection,
Mycoplasma pneumoniae, in our own
submissions. As Mycoplasma pneumoniae
is part of a multiplex PCR panel for a large
number of viral respiratory pathogens, we
have been able to collect extensive data here
over the last 10 years. In the years 2016 to
2019, the positive rate for Mycoplasma
pneumoniae in the respiratory multiplex
PCR fluctuated around 1 % until the
pandemic period from April 2020 to
October 2022, when not a single case of
Mycoplasma pneumoniae was registered
while the number of tests remained
similarly high (see figure). From November
2022 to October 2023, cases were registered
again, although the positive rate of 0.5%
was slightly lower than before the
pandemic. From November 2023, there was
then a very significant increase in the
positive rate to 2.8%, which rose to even
higher levels in 2024 after the end of the
reporting period.

A similar trend was seen for a viral
pathogen that does not usually lead to
respiratory diseases but is also transmitted
via droplet infection and aerosols, human
parvovirus B19. Here too, after almost 3
years with virtually no acute parvovirus B19
infections, many diagnostic laboratories
noted an unusually high number of cases
from November 2023, which increased even
further in the first months of 2024. In our
clientele of predominantly inpatients, this
mainly affected children with congenital
spherocytosis, who can develop severe
aplastic crises as part of an acute parvovirus
B19 infection, and also children (in a few
cases also adults) after organ
transplantation, in whom parvovirus B19
can cause acute and sometimes chronic
anemia.
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Verbundforschung

DFG-Graduiertenkolleg 2504/1
“Neue antivirale Strategien: von
der Chemotherapie bis zur

Immunintervention”

Forderer
Sprecher

Collaboration partner

1. Forderperiode:

Research Networks

DFG-Research Training Group
2504/1 “Novel antiviral
approaches: from small
molecules to immune
intervention*

Deutsche Forschungsgemeinschaft

Prof. Klaus Uberla
Universitdtsklinikum Erlangen, Virologisches Institut

The Philip T. and Susan M. Ragon Institute of MGH, MIT and
Harvard, Cambridge, MA, USA

www.virologie.uk-erlangen.de/grk2504/

01.10.2019-31.03.2024

Projektbereich A: Antiviral small molecules
Projektbereich B: Harnessing T-cell immunity
Projektbereich C: Antibody-based immunotherapy and prophylaxis

fett markiert: Projekte des Virologischen Instituts

Teilprojektleiter/in

Prof. Manfred Marschall
Al

PD Dr. Andrea Thoma-
Kref3 A2

Prof. Thomas Gramberg
A3

Prof. Ulrich Schubert,
PD Dr. Vladimir
Temchura A4

Dr. Ilka Knippertz
Bl

Prof. Diana Dudziak,
Dr. Christian Lehmann
B2
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Projekttitel

CDK?7 kinase pathways as a drug targeting strategy for broad
antiherpesviral intervention

Enhancing immunogenicity of Human T-cell leukaemia virus
Type 1 (HTLV-1) by interfering with viral transcription

Enhancing antiviral immunity by blocking SAMHDI activity

Antiretroviral therapy with amendment of HIV-1-specific T-
cell response

Transcriptional targeting of dendritic cells as a new therapeutic
vaccine against HIV-1

LCMYV as model for immune intervention by antigen targeting
in chronic viral infections
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Prof. Thomas Harrer,
PD Dr. Krystelle
Nganou-Makamdop
B3

PD Dr. Jan Doérrie
B4

Prof. Matthias Tenbusch
B5

Prof. Armin Ensser
B6

Prof. Anita Kremer,
Prof. Michael Wiesener
B7

PD Dr. Kilian Schober
B8

Prof. Jutta Eichler
Cl

Prof. Heinrich Sticht
C2

Prof. Thomas Winkler,
Dr. Marco Thomas
C3

PD Dr. Frank Neipel,
Prof. Hans-Martin Jack
C4

Prof. Klaus Uberla,
Prof. Anja Lux
Cs

PD Dr. Bettina Hohberger
Co6

Dr. Justine Lagisquet

(A3-Gramberg)
Anschubfoérderung
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Induction of Nef-resistant HIV-1-specific CTL responses as a
new strategy for the development of HIV-1-specific therapeutic
vaccines

Preclinical evaluation of a combination of checkpoint blockade
with dendritic cell vaccination against Merkel Cell Carcinoma
and other virally induced cancers

Induction of tissue-resident memory T cells by gene-based
vaccines as first line of defence against pathogens entering the
host via mucosal surfaces

An animal model of HLA-independent, chimeric antigen
receptor-mediated ~ adoptive immunotherapy  against
cytomegaloviruses

CMV-specific T cells for prevention and therapy of CMV

reactivation in patients after kidney transplantation

Ex vivo metabolic profiling of human antigen-specific T cell
responses after yellow fever and SARS-CoV-2 mRNA
vaccination

Towards novel HIV immunotherapeutics: bispecific antibody
paratope mimics

Structure-based design and optimisation of ligands for novel
antiviral strategies

Protection from cytomegalovirus infection by antibodies

Recombinant MHV-68 as a model system for Kaposi's
sarcoma-associated herpesvirus vaccine development

Inducing long-lasting HIV Env-specific antibody responses by
intrastructural help

Functionally active autoantibodies targeting G-protein-coupled
receptors in patients with Long-COVID

New retro-spectives for TRIMS5a H43Y
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Bill & Melinda Gates
Foundation, Collaboration on
AIDS Vaccine Discovery

(CAVD)
Forderer Bill & Melinda Gates Foundation
https://www.gatesfoundation.org
Forderkennzeichen OPP1040727
Forderperiode 17.08.2012-31.12.2019
Vorhaben Induction of affinity matured HIV Env antibodies in the
absence of HIV specific T helper cells
Projektleiter Prof. Klaus Uberla
EU - Européische Union, EAVI EU — European Union, EAVI
2020 — European AIDS Vaccine 2020 — European AIDS Vaccine
Initiative 2020 Initiative 2020
Forderer European Commission — Directorate-General for Research &
Innovation
Koordinator: Imperial College of Science, Technology and Medicine,
London
http://www.eavi2020.eu/
Forderperiode 01.11.2015 -31.10.2020
Projekt: Partner 14
Universitdtsklinikum Erlangen, Virologisches Institut
Teilprojektleiter Prof. Klaus Uberla
BMBF-Forschungsplattform BMBF Research Platform
Zoonosen COVID-19 Zoonoses COVID-19
Forderer Bundesministerium  fiir = Bildung und  Forschung,
Projekttriager Gesundheitsforschung
www.gesundheitsforschung-bmbf.de
Forderkennzeichen 01KI2043A
Forderperiode 01.05.2020-31.10.2021
Vorhaben CoVER-Ab: Humane Antikorper gegen SARS-CoV2 fiir die
Prophylaxe und Therapie von COVID-19, Teilvorhaben A
Projektleiter Prof. Klaus Uberla
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Forderkennzeichen 01KI20172A
Forderperiode 01.06.2020-30.11.2021
Vorhaben SENSE-CoV2: SENSE-CoV2-Analyse der angeborenen
Immunerkennung von SARS-CoV-2 unter Verwendung
rekombinanter Viren- Teilprojekt Genetik
Projektleiter Prof. Thomas Gramberg
BMBF-Forschungsplattform BMBF Research Platform
Priklinische Studien Preclinical Studies
Forderkennzeichen 01KC2007A
Forderperiode 01.03.2021-29.04.2024
Vorhaben RSV-Protect — Bestétigung der Wirksamkeit eines neuartigen
Immunisierungsregimes gegen das Respiratorische Synzytial
Virus (RSV)
Projektleiter Prof. Klaus Uberla, Prof. Matthias Tenbusch
BMBF - Forderung von BMBF- Promotion of Junior
Nachwuchsgruppen in der Research Groups in Infection
Infektionsforschung Research
Forderkennzeichen 01K12023
Forderperiode 01.11.2020-31.10.2025
Vorhaben MILK-TV — Ubertragung von Viren iiber die Muttermilch:
Pravention der Mutter-zu-Kind-Transmission des Humanen T-
Zell-Leukdmie-Virus Typ 1 (HTLV-1)
Projektleiterin PD Dr. Andrea Thoma-Kref3
Forderkennzeichen 01KI12017
Forderperiode 01.12.2020-30.11.2025
Vorhaben Duxdrugs — Entwicklung von DUX4-Inhibitoren zur Therapie
herpesviraler Infektionen
Projektleiter Dr. Florian Full
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BMBF-NUM - Nationales BMBF- NUM - National

Forschungsnetzwerk Research Network University

Universititsmedizin zu Covid-19 Medicine on Covid-19
Koordinator : Charité-Universititsmedizin Berlin

www.netzwerk-universitactsmedizin.de/

Forderkennzeichen 01KX2021
Forderperiode 01.04.2020-31.03.2021
Vorhaben Teilprojekt B-FAST
Projektleiter Prof. Klaus Uberla
Forderkennzeichen 01KX2021
Forderperiode 01.04.2020-31.03.2021
Vorhaben Teilprojekt COVIM
Projektleiter Prof. Klaus Uberla
ENB - Elitenetzwerk Bayern ENB - Elitenetzwerk Bavaria
»Integrated Immunology* “Integrated Immunology”
Forderer Bayerisches Staatsministerium fiir Wissenschaft und Kunst
Sprecher Prof. Falk Nimmerjahn
http://www.elitenetzwerk.bayern.de
Forderperioden: 1. Foérderperiode: 01.10.2018 —30.09.2023
2. Forderperdiode: 01.10.2022 - 30.09.2028
Projekt ,,Translational Immunology*
Teilprojektleiter Prof. Klaus Uberla
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Bayerisches Ministerium fiir
Wissenschaft und Kunst —

Corona Forschung

Forderer

Forderperiode:

Prof. Armin Ensser
TP04

Prof. Thomas Gramberg
TPO7

Prof. Michael Stiirzl,
PD Dr. Frank Neipel
TP14

Prof. Klaus Uberla
TP15

Forderperiode:

Prof. Armin Ensser
TP18

Prof. Ulrich Schubert
TP25

Dr. Philipp Steininger,
Prof. Klaus Uberla
TP27

Prof. Matthias Tenbusch
TP28
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Bavarian Ministry for Science
and the Arts —Corona Research -

Bayerisches Staatsministerium fiir Wissenschaft und Kunst

01.07.2020-30.06.2021-31.12.2021

Lebend-attenuiertes ~ rekombinantes SARS-CoV-2 -
Impstoffkandidaten und Challenge-Viren fiir
Vakizinierungsstudien

Pathophysiologie und Immunmodulation durch SARS-CoV-2
in humanen Alveolarepithelzellen und humanem Myokard

Die Rolle vaskuldrer Plastizitét und angiokriner Effekte bei der
Entwicklung von COVID-19

Etablierung eines GMP-konformen Produktionsprozesses fiir

die AAV-Vektor-vermittelte = SARS-CoV-2  Antikdrper
Prophylaxe

01.01.2022-31.12.2022

Lebend-attenuiertes ~ rekombinantes SARS-CoV-2 -

Impfstoffkandidaten

Untersuchung der antiviralen Wirkung von Xanthohumol
gegen SARS-CoV-2

Verlauf der Infektion mit der SARS-CoV-2-Variante Omikron
bei geimpften und nicht geimpften Personen im Vergleich zur
Alpha- und Delta-Variante (CoVaKo-Omikron)

Oropharyngeale Sprithimunisierung mit der COVID-19

Vakzine Janssen (Booster-Spray)
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Bayerisches Ministerium fiir
Wissenschaft und Kunst —
Bayerischer Forschungsverbund

ForCOVID

Forderer

Forderkennzeichen
Forderperiode
Sprecherin
Gefordertes Projekt

Forderkennzeichen
Forderperiode
Sprecherin
Gefordertes Projekt

Bayerisches Ministerium fiir
Wissenschaft und Kunst —
Bekampfung und Eindimmung
der COVID-19-Pandemie

Bavarian Ministry for Science
and the Arts — Bavarian Research
Network ForCOVID

Bayerisches Staatsministerium fiir Wissenschaft und Kunst

F.2-F2412.32/1/18
01.10.2020-30.09.2021
Prof. Ulrike Protzer, TU Miinchen

TP6
Prof. Klaus Uberla, Prof. Matthias Tenbusch

F.2-F2412.32/1/45
01.01.2022-31.12.2024 Phase 2
Prof. Ulrike Protzer, TU Miinchen

TP1
Prof. Matthias Tenbusch

Bavarian Ministry for Science
and the Arts — Combating and
Containing the COVID-19
Pandemic

Forderer Bayerisches Staatsministerium fiir Wissenschaft und Kunst
Forderkennzeichen U.7-H4001.1.7/1/7
Forderperiode 01.10.2020-30.09.2021
Koordinator Prof. Ralf Wagner, Universitit Regensburg
Geforderte Studie Prospektive Covid-19 Kohorte Tirschenreuth
Projektleiter Prof. Klaus Uberla
Forderkennzeichen U.7-H4001.1.7/38/9
Forderperiode 01.07.2021-31.12.2022
Geforderte Studie CoVaKo 2021
Projektleiter Prof. Klaus Uberla
Forderkennzeichen U.7-H4001.7/44/8
Forderperiode 01.07.2021-31.12.2022
Geforderte Studie CoVaKo Kombinationsimpfung
Projektleiter Prof. Klaus Uberla
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Bayerisches Landesamt fiir
Gesundheit und

Bavarian State Office for Health
and Food Safety - BayVOC

Lebensmittelsicherheit -

BayvOC

Forderer

Forderkennzeichen
Forderperiode
Koordinator
Geforderte Studie
Projektleiter

Forderkennzeichen
Forderperiode
Koordinator
Geforderte Studie
Projektleiter
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Bayerisches Landesamt fiir Gesundheit und

Lebensmittelsicherheit

Geamt-2484-PN 21-04-V3-D8432/2021 Phase 1
02.02.2021-31.12.2022

Prof. Oliver T. Keppler, LMU Miinchen
BayVOC

Prof. Klaus Uberla

GE2-2452-200-D37666/2022 Phase 2
01.07.2022-31.12.2024

Prof. Oliver T. Keppler, LMU Miinchen
BayVOC

Prof. Klaus Uberla, Prof. Armin Ensser
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Interdisziplinéires Zentrum fiir
Klinische Forschung (IZKF) der
Medizinischen Fakultit:
“Entziindungsprozesse: Genese,
Diagnostik und Therapie*

Forderer

Sprecher

Forderperiode

Interdisciplinary Center for
Clinical Research of the Medical
Faculty: “Inflammatory
Processes: Ethiopathogenesis,
Diagnostics and Therapy”

Medizinische  Fakultdt,  Friedrich-Alexander-Universitit
Erlangen-Niirnberg
Prof. Michael Wegner, Institut fiir Biochemie und

Pathobiochemie, FAU Erlangen-Niirnberg
www.izkf.med.uni-erlangen.de/

7. Forderperiode:
01.01.2016/01.07.2016 - 31.12.2019/. 30.06.2020

8. Forderperiode: 01.01.2020 - 31.12.2023

Projektbereich A: Infektionsforschung und Immunologie
Projektbereich D: Schwerpunkt Tumorforschung
Projektbereich E: Neurowissenschaften

Projektbereich F: Nieren- und Kreislaufforschung
Projektbereich J: Erstantragstellerprojekte
Projektbereich P: Pilot-Projects (ELAN)

Teilprojektleiter/in

Prof. Armin Ensser
A66

Prof. Thomas Gramberg
A67

Prof. Ulrich Schubert
A70

Prof. Thomas Stamminger
A7l

Prof. Armin Ensser
AS81

Prof. Thomas Gramberg
A83

Prof. Manfred Marschall,
Prof. Heinrich Sticht
(Institut fiir Biochemie)
A88

Prof. Matthias Tenbusch
A90

PD Dr. Andrea Thoma-
Kref3 A91
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Identifizierung antiviraler Restriktionsfaktoren

TRIMS5alpha inhibiert LINE-1 Retroelemente

DUB-Inhibitoren und HIV-1

Virale Modulation der Proteinkinase ULK 1

Rezeptor und Neuropathogenitit des Bornavirus

Die Rolle von SAMHDI1 in der CMV/HIV C

Cyclin-Interaktion einer CDK-dhnlichen Viruskinase

Schicksal der Gedéchtnis T-Zellen in der Lunge

Interferenz mit der HTLV-1 Persistenz
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Prof. Armin Ensser
A9%4

Prof. Thomas Gramberg
A95

Prof. Matthias Tenbusch
Al101

Dr. Nina Reuter
J45

Dr. Florian Full
J57

PD Dr. Krystelle Nganou
Makamdop
J69

Dr. Dennis Lapuente
J100

PD Dr. Andrea Thoma-
KreB P048

Dr. Dennis Lapuente
PO71

PD Dr. Krystelle Nganou-
Makamdop
P099
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SARS-CoV-2 Wirtsanpassung

Virale RNA Methylierung blockiert MDAS Erkennung
IgG4 Antikorperantwort nach SARS-CoV-2 RNA Impfung
Modulation der PRC2 Aktivitdt durch HCMV IE2
Herpesviren und DUX4

Studying quality and sustainability of vaccine-induced T cell
responses in ART-treated HIV infection

Mukosale Impfung gegen Lungenmetastasen
Die Rolle von Collagen IV bei der Retrovirus-Ubertragung
Induction of tissue-resident memory T cells against lung cancer

Influence of the translocated microbiome on the TCR repertoire
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Forschung in Individual Grants
Einzelprojekten
Deutsche German Research Foundation
Forschungsgemeinschaft (DFG) (DFG)
www.dfg.de
»Gammaherpesvirale Tegumentproteine — wichtige Effektoren viraler Infektionen“
Projektleiter: Prof. Armin Ensser
Forderzeitraum : 01.01.2018 —31.12.2020-31.12.2021
Finanzierung: DFG En 423/5-1

,»Die Rolle der TRIM-Protein-Familie und anderer Wirtszellfaktoren bei der
Restriktion von SARS-CoV-2¢

Projektleiter: Prof. Armin Ensser
Forderzeitraum: 01.07.2021-30.06.2022
Finanzierung: DFG EN 423/7-1
»Analyse der TRIMSa-vermittelten Restriktion von Retrotransponsons*
Projektleiter: Prof. Thomas Gramberg
Forderzeitraum: 01.06.2019-31.05.2022
Finanzierung: DFG Gr 3355/6-1

»Regulatorische Interaktion zwischen zelluliiren Cyclinen und dem Cyclin-
abhingigen Proteinkinase-Ortholog pUL97 des humanen Cytomegalovirus“

Projektleiter: Prof. Manfred Marschall
Forderzeitraum: 01.07.2015 - 30.06.2018 — 31.08.2018
Finanzierung: DFG Ma 1289/8-1

»Mechanistische Untersuchungen zur antiviralen Wirkungsweise des Medikaments
Artesunat und von optimierten synthetischen Derivaten*

Projektleiter: Prof. Manfred Marschall
Forderzeitraum: 01.09.2016 — 31.08.2019
Finanzierung: DFG Ma 1289/7-3

wErforschung des Cytomegalovirus-spezifischen nuklefiren Egresskomplexes als
Target fiir die antivirale Therapie*

Projektleiter: Prof. Manfred Marschall
Forderzeitraum : 01.03.2018 —28.02.2021
Finanzierung: DFG Ma 1289/11-1

»Bestimmung der funktionellen Relevanz der Isomerase Pin 1 fiir die Modulation
herpesviraler Polymerasekomplexe*

Projektleiter: Prof. Manfred Marschall; Prof. Heinrich Sticht
Voraussichtliche Dauer: 31.01.2023-31.01.2026

Finanzierung: DFG Ma 1289/17-1
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wErforschung des Cytomegalovirus-spezifischen nukleiren Egresskomplexes als
zentrale Determinante der viralen Replikationseffizienz und Wirtsinteraktion*

Projektleiter: Prof. Manfred Marschall; Prof. Jutta Eichler
Voraussichtliche Dauer: 01.11.2023-31.10.2026
Finanzierung: DFG Ma 1289/11-3

»Die Peptidyl-Prolyl-Isomerase Pinl als multifunktionaler Regulator der
cytomegaloviralen Replikation*

Projektleiter: PD Dr. Jens Milbradt, Prof. Manfred Marschall
Forderzeitraum: 01.05.2017 — 30.04.2020
Finanzierung: DFG Mi 2143/2-1

»sUntersuchung der Auswirkungen hiufiger Infektionen auf die durch Impfstoffe
induzierte Immunitit bei HIV-exponierten nicht infizierten Siduglingen in Kamerun*

Projektleiterin: PD Dr. Krystelle Nganou Makamdop, Dr. Livo Esemu, Kamerun
Voraussichtliche Dauer: 01.05.2022-30.04.2025
Finanzierung: NG 192/2-1

»PANDORA - Pathways triggering Autoimmunity and Defining Onset of early
Rheumatoid Arthritis*

Projektleiter: PD Dr. Vladimir Temchura
Forderzeitraum: 01.04.2019-31.03.2022
Finanzierung: DFG Te 1195/2-1
»Multifunktionale Calciumphosphat-Nanopartikel als neuartige HIV-1
Impfstoffplattform*
Projektleiter: PD Dr. Vladimir Temchura
Forderzeitraum: 01.03.2020-28.02.2023
Finanzierung: DFG Te 1195/3-1

sverstirkter Krankheitsverlauf nach oder Schutz vor Infektion mit dem
Respiratorischen Synzytial Virus ist abhingig von dem zur adenoviralen
Vektorimmunisierung eingesetzten Subtyp*

Projektleiter: Prof. Matthias Tenbusch
Forderzeitraum: 16.04.2019-15.04.2022
Finanzierung: DFG Te 1001/4-1

»Aufklirung der Virus-Wirt-Interaktion zur Inhibition der Transmission des
Humanen T-Zell-Leukiimievirus Typ 1 (HTLV-1)«

Projektleiterin: PD Dr. Andrea Thoma-Kref3
Forderzeitraum: 01.11.2017 - 31.10.2020
Finanzierung: DFG Th 2166/1-1

» Aufklirung der Virus-Wirt-Interaktion zur Inhibition der Transmission des
Humanen T-Zell-Leukiimievirus Typ 1 (HTLV-1)“

Projektleiterin: PD Dr. Andrea Thoma-Kref3

Forderzeitraum: 01.05.2023 — 30.04.2026

Finanzierung: DFG TH 2166/1-2
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»Relevanz von Fc-Effektorfunktionen fiir den Schutz vor Infektion der ersten Zelle
im HIV-Primatenmodell*

Projektleiter: Prof. Klaus Uberla
Forderzeitraum: 01.07.2018 —31.10.2023
Finanzierung: DFG Ue 45/13-2
»Multifunktionale Calciumphosphat-Nanopartikel als neuartige HIV-1
Impfstoffplattform*
Projektleiter: Prof. Klaus Uberla
Forderzeitraum: 01.04.2020-31.03.2023
Finanzierung: DFG Ue 45/21-1

,Wirkmechanismen neutralisierender und nicht neutralisierender monoklonaler
Antikorper gegen SARS-CoV-2 im Kleintiermodell*

Projektleiter: Prof. Klaus Uberla

Forderzeitraum: 15.11.2021-14.11.2022

Finanzierung: DFG UE 45/23-1
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Européische Union European Union
Marie Sklodowska-Curie Actions Marie Sklodowska-Curie Actions

Individual Fellowships (IF) — 703896-VAGPH2020-MSCA-IF — 2015
http://ec.europa.eu/research/mariecurieactions/index_en.htm

,,The Viral Genome Associated Proteome*

Projektleiter Prof. Armin Ensser
Dauer 01.02.2017 —31.07.2019
Forderer Europédische Kommission
Européische Union European Union

“Harnessing local immunity for protection against influenza”

Projektleiter Prof. Matthias Tenbusch
Dauer 01/2022-04/2022
Forderer VetBioNet/TNA: a European Union’s Horizon 2020 research

and innovation programme

“Broadly protective mucosal immunity against SARS-CoV-2 (BroProMIS)”

Projektleiter Prof. Matthias Tenbusch

Dauer 05/2023 - 04/2024.

Forderer ISIDORe/TNA
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Stiftungen Foundations

Wilhelm Sander-Stiftung Wilhelm Sander Foundation
www.sanst.de

,Gezielte Nutzung der dualen antitumoralen-antiviralen Eigenschaften von klinischen und
experimentellen Kinase-Inhibitoren: ein 3D-strukturbasiertes Optimierungskonzept”

Projektleiter Prof. Manfred Marschall
Forderzeitraum 01.03.2019-15.01.2021
Finanzierung Wilhelm Sander-Stiftung 2018.121.1

»Die Relevanz der Interaktion von herpesviralen cyclinabhéngigen Kinase Orthologen
(vCDKs) mit humanen Cyclinen fiir die virale Replikation und fiir aktuelle antivirale Strategien

Projektleiter Prof. Manfred Marschall, Prof. Heinrich Sticht

Forderzeitraum 01.01.2023-31.12.2026

Finanzierung Wilhelm Sander-Stiftung 2022.073.1
Hector-Stiftung Hector Foundation

www.hector-stiftung.de

»SARS-CoV-2-spezifische Immunitét bei HIV-infizierten Patienten”

Projektleiter Prof. Thomas Harrer, PD Dr. Krystelle Nganou-Makamdop
Forderzeitraum 15.01.2021-15.04.2024
Finanzierung Hector Stiftung M2102
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Bayerische Forschungsstiftung Bavarian Research Foundation
»DeeP-CMYV — Diagnostik, »DeeP-CMYV - Diagnostics,
Therapie und Privention der therapy and prevention of
Cytomegalovirus-Infektion“ cytomegalovirus infection“

www.forschungsstiftung.de

Forderer Bayerische Forschungsstiftung
Forderzeitraum 01.01.2020-28.02.2023-31.12.2023
Koordinator Prof. Manfred Marschall
Projektleiter Prof. Manfred Marschall/ Dr. Friedrich Hahn,
Prof. Klaus Uberla/ Dr. Marco Thomas
Dauer 3 Jahre
Forderzeitraum 01.01.2020-28.02.2023-31.12.2023
Finanzierung Bayerische Forschungsstiftung
Kooperationspartner Lophius, Sirion Biotech und Lead
Discovery Center\Serion
Bayerische Forschungsstiftung Bavarian Research Foundation,
Hochtechnologien fiir das 21. High technologies for the 21st
Jahrhundert ,,Langzeitschutz century ""Long-term protection
durch SARS-CoV-2 Antikérper* with SARS-CoV-2 antibodies”
Forderer Bayerische Forschungsstiftung
Projektleiter Prof. Klaus Uberla
Dauer 1 Jahr
Forderzeitraum 01.10.2020-30.09.2021
Finanzierung Bayerische Forschungsstiftung
Kooperationspartner Sirion Biotech GmbH
Projektleiter Prof. Hans-Martin Jack

Voraussichtliche Dauer
Forderzeitraum
Finanzierung

138

1 Jahr
01.10.2020-30.09.2021
Bayerische Forschungsstiftung
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Bayerische Forschungsstiftung
IMU-COVID - DHODH-

Inhibitoren in

Kombinationstherapien gegen
COVID-19 und weitere klinisch
relevante Virusinfektionen

Projektleiter
Dauer
Forderzeitraum
Finanzierung

Projektleiter
Dauer
Forderzeitraum
Finanzierung

BFHZ / CCUFB
www.bayern-france.org

Forderer

»SUMOylation”

Projektleiter

Forderzeitraum

Bavarian Research Foundation
IMU-COVID - DHODH -
Inhibitors in combination
therapies against COVID-19 and
other clinically relevant viral
infections

Prof. Manfred Marschall
3 Jahre
01.08.2021-31.01.2024

Bayerische Forschungsstiftung
Kooperationspartner Immunic AG Gréfelfing

Prof. Manfred Marschall

3 Jahre
01.08.2021-31.01.2024
Bayerische Forschungsstiftung

BFHZ /CCUFB

Bayerisch-Franzdsisches Hochschulzentrum Miinchen

Prof. Thomas Gramberg, Prof. Alessia Zamborlini
2020-2021

,Identification of host restriction factors against Human T-cell leukemia virus”

Projektleiter PD Dr. Andrea Thoma-Kref3,
Dr. Jean-Marie Peloponése, Montpellier
Forderzeitraum 2014-2023
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BaCaTeC BaCaTeC
www.bacatec.de

Forderer Bayerisch-Kalifornisches Hochschulzentrum Erlangen

»Screen SAMHDI acitivity against Nucleotide and ReFRAME library”

Projektleiter Prof. Thomas Gramberg
Dr. Arnab K. Chatterje
Dauer 2019-2021
DAAD — Deutscher DAAD — German Academic
Akademischer Austauschdienst Exchange Service

www.daad.de

Forschungsstipendien — Promotionen in Deutschland - Jintawee Kicuntod

Projektleiter Prof. Manfred Marschall
Forderzeitraum 01.10.2019-30.09.2021-30.09.2022
Forderer: Deutscher Akademischer Austauschdienst (DAAD)

PPP Programm Projektbezogener Personenaustausch Deutschland-Australien
,Proteomic analyses to identify signaling determinants of human cytomegalovirus”

Projektleiter Prof. Manfred Marschall
Forderzeitraum 01.01.2020-31.12.2022
Forderer: Deutscher ~ Akademischer  Austauschdienst (DAAD)

Australian Go8 Funding (Go8)
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Johannes Frieda Marohn- Johannes Frieda Marohn
Stiftung Foundation

»SAMHDI1, MCMYV, intrinsic immunity*

Projektleiter Prof. Thomas Gramberg
Forderzeitraum 01.06.2018 —31.05.2019
Forderer: Johannes Frieda Marohn-Stiftung Erlangen

,,Interaktionsinhibitor*

Projektleiter Dr. Friedrich Hahn
Forderzeitraum 01.08.2019-31.12.2020
Forderer: Johannes und Frieda Marohn-Stiftung Erlangen

,» Tth cells under checkpoint inhibition‘

Projektleiter PD Dr. Vladimir Temchura
Forderzeitraum 01.01.2022-30.06.2023
Forderer: Johannes Frieda Marohn-Stiftung Erlangen
Boehringer Ingelheim Stiftung Boehringer Ingelheim Foundation

www.boehringer-ingelheim-stiftung.de

,»A novel positive feedback loop in viral oncogenesis: Regulation of the viral tax oncoprotein
by NF-kappa-B*

Projektleiter PD Dr. Andrea Thoma-Kref3
Forderzeitraum 01.01.2018 —31.03.2019
Forderer: Boehringer Ingelheim Stiftung
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VolkswagenStiftung VolkswagenFoundation
www.volkswagenstiftung.de

,»The cellular vault — an antiviral organelle*

Projektleiter Dr. Florian Full
Forderzeitraum 01.01.2018 —31.03.2019
Forderer: VolkswagenStiftung

»Implementation of the PROTAC targeting strategy to generate a mechanistically new type
of antiviral drugs “

Projektleiter Prof. Manfred Marschall

Forderzeitraum 01.10.2022-30.09.2025

Forderer: VolkswagenStiftung
Doktor Robert Pfleger Stiftung Doctor Robert Pfleger Foundation
Bamberg Bamberg

www.pfleger-stiftung.de

»Signalmolekiile der angeborenen Immunantwort als genetische Adjuvantien bei
adenoviralen Vektorimmunisierungen gegen das Respiratorische Synzytial Virus (RSV)“

Projektleiter Prof. Matthias Tenbusch
Forderzeitraum 01.07.2018 —30.06.2019
Forderer: Doktor Robert Pfleger Stiftung Bamberg

»Das Fragile X Syndrom des Menschen: Molekulargenetische und epigenetische
Grundlagen®

Projektleiter Prof. Walter Doerfler
Forderzeitraum 01.01.2019-31.12.2020
Forderer: Doktor Robert Pfleger Stiftung Bamberg

»Synergie von gewebestindigen T-Zellen und Immun-Checkpoint-Inhibitoren gegen
Tumoren in der Lunge*

Projektleiter Dr. Dennis Lapuente
Forderzeitraum 01.02.2022-31.01.2023
Forderer: Doktor Robert Pfleger Stiftung Bamberg
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Projektforderung Grants

National Institute of Health (NIH) USA
http://www.niaid.nih.gov/

,»Congenital CMV and CNS infection mechanisms of protective immunity”

Projektleiter Prof. Michael Mach
Forderzeitraum 17.05.2017 — 30.04.2023
Forderer: National Institute of Health, USA, Bundesmittel

“Global panel of non-human primate challenge viruses for standardized assessment of in
vivo efficacy of HIV-1 Env antibodies”

Projektleiter Prof. Klaus Uberla
Forderzeitraum 19.02.2018 — 31.01.2020
Forderer: National Institute of Health, USA, Bundesmittel

COS Award — Center of Open Science

Projektleiter Prof. Matthias Tenbusch
Forderzeitraum 01.04.2020-31.12.2021
Forderer: COS Center of Open Science, Charlottesville USA

ISID-ESCMID Fellowship

Projektleiter PD Dr. Krystelle Nganou-Makamdop
Forderzeitraum 3 Monate 2023
Forderer: International Society for Infectious Diseases

HIV Research Trust Fellowship

Projektleiter PD Dr. Krystelle Nganou-Makamdop
Forderzeitraum 3 Monate 2024
Forderer: HIV Research Trust
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Industrie

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:
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Industry

Prof. Ulrich Schubert

01.09.2006 — 31.10.2008 — 28.02.2012 — 30.09.2013 -
28.02.2015 — 2020 - 2024

ViroLogik GmbH

Prof. Ulrich Schubert

01.05.2011 - 30.04.2012 — 30.04.2013 — 30.09.2016 —
30.09.2019 —30.09.2021-30.09.2022-31.12.2025

MetrioPharm AG

Prof. Manfred Marschall
26.06.2017 — 16.09.2017; Nachbearbeitung bis dato 2019
Immunic AG, Martinsried

Prof. Manfred Marschall
11.01.2019-30.06.2022
FEBICO Group Taiwan

Prof. Manfred Marschall
16.09.2019-12.11.2022
Qurient Inc. Korea

Prof. Manfred Marschall
15.05.2020-14.05.2022
Lead Discovery Center GmbH Dortmund

Prof. Manfred Marschall
04.11.2020-03.11.2024
Immunic AG, Grifelfing

Prof. Ulrich Schubert
01.12.2020-30.11.2023-01.01.2025
Marinomed Biotech AG, Korneuburg

Prof. Manfred Marschall
01.12.2020-01.06.2021-01.01.2023
Kinarus AG, Basel

Prof. Ulrich Schubert
01.09.2021-01.01.2023
Iprona AG, Lana IT

Prof. Manfred Marschall
24.09.2021-24.11.2024
Immunic AG, Grifelfing
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Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Projektleiter:

Forderzeitraum:

Finanzierung:

Prof. Manfred Marschall
24.09.2021-24.11.2024
Immunic AG, Grifelfing

Prof. Armin Ensser
15.11.2022-15.07.2023
Immunic AG, Gréfelfing

Prof. Manfred Marschall
01.05.2023-30.04.2026
Immunic AG, Grifelfing

Prof. Matthias Tenbusch
01.04.2023-01.10.2024
Immunic AG, Grifelfing

Dr. Philipp Steininger
01.09.2023-29.02.2024
Pfizer AG, Berlin
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GRK 2504

(5. Graduiertenkolleg 2504 / Research Training Group 2504
Novel antiviral approaches: from small molecules to immune
intervention

"GRK 2504

Novel antiviral approaches

Y

Speaker: Prof. Dr. Klaus Uberla
Funding period: 10/2019 — 03/2024

The research training group GRK 2504 “Novel antiviral approaches: from small
molecules to immune intervention” at the Friedrich-Alexander-Universitit (FAU) was
approved by the committees of the Deutsche Forschungsgemeinschaft (DFG) in May 2019
and was re-evaluated and prolonged into a second funding period in November 2023.
GRK 2504 provides a structured training program complementary to the experimental work
to doctoral researchers in natural sciences and in human medicine and to clinician scientists
(participating doctoral researchers are listed in section L). In addition, GRK 2504 includes
cooperation projects with associated doctoral researchers at the Ragon Institute of MGH,
MIT and Harvard in Boston. All measures intend to support profound scientific training and
to familiarise with translational research.

Research projects

Area A: Antiviral small molecules

A1l Manfred Marschall
Institute of Clinical and Molecular Virology, UKER
CDK7 kinase pathways as a drug targeting strategy for broad antiherpesviral intervention

A2 Andrea Thoma-Kref3

Institute of Clinical and Molecular Virology, UKER

Enhancing immunogenicity of Human T-cell leukaemia virus Type 1 (HTLV-1) by interfering
with viral transcription

A3 Thomas Gramberg
Institute of Clinical and Molecular Virology, UKER
Enhancing antiviral immunity by blocking SAMHD1 activity

A4 Ulrich Schubert & Vladimir Temchura
Institute of Clinical and Molecular Virology, UKER
Antiretroviral therapy with amendment of HIV-1-specific T-cell response
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Area B: Harnessing T-cell immunity

B1 Ilka Knippertz until 2022
Department of Immune Modulation, UKER
Transcriptional targeting of dendpritic cells as a new therapeutic vaccine against HIV-1

B2 Diana Dudziak & Christian Lehmann
Department of Dermatology, UKER
LCMYV as model for immune intervention by antigen targeting in chronic viral infections

B3 Thomas Harrer & Christiane Krystelle Nganou-Makamdop

Medicine 3, Rheumatology and Immunology & Institute of Clinical and Molecular Virology,
UKER

Induction of Nef-resistant HIV-1-specific CTL responses as a new strategy for the
development of HIV-1-specific therapeutic vaccines

B4 Jan Doérrie

Department of Dermatology, UKER

Preclinical evaluation of a combination of checkpoint blockade with dendpritic cell
vaccination against Merkel Cell Carcinoma and other virally induced cancers

BS Matthias Tenbusch

Institute of Clinical and Molecular Virology, UKER

Induction of tissue-resident memory T cells by gene-based vaccines as first line of defense
against pathogens entering the host via mucosal surfaces

B6 Armin Ensser

Institute of Clinical and Molecular Virology, UKER

An animal model of HLA-independent, chimeric antigen receptor-mediated adoptive
immunotherapy against cytomegaloviruses

B7 Anita Kremer & Michael Wiesener until 2022

Medicine 5, Haematology and Oncology & Medicine 4, Nephrology and Hypertension,
UKER

CMV-specific T cells for prevention and therapy of CMV reactivation in patients after kidney
transplantation

B8 Kilian Schober from 10/2022

Institute of Microbiology — Clinical Microbiology, Immunology and Hygiene, UKER

Ex vivo metabolic profiling of human antigen-specific T cell responses after yellow fever and
SARS-CoV-2 mRNA vaccination

Area C: Antibody-based immunotherapy and prophylaxis

C1 Jutta Eichler
Department of Chemistry and Pharmacy, FAU
Towards novel HIV immunotherapeutics: bispecific antibody paratope mimics

C2 Heinrich Sticht

Department of Biochemistry, FAU
Structure-based design and optimisation of ligands for novel antiviral strategies

C3 Thomas Winkler & Nina Reuter from 09/2020 Marco Thomas
Department of Biology, FAU & Institute of Clinical and Molecular Virology, UKER
Protection from cytomegalovirus infection by antibodies
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C4 Frank Neipel & Hans-Martin Jick

Institute of Clinical and Molecular Virology & Division of Immunology, UKER
Recombinant MHV-68 as a model system for Kaposi’s sarcoma-associated herpesvirus
vaccine development

C5 Klaus Uberla & Anja Lux

Institute of Clinical and Molecular Virology, UKER & Department of Biology, FAU
Inducing long-lasting HIV Env-specific antibody responses by intrastructural help

C6 Bettina Hohberger from 07/2022

Department of Ophthalmology, UKER

Functionally active autoantibodies targeting G-protein-coupled receptors in patients with
Long-COVID

Colloquia and Retreats

Colloquia

Colloquia with invited guest speakers served to give insight into the translation of research to
clinical application including legal and regulatory requirements.

25.11.2020 Challenges in drug and vaccine research: Targeting SARS-CoV-2

Invited speakers: Dr. Jens Vollmar, Prof. Robin Shattock, PD Dr. Anita
Kremer, Prof. Gerd Sutter, Dr. Nadine Salisch, Prof. Matthias Tenbusch,
Prof. Manfred Marschall, Prof. Ralf Wagner, Prof. Hans-Martin Jdck, Dr.
Andrea Thoma-Kref3

16.04.2021 From assessment of demand to implementation of global eradication
programmes

Invited speakers: Dr. Nancy Sullivan, Prof. Dirk Brockmann
28.01.2022 Translational vaccine research: from the lab to routine application

Invited speakers: Dr. Regina Pohhacker, Dr. Dietmar Katinger, MBA, Prof.
Klaus Uberla

17.11.2023  Challenges in Drug and Vaccine Formulation
Invited speakers: Prof. William Rawlinson, Dr. Alexander Birkmann
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Retreats

During retreats in Waischenfeld or at the Ragon Institute in Boston, doctoral researchers of
GRK 2504 presented, discussed and further developed their research projects.
Complementary keynote lectures showed innovative research approaches and diverse career
options in science. A highlight of GRK 2504’s cooperation with the Ragon Institute was a
retreat in 2022 hosted by the colleagues in Boston.

17.-18.03.2021 1t Retreat (online)

Keynote lectures: Prof. Bruce Walker, Prof. Mathias Lichterfeld
27.-29.06.2022 2" Retreat (Waischenfeld)

Keynote lecture: Dr. Hans Langedijk
19.-21.09.2022  3vd Retreat (Boston)

Keynote lectures: Prof. Facundo Batista, Prof. Klaus Uberla, Prof. Galit
Alter, Prof. Thomas Gramberg, Prof. Brandon Dekosky, Dr. Amy
Barczak, Prof. Alejandro Balazs, Dr. Andrea Thoma-Kref3, Dr. Seth
Bloom, Prof. Bruce Walker, Prof. Matthias Tenbusch, Prof. Mathias
Lichterfeld

02.-04.05.2023 4t Retreat (Waischenfeld)
Keynote lecture: Prof. Ralf Wagner

Group Picture, Retreat Waischenfeld 2022
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Workshops and other activities

The training program of GRK 2504 included workshops on research-related and soft skills.
Topics covered Good scientific practice, Proposal writing, Research data management,
Research-related statistics, Poster presentation, Reference Management, Bioinformatics,
Scientific Writing, Gender-related communication etc..

Public relations

Doctoral researchers of GRK 2504 joined “Lange Nacht der Wissenschaften” in 2022 and
2023 to inform a broad audience about viruses and laboratory techniques. They offered
games, quizzes and practical experiments to hundreds of interested visitors.

“Lange Nacht der Wissenschaften” 2022
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Beitrige zu Journalen Scientific Journals

2019

Barnowski C, Kadzioch N, Damm D, Yan H, Temchura V (2019). Advantages and Limitations
of Integrated Flagellin Adjuvants for HIV-Based Nanoparticle B-Cell Vaccines. Pharmaceutics 11
(5), doi:10.3390/pharmaceutics 11050204

Bertzbach LD, Conradie AM, Hahn F, Wild M, Marschall M, Kaufer BB (2019). Artesunate
derivative TF27 inhibits replication and pathogenesis of an oncogenic avian alphaherpesvirus.
Antiviral Res 171, doi:10.1016/j.antiviral.2019.104606

Bottcher S, Diedrich S, Keeren K, The Laboratory Network For Enterovirus Diagnostic
LaNED (2019). Increased detection of enterovirus A71 infections, Germany, 2019. Euro Surveill 24
(39), 2-6. d0i:10.2807/1560-7917.ES.2019.24.39.1900556

Broecker F, Wegner E, Seco BMS, Kaplonek P, Briutigam M, Ensser A, Pfister F, Daniel
C, Martin CE, Mattner J, Seeberger PH (2019). Synthetic Oligosaccharide-Based Vaccines
Protect Mice from Clostridioides difficile Infections. ACS Chem Biol 14 (12), 2720-2728.
doi:10.1021/acschembio.9b00642

Businger R, Deutschmann J, Gruska I, Milbradt J, Wiebusch L, Gramberg T, Schindler M
(2019). Human cytomegalovirus overcomes SAMHDI restriction in macrophages via pUL97. NAT.
MICROBIOL 4 (12), 2260-2272. doi:10.1038/s41564-019-0557-8

Capci Karagoz A, Leidenberger M, Hahn F, Hampel F, Friedrich O, Marschall M, Kappes B,
Tsogoeva SB (2019). Synthesis of new betulinic acid/betulin-derived dimers and hybrids with potent
antimalarial and antiviral activities. Bioorg Med Chem. 27, 110-115, PMID: 30503412.

Cazorla-Vazquez S, Steingruber M, Marschall M, Engel FB (2019). Human cytomegaloviral
multifunctional protein kinase pUL97 impairs zebrafish embryonic development and increases
mortality. Sci Rep 9, 7219, doi:10.1038/s41598-019-43649-x

Chrun T, Lacote S, Urien C, Richard CA, Tenbusch M, Aubrey N, Pulido C, Lakhdar L,
Marianneau P, Schwartz-Cornil I (2019). A DNA Vaccine Encoding the Gn Ectodomain of Rift
Valley Fever Virus Protects Mice via a Humoral Response Decreased by DEC205 Targeting. Front
Immunol 10, doi:10.3389/fimmu.2019.00860

Coras R, Korn K, Kuerten S, Huttner HB, Ensser A (2019). Severe bornavirus-encephalitis
presenting as Guillain-Barré-syndrome. Acta Neuropathol (Berl) 137 (6), 1017-1019.
doi:10.1007/s00401-019-02005-z

Damm D, Rojas-Sanchez L, Theobald H, Sokolova V, Wyatt RT, Uberla K, Epple M,
Temchura V (2019). Calcium Phosphate Nanoparticle-Based Vaccines as a Platform for
Improvement of HIV-1 Env Antibody Responses by Intrastructural Help. Nanomaterials (Basel) 9
(10), doi:10.3390/nan09101389
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Deutschmann J, Schneider A, Gruska I, Vetter B, Thomas D, Kiefiling M, Wittmann S,
Herrmann A, Schindler M, Milbradt J, Ferreirés N, Winkler TH, Wiebusch L, Gramberg T
(2019). A viral kinase counteracts in vivo restriction of murine cytomegalovirus by SAMHD1. NAT.
MICROBIOL 4 (12), 2273-2284. doi:10.1038/s41564-019-0529-z

Doerfler W (2019). Epigenetic consequences of genome manipulations: caveats for human germline
therapy and genetically modified organisms. Epigenomics 11 (3), 247-250. doi:10.2217/epi-2018-
0201

Elling R, Bottcher S, du Bois F, Miiller A, Prifert C, Weissbrich B, Hofmann J, Korn K,
Eis-Hiibinger AM, Hufnagel M, Panning M (2019). Epidemiology of Human Parechovirus Type 3
Upsurge in 2 Hospitals, Freiburg, Germany, 2018. Emerg Infect Dis 25 (7), 1384-1388.
d0i:10.3201/eid2507.190257

Frank T, Niemann I, Reichel A, Stamminger T (2019). Emerging roles of cytomegalovirus-
encoded G protein-coupled receptors during lytic and latent infection. Med Microbiol Immunol (Berl)
208 (3-4), 447-456. doi:10.1007/s00430-019-00595-9

Full F, Ensser A (2019). Early Nuclear Events after Herpesviral Infection. J. Clin. Med. 8 (9), .
doi:10.3390/jcm8091408

Full F, van Gent M, Sparrer KMJ, Chiang C, Zurenski MA, Scherer M, Brockmeyer NH,
Heinzerling L, StiirzZl M, Korn K, Stamminger T, Ensser A, Gack MU (2019). Centrosomal
protein  TRIM43 restricts herpesvirus infection by regulating nuclear lamina integrity NAT.
MICROBIOL 4 (1), 164+. doi:10.1038/s41564-018-0285-5

Guryev AA, Hahn F, Marschall M, Tsogoeva SB (2019). Visible-Light-Driven C-H Oxidation of
Cyclic Tertiary Amines: Access to Synthetic Strychnos Alkaloids with Antiviral Activity. Chemistry
25 (16), 4062-4066. doi:10.1002/chem.201900078

HeB R, Storcksdieck Genannt Bonsmann M, "Lapuente D, Maaske A, Kirschning C, Ruland
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Hotter D, Bosso M, Jensson KL, Krapp C, Stiirzel CM, Das A, Littwitz-Salomon E,
Berkhout B, Russ A, Wittmann S, Gramberg T, Zheng Y, Martins LJ, Planelles V,
Jakobsen MR, Hahn BH, Dittmer U, Sauter D, Kirchhoff F (2019). IFI16 Targets the
Transcription Factor Spl to Suppress HIV-1 Transcription and Latency Reactivation. Cell Host
Microbe 25 (6), 858-872.¢13. doi:10.1016/j.chom.2019.05.002

Karagoz AC, Leidenberger M, Hahn F, Hampel F, Friedrich O, Marschall M, Kappes B,
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doi:10.1016/j.bmc.2018.11.018

Kohmer N, Nagel A, Berger A, Enders M, Hamprecht K, Korn K, Kortenbusch M, Uberla
K, Rabenau HF (2019). Laboratory diagnosis of congenital CMV infection in newborns: Impact of
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Millen S, Gross C, Donhauser N, Mann MC, Péloponése JM, Thoma-Kress AK (2019).
Collagen IV (COL4Al, COL4A2), a Component of the Viral Biofilm, Is Induced by the HTLV-1
Oncoprotein ~ Tax and Impacts Virus Transmission. Front  Microbiol 10,
doi:10.3389/fmicb.2019.02439
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I.  Vorlesungen und Kurse
Sommersemester 2023 und Wintersemester 2023/24

Lectures and Courses
Summer Term 2023 and Winter Term 2023/24

Vorlesungsverzeichnis

Die Mitarbeitenden des Virologischen Instituts bieten verschiedene Vorlesungen, Seminare,
Laborpraktika sowie Bachelor-, Master- und Dissertationsarbeiten fiir Studierende der
Medizinischen und Naturwissenschaftlichen Fakultit an.

Vorlesungsverzeichnis: https://www.campo.fau.de

Humanmedizin .
Lehrveranstaltungen nach der AappO

Vorlesung Hygiene, Mikrobiologie, Virologie (K-V4)

Lecture Hygiene, Microbiology, Virology

5 SWS, jedes Semester, verantwortliche Dozenten: C. Bogdan, K. Uberla, B. Kunz, R.
Lang, J. Held

Mikrobiologie, Virologie und Hygiene [2.2] fiir Studierende der
Hebammenwissenschaften (B.Sc.)
4 SWS, nur im Sommersemester, verantwortliche Dozenten: A. Knoll, C. Schwartz

Ubung Mikrobiologie, Hygiene, Immunologie u. Virologie (Hybride Gestaltung aus
Online- und Priasenzunterricht) (K-PS 11)

Practical Course in Microbiology, Hygiene, Inmunology and Virology

3 SWS, jedes Semester; verantwortliche Dozenten: R. Lang, K. Korn, B. Biesinger-
Zwosta, A. Ensser, R. Gerlach, J. Held, A. Knoll, J. Mattner, G. Valenza

Praktikum der Mikrobiologie, Hygiene, Imnmunologie u. Virologie f. 1. klin. Semester
(Medizin Campus Oberfranken), (K-PS 11 MCO)

Practical Course in Microbiology, Hygiene, Immunology and Virology (Medizin
Campus Oberfranken)

3 SWS, jedes Semester; verantwortliche Dozenten: J. Held, G. Valenza, C. Bogdan, K.
Korn, P. Steininger

Ringvorlesung Infektiologie, Immunologie, Q4 (K-V18)

Practical Course Infectiology, Immunology, Q4

Jedes Semester; verantwortliche Dozenten: A. Ensser, C. Willam, D. Ropers, S. Zopf, F.
Waldfahrer, K. Korn, N. Al-Zaher, P. Steininger, S. Burghaus, J. Sembill, D.-H. Lee, F.
Neipel, F. Stiibs, C. Bogdan, G. Kronke, J. Mattner, R. Lang, S. Uderhardt, T. Harrer
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MED 88751 Tropenmedizin einschl. Impfungen, Wahlpflichtfach im 2.
Studienabschnitt

Tropical Medicine incl. Vaccination, compulsory optional subject in the 2nd part of
the course of study

2 SWS, jedes Semester, verantwortliche Dozenten: A. Ensser, B. Kunz, K. Korn, C.
Bogdan, D. Vohringer, F. Kriiger, R. Lang, S. Krappmann, T. Harrer

MED 45451 Experimentelle Virologie mit Demonstrationen; Wahlpflichtfach im 1.
oder 2. Studienabschnitt (V-PS20)

Experimental Virology with Demonstrations (compulsory optional subject for M.D.
students)

3 SWS, jedes Semester, verantwortlicher Dozent: A. Ensser

Zahnmedizin
Lehrveranstaltungen nach der AppO

2-P8&2-V15 Mikrobiologie, Immunologie, Hygiene und Virologie: Vorlesung u.
Demonstrationspraktikum fiir Studierende der Zahnmedizin nach der neuen
Approbationsordnung (Hyg. Zahn NEU KU)

Microbiology, Immunology, Hygiene and Virology and for Dentistry Students
according to the new licensing regulations

4 SWS, jedes Semester, Dozenten: K. Korn, S. Krappmann, H. Reil

Mikrobiologie, Immunologie, Hygiene und Virologie: Vorlesung u.
Demonstrationspraktikum fiir Studierende der Zahnmedizin nach der neuen
Approbationsordnung (Hyg. Zahn KU)

Microbiology, Immunology, Hygiene and Virology and for Dentistry Students

4 SWS, jedes Semester, Dozenten: B. Kunz, S. Krappmann, H. Reil

BSc Molekulare Medizin
Lehrveranstaltungen nach der Studienordnung

Vorlesung Virologie fiir Studenten der Molekularen Medizin (4. Fachsemester) im
Rahmen des Bachelormoduls Mikrobiologie, Inmunologie und Virologie

Virology for Students of Molecular Medicine (3™ semester) as part of the B. Sc.
Module Microbiology, Immunology and Virology

3 SWS, nur im SoSe, verantwortliche Dozentin: B. Biesinger-Zwosta

Wabhlpflicht-Praxismodul F1 Virologie fiir Molekularmediziner (= F1-Praktikum)
mit Einfithrungsvorlesung

Elective Practical Module F1 in Virology for Students of Molecular Medicine

3 Wochen ganztégig, Termin festgelegt, verantwortliche Dozentin: B. Biesinger-Zwosta

Offenes Wahlpflichtmodul ,Medizinische Grundlagen“ fiir Studenten der
Molekularen Medizin

Open Elective Module “Basic Principles of Medicine” for Students of Molecular
Medicine

3 Wochen ganztigig, Termin frei vereinbar, verantwortliche Dozentin: B. Biesinger-
Zwosta
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MSc Molecular Medicine
Lehrveranstaltungen nach der Studienordnung

Area 2 — Seminar Module A2.2: Essential Concepts in Modern Virology
2 SWS, nur im SoSe; verantwortlicher Dozent: M. Marschall

Area 2/3 — Elective Module: Special Virology (includes an individual selection of the
lectures/seminars announced under "Spezielle Virologie)
Jedes Semester, verantwortlicher Dozent: M. Marschall

Area 2 — Project Development in Virology for M.Sc. Students of Molecular Medicine
Jedes Semester, verantwortlicher Dozent: M. Marschall

Area 3 — Laboratory Research Module B3 in Virology
Jedes Semester, verantwortlicher Dozent: M. Marschall

Pharmazie
Lehrveranstaltungen nach der AppO

Med. Mikrobiologie, Hygiene, Immunologie u. Virologie f. Studierende der
Pharmazie (2. Studienjahr)

Med. Microbiology, Hygiene and Immunology for Students of Pharmacy (2nd year of
study)

3 SWS, jedes Semester, verantwortliche Dozenten: S. Krappmann, M. Petter, U.
Schleicher, F. Neipel

Bachelorstudiengéinge Biologie und Integrated Life Sciences
Lehrveranstaltungen nach der Studienordnung

Fachmodul Virologie (Teil 1)

Specialized Module Virology (Part 1)

Praktikum mit Seminar und Einfiihrungsvorlesung, 4 Wochen ganztigig, nur im WS,
verantwortliche Dozentin: B. Biesinger-Zwosta

Fachmodul Virologie (Teil 2): Vorlesung Allgemeine Virologie
Specialized Module Virology (Part 2): Lecture General Virology
3 SWS, nur im WS, verantwortliche Dozenten: U. Schubert, B. Biesinger-Zwosta

MSc Zell- und Molekularbiologie
Lehrveranstaltungen nach der Studienordnung

Mastermodul Virologie
Master Module Virology
Praktikum, 4 Wochen ganztdgig, verantwortliche Dozentin: PD Dr. B. Biesinger-Zwosta

Wahlmodul: Vorlesung Allgemeine Virologie
siehe studiengangsiibergreifende Veranstaltungen
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Vertiefungsmodul Virologie

Advanced Module Virology

Praktikum,, 8 Wochen ganztigig, verantwortliche Dozentin: PD Dr. B. Biesinger-Zwosta
+ insgesamt 4 SWS aus den Spezialvorlesungen und Seminaren

Master Programme Integrated Immunology
Lehrveranstaltungen nach der Studienordnung

Clinical Immunology — Tutorials (iI-CLI Tut)
2 SWS, nur im SoSe, verantwortliche Dozenten: A. Glanz, B. Grétsch, J. Ackermann, B.
Biesinger-Zwosta, U. Steffen, G. Kronke, S. Uderhardt

Translational Immunology Integrated Laboratory Course (il-TLI Lab)
10 SWS, nur im SoSe, verantwortliche Dozenten: F. Neipel, M. Tenbusch, M. Marschall,
A. Ensser, T. Gramberg, A. Glanz, U. Schubert, M. Thomas, K. Uberla, D. Vohringer

Translational Immunology Integrated Laboratory Course - Seminar (il-TLI Lab
Sem)

2 SWS, nur im SoSe, verantwortliche Dozenten: A. Glanz, B. Biesinger-Zwosta, D.
Voéhringer, M. Tenbusch

Translational Immunology — Lecture (il-TLI Lecture)
3 SWS, nur im SoSe, verantwortliche Dozenten: A. Glanz, B. Biesinger-Zwosta, C.
Bogdan, D. Véhringer, K. Uberla

Translational Immunology — Seminar (il-TLI Sem)
3 SWS, nur i{_n SoSe, verantwortliche Dozenten: A. Glanz, B. Biesinger-Zwosta, D.
Vohringer, K. Uberla

Translational Immunology — Tutorials (il-TLI Tut) )
5 SWS, nur im SoSe, verantwortliche Dozenten: A. Glanz, D. Véhringer, K. Uberla

Studiengangsiibergreifende Veranstaltungen
Vorlesungen

Vorlesung Allgemeine Virologie
Lecture General Virology
3 SWS, nur im WS, verantwortliche Dozenten: U. Schubert, B. Biesinger-Zwosta

Spezielle Virologie, Teil 1 — Herpesviral pathogenesis - diseases, viral effectors,
vaccines

Specialized Virology, Part 1

2 SWS, jedes Semester, verantwortlicher Dozent: M. Marschall

Spezielle Virologie, Teil 2: Schwerpunkt HIV
Specialized Virology, Part 2: Focus HIV
2 SWS, jedes Semester, verantwortlicher Dozent: T. Gramberg
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Spezielle Virologie, Teil 3: Targets, drugs and mechanisms of antiviral therapy/
Specialized Virology, Part 3
2 SWS, jedes Semester, verantwortlicher Dozent: M. Marschall

Antivirale Wirkstoffe gegen respiratorische Viren
Antiviral agents against respiratory viruses
1 SWS, jedes Semester; verantwortlicher Dozent: Prof. U. Schubert

Current Concepts in HIV Vaccine Development
2 SWS, jedes Semester, verantwortlicher Dozent: V. Temchura

Molekularbiologie von Beta-Herpesviren
Molecular Biology of Beta Herpesviruses
2 SWS, jedes Semester, verantwortlicher Dozent: M. Thomas

Seminare

Methods in Molecular Virology
2 SWS, jedes Semester; verantwortlicher Dozent: M. Tenbusch

Advances in Molecular Virology - Seminar mit Gastsprechern
Seminar with Guest Speakers )
2 SWS, jedes Semester, verantwortlicher Dozent: K. Uberla

Aktuelle Themen der klinischen Virologie
Current Topics in Clinical Virology
1 x monatlich, jedes Semester, verantwortlicher Dozent: P. Steininger
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Saturday, 16™ July 2022 — Program

Welcome

Prof. Klaus Uberla, Erlangen
Prof. Joachim Hornegger, Erlangen
Prof. Harald zur Hausen, Heidelberg

Session 1
Chair: Prof. Thomas Mertens, Ulm

Dr. Johannes Jung, Hamburg
PhD Prize Awardee 2022 of the Bernhard and Ingrid Fleckenstein Foundation
NK cell-mediated control of human adenovirus infection

Prof. Ronald C. Desrosiers, Miami
Time spent and lessons learned that will never be forgotten

Prof. Walter Schaffner, Ziirich
The HCMV Enhancer Project

Address by Fleckenstein family

Session 2
Chair: Prof. Herbert Pfister, Koln
Prof. Arndt Borkhardt, Diisseldorf

Role of viruses in triggering the development of childhood acute lymphoblastic leukemia

PD Dr. Andrea Thoma-KreB, Erlangen
Cell-cell-transmission of Human T-cell leukemia virus type 1 (HTLV-1)

Prof. Stefan P6hlmann, Gottingen
SARS-CoV-2 entry into cells and its inhibition

Prof. Frank Kirchhoff, Ulm
Features of the SARS-CoV-2 Omicron variant

Prof. Elke Bogner, Berlin
Broad spectrum antiviral diazadispiroalkane core molecules block attachment and cell-to-
cell spread of herpesviruses
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Saturday, 16 July 2022 — Program (continued)

Session 3
Chair: Prof. Ulrich Koszinowski, Miinchen
Prof. Otto Haller, Freiburg

Host gene control of influenza A virus and trans-species transmission

Prof. Thomas Gramberg, Erlangen
Sensing and restriction of old foes and new enemies

Prof. Thomas Stamminger, Ulm
Nuclear entrapment as a host cell strategy to combat viral infections

Prof. Michaela Gack, Port St. Lucie
Immunostimulatory noncoding RNAs in viral infection and disease

Prof. Bryan R. Cullen, Durham
SUMOylation by the SMC5/6 complex triggers the epigenetic silencing of unintegrated
HIV-1 DNA and promotes post-integration viral latency

Session 4
Chair: Prof. Giorgio Palu, Padova
Prof. Matija Peterlin, San Francisco

Mysteries of viral reservoirs

Prof. Joachim Hauber, Hamburg
Excision of HIV proviral DNA — From research to clinical application

Prof. Barbara Schmidt, Regensburg
Hunting viruses — how Borna Disease Virus 1 (BoDV-1) has finally surfaced

Prof. Armin Ensser, Erlangen
The modern virologist‘s toolbox — reverse genetics and beyond

Closing remarks

Prof. Ralf Bartenschlager, Heidelberg
Prof. Thomas Stamminger, Ulm
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The Sixth Weif$enburg

Symposium - Biriciana
01. bis 03. September 2021

Kulturzentrum KarmeliterKkirche, WeiBenburg in Bayern

“Genome-wide Epigenetic Profiles”

Symposium der Nationalen Akademie der
Wissenschaften Leopoldina, Halle

Symposium der Nationalen Akademie der
Wissenschaften Leopoldina, Halle

Organized by Walter Doerfler
Institut fiir Virologie, FAU Erlangen und Institut fiir Genetik,
Universitdt zu Kdln

Co-organizers

Michal-Ruth Schweiger, Universitéit zu Kéln
Christoph Plass, Deutsches Krebsforschungs-Zentrum, Heidelberg
Klaus Uberla, Institut fiir Virologie, Uniklinikum Erlangen

Wednesday, September 01, 2021

Introduction to the Symposium

Walter Doerfler, Erlangen/Kdln
Jiirgen Schroppel, Oberbiirgermeister der Stadt Weillenburg

Session I: Epigenetics and Gene Expression
Chair: Walter Doerfler, Erlangen/Ko6ln

Jussi Taipale, Cambridge/Stockholm/Helsinki
Towards predicting gene expression from DNA sequence

Art Petronis, Toronto
Chrono-epigenetics of human disease

Moshe Szyf, Montreal
Early life stress, trauma and post trauma stress disorder: Is there a role for DNA methylation?

Wolf Reik, Cambridge/UK
Single cell epigenome landscape of development and ageing

Daniel Summerer, Dortmund
Designer probes and reagents for decoding and editing the epigenetic cytosine code

186 Virologisches Institut — Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023



Symposien und Meetings/Symposia and Meetings

Session II; Epigenetics and Gene Expression
Chair: Klaus Uberla, Erlangen

Andreas Radbruch, Berlin
Epigenetic signatures of tissue-resident memory T cells

Stefanie Weber and Walter Doerfler, Erlangen/K6ln

Extensive patchy sequence homologies in the SARS-CoV-2 genome to viral, bacterial and
human mitochondrial DNA: Ancient evolutionary mechanisms - A clue to the origin of
SARS-CoV-2 Variants?

Jorn Walter, Saarbriicken
Modeling of genome wide DNA-methylation dynamics

Karsten Rippe, Heidelberg
Linking chromatin states and interferon induced gene expression

Evening Lecture

Klaus Rajewsky, Berlin-Buch
What keeps antibody forming cells alive?

Thursday, September 02, 2021

Session I1I: Viral and non-viral systems
Chair: Michelle Débatisse, Villejuif/Paris

Ingemar Ernberg, Stockholm
The role of epigenetics in the control of Epstein-Barr viral latent infection and oncogenesis

Rudolf Jaenisch, Cambridge/USA
SARS-CoV-2 genomic integration, expression and cellular tropism

Christina Ramirez, Los Angeles
Accelerated aging with HIV begins at the time of initial HIV infection

Session 111, continued: Viral and non-viral systems
Chair: Christoph Plass, Heidelberg

Michelle Débatisse, Villejuif
CDK1 activity determines CFS instability by controlling the density of replication origins in
large expressed genes

Armin Ensser, Erlangen
Gammaherpesviral tegument proteins sequester SMC proteins and inhibit the DNA damage
response

Jorg Tost, Evry
Epigenetic changes in immune-related diseases and their use for personalized patient
management
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Friday, September 03, 2021

Session VI: Epigenetics in cancer and other diseases
Chair: Ingemar Ernberg, Stockholm
Manel Esteller, Barcelona

DNA and RNA modifications in cancer: Crosstalk between epigenetics and
epitranscriptomics

Elizabeth Larose Cadieux, London
Deconvolved tumor methylation profiles unlock unique insights into non-small cell lung
cancer

Michal-Ruth Schweiger, K6ln
Peri-centromeres and their role in chemotherapy resistance

Francois Fuks, Bruxelles
Role of RNA modifications in health and disease

Christoph Plass, Heidelberg
Acute myeloid leukemia with deletion on chromosome 7q

Heinrich Leonhardt, Miinchen
Role and regulation of DNA modifications in development and disease
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I{. Seminare mit Gastsprechern
Seminars with Guest Speakers

Datum - Date Sprecher/Thema - Speaker/Topic

2019

11.01.2019

18.01.2019

22.01.2019

01.02.2019

08.02.2019

26.04.2019

03.05.2019

10.05.2019

Prof. Dr. Jorg Timm
Institut fiir Virologie, Universititsklinikum Diisseldorf
Viral escape from HLA class I-associated selection pressure

Dr. Adalbert Krawczyk
Institut fiir Virologie, Universititsklinikum Essen
Antiviral antibodies

Immunologisches Kolloquium des Medical Immunology Campus Erlangen
Prof. Dr. Joachim Hauber

Heinrich-Pette-Institut

Leibniz-Institut fiir Experimentelle Virologie, Hamburg

Antiviral therapy of persistent viral infection using genome editing

Prof. Dr. Carl-Henrik Heldin

Department of Medical Biochemistry and Microbiology
Uppsala University, Sweden

Signaling via TGFbeta receptors - possible target in tumor therapy

Dr. Charalampos Koutsoulas

Polymun Scientific Inmunbiologische Forschung, Austria

Liposome preparation methods - small and large scale technologies.
Potential use of liposomes in vaccine formulations

Dr. Emanuel Wyler

Medical Systems Biology

Max Delbriick Center for Molecular Medicine, Berlin

“RNA systems virology": Transcriptional and post-transcriptional regulation
of gene expression in HSV-1 infection

Dr. Xaver Sewald
Virologie, Max von Pettenkofer-Institut, LMU Miinchen
Insights into retroviral infection in vivo

Prof. Georg Gasteiger

Institut fiir Systemimmunologie, Universitit Wiirzburg

Local players in immunity: Differentiation and functions of tissue-resident
lymphocytes
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17.05.2019

20.05.2019

24.05.2019

07.06.2019

14.06.2019

05.07.2019

10.07.2019

12.07.2019

22.07.2019

26.07.2019

190

Dr. Peter Lischka

AiCuris Antiinfective Cures GmbH, Wuppertal

LETERMOVIR - a novel drug for the prevention of HCMV infections in
transplant recipients

Dr. Adam Whisnant
Institut fiir Virologie und Immunbiologie, Universitit Wiirzburg
Systems biology illuminates herpesviral coding capacity

Prof. Robin Shattock
Imperial College London, UK
Pushing the HIV envelope towards a protective vaccine

Prof. Rolf Jessberger

Institut fiir Physiologische Chemie, Technische Universitiit Dresden
Chromosome architecture, telomere integrity and aneuploidy - roles of
cohesin complexes in spermatocytes and oocytes

Prof. Dr. Gertraud Orend
INSERM, Université de Strasbourg, France
Role of the extracellular matrix molecule in cancer progression

Prof. Marit J. van Gils

Department of Medical Microbiology, Amsterdam University Medical
Centers, The Netherlands

Dissecting neutralizing antibodies to guide rational HIV vaccine design

Preistriger des GfV-Promovendenpreises 2019 der Bernhard und Ingrid
Fleckenstein-Stiftung

Dr. Luca Danilo Bertzbach

Institut fiir Virologie, Zentrum fiir Infektionsmedizin, Freie Universitit
Berlin

Marek's disease virus - new perspectives on an oncogenic avian
alphaherpesvirus

Dr. Oliver Weichenrieder
Max Planck Institute for Developmental Biology, Tiibingen
Structural analysis of human non-LTR retrotransposons

Prof. Guus Rimmelzwaan

Center for Emerging Infections and Zoonoses
University of Veterinary Medicine, Hannover
Cytotoxic T lymphocytes to influenza virus

Prof. Mario Schelhaas
Institut fiir Zelluléire Virologie, Universitit Miinster
From molecules to man: Cell biology of papillomavirus entry
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18.10.2019 Prof. Dr. Reiner Strick
Universititsklinikum Erlangen, Frauenklinik
Functional impact of genomic LTR-retrotransposons on physiology,
differentiation and pathology
25.10.2019 Dr. Clare Jolly
Division of Infection and Immunity, University College London, UK
New insights into HIV-1 replication and spread between T cells
06.11.2019 Dr. Gennadiy Zelinskyy
Universititsklinikum Essen, Institut fiir Virologie
The regulation of T cell responses against retroviruses: exhaustion or
adaption?
29.11.2019 Prof. Dr. Gerald Schumann
Paul-Ehrlich-Institut,
Bundesinstitut fiir Impfstoffe und biomedizinische Arzneimittel, Langen
Mobilization of endogenous LINE-1, Alu and SVA retrotransposons in
human pluripotent stem cells
06.12.2019 Prof. Dr. Barbara Schmidt
Institut fiir Mikrobiologie und Hygiene, Universitit Regensburg
BoDV-1: How big is the iceberg?
13.12.2019 PD Dr. Sabrina Schreiner
Institut fiir Virologie, Technische Universitit Miinchen
Human adenovirus infection - viral strategies to counteract host defense
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2020

08.01.2020

10.01.2020

17.01.2020

24.01.2020

07.02.2020

Prof. Malcolm A. Martin, MD
Viral Pathogenesis and Vaccine Section, NIAID, Bethesda, MD, USA
A short history of the HIV epidemic

Prof. Malcolm A. Martin, MD

Viral Pathogenesis and Vaccine Section, NIAID, Bethesda, MD, USA
The use of broadly acting anti-HIV1 neutralizing antibodies for prevention
and treatment of SIV/HIV chimeric virus infections of rhesus macaques

Prof. Dr. Marcus Altfeld

Heinrich Pette-Institut,

Leibniz-Institut fiir Experimentelle Virologie, Hamburg
NK cell mediated recognition of virus-infected cells

Prof. Dr. Thomas Krey

Institute of Virology, Hannover Medical School

Crystal structures of the Kaposi's sarcoma-associated herpesvirus (KSHV)
pentameric portal cap

PD Dr. Marcus Peters

Experimentelle Pneumologie, Ruhr-Universitit Bochum

Inflammatory lung diseases: mouse models and the development of new
preventive strategies

Wegen der Corona-Pandemie entfielen die Gastvortrdge im Sommersemester 2020 und
wurden ab dem Wintersemester 2020 bis Wintersemester 2021 online als Live-
Videoseminare durchgefiihrt.

06.11.2020

20.11.2020

04.12.2020

192

online-Seminar

Prof. Dr. Dirk Grimm

Department of Infectious Diseases / Virology, BioQuant BQO0030,
University of Heidelberg

The fast and the curious - high-throughput interrogation of AAV capsid
libraries in vitro and in vivo

online-Seminar

Dr. Sebastien Nisole

Institute de Recherche en Infectiologie de Montpellier (IRIM), CNRS
UMR 9004, Montpellier University, France

Interferon response to viral infections: with great power comes great
responsibility

online-Seminar

Dr. Madhumati Sevvana

Department of Biological Sciences, Purdue University,

West Lafayette, IN, USA

Mapping the diverse landscape of the flavivirus antibody repertoire for
structure-based vaccine design

Virologisches Institut — Klinische und Molekulare Virologie
FORSCHUNGSBERICHT-RESEARCH REPORT 2019-2023



Seminare und Vortridge/Seminars and Workshops

2021

22.01.2021

29.01.2021

05.02.2021

12.02.2021

23.04.2021

30.04.2021

21.05.2021

online-Seminar

Prof. Laura Franca Canta

Department of Medical Biotechnology and Translational Medicine
University of Milan, Italy

Neutrons, X-rays and laser light in the structural exploration of nanosized
particles in solution

online-Seminar

Prof. Edward Campbell

Department of Integrative Cell Biology

Loyola University, Chicago, IL, USA

Infection, Inflammation, Salivation: A seminar with something for everyone

online-Seminar

Prof. Dr. Klaus Hamprecht

Institut fiir Medizinische Virologie und Epidemiologie der
Viruskrankheiten, Universititsklinikum Tiibingen

CMV reactivation during lactation: new aspects of immune control and
prevention of transmission

online-Seminar

Prof. Dr. Thomas Gebhardt

Department of Microbiology and Immunology

The University of Melbourne, Australia

Tissue-resident memory T cells in persisting infection and cancer
surveillance

online-Seminar

Preistrdgerin des GfV-Promovendenpreises 2021 der Bernhard und Ingrid
Fleckenstein-Stiftung

Thiprampai Thamamongood, PhD

National Center for Genetic Engineering and Biotechnology (BIOTEC)
National Science and Technology Development Agency, Thailand
CRISPR-Cas9 screening uncovers bat influenza A virus receptor:
Challenging the influenza dogma

online-Seminar

Dr. Kilian Schober

Universititsklinikum Erlangen, Mikrobiologisches Institut

The T cell receptor - evolution of complex antigen-reactive T cell responses
and genetic engineering for therapy

online-Seminar

Dr. Bart Everts

Leiden University Medical Center, The Netherlands
Metabolic control of dendritic cell driven immune tolerance
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28.05.2021

11.06.2021

02.07.2021

09.07.2021

16.07.2021

22.10.2021

29.10.2021

12.11.2021

194

online-Seminar

Prof. William J. Britt

Childrens Hospital of Alabama, Birmingham, AL, USA
Congenital CMV infections: Modeling mechanisms of disease

online-Seminar

Dr. Fabien Blanchet

Institut de Recherche en Infectiologie de Montpellier (IRIM), France
Alarmin(g) viral restriction in human Langerhans cells

online-Seminar

Prof. Michael Schotsaert

Department of Microbiology, Icahn School of Medicine at Mount Sinai,
New York, USA

Animal models for the study of SARS-CoV-2 infection in the context of
vaccination and comorbidities

online-Seminar

Dr. Laura Graf

Center for Microbiology and Hygiene, Institute of Virology

University of Freiburg

Rare variants of the MX1 gene increase human susceptibility to zoonotic
H7NO influenza A virus infections

online-Seminar

Dr. Caroline Rosadas

Imperial College, London, UK

Mother-to-child HTLV transmission: from basic science to health policies

Dr. Andreas Grassauer

Marinomed Biotech AG, Korneuburg, Austria

Antiviral efficacy of iota-carrageenan against respiratory viruses including
SARS-CoV-2

online-Seminar

Dr. Lloyd Einsiedel

Baker Heart and Diabetes Institute, Alice Springs, Australia

The human T cell leukemia virus: a neglected infection in Aboriginal people
in remote Australia

online-Seminar

Prof. William D. Rawlinson

Virology and OTDS Laboratories (SAVID), University of New South
Wales, Prince of Wales Hospital, Sydney, Australia

Congenital cytomegalovirus infection: assessing placental and fetal response
in organoids and the host
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19.11.2021

26.11.2021

03.12.2021

06.12.2021

10.12.2021

online-Seminar

Dr. Elma Tchilian

The Pirbright Institute, UK

Respiratory immunisation and mucosal immunity against influenza in pigs

Dr. Matthew Wright

Kinarus AG, Basel, Switzerland

Combination of a P38 MAPK inhibitor with pioglitazone - a potential oral
treatment for COVID-19 and other fibrotic diseases

PD Dr. Irene Gorzer
MedUni Wien, Austria
Human cytomegalovirus strain diversity - What does it mean?

Dr. Alexander Hahn

Deutsches Primatenzentrum GmbH
Leibniz-Institut fiir Primatenforschung, Géttingen
Receptors, fusion, and restriction

online-Seminar

Prof. Dr. Hiroki Kato

Universititsklinikum Bonn

Cellular RNA methyltransferase MTrl is essential for the replication of
Influenza A virus and SARS-CoV-2
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2022

17.01.2022

02.04.2022

13.05.2022

03.06.2022

01.07.2022

22.07.2022

29.07.2022

21.10.2022

28.10.2022

196

online-Seminar

Dr. Marija Backovic

Department of Virology, Pasteur Institute, Paris, France
Insights into entry of herpesviruses from structural biology studies

Dr. Eileen Socher

Institut fiir Funktionelle und Klinische Anatomie

Universitit Erlangen-Niirnberg

SARS-CoV-2 spike protein: Molecular dynamics simulations of sequence
variants compared to the wild type protein

Prof. Dr. Benedikt Kaufer
Institut fiir Virologie, Freie Universitiit Berlin
Herpesvirus integration: Latency, endogenous viruses and cancer

Alexandra Schaefer, Ph.D. Assistant Professor

Department of Epidemiology, UNC-Chapel Hill, NC, USA

Leveraging coronavirus mouse models to evaluate countermeasures and
pathogenesis

online-Seminar

Dr. Laurie Krug

HIV and AIDS malignancy branch, NIH, Bethesda, MD, USA
Gammaherpesvirus latency and vaccine development: lessons learned from a
murine pathogenesis system

Prof. Florian I. Schmidt
Institute of Innate Immunity, Universititklinikum Bonn
Interrogating Infection and Immunity with Camelid Nanobodies

online-Seminar

Dr. Michelle Linterman

Babraham Institute, Cambridge, UK
Ageing and the response to vaccination

online-Seminar

Prof. Bryan R. Cullen

Center for Virology, Duke University School of Medicine

Durham, NC, USA

SUMOylation by the SMC5/6 complex epigenetically silences unintegrated
HIV-1 DNA leading to post-integration viral latency

Dr. Konstantin M. Sparrer
Institute of Molecular Virology, Universititsklinikum Ulm
Actin’ up — The cytoskeleton senses RNA viruses
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18.11.2022

02.12.2022

09.12.2022

16.12.2022

OFA Prof. Dr. Gerhard Dobler
Institut fiir Mikrobiologie der Bundeswehr, Miinchen,
Tick-borne encephalitis: Mysteries of a well-known disease

online-Seminar

Dr. Jeffrey I. Cohen, M.D.

Laboratory of Infectious Diseases, Medical Virology Section,

NIH, Bethesda, MD, USA

Use of Vaccines and Monoclonal Antibodies To Prevent Epstein-Barr Virus
Infection and Disease

Prof. Matthew Reeves

Institute of Immunity and Transplantation

University College London, UK

Human cytomegalovirus: Developing a vaccine against the master of
immune evasion

PD Dr. Hanna-Mari Baldauf
Max-von-Pettenkofer-Institut, LMU, Miinchen
Species-specific retrovirus-host interactions
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2023

13.01.2023

20.01.2023

27.01.2023

03.02.2023

10.02.2023

12.05.2023

14.06.2023

15.06.2023

16.06.2023

21.06.2023

198

Dr. Lara Manganaro
Istituto Nazionale Genetica Molecolare, Milan, Italy
CD4 T stem cell memory in HIV latency and Immune Dysfunction

Dr. Florian Full
Universititsklinikum Freiburg, Institut fiir Virologie
The role of the germline transcription factor DUX4 in herpesviral infections

Prof. Dr. Michael Schindler

Institut fiir Medizinische Virologie und Epidemiologie der
Viruskrankheiten, Universititsklinikum Tiibingen

Identification and characterization of C10 - a broadly acting flavivirus
capsid inhibitor

Dr. Roland Schwarzer

Institut fiir die Erforschung von HIV und AIDS-assoziierten
Erkrankungen, Universititsklinikum Essen

Understanding and Neutralizing Latent HIV Reservoirs

Jun. Prof. Dr. Stephanie Pfiinder

Institut fiir Virologie, Ruhr-Universitit Bochum

Molecular and clinical intervention strategies against emerging
coronaviruses

Prof. Rik de Swart

Wageningen Bioveterinary Research in Lelystad and Erasmus MC
The Netherlands

Morbillivirus immune suppression & comparative pathogenesis

Prof. Shiv Pillai, M.D., Ph.D.
Ragon Institute of Mass General, MIT and Harvard, Boston, MA, USA
Defining events in Immunology (intertwined with some theater)

Prof. Shiv Pillai, M.D., Ph.D.
Ragon Institute of Mass General, MIT and Harvard, Boston, MA, USA
T-B collaboration, memory and disease

Dr. Ignacio Fernandez

Institut Pasteur, Paris, France

Structural studies on the Spumaretrovirinae envelope glycoprotein and its
entry mechanism

Preistréger des GfV-Promovendenpreises 2023 der Bernhard und Ingrid
Fleckenstein-Stiftung

Dr. Riidiger Grof3

Universititsklinikum Ulm, Institute of Molecular Virology

Extracellular vesicles in human body fluids as innate antiviral factors
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23.06.2023 Prof. Dr. Christina Karsten
Institut fiir translationale HIV-Forschung, Universititsklinikum Essen
HIV envelope protein glycosylation: a key determinant for viral functions
and antibody recognition
30.06.2023 Dr. Caroline Goujon
IRIM - Institut de Recherche en Infectiologie de Montpellier, France
CRISPR screens to identify human genes regulating viral infections: Focus
on cell host defences
14.07.2023 Dr. Maria Rosenthal
Bernhard-Nocht-Institut, Hamburg
Towards the development of novel antiviral strategies against bunyaviruses
21.07.2023 Prof. Dr. Stefan P6hlmann
Abteilung Infektionsbiologie, Deutsches Primatenzentrum GmbH,
Leibniz-Institut fiir Primatenforschung, Gottingen
The 3As of SARS-CoV-2 infection: ACE2, Activators & Antibodies
27.10.2023 Prof. Stephan Rosshart
Universititsklinikum Erlangen, Mikrobiomische Abteilung
Of Mice and Men and Wildlings
10.11.2023 online-Seminar
Dr. Slim Fourati
Center for Human Immunobiology, Northwestern University
Chicago, IL, USA
A naturally-adjuvanted immune state predicts responsiveness to multiple
vaccines
24.11.2023 Prof. Dr. Mathias Munschauer
HIRI-Helmholtz-Institut  fiir RNA-basierte Infektionsforschung,
Wiirzburg
RNA interactomics: a new perspective on RNA viruses and beyond
01.12.2023 Prof. Dr. Frederik Graw
Universititsklinikum Erlangen, Medizinische Klinik 5
Deciphering the spatio-temporal dynamics of infection and immune
processes
08.12.2023 Dr. Alexander Hahn
Deutsches Primatenzentrum, Leibniz-Institut fiir Primatenforschung,
Gottingen
Kaposi's Sarcoma Herpesvirus — Entry, Fusion, Vaccination?
15.12.2023 Dr. Peter Reuther
Universititsklinikum Freiburg, Institut fiir Virologie
Leaving scars? Long-term consequences of RNA virus infections
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Bachelorarbeiten Bachelor Theses

Belenkova, Anna, Life Sciences (HAN University of Applied Sciences, Nijmegen,
Niederlande), Abschluss: 08/2022

Impact of Human T-cell Leukaemia Virus Type 1 open reading frame I- encoded proteins on
T-cell signalling

Betreuer: PD Dr. Dr. A. Thoma-Kref3, Dr. M Vissers

Cuylen, Catrina, Biologie, Abschluss: 08/2020
Klonierung von HCMV-Proteinen
Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler

Dehm, Verena, Molekulare Medizin, Abschluss: 07/2019

Analyse der coiled-coil-vermittelten Heterodimerisierung des HIV-1 Hiillproteins Env auf
der Oberflache von Liposomen

Betreuer: Prof. K. Uberla, Prof. O. Prante

Engelbrecht, Hanna, Biologie, Abschluss: 07/2021

Einfluss viraler Onkoproteine und von NF-kB-Aktivitit auf die Regulation des
Tumormarkers Fascin in T-Zellen

Betreuer: Prof. C. Koch, Dr. A. Thoma-Kref3

Engelhardt, Moritz, Molekulare Medizin, Abschluss: 09/2020

Untersuchung der Protein-Bindeeigenschaften der Prolyl-cis/trans-Isomerase Pinl
hinsichtlich ihrer Rolle bei der Cytomegalovirus-Infektion

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. C. Lie)

Engelmann, Leon, Biologie, Abschluss: 09/2023

Herstellung und Charakterisierung von IgG-subklassenspezifischen, rekombinanten
Antikdrpern gegen das SARS-CoV-2 Spike Protein

Betreuer: Prof. T. Winkler, Prof. M. Tenbusch

Errerd, Theresa, Biologie, Abschluss: 02/2020

Analyse der Peptidyl-Prolyl-Isomerase Pinl in aktiver und inaktiver Form hinsichtlich der
Interaktion mit Proteinen des humanen Cytomegalovirus

Betreuer: Prof. Dr. M. Marschall (Zweitberichterstatter PD Dr. S. Sonnewald)

Eulenstein, Lara, Molekulare Medizin, Abschluss: 02/2023
Prozessierung HTLV-1 ORF-I kodierter Proteine und deren Einfluss auf T-Zell-Aktivierung
Betreuer: PD Dr. B. Biesinger, Prof. A. Winterpacht, PD Dr. Dr. A. Thoma-Kre3

Filip, Adrian, Biologie, Abschluss: 08/2019

Influence of genetic variation in the human CAR on the susceptibility to adeno- and
coxsackievirus

Betreuer: Prof. T. Winkler, Prof. M. Tenbusch
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Greger, Clara, Molekulare Medizin, Abschluss: 09/2019
Die Inhibition von LINE-1 durch verschieden Restriktionsfaktoren
Betreuer: Prof. T.Winkler, Prof. T. Gramberg

Griiner, Eva, Molekulare Medizin, Abschluss: 07/2019

Analyse von Coiled-Coil vermittelter Heterodimerisierung des HIV-1 Env Antigens auf
Virus-Ahnlichen Partikeln

Betreuer: Prof. K. Uberla, Prof. H.-M. Jick

Hampe, Sophia, Molekulare Medizin, Abschluss: 07/2020

Die Interaktion des viralen p8 Proteins mit Wiskott-Aldrich syndrome protein (WASP) in
Abhingigkeit von vasodilator-stimulated phosphoprotein (VASP)

Betreuer: PD Dr. B. Biesinger, Prof. H. Sticht, Dr. A. Thoma-Kref3

Hiibner, Carolin, Molekulare Medizin, Abschluss: 07/2023

Untersuchung des Einflusses von ZL0580 auf die ELL2 Expression und die ELL2-abhéngige
Tax-vermittelte Transaktivierung des HTLV-1-Promotors

Betreuer: PD Dr. B. Biesinger, Prof. H. Sticht, PD Dr. Dr. A. Thoma-Kref3

Hummel, Luca, Biologie, Abschluss: 11/2020
Herstellung und Reinigung rekombinanter HCMV Proteine
Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. R. Slany

Ingold, Markus, Biologie, Abschluss: 11/2019
Expression von HCMV Glykoproteinen und Erkennung durch monoklonale Antikdrper
Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler

Kaszubowski, Tomasz, Molecular Medicine, Abschluss: 08/2019

Exploring the influence of GB Virus-C coinfection on immune activation in HIV-1 infected
individuals receiving antiretroviral therapy

Betreuerin: Dr. K. Nganou-Makamdop; Gutachter: Prof. K. Uberla, Prof. H.-M. Jick

Kogel, Merle, Molekulare Medizin, Abschluss: 07/2021

Analyse der Interaktion der Epstein-Barr-Virus-kodierten Proteinkinase BGLF4 mit humanen
Cyclinen

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. A. Winterpacht)

Kopar, Serli, Molekulare Medizin, Abschluss: 08/2022

Development of experimental approaches to exploit the cytomegalovirus nuclear egress
complex as an antiviral target

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. A. Winterpacht)

Langmaier, Maria, Molekulare Medizin, Abschluss: 06/2021
Komplementationsansétze zur Darstellung von Proteinen des SARS-CoV-2 unter
Anwendung des Split-GFP-Konzepts

Betreuer: Prof. A. Ensser
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Limenta, David, Integrated Life Sciences, Abschluss: 12/2023
Screening Peptides Screening peptides targeting the phosphohydrolase activity of SAMHD1
Betreuer: Prof. A. Burkovski, Prof. T. Gramberg

Losing, Josephine, Biologie, Abschluss: 11/2019

Interaktionsanalyse der Core-Proteine des nukledren Egress-Komplexes der humanen
Herpesviren HCMV und EBV

Betreuer: Prof. M. Marschall (Erstberichterstatter Prof. T. Winkler)

Mayer, Lena, Molekulare Medizin, Abschluss: 08/2022

Untersuchungen zur Repression des Wiskott-Aldrich-Syndrom Proteins und dessen Einfluss
auf das virale Protein p8

Betreuer: PD Dr. B. Biesinger, Prof. A. Winterpacht, PD Dr. Dr. A. Thoma-Kre3

Mayr, Svenja, Biologie, Abschluss: 03/2024
Production and Characterization of Liposomes encapsulating HBsAg derived peptides
Betreuer: Prof. K. Uberla

Ott, Kristin, Molekulare Medizin, Abschluss: 07/2021
Charakterisierung von RNA-vermittelten Funktionen des HTLV-1 Onkoproteins Tax
Betreuer: PD Dr. B. Biesinger, PD Dr. M. Stemmler, Dr. A. Thoma-Kref3

Pfeil, Tobias, Biologie, Abschluss: 03/2019

Herstellung von Expressionskonstrukten zur Charakterisierung der Antikdrperantwort gegen
die cytomegaloviralen Glykoproteine B und H

Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler

Pricht, Angela, Biologie, Abschluss: 05/2021

Experimentelle Uberpriifung der Interaktionsflichen von KSHV gH/gL mit EphA2 durch
mutierte Proteine

Betreuer: Prof. T. Winkler, PD Dr. F. Neipel

Prokscha, Jonas, Integrated Life Sciences, Abschluss: 08/2021

Untersuchung der Kernlokalisation des humanen Transkriptions-Elongationsfaktors ELL2
und seiner Komplexbildung mit dem viralen Transaktivator Tax

Betreuer: Dr. A. Thoma-Kref3, Prof. L. Nitschke

Raithel, Andrea, Integrated Life Sciences, Abschluss: 11/2022
Characterization of the nuclear receptor RORY as a potential antiviral target
Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. Y. Muller)

Salzmann, Maren, Biologie, Abschluss: 04/2023
Einfluss von Wirtszellfaktoren auf die Replikation von SARS-CoV-2
Betreuer: Prof. A. Ensser

Siebenhaar, Jasmin, Biologie, Abschluss: 09/2019
Die Rolle der EphA2 Subdoménen im Infektionsverlauf von KSHV
Betreuer: Prof. W. Kreis, PD Dr. F. Neipel
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Siebenkis, Katharina, Molekulare Medizin, Abschluss: 09/2020

Humanisierung des murinen Ace2-Rezeptors fiir Infektionsversuche mit dem humanen
SARS-CoV-2-Virus

Betreuer: Dr. M. Thomas; Gutachter: Prof. K. Uberla, Prof. H. Sticht

Stadler, Tamara, Biologie, Abschluss: 02/2020

Untersuchungen zur Oligomerisierung des Humanen Immundefizienz-Virus Typ 1 p6 Gag-
Proteins

Betreuer: Prof. R. Slany, Prof. U. Schubert

Tillmanns Julia, Molekulare Medizin, Abschluss: 09/2020

Untersuchung autologer und nicht-autologer Interaktionen zwischen nukledren Egress-
Proteinen des Cytomegalovirus und anderer Herpesviren

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. M. Stiirzl)

Tziatas, Tim, Molekulare Medizin, Abschluss: 08/2021

Klonierung gegen ORF36 und UL97 gerichteter regulatorischer short-hairpin-RNAs und ihre
Testung

Betreuer: Prof. G. Kroénke, PD Dr. B. Biesinger

Vdovin, Georgii, Biologie, Abschluss: 09/2021
Herstellung und Charakterisierung eines IgA Antikorpers gegen SARS-CoV-2
Betreuer: Prof. K. Uberla, Prof. C. Koch

Weissinger, Hannah, Molekulare Medizin, Abschluss: 07/2020
The role of TRIM5a variant H43Y in immune signaling and LINE-1 restriction
Betreuer: PD Dr. B. Biesinger, Prof. T. Gramberg

Zikownia, Mattes, Integrated Life Sciences, Abschluss: 02/2020
Impact of TRIMSa H43Y on LINE-1 restriction
Betreuer: Prof. P. Dietrich, Prof. T. Gramberg

Zwosta, Alexandra, Biologie, Abschluss: 09/2022

Untersuchungen zur Kernlokalisation des Transkriptions-Elongationsfaktors ELL2
und dessen Einfluss auf die Transaktivierung des HTLV-1-Promotors

Betreuer: Prof. Dr. T. Winkler, PD Dr. Dr. A. Thoma-Kref3
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Masterarbeiten Master Theses

Auer, Sophia, Integrated Life Sciences, Abschluss: 11/2022
Characterization of the Humoral Immune Response against HCMV
Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler

Bartelsen, Nils, Molekulare Medizin, Beginn: 10/2023
Strategies to conjugate HIV-1 Env trimers to the surface of HPV-16 L1 VLPs
Betreuer: Prof. K. Uberla

Bauer, Larissa, Zell- und Molekularbiologie, Abschluss: 08/2021

Production and characterization of SIV challenge viruses for the analysis of the protective
role of Fc effector functions

Betreuer: Prof. K. Uberla

Briickner, Nadine, Molekulare Medizin, Abschluss: 11/2021

The synergistic potential of combinatorial protein kinase inhibitors as anticytomegaloviral
drugs in vitro and in vivo

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. M. Stiirzl)

Dinc, Hanife, Integrated Immunology, Abschluss: 10/2020
Influence of antigen cross-linking on recognition by T helper cells
Betreuer: Prof. K. Uberla

Engelbrecht, Hanna, Integrated Immunology, Abschluss: 11/2023
Characterization of HTLV-1 Env-specific nanobodies
Betreuerin: PD Dr. Dr. A. Thoma-Kref3 (Erstberichterstatterin PD Dr. B. Biesinger)

Falkner, Patrick, Zell- und Molekularbiologie, Abschluss: 01/2023

Einfluss des Transkriptions-Elongationsfaktors ELL2 und der E3-Ubiquitin-Ligase SIAH-1
auf das HTLV-1 Onkoprotein Tax-1

Betreuerin: PD Dr. Dr. A. Thoma-Kref3 (Erstberichterstatter Prof. R. Slany)

Fischhaber, Natalie, Integrated Immunology, Abschluss: 10/2022

Targeting the PD-1 and IL-6 response pathways to modulate antigen-specific immune
responses in HIV-infected patients on antiretroviral therapy.

Betreuerin: Dr. K. Nganou-Makamdop, Gutachter: Prof. K, Uberla

Giezen, Julia, Biomedical Sciences, University of Amsterdam, Abschluss: 10/2021
Establishment of FACS Strategies to Evaluate the Impact of Intrastructural Help on the B
Cell Receptor Repertoire

Betreuer: Prof. K. Uberla, Dr. Bianca Blom (University of Amsterdam)

Graf, Lisa-Marie, Molecular Medicine, Abschluss: 09/2021

Systematic characterization and functional analysis of NF-kB deficient Tax mutants in T-
cells

Betreuerin: Dr. A. Thoma-Kref3 (Erstberichterstatterin PD Dr. B. Biesinger,
Zweitberichterstatter Prof. H. Sticht)
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Griiner, Eva, B.Sc., Molekulare Medizin, Abschluss: 10/2021

Neutralisation of variants of concern by a pair of neutralising monoclonal antibodies targeting
SARS-CoV-2 S protein

Betreuer: Prof. K. Uberla

Handrejk, Kim, Integrated Immunology, Abschluss: 09/2022

Functional characterization of measles virus proteins detected in the brain of a Subacute
Sclerosing Panencephalitis (SSPE) patient (extern: Department Viroscience, Erasmus MC,
Rotterdam)

Betreuer: Prof. Rik de Swart / Prof. M. Tenbusch

Heym, Stefanie, Zell- und Molekularbiologie, Abschluss: 10/2020

Regulation des Aktin-biindelnden Proteins Fascin und seine Funktion bei der Retrovirus-
Transmission

Betreuerin: Dr. A. Thoma-Kref3 (Erstberichterstatter Prof. R. Slany, Zweitberichterstatter
Prof. B. Fleckenstein)

Hirt, Leonie, Zell- und Molekularbiologie, Abschluss: 03/2023

Design of a bispecific immunoligand for the recruitment of NK cells targeting HIV-infected
cells

Betreuer: Prof. K. Uberla

Hollweck, Julia, Molekulare Medizin, Abschluss: 21/2021

Possible role of endogenous CD40L production by VLP-activated cognate B cells in T cell
independent differentiation into memory B cell subsets in vitro

Betreuerin: PD Dr. B. Biesinger (Zweitberichterstatter Prof. D. Véhringer)

Horsch, Deborah, Molekulare Medizin, Abschluss: 05/2019

Phenotypic analysis of recombinant cytomegaloviruses regarding replacement mutations in
phosphorylation sites of the viral nuclear egress complex

Betreuer: Prof. M. Marschall / Dr. Eric Sonntag (Zweitberichterstatter Prof. H. Sticht)

Hiibner, Julian, Life Science Engineering, Abschluss: 09/2020
Adenoviral vector immunizations against RSV
Betreuer: Prof. M. Tenbusch

Jochem, Seraphine, Friedrich-Schiller-University Jena; Faculty of Biological Sciences,
Biochemistry, Abschluss: 04/2022

SARS-CoV-2 Recombinants for Evaluation of Antivirals

Betreuer: Prof. A. Ensser

Kemeter, Laura, Zell- und Molekularbiologie, Abschluss: 08/2021
Interaktion von p8 mit Wirtszellfaktoren
Betreuerin: Dr. A. Thoma-Kref8 (Erstberichterstatter Prof. R. Slany)

Kern, Janina, Integrated Life Sciences, Abschluss: 02/2022

Expression and characterization of multimeric surface glycoprotein complexes of the human
cytomegalovirus

Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler
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Klein, Paulina, Integrated Immunology, Abschluss: 11/2020

Assessing innate responses, inflammation, and improvement of measles-specific T cell
responses in vaccinated HIV-infected persons on antiretroviral therapy.

Betreuerin: Dr. K. Nganou-Makamdop, Gutachter: PD Dr. B. Biesinger, Prof. T. Harrer

Kocak, Ilayda, Integrated Immunology, Beginn:
Influence of TRIM proteins on SARS-CoV-2 and Mpox Virus infection
Betreuer: Prof. A. Ensser

Kohrt, Stephan, Zell- und Molekularbiologie, Abschluss: 09/2019

Characterization of the interaction between cyclin H and the viral protein kinase pUL97
during cytomegalovirus replication

Betreuer: Prof. M. Marschall / Dr. Mirjam Steingruber (Erstberichterstatter Prof. M. Stiirzl)

Krebs, Pauline, Zell- und Molekularbiologie, Abschluss: 07/2023
The impact of milk on HTLV-1 cell-to-cell transmission
Betreuerin: PD Dr. Dr. A. Thoma-Kref3 (Erstberichterstatter Prof. T. Winkler)

Kiibel, Sabrina, Molecular Medicine, Abschluss: 11/2021

Investigating the clinical applicability of immunomodulatory drugs to improve measles virus
and tetanus specific immune responses in vaccinated HIV-1 infected patients on antiretroviral
therapy

Betreuerin: Dr. K. Nganou-Makamdop, Gutachter: PD Dr. B. Biesinger, Prof. B. Winner

Losing, Josephine, Zell- und Molekularbiologie, Abschluss: 10/2021

Analysis of the binding characteristics and trans complementation exerted by core proteins
of herpesviral nuclear egress complexes"

Betreuer: Prof. M. Marschall (Erstberichterstatter Prof. T. Winkler)

Marosan, Anita, Integrated Immunology, Abschluss: 10/2020

Understanding the relationship between inflammation, CMV co-infection and Hepatitis B
vaccine responses in HIV-infected persons on antiretroviral therapy

Betreuerin: Dr. K. Nganou-Makamdop, Gutachter: PD Dr. Brigitte Biesinger, Prof. T. Harrer

Meyer, Bastian, Integrated Immunology, Beginn: 07/2023
Identification of antibody-binding sites on gH/gL and gO of HCMV
Betreuer: Dr. M. Thomas; Gutachter: PD Dr. B. Biesinger, Prof. M. Mach

Niesar, Aischa, Zell- und Molekularbiologie, Abschluss: 11/2020

Experimental approaches for the characterization of candidate PPI inhibitors by fluorescence-
based techniques and click chemistry

Betreuer: Prof. M. Marschall (Erstberichterstatter Prof. U. Sonnewald)

Obergfill, Debora, Zell- und Molekularbiologie, Abschluss: 03/2023
Characterization of the humoral immune response against SARS corona virus 2 after
infection and vaccination

Betreuer: Prof. K. Uberla
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Pfister, Felix, Integrated Immunology, Abschluss: 10/2020

Identification of immunogenic MHC class II dependent epitopes of HBsAg and TT in the
human and the murine system

Betreuer: Prof. K.Uberla, Prof. M. Tenbusch

Pollinger, Lena, Integrated Immunology, Abschluss: 09/2021

Role of Fascin during the interplay between the microenvironment and HTLV-1-transformed
tumour cells

Betreuerin: Dr. A. Thoma-Kref (Erstberichterstatterin PD Dr. B. Biesinger)

RuB, Alina, Zell- und Molekularbiologie, Abschluss: 09/2020
The interplay of LINE-1 and the restriction factor SAMHDI1 in colorectal cancers
Betreuer: Prof. R. Slany, Prof. T. Gramberg

Schmidt, Anna, Molecular Medicine, Abschluss: 10/2020
The Fate of Lung Resident Memory T Cells
Betreuer: Prof. M. Tenbusch, Gutachter: PD Dr. B. Biesinger, Prof. C. Bogdan

Schmiedeberg, Moritz, Integrated Inmunology, Abschluss: 10/2022

Investigating Rosuvastatin induced changes in the functionality of immune cells from HIV-1
infected patients under antiretroviral therapy

Betreuer: Dr. K. Nganou-Makamdop, Gutachter: Prof. M. Tenbusch

Schneiderbanger, Julia, Integrated Life Sciences, Abschluss: 08/2020
Fusionsaktivitdt von humanen/murinen gB-Chiméren & Produktion rekombinanter
Antikdrper mit modifizierten Fe-Effektorfunktionen

Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler

Schiitz, Martin, Zell- und Molekularbiologie, Abschluss: 10/2019

Functional interaction between the peptidyl prolyl isomerase Pinl and regulatory proteins of
human cytomegalovirus

Betreuer: Prof. M. Marschall (Erstberichterstatter Prof. T. Winkler)

Simon, Florian, Integrated Immunology, Abschluss: 11/2020
The role of human SAMHDI in viral restriction and sensing
Betreuer: Prof. M. Tenbusch, Prof. T. Gramberg

Sommerer, Mona, Molekulare Medizin, Abschluss: 12/2022

Experimental approaches to investigate novel targets and modes of drug targeting for
improved anticytomegaloviral strategies

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. M. Stiirzl)

Spanaus, Lucas, Molekulare Medizin, Abschluss: 01/2022

Investigation of the antiviral activity of carrageenans against SARS-CoV-2 and variants
thereof

Betreuer: Dr. A. Hahn, Prof. U. Schubert

Sun, Ao, Zell- und Moleklarbiologie, Abschluss: 08/2022
Verwendung von gH/gL und Varianten zur Immunisierung gegen KSHV
Betreuer: PD Dr. F. Neipel (Erstberichterstatter Prof. R. Slany)
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Theobald, Hannah, Molekulare Medizin, Abschluss: 09/2019
Approaches to intrastructural help using VLPs with conformationally stabilized Env trimers
Betreuerin: PD Dr. B. Biesinger

Tillmanns, Julia, Molekulare Medizin, Abschluss: 10/2022

Functional characterization of the cytomegalovirus nuclear egress protein pULS53 regarding
its validation as an antiviral target

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. Dr. D. C. Lie)

Umotoy, Jeffrey, Inmunology, Life and Medical Sciences Institute, Universitdt Bonn,
Abschluss: 09/2020

Establishment of an mRNA-based Delivery of Recombinant ACE2-IgG Against SARS-CoV2
Betreuer: Prof. K. Uberla, Dr. Heike Weighardt (Universitit Bonn)

Viherletho née Meyn, Vera, Molecular Medicine, Abschluss 10/2022

Establishment of the production of an mRNA-based vaccine targeting the different SARS-
CoV-2 variants

Betreuer: Prof. M. Tenbusch, Gutachter: PD Dr. B. Biesinger, Prof. D. Vohringer

Vogg, Mario, Zell- und Molekularbiologie, Abschluss: 08/2020
Studies on the function of the mature HIV-1 p6 Gag protein
Betreuer: Prof. R. Slany, Prof. U. Schubert

Wagner, Jannik, Integrated Immunology, Abschluss: 09/2020

Characterization and administration of T helper liposomes to modulate the quality of the HIV
immune response

Betreuer: Prof. K. Uberla

Wardin, Julia, Zell- und Molekularbiologie, Abschluss: 11/2023

Analysis of the binding characteristics of herpesviral nuclear egress proteins and their
potential use as antiviral target

Betreuer: Prof. M. Marschall (Erstberichterstatter Prof. T. Winkler)

Wider, Stephanie, Zell- und Molekularbiologie, Abschluss: 11/2023
Die Rolle der HCMV Proteinkinase pUL97 in der HIV Co-Infektion von myeloiden Zellen.
Betreuer: Prof. A. Lux, Prof. T. Gramberg

Wild, Markus, Molekulare Medizin, Abschluss: 11/2019

Artesunate-derived experimental drugs against cytomegalovirus: mode of action, target
interactions and in vivo efficacy

Betreuer: Prof. M. Marschall / Dr. Friedrich Hahn (Zweitberichterstatter Prof. M. Stiirzl)

Willar, Jonas, Integrated Immunology, Abschluss: 04/2022
Heterologous prime-boost immunization strategies against SARS-CoV-2
Betreuer: Prof. M. Tenbusch, Prof. T. Winkler
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Wittdorf, Franziska, Zell- und Molekularbiologie, Abschluss: 06/2023

Impact of the acidic gastric-like environment on viability and infectivity of chronically
HTLV-1-infected T-cells and interference with the cytoskeleton

Betreuerin: PD Dr. Dr. A. Thoma-Kref (Erstberichterstatter Prof. R. Slany)

Xiao, Zhiyu, Integrated Life Sciences, Abschluss: 02/2022
Purification and detection of recombinant HCMV proteins using bind & bite technology
Betreuer: Dr. M. Thomas; Gutachter: Prof. M. Mach, Prof. T. Winkler
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Dissertationen Doctorate Theses

Bohm, Magdalena, cand. med., Beginn: 02/2016, Abschluss: 10/2022
Invention of a phenotypical resistance testing for HIV-1 subtypes
Betreuer: Prof. K. Uberla

Chen, Xiaohan, M.Sc., Beginn 03/2021
Identification and Characterization of antibodies against viral fusion proteins
Betreuer: Dr. M. Thomas; Gutachter: Prof. K. Uberla & Prof. T. Winkler

Damm, Dominik, M.Sc., Beginn: 01/2015, Abschluss: 04/2023

Modulation of the antibody response to the HIV envelope protein

Polyfunctional calcium phosphate nanoparticles as a novel vaccine platform against HIV-1
Betreuer: Prof. K. Uberla

Dedden, Christoph, cand. med., Beginn: 04/2017

Ruhr-Universitdt Bochum

Nachweis bislang nicht bekannter Viren durch Next Generation Sequencing (NGS) bei
Patienten mit schwerer Immundefizienz nach allogener Stammzelltransplantation

Betreuer: Prof. K. Uberla

Deutschmann, Janina, M. Sc. Beginn: 05/2016, Abschluss: 10/2020 (summa cum laude)
Regulatory mechanisms of the innate restriction factor SAMHDI in herpesviral infections
Betreuer: Prof. T. Gramberg

Dinc, Hanife, M.Sc., Beginn: 11/2020
Optimierung von Verabreichungsmethoden fiir mRNA in vivo
Betreuer: Prof. K. Uberla

Froba, Maria, cand. med., Beginn: 09/2020
Iota-Carrageenan as a natural antiviral against SARS-CoV-2
Betreuer: Prof. U. Schubert

Fuchs, Jana, M.Sc., Beginn: 01/2018
Genbasierte heterologe prime/boost-Immunisierungen gegen virale Atemwegserkrankungen
Betreuer: Prof. M. Tenbusch

Hige, Sigrun, M.Sc., Abschluss: 02/2022 (summa cum laude)

Functional analysis of herpesviral nuclear egress complexes as a putative target for novel
antiviral drugs

Betreuer: Prof. M. Marschall (Erstberichtberichterstatterin Prof. J. Eichler)

Hastreiter, Tamara, cand. med., Beginn: 09/2021
Charakterisierung der Immunantwort bei COVID-19-Durchbruchsinfektionen
Betreuer: Prof. K. Uberla

Kemeter, Laura, M. Sc., Beginn: 10/2021
Prevention of milk-borne HTLV-1 transmission
Betreuerin: PD Dr. Dr. A. Thoma-Kref3
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Kicuntod, Jintawee, M.Sc., Abschluss: 06/2022
The impact of host factors on the regulation of cytomegalovirus replication
Betreuer: Prof. M. Marschall (Erstberichtberichterstatterin Prof. J. Eichler)

Klessing, Stephan, M.Sc., Beginn: 11/2016, Abschluss: 10/2021
Optimizing the memory B cell response by intrastructural help
Betreuer: Prof. K. Uberla

Millen, Sebastian, M. Sc., Beginn: 10/2015, Abschluss: 12/2020

The Human T-cell leukemia virus type 1 (HTLV-1) oncoprotein Tax: Impact of Tax-induced
signaling on Tax protein expression and virus transmission

Betreuerin:. PD Dr. Dr. A. Thoma-Kre (Erstberichterstatter Prof. A. Burkovski,
Zweitberichterstatter Prof. K. Uberla)

Miinzberger, Marius, cand. med., Beginn: 02/2019
Die Rolle von Tyrosinkinase-Rezeptor Epha2 bei der Infektion durch HHV-8
Betreuer: PD Dr. F. Neipel

Oltmanns, Friederike, M.Sc., Beginn: 02/2021
Mucosal vaccination against pulmonary breast cancer metastasis
Betreuer: Dr. D. Lapuente / Prof. M. Tenbusch

Peter, Antonia Sophia, M.Sc., Beginn: 02/2019, Abschluss: 01/2023 (summa cum laude)
Generation and characterisation of monoclonal antibodies directed against SARS-CoV-2
Betreuer: Prof. K. Uberla

Reithofer, Katharina, cand.med., Beginn: 04/2019
Orientational validation of a new phenotypic HIV-resistance test
Betreuer: Prof. K. Uberla

Richel, Elie, M.Sc., Beginn: 10/2018

Relevance of Fc-effector functions for prevention of the first cell in the HIV non-human
primate model

Betreuer: Prof. K. Uberla

RuB, Alina, M.Sc. Beginn: 10/2020
The role of cellular restriction factors in viral replication and retroelement biology
Betreuer: Prof. T. Gramberg

Schmidt, Anna, M.Sc., Beginn:11/2020, Abschluss: 12/2023

Differential Induction of Lung Resident Memory T Cells by Mucosal Viral Vector
Immunization or Influenza A Virus Infection

Betreuer: Prof. M. Tenbusch

Schmidt, Katja, M.Sc., Beginn: 04/2021
SARS-CoV2-specific Immunity in HIV infected patients
Betreuer: PD Dr. K. Nganou-Makamdop & Prof. T. Harrer
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Simon, Florian, M. Sc., Beginn: 11/2020
Interfering with persistence of Human T-cell leukaemia virus
Betreuerin: PD Dr. Dr. A. Thoma-Kre§3

Steingruber, Mirjam, M.Sc., Abschluss: 07/2019

Molecular mode of interaction between the cytomegalovirus CDK ortholog pUL97 and
cyclins

Betreuer: Prof. M. Marschall (Zweitberichterstatter Prof. R. Slany)

Tannig, Pierre, M.Sc., Beginn: 06/2016, Abschluss: 10/2020
Checkpoint inhibitors as adjuvants for viral vaccines
Betreuer: Prof. K. Uberla

Teufert, Natascha, M.Sc. Beginn: 2014, Abschluss: 02/2019

T-Zell-basierte Immuntherapie gegen Cytomegalovirusinfektionen — Weiterentwicklung
mittels bispezifischer Antikorper.

Betreuer: Prof. A. Ensser

Volkmann, Bianca, M.Sc., Beginn: 01/2016, Abschluss: 03/2020
The role of TRIM proteins in retrovirus and retroelement restriction
Betreuer: Prof. T. Gramberg

Wagner, Jannik, M.Sc., Beginn: 11/2020
Long term protection against SARS-CoV-2 by antibody delivery mediated by AAV vectors
Betreuer: Prof. K. Uberla

Wang, Yu, Beginn: 10/2020

Production and Characterization of a Hybrid Nanoparticle System that Improves HIV-1 Env-
Specific Immune Responses

Betreuer: Prof. K. Uberla

Weidl, Daniel, M.Sc., Beginn: 07/2016, Abschluss: 09/2020
Modulation of antiviral signaling pathways by herpesviral oncoproteins
Betreuerin: PD Dr. B. Biesinger

Wientjes, Peter F., B.Sc., cand. med., Beginn: 09/2023
Impact of viral proteins on mechanical stiffness of T lymphocytes
Betreuerin: PD Dr. Dr. A. Thoma-Kref3

Wittdorf, Franziska, M. Sc., Beginn: 09/2023
Elucidating the virus-host interface to inhibit transmission of HTLV-1
Betreuerin: PD Dr. Dr. A. Thoma-Kref3

Xiao, Han, M.Sc. Beginn: 10/2012, ausgeschieden
Identification of cellular factors regulating HIV-1 late gene expression
Betreuer: Prof. K. Uberla

Xiao, Zhiyu, M.Sc., Beginn: 11/2022
A novel antibody signature diagnostic platform based on Bind & Bite
Betreuer: Dr. M. Thomas; Gutachter: Prof. K. Uberla & Prof. T. Winkler
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Zhou, Enhao, cand. med., Beginn: 07/2023
In vivo monitoring of T helper cell responses by intrastructural help
Betreuer: Prof. K. Uberla

Zilker, Claudia, cand. med., Beginn: 07/2019, Abschluss: 02/2021
Kalziumphosphatnanopartikel als Adjuvans: Immunogenitdt und Variabilitdt der humoralen
Immunantwort durch verschiedene Toll-dhnliche Rezeptorliganden in vivo

Betreuer: Prof. K. Uberla
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Dissertationen im Rahmen Dissertations within the
des GRK 2504 Research Training Group
2504

Aksoy, Burak, M.Sc., Beginn: 09/2023

Recombinant MHV-68 as a model system for Kaposi’s sarcoma-associated herpesvirus
vaccine development

Betreuer: PD Dr. F. Neipel

Auth, Janina, cand. med., Beginn: 12/2019, Abschluss: 04/2024
Lectin from Triticum vulgaris (WGA) as an antiviral agent against SARS-CoV-2
Betreuer: Prof. U. Schubert

Baheerathan, Abarna, M.Sc., Beginn: 11/2022

Interfering with viral transcription to enhance immunogenicity of Human T-cell leukemia
virus Type 1 (HTLV-1)

Betreuerin: PD Dr. Dr. A. Thoma-Kref3

Bauer, Larissa, M.Sc., Beginn 10/2021
Protection from cytomegalovirus infection by antibodies
Betreuer: Dr. M. Thomas; Gutachter: Prof. K. Uberla & Prof. T. Winkler

Bednar, Christopher, M.Sc., Beginn: 11/2019, Abgabe 09/2023

The basis of Chimeric Antigen Receptor-based adoptive T cell immunotherapy in the murine
cytomegalovirus infection model

Betreuer: Prof. A. Ensser

Birzer, Alexandra, M.Sc., Beginn: 06/2018, Abschluss: 04/2021

Analyses of the IL-6 signaling pathway in HSV-l-infected dendritic cells and
characterization of HSV-1-derived L-particles

Betreuerin: Dr. 1. Knippertz, Immunmodulatorische Abteilung, UKER

Bittner, Alexandra, cand. med., Beginn: 10/2022
Characterization of Bispecific IgG Antibodies against SARS-CoV-2
Betreuer: Prof. H.-M. Jack, Molekular-immunologische Abteilung, UKER

Blaschke, Anahita, cand. med., Beginn: 10/2022

Effect of inflammation on the quality of T cell responses to HIV and neo-antigens in HIV
infected persons

Betreuerin: PD Dr. K. Nganou-Makamdop

Bohmer, Nina, M.Sc., Beginn: 11/2022
Development of strategies to counteract Vpu- and Nef- mediated immune evasion of HIV-1
Betreuer: PD Dr. K. Nganou-Makamdop & Prof. T. Harrer

Bremm, Franziska, M.Sc., Beginn: 10/2022

Improvement of the Merkel Cell Carcinoma treatment through the combination of different
immune therapies

Betreuer: PD Dr. J. Dorrie, Hautklinik, UKER
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Byren, Hannah Catherine, M.Sc., Beginn: 09/2019, Abschluss: 04/2024
Glycoprotein K8.1 as a Target for Human Herpesvirus 8 Vaccine Development
Betreuer: Prof. H.-M. Jick, PD Dr. F. Neipel

Dachsel, Mona, cand. med., Beginn: 10/2022

The role of Vpx and the HUSH complex in HTLV reactivation from latency and enhanced
transcription of endogenous retroelements

Betreuer: Prof. T. Gramberg

Denysenko, Olena, M.Sc., Beginn: 03/2023
Structure-based design and optimization of ligands for novel antiviral strategies
Betreuer: Prof. H. Sticht, Institut fiir Biochemie, FAU

Deubler, Manuel, M.Sc., Beginn: 12/2019
Structure-based design and optimization of HIV-1 gp120-ligands
Betreuer: Prof. H. Sticht, Institut fiir Biochemie, FAU

Di Vincenzo, Riccardo, M.Sc., Beginn: 10/2019, Abschluss: 02/2024

Determinants of the antibody response against HIV Env induced by nanoparticle vaccination
and intrastructural help

Betreuer: Prof. K. Uberla

El Kenz, Boutaina, M.Sc., Beginn: 10/2019, Abgabe: 10/2023

HIV-1-Specific CTL Responses: Insights from Elite Controllers and identification of Nef-
Resistant CTLs for therapeutic vaccine development

Betreuer: PD Dr. K. Nganou-Makamdop & Prof. T. Harrer

Frischholz, Sina, M.Sc., Beginn: 01/2023

Ex vivo metabolic profiling of human antigen-reactive T cells after yellow fever and SARS-
CoV-2 vaccination

Betreuer: PD Dr. K. Schober, Mikrobiologisches Institut, UKER

Grofie, Maximilian, M.Sc., Beginn: 10/2019, Abschluss: 01/2023
Antiviral molecules for the intervention of SARS-CoV-2 infections
Betreuer: Prof. U. Schubert

Hermann, Manuel, cand. med., Beginn: 10/2022

Targeting of murine cytomegalovirus with half-life extended (HLE) bispecific T-cell
engagers (BiTEs®)

Betreuer: Prof. A. Ensser

Heym, Stefanie, M.Sc., Beginn: 11/2020
Impact of breast milk on transmission of Human T-cell leukaemia virus
Betreuerin: PD Dr. Dr. A. Thoma-Kref3

Hitschfel, Julia, M.Sc., Beginn: 01/2021

Characterization of HIV-specific CD8 T cell clonality and function from peripheral blood and
lymph nodes in individuals with natural HIV control

Betreuer: Prof. K. Uberla, Prof. B. Walker, Ragon Institute, Boston, USA
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Jorg, Leticia, cand. med., Beginn: 10/2021

The impact of pulmonary dendritic cells on adenoviral vector vaccine induced TRM
formation

Betreuer: Prof. M. Tenbusch

Kilo, Johanna, cand. med., Beginn: 10/2021
Establishing a new method to identify and isolate virus-neutralizing long-lived plasma cells
Betreuer: Prof. H.-M. Jick, Molekular-immunologische Abteilung, UKER

Kocher, Katharina, M.Sc., Beginn: 05/2021
Longitudinal characterization of TCR repertoire functionality after SARS-CoV-2 vaccination
Betreuer: PD Dr. K. Schober, Mikrobiologisches Institut, UKER

Kohrt, Stephan, M.Sc., Beginn: 10/2019, Abschluss: 07/2023

The relationship between the oncoprotein Tax-1 of Human T-cell leukemia virus type 1
(HTLV-1) and the transcription elongation factor ELL2

Betreuerin: PD Dr. Dr. A. Thoma-Kref3, Gutachter: Prof. J. Eichler & Prof. R. Slany

Kiibel, Sabrina, M.Sc., Beginn: 10/2022

An animal model for HLA-independent, chimeric antigen receptor-mediated immunotherapy
against CMV.

Betreuer: Prof. A. Ensser

Lagisquet, Justine, M.Sc., Beginn: 10/2019, Abschluss: 07/2023
The effect of polymorphisms in TRIMSa on sensing and restriction of LINE-1 retroelements
Betreuer: Prof. T. Gramberg

Leukel, Simon, Apotheker, Beginn: 11/2021
Bispecific peptides in the field of HIV-1
Betreuerin: Prof. J. Eichler, Department Chemie und Pharmazie, FAU

Menschikowski, Hanna, cand. med., Beginn: 10/2021
Construction and evaluation of MCMYV targeted Bispecific T cell engagers (BiTE)
Betreuer: Prof. A. Ensser

Mitric, Aleksandra, M.Sc., Beginn: 12/2022
Enhancing antiviral immunity by blocking SAMHD1 activity
Betreuer: Prof. T. Gramberg

Miiller, Alexander, cand. med., Beginn: 10/2022
A mouse model for vaccination against KSHV using gH/gL
Betreuer: PD Dr. F. Neipel

Niesar, Aischa, M.Sc., Beginn: 04/2021

Evaluation of the Impact of Broadly Neutralizing Antibodies VRCO1LS and 10-1074 on the
Viral Reservoir and Immune Functions in a Cohort of HIV-infected Early-Treated Children
in Botswana

Betreuer: Prof. K. Uberla, Prof. M. D. Lichterfeld, Ragon Institute, Boston, USA
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Obergfill, Debora, M.Sc., Beginn: 04/2023

Investigation of specific targeting strategies to generate a mechanistically new type of
antiviral drugs

Betreuer: Prof. M. Marschall

Raasch, Nina, Apothekerin, Beginn: 07/2022
Bispecific antiviral Peptides
Betreuerin: Prof. J. Eichler, Department Chemie und Pharmazie, FAU

Rasp, Louisa, B.Sc., cand. med., Beginn: 10/2022

Systematic comparison of latency reversing agents on transcription of Human T-cell
leukaemia virus Type 1.

Betreuerin: PD Dr. Dr. A. Thoma-Kref3

Rolfes, Caroline, M.Sc., Beginn: 12/2022

Inducing mucosal antibody responses against HIV-1 by intrastructural help using virus-like
particle vaccines

Betreuer: Prof. K. Uberla

Sauerer, Tatjana, M.Sc., Beginn: 10/2019, Abschluss: 12/2022

Transcriptomic characterization and improvement of immunotherapy in Merkel cell
carcinoma

Betreuer: PD Dr. J. Dorrie, Hautklinik, UKER

Schifer, Simon, M.Sc., Beginn: 04/2019
Sequence and structural analysis of heavy chain CDR3 in human B cell repertoires
Betreuer: Prof. T. Winkler, Department Biologie, FAU

Schmiedeberg, Moritz, M.Sc., Beginn: 11/2022

Investigating the impact of common infections on vaccine-induced immunity in HIV-exposed
uninfected infants in Cameroon

Betreuerin: PD Dr. K. Nganou-Makamdop

Schnabel, Katja, M.Sc., Beginn: 10/2022

Trained immunity within the mononuclear phagocyte (precursor) pool and its role for
immune responses to unrelated pathogens after vaccination

Betreuer: Prof. D. Dudziak, Dr. C. Lehmann, Hautklinik, UKER

Schnell, Annika, cand. med., Beginn: 10/2020
Systematic comparison of compounds manipulating HTLV-1 transcription
Betreuerin: PD Dr. Dr. A. Thoma-Kre§3

Schrédel, Tobias, M.Sc., Beginn: 07/2022

Comparative evaluation of current methods for generating monoclonal antibodies in mice
with a human repertoire of variable immunoglobulin gene segments

Betreuer: Prof. K. Uberla
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SpriBiler, Laura, M.Sc., Beginn: 06/2023

Immune checkpoint inhibitors in nanoparticle-mediated crosstalk between cognate B- and T-
cells

Betreuer: PD Dr. V. Temchura

Stobrawe, Jule, cand. med., Beginn: 08/2020
Optimizing intrastructural help for VLP vaccine regimens
Betreuer: Prof. K. Uberla

Strack, Astrid, M.Sc., Beginn: 01/2020, Abschluss: 11/2023
Transcriptional targeting of dendritic cells as a new therapeutic vaccine against HIV-1
Betreuerin: Dr. 1. Knippertz, Inmunmodulatorische Abteilung, UKER

Tchitashvili, Giorgi, M.Sc., Beginn 03/2021

The role of dendritic cells in understanding chronic viral infections with lymphocytic
choriomeningitis virus (LCMV)

Betreuer: Prof. D. Dudziak, Dr. C. Lehmann, Hautklinik, UKER

Tillmanns, Julia, M.Sc., Beginn: 11/2022

Molecular studies on the kinase-regulated cytomegalovirus nuclear egress complex and its
exploitation as a novel antiviral target

Betreuer: Prof. M. Marschall

Uchil, Pooja, M.Sc., Beginn: 10/2022
Host factors engaged in the repair of the Mtb phagosome membrane
Betreuer: Prof. K. Uberla, Dr. A. Barczak, Ragon Institute, Boston, USA

Vieira Antdo, Ana Isabel, M.Sc., Beginn: 11/2019, Abschluss: 01/2024

Harnessing mucosal immunity against respiratory viruses using adenoviral vectors encoding
cytokines/chemokines as vaccine adjuvants

Betreuer: Prof. M. Tenbusch

Viherlehto, Vera, M.Sc, Beginn: 12/2022
Optimization of mucosal boost immunization targeting respiratory viruses
Betreuer: Prof. M. Tenbusch

Weingirtner Christoph, M.Sc., Dipl.-Ing. (FH), Beginn: 03/2020
Multifunctional calcium phosphate nanoparticles as novel HIV-1 vaccine platform
Betreuer: PD Dr. V. Temchura

Weillenborn, Lucas, Apotheker, Beginn: 05/2019, Abschluss: 12/2023
Peptide variants of a SARS-CoV-2 neutralizing miniprotein
Betreuerin: Prof. J. Eichler, Department Chemie und Pharmazie, FAU

Wild, Markus, M.Sc., Beginn: 11/2019, Abschluss: 12/2023

Cellular kinase pathways as a drug targeting strategy for cytomegalovirus-specific or broad
herpesviral intervention

Betreuer: Prof. M. Marschall
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Zeyda, Johannes, cand. med., Beginn: 10/2020

Generation and testing of antigen targeting antibodies for understanding chronic viral
infections with lymphocytic choriomeningitis virus (LCMV)

Betreuer: Prof. D. Dudziak, Dr. C. Lehmann, Hautklinik, UKER
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M. Mitgliedschaft in Gremien, Berufungen, Auszeichnungen

Memberships in Boards, Appointments, Awards

Mitgliedschaft in akademischen Gremien

Prof. Dr. Klaus Uberla

Mitglied der Stdndigen Impfkommission (STIKO) seit 2017
Berufung zum Vorsitzenden der Stdndigen Impfkommission (STIKO) im Mérz 2024,

Erster Prodekan der Medizinischen Fakultdt der Friedrich-Alexander-Universitét
Erlangen-Niirnberg

Stellvertretendes Mitglied des Vorstands des Uniklinikums Erlangen

Mitglied der folgenden Gremien der Medizinischen Fakultdt der Universitédt Erlangen-
Niirnberg:

Fakultitsrat

Fakultéitsvorstand

Kommission fiir Lehrstuhl- und Stellenplanung (LEP), Vorsitzender

Kommission fiir Finanzen

Kommission fiir Bauangelegenheiten

Leitungsgremium des Center for Clinical Studies

PETZ-Leitungsgremium (Préklinisches Experimentelles Tierzentrum)
Berichterstatter fiir Berufungsverfahren an der Universitit Erlangen-Niirnberg
Schatzmeister der Gesellschaft fiir Virologie (GfV)

Vizeprasident der Deutschen Vereinigung zur Bekdmpfung der Viruskrankheiten e.V.
(DVV)

Vorsitzender des Vereins zur Forderung der Virusforschung e.V.

Mitglied des Wissenschaftlichen Beirats des Instituts fiir die Erforschung von HIV und
AlIDS-assoziierten Erkrankungen, Universitétsklinikum Essen

Mitglied der Bayerischen Landesarbeitsgemeinschaft Impfen (LAGI)

Prof. Dr. Dr. h.c. Walter Doerfler
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European Molecular Biology Organization (EMBO)
Fellow — American Association for the Advancement of Science

Mitglied der Deutschen Akademie der Naturforscher Leopoldina — Nationale
Akademie der Wissenschaften

Mitglied der Editorial Boards von Epigenetics und Genes
Board Ventnor Foundation Alumni e.V. — Essen & Thomasville, GA, USA
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Prof. Dr. Thomas Gramberg

Kommission fiir Nachwuchsférderung der Medizinischen Fakultit der Universitdt
Erlangen-Niirnberg

Dr. Klaus Korn
Gemeinsame Kommission fiir Virusdiagnostik der GfV und DVV

Mitglied des Priifungsausschusses im Gebiet “Mikrobiologie, Virologie und
Infektionsepidemiologie” der Bayerischen Landesérztekammer

Mitglied der Fachgruppe D 2  “Qualitative laboratoriumsmedizinische
Untersuchungen”gemé8 der Richtlinie der Bundesirztekammer zur Qualitétssicherung
laboratoriumsmedizinischer Untersuchungen (Rili-BAK)

Prof. Dr. Manfred Marschall

Griindungsmitglied des Optical Imaging Center Erlangen (OICE), Griindung 10/2011,
Sprecher Prof. Vahid Sandoghdar

PD Dr. Krystelle Nganou-Makamdop

Editorial Board Clinical and Experimental Immunology

Prof. Dr. Matthias Tenbusch

Vorsitzender der Kommission ,, Immunisierung* der GfV und DVV

PD Dr. Dr. Andrea Thoma-Kref3
Europdische Reprisentantin der International Retrovirology Association (IRVA)

Mitglied der Kommission ,Hochschulangelegenheiten, Forschungsforderung,
internationale Beziehungen” der GfV
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Berufungen

Prof. Dr. Thomas Gramberg

01/2021 Ruf auf W2 Professur fiir Immunologie viraler Erkrankungen an der
Universitit Tiibingen (Rufabsage)

11/2022 Ruf auf W2 Professur fiir Translationale Inmunologie der Universitit Bonn
(Rufabsage)

PD Dr. Krystelle Nganou-Makamdop

06/2023 Ruf auf die W3-Professur fiir Translationale Forschung zu Mikrobiota und
Immunsystem mit Schwerpunkt gastrointestinale Onkologie an der
Medizinischen Fakultit der Universitdt Ulm (Rufabsage)

Habilitationen

PD Dr. habil. med. Krystelle Nganou-Makamdop

06/2023 Verleihung des akademischen Grads einer habilitierten Doktorin der
Medizin und Anerkennung der Lehrbefdhigung durch die Friedrich-
Alexander-Universitdt Erlangen-Niirnberg im Fachgebiet Virologie der
Medizinischen Fakultét; Titel der Habilitationsschrift: Inflammation and
immune activation in HIV infection: causes, consequences and improvement
strategies

10.07.2023 Offentliche Antrittsvorlesung am Virologischen Institut zum Thema
Principles of vaccination: from ancient concepts to modern strategies

09/2023 Erteilung der Lehrbefugnis durch die Friedrich-Alexander-Universitit
Erlangen-Niirnberg im Fachgebiet Virologie der Medizinischen Fakultét

PD Dr. rer. nat. Dr. habil. med. Andrea Thoma-Kref}

01/2022 Verleihung des akademischen Grads einer habilitierten Doktorin der
Medizin und Anerkennung der Lehrbefdhigung durch die Friedrich-
Alexander-Universitdt Erlangen-Niirnberg im Fachgebiet Virologie der
Medizinischen  Fakultdt; Titel der Habilitationsschrift: Zell-Zell-
Transmission des Humanen T-Zell-Leukdmie-Virus Typ 1

09.02.2022 Offentliche Antrittsvorlesung am Virologischen Institut zum Thema
Ubertragung von Retroviren

03/2022 Erteilung der Lehrbefugnis durch die Friedrich-Alexander-Universitit
Erlangen-Niirnberg im Fachgebiet Virologie der Medizinischen Fakultét
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Auszeichnungen

Abarna Baheerathan (AG Thoma-Kref)

03/2023 Reisestipendium fiir Teilnahmen an VI Ready Workshop der ACHIEVE
Academy und Jahrestagung der Gesellschaft fiir Virologie (GfV), 28.-
31.03.2023, Ulm

12/2023 Aufnahme in das Stipendien- und Mentoringprogramm GEH DEINEN
WEG der Deutschlandstiftung Integration, Berlin

Larissa Bauer (AG Thomas)
05/2023 Best presentation award (3rd place), Retreat des GRK 2504, Waischenfeld

Dr. Alexandra Birzer (AG Thoma-Kref})

2023 Aufnahme als Mentee in das ARIADNEmed Mentoring Programm der
Medizinischen Fakultit, FAU Erlangen-Niirnberg

Hannah Catherine Byren (AG Neipel)

12.05.2023 Promotionsabschluss-Stipendium im Rahmen des Programms zur
Realisierung der Chancengleichheit fiir Frauen in Forschung und Lehre

Dr. rer. nat. Janina Deutschmann (AG Gramberg)

10/2020 Promotionsschrift und miindliche Priifung: summa cum laude
Thema: Regulatory mechanisms of the innate restriction factor SAMHDI1 in
herpesviral infections

Boutaina El Kenz (AG Nganou-Makamdop & AG Thomas Harrer)
05/2023 Best presentation award, Retreat des GRK 2504, Waischenfeld

Dr. rer. nat. Sigrun Hige (AG Marschall)

02/2022 Promotionsschrift und miindliche Priifung: summa cum laude
Thema: Functional analysis of herpesviral nuclear egress complexes as a
putative target for novel antiviral drugs

Stefanie Heym (AG Thoma-Kref3)

2023 DAAD RISE Germany, Stipendium fiir Eduardo de la Parra Polina (15.5.-
21.7.2023), finanziert iiber DFG, GRK2504
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Dr. Dennis Lapuente (AG Tenbusch)

2020 Stipendium fiir den GFV ACHIEVE Spring School Workshop, Berlin,
Deutschland

2020 Reisestipendium fiir das 14th Annual Meeting of the Chinese Society of
Immunology (CSI), Chengdu, China (verschoben wegen Corona-Pandemie)

2020 Young Scientist Fund and Co-Chair 7th European Scientific Working group
on Influenza (ESWI) Conference, online

2022 Award for best oral presentation; Annual Meeting of the AK Vakzine
(DGFI)

2023 AAI Trainee Award, AAI Immunology 2023, Washington DC, USA

Dr. Dennis Lapuente /Prof. Matthias Tenbusch
2020 Center for Open Science (COS) Award

Dr. rer. nat. Antonia Sophia Peter (AG Uberla)

01/2023 Promotionsschrift und miindliche Priifung: summa cum laude
Thema: Generation and characterisation of monoclonal antibodies directed
against SARS-CoV-2

Anna Schmidt (AG Tenbusch)

2020 Award for the best master thesis (Medical Faculty, FAU) by the Luise Prell-
Stiftung

Annika P. Schnell (AG Thoma-Kref})

09.01.2020 Sofie-Wallner-Preis fiir Krebsforschung, Forderpreis der Sofie-Wallner-
Stiftung fiir ein wissenschaftliches Projekt im Ausland als Auszeichnung fiir
die Leistung im vorklinischen Studienabschnitt

04-06/2021 Stipendium zur Teilnahme am Steppingstone to an academic career in
Virology Workshop der ACHIEVE Academy der Gesellschaft fiir Virologie
e.V., 15.04.-03.06.2021, online

06/2022 Kurzstipendium ,,Forschung vor Ort“ des Max Weber-Programms Bayern
fiir die Teilnahme an der Jahrestagung von DGI/DZIF 2022, O0l.-
03.06.2022, Stuttgart

29.06.2022 Best Presentation Award (1st place), Auszeichnung beim jahrlichen Retreat
des Graduiertenkollegs 2504 ,,Neue antivirale Strategien vom Verein zur
Foérderung der Virusforschung e.V.

6.10.2022 Best Season Paper , Fall 2022*, Junge Sektion der Gesellschaft fiir
Virologie e.V. (Junge GfV)

24.04.2023 3. Platz im Kreativ-Wettbewerb ,,Klug Entscheiden®, Deutsche Gesellschaft
fiir Infektiologie e.V.
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06/2023 Kurzstipendium ,,Forschung vor Ort“ des Max Weber-Programms Bayern
fir die Teilnahme am 16. Kongress fiir Infektionskrankheiten und
Tropenmedizin, 14.-17.06.2023, Leipzig

PD Dr. Dr. Andrea Thoma-Kref

23.03.2021 Emennung zur FAU-Nachwuchsgruppenleiterin durch Prof. Dr.-Ing. J.
Hornegger, Président der Friedrich-Alexander-Universitdt Erlangen-
Niirnberg

2021-2023 Aufnahme in das Karriereforderprogramm FAU next

05/2022 IRVA Poster Award Third Prize, Konferenz HTLV2022, 8.-11.05.2022,

Melbourne (Australien)/ online

Vera Viherlehto (AG Tenbusch)
2023 Best presentation award (2™ place), Retreat des GRK 2504, Waischenfeld

Peter F. Wientjes (AG Thoma-Kref})

09/2023 Aufnahme in das [ZKF-Medizindoktorandenprogramm mit Stipendium fiir
eine medizinische Doktorarbeit, FAU Erlangen-Niirnberg
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Lageplan/Location

. Lageplan
Location

Sie erreichen uns

Mit dem Zug

Vom Bahnhof Erlangen ca. 10 Minuten
FuBweg (Richard-Wagner-Strafle, Haupt-
strale/Fulgidngerzone, Glockenstraf3e,
Theaterplatz, Loschgestralie)

Mit dem Auto

A73 (aus Richtung Bamberg):
Abfahrt Erlangen-Nord: links
fahren in Richtung Erlangen

Zentrum, auf die Dechsendorfer
Strafle, dem Straflenverlauf
folgen:  Martinsbiithler  Strafe,
Pfarrstrafle, Neue Strafe.

A73 (aus Richtung Niirnberg):
Abfahrt Erlangen-Nord: Richtung
Erlangen West rechts fahren, nach

ca. 400m  links in die
Martinsbiihler Strale einbiegen,
dem StraBBenverlauf folgen:

Pfarrstrafle, Neue Straf3e.

A3 (aus Richtung Wiirzburg):
Abfahrt Erlangen-West in
Richtung Erlangen, Dechsendorf,
St. Johann, Dechsendorfer Straf3e,
Martinsbiihler Strae, Pfarrstrafle,
Neue Strafle

Neue Strale: Zum Theaterplatz rechts
einbiegen, dann  links in  die
Loschgestralie einbiegen, nach 50 Metern
erreichen Sie auf der rechten Seite den
Eingang zum Botanischen Garten und den
FuBweg zum Gebéude der Virologie.

Parken:

Der nichste 6ffentliche Parkplatz ist der
Theaterplatz. Weitere Parkmoglichkeiten
bestehen im Parkhaus der Uni-Kliniken
(Schwabachanlage 14, Zufahrt {iber
Palmsanlage), auf dem  Parkplatz
Fuchsenwiese sowie am Grof3parkplatz
Innenstadt (von dort 5 bzw. 10 Minuten
FuBweg)
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How to reach us

By train

Walking distance from the railway station
is about 10 min. (1 km). (Richard-
Wagner-Strale,  Hauptstralle/pedestrian

area, Glockenstralle, Theaterplatz,
Loschgestrafie)
By car

A73 (coming from Bamberg): Exit
Erlangen-Nord: turn left in
direction ,,Erlangen Zentrum* into
Dechsendorfer  Strafle, follow
the street on Martinsbiihler Straf3e,
Pfarrstrafle, Neue Strafe.

A73 (coming from Nirnberg): Exit
Erlangen-Nord: turn right in
direction Erlangen West, turn
left into Martinsbiihler Straf3e,
follow the street on Pfarrstrafle,
Neue Strafe.

A3 (coming from Wiirzburg):  Exit
Erlangen-West in direction
Erlangen, Dechsendorf, St.
Johann, Dechsendorfer Strafle,
Martinsbiihler Strafle, Pfarrstraf3e,
Neue Strafle.

Neue StraBe: Turn right to Theaterplatz,
then turn left into Loschgestrale, after 50
metres you will arrive to the right of the
entrance of the Botanical Garden and the
path to the virology building.

Parking:

The next public parking lot is
Theaterplatz. Further parkings are the
parking garage of the University Hospital
(Schwabachanlage 14, access via
Palmsanlage), the parking lot
Fuchsenwiese and GroBparkplatz
Innenstadt (walking distance about 5 to
10 minutes)
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