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Dear Colleagues and Friends,
We would like to welcome you to our International Symposium "HLA - in Health and
Disease". As you will see from the program, it is exciting how many experts from different
areas of this topic have agreed to come, present data and discuss them with all of us.
The SARS-CoV-2 pandemic has not only had an impact on our meeting plans and
delayed it for two years, but also brought to everybody's attention how important a sound
understanding of immune responses, in this case to a new virus, is.
The human leukocyte antigen complex plays a key role in how we cope with
pathogens, but also susceptibility to autoimmune diseases, transplant rejection or
acceptance and designing tumor vaccination approaches. Its diversity poses challenges in
each of these fields. Particularly in the area of immuno-oncology, investigators have
begun to firmly incorporate HLA-binding predictions of candidate tumor antigens into the
design of vaccination therapies. In the future, we will likely see more and more truly
individualized vaccinations, and, here again, the HLA background of the patient will be
important to consider. This will be facilitated by leaps forward in several methodological
areas, for example immunopeptidomics, and building of publicly available resources. You
will hear about many of these at the meeting.
We hope that the conference will be an excellent experience for all of us and that you will
also enjoy the venue, Zurich.

Karolin Léger

Hans-Georg Rammensee

Roland Martin

Zürich, June 2022
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Programme
Day 1 (June 28, 2022)
08:15 – 08:40
08:40 – 09:00

Registration
Welcome by the Organizers

Session 1
09:00 – 09:30

HLA – basic biology and disease association Part 1
The functional contribution of the HLA-DR15 haplotype to multiple
sclerosis pathogenesis
Roland Martin – University of Zurich, Switzerland

09:30 – 10:00

Understanding the molecular basis of T cell mediated autoimmunity
Jamie Rossjohn – Monash University, Clayton, Australia

10:00 – 10:30

Break

Session 2
10:30 – 11:00

HLA – basic biology and disease association Part 2
Clonal analysis of immunodominance and cross-reactivity
Antonio Lanzavecchia – National Institute of Molecular Genetics,
Milano, Italy

11:00 – 11:30

Library-based approaches to examine peptide-MHC repertoires
Michael Birnbaum – Massachusetts Institute of Technology, USA

11:30 – 12:00

HLA and multiple sclerosis
Lars Fugger – University of Oxford, UK

12:00 – 12:30

Short Communications
Improving HLA imputation in admixed population with UMAP
dimension reduction
Nicolas Vince – University of Nantes, France
Development and characterization of DR2- and DR51-specific
antibodies for Multiple Sclerosis (MS) Research
Julie T. Nguyen – One Lambda, Inc., a part of Transplant Diagnostics
Thermo Fisher Scientific, CA, USA

12:30 – 14:00

Lunch and Poster Session

3

International Symposium 2022 “HLA – in health and disease”

Day 1 (June 28, 2022)
Session 3
14:00 – 14:30

Autoimmunity/ Allergy Part 1
T cell recognition of a novel multiple sclerosis autoantigen in the
context of HLA-DRB3* alleles links environmental factors and disease
heterogeneity
Mireia Sospedra – University of Zurich, Switzerland

14:30 – 15:00

Epstein Barr virus (EBV) infection and MS; interactions with MS risk
HLA alleles, and a case for molecular mimicry with CNS autoantigens
as potential pathogenic mechanisms
Tomas Olsson – Karolinska Institutet, Stockholm, Sweden

15:00 – 15:30

Short Communications
Unique characteristics of AQP4-specific T cells in patients with AQP4+
neuromyelitis optica spectrum disorder (NMOSD)
Carina Saggau – University Medical Center Schleswig-Holstein, Germany
Characterization of autoreactive T cells in Guillain-Barré syndrome
Daniela Latorre – Institute of Microbiology, ETH Zurich, Switzerland

15:30 – 16:00

Break

Session 4
16:00 – 16:30

Autoimmunity/ Allergy Part 2
Re-programming autoantigen-specific CD4+ T-cells to treat
autoimmunity
Pere Santamaria – IDIBAPS, Barcelona, Spain & University of Calgary,
Alberta, Canada

16:30 – 17:00

HLA association of celiac disease
Ludvig M. Sollid – University of Oslo, Norway

17:00

Closing Remarks Day 1
Apéro
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Day 2 (June 29, 2022)
08:25 – 08:30 Welcome Day 2
Session 5
08:30 – 09:00

Tumor Immunology Part 1
On the development of personalized cancer vaccines based on HLA
ligandome analysis
Hans-Georg Rammensee – University of Tübingen, Germany

09:00 – 09:30

Can transposable elements be tumor-specific antigens?
Sebastian Amigorena – Centre de Recherche, Institut Curie, Paris, France

09:30 – 10:00

Infiltration of vaccine-induced T cells into melanoma metastases may
be increased by intratumoral immune modulation
Craig L. Slingluff – University of Virgina, USA

10:00 – 10:30

Break

Session 6
10:30 – 11:00

Tumor Immunology Part 2/ Infectious diseases
Towards neoepitope-specific TCR discovery using recombinant MHC
molecules
Frank Momburg – German Cancer Research Institute, Heidelberg,
Germany

11:00 – 11:30

The influence of HLA class I signal peptide polymorphism on
HLA-E-mediated regulation of NK cells
Mary Carrington – Frederick National Laboratory, Frederick, USA

11:30 – 12:00

Adaptive responses to SARS CoV2 and its variants, in natural infection
and vaccination
Alessandro Sette – La Jolla Institute for Immunology & University of
California, La Jolla, USA

12:00 – 12:30

Short Communications
HLA/TCR interactions in malignant glioma: The desperate search for
unleashing effective T cell responses
Malte Mohme – University Medical Center Hamburg-Eppendorf,
Germany
Microbial Peptides Activate Tumor-Infiltrating Lymphocytes in
Glioblastoma
Reza Naghavian – University of Zurich, Switzerland

12:30 –14:00

Lunch and Poster Session
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Day 2 (June 29, 2022)
Session 7
14:00 – 14:30

Models, tools and applications Part 1
Global screening of CD4+ and CD8+ T cell epitopes using Yellow Fever
virus as a model system
Søren Buus – University of Copenhagen, Denmark

14:30 – 15:00

HLA diversity and its role in the successful outcome of
haematopoietic cell transplantation
Steven GE Marsh – Anthony Nolan Research Institute & UCL Cancer
Institute, London, UK

15:00 – 15:30

Short Communications
The HLA Ligand Atlas - A resource of natural HLA ligands presented
on benign tissues
Marian Neidert – Cantonal Hospital St.Gallen, Switzerland
Integration of the immunopeptidomics with other omics data
Marissa Dubbelaar – University and University Hospital Tübingen,
Germany

15:30 – 16:00

Break

Session 8
16:00 – 16:30

Models, tools and applications Part 2
Promoting HLA-centric analyses in genomics: HLA tools and
applications in biomedical research
Sophie Limou – University of Nantes, France

16:30 – 17:00

Lessons from cavemen: epigenetic recombination guides and a frozen
MHC
Olaf Rötzschke – Singapore Immunology Network, Singapore

17:00

Poster Award
Closing Remarks Day 2
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IN DER ERSTEN LINIE
BEI RRMS

ZEPOSIA®
Der selektive S1PR-Modulator
der neuen Generation 1
• Starke Wirksamkeit durch zielgerichtete Modulation der S1P1 - und S1P5-Rezeptoren2–4
• Günstiges Sicherheitsprofil* vergleichbar mit IFN ß-1a3,4
• Gute Verträglichkeit bei niedrigen Abbruchraten3,4
• Einfache Anwendung mit leichtem Start**, 1 Kapsel täglich2
* Basierend auf zwei Phase-3-Studien mit über 2600 Patient:innen.3,4
** Überwachung nach Erstgabe (FDO) nur bei Patient:innen mit vorbestehenden kardiovaskulären Risikofaktoren.2

ZEPOSIA® – Beschützen, was wichtig ist.
Weitere Informationen unter www.zeposia.ch

FDO = first-dose observation (Überwachung nach Erstgabe), IFN = Interferon, RRMS = schubförmig remittierende Multiple Sklerose,
S1PR = Sphingosin-1-Phosphat-Rezeptor

Gekürzte Fachinformation Zeposia® (Ozanimod) ▼ Dieses Arzneimittel unterliegt einer zusätzlichen Überwachung. Für weitere Informationen, siehe
Fachinformation ZEPOSIA® auf www.swissmedicinfo.ch. I: Indiziert zur Behandlung von erwachsenen Patienten mit schubförmig remittierend verlaufender
Multipler Sklerose (MS). D: Hartkapseln 0.23/0.46/0.92 mg oral einmal täglich. Dosistitrationsschema: Tag 1–4: 0.23 mg; Tag 5–7: 0.46 mg; ab Tag 8: 0.92 mg.
KI: Überempfindlichkeit gegen Wirk-/ Hilfsstoffe; Behandlung nicht beginnen bei Patienten, die in den letzten 6 Monaten folgende Erkrankungen hatten:
Myokardinfarkt, instabile Angina pectoris, Schlaganfall, transitorische ischämische Attacke, dekompensierte Herzinsuffizienz mit erforderlicher Hospitalisierung,
Herzinsuffizienz Klasse III/IV, sowie bei Patienten mit anamnestisch bekanntem oder aktuell vorliegendem atrioventrikulärem (AV) Block zweiten Grades
(Typ II), AV-Block dritten Grades, Sinusknotensyndrom (ohne funktionstüchtigen Herzschrittmacher); schwere unbehandelte Schlafapnoe; immundefizienter
Zustand; Patienten mit erhöhtem Risiko für opportunistische Infektionen; schweren aktiven Infektionen oder aktiven chronischen Infektionen (Hepatitis,
Tuberkulose); aktive maligne Erkrankung; schwere Leberinsuffizienz; bestehendes Makulaödem; Schwangerschaft. WH/VM: Vor Therapieeinleitung: kardiale
Untersuchung (EKG), Leberfunktionstest, BB, ophthalmologische Untersuchung bei Patienten mit Diabetes mellitus, Uveitis oder einer Netzhauterkrankung
in der Vorgeschichte, Begleitmedikationen prüfen. Während der ersten Zeposia®-Gabe kann es zu einer vorübergehenden Abnahme der Herzfrequenz
kommen; bei Patienten mit vorbestehenden Herzerkrankungen ist eine Überwachung empfohlen. Erhöhungen von Aminotransferasen sind möglich. Zeposia ®
hat eine immunsuppressive Wirkung, die Patienten für ein Infektionsrisiko prädisponiert. Grosses BB während der Behandlung regelmässig testen. Bei
bestätigter Gesamtlymphozytenzahl < 0.2 x 109/l Behandlung unterbrechen. Impfung gegen VZV von Patienten ohne dokumentierte Immunität ≥ 1 Monat
vor Beginn empfohlen; Patienten mit Makulaödem-Symptomen ophthalmologisch untersuchen. Blutdruck während Behandlung regelmässig überwachen.
UW: Sehr häufig (≥ 10 %): Nasopharyngitis. Häufig (≥ 1 %, < 10 %): Pharyngitis, virale Atemwegsinfektion, Harnwegsinfektion, Lymphopenie, Bradykardie,
Hypertonie, orthostatische Hypotension, Alaninaminotransferase erhöht, Gamma-Glutamyltransferase
erhöht. P: Zeposia® Starterpackung: 7 Hartkapseln (4 x 0.23 mg, 3 x 0.46 mg); Zeposia® 0.92 mg:
28 Hartkapseln. Abgabekategorie B. Vollständige Fachinformation unter www.swissmedicinfo.ch.
Bristol-Myers Squibb SA, Hinterbergstrasse 16, CH-6312 Steinhausen. Stand der Information: Juli 2020.

Bristol-Myers Squibb SA, Hinterbergstrasse 16, CH-6312 Steinhausen | immunology-ch@bms.com | Tel. +41 (0)41 767 72 00

2084-CH-2200004, 02.2022

Referenzen: 1. Rasche L et al. Ozanimod for the treatment of relapsing remitting multiple sclerosis. Expert Opin Pharmacother. 2018;19(18):2073–2086.
2. Fachinformation ZEPOSIA®, www.swissmedicinfo.ch, Stand Juli 2020. 3. Comi G et al. Safety and efficacy of ozanimod versus interferon beta-1a in relapsing
multiple sclerosis (SUNBEAM): a multicentre, randomised, minimum 12-month, phase 3 trial. Lancet Neurol. 2019;18(11):1009–1020. 4. Cohen JA et al. Safety
and efficacy of ozanimod versus interferon beta-1a in relapsing multiple sclerosis (RADIANCE): a multicentre, randomised, 24-month, phase 3 trial. Lancet
Neurol. 2019;18(11):1021–1033. Literatur auf Anfrage.
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PLENARY TALKS
Biographical Sketches and Abstracts
(in order of appearance in the programme)
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Roland Martin
Department of Neurology, University Hospital Zurich,
University of Zurich, Zurich, Switzerland

“The functional contribution of the HLA-DR15 haplotype to
multiple sclerosis pathogenesis”

Abstract
Multiple sclerosis (MS) is a prototypic organ-specific autoimmune disease. Its etiology
involves a complex genetic trait with multiple risk alleles, and the HLA-DR15 haplotype
playing a key role. Environmental influences include Epstein Barr virus (EBV), low vitamin
D, smoking, obesity in early adulthood and distinct gut microbiota. Autoreactive CD4+ T
cell, proinflammatory B cells and activated microglia are central factors in disease
pathogenesis.
During recent years, our group has focused on analyzing the interactions of CD4+
T cells and proinflammatory B cells and how they might contribute to the
pathomechanisms of MS during various steps of T cell selection, maintenance and
proinflammatory differentiation. We identified the peptide repertoires that are displayed
on the surface of proinflammatory B cells and presented by the two DR15 alleles
DRB1*15:01 and DRB5*01:01 as an important element. Interestingly, a large fraction of
the DR15-presented self-peptides derive from the DR15 molecules themselves. T cell
cross-reactivity between these DR-peptides and MS-associated environmental risk factors,
i.e. EBV and Akkermansia muciniphila, as well as an autoantigen, which is expressed by B
cells and neurons in the brain, Ras guanyl-releasing protein 2, are involved in the disease
process.
Data on the above mechanisms as well as on unbiased antigen discovery
approaches, which were instrumental in dissecting them, will be presented.
Funding: European Research Council (ERC) Advanced grant; Swiss National Science
Foundation
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Biographical Sketch of Roland Martin
Roland Martin is full professor for neurology and neuroimmunology at the University
Zürich and heads the Neuroimmunology and Multiple Sclerosis Research Section and MS
outpatient clinic at the University Hospital Zurich. R. Martin trained in medicine, and
specialized in neurology at the University Würzburg. He pursued post-doctoral fellowships
in immunology, virology and neuroimmunology in Würzburg and at the
Neuroimmunology Branch, National Institutes of Health (NIH), Bethesda, USA, where he
worked as tenured senior investigator until 2005. Subsequently, he held full
professorships in Barcelona (Vall D´Hebron University Hospital), Hamburg (Director of the
Institute for Neuroimmunology and Clinical MS Research, University Hamburg) and now
in Zurich. The main interests of his group are disease mechanisms of multiple sclerosis
(MS), cellular immunology, disease mechanisms of JC polyoma virus-mediated
progressive multifocal leukoencephalopathy (PML) and developing novel treatments for
MS and PML besides providing care for MS patients in one of the largest MS centers in
Switzerland. He and his group developed more than 10 projects from idea to early clinical
proof-of-concept trials. He was a member of the Kuratorium of the Jung Foundation for
Science, Hamburg and is a member of the core faculty of the Wyss Translational Center
Zurich, a cofounder of the Drug Discovery Network Zurich (DDNZ) and of the Therapy
Development Accelerator (TDA) at the University Zurich.
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Jamie Rossjohn
Infection and Immunity Program and The Department of
Biochemistry and Molecular Biology, Biomedicine Discovery
Institute, Monash University, Clayton, Victoria, Australia

“Understanding the molecular basis of T cell mediated
autoimmunity”

Abstract
The HLA locus is the most polymorphic region in the human genome, engendering HLA
molecules to present a broad array of peptides. Together with a diverse T cell repertoire,
this enables the T cell-mediated adaptive immune response to discriminate the myriad of
self-peptides from non-self-peptides. Although protective immunity is the key role of the
HLA, certain HLA alleles, particularly those at the HLA class II locus, are frequently
correlated with autoimmunity and other immune-mediated inflammatory diseases. HLADR4 alleles represent the strongest genetic association with the development of RA, and
in particular, HLA-DR4 allomorphs possessing a ‘shared susceptibility epitope (SE)’
(residues 11, 13 and 70-74) within the HLA-DR β-chain. My presentation will cover recent
work in this axis.
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Biographical Sketch of Jamie Rossjohn
Rossjohn has provided an understanding of the basis of T cell receptor (TCR) recognition
of peptides, lipids and metabolites. His research on anti-viral immunity has provided a
basis for understanding the factors that shape T-cell repertoire selection and MHCrestriction (e.g. Nature Immunol. 2015, Science 2021). In relation to aberrant T-cell
reactivity, Rossjohn has provided insight into alloreactivity (Immunity 2009), HLA-linked
food hypersensitivities (Immunity 2008 & 2012), HLA-linked drug hypersensitivities
(Nature 2012), rheumatoid arthritis (Science Immunol, 2021) and HLA protection in
autoimmunity (Nature 2017). He has provided fundamental insight into how the TCR
recognises lipid-based antigens that are presented by the CD1 family of antigenpresenting molecules (e.g. Nature 2007, Nature Immunol. 2015 & 2018, Science Immunol.
2017). Further, he identified the long sought after ligand for MAIT cells, namely
metabolites of vitamin B (Nature 2012 & 2014, Nature Immunol 2020). Most recently, he
has shown that γδTCRs can bind underneath the antigen-binding platform of the MHC-I
like molecule MR1 (Science 2019), and the molecular architecture of a new lineage of
TCRs, termed γαµµα−µυTCRs, found in marsupials (Science 2021). Collectively, Rossjohn,
has increased our understanding of the molecular bases underpinning protective and
deleterious immunity.
.
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Antonio Lanzavecchia
Invernizzi Fellow
Human Immunology Program
National Institute of Molecular Genetics (INGM)
Via Francesco Sforza, 35 - 20122 Milano – Italy

“Clonal analysis of immunodominance and cross-reactivity”

Abstract
Antonio Lanzavecchia1, Antonino Cassotta2, Jun Siong Low2 and Federica Sallusto2,3
Istituto Nazionale di Genetica Molecolare, INGM, Milano, Italy
Institute for Research in Biomedicine, Università della Svizzera italiana, Bellinzona, Switzerland
3
Institute of Microbiology, ETH Zürich, Zürich, Switzerland
1
2

The mechanisms that determine the selection of immunodominant epitopes within
complex protein antigens remain elusive. Using ex vivo stimulation of memory T cells and
screening of naive and memory T cell libraries, combined with T cell cloning and TCR
sequencing, we found that naive CD4+ T cells have a broad repertoire, being able to
recognize naturally processed as well as cryptic peptides spanning the whole influenza
hemagglutinin (HA) sequence. In contrast, memory T cells were primarily directed against
just a few immunodominant peptides that were readily detected by mass spectrometrybased MHC-II peptidomics. These findings reveal the presence of a broad repertoire of
naive T cells specific for cryptic H1-HA peptides and demonstrate that antigen processing
represents a major constraint determining immunodominance (1).
We also characterized the CD4 response to SARS-CoV2 S protein in vaccinated and
convalescent individuals. We found that the receptor-binding domain (RBD) is highly
immunogenic and that 33% of RBD-reactive clones and 94% of individuals recognized a
conserved immunodominant S346-S365 region comprising nested HLA-DR- and HLA-DPrestricted epitopes. Furthermore, using pre- and post-COVID-19 samples and S proteins
from endemic coronaviruses, we identified cross-reactive T cells targeting multiple S
protein sites. The immunodominant and cross-reactive epitopes identified can inform
vaccination strategies to counteract emerging SARS-CoV-2 variants (2)
1- Cassotta, A., et al. (2020). "Deciphering and predicting CD4+ T cell immunodominance of influenza
virus hemagglutinin." J Exp Med 217(10).
2- Low, J. S., et al. (2021). "Clonal analysis of immunodominance and cross-reactivity of the CD4 T cell
response to SARS-CoV-2." Science 372(6548): 1336-1341.
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Biographical Sketch of Antonio Lanzavecchia
Antonio Lanzavecchia is known for his work on antigen presentation, T cell activation,
immunological memory and human monoclonal antibodies. Lanzavecchia obtained a
medical degree from the University of Pavia, where he specialized in paediatrics and in
infectious diseases. Since 1983 he works in Switzerland, first as a scientific member of the
Basel Institute for Immunology and since 2000 as the founding director of the Institute for
Research in Biomedicine (IRB) in Bellinzona. Lanzavecchia is the scientific Founder of
Humabs Biomed, now a subsidiary of Vir Biotecnology and is currently senior Research
fellow at Vir Biotecnology. After retiring from the IRB in 2020, his academic research
continues at the National Institute for Molecular Genetics (INGM) in Milano. Lanzavecchia
has been professor of Immunology at the University of Genova and Siena and at the Swiss
Federal Institute of technology, ETH Zürich. He is member of the EMBO and international
member of the U.S. National Academy of Sciences.
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Michael Birnbaum
Koch Institute for Integrative Cancer Research, Massachusetts
Institute of Technology, Cambridge, MA, USA

“Library-based approaches to examine peptide-MHC repertoires”

Abstract
The molecular diversity of the peptide-MHC repertoire, and the antigen receptors that
recognize them, are essential for proper immune function. This same interfacing diversity
complicates their mechanistic study. New tools are required to understand the display
and recognition of peptide antigens in health and disease, to train new predictive
computational models, and to create the next wave of immunotherapeutics.
In this presentation, we will discuss the creation of two new tools to aid in the decoding
of peptide-MHC repertoires. First, we will describe a yeast display-based approach that
can systematically vet hundreds of millions of random peptides, or hundreds of thousands
of defined peptides, in a single experiment. Second, we will detail a newly developed
approach in which lentiviruses are engineered to display peptide-MHCs on their surface,
enabling antigen-specific viral tropism and infection. With this approach, we can
simultaneously assess the interactions of T cell receptors and their ligands in extremely
high throughput “library vs. library” formats. Uniquely, engineered lentiviruses may
enable antigen specific genetic modification of T cells, which may present new therapeutic
possibilities.
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Biographical Sketch of Michael Birnbaum
Michael obtained an A.B. in Chemical and Physical Biology at Harvard University in 2008.
He then moved to Stanford University, where he completed his Ph.D. in Immunology in
2014. At Stanford, he worked in Professor K. Christopher Garcia’s laboratory, studying the
molecular mechanisms of T cell receptor recognition, cross-reactivity, and activation. He
then conducted postdoctoral research in Professor Carla Shatz’s laboratory, studying
novel roles for immune receptors expressed by neurons in neural development and
neurodegenerative disease. Michael joined the Department of Biological Engineering in
2016 as an Assistant Professor and became an Associate Professor in 2021.
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Lars Fugger
Weatherall Institute of Molecular Medicine,
University of Oxford, Oxford, UK

“HLA and multiple sclerosis”

Abstract
The HLA complex contains the greatest genetic susceptibility to developing MS, with HLA
class II alleles driving disease risk and HLA class I alleles conferring protection. Accordingly,
T cells — in particular, CD4+ T cells — take centre stage in our understanding of MS cause,
owing to the dominant HLA class II association, indicating that antigen presentation to
autoreactive T cell receptors is key to disease pathogenesis. However, targeted depletion
of CD4+ T cells does not prove to be clinically beneficial, either owing to the antibodies
used being unable to completely ablate all CD4+ T cells or owing to the HLA complex
additionally acting elsewhere in MS pathogenesis, or becoming less central during the
disease course. Mechanisms that regulate HLA class II presentation and facilitate the
adaptive immune response, in particular the cell type that is expressing HLA class II, are
also likely to be key to understanding overall disease pathology. Similarly, CD8+ T cell
responses to peptides presented by HLA class I molecules have also been under extensive
investigation. However, HLA class I alleles do not act exclusively to shape the CD8+ T cell
repertoire but also have a potent influence on the education and maturation process of
natural killer (NK) cells. The magnitude of the adaptive immune response to different
infections, as determined by HLA type, is also likely to be important in establishing the
resultant antigen-independent inflammatory cascade and further exemplifies how HLA
alleles may exert their effects beyond T cells in MS.
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Biographical Sketch of Lars Fugger
Lars Fugger, MD, Ph.D., is a consultant clinical immunologist at the John Radcliffe Hospital
at Oxford University Hospitals and professor of Neuroimmunology at the University of
Oxford. Scientifically, he has focused on translational studies in multiple sclerosis research
and has been investigating how genes in interplay with environmental factors confer risk
to this disease. This has been achieved by using a multidisciplinary approach with a large
network of collaborators. Lars Fugger trained at the University of Copenhagen in Denmark
and at Stanford University in USA. He got his first clinical chair in Clinical Immunology in
Denmark in 1996 and moved to Oxford in 2002 to work at the John Radcliffe Hospital. He
became professor of Clinical Immunology at the University of Oxford in 2004 and was
appointed to the vacant chair of Neuroimmunology in 2007. He has won major European
Prizes for his multiple sclerosis research and was elected to The Academy of Medical
Sciences in 2010. He was the chairman of the Danish MRC from 2007-2010. Her Majesty
the Queen of Denmark knighted him in 2011 for services to medicine.
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Mireia Sospedra
Department of Neurology, University Hospital Zurich,
University of Zurich, Zurich, Switzerland

“T cell recognition of a novel multiple sclerosis autoantigen in
the context of HLA-DRB3* alleles links environmental factors
and disease heterogeneity”

Abstract
We recently identified a novel multiple sclerosis (MS) autoantigen, GDP L-fucose synthase
(GDPLFS). GDPLFS is expressed in a wide range of tissues including the brain. GDPLFS
homologues are also found in gut microbiota, e.g. Akkermansia muciniphila, which is
increased in abundance in MS patients. MS patients with T cell reactivity against GDPLFS
almost exclusively express the HLA-DR alleles HLA-DRB3*02:02/03:01. Testing of
cerebrospinal fluid (CSF)-infiltrating CD4+ T cells of a large number of patients for
reactivity against a number of immunodominant myelin peptides and GDPLFS showed
that GDPLFS responses are among the strongest and found in an important subset of
patients. The latter are characterized by an increased number of CD4+ CD28+ CD27- Th1
cells in the peripheral blood and CSF, onset of MS in late winter and spring, and a higher
load of magnetic resonance imaging brain lesions. GDPLFS responder patients frequently
also show responses to myelin peptides and clearly differ in many aspects from MS
patients, whose CSF-infiltrating T cells respond to myelin oligodendrocyte glycoprotein
(MOG), particularly regarding signs of a highly inflammatory MS.
Similar to rheumatoid arthritis, where it has been shown that patients with
antibody responses against citrullinated antigens have more aggressive disease courses,
we demonstrate here that cellular immune responsiveness to a specific MS autoantigen
is related to clinical features of the autoimmune disease and tightly associated with
certain HLA-DR alleles.
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Biographical Sketch of Mireia Sospedra
Mireia Sospedra studied biology at the University of Barcelona and received her PhD on
the induction of central tolerance to peripheral antigens at the Autonomous University of
Barcelona under the supervision of Dr. Ricardo Pujol Borrell. After her PhD she moved to
Paris in 1999 where she pursued a first postdoc at la Pitié-Salpêtrière hospital under the
supervision of Dr. Alain Trautmann studying the interaction between T cells and dendritic
cells in the absence of nominal antigen. In April 2001 she obtained a competitive
fellowship from the National Institute of Neuological Diseases and Stroke (NINDS; at the
National Institute of Health (NIH)) and moved to USA for a second postdoc. She started
working in MS under the supervision of Dr. Roland Martin with a focus on the
identification of new autoantigens. After four years at NIH, she returned to Barcelona
2005 with a career development grant/assistant professorship of the Catalan Institute for
Research and Advanced Studies (ICREA) at the Neuroimmunology Unit (Vall d’Hebron
Hospital) directed by Dr. Xavier Montalban. In 2007 she moved to Hamburg and started
working at Institute of Neuroimmunology and Multiple Sclerosis Research (Center of
Molecular Neurobiology Hamburg, University Hospital Eppendorf) as independent
investigator studying T cell specificity in MS and also the role of neutrophils. Since
September 2011 she heads the Laboratory of Neuroimmunology at the Neuroimmunology
and Multiple Sclerosis Research Section at the Neurology Clinic, University Hospital Zurich,
and University of Zurich.
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Tomas Olsson
Neuroimmunology Unit, Department of Clinical Neuroscience
Center for Molecular Medicine, Karolinska Hospital, Stockholm,
Sweden
“Epstein Barr virus (EBV) infection and MS; interactions with
MS risk HLA alleles, and a case for molecular mimicry with
CNS autoantigens as potential pathogenic mechanisms”
Abstract
Numerous epidemiological studies, also in relation to MS genetic predisposition, has
suggested EBV having a pivotal role in the development of MS: 1) The infection is a
prerequisite for MS development. 2) Infection in late adolescence, early adulthood is
critical. 3) Aspects of EBV infection, infectious mononucleosis (IM), and anti-EBNA-1 levels,
interact with HLA MS risk alleles associate to increased risk of MS. 4) Anti EBNA-1 levels a
interacts with other lifestyle/ factors, smoking, obesity and serological evidence of HHV6A
infection also associate synergistically to an increased risk of MS.
There is a linear relationship between anti EBNA-1 levels and risk of MS, reaching an odds
ratio (OR) of 12 for the highest levels. A GWAS of EBNA-1 reactivity on more than 8000
MS cases and 8000 population-based controls showed a strong association to the class II
MS risk allele; HLA DRB1* 15:01, but not to any non-HLA genes. Anti EBNA 1 level my
represent a biomarker of EBV viral load/replication, with an ensuing frustrated humoral
immune response to the virus as a consequence. EBV viral load is difficult to study in
humans, though experimentally there are reports of a higher viral load in mice carrying
the HLADR1*15:01 allele. The data are consistent with a hypothesis that this immune
response, rather than the virus itself, perhaps through molecular mimicry to CNS antigens
may drive MS. In addition, antibodies to certain fragments of EBNA 1 display much higher
ORs than other parts. These high risk spots overlay peptide homologues of CNS antigens;
Anoctamin2 (ANO2), alfa B Crystalline (Cryab) and GlialCAM, as well as a non-homologues
EBNA-1 peptide stretch which has been reported to cross-react with myelin basic protein
(MBP).
Person with MS carry antibodies to ANO2, which cross-react with a peptide homologue of
EBNA-1. Carriage of the ANO2 antibodies associate to increased risk of MS in several
combinations of HLA risk genes, with ORs up to 20. Strongly suggesting a pathogenic role
of this immune response. We have now also demonstrated a T cell reactivity to ANO2 in
around 50 % of persons with MS. Antibodies to Cryab cross react with an EBNA-1 epitope,
and a T cell reactivity is at hand. Others have recently shown an antibody cross-reactivity
between GlialCAM and an EBV epitope. T cell reactivity to GlialCAM was also noted.
Taken together, genetic epidemiology and functional experiments are consistent with an
hypothesis that at least in part, EBV may dispose and drive MS though molecular mimicry.
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Biographical Sketch of Tomas Olsson
Prof. Tomas Olssons is an expert on neuroinflammation and in particular on multiple
sclerosis (MS). His research focuses on genetic, immunological, and life
style/environmental factors underlying MS. He was among the first to demonstrate
autoreactive T cells in MS. He has been vital for the collection of very large MS casecontrol samples, needed for the identification of MS risk genes and their interaction with
lifestyle factors such as smoking and obesity. He has (co)authored over 600 papers
published in peer reviewed journals.
Prof. Olsson received his MD and PhD from the University of Linköping and is a boardcertified Neurologist. He was Professor of Molecular Medicine 1995 t0 2007. He is a
Professor of Neurology at the Karolinska Institute in Stockholm, Sweden since 2008. He
has received multiple scientific awards, including the Erik K Fernströms prize for Medical
research, the K/F Johansens International Award, Copenhagen and the Swedbank's
Science Prize.
Prof. Olsson has been a member of the Nobel Assembly from 2000, and was its Chairman
in 2017. From 1997-2002, he was the Chairman of the Swedish expert committee for
Multiple Sclerosis and he is amember and co-founder of the Swedish Multiple Sclerosis
Society as well as a member of multiple international MS societies. Prof. Olsson is a board
member and co-founder of the European school of Neuroimmunology (ESNI), member of
the international scientific board of the international society of Neuroimmunology (ISNI),
former executive board member of the international scientific board of the European
committee for the treatment of MS. (ECTRIMS) and member of the International Multiple
Sclerosis Genetics Consortium (IMSGC).
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Pere Santamaria
University of Calgary, Calgary, Canada and Institut
D´Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS),
Barcelona, Spain

“Re-programming autoantigen specific CD4+ T cells to
treat autoimmunity”

Abstract
Autoimmune diseases result from complex chronic autoimmune responses that cause
destructive inflammatory lesions of target tissues. These disorders involve the
recruitment and activation of CD4+ and CD8+ T-cells and B-cells recognizing epitopes on
numerous autoantigens. Eliminating or suppressing all autoreactive T-cell specificities
(known and unknown) in autoimmune diseases without compromising normal immunity
is not currently possible. We have shown that nanoparticles (NPs) displaying diseaserelevant peptide–major histocompatibility complex (pMHC) class II molecules can resolve
inflammation in various organspecific autoimmune disease models in a disease-specific
manner without impairing normal immunity.
pMHC class II-NP therapy functions by re-programming and expanding cognate
antigenexperienced CD4+ T-cells into T-regulatory type 1 (TR1)-like cells. When these cells
encounter costimulation-competent autoantigen-loaded APCs in the target tissue and
proximal lymphoid tissues, they produce regulatory cytokines, including IL-10, TGFβ and
IL-21, leading to: (1) suppression of both antigen-presentation and secretion of proinflammatory mediators; (2) comprehensive inhibition of autoreactive T cell activation
and recruitment; and (3) formation of IL-10-producing regulatory Bcells.
Collectively, these events suppress inflammation and result in sustained reversal of
disease.
I will summarize new observations on our efforts to dissect the mechanistic underpinnings
of this in vivo cell re-programming event.
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Biographical Sketch of Pere Santamaria
Dr. Pere Santamaria is Professor in the Department of Microbiology, Immunology and
Infectious Diseases at the Cumming School of Medicine at the University of Calgary;
Canada and Group Leader at the Institut D'Investigacions Biomèdiques August Pi i Sunyer
in Barcelona, Spain.
The focus of most of my scientific work has been to try to understand the immunogenetics
and immunopathogenesis of autoimmune disorders, with a particular emphasis on type 1
diabetes, to try to find targets for therapeutic intervention. Early efforts centered on the
relationship between genetic susceptibility and resistance to autoimmunity and T-cell
tolerance. This work led to the serendipitous discovery of a new therapeutic approach for
the treatment of chronic inflammatory disorders based on nanomedicine. This
therapeutic approach triggers the formation of extensive antigen- and disease-specific
networks of regulatory T and B-cells that efficiently suppress the progression of several
different autoimmune disorders without compromising systemic immunity. Current
efforts focus on dissecting the mechanisms that sustain and regulate these regulatory
cellular networks, the developmental origin(s) of their cellular components and the
molecules that control cell-to-cell communication within the networks. My goal is to bring
this technology to the clinic. I have received several prestigious awards throughout my
career, published close to 200 papers, given over 250 lectures and hold over 90
issued/granted patents worldwide. I am an elected Fellow of the Royal Society of Canada,
elected member of the Royal Academy of Medicine of Catalonia, Spain, and Founder of
Parvus Therapeutics Inc..
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Ludvig M. Sollid
Professor of Medicine and Director of KG Jebsen Coeliac Disease
Research Centre and Department of Immunology, University of
Oslo and Oslo University Hospital, Oslo, Norway

“HLA association of celiac disease”

Abstract
Celiac disease is a disorder caused by a maladapted immune response to cereal gluten
proteins. It is highly heritable with a concordance rate in monozygotic twins of 50-75 %.
HLA is the chief genetic determinant. The primary HLA association is with HLA-DQ2.5
(DQA1*05/DQB*02) that can be encoded either in cis in DR3DQ2 individuals or in trans in
DR5DQ7/DR7DQ2 heterozygous individuals. The remaining patients are either HLA-DQ2.2
(DQA1*02:01/DQB*02:02) or HLA-DQ8 (DQA1*03/DQB*03:02). Commonly, these HLADQ allotypes predispose to celiac disease by presenting deamidated gluten peptides to
CD4+ T cells. The gluten deamidation is mediated by the enzyme transglutaminase 2 (TG2),
an enzyme to which the celiac disease patients generate disease-specific autoantibodies.
This dual role of TG2 in celiac disease pathogenesis is hardly coincidental. I will discuss a
model that can explain the HLA-dependent and gluten-exposure dependent formation of
autoantibodies. This model places B cells as key antigen presenting cells in celiac disease,
a role of B cells that possibly is common for all HLA-associated disorders where the
primary HLA associations are with HLA class II allotypes.
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Biographical Sketch of Ludvig Sollid
Ludvig M. Sollid (MD, PhD) is a Professor at the University of Oslo and a Senior Consultant
at the Oslo University Hospital - Rikshospitalet. He is also the Director of the KG Jebsen
Coeliac Disease Research Centre and UiO FOCIS Centre of Excellence. His research
interests are focused around genetics and immunology of autoimmune diseases.
His group has made important contributions to the understanding of the molecular basis
of celiac disease, in particular the role of HLA genes, the existence of gluten reactive (HLADQ restricted) T cells in the coeliac intestinal lesion, the identification of immunotoxic
gluten peptide sequences and the involvement of the transglutaminase 2 in the
pathogenesis of the disease. His group is currently working on the characterization of the
antigen receptors of T cells and B cells that recognize the celiac disease relevant antigens
gluten and transglutaminase 2.
Sollid is the recipient of several research awards including the Research Council of
Norway's Møbius Prize for Outstanding Research, the Warren Prize for Excellence in Celiac
Disease Research, the Rank Prize in Nutrition, the UEG Research Prize and the Jahre
Medical Prize (junior award 1998 and senior award (2015). He currently serves on the
editorial boards of Mucosal Immunology, Scandinavian Journal of Immunology, Tissue
Antigens, Genes and Immunity and Gastroenterology.
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Hans-Georg Rammensee
Department of Immunology, Institute for Cell Biology, University
of Tübingen, Tübingen, Germany
“On the development of personalized cancer vaccines based on
HLA ligandome analysis”
Abstract
All therapeutic cancer vaccination trials reaching phase 3 until very recently were either
complete failures or showed only marginal benefit. In contrast, there is a large number
of phase II or earlier clinical trials, and case reports, reporting therapeutic vaccination with
tumor antigens, viral, mutated, tumor-associated or tissue-specific, leading to antigen
specific T cell responses associated with clinical benefit, especially when efficient
adjuvants had been used. Since analysis of T cell responses of melanoma patients
responding to checkpoint inhibition indicated neoantigens as targets of such
therapeutically effective T cells, efforts are now concentrating on developing vaccination
strategies against such antigens. Taking into account several published and unpublished
sources analyzing the physical presence of neoantigens on tumors, it can be estimated
that only between 0.1 and 1 percent of exome mutations can be detected as neoantigens.
However, tumors regularly present non-mutated tumor associated peptides with highly
tumor specific expression which also can be useful for vaccination. For both categories,
the approach needs to be personalized with few exceptions, since both mutated as well
as non-mutated tumor specific HLA ligands are different in every patient. Analyzing the
entire detectable landscape of HLA ligands on tumor samples, consisting of up to 10000
and more non-mutated peptides per sample, we do find dozens to hundreds of peptides
in germline sequence with apparently tumor specific expression, based on the absence of
these peptides on adjacent autologous benign tissue and absence on a large number of
normal tissue samples from all organs and tissue types available for analysis, all, of course,
within the sensitivity limits of our technology, tandem mass spectrometry. The population
of these tumor peptides is highly different between patients, and includes “cryptic”
peptides from non-canonical protein sources. Many of these apparently tumor specific
peptides are immunogenic, as tested by in vitro priming experiments with human T cells
from healthy donors. We suggest that germline sequence HLA ligands with tumor specific
expression should be efficient as targets for personalized antigen specific
immunotherapy, combined with mutated neoantigens, if one finds them. Critical will be
the use of efficient vaccine delivery, powerful adjuvants (which we now have in form of
the TLR2/ ligand XS15), and possibly combination with checkpoint inhibition or other
immunomodulation.
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Biographical Sketch of Hans-Georg Rammensee
Professor Dr. Hans-Georg Rammensee took up his studies of biology at the Eberhard Karls
University in Tübingen in 1974. In 1982 he completed his PhD at the Max Planck Institute
for Biology in Tübingen in the group of Professor Dr. Jan Klein. Following his postdoctoral
studies at the Scripps Institute in La Jolla and at the Basel Institute of Immunology,
Professor Rammensee again joined the Max Planck Institute for Biology where he was
group leader of the laboratory of immunology from 1987 to 1993. During this time,
Professor Rammensee also assumed teaching responsibilities at the University of
Tübingen.
From 1993 to 1996 Professor Rammensee was Head of the Department of Tumor-Virus
Immunology in the German Cancer Research Center (DKFZ), and was also Professor at the
University of Heidelberg.
At present, Professor Rammensee is Head of the Department of Immunology at the
University of Tübingen. He was chair of the SFB 685 (Collaborative Research Centre) from
2005 until 2017, and corrently is deputy site coordinator of the German Consortium for
Translational Cancer Research (DKTK), and co-chair of the Excellence Cluster 2180, iFIT.
Professor Rammensee is author of more than 400 articles, many of which have been
published in top international journals including Nature, Cell and Science. For many years
he has also been co-editor of several journals including Immunogenetics, Cellular and
Molecular Life Science, European Journal of Immunology and others. He has received
many prizes and awards, among them the Gottfried Wilhelm Leibniz-Prize of the DFG in
1992, the Paul Ehrlich and Ludwig Darmstaedter Prize in 1996, the Hansen Family Award
(Bayer Science and Education Foundation) in 2013, the German Cancer Aid Award in 2014,
the Ernst Jung Prize for Medicine in 2016, and the Landesforschungspreis BadenWürttemberg 2020.
Professor Rammensee’s work on MHC molecules and associated peptides is perceived to
be a milestone in the history of immunology. Currently, he is dedicated to furthering the
development of individualized cancer immunotherapy.
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Sebastian Amigorena
Institut Curie, Université Paris Sciences et Lettres,
INSERM U932, 75005 Paris, France
“Can transposable elements be tumor-specific antigens?”
Abstract
Pierre-Emmanuel Bonté*, Yago A. Arribas*, Antonela Merlotti, Montserrat Carrascal, Elina
Zueva, Christel Goudot*, Sebastian Amigorena*
Institut Curie, Université Paris Sciences et Lettres, INSERM U932, 75005 Paris, France.
Biological and Environmental Proteomics, Institut d’Investigacions Biomèdiques de Barcelona-CSIC,
IDIBAPS, Roselló 161, 6a planta, 08036 Barcelona, Spain.
*These authors contributed equally.

The identification of tumor-specific antigens is crucial to understand anti-tumor immune
responses and to develop effective cancer immunotherapies. In search of antigens that
are both tumor-specific and shared between patients, we analyze here transposable
elements (TEs) selectively expressed in glioblastoma (GBM). We developed a
proteogenomic pipeline that combines analyses of single cell transcriptomics on primary
tumors (to address tumor-specificity), of tumors vs. healthy tissues from patient cohorts
(to establish wider specificity and recurrence) and immunopeptidomics (to identify actual
peptide-coding TEs). We thus identified 370 HLA-I-bound peptides encoded by TEs,
allowing a comprehensive analysis of the landscape of TEs yielding HLA-I-restricted
peptides in tumors. We found that HLA-I presented peptides are preferentially encoded
by a few LINE-1, ERV and SVA subfamilies. Most HLA-presented peptides are encoded by
single, relatively old unique TEs in the genome, while some peptides are encoded by up
to several thousand “redundant” genomic occurrences from young LINE-1 subfamilies.
We conclude that a subset of unique and redundant peptide-coding TEs are specifically
expressed in GBM tumor cells, providing potential tumor-specific, recurrent targets for
immunotherapy.
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Biographical Sketch of Sebastian Amigorena
Sebastian Amigorena obtained his PhD in Paris in 1990. After a 3 years post doc at Yale
University, he returned to Paris in 1995 and started an Inserm AVENIR group together
with Christian Bonnerot. From 2003 to 2021, he headed the Immunology Department
(INSERM U932, “Immunity and Cancer”) at the Curie Institute; in 2017 he founded the
Centre for Cancer Immunotherapy. Sebastian Amigorena’s main scientific interest
overlaps immunology and cell biology. In his graduate and post-doctoral studies, he
analyzed the functions of IgG receptors and described the molecular basis of their
inhibitory properties. Sebastian Amigorena is today an expert in antigen presentation and
cross presentation in dendritic cells. He analyzed dendritic cells’ endocytic and phagocytic
pathways and described several unique specializations of both pathways. Sebastian
Amigorena and his team also made significant contributions to the analysis of cytotoxic T
cells dynamics in vivo, during the initiation of immune responses in lymph nodes and
during the invasion and rejection of solid tumors. More recently, he has contributed to
understanding the epigenetic programing of T cell memory. Today, the team studies
transposable elements, the regulation of their expression and their roles in anti-tumor
immunity.
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Craig L. Slingluff
Surgery Division of Surgical Oncology - Breast and Melanoma
Surgery Director, Human Immune Therapy Center University of
Virginia Charlottesville, VA, USA
“Infiltration of vaccine-induced T cells into melanoma metastases
may be increased by intratumoral immune modulation”
Abstract
Authors: Craig L. Slingluff, Jr, Christine A. Tran, Kevin T. Lynch, Max O. Meneveau
University of Virginia, Charlottesville, Virginia, USA

Abstract
Background: Melanoma regression relies on melanoma-reactive T cells and their ability to
infiltrate tumor. Melanoma vaccines increase circulating T cells, but a question is if
circulating vaccine-induced T lymphocytes home to tumor. It was hypothesized that
circulating vaccine-induced T lymphocytes infiltrate melanoma metastases and
intratumoral IFNγ or topical TLR7 agonist may enhance infiltration. Methods: Patients
enrolled on two clinical trials [Mel51 (NCT00977145); Mel53 (NCT01264731)] received
vaccines containing 12 class I MHC-restricted melanoma peptides and class II MHCrestricted tetanus toxoid-derived helper peptide in incomplete Freund’s adjuvant, while
providing blood samples. On Mel51, tumor was injected with IFNγ on day 22, and biopsied
on days 1, 22, and 24. On Mel53, a TLR7 agonist (imiquimod) was applied to dermal
metastases daily for six weeks. Tumors were biopsied on days 1, 22, 43. DNA was
extracted from peripheral blood mononuclear cells (PBMC) pre-vaccination and at peak T
cell response, which underwent T cell receptor (TCR) sequencing. DNA was extracted from
sampled tumor biopsies, which underwent TCR sequencing. Tumor sequences were cross
referenced with PBMC sequences for overlapping TCR clonotypes present in tumor postvaccination but not pre-vaccination.
Results: Six patients had T cell responses to vaccination (Mel51 n = 4, Mel53 n = 2) based
on IFNγ ELIspot assays and were evaluated for circulating vaccine-induced T lymphocytes
(cVILs) and vaccine-induced tumor infiltrating lymphocytes (VITILs). All had new or
expanded cVIL clonotypes post-vaccination. A subset of those cVIL clonotypes were
absent in pre-vaccine tumor but were in tumor post-vaccination and are considered
VITILs. Three Mel51 patients had new or expanded TCR sequences in tumor postvaccination and prior to IFNγ (median = 13, range = 0-24) but these represented only a
small fraction of TILs. VITILs increased after IFNγ injection for tumors evaluable on day 24
(median = 49 (11-74)). Mel53 patients also had increases in the number of T cell
clonotypes in tumor post-vaccination (median = 33 (2-64)). In both studies, VITIL
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clonotypes found on day 22 persisted in later tumor biopsies. For one patient in each trial,
both treated and untreated tumors were compared and revealed increased VITIL
clonotypes in treated tumors.
Conclusion: Melanoma vaccines induce expansion of new T cell clones, a subset of which
infiltrate melanoma metastases in small numbers. Intratumoral IFNγ or topical imiquimod
increases VITILs. These data highlight the challenges faced by vaccines to induce T cells
that can infiltrate metastases, and suggest that combination of vaccination with
intratumoral immune modulation may enhance tumor infiltration and may increase the
prospect for immune-mediated tumor control.

Biographical Sketch of Craig L. Slingluff
Dr. Craig Slingluff is the Joseph Helms Farrow Professor of Surgery at the University of
Virginia Health System, and Director of the Cancer Center’s Human Immune Therapy
Center. He has 30 years’ experience at the University of Virginia as an independent
investigator in cancer immunology and immunotherapy. His initial research studies
defined human melanoma antigens recognized by T cells. Since then, his primary research
focuses have been on developing melanoma vaccines, understanding immune function
within the cancer microenvironment, and performing clinical trials of combination
immunotherapy to improve survival of patients with melanoma and other cancers. Since
1996, he has run more than 25 investigator-initiated clinical trials, most for melanoma
peptide vaccines, with intensive immunologic correlates in multiple tissue compartments.
Another major focus of his work is on characterizing the metastatic melanoma
microenvironment for molecular mediators of immune dysfunction vs. tumor rejection.
As a surgical oncologist, he facilitates collection of human tumor tissue for research. He
has mentored over 20 research fellows and he has been funded continuously by U.S.
federal grants since 1992 and also is program director for the University of Virginia’s
Surgical Oncology T32 training grant from the NCI. Major scientific contributions have
included: Identification of Class I MHC-restricted peptides recognized by cancer-reactive
T-cells, development of a multipeptide vaccine for induction of CD4+ helper T cell
responses to melanoma; development of methods for monitoring T cell responses to
vaccines at a vaccine-draining node (sentinel immunized node, SIN); definition of T-cell
retention and dysfunction at the vaccine-site microenvironment (VSME); and defining
features of the tumor microenvironment (TME) that are prognostic, may predict response
to immune therapies, or that may be targeted for modulation.
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Frank Momburg
Antigen Presentation and T/NK Cell Activation Group,
Clinical Cooperation Unit Applied Tumor Immunity,
German Cancer Research Center (DKFZ), Heidelberg, Germany

“Towards neoepitope-specific TCR discovery using
recombinant MHC molecules”

Abstract
Individual mutations in tumor-expressed proteins represent attractive targets for peptidespecific T cell receptors (TCR) employed in adoptive T cell therapy regimens since they are
unique to the transformed cell population. If checked against cross-reactivity to wild-type
peptides, such neoepitope-specific TCR bear a low risk of inadvertent reactivity with
normal tissues, whereas TCR directed against non-mutated oncofetal or differentiation
antigens can potentially pose a significant safety risk.
Ongoing efforts of a TCR study group at the NCT/DKFZ Heidelberg will be reported to
establish an effective workflow leading to the identification of neoepitope-specific T cell
receptors with the goal to produce autologous TCR-transgenic T-cell products for adoptive
cell therapy. Using exome and tumor mRNA sequencing data, point mutations as well as
frameshift mutations are identified. In silico prediction algorithms are employed to
identify the most promising neoepitope ligands for each of the patients’ six HLA-A,-B,-C
molecules. If feasible, HLA molecules are also immunoprecipitated from resected tumor
material and eluted peptides analyzed by mass spectrometry in order to identify in vivo
processed and presented peptides. Regularly patients are vaccinated with a pool of 10-15
25-mer peptides with centered point mutation.
In a first approach, long synthetic peptides (25 a.a.) or pools of short peptides (8-11 a.a.)
representing selected putative neoepitopes are used together with patient-derived
dendritic cells or CD40L-expanded B cells as antigen-presenting cells (APC) for the
restimulation of T cells from peripheral blood, or tumor-infiltrating lymphocytes if
available. Alternatively, CD8+ and CD4+ T cells are restimulated with tandem minigenetransfected APC. Neoepitope specificity is confirmed by T cell activation markers or
ELIspot analysis. T cell populations enriched for 4-1BB or OX40 activation marker
expression are subjected to single-cell TCR sequencing. The specificity of identified TCRs
is confirmed by expression in TCR-deficient Jurkat reporter cells stimulated by peptidepulsed antigen-presenting cells. TCR-transduced patient T cells are validated in
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cytotoxicity assays with an autologous tumor cell line or tumor explants if respective
material is available.
In another approach, we identify rare neoepitope-reactive T cells directly from peripheral
blood by using multimers of peptide-loaded soluble HLA-A,-B,-C allelic variants
(easYmers®) in a highly sensitive, multiplex dual-color staining approach after
systematically evaluating libraries of predicted mutant peptides for successful MHC-I
complex stabilization. In addition, in-house produced, recombinant MHC-I single-chain
trimers tethered with mutant or wild-type peptides as well as peptide-loadable 2microglobulin/heavy chain single-chain dimers are incorporated in fluorochrome-tagged,
streptavidin-based MHC-I multimers for the screening of neoepitope-reactive CD8+ T cells.
Staining protocols with peptide-loadable MHC-II multimers are under development. In
agreement with published reports, MHC-I multimer-binding T cells representing only ca.
1% of tested putative neoepitopes could be identified, whereas T cell responses to viral
control epitopes were consistently detected and amplified by restimulation. So far, we
have been able to clone and characterize neoepitope-reactive TCR from T cells of four
solid cancer patients which were, however, mostly MHC-II-restricted. By rigorously
employing peptide-loaded MHC-I multimer libraries we hope to improve success rates for
the discovery of personalized neoepitope/MHC-I-specific TCR in the future.

Biographical Sketch of Frank Momburg
After training in medical pathology as a physician scientist, Frank Momburg joined the
Institute for Immunology and Genetics (Günter Hämmerling) at the German Cancer
Research Center (DKFZ) in 1990 where he worked on basic principles in the MHC-I and
MHC-II antigen presentation pathways. As a visiting scientist he had stays at the ICRF,
Cambridge, UK, the Netherlands Cancer Institute, Amsterdam, and the John Curtin School
of Medical Research, Canberra, Australia. From 2008-2015 he was group leader in the
Division of Translational Immunology, and from 2015 until now he heads the Antigen
Presentation & T/NK Cell Activation Group at the DKFZ associated with the Clinical
Cooperation Unit Applied Tumor Immunity. He recent interests have been adaptive NK
cells, bispecific antibodies redirecting T cells or NK cells towards tumor cells, and peptideMHC-I driven discovery of TCR with specificity for tumor neoepitopes.
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Mary Carrington
Frederick National Laboratory
National Cancer Institute
Ragon Institute of MGH, MIT, Harvard, USA
“The influence of HLA class I signal peptide polymorphism on
HLA-E-mediated regulation of NK cells"

Abstract
HLA-E is a non-classical HLA class I (HLA-I) molecule that binds nonamer epitopes, VL9,
derived from HLA-A, -B, -C, and -G signal peptides (SP) and serves as a ligand to inhibitory
CD94/NKG2A and activating CD94/NKG2C receptors expressed on NK cells. We
systematically determined the relative influence of polymorphism within all common
HLA-I SPs across populations (>0.7%) on their ability to facilitate HLA-E cell surface
expression and CD94/NKG2A(C)-HLA-E engagement. Among the 16 common classical
HLA-I SP variants, only six provided epitopes to HLA-E enabling CD94/NKG2A binding in
our assay, including three HLA-A, one HLA-B, and two HLA-C SP variants, which we termed
“functional SPs”. Notably, the single functional HLA-B SP, also known as HLA-B -21M
variant, induced high expression of HLA-E, but associated with the lowest receptor
recognition relative to the other five functional SPs. Frequencies of the functional SP
variants among humans correlate positively with frequencies of the corresponding
cytomegalovirus mimic VL9 sequences, supporting a model of viral escape from host
effector cell responses. The systematic, quantitative nature of these data will be used in
prediction algorithms for measuring the impact of CD94/NKG2A(C)-HLA-E interactions in
disease resistance/susceptibility.
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Biographical Sketch of Mary Carrington
Dr. Mary Carrington is the Director of the Basic Science Program at the Frederick National
Laboratory for Cancer Research (FNLCR), where she is responsible for the oversight of a
diverse group of scientists performing investigator-initiated basic research in cancer and
AIDS. She is also a senior Principal Scientist within the Laboratory of Integrative Cancer
Immunology of the National Cancer Institute. Dr. Carrington is a Steering Committee
member of the Ragon Institute of MGH, MIT, and Harvard. Her lab’s primary research
focus is to determine the influence of host immunogenetic variation in cancer,
autoimmunity and infectious disease pathogenesis.
Dr. Carrington obtained her M.S. and Ph.D. in Immunobiology from Iowa State University.
She performed her postdoctoral studies in the departments of Immunology and
Microbiology at Duke University and the University of North Carolina, after which she
joined the Immunology Department at Duke University as a faculty member. She moved
to the National Cancer Institute at Frederick (NCI-Frederick), now the FNLCR, in 1989.
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Alessandro Sette
Center for Infectious Disease and Vaccine Research, La Jolla
Institute for Immunology (LJI) / Department of Medicine, Division
of Infectious Diseases and Global Public Health, University of
California, San Diego, La Jolla, USA

“Adaptive responses to SARS CoV2 and its variants, in
natural infection and vaccination”

Abstract
I will present data from several studies performed in the last two years. The results show
that SARS CoV2 infection induces a multi-specific and multifunctional adaptive responses
which is durable over the 6-8 months period. Neutralizing antibodies are likely key to
protect from infection, but substantial contributions of T cells are likely at the level of
protection from disease. Side-by-side longitudinal comparison of different vaccine
platforms reveals durable B and T cell responses, and allow correlation with vaccine
efficacy. T cell reactivity is largely preserved at the level of SARS CoV2 variants, including
Omicron and Delta.
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Biographical Sketch of Alessandro Sette
Dr. Alessandro Sette has devoted more than 35 years of study towards understanding the
immune response, measuring immune activity, and developing disease intervention
strategies against cancer, autoimmunity, allergy, and infectious diseases. Dr. Sette is
currently a Member and Head of the La Jolla Institute for Immunology
(LJI) Division of Vaccine Discovery as well as chair of the Institute's Center for Infectious
Diseases. Dr. Sette has a doctorate in Biological Sciences from the University of Rome and
did postdoctoral work at the National Jewish Center for Immunology and Respiratory
Medicine in Denver, Colorado. In 1988, Dr. Sette joined Howard Grey, M.D. at the newly
founded Cytel, in La Jolla, and was also appointed as an adjunct assistant professor at The
Scripps Research Institute. He founded Epimmune in 1997, where he served both as Vice
President of Research and Chief Scientific Officer until 2002, when he joined LJI.
Dr. Sette is a leader in the field of T cell epitope-MHC interactions, beginning with
his contribution to the discovery of the biological function of MHC in the mid 80s to mid
90s. From those studies he and his collaborators further developed the notion that
different MHCs have distinct binding specificities that can be used to predict epitopes.
The Sette group also discovered and characterized how MHC variants can be grouped
according to broad common functional specificities (MHC supertypes), greatly facilitating
epitope classification, characterization and understanding the basic rules of epitope-MHC
interactions. At the same time, several studies have outlined the fine specificity of
different closely related alleles, in some cases clearly associated with predisposition to
disease resistance or susceptibility.
The laboratory is defining in chemical terms the specific structures
(epitopes) that the immune system recognizes, and uses this knowledge to measure and
to define the immune signatures associated with productive/protective immunity versus
deficient immunity/immunopathology. The laboratory’s broad disease focus is ranges
from HIV, HBV, HCV and emerging diseases to dengue viruses, malaria and tuberculosis.
Furthermore, Dr. Sette’s team has adapted the methods and techniques
developed in the context of infectious disease to understand the T cell response to
common allergens. These efforts have resulted in the discovery of previously unknown
human T cell epitopes that may be key in the initiation of allergic responses, and to the
development of biochemical and bioinformatic tools that have been used to map the
human T cell response to a large panel of common allergens.
Finally, Dr. Sette has overseen the design and curation efforts of the national
Immune Epitope Database (IEDB), a freely available, widely used bioinformatics resource,
since its inception in the early 2000s.
The IEDB catalogs all epitopes for humans, non-human primates, rodents, and other
vertebrates, from allergens, infectious diseases, autoantigens and transplants, and
includes epitope prediction tools to accelerate immunology research around the world.
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Søren Buus
Department of Immunology and Microbiology,
University of Copenhagen, Denmark

“Global screening of CD4+ and CD8+ T cell epitopes using
Yellow Fever virus as a model system”

Abstract
The strong and brisk T cell responses that can be induced by vaccination with the live
attenuated Yellow Fever Virus (YFV) vaccine, YF17D-204, was used to perform concurrent
CD4+ and CD8+ T cell epitope discovery in a global and unbiased manner. 850 overlapping
peptides representing the entire YFV proteome, distributed into 4x(15x15) peptide
matrices, were screened for CD4+ & CD8+ T cell stimulation in 210 primary YFVvaccinated, HLA-typed donors. The resulting T cell stimulatory peptides were submitted
to our NetMHC series of peptide-HLA class I and II predictors to suggest possible T cell
epitopes and HLA restriction elements. This information was used to generate suitable
peptide-HLA tetramers and validate T cell epitopes. 92 and >40 YFV-specific, CD8+ & CD4+
T cell epitopes, restricted by 40 and 14 HLA class I and II allotypes, respectively, were
identified. More than 30% of these T cell epitopes induced strong and prevalent (i.e.,
immunodominant) T cell responses. The broad coverage of epitopes and HLA overcame
the otherwise confounding effects of HLA diversity and provided the first evidence of T
cell immunodomination in humans. Using multiple peptide-HLA class II tetramer,
representing different N- and C-terminally extended peptide variants, we also observed a
solid diversification of CD4+ T cell responses; something that could reduce the risk of
pathogen escape. Future investigations of emerging pathogens should include
population-wide T cell epitope discovery using blood samples from patients,
convalescents and/or long-term survivors, who should carry important information on T
cell epitopes and responses. Identifying panels of immunodominant epitopes
representing the most common HLA allotypes could be used for diagnostic and monitoring
purposes. Finally, this unbiased screening for T cell epitopes in Yellow Fever virus
establishes a reference for future research (e.g., assessing predictors of immunogenicity).
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Biographical Sketch of Søren Buus
My research interests focus on antigen presentation and MHC-restricted T cell recognition
with a special emphasis on peptide-MHC interactions. Having been involved in the early
biochemical demonstration of specific binding of peptides to MHC, my collaborators and
I started a systematic analysis of the peptide binding specificities of the highly
polymorphic MHC system. We generated a large cohort of recombinant MHC class I and
II molecules and the corresponding peptide-MHC binding assays and data. We have used
the resulting data to develop the NetMHC predictors of peptide-MHC class I and II binding,
and the resulting MHC molecules to generate peptide-MHC class I and II complexes and
multimers. With the successful development of pan-specific predictors of peptide-MHC
class I and II interaction, we have achieved the goal of mapping the polymorphic
specificities of human and well as non-human MHCs.
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Steven GE Marsh
Anthony Nolan Research Institute & UCL Cancer Institute,
Royal Free Campus, London, United Kingdom

“HLA diversity and its role in the successful outcome
of haematopoietic cell transplantation”

Abstract
The HLA genes are encoded within the human Major Histocompatibility Complex (MHC)
on the short arm of chromosome 6 (6p21.3) are hyperpolymorphic with over 33,000 allelic
variants described to date. The sequences together with other metadata is available
through the IPD-IMGT/HLA Database, a resource that was first released in 1998, and has
facilitated the transition from HLA typing by traditional serological methods to the ultrahigh-resolution next-generation sequencing that has become the standard today. The
database acts as a tool for the WHO Nomenclature Committee for Factors of the HLA
System that assign official gene and allele nomenclature. The move to sequencing-based
HLA typing has revolutionised the matching of donors with patients undergoing
haematopoietic cell transplantation, with much improved outcomes for patients.
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Biographical Sketch of Steven GE Marsh
Professor Steven GE Marsh BSc ARCS PhD FRCPath
Chief Bioinformatics and Immunogenetics Officer, Anthony Nolan Research Institute &
Professor of Immunogenetics, UCL Cancer Institute, London
Professor Marsh is Chief Bioinformatics and Immunogenetics Officer and Deputy Director
of Research at the Anthony Nolan Research Institute and Co-Director of Anthony Nolan’s
Histocompatibility Laboratory. He is also Professor of Immunogenetics at University
College London and Chairman of the World Health Organization (WHO) Nomenclature
Committee for Factors of the HLA System, and the WHO/IUIS Nomenclature Committee
for Killer-cell Immunoglobulin-like Receptors (KIR). Formerly he was President of the
International HLA and Immunogenetics Workshop, President of the European Federation
for Immunogenetics (EFI) and President of the British Society for Histocompatibility and
Immunogenetics (BSHI). In 2016 he became Editor-in-Chief of the journal HLA (formerly
Tissue Antigens). The aim of his research group is to improve the outcome of
haematopoietic stem cell transplantation by understanding genetic differences,
particularly the matching of HLA and KIR genes, between patients and donors. This work
is undertaken by both bioinformatics and laboratory-based projects. He initiated the IPDIMGT/HLA and IPD-KIR Databases, which are the worldwide resource for HLA and KIR
sequences.
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Sophie Limou
Université de Nantes, CHU Nantes, Inserm,
Centre de Recherche en Transplantation et Immunologie,
UMR 1064, ITUN, Nantes, France
“Promoting HLA-centric analyses in genomics: HLA tools
and applications in biomedical research”

Abstract
The MHC genomic region has been repeatedly associated with numerous immune-related
pathologies by investigating HLA alleles directly or GWAS SNPs. Here, we propose a
technical overview of available HLA tools to empower the immunogenetics community to
run MHC-focused association analyses. We also exemplify the use of HLA tools in specific
immune-related studies (asthma, SARS-CoV2 infection, renal glomerulopathy).
As the HLA system nomenclature and typing methods have constantly evolved over the
past decades, the biomedical datasets collected across the globe exhibit heterogeneous
levels of completeness and resolution, which limits their exploitation. We have
implemented the HLA-Upgrade tool to statistically infer high-resolution HLA typing from
incomplete or low-resolution HLA typing data using a large reference population of 600K
HLA haplotypes with their respective frequency. Nowadays, NGS-driven HLA typing
technologies are the gold standard, but alternative statistical solutions have been
developed to infer HLA alleles directly from SNPs through machine learning algorithms in
order to circumvent the efforts and high costs of HLA typing. The immunogenomics
international community has gathered in the SNP‐HLA Reference Consortium to further
improve and broaden access to highly accurate HLA imputation models. To expand HLA
analyses beyond allelic associations, we have developed the HLA-2-Haplo tool to predict
HLA 5-gene haplotypes and additional functional immunogenetic parameters including
amino acids and KIR ligand groups. Finally, we have also implemented tools for
transplantation applications to compute the number of epitopic mismatches between
potential donors and a recipient (HLA-Epi), and to guide the search of suitable unrelated
donors in hematopoietic stem cell transplantation (EasyMatch-R).
Our tools are freely accessible from the Easy-HLA web-suite, along with HLAfix, a free R
package with visualization options to run HLA-centric association studies.
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Biographical Sketch of Sophie Limou
Dr Sophie Limou, PhD is an associate professor in Centrale Nantes at the Nantes University
(France) and the head of an interdisciplinary research group in the Center for Research in
Transplantation and Translational Immunology (CR2TI). She trained as a molecular
geneticist in HIV-related association studies in Paris and spent 6 years at the National
Institutes of Health (NIH) in Frederick MD (USA). Her research projects are at the
crossroads between human genomics, immunology, biostatistics and bioinformatics. Her
major research interests focus on characterizing the immunologic, HLA and genetic
determinants of infectious diseases, nephropathies, and transplantation failure.
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Olaf Rötzschke
Singapore Immunology Network (SIgN), Singapore

“ Lessons from cavemen: epigenetic recombination guides
and a frozen MHC”

Abstract
The HLA gene locus is by far the most polymorphic region in the human genome. To learn
more about the cause of this incredible diversity we analysed the recently sequenced
genome of Denisovans, an extinct species of archaic humans ranging across Asia during
the palaeolithic age. As close relatives of Neanderthals they split from homo sapiens
during the palaeolithic age, which provided a time window of about 800,000 years for
genetic rearrangements. One mechanism known to be particularly effective in diversifying
gene families is ‘gene conversion’ or non-crossover (NCO). It refers to a specific type of
homologous recombination in which only short tracks of DNA (~1 kbp) are exchanged,
which typically affects only one or few SNPs (‘point recombination’). While it was assumed
to be a stochastic process randomly occurring throughout the entire genome, our analysis
of 1.9 million archaic SNPs revealed a stunning bias with regard to the functional ‘value’
of the respective region: high NCO rates were observed in splice sites, exons, 5’- and 3’UTRs, as well as CpG islands, while low rates were evident in ‘dead’ sections such as
introns and quiescent intergenic regions. A detailed breakdown with published ChIP-Seq
data revealed certain epigenetic modifications to be closely associated with these
recombination events. Particularly high rates were detected in ‘poised’ bivalent regions
tagged with histone marks H3K27me3 & H3K4me1 and 5-hydroxymethylcytosine (5hmC).
The latter appear also in recently opened gene loci, potentially opening a backdoor for
Lamarck-like evolution. While these patterns were evident throughout the entire genome,
only one region appears to be excluded - the HLA locus. With regard to recombination this
site appears to ‘frozen’, which might be reflected also in the in the exceptional length of
the haplotypes in this region (~ 4.3 Mbp).
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Biographical Sketch of Olaf Rötzschke
Olaf Rötzschke is an expert in cellular immunology, immune regulation and immune
genetic. He started his scientific carrier in the group of Hans-Georg Rammensee at the
‘Max-Planck Institute of Biology', where he isolated here the first natural T cell antigens
and resolved their primary structure. After joining the group of Jack Strominger at the
‘Harvard University' he carried out studies on the immune-modulation by CD4+ T cells,
followed by studies on antigen-presentation, MHC ligand-exchange and the
characterization of regulatory T cells (Treg) at the ‘Max-Delbrück-Center' in Berlin. After
joining the ‘Singapore Immunology Network’ (SIgN) in July 2008 the focus shifted to
immune-genetics and cohort-based systems biology studies of allergy-related pathways.
More recently the focus of research shifted back to T cell-based tumor immunity and
tumor immune therapies. In parallel to his own research group, he is also heading with
‘Mass Cytometry” and “Multiplex Analysis of Proteins” two technology-platforms of the
Immuno-monitoring service portfolio offered by SIgN.
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Improving HLA imputation in admixed population with UMAP dimension reduction
Venceslas Douillard, Nayane S. B. Silva, Sophie Limou, Pierre-Antoine Gourraud, Erick C.
Castelli, Nicolas Vince
Nantes Université, CHU Nantes, Inserm, Center for Research in Transplantation and
Translational Immunology, UMR 1064, ITUN, Nantes, France.
Genotyping and sequencing improvements confirmed the important role of Human
Leukocyte Antigen (HLA) in genome-wide association studies, as 20% of traits have an
association within this locus. To cut the time and cost of HLA typing, algorithms such as
HIBAG, allow predicting HLA alleles from Single Nucleotide Polymorphisms and a
reference panel. However, HLA genes high polymorphism and reference panels of mainly
European composition are a challenge for studying more diverse populations. The SNPHLA Reference Consortium (SHLARC) aims to strengthen HLA association studies by
improving HLA imputation with custom models. We built models using the 1,000
Genomes (1KG) dataset (n=2,504 from diverse ancestry) as training and using AfricanAmerican individuals (n=880) as a test sample. They consisted of the full dataset (n=2,504),
and subsets of 200 individuals: super-population, or individuals genetically close to the
target population. We defined genetically close individuals with dimension reduction (PCA
or UMAP). Among subset models, we identified custom conditions that outperformed
other reference panels of 1KG in terms of F1 score, a metric averaging precision and recall.
For HLA-B, custom datasets have a mean F1 score near 0.45, whereas other studied
models are between 0.10 and 0.35 (except the full dataset, 0.58). We identified alleles
that were correctly imputed by our custom models, but absent from the full model.
Unfortunately, such HLA alleles have lower imputation probabilities in custom models: it
is impossible to merge both to improve results. We highlight the need to create a larger
reference panel. We conclude that custom models from different, but genetically close
populations are not to be preferred to large multi-ethnic panels. The crucial point is the
overlap of the HLA allele between training and target data. Relying on more individuals,
and therefore HLA alleles, may slightly decrease HLA imputation of rare alleles but is
overall more accurate.
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Development and Characterization of DR2- & DR51-Specific Antibodies for Multiple
Sclerosis (MS) Research
Julie T Nguyen1, Mike Chen1, Remi Shih2, and Jar How Lee2
1. One Lambda, Inc., a part of Transplant Diagnostics Thermo Fisher Scientific, 22801
Roscoe Blvd., West Hills, CA 91304, USA. 2. Terasaki Innovation Center (TICTX)
Human Leukocyte antigen HLA-DR2 haplotype has been shown to be associated with MS
disease. Its involvement is thought to be mediated from the peptide binding within the
groove of DR2a and DR2b peptidome complex. However, DR2 (DRB1*15 and DRB1*16)
and DR51 (DRB5) not only are tightly linked on the common DR2 haplotype but are also
highly homologous, and the contribution of the peptides captured by either DR2 or DR51
to the disease is difficult to assess. Development of antigen-specific monoclonal
antibodies to separate the DR2 and DR51 proteins from the patients through antigenspecific affinity columns is desired. The DR2 specific monoclonal antibody was generated
from mouse hybridoma immunized with EBV transformed B cells and screened by
cytotoxicity assay. This was followed by making DR51 using purified recombinant antigen
that underwent cytotoxic screening prior to testing against a HLA single antigen panel
(LABScreen LS2A01). Both DR2 and DR51 monoclonal antibodies are of IgG isotype. These
two monoclonal antibodies were shown to be specific without cross reactivity to each
other and are useful for affinity purification for the specific target protein. They might also
have applications for other MS-related research studies.
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Unique characteristics of AQP4-specific T cells in patients with AQP4+ neuromyelitis
optica spectrum disorder (NMOSD)
C.Saggau, P.Bacher, D.Esser, F. Leypoldt, K.-P. Wandinger, F. Paul, R. Martin, S. Fillatreau,
K. Schober, D. Busch, K. Stürner, J. Dargvainiene, A. Scheffold
Institute of Immunology, University Medical Center Schleswig-Holstein
Background: Neuromyelitis optica spectrum disorder (NMOSD) are a group of rare
antibody-mediated autoimmune diseases of the central nervous system with aquaporin4 (AQP4) representing the main antibody target. AQP4-specific T cells are centrally
involved in disease development including the T cell dependent generation of AQP4specific antibodies. However, their functional and molecular properties and peptide/HLA
specificities are poorly characterized due to technical limitations for their ex vivo
detection. Therefore, it is a fundamental challenge to define their exact contribution to
NMOSD pathogenesis and to develop new targeted immunotherapies.
Methods: We have used antigen-reactive T cell enrichment (ARTE) to characterize ex vivo
AQP4-specific CD4 T cells isolated from blood of patients and healthy controls. We
performed multiparameter cytometric characterization, single cell RNA-sequencing, T cell
cloning and re-expression of autoreactive T cell receptors (TCRs) to confirm specificity and
identify peptide/HLA class II recognition.
Results: AQP4-specific T cells were identified with high specificity as demonstrated by
AQP4-specific restimulation following cloning and/or re-expression via orthotopic T cell
receptor replacement. Multiple TCRs were identified in individual patients which
recognized the same peptide/HLA class II combination. In AQP4 antibody-positive NMOSD
patients specific T cells were slightly increased but displayed a unique molecular and
phenotypic pattern clearly distinct from AQP4 antibody-negative NMOSD patients and
healthy donors. In contrast to results from classical, proliferation-based assays, ex vivo
isolated AQP4-specific T cells demonstrate low proliferative capacity and decreased
cytokine production.
Conclusions: We established the ex vivo identification of autoreactive T cells via ARTE
allowing to characterize their unique molecular and functional features and TCR
specificities. This will contribute to a better understanding of the pathophysiological role
of autoreactive T cells and allow development of new therapeutic strategies for their
specific targeting.
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Characterization of autoreactive T cells in Guillain-Barré syndrome
Súkeniková L.1, Mallone A. 1, Sallusto F. 1,2, Ripellino P. 3, Schreiner B.4, Latorre D1.
1 Institute of Microbiology, ETH Zurich, Switzerland; 2 Institute for Research in Biomedicine,
Università della Svizzera italiana, Bellinzona, Switzerland; 3 Neurocenter of Southern
Switzerland, Ospedale Regionale di Lugano (EOC), Lugano, Switzerland; 4 University
Hospital Zurich, Department of Neurology
Introduction: Guillain-Barré syndrome (GBS) is considered an autoimmune disorder of the
peripheral nervous system (PNS) in which the contribution of pathogenic autoreactive T
lymphocytes targeting PNS antigens has been strongly supported by in vivo studies.
However, the underlying immune-mediated mechanisms in humans are far from clear.
Aims: The overarching goal of this study is to investigate the existence and to provide an
in-depth characterization of autoreactive T cells in GBS patients in order to shed light on
their contribution to the disease pathophysiology.
Methods and Results: By using a recently established sensitive workflow based on ex vivo
T cell screenings, generation of single T cell clones and TCR sequencing, here we reveal
the existence of self-reactive T cells in GBS patients. Memory CD4+ T cells targeting selfantigens of the peripheral nerves were detected in all GBS patients analyzed so far (n= 10),
whereas they resulted almost absent in healthy controls. Moreover, we have generated
and characterized more than 600 autoreactive single T cell clones showing that these cells
have a polyclonal TCR repertoire, target multiple epitopes of the self-antigens with some
immunodominant regions and are mostly HLA-DR restricted. Interestingly, some
autoreactive T cell clonotypes could be detected in matched blood samples from the acute
and recovery phases of the disease, thus pointing to a potential pathogenic role of
persistent PNS-reactive clones in GBS.
Conclusions: Collectively, our data provide the first solid description of self-reactive T cells
directed against PNS myelin proteins in GBS patients, thus further supporting the notion
of GBS as an autoimmune disease and opening new perspectives for biomedical
application.
Funding: This work is supported by grants from the Swiss National Science Foundation
PRIMA grant (PR00P3_185742) and the Swiss Foundation for Research on Muscle Diseases
(FSRMM).

56

International Symposium 2022 “HLA – in health and disease”

HLA/TCR interactions in malignant glioma: The desperate search for
unleashing effective T cell responses
Malte Mohme
Department of Neurosurgery, University Medical Center Hamburg-Eppendorf
Immunotherapeutic approaches in cancer aim to booster T cell mediated immune
responses. Tumor-specific T cells recognize target cells via human leukocyte antigen (HLA)
molecules before cell specific lysis is initiated. Malignant gliomas are known for their
immunoevasive and immunosuppressive properties which impede effective tumorspecific immune responses, including clinical responses to immune checkpoint inhibition.
Although tumor-infiltrating T cells can elicit an adaptive tumor-specific immune response
and have shown to impact overall survival, none of the immunotherapeutic strategies so
far was able to translate the success of immunotherapy in other tumor entities to the
neuro-oncological field. In this talk, we highlight current concepts of tumor-specific T cell
activation in malignant glioma. We discuss the role of somatic mutations in antigen
presenting pathway genes, the antigenic landscape presented by HLA molecules and the
role of the immunosuppressive tumor microenvironment, as well as systemic
immunomodulation on the tumor-specific T cell responses. This talk highlights the
multifaceted challenges in initiating and maintaining effective T cell responses in cancer,
and emphasized the unique immunobiology of the brain in the context of cancer evasion.
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Microbial Peptides Activate Tumor-Infiltrating Lymphocytes in Glioblastoma
Reza Naghavian1, Wolfgang Faigle1, Jian Wang1, Pietro Oldrati1, Yuhan Qiu1, Nora C.
Toussaint2, Gioele Medici3, Lena Freudenmann4, Hans-Georg Rammensee4, Silvio D.
Brugger5, Yingdong Zhao6, Marian C. Neidert3,7, Mireia Sospedra1, Roland Martin1
1 Neuroimmunology and MS Research Section (NIMS), Neurology Clinic, University of Zurich,
University Hospital Zurich, 8091 Zurich, Switzerland
2 NEXUS Personalized Health Technologies, ETH Zurich, 8952 Schlieren, Switzerland; Swiss Institute
of Bioinformatics, Zurich, Switzerland
3 Clinical Neuroscience Center and Department of Neurosurgery, University Hospital Zurich,
University of Zurich, 8091 Zurich, Switzerland
4 Department of Immunology, Institute of Cell Biology, University of Tübingen, 72076 Tübingen,
Germany; German Cancer Consortium (DKTK), Partner Site Tübingen, 72076 Tübingen, Germany;
Cluster of Excellence iFIT (EXC 2180) "Image-Guided and Functionally Instructed Tumor Therapies",
University of Tübingen, 72076 Tübingen, Germany
5 Department of Infectious Diseases and Hospital Epidemiology, University Hospital Zurich,
University of Zurich, Zurich, Switzerland
6 Computational and Systems Biology Branch, Biometric Research Program, Division of Cancer
Treatment and Diagnosis, NCI, NIH, Rockville, MD 20850, USA
7 Department of Neurosurgery, Cantonal Hospital St.Gallen, 9000 St.Gallen, Switzerland

Microbial organisms play key roles in a host of physiological processes and have recently
also been shown to modify the responses of various types of cancer to treatments with
radiotherapy and immune checkpoint inhibitors. Here, we show that HLA molecules of
both glioblastoma tissue and tumor cell lines display bacteria- and microbiota-derived
peptides. This observation prompted us to examine whether tumor-infiltrating
lymphocytes (TILs) recognize intratumoral microbiota. We show that HLA-DR-eluted
bacterial peptides are recognized by both TILs, albeit weakly, and peripheral bloodderived memory CD4+ T cells. Further, we show that HLA-derived bacterial peptides
enrich a population of peripheral memory CD4+ T cells, which recognize several tumor
antigens. As a second line of evidence, we identify by an unbiased target discovery
approach that a TIL-derived CD4+ T cell clone (TCC) responds to multiple tumor antigens
as well as bacterial
and microbiota-derived peptides. Recognition of the latter extends to other TIL-derived
CD4+ TCCs and also the bulk TILs. Our data demonstrate that peptides from bacteria and
commensal gut microbiota are presented within glioblastoma and that tumor-infiltrating
lymphocytes cross-recognize both tumor antigens and bacteria/microbiota-derived
peptides. These findings shed light on the involvement of bacteria and commensal
microbiota in the host immune response against glioblastoma and have interesting
implications for future vaccination approaches.
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T
The HLA Ligand Atlas - A resource of natural HLA ligands presented on benign tissues
Marian Neidert
Department of Neurosurgery, Cantonal Hospital St.Gallen, 9000 St.Gallen, Switzerland
The human leukocyte antigen (HLA) complex controls T cell immunity by presenting
defined fragments of the intracellular and extracellular protein content to immune cells.
We recently established the HLA Ligand Atlas, an extensive collection of mostly matched
HLA-I and -II ligandomes from 225 benign samples (29 tissues, 21 subjects). The initial
release covers 51 HLA-I and 86 HLA-II allotypes presenting 89,853 HLA-I- and 140,861 HLAII ligands. We observed that the immunopeptidomes differ considerably between tissues
and individuals on both source protein and HLA-ligand level. 1,407 HLA-I ligands stem
from non-canonical genomic regions. The resource provides insights into applied and
basic immune-associated questions in the context of cancer immunotherapy, infection,
transplantation, allergy, and autoimmunity. It is publicly available at www.hla-ligandatlas.org.
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Integration of the immunopeptidomics with other omics data
Marissa Dubbelaar
Department of Peptide-based Immunotherapy, University and University Hospital
Tübingen
Quantitative Biology Center (QBiC), Eberhard Karls Universität Tübingen
The collection of short MHC-bound protein fragments found on tumor or virus-infected
cells is different when compared to healthy cells. Extraction of the mass-spectrometrybased immunopeptidome is of importance to detect differences that could potentially
lead to the identification of disease-associated antigens. Additionally, integration with
next-generation sequencing data reveals i) mutations that could give rise to neo-epitopes
and ii) altered presentation of non-mutated peptides.
Since the development of computational workflows for immunopeptidomics is more
tedious than for next-generation sequencing, we want to highlight a workflow that
processes data-dependent immunopeptidomics data to raise awareness about a curated
analysis pipeline that leads to reproducible results. Furthermore, we describe how wholeexome and transcriptomics sequencing data play an important role in the interpretation
of the observed peptides.
Ultimately, we would like to propose the foundation of a standardized multi-omics
approach that could, through constant evaluation with active peers, lead to a better
definition and quality of immunopeptidomics analyses.
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Influence of signal peptide polymorphism on HLA class I cell surface expression.
Arman Bashirova1, Zhansong Lin1, Marjan Akdag1, Mathias Viard1, Nicolas Vince2, Mary
Carrington1.
1Basic

Science Program, Frederick National Laboratory for Cancer Research, Frederick,
MD, USA and Laboratory of Integrative Cancer Immunology, Center for Cancer Research,
National Cancer Institute, Bethesda, MD, USA; 2Université de Nantes, CHU Nantes,
Inserm, Centre de Recherche en Transplantation et Immunologie, UMR 1064, ITUN, F44000 Nantes, France.
Polymorphism in exon 1 of the HLA-A, HLA-B and HLA-C genes generates more than a
dozen distinct signal peptide (SP) variants with allelic frequencies >1% across human
populations.
SP variants may differentially regulate transport of newly synthesized HLA-I molecules
into the endoplasmic reticulum, potentially altering cell surface HLA-I expression levels.
To investigate this hypothesis, we expressed in .221 cells HLA-I hybrid molecules
composed of the sixteen common classical and three non-classical HLA-I SP variants
conjugated to the B*57:01 mature protein. Cell surface expression levels of B*57:01
varied in an SP-dependent manner with a range of > 10-fold. Analysis of cell surface
expression levels across 97 HLA-I allotypes transduced into .221 cells and of endogenous
HLA-C expression levels on CD3+ peripheral blood cells from 175 healthy donors indicated
that HLA-I expression levels are determined in part by SP sequence. In particular,
mutational analyses showed that glycine at position -9 in the SP substantially contributes
to the low expression levels of C*07 allotypes. Our findings provide new insights into
genetically regulated variation in HLA-I expression levels, which has been implicated in
multiple human diseases.
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Is there a direct functional relationship between the HLA-DRB1*15:01 promoter VDRE
region, Vitamin D level and Multiple Sclerosis? - An Update
Thomas M.C. Binder1, Antje Sieg1,Marco Schäfer2, Wolgang Peter2, Roland Martin3 &
Thomas H. Eiermann4
1
Institute for Transfusion Medicine, HLA Laboratory, University Medicine, Rostock, Germany
2
HLA Laboratory of the Stefan Morsch Foundation (SMS), Birkenfeld, Germany
3
Institut für Neurologie, Neuroimmunologie und MS Forschung, Universitätsspital Zürich,
Switzerland
4
Institute for Pathology, University Medical Center Hamburg-Eppendorf, Germany
Multiple sclerosis (MS) is considered a prototypic organ-specific autoimmune disease with
unknown etiology. Multiple potential risk factors including low vitamin D level and HLA,
particularly the DR15 haplotype (DRB5*01:01~DRB1*15:01~DQA1*01:02~DQB1*06:02),
have been identified. We found the study by Ramagopalan et al. (2009) about the regulation
of the MS-associated HLA-DRB1*15:01 expression and vitamin D interesting, because it
seemed to provide a plausible link between an environmental risk factor for MS, low vitamin
D and lack of sunlight exposure, and the major genetic risk factor, the DR15 haplotype. The
data presented in the study suggested that the presence of a specific vitamin D response
element (VDRE) is characteristic to DRB1*15:01. When we examined the sequences of the
DRB1 gene 5'-untranslated region (5'-UTR) sequences that have so far been deposited in the
IMGT/HLA Database (> 200), we were, however, disappointed. The putative canonical VDRE
sequence motif (GGGTGGAGGGGTTCA = VDRE1, nt. -85 to -63) that was reported in the article
above is present in most of the 5’-UTR sequences. Exclusively all HLA DR4, 7 and 9 alleles
showed a modified VDRE sequence motif (GGGTGGAGAGGGGTCA = VDRE2). Among the DRB3,
DRB4 and DRB5 alleles three other VDRE sequence motifs (GGGTGGAGGGGGGTCA = VDRE3,
GGGTGGAGGGGGGCCA = VDRE4 and GGGTGGAGGGGGATCA = VDRE5) exist.
To verify our findings, we looked for all DRB1 5’-UTR sequences published so far. Most of
these sequences contain the VDRE1 sequence motif, and only the DR4, 7 and 9 sequences
contain the VDRE2 sequence motif. Nolan et al. (2012) presented data about the promoter
(VDRE) sequences and the risk for MS. In this study the group of Nolan sequenced the DRB1
promoters of a large number of MS patients and healthy controls. They found the typical
VDRE1 sequence motif in most of the DRB1 alleles and the VDRE2 in HLA DR4, 7 and 9, only.
They postulated a protective impact of these three allele families, too. At the same time Liu
et al. (2011) published their study about the DRB1 5’-promoter and 3’-UTR. In the 5’-promoter
sequences, which the group of Xu had sent to GenBank, we found the same distribution of
the VDRE motifs 1 and 2, as above.
In 2012 Cocco et al., found in 45 of the 73 DRB1*03:01homozygous individuals from Sardinia
(Italy), the putative canonical VDRE in the promoter region of both chromosomes, while the
28 remaining individuals had heterozygous sequences, showing not only the canonical
sequence, but also another new VDRE sequence motif GAGTAGAGGG-AGGTCA = VDRE6.
Even though most DRB1 alleles carry the VDRE1 sequence motif, the link between vitamin D,
DRB1*1501 and MS remains in principle very interesting, but further investigation is clearly
needed to confirm a functional interaction between vitamin D levels and the expression of
MS-associated HLA-DR alleles. However, at this point there is no direct functional relationship
between the HLA-DRB1*15:01 promoter VDRE region, Vitamin D level and MS.
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High-throughput screening for class I peptide MHC binding via yeast surface display
Patrick Holec [1], Kathryn Breuckman [1], Michael Birnbaum [1]
[1] Department of Biological Engineering, Massachusetts Institute of Technology
Adaptive immune recognition is gated by the presentation of peptides by the major
histocompatibility complex (MHC). Peptides capable of stabilizing the MHC binding groove
are displayed via this surface-bound receptor for recognition by T cells. Despite its
immunological importance, only a limited number of high-throughput techniques can
screen for peptide-MHC binders. Furthermore, MHCs are extremely polymorphic so
peptide binding must be studied in an allele-specific manner. Here, a new yeast-based
platform for screening class I pMHC binding affinity for a given allele in a scalable and costeffective way. Empirically, we have observed slight increases for β2M staining correlate
with peptide binding affinity for the given allele. Through fluorescence-activated cell
sorting (FACS), we can isolate this subpopulation and read out this subset of stabilizing
peptides via next-generation sequencing. Each screen can scan hundreds of thousands of
defined peptides by leveraging oligo pool synthesis technology. Ultimately, we apply this
pipeline across thirty alleles and identify antigen peptides derived from various infectious
diseases, expanding our global understanding of antigenic peptides.
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Shedding light on the secret life of HLA-H
Nina Grünen 1, Richard Jäger 2, Greg Shealy 1, Marco Schäfer 1, Wolfgang Peter 1
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Typing Laboratory of the Stefan-Morsch-Foundation, 55765 Birkenfeld, Germany
Department of Natural Sciences, Bonn-Rhein-Sieg University of Applied Sciences, 53359
Rheinbach, Germany
2

The Human Leucocyte Antigen H (HLA-H), located within the highly polymorphic HLA
region on chromosome 6, has initially been categorized as pseudogene because of its
complete deletion in individuals with genotype profiles carrying HLA-A*23 or HLA-A*24
alleles. In addition, several HLA-H alleles exhibit sequence insertions, deletions and
premature stop codons, leading to truncated non-functional proteins. Even though there
seems to be a biological relevance of this gene since different studies have shown HLA-H
transcriptional activity for some of the alleles. At least for HLA-H*02:07 and HLA-H*02:14
complete, membrane-bound proteins were detected recently.
In order to study the HLA-H genetic diversity we developed a long-range PCR assay to
generate HLA-H amplicons, covering the full gene with a maximum length of 5.3 kb. After
successful implementation of these additional full-length HLA-H amplicons into our
existing NGS routine workflow, we genotyped more than a 1000 randomly selected DNA
samples.
The high resolution typing analysis of our sample cohort revealed in 17 cases so far
unknown synonymous and non-synonymous polymorphisms throughout the entire HLAH gene. Presumably new HLA-H protein variants due to coding region polymorphisms
leading to amino acid exchanges could be confirmed in the 10 (approx. 1%) of the analyzed
cases. Despite the relatively small sample cohort we found a striking number of new and
so far undescribed sequence variants supporting the hypothesis that the allelic diversity
of this locus is definitely underestimated. The latest IPD-IMGT/HLA database release
3.47.0 (2022-01-13) comprehends 64 different HLA-H alleles in total with protein
structure variants in only 35 of them. Therefore we believe that it is worth to increase the
number of database entries of this particular locus for the sake of better transplantation
matches and for more precise and comprehensive results performing prognostic
epidemiologic studies.
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HLA Associations of Intrathecal IgG Production against Measles, Rubella and Varicella
Zoster Virus (MRZ Reaction) in Multiple Sclerosis
Stephan Neidhart1, Benjamin Vlad1, Hilty Marc1, Mario Ziegler1, Jordan Rex1, Ernesto
Berenjeno-Correa1, Ina Reichen1, Mireia Sospedra1, Roland Martin1, Ilijas Jelcic1
1Neuroimmunology

and Multiple Sclerosis Research Section, Department of Neurology,
University Hospital of Zurich, Switzerland
Corresponding Author: Ilijas Jelcic, MD, Department of Neurology, University Hospital of
Zurich, Frauenklinikstrasse 26, 8091 Zurich, Switzerland, Tel.: +41 44 255 11 11, Fax: +41
44 2554380, e-mail: ilijas.jelcic@usz.ch
Background and Objectives:
Specific human leucocyte antigen (HLA) alleles are not only associated with higher risk to
develop multiple sclerosis (MS) and other autoimmune diseases, but also with the course
and severity of various viral and bacterial infections. We analyzed the most specific
biomarker for MS, i.e. the polyspecific intrathecal antiviral IgG antibody production
against measles, rubella and zoster (MRZ reaction), for possible HLA associations in MS
patients.
Methods:
We retrospectively selected 184 patients with relapsing-remitting MS (n=144), primary
and secondary progressive MS (n=25) and clinically isolated syndrome (n=15), in whom
results regarding MRZ reaction were available from clinical routine, and performed highresolution four-digit HLA sequence-based typing, to check for associations of positive MRZ
reaction with the most prevalent HLA alleles. For MRZ reaction, we analyzed both serum
and cerebrospinal fluid (CSF) for IgG antibodies against measles, rubella and varicella
zoster viral antigens by ELISA and calculated the respective virus-specific CSF antibody
index (CAI). CAI ≥1.5 indicated intrathecal production of antigen-speciﬁc antibodies, and
MRZ reaction was positive, if polyclonal intrathecal production of antibodies against ≥2 of
the 3 antigens measles (M), rubella (R), and zoster (Z), was detectable.
Results:
Intrathecal IgG production against measles, rubella and zoster was detected in 34.8, 45.6
and 43.5% of patients, respectively. We identified HLA-DRB1*15:01, - DRB5*01:01, and DQB1*06:02 alleles (forming the DR15 haplotype) as the strongest HLA-encoded risk
factors for a positive MRZ reaction (odds ratio, OR, 3.90, 95% confidence interval, 95%-CI,
2.05-7.46, n = 81, padjusted = 0.0004; OR 3.90, 95%-CI 2.05-7.46, n = 81, padjusted= 0.0004 and
OR 3.18, 95%-CI 1.67-5.98, n = 69, padjusted = 0.0030, respectively). In addition, HLADRB1*04 and -DQB1*03:02 alleles reduced the probability for a positive MRZ reaction
significantly (OR 0.34, 95%-CI 0.17-0.71, n = 55, padjusted = 0.0238; OR 0.29, 95%-CI 0.120.73, n = 34, padjusted = 0.0452, respectively).
Conclusions:
HLA-DR15, the strongest genetic risk factor for MS, predisposes for a positive MRZ
reaction, the most specific CSF biomarker for MS, whereas HLA-DRB1*04 and DQB1*03:02 reduce this risk. Further studies need to clarify, whether this peculiar
humoral immune reaction is caused by cross-reactivity to autoantigen(s) or is a bystander
product of immune deviation in HLA-DR15-positive MS patients.
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HLA-DQB1*03-dependent activation of heart-specific CD4+ T cells in acute myocarditis
and inflammatory cardiomyopathy
Authors: Anna Joachimbauer 1, 2, Cristina Gil-Cruz 1, 2, Kira Frischmann 1, 2, Ronny Büchel 3,
Dörthe Schmidt 1, Frank Ruschitzka 1, Burkhard Ludewig1, 2
1 Department of Cardiology, University Hospital Zurich, Switzerland, 2 Institute of
Immunology, Kantonsspital St. Gallen, Switzerland, 3 Department of Nuclear Medicine,
University Hospital Zurich, Switzerland
Inflammatory cardiomyopathy is the most common cause of non-ischemic heart failure
and can be a long-term consequence of non-recovered myocarditis. In the majority of
patients, acute myocarditis resolves entirely, but approximately 30% of individuals do not
fully recover and progress to inflammatory cardiomyopathy. The persistent immune
activation in the myocardium fosters adverse cardiac remodeling and left ventricular
dysfunction, which can precipitate cardiomyopathy and finally heart failure. Myosin heavy
chain 6 (MYH6)-specific CD4+ T cells mediate cardiac inflammation in an HLA-dependent
fashion. Recently, our group has shown in a preclinical model that the progression of
myocarditis depends on autoimmune MYH6-specific CD4+ T cells cross-reacting with a
peptide derived from the β-galactosidase of Bacteroides thetaiotaomicron or Bacteroides
feacis, both commensal bacteria in the intestinal microbiome. In a translational study with
acute myocarditis patients, we found that myocarditis patients expressing the HLADQB1*03 haplotype showed a higher frequency of CD4+ T cells that recognize the MYH6peptide and the Bacteroides mimic peptide. Hence, it is plausible that patients expressing
the specific HLA-DQB1*03 haplotype are more susceptible to progress to inflammatory
cardiomyopathy. In a recently initiated clinical study, we further investigate the role of
HLA haplotypes in the formation of a heart- and microbiota-specific autoimmune CD4+ T
cell response during the development of acute and chronic myocardial inflammation. To
this end, we prospectively recruit patients with acute myocarditis and inflammatory
cardiomyopathy. In these cohorts of patients, HLA composition will be determined in
combination extensive immunological assessment including high-dimensional flow
cytometry and single cell transcriptomics. Determination of the microbiota composition
using 16S rRNA gene sequencing and integrative analysis of clinical data including cardiac
imaging with high-dimensional immunologic analyses will be performed. In sum, the
project will deliver comprehensive and analytical studies into microbiome-immune
interaction during acute myocarditis and cardiomyopathy and will provide immediately
tangible healthcare measures through improved diagnostics and patient stratification.
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An autologous human stem cell-derived CNS model for unbiased assessment of
autoreactive CD8+ T cells in multiple sclerosis
Samuel JONES1, Sylvain PERRIOT1, Diane BÉGARIE1, Mathieu CANALES1, Larise
OBERHOLSTER1, Marie THÉAUDIN2, Caroline POT2, Amandine MATHIAS1, Renaud DU
PASQUIER1,2
1 Laboratory of Neuroimmunology, Neuroscience research Centre, Department of Clinical
Neurosciences, Lausanne University Hospital (CHUV) and University of Lausanne,
Lausanne, Switzerland
2 Service of Neurology, Department of Clinical Neurosciences, Lausanne University Hospital
(CHUV) and University of Lausanne, Lausanne, Switzerland
Introduction: Multiple sclerosis (MS) is widely regarded as an autoimmune disease driven
by autoreactive T cells. However, despite numerous research efforts in the field, the
interactions between the central nervous system (CNS) and immune cells, especially CD8+
T cells, are still poorly understood. How the immune system causes demyelination is still
largely unknown and no auto-antigen has yet be formally identified. This situation is partly
due to limited access to brain tissue from MS patients hereby rendering the targets of T
cells too elusive to conduct an unbiased antigen screening.
Methods: Our objective is to develop a platform to screen for the presence of
autoreactive CD8+ T cells recognizing autologous brain cells, i.e. neurons, astrocytes and
oligodendrocytes. To do so, we have implemented protocols to generate large amount of
CNS cells based on human induced pluripotent stem cells (hiPSCs) derived from any donor.
Using these cells, we have designed a fully autologous co-culture assay between CD8+ T
cells and hiPSC-derived CNS cells from the same donor. First, an initial expansion step is
performed where peripheral blood mononuclear cells and CNS cells are cultured together
for a total of 10 days. Second, after the 10-day expansion, CD8+ T cells are isolated and
incubated overnight with new HLA-enhanced CNS cells to perform antigenic restimulation.
Finally, to detect activated CD8+ T cells, we perform an IFN-y secretion assay. Briefly, upon
activation, CD8+ T cells secrete IFN-γ which is captured by a dual specific antibody binding
CD45 on CD8+ T cell surface and autocrine IFN-y production. Bound IFN-y is then stained
with a fluorophore-labeled anti-IFN-γ antibody. The presence of activated CD8+ T cells is
then assessed by flow cytometry.
Results: First, we have generated hiPSCs for a cohort of 6 healthy donors (HDs) and 8 MS
patients in order to obtain enriched cultures of neurons, astrocytes and oligodendrocytes
based on protocols from the lab. We then demonstrate that; 1. CNS cells are capable of
upregulating HLA class I expression upon exposure to IFN-y and TNFa; 2. CNS cells are
capable of eliciting successful expansion and activation of antigen-specific CD8+ T cells
through HLA-mediated presentation of naturally expressed antigens. Finally, preliminary
results show that CD8+ T cells of MS patients, taken at the time of a relapse, do recognize
auto-antigens expressed by neurons and astrocytes.
Conclusions: Overall, we now have at hand a co-culture system allowing us to successfully
expand and detect autoreactive immune cells from any MS patient and HD. This now
paves the way for us to assess the presence, frequency and phenotype of CD8+ T cells
targeting CNS antigens in our cohort. Ultimately, our novel hiPSC-based model will offer
unique perspectives in identifying antigens that would be specifically recognized in MS
patients, thus shading light on a pivotal question related to MS pathogenesis.
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Peptide-coupled RBCs as treatment for autoimmune diseases – dissecting the
mechanisms of immune tolerance induction
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Induction of antigen-specific immune tolerance is one of the most specific ways of
reverting the abnormal immune reactions commonly seen in autoimmunity. Our group
has developed an antigen-specific therapy for the treatment of Multiple Sclerosis (MS),
which involves the coupling of autologous red blood cells (RBCs) with a cocktail of seven
MS immunodominant peptides from three myelin proteins. A recent phase Ib clinical trial
in MS patients demonstrated its safety and tolerability and provided evidence for
induction of immune tolerance in patients. Prior data suggest an indirect mechanism of
immune tolerance induction, where peptide coupled RBCs (pcRBCs) are phagocytosed
and processed by tissue-resident macrophages of the liver and the spleen, which present
the antigens in a tolerogenic way. Here, we aim to elucidate the mechanism of action of
this antigen-specific therapy.
We have established a reliable protocol for the in-situ digestion of mouse liver and the
subsequent isolation, as well as phenotypic characterization of non-parenchymal cells,
primarily liver macrophages, with flow cytometry.
So far, we have identified a CD11b+F4/80+ cell population, other than the CD11b+F4/80hi
population of tissue-resident macrophages (Kupffer cells), which appears in the liver of
mice, 2, 5 and 17 hours post intravenous injection of pcRBCs, and coincides with an
increase in CD11b+F4/80- monocyte and a decrease in Kupffer cell numbers. All three
populations seem to be able to phagocytose the injected pcRBCs, with Kupffer cells being
the predominant phagocytosing population. Upon erythrophagocytosis, the Kupffer cell
population seems to acquire a tolerogenic phenotype, displayed by the reduction in CD80
and MHCII molecules, while the newly appearing CD11b+F4/80+ cells seem to resemble
the Kupffer cell population, as shown by the expression of MHCII, PD-L1 and the
engulfment receptor TIM4.
Collectively, we have successfully established a model system for the study of peptidecoupled cell- mediated immune tolerance. Moreover, we have phenotypically
characterized the liver myeloid cell compartment, and have identified the involvement of
Kupffer cells in peptide-coupled cell phagocytosis. Moving forward, our focus will lie on
the in-depth phenotypical and transcriptional characterization of the phagocytosing
populations, with the end goal of understanding the establishment of peptide-coupled
cell induced immune tolerance.
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The role of Multiple-Sclerosis Associated Genetic Risk Factor HLA-DRB1*15:01 in
Shaping Epstein-Barr Virus Specific Immune Control
Fabienne Läderach, Hana Zdimerova and Christian Münz
Viral Immunobiology, Institute of Experimental Immunology, University of Zürich,
Switzerland
laederach@immunology.uzh.ch
The immune responses to Epstein-Barr virus (EBV) infection synergize with the main
genetic risk factor HLA-DRB1:15*01 (HLA-DR15) to increase the likelihood to develop the
autoimmune disorder multiple sclerosis (MS). Our aim is to study this synergistic effect in
the context of this autoimmune disease, to investigate changes in virus and autoantigen
specific T cell responses and migration of EBV infected cells to the central nervous system
(CNS).
With our model of immunodeficient mice engrafted with human immune system
components, we can study EBV infection in vivo. Through HLA typing of the donor, the
genetic make-up can be influenced to study the infection in the context of HLA-DR15.
We previously showed that animals reconstituted with HLA-DR15+ donors have a
hyperreactive T cell compartment at steady state and upon EBV infection. Interestingly,
these animals display elevated blood EBV viral titers, indicating a reduced EBV specific
immune control in the HLA-DR15+ background. Currently we are characterizing a novel
HLA-DR15+ transgenic mouse model of EBV infection to further investigate the synergistic
effect between EBV infection and HLA-DR15. Mice carrying the HLA-DR15 transgene
show, in line with previous findings, increased viral burden along with a hyperactive T cell
compartment. Furthermore, we observe an improvement in the B cell compartment with
an increase in the switched memory population that allows for overall higher IgG
production and the production of elevated EBV specific IgG antibodies. Reflecting better
B cell differentiation, we observed the occasional migration of EBV infected B cells to the
CNS especially in animals with high peripheral viral burden. These findings suggest that
the MS-associated genetic risk factor HLA-DR15 could predispose individuals to an
inefficient immune control of EBV-infected B cells and possibly support the priming of
cross-reactive and MS autoantigen specific T cells.

72

International Symposium 2022 “HLA – in health and disease”
Generation of functional MBP-specific Regulatory T Cell Clones from HLA-DR15+ MS
patients: a potential source for adoptive cell therapy
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Zürich; 2. ETH Zürich
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Introduction
Multiple sclerosis (MS) is considered a prototypic autoimmune disease of the central
nervous system. It is the leading cause of chronic neurological disability in young adults,
and HLA-DR15 haplotype is the main genetic risk factor. Moreover, not only T- and B cells,
but also regulatory T cells (Treg) play important roles in its pathogenesis. Treg have
recently emerged as candidates for cellular therapy in MS. Myelin-specific Treg might be
safer and more efficient than polyclonal Treg for adoptive cell therapy (ACT).
Objective
To generate myelin-specific Treg clones from HLA-DR15+ MS patients, and investigate
their potential use for ACT.
Methods
CD25+CD127lo T cells were isolated from a HLA-DR15+ patient with relapsing-remitting
MS and primed in vitro using autologous monocytes pulsed with a pool of myelin basic
protein (MBP) peptides. Responding single T cells- identified by OX40 and CD137
upregulation- were sorted and cloned using allogeneic irradiated (45 Gy) feeder cells, PHA
(1:1000) and IL-2 (500 UI/ml). Isolated T cell clones (TCCs) were screened for Foxp3
expression and activation in response to the secondary stimulation with MBP pool and
selected single MBP peptides. To test TCCs suppressive capacity, we developed a
proliferation assay as a co-culture of TCR-stimulated T effector cells with autologous Treg
at different ratios (from 1:8 to 2:1).
Results
Out of 36 TCCs obtained (cloning efficiency 12.3%), 10 (27.8%) responded 24 hours after
secondary stimulation with MBP pool- as shown by CD69, and CD137 up-regulation, and
CD3 down-regulation-. Out of nine clones analyzed for Foxp3 expression, seven had a
higher Foxp3 mean fluorescence intensity (MFI) (mean 1130, range 703-2463), as
compared to CD25+CD127lo T cells derived from the same patient (420). In addition, 7
out of 9 Foxp3+ TCCs had a mean suppressive capacity above 30% (mean 56.1%, range
32.1-81.2%) when tested against autologous TCR-stimulated T effector cells. In contrast,
Foxp3- TCCs had an impaired function (mean suppressive capacity 17.1% and 24.5%,
respectively). When tested using single MBP peptides, we found that two TCCs were
specific for MBP (78-90), one for MBP (83-102), and one for MBP (146-170). All these
clones were Foxp3+, and 3 out of 4 showed a mean suppressive capacity above 50%
(80.1%, 81.8%, and 51.5%, respectively).
Conclusions
Our approach led us to generate functional MBP-specific Foxp3+ T cell clones from a HLADR15+ MS patient. Additional studies, including the analysis of their capacity to suppress
MBP-specific T effector cells, can contribute to understand their potential use for adoptive
cell therapy.
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Understanding how adaptive immune response influence stability of different
components of the mouse intestinal microbiota.
Swapan Preet, Yagmur Turgay, Olivia Bucheli, Klaus Eyer & Emma Slack
Institute of Microbiology and Immunology
Vladimir-Prelog-Weg, 1-5/10, 8093 Zurich
While some microbiota components, such as E. coli, are highly immunogenic in the
intestine, such as Eubacterium rectale seem to be not at all recognised by intestinal
antibodies (IgA). My project aims to understand why some microbiota species are weakly
targeted by IgA, despite being highly abundant. In particular, we will ask whether these
species evade immune presentation per se, or whether IgA is induced, but against
irrelevant epitopes not accessible on the bacterial surface. This information is used to
design vaccines overcoming these barriers, allowing us to test whether high-affinity
antibodies can destabilize gut colonization for diverse bacterial species, as has been
observed for E. coli. Approaches includes biophysical/biochemical characterisation of
surface antigen structures reactive to IgA, picodroplet-based; approaches to test the
affinities of antibody responses and within-host population dynamics to understand the
influence of high-affinity IgA on intestinal colonization by targeted strains.
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Investigating the T cell response to Anoctamin-2 and Epstein-Barr virus nuclear antigen
1 in multiple sclerosis using antigen-coupled beads
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Introduction: Antibody responses to anoctamin-2 (ANO2) have previously been shown to
be increased in frequency in plasma from persons with multiple sclerosis (pwMS), with
ANO2 IgG also shown to be able to bind a small homologous peptide from Epstein-Barr
virus nuclear antigen 1 (EBNA1). ANO2 has not previously been investigated as a target of
cellular immunity in MS, and we sought to determine whether T cell responses to this
antigen could be detected in a cohort of pwMS from Sweden.
Aim: To determine whether ANO2 is a target of T cell responses in MS
Methods: Peripheral blood mononuclear cells (PBMC) from healthy controls (HC),
individuals with other neurological disease (OND), untreated pwMS (MS-Un) and
natalizumab-treated pwMS (MS-Nat) were stimulated in a FluoroSpot assay with
paramagnetic beads coupled to protein fragments from ANO2, EBNA1 and the control
CMV antigen pp65. Production of IFNγ, IL-17A and IL-22 were used to determine the
frequency of antigen-specific T cells. Addition of human leukocyte antigen (HLA)-blocking
antibodies to FluoroSpot wells was used to determine HLA class I or II signalling, and
spectral flow cytometry was applied to analyse the phenotype of ANO2-specific T cells.
Results: T cell reactivity to the short region of ANO2 (ANO2s) containing the EBNA1
homologous epitope was significantly higher in MS-Un and MS-Nat groups compared to
controls, as measured by FluoroSpot (IFNγ MS-Un:HC p=0.0153, Kruskall-Wallis). T cell
responses to further regions of ANO2 were also increased in MS patient groups compared
to controls, flow cytometry analysis detected both IFNγ- and TNFα-producing CD4+ and
CD8+ T cells to ANO2 in MS patients.
Conclusions: ANO2-specific T cells were more frequent in pwMS and responses were not
restricted to the ANO2s region, suggesting epitope spreading beyond the sequence which
is the focus of cross-reactive autoantibody responses in MS. Our study confirms that
EBNA1-specific T cell responses are also more frequent in pwMS than in controls, however
further investigation of these antigen-specific T cells is needed to establish their relevance
to CNS disease.
Role of MerTK on microglia during Multiple sclerosis
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Multiple sclerosis (MS) is the most common chronic-inflammatory, neurodegenerative,
and demyelinating disease of the central nervous system (CNS). During the disease,
patients experience a transition from a relapsing remitting (RR) phase to progressive
phase characterized by irreversible neurological disability. Microglia activation and the
failure of CNS remyelination have been proposed as processes underlying this irreversible
transition to progressive MS. During CNS injury microglia clear myelin debris (possibly by
the phagocytic receptor MerTK)9, which is proposed to be crucial for remyelination10. The
expression of and MerTK12 have been shown to be increased in MS lesions. Moreover,
MerTK gene has been identified as a MS-associated loci highly expressed in microglia. Yet
specific targeting of MerTK in microglia during EAE has not yet been performed.
In the current project we aim to aim to target MerTK in microglia to assess the effect on
the disease. We have found that reducing MerTK in microglia leads to a more severe
disease. This is shown by an earlier disease induction and a higher cumulative score. We
also found an increase of T reg cells in response to MerTK targeting in microglia. Our
results point to the fact that MerTK in microglia mediates disease induction and late
stages-chronic MS.
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