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About the MWC

Dear friends and colleagues,

We are pleased to welcome you to the 3rd Harald von Boehmer Midwinter Conference:
Advances in Immunobiology (MWC). This conference was initiated in 2014, when
Harald von Boehmer and Ludger Klein founded the Association for the Advance-
ment of Immunobiology, a non-profit organization based in Munich, Germany. The
aim of the Association is to provide a platform for the exchange of ideas in immuno-
biology and other scientific health disciplines by enabling established senior scientists
and fledgling researchers to interact in a science-focused environment. The Midwinter
Conference is designed to encourage open discussion, networking with peers from
around the world and leveraging knowledge from leading experts in this field.

In memoriam of Harald von Boehmer and to honor his fundamental contributions
to the field of immunology, we have renamed the congress the “Harald von Boehmer
Midwinter Conference’.

The Harald von Boehmer MWC 2019 will feature 26 invited presentations and a simi-
lar number of talks selected from abstracts as well as two poster sessions. This year
the conference is co-organized with the DFG-funded Collaborative Research Centre
1054 “Control and Plasticity of Cell Fate Decisions in the Immune System”. We are
very pleased to note that the interest in the MWC continues to grow — the number of
participants has reached a new record in 2019!

We sincerely hope you will enjoy your time in Seefeld,

Ludger Klein Wilfried Ellmeier Lisa von Boehmer
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Oktay Kirak
Center for Children and Adolescent Medicine at University of Freiburg
oktay.kirak@gmail.com

New insights into Treg biology through deconstructive SCNT

Oktay Kirak', Manching Ku'

! Zentrum fuer Kinder- und Jugendmedizin, Universitaetsklinikum Freiburg

Using epigenetic reprogramming through Somatic Cell Nuclear Transfer-SCNT, we
developed two novel Treg models on pure NOD background, T138 and T143. While
both Treg models were derived in the thymus, only T143 displayed characteristics of
agonist-selection -aTreg-, such as higher Nur77-levels. T138 showed no signs of ago-
nist-selection, hence we refer to T138 as natural-occurring Treg cell -nTreg-. In addi-
tion to agonist-selection, thymic development of aTreg was quite distinct from nTreg.
nTreg displayed a stronger interaction between its TCRbeta-chain and MHC-II, caus-
ing a biasin T cell development towards CD4, whereas aTreg displayed a CD4low-CD-
8positive phenotype in the double-positive population. Thus, our TCRbeta-initiated
mechanism in Treg development would unify former per se contradicting hypotheses
of TCR-dependent and -independent Treg development.

Strikingly, we identified FoxP3- T cells expressing the same TCR as nTreg and aTreg
that were heavily biased in their plasticity. Particularly, FoxP3- T138 cells were heavily
poised towards differentiation into FoxP3-expressing cells rather than IFN-gamma se-
creting Th1 cells. We performed ATAC-Seq to identify new transcription factors, that
mediated this epigenetically poised state in FoxP3- T138 cells, and to identify accessi-
ble chromatin promoters and enhancers. We identified several loci that are more ac-
cessible in FoxP3- T138 cells than in FoxP3- WT cells. Motif analysis revealed enrich-
ment of several lineage-determining transcription factor binding sites, such as Atf3.
Strikingly, transcriptomic analysis demonstrated that Atf3 is specifically expressed in
T138.

Several mechanisms had been shown to mediate immune regulatory function of Treg
cells. Strikingly, our transcriptomic analysis identified CTLA4 and LAG3 to be dif-
ferentially expressed in T138, T143 and the Treg pool in WT mice, suggesting that
different Treg subsets might explore different regulatory mechanisms.

Taken together, our data clearly demonstrate the presence of distinct Treg subsets with
distinct characteristics, such as development, plasticity and function.



Andrew Koh
University of Chicago
akoh@uchicago.edu

Aire and Brgl Define a Fulcrum for Ectopic Gene Expression that Provides Precise
Control of Immune Tolerance

Andrew S Koh™**, Erik L Miller*, Jason D Buenrostro®, David M Moskowitz!, William
] Greenleaf'?, Howard Y Chang'?, Gerald R Crabtree™*

! Stanford University School of Medicine, Center for Personal Dynamic Regulomes; > Chan Zuckerberg Bio-
hub; * Broad Institute of MIT and Harvard; * Howard Hughes Medical Institute; * University of Chicago,
Department of Pathology, Committee on Immunology; *Corresponding authors

To prevent harm from dangerous self-reactive clones of the T cell repertoire, epithelial
cells of the thymic medulla express thousands of genes that are highly restricted to
other lineages in specialized organ tissues. How these tissue-restricted genes, within a
defined epithelial context, become accessible and activated at levels that prevent phys-
iologic harm is unknown. Here, we identify Brgl as an essential determinant of this
somatic plasticity, promoting chromatin accessibility at tissue-restricted loci to poise
transcription and impose central tolerance. We find that Aire, a transcription factor
necessary for this ectopic expression, is entirely dispensable for the accessibility at tis-
sue-restricted loci during thymic epithelial differentiation. In fact, we show that Aire
harbors an intrinsic repressive function that restricts chromatin accessibility and tran-
scriptional amplitude. Aire imposes this repressive influence within minutes upon
recruitment to chromatin and operates over the genome in opposition to the mSWI/
SNF chromatin remodeling complex. Human autoimmune mutations that impair
Aire’s multimerizing and histone-binding activities also inhibit this novel repressive
influence indicating dual roles of Aire’s functional domains. Together, Brgl and Aire
define a fulcrum in thymic epithelial development that allows the access and activation
of tissue-restricted genes at levels that prevent toxicity, yet facilitate immunological
tolerance.

17



18

Faouzi Braza
Instituto Gulbenkian de Ciencia
fbraza@igc.gulbenkian.pt

Ferritin controls the functional integrity and stability of regulatory T cells

Braza E!, Amador P!, Scicluna B.?, Ventura P!, Cuadrado E.?, Martins R.}, Silva J.!,
Weis S.*%, Blankenhaus B.!, Cardoso S.', Amsen D.?, Demengeot J.' and Soares M.P.!

!Instituto Gulbenkian de Ciéncia, Oeiras, Portugal; ? Sanquin Research and Landsteiner Laboratory AMC/
UvA, Amsterdam, The Netherlands.; * Center for Experimental Molecular Medicine, Academic Medical
Center, Amsterdam, The Netherlands.; * Center for Sepsis Control and Care, Universitdtsklinikum Jena,
Germany.; ° Institute for Infectious Disease and Infection Control, Jena University Hospital Jena, Germany

Regulatory T cells -Tregs- play vital role in the establishment and maintenance of im-
mune tolerance and homeostasis. Specific genetic programs of Tregs are necessary to
enforce their function and maintain both stability and lineage commitment. Howev-
er, how Treg function and identity are maintained in different tissue environments is
still unclear. Here we show that expression of ferritin H chain component of the iron
sequestering ferritin complex, is required to enforce Treg stability and functionality.
Treg specific deletion of Fth in mice alters Treg suppressive function, compromising
immune homeostasis and triggering spontaneous T effector cell activation at steady
state, while worsening neuro-inflammation and improving anti-tumor immunity and
dampening tumor progression. Supporting the notion that Fth acts as a gatekeeper
of Treg identity and maintenance, we found that Fth deletion in Treg resulted in a
marked decrease in Treg frequency in spleen, lymph nodes as well as in parenchymal
tissues. This was associated with a down-regulation of the expression of Foxp3 and
with a concomitant deregulated activation of prototypical gene coding for T helper
type 1 and 2 effector cells. Fate mapping revealed that Fth deficient Treg cells lose
the expression of Foxp3 over time and transdifferentiate into effector non-Treg cells.
Mechanistically this is likely attributed to the i, development of oxidative stress and
DNA damage, as reveled by the activation of gene expression profiles characteristic of
oxidative stress and DNA damage responses, ii, a metabolic switch towards glycolysis
and iii, development of functional exhaustion. Altogether our data revealed a previ-
ously unappreciated role of the regulation of iron metabolism by FTH in fine tuning
Treg functional integrity.



Ziv Shulman
Weizmann Institute
ziv.shulman@weizmann.ac.il

Cellular dynamics of intestinal antibody immune responses

Adi Biram', Anneli Stromberg?, Eitan Winter’, Liat Stoler-Barak', Ran Salomon/,
Yoseph Addadi, Rony Dahan', Gur Yaari’, Mats Bemark? and Ziv Shulman"

' Department of Immunology, Weizmann Institute of Science, Rehovot, 76100, Israel; > Department of
Microbiology and Immunology, Institute of Biomedicine, University of Gothenburg, Sweden; * Faculty of
Engineering, Bar Ilan University, Ramat Gan, 5290002, Israel; * Department of Life Science Core facilities,
Weizmann Institute of Science, Rehovot, 76100, Israel

* Correspondence to: ziv.shulman@weizmann.ac.il

Gut-derived antigens trigger IgA immune responses that are initiated by cognate B
cells in the Peyer’s patch (PP). These cells colonize the subepithelial domes (SED) of
the PP, and subsequently infiltrate into pre-existing germinal centers (GC). Here, we
define the pre- GC events and the microanatomical site at which affinity-based B cell
selection occurs in PPs. Using whole-organ imaging, we demonstrate that B cell recep-
tor affinity (BCR) of antigen-specific B cells regulates infiltration into GCs, but not the
early events in the SED. T follicular helper-like cells reside in the SED and promote its
B cell colonization, independently of the magnitude of their BCR affinity. Imaging and
immunoglobulin sequencing indicate that selective clonal-expansion ensue during in-
filtration into GCs. Thus, in contrast to draining lymph nodes and spleen, in PPs, T
cells predominantly promote B cell expansion without clonal-selection during pre-GC
events. These findings have major implications for oral vaccine design.
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Elisabetta Petrozziello
LMU Institute for immunology
elisabetta.petrozziello@med.uni-muenchen.de

The role of Cathepsin L in shaping a functional CD4 T cell repertoire

Elisabetta Petrozziello', Jelena Nedjic'!, Sarina Ravens?, Marc Schmidt-Supprian® and
Ludger Klein'

!Institute for Immunology, LMU, Planegg (Munich); *Institute for Inmunology, Hannover Medical School;
*Klinikum rechts der Isar, Munich

Generation of the fittest T cell repertoire is accomplished through thymic positive se-
lection, a process by which cortical thymic epithelium ensures the survival of useful
TCR specificities, both in terms of diversity and functionality. While the nature of
self-peptides presented to developing T cells remains to be investigated, increasing
evidence points at the uniqueness of antigen-processing pathways adopted by cortical
epithelial cells.

With our project, we aim at unraveling how a single cortex-specific protease involved
in MHCII-antigen processing, namely Cathepsin L, influences the quality of the select-
ed CD4+ T cell compartment. To do so, we take advantage of a conditional knock-out
mouse model where the expression of Cathepsin L is ablated in the thymic epithelium,
so that antigen-presentation to CD4+ T cells is altered exclusively during positive se-
lection. In this mouse CD4+ T cell development is severely impaired, with regards to
both cell numbers and TCR diversity. However, an exhaustive characterization of the
polyclonal TCR repertoire is not technically possible, due to its extreme diversity.

To trace the fate of every T cell that survives thymic selection in the absence of Cathep-
sin L, we generated a new TCR-oligoclonal mouse model, by transgenic insertion of
a fixed TCR-p chain and a pre-selected a chain. Surprisingly, CD4+ oligoclonal TCR
repertoires are largely overlapping between Cathepsin L-sufficient and deficient an-
imals, with only some TCRs missing from the latter. We are currently re-expressing
some putative “Cathepsin L-independent” TCRs in vivo in retrogenic mice, to test
if the very same TCR - selected in the presence or absence of Cathepsin L - can be
equally functional. These experiments will clarify if the positive-selecting peptides
produced by Cathepsin L play a direct role in the generation of a functional CD4+ T
cell compartment.



Inta Gribonika
Department of Microbiology and Immunology University of Gothenburg
inta.gribonika@gu.se

Class-switch recombination to IgA is under control of Tregs in PPs
Inta Gribonika

Understanding how class-switch recombination [CSR] to IgA occurs in the gut has
been insufficiently investigated. Whereas previous studies have suggested Tregs as po-
tentially important for IgA CSR, also Th17 cells have been implicated in gut IgA CSR.
In fact, Tregs were exhibiting much plasticity and differentiated into Tth cells, which
were assumed to regulate IgA CSR in the germinal centers [GC]. However, an alterna-
tive site for IgA CSR is the subepithelial dome, suggesting that perhaps IgA CSR and
Tth functions in PP GCs are separately regulated. Furthermore, if Treg depletion is
undertaken in mice a reduced gut IgA production can be observed, linking IgA CSR
to Tregs. We have developed a mouse model to dissect the T cell-subset requirements
for IgA CSR in the PPs using CD4 T cells isolated from OVA-specific TCR Tg mice and
adoptively transferred into nude mice. This was followed by oral immunizations with
OVA with/without cholera toxin [CT] adjuvant. We found that CT adjuvant was not
required to mount a strong gut IgA responses, while it was required for an enhanced
systemic IgG response to OVA, following i.p immunizations, suggesting differentially
regulated CSR to IgA and IgG at local and systemic sites, respectively. However, the
OVA-specific gut IgA response required recognition of the microbiota and could be
explained on the basis of a rearranged TCR alpha-chain, as TCR Tg mice on a scid
background failed to support gut IgA responses. Sorting CD25+ Tregs prior to transfer
failed to support gut IgA responses to oral OVA immunizations, indicating that IgA
CSR reside with Tregs, while Tth functions were dependent on CD25- CD44+ CD4
T cells, as these latter cells could elicit a systemic IgG response. Thus, our data sup-
port that Tfh and IgA CSR are dissociated functions in the PPs with the former being
TCR-dependent while the latter requires Helios+ neuropilin-1+ Foxp3+ nTregs and
appears antigen-independent and controlled by TGEFp1.
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Victoria Klepsch
Medical University Innsbruck Austria
victoria.klepsch@i-med.ac.at

Beyond CTLA4 and PD1. Nuclear Receptor NR2F6 as an Alternative Cancer Inmune
Checkpoint in T Cells

Victoria Klepsch', Natascha Hermann-Kleiter!, Bojana Jakic', Zlatko Trajanoski?,
Dominik Wolf® and Gottfried Baier'

! Division of Translational Cell Genetics, Medical University of Innsbruck, Austria; * Biocenter, Division
of Bioinformatics, Medical University of Innsbruck, Austria; * Internal Medicine V, Medical University of
Innsbruck, Austria

In contrast to cell surface checkpoints like CTLA-4 and PD-1, additional cancer ther-
apeutic targets are located inside the effector immune cells. Targeting these alternative
checkpoints in cancer immunotherapy with the goal to strengthen the patients im-
mune system are likely to extend the benefits of cancer immunotherapy in the near
future. Along this line, we have defined and validated the orphan nuclear receptor
NR2F6 [nuclear receptor subfamily 2 group F member 6, also called Ear-2] as an in-
tracellular immune checkpoint in effector T cells by analyzing mouse tumor models
in vivo, human T cells ex vivo and human lung cancer samples. Genetic ablation of
Nr2f6, particularly in combination with PD-L1 blockade efficiently delayed tumor
progression and improved survival in experimental mouse models. In accordance
with published data [Hermann-Kleiter 2008, 2010; Kleiter & Klepsch 2016] acute
Nr2f6 silencing in both mouse and human T cells induced hyper-responsiveness that
established a non-redundant T cell-inhibitory function of NR2F6 by directly repress-
ing transcription of key cytokine genes in T effector cells relevant for tumor cell re-
jection, such as IL-2, IFNy and TNFa. In T cell-infiltrating cells of human NSCLC
patients, NR2F6 protein expression was found to be upregulated in 54% of the cases
[163 of 303 samples] and significantly correlated with PD-1 and CTLA-4 expression.
Our data define NR2F6 as an intracellular immune checkpoint that suppresses adap-
tive anti-cancer immune responses and set the stage for clinical validation of targeting
NR2F6 with low molecular weight compounds for improvement of next generation
immune-oncological regimens.



Ahmed Nabil Hegazy
Charité - University Medicine Berlin
ahmed.hegazy@charite.de

Microbiota-specific CD4 T cells are abundant in steady state and are functionally
altered in inflammatory bowel disease

Hegazy AN, West N, Powrie F

The gastrointestinal tract is the largest immune organ and contains a vast amount and
diverse populations of commensal bacteria. Immune responses in the gut are tightly
regulated to avoid excessive inflammatory responses. However, the specificity of the
abundant gut-resident effector and memory CD4 T cells remains unknown. Here, we
found an abundance of CD4 T cells reactive to intestinal microbiota in adults who
had not been diagnosed with inflammatory bowel disease. The CD4 T cell responses
were directed towards both pathogenic and commensal bacteria. More than 80% of
the reactive T cells have a memory-phenotype and are detected within circulating and
gut-resident memory T cells. The observed reactive T cells were between hundred and
thousand cells per million memory CD4 T cells. Microbiota-specific CD4 T cells are
functionally heterogeneous in terms of their migratory properties and effector func-
tions. The specific cells expressed CCR4, CCR6, CD161 and produced IFN-g, IL-17A,
IL-22 and IL-10. In IBD, we detected a quantitative and qualitative alteration of circu-
lating microbiota-specific CD4 T cells. These results identify CD4 T cells specific to
commensals as an integral part of the physiological T cell repertoire and their presence
does not indicate disease per se. Thus, these T cell responses might support gut home-
ostasis and mucosal immunity in steady state.
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Toru Miyazaki
The University of Tokyo
tm@m.u-tokyo.ac.jp

The bona fide structure of IgM pentamer and its binding mode with AIM that
facilitates the repair of multiple diseases

Toru Miyazaki

Soluble IgM forms a predominantly pentameric complex that also contains a small
polypeptide J chain. While the IgM pentamer has various immune functions to defend
against foreign pathogens, it also behaves as a carrier of the circulating AIM protein.
The binding to IgM pentamer protects AIM from renal excretion, leading to high se-
rum AIM levels. When AIM dissociates from IgM, it becomes functionally active and
facilitates the repair of a variety of diseases including acute kidney injury and hepato-
cellular carcinoma. Since the precise manner of AIM-IgM pentamer binding remains
unknown, we examined the structure using a latest single-particle negative-stain
electron microscopy. Surprisingly, the IgM-Fc pentamer shapes asymmetric penta-
gon containing one large gap of 50°, which is markedly different from the textbook
prediction of a symmetric pentagon model. A single AIM molecule stably fits into
the 50° gap, cross-bridging two IgM-Fc through a disulfide bond and a charge-based
interaction. We also found that the association of AIM with IgM pentamer not only
inactivates AIM but also progresses inflammatory immune-complex formation in cer-
tain autoimmune diseases such as IgA nephropathy. Thus, our current findings of the
bona fide structure of the AIM/IgM pentamer complex provides an important insight
into the releasing mechanism of AIM from IgM, which could be the basis for the de-
velopment of new therapeutic strategies against multiple diseases via the increase of
active AIM and the disruption of immune-complex formation.



Tobias Hassler
LMU Munich
tobias.hassler@med.uni-muenchen.de

How central tolerance shapes the polyclonal CD4 T cell repertoire specific for a
tissue restricted self antigen

Tobias Hafiler, Maria Hinterberger, Christine Federle, Julia Winnewisser, Thamothar-
ampillai Dileepan, Kilian Schober, Dirk Busch, Marc Jenkins and Ludger Klein

The fate of a developing T cell is dependent on the interaction of its T cell receptor
and the self-peptide MHC complex on antigen presenting cells. According to the clas-
sical affinity model of thymocyte selection, the degree of auto-reactivity determines
if potentially harmful T cells are diverted into regulatory T cells or clonally deleted.
Nevertheless, how central tolerance induction to a physiological self antigen is set in
the polyclonal repertoire is still poorly understood.

We are focusing on the naturally-expressed tissue-restricted antigen proteolipid pro-
tein short PLP, the main component of the myelin sheath, as it is one of the putative
target antigens in Multiple Sclerosis in humans. Non-tolerant murine strains develop
experimental autoimmune encephalomyelitis, a MS-like disease, whereas BL/6 mice
are resistant to EAE and lack recall responses upon PLP immunization, due to expres-
sion of PLP in thymic epithelial cells.

We previously showed that, upon immunization of PLP deficient BL/6 mice, CD4 T
cells react to three immunodominant epitopes within the PLP protein - PLP1, PLP2
and PLP3. To further investigate the mechanisms of central tolerance induction to
PLP, we generated a PLP1-MHCII Tetramer and followed the destiny of PLP-specific
T cells in the polyclonal CD4 compartment. Through single cell TCR sequencing we
were able to identify differences between the T cell repertoires of PLP deficient and
PLP wildtype B6/L mice, with regards to abundance, phenotype and TCR usage of en-
dogenous PLP-specific CD4 T cells. We have recently re-expressed some TCRs iden-
tified via the PLP-tetramer and single cell sequencing technology in TCR transgenic
mice, to validate our findings.
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Origin and differentiation trajectories of fibroblastic reticular cells in the splenic
white pulp

HungWei Cheng, Lucas Onder, Mario Novkovic, Charlotte Soneson, Mechthild Liitge,
Natalia Pikor, Elke Scandella, Mark Robinson, Jun-ichi Miyazaki, Thomas Ruelicke,
Thomas Hehlgans and Burkhard Ludewig

The splenic white pulp is underpinned by poorly characterized stromal cells that de-
marcate distinct immune cell microenvironments. Here, definition of the embryonic
origin and tracing of the differentiation trajectories of fibroblastic reticular cells was
enabled by the establishment of FRC-specific fate-mapping in mice. We found that all
reticular cell subsets descend from multipotent progenitors that emerge at embryonic
day 19.5 from Sca-1+ periarterial progenitors. Commitment of FRC progenitors was
concluded during the first week of postnatal life through occupation of niches along
developing central arterioles. Single cell transcriptomic analysis facilitated deconvolu-
tion of FRC differentiation trajectories and indicated that perivascular reticular cells
function both as adult lymphoid organizer cells and mural cell progenitors. Finally,
the lymphotoxin-p receptor-independent sustenance of postnatal progenitor stem-
ness unveiled that systemic immune surveillance in the splenic white pulp is governed
through subset specification of reticular cells from a multipotent periarterial progen-
itor cell.
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A novel gut-derived microbiota-specific circulating CD4+/CD8a+ human Treg
subset: potential roles in homeostasis and diseases
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Gut microbiota affects immune homeostasis and susceptibility to diseases. Wheth-
er alterations of microbiota-induced Tregs contribute to human immune diseases
needs to be further examined. Faecalibacterium prausnitzii, a key member of intes-
tinal microbiota, exhibits anti-inflammatory properties, is decreased in inflammato-
ry bowel diseases (IBD), and can predict relapse in Crohn’s disease. Importantly, we
have demonstrated that F. prausnitzii induces specific Tr1-like Tregs characterized by
the co-expression of CD4 and CD8a (named DP8a). These cells are abundant in the
healthy human colon and recirculate in the blood.

Although human colonic DP8a cells seemed homogeneously specific for . prausnitzii,
only a fraction of circulating DP8a cells responded to this bacterium. To specifically
track circulating E prausnitzii-induced Tregs, we investigated the presence of addi-
tional markers for both their specificity and suppressive function. We hence unraveled
that CCR6 and CXCR6 co-expression characterized F. prausnitzii-specific DP8a cells
and that CD39 mediated their regulatory function.

Using these markers, we have observed that circulating CCR6+/CXCR6+ DP8a Tregs
are drastically reduced in IBD patients (p=4E-11), as compared with healthy controls
or patients with infectious colitis, suggesting this modulation was IBD-specific and
valuable regarding early IBD diagnosis. As a second disease model, in severely injured
trauma patients, while the frequency of CCR6+/CXCR6+ DP8a Tregs was not altered,
interestingly, their CD39 expression was specifically and dramatically heightened, em-
phasizing an increased regulatory function, which could be linked to the immuno-de-
ficiency status observed in this patient population.

In summary, these two clinical examples illustrate various aspects of DP8a cell biolo-
gy, whose frequency and/or regulatory function can be altered in pathologic settings.
These data suggest this particular subset might play key roles at the diagnostic, prog-
nostic and/or therapeutic levels in defined patient populations.
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Treg identity issues solved by quantitative shotgun proteo-/transcriptomics
D. Amsen

Inflammation is both a requirement and a challenge for regulatory T cell (Treg) func-
tion. Inflammatory cues direct Tregs to inflamed sites where they limit tissue destruc-
tion and promote repair, but can also coerce some Tregs into assuming functions
normally performed by conventional T cells (Tconvs), such as production of pro-in-
flammatory cytokines. Plasticity is most pronounced in peripherally induced (p)Tregs,
while thymus derived (t)Tregs are more stably committed to the Treg lineage. Treg
instability is a risk for adoptive therapies using Tregs to mitigate inflammatory con-
ditions and autoimmune disease. It is important, therefore, to understand how Tregs
protect their identity from destabilization and to identify markers that allow discrim-
ination between tTregs from more unstable pTregs.

To address these issues, we established a molecular definition of Treg identity using
whole cell shotgun proteomics and transcriptomics on human populations of Tregs
and Tconvs. We found that proteome and transcriptome compositions markedly differ
from one another, but are complementary, underscoring the importance of analysis
at both levels. A new marker was discovered that specifically identifies Tregs stem-
ming from the thymus. Furthermore, core and subset-specific Treg signatures revealed
adaptations in cytokine-, TCR- and costimulatory receptor signaling pathways. We
show that deficiencies in selective pathways allow inflammatory cytokines to mobilize
necessary functions in Tregs (such as expression of transcription factors and hom-
ing receptors) without compromising Treg identity. Genetic complementation of key
signature molecules suffices to cause loss of resistance against destabilization by in-
flammatory cytokines. We thus identify molecular nodes that determine the unique
response characteristics of Tregs to inflammation and provide a means to select stable
human Tregs for adoptive cellular therapy.
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B cell zone reticular cell reprogramming governs the germinal center response

Natalia B Pikor, Urs Morbe, Mechthild Liitge, Cristina Gil-Cruz, Christian Perez-
Shibayama, Mario Novkovic, Lucas Onder, Hung-Wei Cheng and Burkhard Ludewig

The efficient generation of germinal center (GC) responses requires the directed
movement of B cells between distinct microenvironments underpinned by special-
ized B cell zone reticular cells (BRC). Nevertheless, the cellular identities of BRCs and
their functional contributions to the GC response remain unclear. Here, we utilize a
functional, genetic targeting strategy to characterize the transcriptional identity and
dynamic remodeling of the BRC landscape in the developing GC. Single cell transcrip-
tomic analysis revealed that FDC subsets corresponding to the light and dark zones
are pre-determined in the naive B cell follicle and reprogramed to cater to LZ and DZ
B cells in the GC. Furthermore, by genetically uncoupling chemokine gradients in the
B cell zone, we reveal that BRC remodeling determines the efficacy of the GC response
and is instructed by B cells. Together, our results suggest that spatial stratification and
remodeling of specialized BRC subsets determines the efficiency of the GC response.
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Lung-on-a-chip microtechnologies for studies of host-pathogen interactions in
Tuberculosis
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A majority of host-M.tuberculosis (Mtb) encounters lead to latent infections in which
the bacteria exist in a poorly characterized host-pathogen equilibrium, usually within
granulomatous lesions in the lung. Much of the information about the host-pathogen
interaction in TB has been obtained from in vitro batch culture infections of mac-
rophages with Mtb. These experiments however capture neither the role of cellular
individuality nor the effects of the host environment on the outcomes.

Here we report on experiments that successfully reconstitute the murine alveolar in-
terface entirely from primary cells in a lung-on-a-chip microfluidic device. This builds
upon the previously reported human lung-on-a-chip system[1] by incorporating
aspects of the innate immune system including alveolar and bone-marrow derived
macrophages and monocytes. This system is then inoculated at low multiplicity of
infection (MOI) with Mtb, and the progression of the infection is monitored in re-
al-time through a combination of live-cell time-lapse microscopy (7-10 days) followed
by confocal microscopy.

This “bottom-up” approach allows for single-cell imaging and temporal tracking of
the dynamics of immune cells and their interactions with apoptotic tissue cells and
pathogens, and enables us to closely follow the chain of events from initial infection.
We are currently investigating unresolved aspects about the innate immune response
to the initial infection. We observe an unexpectedly high occurrence of infection of
alveolar epithelial cells, which provide a permissive environment for a more rapid ini-
tial growth of single bacteria into clumps or long intracellular cords that subsequently
prove toxic for uptake by professional phagocytes. Paradoxically, Mtb induced epithe-
lial cell inflammation also appears to ‘mask’ the bacteria from macrophages. We are
currently writing up a manuscript describing these findings. With further develop-
ment, this is an ideal system to study how tissue-resident memory cells interact and
influence the innate immune system. From a TB viewpoint, we will extend the system
to study how granulomatous lesions begin to develop, and the roles played by bacterial
phenotypic variants and host microenvironments in granuloma formation and in en-
tering and exiting the latent state.

Reference: [1] D. Huh et al. Science 328, 1662-1668 (2010).
Funding: HESP Long-Term Fellow



Iris Gratz
University of Salzburg
iris.gratz@sbg.ac.at

A novel humanized mouse model to study human antigen-specific cutaneous T cell
responses in vivo

Maria M. Klicznik, Ariane Benedetti, Laura M. Gail, Raimund Holly, Martin Laimer,
Angelika Stoecklinger, Andreas Sir, Roland Reitsamer, Michael D. Rosenblum, Eva M.
Murauer, Iris K. Gratz

As a barrier organ the skin comprises a complex coordinated system of epithelial tissue
cells and immune cells that ensure adequate immune reactions against trauma, toxins
and pathogens, while maintaining self-tolerance and preventing allergy and autoim-
munity. We hypothesize that interactions between tissue cells (such as keratinocytes)
and immune cells are crucial for optimal immunity and the maintenance of home-
ostasis within the skin. Here we aim to analyze and understand the role of cellular
interactions in human skin and manipulate them in settings of tissue damage. Because
murine and human skin differ in structure and cellular composition we established a
humanized mouse model to investigate human immune mechanisms in human skin
in vivo. Importantly, we use a simplified skin tissue generated from fibroblasts and
keratinocytes only. This allows us to study the individual contribution of any skin-in-
filtrating cell to the analyzed immune response in the skin as well as the impact of
individual cell-cell interactions, including T cell - APC, T cell - keratinocyte, or T cell
- microbe/commensal cross-talk. Using this model we could follow T cell infiltration
of the skin, characterize antigen-specific responses to microbial antigen and study the
behavior of cutaneous memory T cell populations. Additionally, we started to charac-
terize local T cell - APC interactions and T cell - tissue cell interaction and found that
these lead to improved T cell infiltration and immune responses in the skin.

We have generated a powerful novel model with broad applicability in basic and pre-
clinical research, that can be reconstituted with a variety of different cutaneous cell
types (such as APCs, T cells, ydTcells) to study their in vivo function.
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Multi-omic single cell RNA sequencing and high-dimensional cytometry of
human tissue-resident antigen-presenting cells reveal tissue-specific specialization

Florian Mair, Jami R Erickson, Valentin Voillet, Douglas R Dixon, Raphael
Gottardo and Martin Prlic

Studies in the past decade have highlighted the biological significance and the distinct
functional properties of immune cell subsets that are resident in non-lymphoid tis-
sues. While tissue-resident memory T cells (TRM) have been well characterized, much
less is known about the human myeloid compartment, which includes professional an-
tigen-presenting cells (APCs) such as dendritic cells (DCs) and macrophages, both of
which are critical for shaping the local T cell response. Regulating immune responses
may be particularly complex in human mucosal barrier tissues as the immune system
has to selectively respond to commensal versus pathogen-derived signals.

A major roadblock in studying the myeloid compartment in human tissues is that
APCs are typically rare, hard to cryopreserve and functional analysis is more chal-
lenging compared to lymphoid cells. We used a combination of single cell RNA se-
quencing (sc-RNAseq) and 30-parameter fluorescent flow cytometry to define the
APC compartment in fresh healthy and inflamed human mucosal tissue biopsies. Our
data suggest that mucosa-resident myeloid cells show tissue-specific specialization and
we identified novel myeloid cell clusters specific to the human mucosa with a unique
pro-inflammatory signature. Parallel profiling of the adaptive and innate T cell com-
partment was performed to elucidate the potential impact of these APCs on the local
T cell subsets and how these orchestrate mucosal immunity.

Finally, we used multi-omic sc-RNAseq (termed AbSeq) which allows parallel profil-
ing of the transcriptome and surface protein phenotype at the single cell level with the
aim of gaining a better understanding of the relationship of APCs in blood and tissue.
Parallel analysis of mucosal tumor biopsies will allow to pinpoint myeloid adaptation
specific to the tumor microenvironment. Overall, our data provide first insight into
the functional heterogeneity of canonical human APC and T cell subsets in mucosal
barrier tissues.
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Examining the functional capacity of T cells with a tissue resident phenotype dur-
ing chronic infection

Jolie Cullen and Dietmar Zehn

During a chronic viral infection, the host fails to clear infectious pathogens. In this
situation the immune system must adjust to the dual task of managing the continuous
presence of viral antigen-driven inflammation while keeping virus replication at a low
level. This is in part achieved through the process of T cell exhaustion, which enables
T cells to maintain viral control for long periods of time without causing the level of
immunopathology seen in acute infection. Yet, exhausted T cells are heterogeneous
and it is so far unclear which cells are capable of such a feat. Interestingly, T cells with
a resident phenotype can be found among exhaustion T cell population and they also
express an array of inhibitory markers. Yet, they are capable of producing substan-
tial levels of cytotoxic and effector molecules after re-exposure to cognate antigen.
Following up in this notion, we have identified and characterised resident CD8+ T
cells based on phenotypic markers from previous studies, in large frequencys in sali-
vary glands, liver and kidney. These resident populations are formed early during the
infection, are greatly affected by the organ in which they reside and are constantly
replenished from the circulating TEX cells. The liver population of resident cells are
heterogeneous, CD4-dependent and require antigen for their development. Further,
we have shown that the cells recruited for tissue residency in the liver during a chronic
infection require high affinity activation, and are dependent on high CXCR6 expres-
sion. Thus, resident T cells are formed during a chronic infection, and make up a large
frequency of the response during a chronic LCMV infection. On going work is focus-
ing on determining if these cells are aiding the low level of viral control exhibited in
chronic infections, or if they contribute negatively to the chronic inflammation. This
work has clear implications for future treatment options of chronic infections, as they
may represent a population of cells to be targeted for treatment.
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Two distinct Ly49H+ NK cell subsets react to MCMYV infection
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Natural killer (NK) cells, as a part of cellular innate immunity, represent a first line of
defense against viral infections. The effector functions of NK cells comprise both di-
rect cytotoxicity and the production of inflammatory cytokines, e.g. IFN-gamma and
TNF-alpha. So far, it is poorly understood whether one single NK cell can generate
both cytotoxic and helper-like NK cells or whether these are two distinct lineages of
NK cells. The reactivity of NK cells is controlled by an array of activating and inhibi-
tory receptors. The activating NK cell receptor Ly49H binds to m157, a glycoprotein
encoded by murine cytomegalovirus (MCMYV), and therefore Ly49H+ NK cells are
selectively activated during MCMYV infection (Dokun et al. 2001). Thus, monitoring
Ly49H+ NK cells during MCMYV infection allows to investigate infection-driven NK
cell differentiation in vivo.

In order to probe the heterogeneity of the NK cell response to MCMYV infection, we
mapped the fate of single Ly49H+ NK cells and their progeny in vivo. By monitoring
expression of NK cell maturation markers CD62L and CD27, we identified two phe-
notypically distinct response patterns. We found that these response patterns emerged
from two distinct NK cell subsets that differentially express surface markers CD62L,
CD69, CD160, CD11b and CD11c as well as cytotoxic effector molecule granzyme B at
steady state and differ in the production of TNF-alpha and GM-CSF after stimulation.
RNA sequencing of the identified subsets and single cell RNA sequencing of Ly49H+
NK cells suggest that these subsets may constitute distinct NK cell lineages that differ
in their relatedness to type I innate lymphoid cells (ILC1s) and play distinct roles in
the immune system’s response against viral infections.
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Peroxisome proliferator-activated receptor gamma (PPAR-gamma) plays a crucial
role in the red pulp macrophage development

Katarzyna Okreglicka, Christoph Schneider, Manfred Kopf

Macrophages derive from hematopoietic cells of the myeloid lineage and play impor-
tant roles in innate immune response and tissue homeostasis. These phagocytic cells
populate every organ and display a unique gene signature, which results from distinct
environmental signals, and directs the expression towards effector functions specific
for the tissue of residence. We have reported that the induction of nuclear receptor
peroxisome proliferator-activated receptor gamma (PPAR-gamma) by cytokine GM-
CSF is crucial for development of alveolar macrophages (AM) from fetal lung mono-
cytes but dispensable for the development of macrophages in many other tissues.
Performing a more thorough analysis of tissue macrophage subsets in Vavl-Cre-
Ppargfl/fl mice, we now found that in addition to AM these mice lack also a subset
of VCAM1+ F4/80+ bone marrow macrophages (BMM) and red pulp macrophages
(RPM), which are known to be critical for iron homeostasis. Accordingly, Vav1-Cre-
Ppargfl/fl mice showed iron accumulation in spleen and bone marrow. Previously, it
has been shown that development of RPM and VCAM1+ BMM depends on Spi-C,
which gets released from Bach1 repression by heme. We found that the heme induced
Spi-C expression occurs independently of PPAR-gamma. Interestingly, GM-CSF is not
required for PPAR-gamma-induced RPM development, in contrast to AM.

Taken together, these data suggest that (at least) two transcription factors, PPAR-gam-
ma and Spi-C, induced by distinct environmental triggers, are essential and non-re-
dundant in RPM and VCAM1+BMM development.
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Sensing of phosphorylated isoprenoid metabolites (Phosphoantigens; PAg) by
human yd T cells: Lessons from the alpaca
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All jawed vertebrates possess Ig, ap-, and y8—TCR genes. The major subset of human
blood y8 T cells uses Vy9 and V82 TCR genes. These Vy9V2 T cells kill tumor cells
and expand massively in infections like malaria. This response is initiated by TCR-me-
diated sensing of phosphorylated isoprenoid metabolites (phosphoantigens: PAgs)
such as HMBPP (microbial origin) or IPP (host origin) accumulated in stressed or
tumor cells. These PAgs bind to an intracellular domain of the B7-like molecule buty-
rophilin 3A1 (BTN3A1) which induces changes at the cell surface recognized by the
VYy9V2 TCR. These effects are strongly enhanced by cooperation of the PAg-binding
BTN3A1 with the PAg-insensitive isoforms BTN3A2 and BTN3A3. Here, we demon-
strate trans-molecular interactions of protein domains by co-expressing modified
BTN3 isoforms in BTN3-deficient cells. Deletion of the extracellular IgV-like domain
of BTN3A1 abolishes cell surface expression and stimulatory potential. Neverthe-
less, both features are rescued by co-expression with BTN3A2 or BTN3A3 suggesting
a cooperation of protein domains in BITN3 heteromers. A BITN3 molecule uniting
all features required for efficient PAg sensing is expressed by the camelid species al-
paca (Vicugna pacos), which we present as the first non-primate species possessing
PAg-sensing cells. Newly developed monoclonal antibodies against alpaca V62 and
BTN3 allow the demonstration of expansion of V§2-positive T cells upon stimulation
with the PAg HMBPP, which is abolished by the BTN3-specific mAb. Murine trans-
ductants expressing alpaca Vy9V$2 TCR show a remarkable PAg-induced reactivity
to alpaca as well as to human BTN3-expressing cells. Furthermore, analysis of BTN3
chimeras demonstrates that chimeras expressing the human BTN3A1 extracellular
domain and the alpaca BTN3 transmembrane/intracellular domain mediate PAg-in-
duced activation of Vy9V82 TCR transductants even more efficiently than natural
human BTN3A heteromers. These findings will be used to identify the minimal struc-
tural requirements for efficient PAg-sensing by the y0TCR.
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T cell acute lymphoblastic leukemia as a consequence of thymus autonomy
Luna Ballesteros-Arias, Joana G. Silva, Rafael A. Paiva and Vera C. Martins

Thymus autonomy is the capacity of the thymus to maintain T lymphocyte develop-
ment and export independently of bone marrow contribution. Prolonging thymus
autonomy was shown to be permissive to the development of T cell acute lympho-
blastic leukemia (T-ALL), similar to the human disease. Here, performing thymus
transplantation experiments in mice we report that thymus autonomy can occur in
several experimental conditions, and all are permissive to T-ALL. We show that wild
type thymi maintain their function of T lymphocyte production upon transplantation
into recipients with several genotypes (and corresponding phenotypic differences), i.e.
Rag2-/-gc-/-, gc-/-, Rag2-/-IL-7ra-/-, and IL-7ra-/-. We found that the cellularity of
the thymus grafts is influenced exclusively by the genotype of the host, i.e. IL-7ra-/-
versus gc-/-. Nonetheless, the difference in cellularity detected in thymus autonomy
bore no impact on onset, incidence, immunophenotype or pathology of T-ALL. In all
tested conditions, T-ALL reached an incidence of 80%, demonstrating that thymus
autonomy bears a high risk of leukemia. Furthermore, we identified a population of
thymocytes that persists in the thymus autonomous grafts, presumably maintaining T
lymphocyte differentiation. Taken together, our data support that interleukin 7 (IL-7)
drives cellular turnover non-cell autonomously, which is required for prevention of
T-ALL. We found no influence for T-ALL in the specific combination of the genotypes
tested or minor differences in the genetic background of the strains.
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Single-cell fate mapping reveals clonal dynamics of adaptive NK-cell responses
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During infection antigen-specific T-cell populations rapidly expand, contract and then
persist at increased frequencies. However, the antigen-driven evolution of the T-cell
receptor (T'CR) repertoire does not stop at the selection of antigen-specific T-cells per
se. It is instead characterized by the further expansion of certain T-cell clones within
the antigen-specific T-cell population that harbor TCRs of optimal affinity to the rel-
evant antigen.

Interestingly, an antigen-dependent enrichment of lymphocytes recognizing certain
target structures has also been identified for Natural killer (NK) cells in the context of
cytomegalovirus (CMV) infection. Whether these “antigen-specific” NK cells respond
uniformly to CMV infection or show distinct clonal dynamics similar to those found
in T cells remains unknown. Here, we used retrogenic color- barcoding and single-cell
adoptive transfer to track clonal immune responses derived from individual Ly49H+
NK cells during murine cytomegalovirus (MCMYV) infection. We found that clonal
expansion of single NK cells varied dramatically. This variation could not be attrib-
uted to the additional presence or absence of inhibitory Ly49 receptors in responding
clones. Instead, NK-cell clones showed distinct levels of Ly49H receptor expression
that correlated closely with the degree of clonal expansion and persistence during the
contraction phase. Thus, akin to adaptive processes shaping an antigen-specific T-cell
receptor repertoire, the Ly49H+ NK-cell population adapts to MCMYV infection. This
is achieved by preferential expansion and maintenance of individual NK-cell clones
expressing higher levels of Ly49H.
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Understanding immunity in tumor-targeted therapy of melanoma: development
of rationale combination therapy with BRAF inhibitor and DC-based immuno-
therapy
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Natasa Prokopi, Christoph H Tripp, Constance E Brinckerhoff, Christian Lehmann,
Diana Dudziak, Nikolaus Romani and Patrizia Stoitzner

Melanoma belongs to the ten most common cancer types both in the US and Europe
and its incidence is rapidly increasing. In 60% of melanoma patients mutations occur
in the BRAF gene leading to an amino acid substitution of valine to glutamic acid in
position 600 (BRAFV600E), which activates the MAPK pathway. This mutation is of
clinical interest, because it can be targeted with selective BRAF inhibitors (BRAFi)
that have been approved for treatment of melanoma patients. Though BRAFi induces
impressive melanoma regression, resistance to BRAFi occurs within the first year of
treatment due to different mechanisms. The resistance development is correlated also
with alterations in the immune infiltrate of BRAFi-treated tumors. At early time points,
the immunosuppressive tumor milieu is reversed as reflected by higher expression of
melanoma-associated antigens and infiltration of T cells. In contrast, the resistance
phase shows a loss of effector cells and infiltration of myeloid-derived suppressor cells
(MDSCQ). In our project with characterized the immune infiltrate of a transplantable
melanoma mouse model, named D4M carrying the BRAFV600E mutation and PTEN
loss. In line with earlier observations, we observed enhanced infiltration of activated
and more functional T and NK cells and a loss of these cells during resistance phase.
The myeloid compartment is affected also as we detected changes in DC, macrophages
and MDSC according to the anti-tumorigenic milieu in the BRAFi-sensitive phase and
the pro-tumorigenic milieu during resistance. A more thorough analysis of the func-
tional role of tumor-infiltrating DC is required to understand if increased melanoma
antigen expression also correlates with tumor-specific T cell responses. Moreover, we
have developed DC-vaccines that allow targeting of melanoma antigens to DC in vivo
by genetically engineering antibody-antigen fusion proteins. As BRAFi as single ther-
apy does not provide long-term survival, we would like to combine these DC-vaccines
with BRAFi to test if we can delay or even prevent the development of resistance of
tumor-targeted therapy.
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NK-cell differentiation in the pig is correlated with a down-regulation of NKp46
expression

Anna Schmuckenschlager, Maria Stadler, Wilhelm Gerner, Armin Saalmiiller, Kerstin
H. Mair

The activating receptor NKp46 (CD335) is used as a marker to identify natural Killer
(NK) cells across various mammalian species. Nevertheless, in swine three distinct
NK-cell subsets can be identified on the basis of NKp46 expression: NKp46-, NKp46+,
and NKp46high NK cells. These NK-cell subsets vary in their functional properties
and homing preferences to organs. NKp46high NK cells show the highest perforin
expression, have an increased capacity to produce IFN-y and proliferate upon in vit-
ro stimulation. We hypothesize that the NKp46-defined phenotypes correlate with
different stages of differentiation. To test this hypothesis, we analyzed expression of
transcription factors involved in NK-cell differentiation by multi-color flow cytometry
in lymphocytes isolated from blood, spleen, lung and liver. Additionally, the surface
molecules CD8a and CD27 were analyzed as they were already shown to correlate
with the differentiation of porcine T cells. Increased expression of Eomes could be
observed in NKp46high NK cells. In contrast, this NK-cell subset showed much lower
levels of T-bet expression compared to the other two NK-cell subsets. The NKp46high
phenotype correlated with a CD8alowCD27+ expression. Both, NKp46- and NKp46+
NK cells, showed an EomesdimT-bethighCD8ahighCD27low phenotype. Eomes and
T-bet have been described to regulate different stages of NK-cell maturation in mouse
and human. An increase of CD8a and a decrease of CD27 expression in porcine T cells
identifies effector memory T cells. Additionally, GATA-3, a transcription factor pro-
moting NK-cell maturation and discussed as a factor required for IFN-y production in
NK cells, was higher expressed in the NKp46high subset compared to the NKp46- and
NKp46+ NK cells. These results indicate, that the three porcine NK-cell subsets differ
in their differentiation stages and lead to the hypothesis that NKp46high NK cells dif-
ferentiate into NKp46+/- cells.
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How (CAR-)T-cells Recognize Antigens - a Molecular Imaging Approach
Johannes B. Huppa

T-cells are remarkably sensitive towards antigen; they can detect the presence of even
a single antigenic peptide/MHC complex (pMHC) among thousands of non-stimula-
tory pMHC:s on the surface of antigen-presenting cells (APCs). Of note, TCR-pMHC
interactions are only of moderate strength when measured in vitro and 2-4 orders
of magnitudes weaker than typical antibody-antigen interactions. How can we then
explain the phenomenal degree of T-cell antigen sensitivity, a hallmark of adaptive
immunity? We think that the specific microenvironment within the immunological
synapse, where TCR-pMHC binding takes place, provides at least in part the answer.
Binding parameters are severely influenced because receptors and ligands are pre-ori-
ented, to some extent clustered and moreover subjected to cellular forces.

To account for these nonlinear properties of the contacting cells, we have devised
a minimally invasive ultrasensitive live-cell imaging approach, in which synaptic
TCR-pMHC binding events are directly detected and quantified in situ. While we
find antigen recognition to be solely driven by monomeric TCR entities, TCR-pM-
HC binding is significantly enhanced with both an accelerated association and, due to
cellular forces, an accelerated dissociation. Moreover, TCR affinities vary considerably
within different synaptic regions and also between different cells.

These observations imply that TCR-pMHC binding and the entire process of antigen
recognition are controlled through not well-understood cell-biological parameters,
which might also be subject to regulation in T-cell development and differentiation.
Identifying these parameters, quantifying their effects on the efficacy of T-cell anti-
gen recognition and understanding their relevance in immunity, autoimmunity and
cancer progression stands in the forefront of our research. Last but not least, we wish
to apply at least some of the methodological and immunologic lessons learned in the
field of cancer immunotherapy, in particular in the design of performance-enhanced
chimeric antigen receptor (CAR)- modified T-cell products.
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Abatacept targets Tth and effector Tregs and disrupts molecular pathways that regulate
their proliferation and maintenance

B. Hollbacher, S. Glatigny, S.J. Motley, C. Tan, C. Hundhausen, J. Buckner, D. Smil-
ek, S. J. Khoury, L. Ding, T. Qin, J. Pardo, G.T. Nepom, L.A. Turka, K.M. Harris, D.J.
Campbell, and E. Bettelli

Interaction of CD28 with CD80/86 expressed by APCs, provides T cells with a sec-
ond costimulatory signal in addition to TCR engagement and allows them to become
fully activated. Therefore, blocking this pathway is an attractive therapeutic target for
autoimmune diseases in which dysregulated T cell activation plays a major role in
pathogenesis.

Abatacept is a CTLA-4-Ig fusion protein that binds to the co-stimulatory ligands
CD80 and CD86 and blocks their interaction with the CD28 and CTLA-4 receptors
expressed by T cells, inhibiting T cell activation and function. Longitudinal specimens
from the ACCLAIM trial of abatacept in multiple sclerosis were utilized to examine
the effects of abatacept treatment on the frequency and transcriptional profile of spe-
cific T cell populations in the peripheral blood.

We found that the relative abundance of CD4+ T follicular helper cells and regulatory
T cells was selectively decreased in participants following abatacept treatment. Within
both cell types, abatacept was associated with changes in gene expression with the
altered genes being enriched for functions regarding cell-cycle control and chromatin
dynamics. All cellular and molecular changes were reversed following termination of
abatacept treatment.

Our findings link the changes in costimulatory signaling to impaired activation, prolif-
eration and decreased abundance. These results identify new transcriptional targets of
CD28-mediated costimulatory signaling in human Treg and Tth cells, further inform-
ing on its potential use in diseases associated with dysregulated Tth activity.
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Nuclear orphan receptor NR2F6 regulates CD8+ T cell effector function and
memory formation

Bojana Jakic, William Olson, Victoria Klepsch, Janine Kimpel, Gottfried Baier and
Natascha Hermann-Kleiter

The nuclear orphan receptor NR2F6 is an intracellular immune checkpoint during
cancer immune-surveillance. As a transcription factor, NR2F6 directly binds to the I12
and Ifng minimal gene promoters and antagonizes NFAT/AP-1 binding, thus leading
to a decreased production of IFN-gamma and IL-2. How NR2F6 controls CD8+ T cell
effector function and memory formation, especially during pathogen encounter, has
never been investigated.

Nr2f6-/- mice had an enhanced clearing of bacterial load and a benefit in survival dur-
ing infection with ovalbumin tagged Listeria monocytogenes (LmOVA) accompanied
with an increase in SIINFEKL specific CD8 T cells. In vivo killing assay suggested that
Nr2f6-/- CD8+ T cells in OVA immunized OT-I mice do not have an enhanced ability
to kill SIINFEKL peptide pulsed target cells per se.

To investigate CD8 T cell intrinsic functions, OT-I wt or Nr2f6-/- naive cells were
adoptively transferred to congenic wt recipients and infected with LmOVA. OT-I
Nr2f6-/- cells had an increase memory precursor (KLRG1-CD127+) cell populations,
detectable in spleen at day 7 post infection. Moreover, re-stimulation in vitro with
SIINFEKL peptide, leads to significantly enhanced IFN-gamma and TNF-alpha pro-
duction, both by OT-I Nr2{6-/- d7 effector cells and by total Nr2f6-/- CD8 T cells on
d70 post infection. Collectively, these data suggest that NR2F6 regulated CD8 T cell
effector and memory response in a cell intrinsic manner.
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Dynamic emergence and propagation of cytotoxic T lymphocyte escape mutations
during chronic infection

Smyth, M., Khamina, K., Bergthaler, A.

Cytotoxic T lymphocytes (CTLs) represent key immune effectors of the host response
against chronic viruses. Viruses can evade the selective pressure exerted by CTLs
through escape mutations in viral T cell epitopes. This mechanism of immune escape
is common to both chronic viral infections and malignant tumours. We employ the
chronic infection model of lymphocytic choriomeningitis virus (LCMV) to study how
CTL escape mutations arise during chronic infection. By using different experimental
approaches to modulate CTL selection pressure we identified non-synonymous mu-
tations in viral H2-Db-restricted CTL epitopes. Some of the identified mutations in
the immunodominant GP33-41 CTL epitope have been previously verified as escape
mutations, yet we observe different kinetics of these variants during chronic infec-
tion. These mutations were not found in Rag2-/- mice which are devoid of any CTL
selection pressure. By studying the dynamic emergence and propagation of mutations
in viral CTL epitopes we expect to gain fundamental insights into the evolutionary
dynamics driven by the interplay between pathogens and T cells. The governing prin-
ciples of which may be applicable to other contexts, such as cancer immune evasion
and immunotherapy.
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Regulation of Lymphatic GM-CSF Expression by the E3 Ubiquitin Ligase Cbl-b

Sebastian Peer, Giuseppe Cappellano, Natascha Hermann-Kleiter, Karin Albrecht-
Schgoer, Reinhard Hinterleitner, Gottfried Baier and Thomas Gruber

Genome-wide association studies as well as lymphatic expression analyses have linked
both Cbl-b and GM-CSF to human multiple sclerosis as well as other autoimmune
diseases. Both Cbl-b and GM-CSF have been shown to play a prominent role in the
development of murine encephalomyelitis; however, no functional connection be-
tween the two has yet been established. In this study, we show that Cblb knockout mice
demonstrated significantly exacerbated severity of experimental autoimmune enceph-
alomyelitis (EAE), augmented T cell infiltration into the central nervous system CNS
and strongly increased production of GM-CSF in T cells in vitro and in vivo.GM-CSF
neutralization demonstrated that the increased susceptibility of Cblb—/— mice to EAE
was dependent on GM-CSE. Mechanistically, p50 binding to the GM-CSF promoter
and the IL-3/GM-CSF enhancer element “CNSa” was strongly increased in nuclear ex-
tracts from Cbl-b-deficient T cells. This study suggests that Cbl-b limits autoimmunity
by preventing the pathogenic effects of GM-CSF overproduction in T cells.
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Mesenchymal cell fate decisions during lymph node and peyer's patch organogenesis

Lucas Onder, Alejandro Prados, Urs Morbe, Hung Wei Cheng, Elke Scandella, George
Kollias and Burkhard Ludewig

The development and function of secondary lymphoid organs depends on the differ-
entiation of distinct subpopulations of fibroblastic reticular cells from embryonic mes-
enchymal organizer cells. However, the delineation of fibroblastic cell fate decisions
during the formation of lymphoid niches and specific molecular requirements within
lymphoid tissue organizer cells remained elusive. Here, we apply fibroblastic reticular
cell specific fate mapping and conditional ablation of lymphorganogenic molecules to
identify fibroblastic lineage decisions during lymphoid organ formation. We found
that fibroblastic reticular cells in lymph nodes arise from unique peri-venous organiz-
er cells in a lymphotoxin-beta-receptor dependent manner, while fibroblastic reticular
cells in peyer's patches originate from perivascular and subepithelial niches in the
embryonic intestine. Molecular dissection of fibroblastic cell lineages in both organs
revealed profound differences in their differentiation trajectories and unravel novel
cues for organ-specific lymphoid niche formation. Our findings broaden the current
knowledge about mesenchymal signals which are necessary to build lymphoid tissues
during development and under pathological conditions.
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Superior capacity of fetal monocyte compared to primitive macrophage precursors
in development and function of tissue resident macrophages

Fengqi Li, Katarzyna Okreglicka, Lea Pohlmeier, Nicola Zamboni, Christoph
Schneider, Manfred Kopf

Tissue-resident macrophages have a vital tissue-specific function in homeostasis and
first-line defense against invaders. They develop during embryogenesis independent
from bone marrow HSC. Fate-mapping studies revealed at least two distinct waves
of erythroid myeloid progenitors (EMP) arising in the yolk sac (YS) at E7.5 and E8.5.
Each has been proposed to give rise to tissue-resident macrophages with the latter go-
ing through a monocyte intermediate. However, the relative potential of these precur-
sors in determining the development and functional capacity of tissue-resident mac-
rophages remains unclear. Here, we studied AM development after adoptive transfer
of EMP, primitive macrophage and monocyte precursors from YS, fetal liver and lung
into neonatal Csf2ra-/- mice, which lack endogenous AM. Compared to fetal mono-
cytes, E10.5 EMP and primitive M® showed a strikingly impaired c-Myb-dependent
potential to develop into AM associated with a poor glycolytic capacity. Mice contain-
ing primitive M®-derived AM failed to efficiently clear alveolar proteinosis and pro-
tect from mortality following influenza virus infection. Together, our results provide
an explanation, why primitive macrophage precursors are replaced by monocytes in
fetal tissues with advancing embryogenesis.
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Evolutionary trajectory of the thymopoietic niche
Anja Nusser-Lamp, Jeremy Swann, Ryo Morimoto, Thomas Boehm

The thymus is a lymphoid organ unique to vertebrates. During evolution, the niche
supporting T cell development has undergone dramatic changes. In mammals, the
transcription factor Foxnl1 is essential for the differentiation of thymic epithelial cells,
and thus, efficient T cell development.

We hypothesize that during evolution the elaboration of a supporting microenviron-
ment predates innovations in the haematopietic system. In order to test this idea, we
subjected the evolutionary trajectory of the thymic microenvironment to direct ex-
perimental analysis, and asked whether the primordial, non-vertebrate version of the
Foxnl transcription factor might be pre-adapted to support some form of thymopoie-
sis. To this end, we complemented Foxnl deficiency in mice using the transcription
factor Foxn4 derived from the cephalochordate amphioxus (Branchiostoma lanceola-
tum, B.1.). The expression of B.l. Foxn4 supported the development of a microenviron-
ment conducive to T cell development until the DP stage, but failed to support later
stages of T cell development. Transcriptome analysis showed that B.l. Foxn4 drives the
expression of only a subset of those genes that are known as targets of the mammalian
Foxnl transcription factor. This result suggested the possibility of a stepwise expan-
sion of Foxnl's targets, and hence, the functional complexity of the niche fostering
T cell development. In support of this conclusion, we show that the replacement of
mouse Foxnl by Foxn4 and Foxnl versions derived from shark (Callorhinchus milii)
and lamprey (Lampetra planeri) results in generation of CD4 and CD8 single-positive
T cells, albeit with different efficiency. We propose that the evolutionary reconstruc-
tion will allow us to assess the contribution of different gene expression profiles to
thymus and T cell development.
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BCAP promotes Lupus-like disease and TLR-induced IFNa production in pDC
Talyn Chu, Minjian Ni, Chunmo Chen, Sheeram Akilesh, and Jessica A. Hamerman

Systemic lupus erythematosus (SLE) severity is correlated with elevated serum levels
of type I interferons (IFN), specifically IFNa. pDC are important in the pathogenesis
of SLE due to their ability to produce large amounts of IFNa in response to endocy-
tosed nucleic acids. TLR7 and TLR9-induced IRF7 translocation to the nucleus and
subsequent IFNa production by pDC is dependent on phosphatidylinositol-3 kinase
(PI3K), but how PI3K is activated and regulates this process remains undefined. We
showed that the cytosolic signaling adapter B cell adaptor for PI3K (BCAP) links TLRs
to PI3K activation in macrophages, thus we asked whether BCAP plays a role in pDC
IFNa production and SLE pathogenesis. Here, we show BCAP promoted many aspects
of TLR7-driven lupus-like disease including interferon-stimulated gene expression in
the blood. Consistent with these findings, BCAP promoted TLR7 and TLR9-induced
IFNa production in pDC, and BCAP-/- mice produced significantly less serum IFNa
after injection of TLRY agonist than WT mice, consistent with a pDC IFNa defect.
RNA or CpG DNA-induced IFNa production in pDC requires two signaling pathways.
In the endosome, RNA or DNA is recognized by TLR7 or TLRY, respectively, leading
to MyD88 activation. RNA or DNA signaling from the cell surface activates a TL-
R7/9-independent cascade involving DOCK2-mediated activation of Racl. These two
pathways are both required for and converge upon the phosphorylation and activation
of IKKa leading to the phosphorylation and nuclear translocation of the transcription
factor IRF7 and IFNa gene transcription. We show BCAP and PI3K activation were
required for CpG DNA-induced early actin remodeling, a readout of Racl activation,
and IKKa phosphorylation in pDC. We found BCAP associated with DOCK2 through
its N-terminal domain and was required for early TLR-induced Racl activation in
pDC. Overall, we reveal a novel role for BCAP in regulating SLE pathogenesis and
TLR-induced IFNa production in pDC by regulating DOCK2-mediated Racl activa-
tion.
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Deltex1 Regulates Foxp3 and Regulatory T cell Stability by Antagonizing HIF-1a
Tzu-Sheng Hsu* , Huey-Wen Hsiao, and Ming-Zong Lai

Regulatory T cell (Treg) is one of the major components in immune tolerance machin-
ery by suppressing inflammatory T cell activation. Foxp3 is the master transcription
factor essential for the functional activities of Tregs, but the maintenance of Foxp3
protein stability in vivo remains incompletely understood. Here we identified E3 ligase
deltex1 (DTX1) determining Foxp3 protein stability and Treg suppressive function in
vivo. Dtx1-/- Tregs are as effective as WT Tregs in the inhibition of CD4+CD25- effec-
tor T cells activation in vitro. However, the ability of DTX1-knockout Tregs to inhibit
effector T cells-induced colitis is greatly impaired in vivo. The selective deficiency of
DTX1 within Tregs is sufficient to dramatically inhibit tumor growth. We find that
decrease in Foxp3 expression and small increases in the expression of IFN-y, IL-17,
TNF-a and IL-4 in the Dtx1-/- tTreg cells recovered from Ragl -/ - mice . We further
find that DTXI1 interacts with HIF-1a and promotes HIF-1a degradation. DTX1 in-
creases Foxp3 stability through interfering with HIF-1a mediated Foxp3 downregula-
tion. Knockout of HIF-1a rescues the Foxp3 instability and the defective suppressive
ability in Dtx1-/- Treg in vivo. Our results reveal another level of control on Treg sta-
bility in vivo by sustaining the expression of Foxp3 protein stability in Tregs by DTXI.
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The gain-of-function STAT5B N642H mutation as a driver of mature T-cell leu-
kemia/lymphoma

Heidi A. Neubauer?, Ha T. T. Pham"?, Tobias Suske?, Safia Zahma?, Simone Tanger-
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Mature T-cell leukemias/lymphomas (MaTCL) are a group of rare hematological ma-
lignancies of mostly incurable prospects due to limited efficient therapies and faithful
pre-clinical models. It is increasingly evident that hyperactive JAK/STAT signalling plays
a role in many of these diseases. Notably, a hotspot gain-of-function (GOF) mutation
in STAT5B, N642H, has been found in over 100 patients with T-cell neoplasia, and is
associated with more aggressive disease, therapy resistance and worse prognosis. To
investigate the role of STAT5B N642H in MaTCL, we generated transgenic mice har-
boring moderate expression of human STAT5B N642H in the hematopoietic compart-
ment. These mice rapidly develop aggressive mature CD8+ T-cell disease, suggesting
that CD8+ T-cells are particularly susceptible to transformation by this mutation. Ex-
amination of these mice revealed prominent lethal infiltration of neoplastic T-cells into
peripheral organs including lung, skin, brain and liver. Interestingly, in addition to CD8+
T-cells, infiltration of CD4+ as well as y§ T-cells was also observed in various organs of
the STAT5B N642H mice, suggestive of STAT5B N642H-driven transformation of other
T-cell lineages. This would be more consistent with human patients carrying this muta-
tion, which suffer predominantly from MaTCL of CD4+ as well as aggressive yd T-cell
subtypes. Indeed, isolation and transplantation of different mature T-cell subsets (CD8+,
CD4+ or yd T-cells) from donor STAT5B N642H transgenic mice into immunocompe-
tent recipients resulted in the onset of subtype-specific T-cell neoplasia, demonstrating
the transforming capacity of STAT5B N642H in multiple T-cell lineages. Overall, these
data highlight the aggressive nature of the STAT5B N642H driver mutation in MaTCL.
Furthermore, investigating and modelling the transformation of various T-cell lineages
by STAT5B N642H will allow us to develop novel pre-clinical models more closely reca-
pitulating human MaTCLs, which are urgently needed to assist with testing new treat-
ment strategies.
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Short term cold acclimation enhances human Treg induction
Maike Becker, Laura Mengel, Hans Hauner, Matthias H. Tschop and Carolin Daniel

Foxp3+regulatory T cells (Tregs) function as critical immune regulators, thereby
controlling tissue-specific differentiation, homeostasis and local inflammation. We
recently found that murine Tregs represent key components of the molecular inter-
face connecting adipose tissue (AT) function with environmental cold or low-dose
beta3-adrenergic stimulation. Specifically, by loss- and gain-of-function experiments,
including Treg depletion and transfers in vivo, we identified a T cell-specific Stat6/Pten
signaling axis that links cold exposure or beta3-adrenergic stimuli with Treg activity
and AT function. However, the translational relevance of these findings for human
Treg induction in response to beta3-adrenergic stimulation or cold remains currently
unknown.

Here, we show that beta3-adrenergic stimulation using Mirabegron (Mira) induces
human Tregs in a preclinical setting of humanized NSG mice (human CD3+CD4+CD-
127lowCD25high Foxp3+Tregs [% of CD4+T cells]: control: 2.0+0.5 vs. +Mira: 4.9+1.0;
p=0.0319) accompanied by increased Treg induction potential from naive CD4+T
cells in vitro. Moreover, human CD4+T cell analyses of subcutaneous AT biopsies after
an acute cold stimulus of 2 hours to healthy subjects provide first evidence for a trend
towards an increase in local Tregs (CD3+CD4+CD127lowCD25highFoxp3+Tregs [%
of CD3+CD4+]; t0=4.36+0.5% vs. t2=5.19+1.7%). Of note, short-term human cold
acclimation in vivo also enhanced human Treg induction potential from naive CD4+T
cells in peripheral blood (females; CD3+CD4+CD127lowCD25highFoxp3+Tregs [%
of CD25highCD127low]; t0=39.0£3.9% vs. t2=47.5+4.0%; p=0.0002). As observed in
the murine system upon beta3-adrenergic stimulation, in vivo cold exposure triggered
an increase in BORCS6 expression in human CD4+T cells. These findings support the
concept that cold exposure or beta3-adrenergic stimulation can exert pro-tolerogenic
functions on human CD4+T cells. Further mechanistic analyses are required to dissect
molecular underpinnings of human Foxp3+Treg induction in response to cold or be-
ta3-adrenergic stimulation in health and metabolic disease.
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Targeting miRNA-mediated immune activation in islet autoimmunity

Isabelle Serr, Victoria Salb, Martin Scherm, Benno Weigmann, Anette-Gabriele
Ziegler, Carolin Daniel

Islet autoimmunity, the presymptomatic phase of type 1 diabetes (T1D), is charac-
terized by aberrations in T-cell activation versus T-cell tolerance. However, the mo-
lecular underpinnings remain poorly understood. MiRNAs regulate multiple targets
and thereby alter complex cellular states. Here, using CD4+T cells from children at
an early stage of islet autoimmunity we find miRNA181a and miRNA142-3p to be in-
creased, thereby interfering with Foxp3+regulatory T cell (Treg) induction. Mechanis-
tically we show that a miRNA181a-mediated increase in signal strength of stimulation
and costimulation links Nuclear factor of activated T cells 5 (NFAT5) with impaired
Treg induction and autoimmune activation. Enhancing miRNA181a activity increases
NFATS5 expression while inhibiting Treg induction in vitro. Accordingly, Treg induc-
tion is improved using T cells from NFAT5ko animals (CD4+CD25+Foxp3+Tregs [%
of CD4+T cells]: WT: 17.1+2.8 vs. NFAT5ko: 30.3£1.2, P<0.01) while altering miR-
NA181a activity does not affect Treg induction in NFAT5ko T cells. Furthermore, we
demonstrate that a miR142-3p-mediated decrease in Tet2 expression links epigenetic
remodeling and impairments in Treg induction and stability with islet autoimmunity.
Inhibiting miRNA142-3p increases in vitro Treg induction while increasing Tet2 ex-
pression and Treg stability in restimulation experiments (control inhibitor vs. miR142-
3p inhibitor: 88.3 £ 0.9% vs. 92 + 1.2% of CD4+; P = 0.0440). In line with a role of
Tet2 in DNA demethylation, higher abundance of miRNA142-3p during ongoing islet
autoimmunity resulted in reduced expression of Tet2 and increased methylation of the
Treg-specific demethylated region (TSDR) in the Foxp3 locus of Tregs. Of note, block-
ing either signaling pathway with a NFATS5 inhibitor or a miRNA142-3p antagomir
can increase Treg induction in murine and humanized in vivo models. Additionally,
inhibiting miRNA142-3p in vivo increases Treg stability. These findings therefore sug-
gest that future targeting of miRNA181a/NFAT5 and miRNA142-3p/Tet2 signaling
can help to interfere with ongoing T1D islet autoimmunity.
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Modulation of allergy and vaccine responses through maternal helminth infection

Matthew Lacorcia, Sonakshi Bhattacharjee, Kristina Laubhahn, Sophie Perchermeier,
Kathrin Straubinger and Clarissa U. Prazeres da Costa

Chronic infection with the parasitic helminth Schistosoma mansoni is characterized
by a modified Th2 response coupled to immunosuppression. This protects the host
against overwhelming inflammatory responses against the parasite, but has spillover
effects to bystander antigens, such as allergens. There is recent evidence that schisto-
somiasis during pregnancy similarly influences offspring allergic responses, as well as
to vaccines. We have shown that OVA-induced allergic airway inflammation (AAI) in
adult murine offspring from schistosome-infected mothers is strongly modified by the
phase of maternal infection, and suppressed when pregnancy was initiated during late
chronic stages. Further, this was associated with changes at the fetomaternal interface,
specifically in terms of an infection-phase-specific shifts in placental transcriptional
profile as well altered cytokine production to schistosome antigens. We have since fur-
ther investigated the potential effect of this maternal infection within the immune cell
compartments of these offspring, and in our in vivo model explored the responses to
early sensitization stages of antigens as well as vaccines in these offspring. In line with
epidemiological trends, we have found differential T and B cell responses to vaccina-
tion of offspring exposed to transmaternal schistosomiasis, with these changes relying
heavily on vaccine vector and the mode of antigen delivery. Through altered vaccine
strategies, we have been able to further modify these antigen-specific responses, and
our continued work investigates the mechanisms underlying this. Our studies will help
to understand the effects of the maternal immune status during pregnancy on immune
predisposition in later life, and mechanisms for fine tuning immune responses.
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Erythro-myeloid progenitors emerge from Toll-like receptor 2+ c-kit+ cells at E7.5
Jana Balounova, Iva Splichalova, Karel Fiser and Dominik Filipp

Hematopoiesis in mammalian embryos proceeds through three successive waves of
hematopoietic progenitors. Specifically, primitive erythroid progenitors emerging at
E7.5 in the yolk sac (YS) are followed by a second “transient definitive” wave of most-
ly erythro-myeloid progenitors (EMPs) at E8.5. Finally, progenitors of definitive he-
matopoietic stem cells emerge from the hemogenic endothelium of dorsal aorta at
E10.5. Since the emergence of hematopoietic progenitors is spatially and temporally
overlapping and phenotypic markers are often shared, the specifics regarding their
origin, development, lineage restriction and mutual relationships have not been fully
determined. The identification of wave-specific markers would aid to resolve these
uncertainties. Here, we show that Toll-like receptors (TLRs) are expressed during early
embryogenesis. We provide phenotypic and functional evidence that the expression
of TLR2 on E7.5 YS derived c-kit+ cells, accompanied by the high expression of Tie2,
CD31, CD41 and Runxl, marks the emergence of EMPs. Additionally TLR2 engage-
ment leads to the enhanced production of myeloid cells from E8.5 TLR2+ c-kit+ cells
in a Myd88 dependent manner. Using in vivo fate mapping, we show that at E7.75-E8.5
TIr2 locus is already active in emerging EMPs, which contribute to tissue resident
macrophages in the brain as well as granulocytes, monocytes and macrophages in the
fetal liver. Together, these data demonstrate that the activation of Tlr2 locus at ~E7.5
tracks the earliest events in the process of EMP specification.
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Quantifying the Effect of TCR Avidity on the Development of Immunological
Memory starting out from single naive T cells

Justin Leube, Lorenz Kretschmer, Michael Flossdorf, Dirk H. Busch & Veit R. Buchholz

During a CD8+ T-cell response the magnitude of immunological memory is deter-
mined by the precursor frequency of T cells for a given epitope, as well as the processes
of recruitment, clonal expansion and memory differentiation. A key factor that influ-
ences these processes is the binding avidity of a given T-cell receptor (TCR) to its cog-
nate peptide MHC (pMHC) antigen. In how far TCR avidity determines the memory
potential of an individual CD8+ T cells is incompletely understood.

Utilizing the adoptive transfer of single OTI T cells and Listeria monocytogenes strains
expressing either the native SIINFEKL antigen or altered peptide ligands, showing de-
creased affinity to the OTI TCR, we studied how the memory development of single T
cells is scaled by TCR avidity. We found that TCR-pMHC avidity is a critical determi-
nant during the primary response and a strong predictor of response size, upon trans-
fer of physiologically low numbers of OTI T cells. Lower affinity stimulation result-
ed in smaller progenies containing higher frequencies of central memory precursor
(TCMp) cells. However, absolute numbers of TCMps were substantially under these
conditions. Furthermore, we could show that differences in the absolute numbers of
TCMps at the peak of the primary response, were directly mirrored in the absolute re-
sponse size during heterologous secondary immunization. Importantly, we found that
decreases in TCR avidity led to reduced recruitment of naive T cells into the primary
response. These recruitment differences amplify avidity dependent expansion differ-
ences and therefore the size of the memory T-cell pool.
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Lineage-specific microRNA: mRNA regulatory networks in the differentiation of
effector T cell subsets

Tiago Amado, Carolina Cunha, Daniel Indcio, Ana Amorim, Paula Vargas Romero,
Francisco Enguita, Nina Schmolka, Anita Q. Gomes and Bruno Silva-Santos

The (patho)physiological functions of T cells in infection, cancer and autoimmunity
are often associated with the production of the potent pro-inflammatory cytokines
IEN-y and IL-17. MicroRNAs (miRNAs) have emerged as key post-transcriptional
regulators of IFN-y and IL-17 expression, but a global understanding of the under-
lying miRNA: mRNA networks is still lacking. Here we aimed to provide an unbi-
ased and holistic analysis of miRNA regulators of effector T cell differentiation. We
employed a double reporter IL-17-GFP: IFNg-YFP mouse (naive or challenged) to
isolate pure IL-17+ or IEN-y+ T cells from the main T-cell lineages: CD4+, CD8+ and
gamma-delta T cells. The various effector T cell subsets were analyzed by next gener-
ation sequencing (NGS) of both miRNA and mRNA repertoires, and the results were
integrated using bioinformatics tools taking into account differential expression and
potential interactions at the sequence level. Top candidates were validated experimen-
tally via gain-of-function or loss-of-function approaches. These allowed us to identify
novel miRNA determinants of effector T cell differentiation that were strikingly dif-
ferent across the various T cell subsets. Namely, the miRNAs differentially expressed
between IL-17+ and IFNg+ subsets of CD4+ versus gamma-delta T cells were poorly
overlapping, with none of the top differentials being shared between the two T-cell
lineages. Moreover, IFNg expression was regulated by different miRNAs in each of the
T cell lineages, as highlighted by the novel inhibitory roles disclosed for miR-181a and
miR-451a in CD8+ T cells; and miR-326 and miR-450b in gamma-delta T cells. Each
of these miRNAs was integrated in specific networks with putative candidate mRNA
targets (including cytokine genes and their master transcription factors) that were val-
idated independently and are here presented. Our study thus provides unique insight
into the distinct miRNA: mRNA networks that control IFN-y and IL-17 expression in
the main T-cell lineages generating pro-inflammatory effector T cells in vivo.
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Interleukin-17 determines brain-derived neurotrophic factor levels and short-term
learning

Bruno Silva-Santos, Miguel Ribeiro, Helena Brigas, Mariana Temido-Ferreira, Joana
Coelho, Inés Marques-Morgado, Claudia Valente, Sara Omenetti, Brigitta Stockinger,
Luisa V. Lopes, Julie Ribot

The conventional notion of “immune privilege” of the brain has been revised to ac-
commodate its infiltration, at steady state, by immune cells that participate in normal
neurophysiology. Surprisingly, such neuroimmune functions have been linked to typ-
ically “pro-inflammatory” cytokines like IL-4 or IFN-gamma, shown to control be-
havioural and social cognition. Here we identify a novel neuroimmune role for IL-17
produced by a foetal-derived mouse gamma-delta (gd) T cell subset that populates the
meninges at birth and remains throughout life. Strikingly, the establishment of this
meningeal IL-17+ gd T cell population was independent of microbiota or inflamma-
tory signals such as IL-1 or IL-23. When tested in classical spatial learning paradigms,
mice lacking gd T cells or IL-17 displayed deficient short-term working memory, while
retaining long-term reference memory. Mechanistically, we show that the plasticity of
glutamatergic synapses is reduced in the absence of IL-17, which results in impaired
long-term potentiation in the hippocampus. Conversely, IL-17 enhanced glial cell pro-
duction of brain derived neurotrophic factor (BDNF), whose exogenous provision res-
cued the phenotype of IL-17-deficient animals, including upon intra-cranial injection
in vivo. By identifying a novel meningeal-resident, non-inflammatory IL-17+ gd T cell
population, our work provides fundamental clues on cognitive dissociation of working
versus reference memory in the hippocampus, while providing exciting new avenues
to explore in Neuroimmunology.
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Selection for gain-of-function Notchl APEST mutations in T-ALL
Thorsten Feyerabend, Csilla Kongsaysak-Lengyel and Hans-Reimer Rodewald

Acute lymphoblastic T cell leukemia (T-ALL) is a highly aggressive pediatric cancer.
Despite intense research and the identification of typical mutations associated with
the disease, the mechanisms underlying malignant T cell progenitor transformation
and leukemia progression are not yet fully understood. Our laboratory has identified
a mouse model for spontaneous development of T-ALL due to disrupted cell compe-
tition and deregulated thymocyte development in the absence of de novo progenitor
supply from the bone marrow. T-ALL in this novel murine model resembles the hu-
man disease in key aspects from pathology to genomic lesions. These include charac-
teristic frameshift mutations within the last exon of Notch1, causing PEST domain de-
letions (APEST) due to the presence of STOP codons in the alternative reading frames
of Notchl. To investigate the role of such APEST truncations for T-ALL development,
we introduced into mice a modified Notch1 allele, devoid of alternative STOP codons.
Prior to mutation, this modified allele is fully functional, but signaling incompetent
when frameshift mutated. In our disease model, heterozygous and wild type thymi
developed T-ALL with equal kinetics and incidence, but Notchl mutations were se-
lectively found only on the wild type allele. Interestingly, even thymi homozygous for
the modified Notch1 allele gave rise to T-ALL with the same kinetic and incidence and
even displayed a similar Notchl mutation frequency. However, in this situation, all
mutations found in the PEST domain of the modified Notchl allele were direct STOP
codons. Such direct APEST mutations are also known from human patients, albeit at
much lower frequencies compared to frameshifts. We conclude that T-ALL transfor-
mation or progression is highly dependent on functional Notch1 signaling and there-
fore strongly selective for functionally active APEST Notch1 mutations.
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Circulating monocytes and lymphocytes in first-degree relatives of type 2 diabetes
patients

Vladimir Stich, Eva Krauzova, Barbora Svobodovd, Jana Kra¢merova, Marek Stépan,
Michal Koc, Lenka Rossmeislové, Michaela Siklov4

Aim: Development of type 2 diabetes (T2DM) is associated with disturbances of im-
mune status, that may be reflected by alterations of the profile of circulating immune
cells. In order to study whether there exists genetic predisposition to these alterations
we investigated relative content of circulating monocyte and lymphocyte subpopula-
tions at fasting condition and upon stimulation by short-term hyperinsulinemia in
non-diabetic first degree relatives (FDR) of T2DM patients and in control subjects.

Materials and methods: 19 non-diabetic male FDR and 19 control subjects without
family history of diabetes matched for age and BMI underwent 2hours hyperinsuline-
mic-euglycemic clamp. Blood samples taken before and at the end of the clamp were
used for flow cytometry analysis of lymphocyte and monocyte populations and for
cytokine measurement.

Results: At fasting conditions FDR showed higher CD4/ CD8 ratio of peripheral lym-
phocytes, higher percentage of Th17 lymphocytes and lower content of intermediate
monocytes when compared to controls. The CD4/CD8 ratio correlated to fat mass,
insulin and HOMA-IR in the entire group of subjects. Hyperinsulinemia decreased a
relative content of peripheral CD4+ and increased a relative content of CD8+ T lym-
phocytes, thus decreasing the CD4/CD8 ratio by 18-22% in both groups of subjects,
the magnitude of decrease not being different in the two groups. In FDR but not in
controls , the hyperinsulinemia-induced decrease of CD4+ T lymphocyte content was
partially due to the decrease of TH2 and TH17 lymphocytes subpopulations. In con-
trol subjects but not in FDR, the number of intermediate monocytes has declined in
response to hyperinsulinemia.

Conclusion: The alterations in the balance in CD4/CD8 lymphocytes ratio and in the
content of TH17 cells and intermediate monocytes at fasting condition and divergent
response of TH17 cells and intermediate monocytes under stimulation by insulin may
be features of genetic predisposition to T2DM.
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The transcription factor Duxbl mediates elimination of pre-T cells that fail
B-selection

Fabian Klein, Mladen Mitrovic, Julien Roux, Corinne Engdahl, Lilly von Muenchow,
Llucia Alberti-Servera, Hans Jorg Fehling, Pawel Pelczar, Antonius Rolink and Pana-
giotis Tsapogas

T-cell development is critically dependent upon successful rearrangement of anti-
gen-receptor chains. At the B-selection checkpoint only cells with a functional rear-
rangement continue in development. However, how non-selected T cells proceed in
their dead-end fate is not clear. We identified low CD27 expression at the double-neg-
ative (DN) 3 stage to mark pre-T cells that have failed to rearrange their B-chain and
that will therefore undergo apoptosis. Expression profiling and single-cell transcrip-
tome clustering identified a developmental trajectory through B-selection and re-
vealed specific expression of the transcription factor Duxbl at a stage of high recom-
bination activity prior to B-selection, whereas its expression was not detected in cells
that have passed this checkpoint. Conditional transgenic expression of Duxbl resulted
in a developmental block at the DN3-to-DN4 transition due to reduced proliferation
and enhanced apoptosis. RNA silencing of Duxbl, on the other hand, led to a decrease
in apoptosis at the DN3 stage. Thus, Duxbl seems to mediate apoptosis induction in
cells at the B-selection checkpoint. Transcriptome analysis linked Duxbl to elevated
expression of the apoptosis-inducing Oas/RNaseL pathway. RNaseL deficiency as well
as sustained Bcl2 expression led to a partial rescue of cells in Duxbl transgenic mice,
thereby suggesting that the induction of apoptosis by Duxbl is at least partly mediated
through the Oas/RNaseL system and is sensitive to Bcl2 expression. These findings
identify Duxbl as a regulator of B-selection by mediating the elimination of cells with
a non-functional rearrangement.
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Analysis of EV-decorated CD8+ T cells during viral infection
Lisa Rausch, Jan Kranich, Nikolaos-Kosmas Chlis, Fabian Theis and Thomas Brocker

The exposure of phosphatidylserine (PS) on the outer leaflet of the plasma membrane
is a classical feature of apoptosis but also common on extracellular vesicles (EVs). EVs
have been shown to play important roles in cellular communication and are involved
in the regulation of CD8+ T cell responses during infection and cancer. However, the
investigation of EV-attached CD8+ T cells in complex and dynamic in vivo settings
has not been reported yet. Here, we have generated a fusion protein of the PS-binding
protein Mfge8 and the reporter molecule eGFP (MFGe8-eGFP) to analyze naturally
occurring EV-T cells-interactions in situ. PS+ cells were detected by intravenous injec-
tion of Mfge8-eGFP followed by imaging flow cytometry. In order to reliably discrim-
inate apoptotic from live EV-decorated cells, we developed a deep learning algorithm.
By using this novel approach, only low frequencies of EV-bound T cells were detected
in the absence of infection. In contrast, upon LCMV-infection we found an approxi-
mately 10-fold increase in the frequency of EV-decorated CD8+ T cells. EV-binding
was mostly confined to activated effector CD8+ T cells, but almost absent on naive
CD8+ T cells. Furthermore, bound EVs were enriched for proteins normally found
on antigen presenting cells (APCs), suggesting an APC-origin. Our data demonstrate
the propensity of activated CD8+ T cells to bind EVs. Moreover, we here introduce a
new method to study EVs and their CD8+ T cell targets in vivo, which will give new
insights into the complex immune modulating role of EV's in infection and antitumor
immunity.
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STAT5-driven T cell neoplasia: a closer look at thymic T cell development
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The recurrent activating point mutation in human STAT5B, N642H, has been found
in more than 100 patients with aggressive mature or immature T cell neoplasias, and is
linked to poor survival and increased risk of relapse. Accordingly, transgenic mice ex-
pressing hyperactive STAT5BN642H or STAT5AS710F under the vav promoter develop
lymphoid neoplasia with massive expansion of mature CD8+ T cells in the periphery,
leading to organ infiltration and organ failure. The diseased cytotoxic lymphocytes are
tully functional and hypersensitive to cytokines, and the mice succumb to pulmonary
infiltration and obstruction as the main cause of death. To understand lineage commit-
ment of early T cell precursors (ETP) harboring STAT5 mutations, we analyzed thy-
mi from diseased STAT5BN642H and STAT5AS710F mice and controls. We observed
highly increased numbers of CD8+ single positive (SP) T cells and less CD4+ CD8+
double positive (DP) cells compared to wildtype (WT) controls, underlining the strong
bias towards commitment to the cytotoxic T cell lineage in both models.

Under physiologic conditions, murine CD4- CD8- double negative (DN) cells undergo
maturation from stage DN1 to DN4, defined by expression patterns of CD25 and CD44,
as a prerequisite to successfully pass T cell receptor selection. Here, we show that this de-
velopment is perturbed in STAT5BN642H mice, as CD25 expression is downregulated.
This trend was not observed in STAT5AS710F mice, which display less aggressive tumor
progression. Further, well defined medullary and cortical structures in the thymus are
disrupted in STAT5BN642H but not STAT5AS710F mice.

Interestingly, in a Rag2-/- background, STAT5 hyperactive mice overcome arrest in DN
stage and develop lethal thymic lymphomas. Diseased mice bear high numbers of thym-
ic DP as well as CD8+ CD3- TCRp- T cells, which are absent in Rag2-/- mice. Here,
RNA-seq analysis of these populations is used to understand STAT5-driven transition
from DN to DP thymocytes. Our results indicate that STAT5 hyperactivation 1) disrupts
thymic T cell development in a mature T cell lymphoma model and 2) drives thymic
lymphomagenesis of an immature T cell immunophenotype in Rag2-/- mice.
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T cell-expressed microRNAs critically regulate germinal center Tth and B cell
function and maintenance

Julia Maul, Dominik Alterauge, Julia Niemietz, Frank Dahlstrém, Vigo Heissmeyer, Dirk
Baumjohann

Cell fate decisions of T helper cells are particularly sensitive to precise dosing of reg-
ulatory factors, and are therefore subject to the fine-tuning activity of microRNAs
(miRNAs) (1). We have previously shown that global miRNA expression in T cells
was absolutely required for the generation of T follicular helper (Tfh) cells2. This phe-
notype was in striking contrast to Th1, Th2, and Th17 cells, which still develop in the
absence of mature miRNAs (1). The miR-17~92 cluster promoted robust Tth and T
follicular regulatory (Tfr) cell differentiation and restrained subset-inappropriate gene
expression in Ttfh cells (2). Following up on these results, we recently showed that
miR-17~92 is also an important regulator of Th17 cells and the conversion of Treg into
Tfr cells (3,4). In contrast to miR-17~92, conditional deletion of miR-146a in T cells
exhibited an opposing effect on Tth cell differentiation (unpublished), thus providing
another example of how Tth cells are tightly regulated by miRNAs (5,6). Since it was
not possible before to study the role of global T cell-expressed miRNAs in the main-
tenance of already established Tth cells and ongoing germinal center (GC) responses,
we have now developed a system that allows for the temporally guided depletion of
mature miRNAs specifically in CD4+ T cells (unpublished). We found that T cell-in-
trinsic miRNA expression during ongoing LCMV infection was critical for the main-
tenance of Tth cell identity by regulating the size of the antigen-specific T helper cell
compartment as well as the phenotype of Tth cells and their relationship to Th1 cells.
In addition, CD4+ T cell-specific depletion of miRNAs resulted in dramatically im-
paired GC B cell responses. In conclusion, our results highlight miRNAs as important
regulators of Tth and Tfr cells, thus providing novel insights into the molecular events
that govern T cell-B cell interactions and T helper cell plasticity.

1 Baumjohann & Ansel, Nat Rev Immunol 2013

2 Baumjohann et al., Nat Immunol 2013

3 Montoya et al., ] Immunol 2017

4 Essig et al., Immunity 2017

5 Maul & Baumjohann, Trends Immunol 2016

6 Baumjohann & Heissmeyer, Front Immunol 2018
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Mapping memory and effector fate decisions of CD8 T cells
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Veit R. Buchholz, Dirk H. Busch

During an adaptive immune response CD8+ T cells have to differentiate into effector
and memory subsets to efficiently eradicate the pathogen and to provide long lasting
protection against reinfection with the same pathogen. It was shown that in response
to antigen challenge an individual naive T cell can generate progeny encompassing all
major effector and memory CD8+ T cell subsets (Stemberger et al., Immunity 2007).
In addition to that single T cell-derived population expansion and differentiation show
strong variability in vivo with many small single cell-derived progenies consisting of
only some 100 to 1000 mainly memory-differentiated daughter cells and just a few sin-
gle cell-derived progenies that consist of up to 100 000 daughter cells and are mainly
effector-differentiated (Buchholz et al., Science 2013, Gerlach et al., Science 2013). To
elucidate the origin of variability between and within individual single-cell derived
progenies we used continuous life-cell imaging with and without the addition of line-
age-specific markers to create genealogical trees, revealing directly the exact inter-di-
vision times of all individual cells as well as their ancestry during the first approx. 5
days after T cell activation. Thus we were able to show that even under strictly con-
trolled and homogenous conditions CD8 T cells evolve a surprisingly high inter and
intraclonal variability that is hardly reduced compared to complex in vivo conditions.
Further we observed the emergence of slower and faster dividing subtrees within a sin-
gle-cell derived progeny and connected the inter-division times to memory and effec-
tor-like phenotypes. Together our results indicate that adoption of distinct cell-cycle
speed correlates with differentiation into memory and effector subsets.
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IL-2 complexed with anti-IL-2 mAb JES6-1 dramatically increases sensitivity to
LPS induced shock and mortality

Jakub Tomala, Petra Weberova, Barbara Tomalova and Marek Kovar

It was reported that in vivo biological activity of IL-2 can be dramatically increased by
association of IL-2 with anti-IL-2 mAbs and that these IL-2 complexes possess selective
stimulatory activity determined by the clone of anti-IL-2 mAb used. IL-2/S4B6 mAb
complexes were described to be highly stimulatory for NK and memory CD8+ T cells
and intermediately also for Treg cells. Contrary to that, IL-2/JES6-1 mAb complexes
are stimulatory solely for CD25+ cells. Thus, IL-2/JES6-1 mAb complexes highly selec-
tively expand Treg cells in non-immunized naive mice per se. Several groups shoved
that these complexes could be effective in various models of autoimmune diseases
and that they are capable to facilitate long-term acceptance of allogeneic graft in im-
munocompetent mice without any immunosuppression. This makes such complexes
attractive for future clinical application. However, we have unexpectedly found that
mice treated with IL-2/JES6-1 mAb complexes show dramatically increased sensitivity
to LPS-mediated shock and mortality (10-50 times). Mice treated with IL-2/JES6-1
mAb complexes and subsequently challenged with 10 ug LPS have 5-10 times higher
plasma concentration of TNF-a 90 min post LPS injection in comparison to control
mice challenged with 200 pg LPS. Such mice thus very quickly develop profound hy-
pothermia and 100 % mortality. On the other hand, IL-2/S4B6 complexes sensitize
mice to LPS only very weakly. This shows that future development of IL-2-based im-
munotherapeutics should carefully check potential co-toxicity with LPS.

Acknowledgement: This work was supported by grant 13-12885S and 18-12973S from
Czech Science Foundation and by Institutional Research Concept RVO 61388971.
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Overcoming multidrug resistance with inhibitor of ABC transporters bound to
HPMA copolymer carrier as a potential therapeutic approach in cancer treatment

Ladislav Sivak, Vladimir Subr, Tomas Etrych, Blanka Rihova, Marek Kovar

Multidrug resistance (MDR) is defined as the cross-resistance or insensitivity of can-
cer cells to the cytostatic/cytotoxic actions of various anticancer drugs which are struc-
turally unrelated and have different molecular targets. The principal mechanism by
which many cancers develop MDR is up-regulation of P-glycoprotein (P-gp) expres-
sion, a broad specificity trans-membrane efflux pump belonging to ATP-binding cas-
sette (ABC) transporters which reduces intracellular concentration of wide variety of
drugs below the effective cytotoxic threshold.

In the present study, we developed and tested HPMA copolymer conjugates bearing
either cytostatic drug doxorubicin (Dox), P-gp inhibitor 5-methyl-4-oxohexanoyl re-
versin 121 (R121), or both drugs bound via pH-sensitive hydrazone bond for over-
coming MDR. Such conjugates have significantly improved solubility, prolonged half-
life in circulation and they allowed targeted delivery of their drugs into solid tumor
due to the enhanced permeability and retention effect (EPR).

We demonstrated that co-delivery of Dox and R121 bound to the same polymeric
carrier, P-R121(Dox) results in superior cytostatic and cytotoxic activity in doxoru-
bicin-resistant P388/MDR cell line. P-R121(Dox) conjugate could induce strong cell
cycle arrest with almost 60% of cells accumulated in G2/M phase with a concomitant
decrease of cells in G1 and S phase after 24 h incubation. Moreover, P388/MDR cells
treated with P-R121(Dox) resulted in 18-fold decrease of live cell proportion as com-
pared to untreated cells.

Finally, antitumor activity in mouse tumor models of drug-induced (P388/MDR) or
natural resistant (CT26) was evaluated. The treatment with P-R121(Dox) conjugate
resulted in a significant tumor growth reduction and complete tumor regression in
6 out of 8 mice in CT26 model, whilst P-Dox/P-R121 mixture at equivalent dose re-
duced the tumor growth to a lesser extent, and cured one animal only. In parallel,
significant inhibition of tumor growth and prolonged survival was observed in P388/
MDR lymphoma.
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Time-resolved transcriptome and proteome landscape of human regulatory T cell
(Treg) differentiation reveals novel regulators of FOXP3

Angelika Schmidt, Francesco Marabita, Narsis A. Kiani, Henrik J. Johansson, Szabolcs
Elias, Matilda Eriksson, Sunjay Jude Fernandes, Gilad Silberberg, Janne Lehtio, David
Gomez-Cabrero, Jesper Tegner

Regulatory T cells (Tregs) expressing the transcription factor FOXP3 are crucial medi-
ators of self-tolerance, preventing autoimmune diseases but possibly hampering tumor
rejection. Clinical manipulation of Tregs is of great interest, and first-in-man trials of
Treg transfer achieved promising outcomes. Yet, the mechanisms governing induced
Treg (iTreg) differentiation and the regulation of FOXP3 are incompletely understood.
To gain a comprehensive and unbiased molecular understanding of human FOXP3
induction, we performed time-series RNA sequencing (RNA-Seq) and proteomics
profiling on the same samples during human iTreg differentiation. To enable the broad
analysis of universal FOXP3-inducing pathways, we used five differentiation protocols
in parallel. Integrative analysis of the transcriptome and proteome confirmed involve-
ment of specific molecular processes, as well as overlap of a novel iTreg subnetwork
with known Treg regulators and autoimmunity-associated genes. Importantly, we pro-
pose 37 novel molecules putatively involved in iTreg differentiation. Their relevance
was validated by: a targeted shRNA screen confirming a functional role in FOXP3
induction; discriminant analyses classifying iTregs accordingly; and differential ex-
pression in T cells from inflammatory bowel disease patients.

The data generated by this approach facilitate understanding the molecular mecha-
nisms underlying iTreg generation as well as the concomitant changes in the transcrip-
tome and proteome. Our results provide a reference map exploitable for future discov-
ery of markers and drug candidates governing control of Tregs, which has important
implications for the treatment of cancer, autoimmune and inflammatory diseases.
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The miR-26 family affects pre-B cell differentiation and expansion
Katharina Hutter, Andreas Villunger, Sebastian Herzog

MicroRNAs (miRNAs) are short, non-coding RNAs of about 21-24 nucleotides length
that regulate gene expression and thereby affect physiological as well as pathological
processes such as cancer. Several miRNAs have been described to mediate pro-tum-
origenic as well as tumor-suppressive functions. One miRNA family involved in can-
cerogenesis is the miR-26 family, which is aberrantly expressed in different types of
cancer. However, little is known about the effect of altered miR-26 expression in the
context of immune cell malignancies. Furthermore, despite its prominent expression
in early lymphocytes, the role of miR-26 in hematopoiesis is still unknown.

By combining in vitro and in vivo approaches we could demonstrate an important role
for the miR-26 family in early B cell development. Pre-B cells overexpressing miR-26a
or b showed reduced differentiation, increased proliferation and a partial inhibition
of apoptosis upon IL-7 withdrawal, eventually resulting in their oncogenic transfor-
mation. Conversely, a functional knockdown of the miR-26 family by a competitive
sponge construct enhanced B cell differentiation. These observations are supported
by findings in our miR-26 sponge mouse model. In analogy to our in vitro data, these
mice displayed an increased number of immature B cells and a decrease in pre-B cells,
indicating enhanced B cell differentiation. Furthermore, the miR-26 family not only
plays a role in early B cell development but also in mature B cells, as splenocytes de-
rived from miR-26 sponge mice showed reduced proliferation upon LPS stimulation.

Together, these results clearly indicate the importance of the miR-26 family in early
B cell development and suggest a pivotal role in regulating pre-B proliferation versus
differentiation. Furthermore, we suggest a potential oncogenic role of miR-26 in B cell
leukemia by conferring a hyper-proliferative and anti-apoptotic pre-B cell phenotype.
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Dissecting the T cell-extrinsic requirements for Tth cell fate decisions
Yinshui Chang and Dirk Baumjohann

T follicular helper (Tth) cells are critical for humoral immune responses by initiating
and maintaining the germinal center reaction to generate high-affinity antibodies and
B cell memory. It is hypothesized that Tth cell fate is a result of a combined action of
continued interactions with antigen-presenting cells (APCs) such as dendritic cells
(DCs) and B cells, T cell receptor signaling strength, transcriptional regulators (LEF-1,
TCEF-1, Bcl6), and miRNAs (miR-17~92, miR-155, miR-146). While there is a growing
body of knowledge on the molecular mechanisms in T cells that drive Tth cell differ-
entiation and function, the T cell-extrinsic signals that induce Tth cells remain large-
ly unknown. We could previously show that at early stages of the immune response,
DCs were potent inducers of the Tth cell phenotype in activated CD4+ T cells, inde-
pendently of cognate interactions with B cells. However, it remains largely unknown
what composition of stimuli is required to initiate Tth cell differentiation. Here, we in-
vestigated the costimulatory and coinhibitory surface molecules expressed on the DCs
and their contribution to Tth cell fate decisions. We used a hematopoietic progenitor
cell line and modified its surface receptor composition using CRISPR/Cas9. Using the
DCs derived from the modified cell line, we systematically evaluated changes in their
ability to prime Tth cells und thus shape their identity.
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PTBP1 ensures proper B cell development by guaranteeing precise processing of
the transcriptome in Pro-B cells

Elisa Monzon-Casanova, Louise Matheson, Kristina Tabada, Michele Solimena, Kathi
Zarnack, Chris Smith and Martin Turner

Accurate control of proliferation is crucial during B cell ontogeny. Pro-B cells are qui-
escent when rearranging the immunoglobulin heavy chain, while early Pre-B cells
proliferate vigorously after successful recombination of the heavy chain. Today we un-
derstand the contributions of signalling pathways and transcription factors that con-
trol B cell development and proliferation. By comparison, our understanding of how
RNA-binding proteins control B cell development is very limited.

Polypyrimidine Tract Binding Proteins (PTBPs) are a family of RNA-binding proteins
that control alternative splicing, alternative polyadenylation, mRNA abundance and
IRES-driven translation. PTBP1 is ubiquitously expressed and is necessary in germinal
centre B cells to generate a high affinity antibody response (Monzon-Casanova et al.
Nat Immunol 2018). If PTBP1 is deleted or absent from a cell, the neuronal paral-
og PTBP2 is expressed and compensates for many functions of PTBP1. To assess the
functions of PTBP1 during B cell development we have generated a double conditional
knock out (cKO) mouse model by deleting Ptbpl and Ptbp2 using mb1-cre. Ptbpl
and Ptbp2 cKO mice have a complete blockade in B cell development at the Pro-B cell
stage. Pro-B cells from Ptbpl and Ptbp2 cKO mice show a dramatic deregulation of
proliferation with an enhanced entry into S-phase and a block at the G2 stage.

To elucidate the molecular targets of PTBP1 in Pro B cells we have performed RNAseq
on Pro-B cells from cKO mice and controls and used PTBP1-iCLIP to identify direct
binding sites of PTBP1 in the whole transcriptome. This has revealed numerous direct
targets of PTBP1 that are differentially alternatively spliced and show altered mRNA
abundance in the absence of PTBP1 and PTBP2. Thus, in developing B cells, PTBP1
acts as a guardian of the transcriptome ensuring proper B cell development by con-
trolling accurate alternative splicing and abundance of numerous transcripts neces-
sary for promoting quiescence in Pro-B cells.
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Quantitative analysis of protein synthesis in naive T cells reveals posttranscriptional
mechanisms for rapid activation
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Resting naive T cells are metabolically inert but need to be prepared for an immediate
response to antigens by executing a complex activation program. By using a pulsed
SILAC mass spectrometry approach, we estimated absolute protein synthesis rates
(protein copies per minute) for the entire proteome of naive and activated human
CD4+ T cells. While the majority of the proteome of naive T cells was stable, rough-
ly 1 % of the proteins turned over rapidly, including proteins that shape the identity
and function of CD4+ T cells. We further extended our dataset with an estimation of
mRNA copy numbers leading to the discovery that naive T cells contain large numbers
of idle ribosomes and mRNA, which rapidly engaged upon activation to ramp up the
activation program. Finally, we showed that despite the low glycolytic activity, naive T
cells contained large numbers of all glycolytic enzymes except the glucose transporter
SLC2A1/3 and hexokinase 2, which is the initial enzymes of glycolysis. Collectively,
our study reveals a minimal maintenance program in naive T cells and identifies pro-
tein turnover, preformed stores of enzymes and an idling translational machinery as
key elements that poise T cells for rapid responsiveness.
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Dendritic cell migration to CNS and gut is differentially dependent on alpha4-
integrins

Christopher Sie, Laura Garcia Perez, Samuel Huber, Maria Fedoseeva, Caspar Ohn-
macht, Anne Krug,Thomas Korn

Leukocyte migration into different immune compartments is a highly regulated pro-
cess, licensed by the expression of specific molecular anchors. In the context of auto-
immune pathogenesis in the CNS it has been well established that T cell infiltration
is mediated by the alpha4 (a4) integrin heterodimer VLA-4 (a4b1) in both mice and
men. Likewise, T cell homing to the gut has been shown to be dependent on its alter-
native heterodimer LPAM-1 (a4b7). However, aside from antibody blocking studies,
the role of a4 integrins for the migration of myeloid antigen-presenting cells has not
been addressed in detail. By genetically ablating Itga4 in dendritic cells (DCs) and
macrophages via CD11c and Lyz2 promoters, respectively, we sought to elucidate its
role in homeostasis and disease. While direct competition of a4-deficient and -suffi-
cient cells in mixed bone marrow chimeras (MBMCs) revealed an infiltrative advan-
tage of a4-expressing monocyte-derived dendritic cells over their KO counterparts in
experimental autoimmune encephalitis (EAE), we found no alteration of the myeloid
compartment in the CNS in steady state and EAE in the absence of a4-expressing DCs
in a non-competitive setting. Accordingly, no clinical phenotpye was observed in con-
ditional knock-out (cKO) mice as compared to their wild type (WT) littermates. These
data indicate that CNS-targeting DCs can rely on other homing-factors in the absence
of a4. In small intestine and colon, CD103+CD11b+ DCs showed a marked reduc-
tion compared to CD103+CD11b- DCs in naive cKO mice, a finding confirmed by
direct competition in MBMCs. Subjecting these mice to a model of gut and systemic
inflammation by repetitively injecting anti-CD3 antibody did not reveal an altered dis-
ease course compared to WT littermates. Likewise, clearance of citrobacter rodentium
infection was similar in ¢cKO mice and WTs. We conclude that while the intestinal
DC compartment is altered in homeostasis, inflammatory conditions can promote an
environment that is indifferent to a4 expression by DCs, allowing functional immune
responses to proceed in its absence.
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Effector differentiation potential determined at the level of human CD8+ naive T
cell subsets

Gabriele De Simone, Emilia M.C. Mazza, Antonino Cassotta, Alexey Davydov, Mirela
Kuka, Veronica Zanon, Federica De Paoli, Eloise Scamardella, Maria Metsger, Ales-
sandra Roberto, Karolina Pilipow, Federico S. Colombo, Elena Tenedini, Enrico Tag-
liafico, Luca Gattinoni, Domenico Mavilio, Clelia Peano, David A. Price, Sathya Singh,
Joshua M. Farber, Francesco Ferrari, Valeria Orrt, Edoardo Fiorillo, Matteo Ianna-
cone, Dmitriy M. Chudakov, Federica Sallusto and Enrico Lugli

Antigen recognition by CD8+ naive T cells induces immune activation and rapid ef-
fector differentiation that ensures elimination of virally-infected and malignant cells.
While signals from the extracellular milieu and downstream of the TCR have long
been known to play a crucial role, it is currently unknown whether heterogeneity with-
in the naive CD8+ T cell pool shapes the potency of effector differentiation. We report
the identification of two discrete subsets of human CD8+ TN cells, defined by positive
and negative expression of the chemokine receptor CXCR3, with different potential
to generate fully-differentiated effector T cells following antigen-specific stimulation.
The CXCR3+ are more abundant than the CXCR3- naive in peripheral blood and
lymphoid tissues, retain enhanced expression of effector-related genes ex vivo and dis-
play features of the T cell receptor B chain repertoire indicating enhanced capacity to
bind the peptide:major histocompatibility complex. Our findings imply that CD8+
T cell effector differentiation potential in humans is shaped by heterogeneity in the
preimmune repertoire.
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Survival kinetics of innate lymphoid cells (ILCs) in explant cultures of normal human
skin (NHS)

Natalia Alkon, Wolfgang Bauer, Georg Stingl

ILCs represent a relatively newly discovered cell type. They are defined as lineage-neg-
ative (Lin-), CD45+ cells of lymphoid morphology, which express the alpha-chain of
the IL-7 receptor (CD127) and lack antigen-specific receptors. In NHS ILCs are pres-
ent in very small amounts. Reportedly, their numbers are substantially increased in in-
flamed tissues. This phenomenon can be explained either by an inflammation-driven
influx of ILCs from blood to skin, or by an expansion of ILCs/ILC precursors residing
in the skin. To investigate this question, we used explant cultures of NHS as a model
of tissue perturbation.

Sheets of NHS (up to 10x10 cm2), obtained from plastic surgery department, were
dermatomed (0.3 mm) and cut into pieces. Then the tissue was either immediately
subjected to enzymatic digestion (day 0 only), or alternatively, equal amounts of ma-
terial were incubated in culture flasks for different time periods (day 2, 4, 6, 8, 10).
Cell samples collected at different time-points were sieved and immunostained for the
presence of ILCs.

Results obtained show that the presumed pan-ILC marker CD127 is not susceptible
to enzymatic degradation. Thus, results from day 0 can be reliably compared to those
from consecutive days. Our data indicate that viable CD45+, Lin-, CD127+ ILCs are
dramatically increasing in culture over time. The percentages of ILCs among viable
CD45+CD3- cells gradually increased from 2.6 (day 0) to 15.8 (day 2), to 44.9 (day
4), to 63.9 (day 6), and slightly declined until day 10. These data can be interpret-
ed in different ways which are not mutually exclusive. First, ILCs of intact skin may
be firmly anchored within collagen bundles and slowly released or, perhaps, actively
crawling out from their hideaway upon perturbation. The second option, is that ILCs/
ILC precursors undergo mitosis upon the delivery of stimuli generated in perturbed
skin. Further investigations could possibly help to unravel the role of ILCs not only
in cutaneous host defence, but perhaps also in the development and maintenance of
homeostasis of the host’s outmost organ.
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Novel inborn error of immunity linking aberrant cytoskeletal dynamics and severe
immune dysregulation

Jana Block, Loic Dupré, Rico Chandra Ardy, Paula Sanchez Moreno, Laia Alsina,
Julien Viaud, Rainiero Avila Polo, Rocio Cabrera-Pérez, Cecilia Dominguez Conde,
Elisabeth Salzer, Lauréne Pfajfer, Raul Jimenez Heredia, Michael Caldera, Julia Paz-
mandi, Estibaliz Iglesias Jiménez, Angela Deya-Martinez, Marisol Camacho Lovillo,
Birgit Hoeger, Jorg Menche, Jordi Anton Lopez, Joan Calzada-Hernandez, Olaf Neth,
Kaan Boztug

Disorders of immune regulation comprise a poorly characterized group of inborn
errors of immunity with predominant autoimmunity and/or autoinflammation. Re-
cently, study of patients with autoinflammatory syndromes carrying mutations in ac-
tin regulators have suggested that actin cytoskeleton integrity is key to prevent the
onset of autoinflammation. However, discovery of additional molecules linking actin
cytoskeleton with specific inflammatory pathways will be necessary to decipher the
complex network controlling immune homeostasis in humans.

We discovered a novel gene defect affecting actin cytoskeleton dynamics in a patient
with impaired immune regulation. Clinically, the patient suffered from recurrent fever,
hepatosplenomegaly, infections with unknown etiology and severe amyloid A amy-
loidosis very early in life. Using whole exome sequencing, we identified a missense
mutation in a gene encoding a guanine nucleotide exchange factor. We were able to
show that this mutation leads to impaired downstream signaling indicating a loss-of-
function mutation. Moreover, patient primary cells showed morphological abnormal-
ities, including reduced polarization and decreased formation of actin-rich protru-
sions. Our study identifies a hitherto poorly studied protein as a key regulator of actin
dynamics. Naturally occurring variants in actin-related genes will allow us to dissect
the molecular mechanisms by which the highly controlled cytoskeleton meshwork
interacts with the inflammatory machinery. To complement our findings from these
monogenic diseases, we are using CRISPR/Cas9-based screens to discover additional
actin-related genes involved in immune homeostasis.
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Antigen-dependence of cell-cycle speed during priming shapes CD8 T-cell memory

Lorenz Kretschmer, Michael Flossdorf, Jonas Mir, Yi-Li Cho, Marten Plambeck, Irina
Treise, Albulena Toska, Matthias Schiemann, Dirk H. Busch, Veit R. Buchholz

While antigen-primed T cells proliferate at speeds close to the physiologic maximum
of mammalian cells, T-cell memory is maintained in absence of antigen by exceedingly
rare cell divisions. The transition between these fundamentally distinct proliferative
programs has been difficult to resolve via population-based analyses. Here, we com-
putationally reconstructed the proliferative history of single CD8 T cells upon vacci-
nation and implemented a novel approach to directly measure cell-cycle speed in vivo.
We found that the transition between acute proliferation and memory quiescence
occurred gradually through changes in cell-cycle speed rather than abrupt division
cessation. Slower cycling central memory precursors, characterized by an elongated
G1 phase, segregated early from the bulk of rapidly proliferating effector subsets and
selectively elongated their cell-cycle as soon as antigenic stimuli were removed. In line
with these findings, we demonstrate that the duration of primary antigen availabili-
ty but not that of inflammatory stimuli determines the number of cells entering the
memory compartment. By identifying an antigen-dependent hierarchy of cell-cycle
speeds among emerging CD8 T cell subsets, we provide crucial mechanistic insights
important to guide future vaccination strategies.
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Sequence Analysis of Immunoglobulin Genes from Human Monoclonal Acetylcholine
Receptor Specific Antibodies to Investigate the Development of Autoreactive B cells

Natalie Rose, Nicholas Sanderson, and Tobias Derfuss

The central question of autoimmune diseases is how the normal tolerance mechanisms
fail. In the case of autoantibody mediated diseases, such as myasthenia gravis, caused
by antibodies against the acetylcholine receptor (AChR) or related proteins, it is well
established that numerous potentially auto reactive B cells escape the central toler-
ance checkpoint during development and populate the periphery. The requirement
for T cell help, combined with negative selection of auto reactive T cells in the thymus,
ought to prevent these auto reactive B cells from class switch and high affinity antibody
production. Two possible ways that this checkpoint could fail are (i) auto reactive B
cells bind to and receive T cell help for a non-self antigen such as a pathogen, and the
recognition of the self antigen is a coincidence; or (ii) the only antigen bound by the
autoreactive B cell is the self antigen, and T cell help is obtained either via antigen
co-capture or from auto reactive T cells that have escaped tolerance. The first of these
hypotheses predicts that high affinity AChR-reactive B cells will develop from naive
B cells whose germline B cell receptor (BCR) could be of higher or lower affinity for
AChR than the mature BCR, because affinity for AChR does not contribute to obtain-
ing T cell help. In this scenario the germline BCR need not bind AChR, since this au-
toreactivity could be acquired during somatic hypermutation. The second hypothesis
requires the existence of naive B cells whose germline BCR has a high enough affinity
for AChR to enable antigen capture, and predicts that subsequent mutations should
increase this affinity.

To test between these hypotheses, we isolated AChR-reactive B cells from patients
with myasthenia gravis by antigen-capture activation fluorescence cell sorting. We ex-
panded single cells in vitro, deep-sequenced their transcriptomes, and examined the
sequences of their expressed immunoglobulin genes. From 5 patients whose serum
contained detectable titres of anti-AChR IgG, we isolated 34 IgM clones, and 5 IgG
clones. From 3 healthy donors, we obtained 1 IgM clone. Sequences of the IgM clones
examined so far involve germline V(D)] genes of both heavy and light chains. Testing
between the two hypotheses described above will require analysis of the IgG clones,
and the relationships between IgM and IgG, which are ongoing.
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Loss of NIK in thymic epithelial cells leads to fatal autoimmunity through aberrant
Treg development

Haftmann C, Mair F, Terskikh E, Spalinger M, Leung BP, Waisman A, Becher B

Medullary thymic epithelial cells (nTECs) mediate central T cell tolerance through
negative selection. mTecs are, however, also critical for the formation of peripheral tol-
erance by instructing the development of nTregs. Which of these two functions dom-
inate is a matter of some debate.

We have generated a mouse model in which the development and function of mTECs
are compromised by conditional ablation of the NF-«xB inducing kinase (NIK, en-
coded by Map3k14) restricted to the TEC compartment (mTEC-NIK). In contrast to
germ-line deficient NIK-/- mice, which develop largely normally and show no overt
pathology, mTEK-NIK mice rapidly developed severe and fatal multi-organ autoim-
munity shortly after birth, characterized by infiltration of effector T cells in various
organs. The observed autoimmunity was clearly T cell mediated, as the survival of the
mice could be significantly improved upon antibody mediated T cell depletion. How-
ever, whereas there was no obvious indication of augmented auto-reactivity through
the loss of negative selection, Tregs, although emerging from the thymus, were dys-
functional as indicated by high-parametric single cell analysis of Treg markers and in
vivo suppression assays. Conversely, adoptive transfer of normal Tregs prevented au-
toimmunity. Most strikingly, in thymic co-transplantation, Tregs primed by wildtype
thymi were able to prevent autoimmune pathology by mTEC-NIK educated T cells.
We thus postulate that Treg induction rather than negative selection of autoreactive T
cell clones is the superior duty of mTECs in thymic T cell education.

79



80

Anna-Lena Geiselhoeringer

Center of Allergy and Environment (ZAUM), Helmholtz Center and TU Munich,
Neuherberg 85764, Germany

geiselhoeringer@helmholtz-muenchen.de

RelB deficiencyin DCs protectsfrom autoimmuneinflammation dueto spontaneous
accumulation of tissue Tregs

Nico Andreas, Maria Potthast, Anna-Lena Geiselhoringer, Garima Garg, Renske de
Jong, Julia Riewaldt, Dennis Russkamp, Marc Riemann, Jean-Philippe Girard, Simon
Blank, Karsten Kretschmer, Carsten Schmidt-Weber, Thomas Korn, Falk Weih and
Caspar Ohnmacht

Foxp3+ regulatory T cells are well-known immune suppressor cells in various settings.
We provide evidence that knockout of the relB gene in dendritic cells (DCs) results in a
spontaneous and systemic accumulation of Foxp3+ regulatory T cells (Tregs) partially
at the expense of microbiota reactive Tregs. Deletion of ntkb2 does not fully recapitu-
late this phenotype indicating that alternative NF-kappaB activation via the RelB/p52
complex is not solely responsible for Treg accumulation. Deletion of RelB in DCs re-
sults in an impaired oral tolerance induction and a marked type 2 immune bias among
accumulated Foxp3+ Tregs reminiscent of a tissue Treg signature. Tissue Tregs were
fully functional, expanded independently of IL-33 and led to an almost complete pro-
tection from experimental autoimmune encephalomyelitis. This protection was not
due to inefficient DC priming in the absence of RelB as antibody-mediated ablation
of Tregs was able to fully restore the disease. Thus, RelB-dependent pathways in DCs
are an attractive target for treatment of autoimmune diseases but may come at risk of
reduced immune tolerance in the intestinal tract.
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Cell-intrinsic stimulation of the cGAS STING axis as a trigger of systemic auto-
immunity

Elena Daum, Nadja Schubert, Christa Haase, Rayk Behrendt, Axel Roers

Aberrant activation of type I interferon (IFN) responses is increasingly recognized as
a cause of autoimmunity. In SLE, a multi—factorial, polygenic autoimmune disease,
overproduction of type I IFN can be triggered by diverse pathomechanisms.

Two of these are deficiency for the cytosolic nucleases RNase H2 or Trex1, as illustrated
by the rare monogenic SLE-like condition Aicardi-Goutieres syndrome (AGS). Loss of
function mutations in RNase H2 or Trex1 result in spontaneous genome damage and
pathogenic type I IFN responses. Defects of RNase H2 result in impaired ribonucleo-
tide excision repair, genome damage, cancer and induction of inflammatory responses
by exposure of micronuclear DNA in the cytosol, activating the dsSDNA-specific sensor
cGAS. The IFN response of RNase H2-deficient cells is potentiated upon additional
loss of p53, due to inefficient elimination of damaged and micronucleated cells.

Also upon loss of Trex1, the major cytosolic 3’-5° DNase, cGAS activation triggers
disease. Loss of Trexl1 is associated accumulations of cytosolic single strand DNA and
spontaneous genomic DNA damage. We aim to understand the connection of DNA
damage and the inflammatory response and try to identify the unknown nu-cleic acid
ligand that triggers cGAS in Trex1-/- cells. We found a mild increase in numbers of
micronucleated cells in Trex1-/- mice but do not see enhanced IFN responses upon
additional inactivation of p53 arguing against a major role of damaged cells as a source
of the pathogenic IFN. Alternatively, oligonucleotide waste from DNA replication or
repair might constitute cGAS ligands upon leakage into the cytosol of Trex1-/- cells.
Inactivation of nucleotide excision repair in Trex1-/- cells and mice did not result in
amelioration of the phenotype and we are now addressing end resection as a source
of the immunostimulatory DNA and will also determine whether the IFN response of
Trex1-/- cells is dependent on cell division.
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Accumulation of functional multi-potent hematopoietic progenitors in peripheral
lymphoid organs of mice over-expressing IL-7 and Flt3-ligand

E Klein, L. von Muenchow, G. Capoferri, S. Heiler, M. Mitrovic, C. Engdahl, L. Alberti-
Servera, J. Andersson, R. Ceredig, A. Rolink, P. Tsapogas

Interleukin-7 (IL-7) and Flt3-ligand (FL) are two cytokines important for the gener-
ation of B cells, as manifested by the impaired B cell development in mice deficient
for either cytokine or their respective receptors, and by the complete block in B cell
differentiation in the absence of both cytokines. In order to further study their syner-
gistic effect in lymphopoiesis in vivo, we generated mice constitutively over-expressing
both IL-7 and FL. These double transgenic mice developed splenomegaly and lym-
phadenopathy characterized by tremendously enlarged lymph nodes even in young
animals. Lymphoid, myeloid and dendritic cell numbers were increased compared to
mice over-expressing either of the two cytokines alone, and for lymphoid cells the
effect on their expansion was synergistic, rather than additive. We also found a strong
effect of the two cytokines in the expansion of bone marrow hematopoietic progen-
itors, including Lineage-kit+Scal+ (LSK), Common Lymphoid Progenitors (CLP)
and pro/pre B cells, whereas Hematopoietic Stem Cells (HSC) were reduced by FL
over-expression. Analysis of peripheral organs of these mice identified the presence
of increased numbers of these progenitors in spleen and lymph nodes. When trans-
planted into irradiated wild-type mice, double transgenic lymph node cells showed
long-term multi-lineage reconstitution of hematopoietic lineages, further confirming
the presence of functional hematopoietic progenitors therein. Our double transgenic
mouse model shows that sustained and combined over-expression of IL-7 and FL leads
to a massive expansion of most bone marrow hematopoietic progenitors and to their
associated presence in peripheral lymphoid organs where they reside and potential-
ly differentiate further, thus leading to the synergistic increase in mature lymphoid
and myeloid cell numbers. The present study provides further in vivo evidence for the
concerted action of IL-7 and FL on lymphopoiesis and suggests that extramedullary
niches, including those in lymph nodes, can support the survival and maintenance of
hematopoietic progenitors that under physiological conditions develop exclusively in
the bone marrow.
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Myeloid-derived suppressor cells control B cell accumulation in the CNS during
autoimmunity

Benjamin Knier, Percy Knolle, Matthias Gunzer, Thomas Korn

PMN-MDSCs (polymorphonuclear myeloid-derived suppressor cells) have been
characterized in the context of malignancies. Here we found that PMN-MDSCs had
the unique ability to restrain B cell accumulation during central nervous system (CNS)
autoimmunity. Ly6G+ cells were recruited to the CNS during experimental autoim-
mune encephalomyelitis (EAE), interacted with B cells that produced the cytokines
GM-CSF and IL-6, and acquired properties of PMN-MDSCs in the CNS in a manner
dependent on the signal transducer STAT3. Depletion of Ly6G+ cells or dysfunction of
Ly6G+ cells through conditional ablation of STAT3 resulted in the selective accumula-
tion of GM-CSF-producing B cells in the CNS compartment, which in turn promoted
an activated microglial phenotype and failure to recover from EAE. The frequency
of CD138+ B cells in the cerebrospinal fluid (CSF) of human patients with multiple
sclerosis negatively correlated with the frequency of PMN-MDSCs in the CSE. Thus,
PMN-MDSCs might selectively control the accumulation and cytokine secretion of B
cells within the inflamed CNS.
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Antitumor activity of IL-2 and IL-7 immunocomplexes in combination with anti-
CTLA-4 and anti-PD-1 mAbs

Tereza Hnizdilov4, Dominik Hrabos, Marek Kovar

Biologic activity of IL-2 and IL-7 in vivo is significantly increased when complexed
with some of the respective anti-cytokine mAb. Different immune cell subsets can be
preferentially stimulated depending on the anti-IL-2 mAb used to complex IL-2. IL-2/
S4B6 mAb immunocomplexes (ic) induce preferential expansion of CD122high cells
whereas IL-2/JES6-1 mAb ic highly selectively expand CD25high cells in mice. Sim-
ilarly, IL-7/M25 mAb possess higher stimulatory activity for both naive and memory
T cells in comparison to free IL-7. The cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) and programmed death 1 (PD-1) molecules are inhibitory receptors which
negatively regulate immune functions of T cells. Antibodies against these molecules
represent promising immunotherapeutic tool for treating various malignant diseases.
Regarding the fact that IL-2/S4B6 mAb ic show remarkable antitumor activity in nu-
merous mouse tumor models, we examined possible synergism between IL-2 or IL-7
ic and CTLA-4 plus PD-1 blockade in tumor-bearing mice. We found out the expan-
sion of recently activated CD8+ T cells mediated via IL-2 ic was further augmented
by CTLA-4 plus PD-1 blockade. However, these two immunotherapeutic approaches
didn "t show co-operative antitumor effects in mouse tumor models. Next, we figured
out that IL-7/M25 mAb ic displayed higher biological activity in terms of promoting
proliferation of peripheral CD4+ and CD8+ T cells in vivo compared to the cytokine
alone. Thus, it makes IL-7/M25 mAb ic promising antitumor agent, together with the
fact that it didn "t expand Treg cells,. Unexpectedly, IL-7/M25 mAb ic, but not free IL-
7, worsened the antitumor activity of aanti-CTLA-4 plus anti-PD-1 mAbs in several
mouse tumor models. This result demonstrate that administration of IL-7 ic might
have immunosuppressive feature which needs to be further investigated.
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Enforced PGC-1alpha expression promotes CD8 T cell persistence and anti-tumor
immunity

Nina Dumauthioz, Benjamin Tschumi, Mathias Wenes, Haiping Wang, Fabien Fran-
co, Isabel Lopez-Mejia, Lluis Fajas, Ping-Chih Ho, Alena Donda, Pedro Romero and
Lianjun Zhang

CD8 T cells mount protective responses against viral/bacterial infections and can-
cers. Memory CD8 T cells can provide long-term protection against tumors, which
depends on their enhanced proliferative capacity, long-term self-renewal and unique
metabolic machinery to sustain cellular fitness. Memory CD8 T cells harbor higher
mitochondrial mass and rely on oxidative phosphorylation (OXPHOS) and fatty acid
oxidation (FAO) to fulfill their metabolic demands. However, it remains unknown
whether enforced mitochondrial biogenesis promotes CD8 T cell memory formation
and persistence in vivo. Peroxisome proliferator-activated receptor gamma coactiva-
tor 1-alpha (PGC-1alpha) is a master regulator of mitochondrial biogenesis and con-
trols pathways known to be crucial in memory formation, we thus hypothesized that
overexpression of PGC-1alpha in CD8 T cells might improve cell fitness and memory
lineage differentiation in tumor and infection settings. Indeed, PGC-1alpha overex-
pressing CD8 T cells persist better upon transfer and could mediate more robust re-
call responses to peptide vaccination or bacterial infection. More importantly, CD8 T
cells with enhanced PGC-1alpha expression mediate better anti-tumor immunity and
have an additive effect with anti-PD1 checkpoint blockade treatment. Altogether, our
study provides important insights into rational design of effective therapeutic strate-
gies against cancer by combining checkpoint blockade and adoptive transfer of CD8 T
cells with better metabolic fitness.
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Tracking of CD4+ T cells during CNS autoimmunity - Using novel optogenetic tools

Michael Hiltensperger, Benjamin Knier, Andreas Muschaweckh, Garima Garg, Lilian
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During autoimmunity, the communication between epithelial surfaces and remote or-
gans is mediated by immune cells, which are likely to relay environmental cues gathered
at body surface areas to remote organs, including the central nervous system (CNS).
Interference with immune cell trafficking remains one of the most powerful thera-
peutic strategies in chronic inflammation and autoimmunity. However, the impact of
the origin of an immune cell on its functional phenotype in the remote target organ is
unknown. Here, we use in vivo labeling at defined anatomical sites for “provenance”
tracking of immune cells across compartmental borders in the context of experimental
autoimmune encephalomyelitis (EAE). Specifically, we labeled T cells in mesenteric
or inguinal lymph nodes (LNs) of T cell conditional mitoDendra2 reporter mice via
photoconversion at disease onset and re-isolated photoconverted T cells from the CNS
two days later. We found that antigen experienced CD44highCD62Llow T cells did
not migrate between inguinal (draining) and mesenteric LNs (non-draining) while
both homed to the spleen and the CNS. Interestingly, CNS-infiltrating effector T cells
from mesenteric LNs were exclusively positive for alpha-4 integrin whereas effector T
cells from inguinal LNs could either be positive or negative. Our experimental system
will help to better understand the phenotype and function of T cells migrating into
the CNS as a consequence of priming in a distinct peripheral immune compartment.
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Proximal Lck promoter-driven Cre expression is inefficient in gamma delta T cells
and varies between neonatal and adult gamma delta T cells development

Gina J. Fiala, Anna-Maria Schaffer, Katja Merches, Anna Morath, Jeremy Swann, Lau-
renz Herr, Miriam Hils, Charlotte Esser, Susana Minguet, and Wolfgang W.A. Schamel

During T cell development, Lck gene expression is temporally controlled by its proxi-
mal and distal promoters. The pLckCre transgenic mouse available from Jackson Lab-
oratory, in which the proximal promoter of Lck drives Cre expression, is a commonly
used Cre driver line to recombine floxed genes in T cells. pLckCre drives recombina-
tion early in thymocyte development, and is frequently used to delete genes in alpha
beta and gamma delta T cells. We found that pLckCre failed to efficiently delete floxed
genes during adult gamma delta T cell development, in contrast to a complete de-
letion in conventional as well as unconventional alpha beta T cells. Mechanistically,
gamma delta T cells inefficiently transcribed the endogenous proximal Lck promoter
compared to alpha beta T cells during adult thymic development. Still, a population of
gamma delta T cells which had activated pLckCre was detected; many of which were
located in non-lymphoid organs as well as pre-committed IL-17- or IFN-g-producing
gamma delta T effector cells. We show that in newborn thymi both pLckCre and en-
dogenous Lck proximal promoter expression were substantially enhanced. Thereby
giving rise to gamma delta T cells with recombined floxed genes, which were increased
in unique gamma delta T cell subsets, such as the IL-17-producing gamma delta T
cells. Our data point out striking differences in Lck transcription between perinatal
and adult gamma delta T cell development. Taken together, the data presented here
sheds new light on gamma delta T cell development and stimulates a reanalysis of data
generated using these pLckCre transgenic mice.
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Toll-like receptor signaling drives Btk-mediated autoimmune disease

Jasper Rip, Marjolein J.W. de Bruijn, Marjolein K. Appelman, Simar Pal Singh, Rudi W.
Hendriks and Odilia B.]. Corneth

Bruton’s tyrosine kinase (Btk) is a signaling molecule involved in development and
activation of B-cells through B-cell receptor (BCR) and Toll-like receptor (TLR) sig-
naling. We have previously shown that transgenic mice that overexpress human Btk
under the control of the CD19 promoter region (CD19-hBtk) display spontaneous
germinal center formation, increased cytokine production, anti-nuclear autoantibody
formation and systemic autoimmune disease upon aging. As distorted TLR and BCR
signaling are both implicated in autoimmune diseases, we studied the impact of TLR
and BCR signaling on splenic B-cell characteristics.

We observed that phosphorylation of S6, a downstream target of Akt, was increased
in CD19-hBtk B cells following BCR stimulation, but decreased following TLR stimu-
lation, when compared with wild-type (WT) B cells. Likewise, the CD19-hBtk trans-
gene enhanced B cell survival and proliferation upon anti-IgM stimulation, but had an
opposite effect following CpG or CpG/anti-IgM stimulation. In splenic follicular and
marginal zone B cells from aging CD19-hBtk mice BCR signaling stimulated in vitro
IL-10 production in synergy with particularly TLR9 stimulation. The enhanced capac-
ity of CD19-hBtk follicular B cells to produce the pro-inflammatory cytokines IFN-y
and IL-6 compared with WT B cells, was however not further increased upon in vitro
stimulation. Finally, we used crosses with mice deficient for the TLR-associated mole-
cule myeloid differentiation primary response 88 (MyD88) to show that TLR signaling
was crucial for spontaneous formation of germinal centers, increased B cell cytokine
production and the induction of anti-nuclear autoantibodies in CD19-hBtk mice.
Taken together, we conclude that high Btk expression does not only increase B cell sur-
vival following BCR stimulation, but also renders B cells more sensitive to TLR stimu-
lation, resulting in increased IL-10 expression in activated B cells. Although BCR-TLR
interplay is complex, our findings show that both signaling pathways are crucial for
the development of pathology in a Btk-dependent model for systemic autoimmune
disease.
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Investigating the molecular basis of Roquin-mediated control of T cell differentiation
Henrik Schmidt, Gesine Behrens, Florian Giesert, Wolfgang Wurst and Vigo Heissmeyer

Post-transcriptional gene regulation by RNA-binding proteins (RBPs) controls T
cell fate decisions. The RBPs Roquin-1 and -2 (genes Rc3h1 and Rc3h2, respectively)
serve redundant functions. They bind via ROQ domains to 3’-untranslated regions
(3’-UTRs) of mRNAs and control mRNA stability and translation. In T cells, Roquin
proteins become inactivated by MALT1 cleavage downstream of T cell receptor (TCR)
signaling and Roquin-1/2 double knock-out mice revealed accumulations of Tth and
Th17 effector T cells. We hypothesize that different degrees of TCR signal strength and
MALT1-dependent cleavage of Roquin may be involved in the regulation of specific
mRNA subsets and the molecular control of T cell differentiation.

Therefore, we investigate the effects of (i) graded Roquin reduction by increasing the
deletion of Rc3h1 and Re3h2 alleles, by (ii) introducing ROQ domain mutations to
attenuate mRNA affinities and (iii) by stimulating T cells with increased TCR sig-
nal strength that correlates to Roquin cleavage. Finally, (iv) a CRISPR-Cas9-based
MALT1-insensitive Roquin-1 knock-in mouse model will uncouple TCR signaling
from Roquin inactivation.

Indeed, preliminary in vitro analyses of graded Roquin deletion suggested differen-
tial derepression for ICOS and IKBNS that remained repressed even at low Roquin
abundance next to Ox40 which already responded to moderately decreased Roquin
levels. Moreover, minimal Roquin amounts were still effective to suppress Th17 dif-
ferentiation. Lastly, decreasing the affinities of Roquin for RNA binding by individual
and combined ROQ domain mutations again revealed differential derepression of for
example Ox40 or Regnase-1.

In future studies, we will decipher the gain-of-function effects of the established
MALT1-insensitive Roquin-1 mouse model and we will seek to uncover how graded
T cell stimulation regulates differential Roquin activities that mediate T lymphocyte
fate-specifiying mRNA repression.
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TCR self-reactivity predispose CD8 T cells for virtual memory formation and
modulate strenght of effector response

Alena Moudra, Jana Balounova, Ondrej Stepanek

CD8 virtual memory (VM) T cells have been recently established as an antigen inex-
perienced population but express markers reminiscent of central memory population
(CD44+ CD62L+). It has been shown that VM cells can mount faster response towards
a cognate antigen and produce IFNg compared to naive cells. We have recently showed
that formation of VM cells is intrinsically dependent on self-reactivity of their respec-
tive TCR where higher self-reactivity leads to formation of this population. Biological
role of VM cells is still largely enigmatic. Therefore, we took advantage of our previ-
ously established model of retrogenic mice with ovalbumin reactive CD8 T cell clones
to FACS sort naive and VM cells of the same T cell clones and compared them in ex-
perimental model of autoimmune diabetes by adoptive transfer of limiting number of
cells into RIP.OVA mice where ovalbumin is expressed under insuline promoter. Mice
can then develop diabetes mediated by activated T cells after infection with Listeria
expressing ovalbumin (Lm-ova). VM cells showed to be less efficient in destruction
of pancreatic beta cells (i.e. more self-tolerant), than their naive counterpart in this
experimental setup. Complementary, we measured effector response upon Lm-ova
infection in congenic recipients and observed weaker upregulation of CD49d, core 2
O-glycosylated CD43, CD25 and PD-1, markers associated with efficient tissue infil-
tration and activation, but stronger expression of KLRG1. These results would indicate
mechanism of peripheral self-tolerance for highly self-reactive clones to prevent auto-
immunity but still worthy to keep them for fast effector response.
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Long-lived and stable evolution of a human T cell system by a putative single T cell
precursor

Patrick Kury, Myriam R. Lorenz, Marita Fiihrer, Klaus Schwarz, Orlando Bruno Gior-
getti, Thomas Boehm, Paul Fisch, Carsten Speckmann, Stephan Ehl

Background: We study the minimal requirements of human T cell immunity by anal-
ysis of patients with primary immunodeficiencies. In a patient with X-SCID1 due to
a severe germline mutation in IL2RG we observed an attenuated phenotype due to
autologous wild-type T cells. This can be explained by a somatic reversion in a (puta-
tively) single T-cell progenitor.

Objectives: To study diversity and stability of the human T cell repertoire in this pa-
tient.

Methods: Serial V analysis, TCR deep sequencing and Mass cytometry phenotyping
of T cell subpopulations over 8 years.

Results: The patient had constant levels of ~400 CD8 and 200 CD4 T cells/ul (<5%
naive). T cell differentiation was stable with no phenotypic evidence of increased ex-
haustion or senescence over time. TCR deep sequencing showed increased clonality
with about 3-fold reduced unique sequences compared to healthy donors. However,
diversity was significantly higher than in a RAG-deficient Omenn syndrome patient
and similar to a DiGeorge syndrome patient with severe thymic hypoplasia. While the
CD4 repertoire remained stable over time, alterations in the CD8 repertoire were asso-
ciated with dramatic expansions and contractions of single T cell clones. However, the
10-year longitudinal analysis revealed surprisingly stable overall repertoire diversity.

Conclusion: The putative single precursor provides a limited T cell system that has
been surprisingly stable in phenotype and diversity, keeping the patient asymptomatic
over a 10 year period. This longitudinal analysis provides a better understanding of
human T cell immunity under limiting conditions.
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Investigating cell extrinsic effects of Roquin - mediated post - transcriptional gene
regulation

Timsse Raj, Desheng Hu, Stephanie Edelmann, Nina Kronbeck, Regina Feederle, Vigo
Heissmeyer

Post - transcriptional gene regulation by RNA - binding proteins is important for
controlling a number of cell fate decisions during an immune response. The two par-
alogues Roquin - 1 and Roquin - 2 play a pivotal role in T cell activation and differ-
entiation (Vogel et al., 2013). At steady state, Roquin proteins bind cis - elements in
the 3> UTR of their target mRNAs conferring translational silencing and mediating
mRNA decay. Upon T cell receptor (TCR) engagement, Roquin proteins are cleaved
by the paracaspase MALT1, thus, de - repressing their target genes in a TCR signal
strength dependent manner (Jeltsch et al., 2014). Regulation of Roquin targets such as
Icos, Ox40, Ctla4 and Irf4 may drive cell fate decisions and effector functions of T cells.
Loss or impairment of Roquin - 1 and Roquin - 2 function in murine CD4+ T cells
leads to the development of severe autoimmune and auto - inflammatory pathologies,
marked by a spontaneous activation of effector T cells and accumulation of T follicu-
lar helper cells (Tfh). Our preliminary data indicate that conditional loss of function
of Roquin proteins in CD4+ T cells in addition to previously described cell intrinsic
effects, also drives activation and Tth differentiation of wild type T cells in a cell ex-
trinsic manner. We hypothesize that Roquin - deficient cells produce one ore more
factors that act on bystander T cells in trans. We aim to identify and characterise the
trans — acting factor(s), elucidate its role in the development of autoimmune diseases
and evaluate the trans - acting factor as a diagnostic and/or therapeutic tool.
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mTORCI1-dependent RNA synthesis in cycling T cells

Teresa Scheibenzuber, Stefanie Pennavaria, Henning Lauterbach, Hubertus Hochrein,
Axel Imhof, Tobias Straub, Reinhard Obst

Adaptive immune responses to infections are marked by rapid proliferation and ex-
pansion of lymphocytes. T cells have to briskly increase their biosynthesis of nucleic
acids, ribosomes, fatty acids and proteins which in sum makes up blast formation.
However, it is not clear how RNA synthesis and cell cycle regulation are connected and
what the role of RNA polymerases in this process is. We show that mMTORC1-deficient
T cells expanded around three times slower in response to persistent antigen. We have
also seen that the amount of total RNA in activated T cells is largely controlled by the
mechanistic target of rapamycin complex 1 (mTORC1), but not by mTORC2. RNAseq
data indicated that these quantitative differences apply to the transcription of all RNA
biotypes, with rRNA comprising 83-87% of the T cells' RNA while its processing is not
affected by mTORCI. Accordingly, RNA extraction and FISH experiments visualizing
47S precursor rRNA and polyA mRNA levels indicated that mTORCI-deficient cells
express reduced 47S rRNA and mRNA levels. We have then shown that the transition
between the G1 and S cell cycle phases is obstruced in mTORCI-deficient cells and
thus their division rate is three times slower. Several metabolic inhibitors had similar
effects on RNA synthesis. Altogether our data suggest that global anabolic biomass
production by proliferating T cells is under mTORCI control.
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Staphylococcus aureus-induced tissue resident memory T helper 17 cells (TRM17
cells) drive renal autoimmune disease
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Tissue resident memory T (TRM) cells represent a new type of memory cells that
reside in peripheral organs without recirculating. They provide rapid on-site immune
protection against previous exposed pathogens. However, it remains to be clarified
whether TRM cells also interfere with responses unrelated to the primary infection,
such as organ-specific autoimmunity.

Here, we combined flow cytometry and droplet-based single cell RNA-sequencing
with epitope measurement (CITE-seq) to examine these TRM cells in human kidneys.
We found high frequencies of CD4+ CD69+ TRM cells of the TH17 phenotype, which
we identified based on homology to published core transcriptional and protein data
sets. We operationally named them TRM17 cells. CD4+ TH17 cells are involved in
the response to major human pathogens such as S. aureus, and play a critical role in
autoimmunity such as crescentic glomerulonephritis (cGN). We established a mouse
model of S. aureus infection that resulted in initially high renal bacteria titres and a
profound accumulation of TH17 cells in the kidney. Renal TH17 cells persist long-
term (>100 days) after clearance of the infection, present with the phenotype of TRM
cells and partially protect against re-infection. Induction of autoimmune kidney dis-
ease (cGN) in mice which recovered from S. aureus infection, resulted in a more rap-
id and aggravated renal TH17 response and consequently developed a more severe
course of cGN. By labelling renal cells in photoconvertible Kaede-transgenic mice, we
were able to demonstrate that S. aureus induced TRM17 cells contribute significantly
to the enhanced local IL-17 immune response in cGN.

Thus, pathogen-induced TRM17 cells in peripheral tissues are capable of rapidly re-
sponding to an antigenic unrelated challenge thereby driving renal autoimmune dis-
eases. Our data suggest that TRM cells might have a previously unknown role in am-
plifying organ-specific autoimmunity.
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Role of Histone Methylation in Foxp3+ Treg Cell Development and Auto-immunity

Mario Simonetti, Mangesh T. Jaykar, Andrea Kranz, Konstantinos Anastassiadis, Fran-
cis Stewart & Karsten Kretschmer

CD4+Foxp3+ regulatory T (Treg) cells develop both in thymus (tTreg) and peripher-
al lymphoid tissues (pTreg) and prevent catastrophic autoimmunity throughout life.
A common hallmark of Treg cell development is the induction of Foxp3 expression
upon appropriate antigen and cytokine stimulation, with Foxp3 acting as a stabilizer/
amplifier of Treg cell-specific gene expression, including the Foxp3 gene itself. Be-
sides several conserved non-coding regions (CNS1-3) that fine-tune Foxp3 gene ex-
pression, efficient DNA demethylation of CNS2 and promoters of Foxp3 targets are
essential for the stability of a Foxp3+ Treg cell phenotype. Global mapping studies
further indicated the establishment of a Treg cell-specific epigenetic landscape during
development, but the functional relevance of such epigenetic regulation, in particular
histone methylation, has remained poorly understood. Here, we have analyzed the role
of two members of the H3K4 methyltransferase family, Mll1 and MII2, in the biology
of Foxp3+ Treg cells. Constitutive deletion of Mll1/MII2 in adolescent BAC.Foxp3G-
FP-Cre x MIIfl/fl mice resulted in moderate aberrations in thymic and peripheral Fox-
p3GFP-Cre+ tTreg cell compartments. In MIl1/MlI2-double-deficient mice, periph-
eral Foxp3GFP-Cre+ tTreg cells were severely abrogated during age progression, with
individual lymph nodes being enlarged due to increased effector T cell numbers, but
immune tolerance was largely maintained by Foxp3+ Treg cells that escaped MIl dele-
tion due to the lack of transgenic BAC.Foxp3GFP-Cre expression.

Strikingly, heterozygous Foxp3-driven deletion of MIl1 & MII2 promotes aggressive
autoimmune diabetes in adult NOD BAC.Foxp3GFP-Cre x Foxp3IRES-RFP x MII1/
2fl/wt mice, whereby diabetes incidence strongly correlates with homozygous MHC
class II I-Ag7 expression. Ongoing studies focus on the molecular mechanisms un-
derlying this novel function of Mll1 & MII2 in Foxp3+ Treg cell development and
autoimmunity.
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Antigen-exhausted CD4+ T cells deviate towards multiple states of anergy
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Persistent antigen presentation by tumor cells and in chronic infections functionally
impair T cells over time. This hampers progress of adoptive T cell therapies for such
diseases. To address how different kinetics and dosage of antigen presentation affect
CD4+ T cells, we followed TCR transgenic T cells transferred into antigen-transgenic
recipients where they received transient or chronic TCR signals of varying strengths,
in the absence of confounding pathologies of chronic infections. We show that CD4+
T cells exposed to persisting antigen presentation at three different levels display phe-
notypes with varying kinetics and consequences. Chronically antigen-exposed CD4+
T cells showed impaired cytokine production upon re-stimulation, dose-depend-
ent up-regulation of exhaustion- associated markers such as PD-1, Lag-3, 2B4, and
TIGIT, anergy markers FR4 and CD73, Tth-associated genes such as CXCRS5, ICOS,
Bcl-6, IL-21, and transcription factors Tox and c-Maf. Continued antigen presenta-
tion was sensed by the T cells, as indicated by Nur77- driven GFP-reporter expression
and NFATc1 nuclear translocation, even at the highest dose where the TCR, and LAT,
get chronically down-regulated. When challenged, signaling pathways responded to
strong TCR signals with Ca2+ fluxes being the most robust one while the MAPK and
Akt pathways were more easily tuned by persisting antigen. The cells” transcriptional
profiles reflected the qualitative and quantitative changes in antigen presentation by
dose-dependent up-regulation of exhaustion-, anergy- and Tth-associated genes and
down-regulation of memory-associated ones. Comparisons with naturally anergic and
LCMV clonel3-exhausted CD4+ T cells highlighted a common signature describing
antigen-induced T cell anergy and exhaustion. Despite up-regulation of Tfh- associat-
ed markers, antigen-exhausted CD4+ T cells were losing their ability to provide help to
B cells over time. Our results demonstrate that dose and timing of antigen presentation
beyond the expansion phase reveal the plasticity of CD4+ T cells and determine their
range of dysfunctionalities within an otherwise sterile environment.
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Control of self-renewal and identity of tissue-resident leukocytes by the transcription
factors Bhlhe40 and Bhlhe41

René Rauschmeier, Charlotte Gustafsson, Noelia A-Gonzalez, Luigi Tortola, Seturaman
Subramanian, Reshma Taneja, Moritz ] Rossner, Michael H. Sieweke, Robert Mansson,
Meinrad Busslinger, and Taras Kreslavsky

In tissues that undergo permanent self-renewal this capacity is usually restricted to
a dedicated population of stem cells. In the hematopoietic system self-renewal has
a much broader distribution as many mature leukocyte subsets regain the ability to
self-renew as a part of their differentiation program. This unique feature of the he-
matopoietic system is exemplified by several innate-like lymphocyte subsets as well
as by multiple tissue-resident macrophage populations. We previously identified the
transcription factors (TFs) Bhlhe40 and Bhlhe41 as key regulators of the self-renewal
of B-1a cells - a tissue-resident innate-like B lymphocyte subset that is predominant-
ly generated during fetal and neonatal hematopoiesis. We now investigated whether
these TFs may play a broader role in the regulation of tissue-resident self-renewing
leukocyte populations such as tissue macrophages. Tissues in multicellular organisms
are ‘serviced’ by resident macrophages which perform both generic and tissue-specific
functions. The latter relies on unique tissue-specific molecular programs induced by
signals from the microenvironment and executed through a combinatorial action of
tissue-specific and broadly expressed transcriptional regulators. We now identified the
TFs Bhlhe40/41 as novel regulators of alveolar macrophages (AMs) — a population
that provides the first line of immune defense and executes homeostatic functions in
lung alveoli. In the absence of these factors, AMs exhibited decreased proliferation
that resulted in a severe competitive disadvantage of knockout AMs. Gene expression
analyses revealed a broad cell-intrinsic footprint of Bhlhe40/41-deficiency manifest-
ed by a downregulation of AM signature genes and induction of signature genes of
other macrophage lineages. Genome-wide characterization of Bhlhe40 DNA binding
suggested that these TFs directly repress expression of lineage-inappropriate genes in
AMs. Taken together, these results identify Bhlhe40/41 as key regulators of AM self-re-
newal and guardians of their identity.
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Non-hematopoietic Antigen Presenting cells of the Lymphoid organs in acute
Graft-versus-host disease

Haroon Shaikh, Maria Ulbrich, Katja Ottmiiller, Duc Dung Le, Joern Pezoldt, Jochen
Huehn and Andreas Beilhack

Hematopoietic stem cell transplantation is a curable therapy for hematopoietic malig-
nancies. Allogeneic T-cells residing within the graft have the potential to eliminate re-
maining malignant cells by the Graft versus leukemia effect. Nevertheless, in 30 — 60%
of HSCT cases allogeneic T-cells become alloreactive and attack host tissues resulting
in acute Graft versus host diseases (aGvHD). Dendritic cells are antigen presenting
cells (APCs) and have been thought to be the prime candidate for presenting self-an-
tigens to the allogeneic T-cells. However, recent findings claim that even in absence
of hematopoietic APCs GvHD cannot be prevented, suggesting the crucial role of
non-hematopoietic APCs in the activation of allogeneic T-cells.

In this project, we investigate the role of lymph node stromal cells (LNSCs) in the ini-
tiation phase of aGvHD and their potential role as non-hematopoietic APCs.

Here we show that allogenic T-cells are activated in the lymphoid organs and not in the
intestinal lamina propria in the initiation phase of aGvHD. In MHCIIA/A bone mar-
row chimeras as well as in TgCD11c-Cre+MHCIIA/A mice, allogenic CD4+ T-cells
are activated with +3 days of allo-HCT in the SLOs (spleen, lymph nodes and Peyer’s
patches) and the TgCD11c-Cre+MHCIIA/A mice shows late aGvHD onset compared
to the TgCD11c-Cre- mice.

Furthermore, LNSCs upregulates co-stimulatory receptors early after conditioning
(in vivo and in vitro) suggesting that they may contribute as active antigen presenta-
tion cells. Moreover, depletion of fibroblastic reticular cells in Ccl19-Cre.iDTR mice
skews the activation and proliferation of alloreactive CD4+ T cells early after allo-HCT
whereas the DTR+Cre+ mice showed similar overall survival to DTR+Cre- mice.

In MHCIIA/A mice transplanted with CD11c¢.DOG mLNs, alloreactive CD4+ T cells
in the spleen and LNs shows effector phenotype (CD44hiCD62Llow).

Conclusively, we show that alloreactive T-cells are activated within the SLOs even in
the absence of hematopoietic APCs, but still it remains elusive, which non-hematopoi-
etic cell initiates the alloreactive T-cell response.
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T cell homeostasis versus thymic output - unveiling the distinct survival signaling
in peripheral T cells maintained by coronin 1

Mayumi Mori, Julie Ruer-Laventie, Jean Pieters

Naive T cells in peripheral lymphoid organs are derived from the thymus, where pre-
paratory pool of various clones of T cell receptors (TCRs) against incoming pathogens
or arising tumors are selected. T cells developed in the thymus will egress and migrate
into the peripheral lymphoid organs, where they proliferate and survive to maintain
the long-term homeostasis. However, it has been unclear whether the two major sig-
naling pathways elicited by interleukin-7 (IL-7) and endogenous ligands for TCR are
sufficient for peripheral T cell homeostasis.

We have defined an essential role for the tryptophan-aspartate repeat containing pro-
tein coronin 1 in the maintenance of peripheral T cells. In both mice and humans,
deletion or mutation of coronin 1 results in a severe suppression of peripheral T cell
numbers, without any defect in thymic T cell development nor restrained migration
into the periphery. In fact, both IL-7 and TCR signaling in thymic T cells occur nor-
mally in the absence of coronin 1. Here we aim to understand how coronin 1 specifi-
cally maintains peripheral naive T cells.

First, we investigated the critical stage of T-cell loss by coronin 1 deficiency, using
Rag2-GFP reporter mice to analyze the recent thymic emigrants and mature naive
T cells. We found a specific and drastic reduction of mature naive T cells in coronin
1-deficient mice while recent thymic emigrants were comparable. Second, survival
and proliferation of peripheral naive T cells in vitro were examined by treatment of
naive T cells with IL-7 or by stimulation of antigen-specific T cell responses. Sepa-
rately, to assess the homeostatic proliferation of T cells in vivo, Rag2-deficient mice
were adoptively transferred with wild-type or coronin 1-deficient T cells. Both in vitro
and in vivo results suggest that coronin 1 is dispensable for proliferation signaling but
essential for survival signaling.

Our latest challenge is to identify the peripheral T cell-specific survival signaling path-
way via coronin 1.
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MicroRNA-mediated control of T-cell selection in the thymus

Natalia Zietara, Marcin Lyszkiewicz, Samantha Winter, Takashi Sekiya, Akihiko Yoshi-
mura, Katrin Witzlau, Heike Kunze-Schumacher, Esther Imelmann, Rose Zamoyska,
Jochen Huehn, Immo Prinz, Siegfried Weiss, and Andreas Krueger

T cell receptor (TCR) signal strength determines selection and lineage fate at the
CD4+CD8+ double positive (DP) stage of intrathymic T cell development. Here we
investigated the role of miR-181a/b-1, a microRNA that serves as a rheostat of TCR
signal strength, in thymic selection. Loss of miR-181a/b-1 resulted in profound de-
ficiency of T cell subsets undergoing agonist selection, including iNKT cells, MAIT
cells, and Treg cells. Notably, Treg cells were present at normal numbers in the periph-
ery due to homeostatic expansion, overall resulting in a Treg cell pool with limited
TCR diversity. Surprisingly, miR-181a/b-1-deficient Treg cells were more efficient sup-
pressors than their wild-type counterparts, even though expression of miR-181a/b-1 is
virtually absent in wild-type peripheral Treg cells and peripheral miR-181a/b-1-defi-
cient Treg cells were virtually transcriptionally indistinguishable from their wild-type
counterparts. Elevated suppressive capacity was most likely due to transcription-inde-
pendent accumulation of CTLA-4. Thus, we propose that agonist selection imposes a
post-transcriptional legacy on Treg cell function.
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Elucidating Natural Killer T Cell Functional Differentiation and Diversification in
a Timed Developmental Wave

Sabrina Bortoluzzi, Nyambayar Dashtsoodol, Rupert Ollinger, Thomas Engleitner, Jo-
nas Mir, Filippo Cernilogar, Thorsten Buch, Roland Rad, Michael Flofldorf, Gunnar
Schotta, Marc Schmidt-Supprian

Natural killer T (NKT) cells are a small subset of glycolipid-recognizing T cells that in-
corporate features of both adaptive and innate cells. NKT cells provide anti-microbial
defense and immune surveillance of malignancies; however, they are also involved in
the pathogenesis of allergies, autoimmune and inflammatory diseases as well as cer-
tain types of cancer. One of the most striking hallmarks of NKT cells is the acquisition
of unconventional memory-like cellular states during their development.

Inspite of seminal progress in the understanding of NKT cell functionality in recent
years, the molecular mechanisms that drive the developmental acquisition of their
peculiar phenotypes are only incompletely understood. This applies especially to the
earliest developmental time-points, which are hard to characterize due to the rarity of
the cells.

Therefore, we established a genetic model to induce a timed wave of synchronous NKT
cell generation in order to elucidate early developmental phases and functional dif-
ferentiation of NKT cell subsets in the mouse thymus. We extensively analysed the
kinetic developmental changes in cell-surface marker as well as transcription factor
make-up of thymic and peripheral NKT cells. We characterised cellular proliferation
as well as the timing acquisition of the ability to produce various cytokines. By means
of a Nur77eGFP reporter mouse, we monitored the TCR signal dynamics during
the early developmental phases. Furthermore, we performed bulk RNA-seq and AT-
AC-seq of early NKT cell development in the thymus. Ultimately, we aim to compare
gene-expression profiles as well as epigenetic modifications with a focus on enhancer
landscapes.

Our overall goal is to obtain a systems biological overview of the developmental acqui-
sition of functional memory-like states by NKT cells.
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T cell-specific Bcl6 is required for the maintenance of T follicular helper cells and
germinal centers

Dominik Alterauge and Dirk Baumjohann

T follicular helper (Tth) cells provide help to B cells, resulting in the generation of high
affinity antibodies. Various factors orchestrate Tth cell differentiation, including the
continued interactions with APCs (DCs and B cells), TCR signaling strength, miRNAs
(miR-17~92, miR-155, miR-146), and transcriptional regulators (LEF-1, TCF-1, Bcl6).
The transcriptional repressor Bcl6 promotes the Tth phenotype through the regula-
tion of genes associated with migration, metabolism and alternative T helper cell fates.
While Bcl6 is indispensable for Tth cell generation, its role in the maintenance of Tth
cells remains to be elucidated. Here, to investigate the impact of Bcl6 on the mainte-
nance of Tth cells and ongoing GC responses, we analyzed the impact of temporally
guided deletion of Bcl6 specifically in CD4+ T cells. We found that T cell-intrinsic
Bcl6 expression was required for the maintenance of Tth cells. In addition, CD4+ T
cell-specific deletion of Bcl6 resulted in decreased GC B cell responses. In conclusion,
our results highlight Bcl6 as a critical regulator of Tth cell and GC maintenance.
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Lipid droplet formation fuels pathogenic ILC2 responses in airway inflammation

Schekufe Kharabi-Masouleh, Fotios Karagiannis, Vanessa Schmitt, Alexander Kazakov,
Surendar Jayagopi & Christoph Wilhelm

Survival of the host relies on the establishment of a functional barrier immune defense
that must be maintained in fluctuating states of food availability. Innate lymphoid cells
(ILC) are an important component of tissue immunity involved in the maintenance
and repair of tissue barriers such as the lung and intestine. However, chronic activation
of ILC result in immune pathology. Recently, we revealed that lipids are essential to
tuel type 2 ILC (ILC2)-mediated anti-helminth immunity. Whether both protective
and pathogenic ILC responses underlie a similar metabolic control is completely un-
known. Here we show that pathogenic ILC2 display a distinct metabolic phenotype
upon chronic activation. In the context of allergen-driven airway inflammation ILC2
increase the uptake of both, external lipids and glucose. This metabolic adaptation of
ILC2 to chronic inflammation is regulated on a cellular level by an increased expres-
sion of genes involved in fatty acid metabolism and glycolysis. Strikingly, both cellular
fuels unite to allow for chronic activation of ILC2. Externally acquired fatty acids are
transiently stored in lipid droplets to prevent lipotoxicity and promote the prolifera-
tion of ILC2. Strikingly, restricting dietary glucose by feeding mice a ketogenic diet
largely ablated ILC2-mediated airway inflammation by impairing fatty acid metabo-
lism and the formation of lipid droplets. Together, these results reveal the metabolic
requirements of pathogenic ILC2 responses and suggest that abundant dietary availa-
bility of fat and glucose could be responsible for an overall increase in chronic airway
inflammation in the Western World. As a correlative ketogenic diets may represent a
potent dietary intervention strategy for the treatment of allergic airway inflammation
in the future.
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Molecular architecture and regulation of BCL10-MALT1 filaments

Thomas Seeholzer, Florian Schlauderer, Ambroise Desfosses, Torben Gehring, Mike
Strauss, Karl-Peter Hopfner, Irina Gutsche, Daniel Krappmann & Katja Lammens

The CARD11-BCL10-MALT1 (CBM) complex triggers the adaptive immune response
in lymphocytes and lymphoma cells. It serves as a scaffolding platform that activates
downstream signaling events via association of mediators such as ubiquitin ligases
and protein kinases. Beyond its scaffolding function, MALT1 contributes proteolytic
activity to the CBM complex, which is key for optimal lymphocyte activation and dif-
ferentiation. CARD11 acts as a molecular seed for inducing BCL10 filaments, but the
dynamics of MALT1 integration and CBM complex assembly have remained elusive.
Using cryo-EM, we solved the helical structure of the BCL10-MALT1 filament. The
structural model of the filament core solved at 4.9 angstrom resolution identifies the
composition of the BCL10 inner core filament, as well as the interface between the
N-terminal MALT1 death domain and the BCL10 caspase recruitment domain. The
C-terminal MALT1 Ig and paracaspase domains protrude from this core, resembling a
“paddle wheel-like” shape, which allows for coordination of mediators and substrates
at the filament periphery.

Site-directed mutations within the BCL10 core filament abrogate the ability of the
BCL10-MALT1 complex to oligomerize, highlighting the importance of BCL10-
BCL10 interfaces for BCL10 filament assembly. Moreover, these interface mutations
impede stimulus-dependent CARD11 recruitment, and thus CBM complex assembly,
NF-kappaB DNA binding, as well as MALT1 protease activity. Further, expression of
BCL10-MALT1 interface mutants in BCL10 or MALT1 KO T-cells completely abol-
ishes the constitutive binding of BCL10 to MALT1, underscoring the importance of
the newly identified BCL10-MALT1 interaction site for CBM complex formation,
MALT1 protease activation, and NF-kappaB signaling.

Collectively, we present a model for the assembly and architecture of the CBM signal-
ing complex and how it functions as a signaling hub in T-lymphocytes. Future studies
could elucidate the mechanism of MALT1 protease activation in the complex, and
investigate how the BCL10-MALT1 platform integrates other factors to initiate down-
stream processes.
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Innate Immune Activation in Dendritic Cells by Complement-Opsonized HIV
Paula Jauregui, Wilfried Posch, Cornelia Lass-Florl, Doris Wilflingseder

Successful viral infection depends on host and viral factors. Activation of the immune
system is detrimental for the virus, therefore viruses develop ways to avoid it. HIV ac-
tivates the classical complement pathway by direct binding of the complement compo-
nent Cl1q to the viral envelope glycoproteins and is then coated by C3 fragments. Thus,
we can find complement-opsonized HIV (HIV-C) in infected individuals. HIV-C can
bind to the complement receptors (CRs) expressed in DCs infecting them better than
non-opsonized HIV. This leads to a higher type I interferon (IFN-I) expression. How-
ever, the intracellular pathway activated upon HIV-C infection is unknown. We tested
if TBK1 and MAVS were implicated in the upregulation of IFN-I expression triggered
by HIV-C infection. TBK1 plays an essential role in regulating inflammatory respons-
es. To establish an antiviral state, TBK1 form several different complexes whose com-
position depends on the cell type and stimuli, MAVS being one of the components.
Non-opsonized HIV infection blocks IFN-I expression. However, it is unknown how
HIV-C avoids that block.

We confirm that HIV-C infection of DCs led to a higher IFN-I expression and ISGs,
such as CXCL10 or RSAD2, compared to non-opsonized HIV. We show TBK1 phos-
phorylation and MAVS aggregation, indicating activation, upon HIV-C infection.
Lastly, HIV-C infection phosphorylated STAT-1 and activated NFkB.

HIV-1 infection is not sensed in DCs, however when HIV is complement-opsonized
there is an innate immune response leading to IFN-I and ISGs expression. Contrary
to non-opsonized HIV-1 infection, HIV-C infection activates TBK1 and MAVS ex-
plaining the higher IFN-I expression. Further, STAT-1 phosphorylation and NFxB
activation indicate that complement-opsonization of HIV-1 activates an antiviral state
in DCs. Understanding the intracellular pathways leading to a better immune defense
against HIV will help develop new therapeutic strategies.
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Unraveling the functional connection of Roquin and Regnase-1 in regulating
Zc3h12a mRNA

Gesine Behrens, Nina Kronbeck, Elena Davydova, Henrik Schmidt, Christine Conrad,
Jana Schor, Thomas Monecke, Jorg Hackermiiller, Dierk Niessing, Vigo Heissmeyer

The regulation of gene expression on the post-transcriptional level exerts an essen-
tial function in immune cells as it controls the concerted expression of inflammatory
mediators. In T cells, the RNA-binding proteins (RBPs) Regnase-1 and the paralogs
Roquin-1 and Roquin-2 are shown to be critical regulators of cell activation and dif-
ferentiation. Accordingly, mice with either a T cell-intrinsic deletion of Roquin or Re-
gnase-1 encoding genes Rc3h1/2 or Zc3hl12a, respectively, or with a single M199R
point mutation in Rc3h1 develop severe autoimmune or auto-inflammatory diseases.
Roquin and Regnase-1 mediate their function by binding to specific cis-elements in
the 3’-UTR of immune-related mRNAs and thereby suppress the expression of their
targets via mRNA degradation and/or translational silencing. The activation of T cells
after TCR stimulation leads to degradation of Roquin and Regnase-1 via MALT1
paracaspase activity which finally triggers the release of previously repressed target
mRNAs. Intriguingly, Roquin and Regnase-1 regulate an overlapping set of target mR-
NAs including Icos, Ox40 and CTLA-4. In addition, the Zc3h12a mRNA, shown to
be feedback-regulated by its encoded protein Regnase-1, also appears to be a Roquin
target. Thus far, the question whether Roquin and Regnase can act redundantly, in an
additive/ cooperative or in a spatiotemporal distinct manner is under controverse de-
bate. This project aims to elucidate the connection between Roquin and Regnase-1 by
unraveling their interdependence in the regulation of Zc3h12a mRNA.
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CD301b+ SIRPa+ dendritic cells play a non-redundant role in generating self-
tolerance in the thymus medulla

Elise R Breed, Kristin A Hogquist

The thymus contains a diversity of antigen presenting cells (APC) that exist in different
locations and have distinct antigen processing capabilities. This suggests that they play
non-redundant roles in mediating thymocyte selection. Many of these subsets were
shown to be capable of driving clonal deletion, but these studies relied predominantly
on T cell receptor transgenic models. We therefore still do not understand the extent to
which distinct APC contribute to clonal deletion in the polyclonal repertoire. Here, we
assessed the contribution of different APC subsets to clonal deletion using a cleaved
caspase 3-based assay paired with cell type ablation or deficiency. We found that both
cortical and medullary deletion were dependent on CD80/CD86 co-stimulation and
that bone marrow derived APC mediated approximately half of clonal deletion events.
Total deletion frequencies were not altered in the absence of B cells, pDC, or XCR1+
c¢DC1. In an effort to eliminate SIRPa+ ¢cDC2, we discovered that a substantial pro-
portion of thymic SIRPa+ DC express the lectin CD301b. CD301b expression was
localized exclusively within the thymus medulla and depended on IL-4Ra expression.
Deficiency of these IL-4/IL-13 signaled DC caused a measurable reduction in clonal
deletion events. These data suggest that CD301b+ SIRPa+ DC represent a distinct
population of antigen presenting cells within the thymus and that they are essential for
non-redundant deletional tolerance in the polyclonal repertoire.
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Mouse Th1 cells respond with strong systemic cytokine release upon superagonis-
tic anti-CD28 monoclonal antibody stimulation in vivo
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Superagonistic anti-CD28 monoclonal antibodies (CD28-SA) were developed to se-
lectively target CD4+ Foxp3+ regulatory T cells (Treg) for therapeutic purposes. While
CD28-SA treatment of autoimmune/inflammatory disease in mice led to Treg-medi-
ated protection, healthy human volunteers injected with saturating amounts of CD28-
SA developed a severe cytokine release syndrome (CRS) due to activation of effector/
memory CD4+ T cells. Apart from a higher suppressive potency per cell of Treg from
mice compared to humans, the lack of a true memory CD4+ T cell compartment in
cleanly housed mice best explains the failure of mouse models to predict CD28-SA-
induced CRS in humans. We, therefore, transferred in vitro differentiated TCR-trans-
genic OT-II Thl cells into diphtheria toxin-treated wild-type or DEREG-C57BL/6
recipient mice. Injection of saturating amounts of CD28-SA into Treg-depleted re-
cipient mice led to full activation of the OT-II Thl cells releasing high amounts of
IFNYy into the circulation. The comparison of Treg-sufficient and -deficient animals
confirmed that in mice Treg are very potent in limiting effector/ memory CD4+ T
cell activation in vivo. Transfer of Th1 cells and other T helper cell subsets into cleanly
housed recipient mice will, thus, facilitate pre-clinical testing of immunomodulatory
reagents in general and will help in better understanding the molecular requirements
for CD28-SA-mediated effector/memory CD4+ T cell activation in vivo in particular.
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Investigating immunological mechanisms preceding osteoporosis development in
patients with rheumatoid arthritis

Christina Drevinge, Catalin Koro-Arvidsson, Petra Henning, Ulf Lerner, Hans Carlsten,
Mattias Lorentzon, Anna Rudin, Anna-Karin H. Ekwall and Ulrika Islander

Background

Rheumatoid arthritis (RA) is an autoimmune disease characterized by joint inflam-
mation and progressive destruction of cartilage and bone. In addition to periarticular
bone loss of affected joints, RA is also associated with development of generalized
osteoporosis, resulting from an imbalance between bone-resorbing osteoclasts and
bone-forming osteoblasts. Osteoclasts are cells of hematopoietic origin that circulates
in blood as osteoclast precursor cells (preOCL) until they form mature osteoclasts
at bone surfaces. The aim of this study was to elucidate whether levels of circulating
preOCL in blood from untreated early RA (ueRA) patients can be used to predict de-
velopment of osteoporosis in later stages of disease progression.

Method

38 patients with ueRA fulfilling the ACR/EULAR 2010 classification criteria were included
and compared to 23 age- and sex matched healthy controls (HC). Peripheral blood was ob-
tained and analyzed by flow cytometry. Disease activity was assessed using DAS28, CDAI,
SJC, TJC, CRP and ESR. Bone mineral density (BMD) was measured at inclusion and at
the 1-year follow-up using bone densitometry.

Results

Patients with ueRA display an increased frequency of preOCL (CD14+CD16+ mono-
cytes) in blood compared to HC. The levels of preOCL also correlates positively with
the frequency of CXCR3+Th17 cells in blood. Interestingly, the frequency of preOCLs
is negatively associated with several clinical disease activity parameters, while no asso-
ciation with bone mineral density is detected at inclusion. Furthermore, preliminary
experiments show that preOCL isolated from peripheral blood of RA patients have
increased capacity to differentiate into osteoclasts in vitro as compared to preOCL
isolated from HC.

Conclusions

We show that a population of circulating monocytes, which are more prone to develop
into mature osteoclasts, are increased in ueRA patients as compared to HC. Ongoing
analyses of BMD at the 1-year follow-up will reveal whether this population of preO-
CL can be used to predict development of osteoporosis in RA patients.
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Designing novel human 3D cell models to study innate immune interactions

Marta Bermejo-Jambrina, Parul Chandorkar, Viktoria Zaderer, Bernardien M. Nijmeijer,
Wilfried Posch, Cornelia Lass-Florl, Teunis B. H. Geijtenbeek, Doris Wilflingseder

Adding new dimensions to human primary barrier/immune cell models offers big ad-
vantages with respect to drug screening or host/pathogen interactions due to mimick-
ing an in vivo-like situation. Therefore, we created a more complex scenario to moni-
tor entry, spread and signaling of differentially opsonized HIV-1 or Aspergillus spp. to
improve the understanding about host parameters during these processes.

In vivo, HIV-1 spontaneously activates complement (C) in seminal fluid, plasma and
at mucosal sites. However, whether the viral opsonization pattern is involved in viral
transmission is unknown. Here we studied the role of complement in HIV-1 trans-
mission by Langerhanc Cells (LCs) using a human skin model. We found differences
with respect to LC infection, viral fusion and transmission between non- and C-op-
sonized HIV-1. Our study provides novel insights at first steps of viral pathogenesis
within a realistic setting and might lead to novel strategies to prevent HIV-1 infection.
Further we studied invasive fungal infections such as Aspergillosis within a perfused
respiratory tract model containing primary polarized epithelial cells and relevant im-
mune cells such as dendritic cells and macrophages. Remarkably, culturing cells under
perfusion significantly accelerated polarization and differentiation of epithelial cells
compared to static conditions. After addition of antigen-presenting cells, Aspergil-
lus fumigatus conidia and hyphae were efficiently sensed by dendritic cells and mac-
rophages, which were fully functional in these systems. Thereby, adding new dimen-
sions offers novel possibilities to not only study infections, spread, signaling under
conditions mimicking the in vivo situation, but also to find new tools to combat these
infections.
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A20 gene dose effects in B cell-mediated autoimmunity in mice
Carina Steinecke, Yuanyuan Chu and Marc Schmidt-Supprian

The ubiquitin-editing enzyme Tnfaip3/A20 is a key negative regulator of NF-kB sig-
naling. While activation of NF-kB signaling is essential for physiological immune re-
sponses, its deregulation is implicated in autoimmunity. Single nucleotide polymor-
phisms (SNPs) near the Tnfaip3 gene locus are linked to various autoimmune diseases
and a B cell-specific loss of A20 is sufficient to induce autoimmune symptoms in mice.
Strikingly, the heterozygous loss of A20 in murine B cells induces a much stronger au-
toimmune phenotype than its homozygous ablation. The pathology is characterized by
B cell-activation, splenomegaly and the development of anti-nuclear auto-antibodies.
Heterozygous reduction of A20 in B cells induces strongly increased numbers of ger-
minal center B cells and plasma cells in secondary lymphoid tissues, which coincides
with enhanced isotype switching.

To understand the effect of A20 depletion on terminal B cell differentiation, the devel-
opment of antibody-secreting plasma cells was investigated by use of the in vitro-de-
rived germinal center B (iGB) cell culture system. Proliferation, differentiation and
isotype switching of B cells in this system are inversely correlated to A20 levels in a
gene dose-dependent manner. This indicates that the autoimmune phenotype induced
by heterozygous loss of A20 is not due to B cell-intrinsic hyperactivity, but rather de-
pends on yet unidentified factors in the microenvironment in vivo.

Using competitive bone marrow transfer of cells from A20 homo- and heterozygous
donors into one recipient mouse, we could show that the mere presence of A20-ho-
mozygous B cells in the body dampens the hyperactivity of the heterozygous B cells,
further supporting an extrinsic influence from other players of the immune system.
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Enolase 1 of C. albicans and A. fumigatus directly bind and activate mouse and
human B cells

Daniela Langenhorst, Anna-Lisa Fiirst, Prasad Dasari, Karl Alberter, Peter E Zipfel,
Niklas Beyersdorf

Of great relevance for immunocompromised patients, the incidence of life-threatening
fungal infections by Candida albicans or Aspergillus fumigatus has increased in recent
years. While the interaction of cells and molecules of innate immunity with these fungi
has been studied to great depth, comparatively little is known about the modulation
of adaptive immunity by secreted proteins of C. albicans and A. fumigatus. Thus, we
here studied the cytosolic glycolytic enzyme Enolase 1 (Eno-1) which is also secreted
and expressed on the cell surface. Eno-1 surface expression critically contributes to
host adhesion and invasion. We now found that soluble Eno-1 preferentially binds to
mouse and human B cells over other lymphocyte subsets. A more detailed analysis of
B cell subpopulations revealed that Eno-1 bound particularly well to mouse marginal
zone B cells. While the receptor for fungal Eno-1 on lymphocytes is still unknown,
addition of Eno-1 to mouse splenocytes and human PBMCs upregulated CD86 ex-
pression, i.e. induced activation, and proliferation of all B cell subsets but not of CD4+
or CD8+ T cells. Concomitantly, Eno-1 induced IgM and IgG2b or IgG1 secretion by
mouse and human B cells, respectively. We are currently investigating the anti-fungal
activity of the antibodies secreted by B cells after Eno-1 stimulation. Moreover, Eno-
1 also induced pro-inflammatory cytokine secretion, i.e. IL-6 and others, of which
monocytes, but not B cells, were the main source. Together, Eno-1 is on the one hand
important for fungi to adhere and invade the host but on the other hand, as shown
here, also induces putatively protective B cell responses.
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Triggering complement receptors on DCs induces cellular immune responses during
HIV-1 infection

Wilfried Posch, Cornelia Lass-Florl, Doris Wilflingseder

Immediately upon pathogen entry, non-specific immune responses are triggered in
the host and within a very short time innate immunity is fully activated. Among these
first innate components activated is the systemic complement system. Viruses such as
HIV-1, spontaneously activate the complement system and therefore HIV-1 is already
coated with complement fragments at the initial stages of infection.

Here we described a novel way of dendritic cell (DC) modulation during acute HIV-
1 infection by triggering integrin receptor signaling. We could show that comple-
ment-opsonized HIV-1 (HIV-C) is sensed by dendritic cells, the sentinels and most
important antigen-presenting cells of our immune system, compared to non-op-
sonized HIV. This recognition goes along with higher activation and maturation of
dendritic cells and therefore causes stronger induction of cytotoxic T cells as well as T
helper cells. We furthermore found that complement opsonization of HIV-1 induces a
T helper 17 polarizing cytokine profile in DCs and polarized naive T helper cells into
the T helper 17 lineage. Additionally stronger maturation of DCs exposed to HIV-C
induced higher type-I interferon responses, increased production of inflammatory cy-
tokine and cellular complement components. These observed inflammatory responses
and DC maturation was completely abrogated when complement component 3a re-
ceptor (C3aR) was blocked.

Our data indicate that there is a clear relation between activation of complement re-
ceptors and DC maturation along with induction of cellular immune responses. Thus,
investigating the complement receptor signaling pathway in more detail could lead
to the development of a novel DC-based vaccination therapy against viral infections.
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Dissecting the role of interleukin 17 in the development of postmenopausal
osteoporosis
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Reduced levels of endogenously produced estrogen (E2) is the major cause of oste-
oporosis in post-menopausal women and hormone therapy prevents osteoporotic
fractures. It is known that postmenopausal women suffering from osteoporosis have
increased serum levels of interleukin 17A (IL-17A), which negatively correlates with
bone mineral density. In mice, treatment with neutralizing IL-17 antibodies was
shown to protect against ovariectomy (OVX)-induced bone loss, while mice lacking
the IL-17 receptor had increased susceptibility to OVX-induced bone loss. This con-
tradiction shows that more research is necessary to elucidate the role of IL-17A in
postmenopausal osteoporosis.

We used IL-17A knockout (KO) mice to dissect the role of IL-17A in post-menopausal
osteoporosis. To mimic endogenous E2 loss, female mice underwent sham or OVX
operations at the age of 8 weeks and were sacrificed 3 weeks later. Radiological char-
acterization of the skeleton and flow cytometric analyses of bone marrow cells were
performed at termination.

Results show that the OVX-induced loss of cortical-, but not trabecular bone, is medi-
ated via IL-17A. Furthermore, flow cytometric analyses of bone marrow cells revealed
that the OVX-induced increased frequency of RANK positive pre-osteoclasts and
up-regulated surface expression of RANKL on T cells in bone marrow, is dependent
on IL-17A. These findings were also associated with increased mRNA expression lev-
els of Acp5 and RANKL/OPG ratio in cortical bone after OVX of WT mice, but not
of IL-17A KO mice.

Interestingly, sham operated IL-17A KO mice displayed significantly increased num-
bers of pre-osteoclasts accompanied by a tendency towards higher RANKL expression
on bone marrow T cells, as well as increased mRNA expression of Acp5 in cortical
bone, when compared to sham operated WT mice. This indicates an initial cellular and
molecular “priming” towards osteoclastogenesis in the IL-17A KO mice, which is not
reflected in the bone mineral density but may be due to a compensatory mechanism
possibly involving elevated IL-17F. This issue needs further investigation.
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Gene regulation on the post-transcriptional level exerts essential control over immune
responses and is needed to prevent autoimmune diseases. The RNA-binding proteins
Roquin-1 and its paralog Roquin-2 were found to be essential for the prevention of
autoimmunity and auto-inflammation by controlling T cell activation and differen-
tiation. They recognize cis-elements in the 3> UTRs of mRNAs and thereby induce
mRNA decay. This post-transcriptional gene regulation in T cells is tightly controlled
by the paracaspase MALT1, which, upon TCR activation and co-stimulation, cleaves
Roquin proteins. Interestingly, the endonuclease Regnase-1 is regulated in the same
way by MALT1 cleavage in T cells. Moreover Roquin proteins and Regnase-1 share
a set of mRNA targets that are associated with T helper cell differentiation and T cell
effector functions. A conditional deletion of Regnase-1 in T cells leads to a similar au-
toimmune phenotype as the knockout of Roquin-1/2 in T cells. But, whether Roquin
and Regnase-1 are cooperating in target mRNA regulation in T cells still remains con-
troversial. By generating mice with either single conditional knockouts of Roquin-1/2
and Regnase-1 or a combined knockout in T cells, we identified that, in addition to T
cell activation, they also control regulatory T cell development in the thymus. We fur-
ther performed mRNA sequencing in the different knockout situations and found that
the majority of mRNA targets is controlled in a cooperative manner by Roquin and
Regnase-1. These findings suggest that Regnase-1 and Roquin proteins play an impor-
tant role in the prevention of autoimmunity by cooperatively controlling post-tran-
scriptional gene regulation in T cells.
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Post-transcriptional regulation of CD8+ T cell function by RNA-binding proteins
Stephanie Edelmann, Vigo Heissmeyer

In CD4+ T cells it is well established that post-transcriptional regulators like Roquin
and Regnase inhibit T cell activation and differentiation by repressing several target
mRNAs. Apart from a significant activation phenotype, it is still unclear, how the defi-
ciency of these regulators influences CD8+ T cell functions.

Our first results demonstrate that Roquin-1/2-deficiency in CD8+ T cells leads to an
upregulation of transcription factors (IRF4, T-bet), high proliferation and increased
production of cytokines (IL-2, TNF-alpha). Interestingly, also detectable amounts
of preformed cytotoxic molecules like granzyme B and perforin were found in
Roquin-1/2-deficient CD8+ T cells, which resulted in a significantly higher cytotoxic-
ity in a redirected lysis assay in vitro. In a mouse melanoma model, we will now ana-
lyze, if Roquin-deficient CD8+ T cells are indeed superior in controlling tumor growth
in vivo and how the cells respond to checkpoint inhibition (anti-PD1, anti-CTLA-4).
As these findings could have clinical implications, we are also developing approaches
and tools to modify and detect Roquin activity in order to use this knowledge for the
improvement of adoptive T cell therapy for tumor patients.
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Fate-mapping of GM-CSF in chronic inflammatory disease reveals the molecular
landscape of pathogenic TH cells

Juliana Komuczki, Selma Tuzlak, Ekaterina Friebel, Lennart Opitz, Tom Hartwig,
Sabine Spath, Pawel Pelczar, Burkhard Becher

The cytokine GM-CSF differs from the other members of the CSF-family in that it is
a pro-inflammatory mediator rather than a steady-state growth factor. Under non-in-
flammatory conditions GM-CSF is hardly detectable and the only cell type known
so far to depend on GM-CSF are alveolar macrophages. During tissue-inflamma-
tion, GM-CSF production is pivotal and emerges as the main communication con-
duit between T helper (TH) cells and tissue-invading inflammatory phagocytes. TH
cells have been shown to be an important source of GM-CSF during neuroinflamma-
tion. However, it is still unclear which TH cell subset expresses GM-CSE or wheth-
er GM-CSF-production even marks a stable pathogenic TH cell subset. To study the
phenotypic and functional properties of GM-CSF-producing TH cells, we generated a
new mouse model to fate-map and report GM-CSF (FROG) expression.

The FROG system allows us to follow pathogenic GM-CSF-producing TH cells lon-
gitudinally in the course of neuroinflammation. Thereby, we are able to analyze their
genetic, epigenetic and proteomic features using unbiased high-dimensional tech-
nologies. Preliminary data suggest that GM-CSF producing TH cells form long-term
memory and their epigenetic modifications explain the recurrence and chronicity of
inflammatory diseases such as multiple sclerosis (MS). The FROG system is next used
to identify the transcriptional machinery regulating GM-CSF expression, which shall
reveal the nature of this discrete TH subset critically involved in regulating the phago-
cyte activity in tissue inflammation.
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Regulation of the Inducible T-cell costimulator Icos by combinatoral activity of
cis-elements and trans-acting factors on the mRNA level

Christine Conrad, Marcel Proske, Nina Rehage, Dierk Niessing, Vigo Heissmeyer

The Inducible costimulator Icos is expressed on T cells once they become activated.
Icos plays an important role in the humoral immune response since Icos-deficient
mice deal with autoimmunity and furthermore its loss-of function in humans is linked
to immunodeficiency.

On the mRNA level, Icos is tightly post-transcriptionally controlled. The 3'UTR is
the non-translated region of an mRNA, placed downstream of the translation termi-
nation codon. Such noncoding sequences often contain binding sites for regulatory
proteins and miRNAs, allowing them in an independent, cooperative or exclusive
manner to function in the regulation of the transcript. It has been demonstrated that
the RNA-binding protein Roquin-1 and its paralog Roquin-2, the endonuclease Re-
gnase-1 as well as several miRNAs are some of these trans-acting factors involved in
the regulation of Icos mRNA. Roquin recognizes and binds to stem-loop structures, as
for example the CDE element, a tri-loop hairpin that is also found in the Icos mRNA.
Roquin binding initiates the degradation of the target transcript by interacting with
components of the CCR4-NOT complex, resulting in deadenylation and decapping of
the mRNA and further degradation. Roquin-regulated cis-elements can be complex
and composite and involve several but also atypical binding sites. Bearing a relatively
long 3’'UTR, the Icos mRNA probably contains many other not yet identified cis-ele-
ments.

Performing a comprehensive mutagenesis screening approach of the mouse Icos
3’UTR will reveal important cis-elements in Icos mRNA. This will give us more in-
sights into the regulatory network acting on Icos mRNA.
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The origin and relevance of Antigen inexperienced memory T cells
Alena Moudra, Jiri Novotny, Michal Kolar, Pavel Stopka, Ondrej Stepanek

Antigen inexperienced memory T (AIMT) cells form 10-20% of CD8+ T-cells under
normal unperturbed conditions. We have found the AIMT cells in mice across the
spectrum of hygienic conditions, ranging from germ free C57Bl/6] and Balb/c strains
to the undomesticated house mouse and thus we have confirmed its physiological rel-
evance.

Further, we wanted to ascertain whether the AIMT cells from young and aged animals
share TCR repertoires. We have sorted CD8+ T-cells from mice with a fixed beta chain
of TCR (Vb5) and created the TCRalpha libraries of naive and the AIMT cells from
young and aged animals. The PCA analysis of the TCR repertoires confirmed that na-
ive cells and AIMT cells utilize distinctly different TCR repertoires and moreover that
the TCR repertoires are shared among young and aged AIMT cells, indicating being
of the same origin.
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Early-onset autoinflammatory disease in the context of gastrointestinal tract
Marini Thian, Rico Chandra Ardy, Elisabeth Salzer, Julia Pazmandi and Kaan Boztug

Purpose

Inflammatory bowel diseases (IBDs) comprise a heterogeneous group of diseases in
which a disruption of immune homeostasis in the gut results in chronic intestinal
inflammation. Early onset IBD (EO-IBD) denotes a subset of patients that present
with a severe symptoms early in life (<10 years of age). Previous studies have identified
monogenetic loss-of-function mutations in IL10 receptor, providing proof-of-concept
for Mendelian subtypes of IBD. However, the genetic disease etiology remains enig-
matic in most patients.

Methods
We performed whole exome sequencing for a cohort of EO-IBD patients to identify
novel monogenetic causes of EOQ-IBD.

Results

We identified loss-of-function mutations in IL21 as a novel genetic etiology linking
immunodeficiency and early-onset IBD. We also identified deleterious autosomal re-
cessive mutations in CD55 leading to loss of protein expression in patients with pro-
tein-losing enteropathy (PLE) and bowel inflammation.

Conclusion

Data from our informative patient cohort supports the hypothesis that EO-IBD may
be caused by disease genes inheritable in a Mendelian fashion, which may present
concomitantly with an immunodeficiency or PLE. Identification of single-gene defects
leading to EO-IBD will have implications for our mechanistic understanding of mu-
cosal immune homeostasis and will identify critical signaling axis relevant to late-on-
set IBD that might represent attractive targets for potential therapeutic treatments.



Lydia Lutes
University of California, Berkeley
ly.lutes@berkeley.edu

The positive selection of T cells with different degrees of self-reactivity
Lydia K. Lutes, Shraddha Pandey, Shiao Wei Chan, Ellen A. Robey

Self reactivity has been shown to play a significant role in conventional T cell effector
function, however functional differences only appear after positive selection in the
thymus. During development, positively selected thymocytes avoid death by sensing
and adjusting to homeostatic signals from self-peptide:major histocompatibility com-
plexes (MHC:s). As a result, these thymocytes experience a range of signals and mature
into a diverse repertoire of T cells with different degrees of self reactivity and effector
function. Here I investigate the positive selection of CD8 T cells across the spectrum
of self reactivity, using three T cell receptor transgenic (TCRtg) models with relative-
ly high, moderate, and low self reactivity. I show that cells with high self reactivity
reach maturity more quickly than cells with lower self reactivity in ex vivo and in vivo
systems. Using two-photon microscopy, I am also studying how T cell self reactivity
correlates with TCR signaling kinetics during positive selection. Finally, I am using
an experimental system where positive selection of a defined TCR is dependent on
exogenous peptides. With this system, I explore how (1) peptide affinity for MHC,
and (2) TCR affinity for peptide:MHC influence T cell self reactivity. Together, these
experiments will illuminate how thymocyte peptide:MHC interactions inform the de-
velopment and effector function of positively selected T cells with high and low self
reactivity.
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Distinct T cell responses in early versus late viral rebounders after broad neutralizing
antibody infusion in HIV-1 positive patients

Lotta von Boehmer', Allison N. Nau', Chunlin Wang', Marina Caskey?, Michel C.
Nussenzweig?, Mark M. Davis'
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“Passive immunotherapy” with broadly neutralizing antibodies (bNABs) is currently
being tested in clinical trials for anti-HIV-1 therapy. We investigated if and what type of
host immune responses are induced after anti-HIV-1 bNAD infusion. The majority of
patients showed a decrease in viral load after antibody infusion. After a single infusion,
7 patients were able to control the virus for more than 56 days (late rebounders) while
8 quickly returned to their original viral load (early rebounders). By high-dimensional
cytometry we detected an innate immune response in all patients after bNAb infusion,
in the late rebounders we saw a significant increase in T cell clonality by single cell se-
quencing and using the GLiPH.2 algorithm (which clusters T cell receptor sequences
into groups with shared specificity), we detected significantly more HIV-1 specific T
cells in the activated T cell compartment. We conclude that passive antibody infusion
activates the innate immune compartment in all patients and that the induction of T
cell responses correlates with prolonged viral control.
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Helicobacter hepaticus as disease driver in a novel CD40-mediated spontaneous
colitis-model

Verena Friedrich, Christian Barthels, Ana Ogrinc, Debora Garzetti, Barbel Stecher,
Ignasi Forne, Axel Imhof, Thomas Brocker

The mammalian gastrointestinal tract is shaped by microbiota. To maintain mucosal
homeostasis, a balance between appropriate immune responses to invading pathogens
and tolerance to food and commensal-derived antigens is essential. Disturbed bal-
ances can result in severe inflammatory disorders like Inflammatory Bowel Disease.
Dendritic cells (DCs) play a key role in this regulation as they can induce both, im-
munity and tolerance. To investigate the role of the CD40L-CD40 axis in tolerance vs.
immunity and the role of DCs therein, we generated a murine model with constitutive
CD40-signaling in DC. CD40-signaling leads to migration of CD103+ DCs from the
colonic lamina propria to draining lymph nodes, followed by DC-apoptosis. This loss
of CD103+ DCs caused lack of RORyt+Helios- induced regulatory T cells, an increase
of Th1/Th17 effector cells in the colon, resulting in breakdown of mucosal tolerance
and severe colitis.

We used sera from these mice to isolate fecal antigens recognized by mice with coli-
tis, but not control mice and studied changes of the microbiota during disease devel-
opment. We detected Helicobacter hepaticus (H.h.)-specific antibodies in transgenic
mice and could protect them from disease onset by rendering them H.h.-free. Upon
H.h.-reinfection of transgenic mice, rapid disease onset was observed. Our data sug-
gest that H.h. is the disease driver in a CD40-mediated spontaneous colitis-model,
allowing us to study T cell specificities and differentiation plasticity during inflamma-
tion more in detail.
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MALT1 phosphorylation controls activation of T lymphocytes
Thomas J. O’'Neill, Torben Gehring

Engagement of the T cell receptor (TCR) by specific antigens induces several signaling
pathways culminating in T cell activation, differentiation, and proliferation. There-
by, the CARD11-BCL10-MALT1 (CBM) complex bridges proximal TCR signaling to
MALT1 protease activation and canonical NF-kappaB signaling. MALT1 exerts a dual
function in the CBM complex upon TCR stimulation: the MALT1 scaffold recruits
the E3 ligase TRAF6 to the CBM complex, resulting in activation of the canonical
NF-kappaB pathway and JNK signaling, and MALT1 proteolytic activity modulates
T cell activation by cleaving several important signaling and post-transcriptional reg-
ulators. To date, regulation of MALT1 function was shown to be mainly mediated by
mono- or poly-ubiquitination. In this study, multiple novel phosphorylation sites were
identified in the C-terminus of MALT1 upon T cell activation which support MALT1
scaffolding function.

In mass spectrometry experiments, three phosphorylated MALT'1 peptides were iden-
tified, covering a total of five phosphorylated serine residues. Generation of phos-
pho-specific antibodies allowed for detection of MALT1 phosphorylation in Jurkat
T cells after stimulation, revealing that MALT1 is transiently hyper-phosphorylated
upon TCR stimulation. Rescue experiments of MALT1-deficient Jurkat and CD4 T
cells with phospho-defective MALT1 variants showed for the first time that MALT1
phosphorylation augments IkappaBalpha degradation and NF-kappaB activation.
Furthermore, CKlalpha was identified as a MALT1 protein kinase catalyzing MALT1
phosphorylation, as identified by in vitro kinase assays using a phospho-specific an-
tibody. Indeed, CK1lalpha was shown to be essential for CBM assembly and NF-kap-
paB activation. In rescue experiments of CKlalpha-deficient Jurkat T cells, CK1lalpha
catalytic activity and CARD11 binding were not only required for its recruitment to
CARDI11, BCL10 and MALT1, but were also essential for overall formation of the CBM
complex. Collectively, identification of MALT1 phosphorylations after TCR signaling
has revealed a new level of regulation in the CBM-mediated NF-kappaB pathway.
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Impaired immune response to primary but not to booster vaccination against
Hepatitis B in older adults

Birgit Weinberger, Marielle C Haks, Tom HM Ottenhoff, Beatrix Grubeck-Loebenstein

Many vaccines are less immunogenic and effective in the elderly compared to young-
er adults due to immunosenescence. As most vaccines utilized in the elderly contain
antigens, with which the target population had previous contact, most studies inves-
tigating vaccine-induced immune responses in the elderly do not analyze responses
to neo-antigen but rather booster responses. It can be hypothesized that age-related
differences in the immune response are distinct for primary and recall responses. We
therefore aimed to investigate primary and recall responses using the same antigen in
young and older adults using Hepatitis B vaccine as a model antigen.

Young (20-40y) and elderly (>60y) healthy volunteers received either a primary series
or a single booster shot (primary vaccination >10 years ago) of Twinrix and antibody
responses were monitored. After primary vaccination, antibody responses were lower
and delayed in the elderly compared to young adults. Non-responders after the prima-
ry series were only observed in the older group. Maximum antibody concentrations
after booster vaccination were similar in both age groups. Focused gene expression
profiling was performed before and 1 day after the vaccination. We identified 29 tran-
scripts that correlated with age at baseline and clustered in a network centered around
type I interferons and pro-inflammatory cytokines. In addition, smaller 8- and 6-gene
signatures were found at baseline that associated with vaccine responsiveness during
primary and booster vaccination, respectively. When evaluating the kinetic changes
in gene expression profiles before and after primary vaccination, a 33-gene signature,
dominated by IFN-signaling, pro-inflammatory cytokines, inflammasome compo-
nents, and immune cell subset markers, was uncovered that was associated with vac-
cine responsiveness. In contrast, no such transcripts were identified during booster
vaccination.

Our results document that antibody responses and gene signatures are different in
primary and booster vaccination in old age.
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An early wave of IFN-y modulates the affinity breadth of the CD8 T cell response
Lion EK. Uhl, Jagdish N. Mahale J., Julie M. Mazet J. and Audrey Gerard

Truly effective responses to intracellular pathogens are characterized by clonal diversi-
ty and diversity of effector T cell types as well as long-lived memory cells. During the
immune response against intracellular pathogens, a multitude of CD8+ T cell clones
with distinct T cell antigen receptors of various affinity for pathogen derived peptides
in complex with MHC molecules are recruited. This clonal diversity is consistently
observed despite factors favoring the dominance of high affinity clones. Low affinity
CD8+ T cells are particularly important to explain how immunity against one patho-
gen can protect against future infections with a different, but related pathogen, a phe-
nomenon known as heterosubtypic immunity. Our lab recently discovered that direct
T cell - T cell communication limits the expansion of antigen-specific T cells and mod-
ulates CD8+ T cell differentiation by skewing towards memory. Those effects are me-
diated by an early wave of the cytokine IFN-y. IEN-y is produced by activated CD8+
T cell clones and shared between them within 24 hours following infection. Based on
preliminary data we hypothesise that this early wave of IFN-y is also critically involved
in shaping the affinity breadth of the CD8+ T cell response by allowing low affinity
CD8+ T cells to emerge despite the competitive advantages of high affinity clones.
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CD8+ memory T cell subsets defined by CX3CR1
Carmen Gerlach

CD8 T cells are crucial for the protection against intracellular pathogens and cancers.
They can be subdivided into functionally distinct subsets that exist even among CD8 T
cells that bear the same T cell receptor. We have recently discovered that the chemok-
ine receptor CX3CRI1 is a very useful marker to study the heterogeneity within CD8
T cell responses. CX3CR1 expression levels can distinguish classical ‘central memory’
T cells (TCM; CX3CR1-) from ‘effector memory’ T cells (TEM; CX3CR1hi). In ad-
dition, this marker enabled the identification of a novel CD8 TMem subset, the ‘pe-
ripheral memory’ T cells (TPM), which are CX3CRlint and have unique functional,
homeostatic and trafficking properties. Most importantly, by using the high-resolution
CX3CRI marker, we were able to show that, in contrast to the current dogma, conven-
tional TEM do not surveil the extravascular space of peripheral tissues. Instead, TEM
are migrationally restricted to blood and spleen, while the newly delineated TPM are
the predominant migratory TMem subset surveilling peripheral tissues. We are cur-
rently studying the mechanisms responsible for their unique properties.
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LAMTOR? Is Dispensable for T Cell Receptor-mediated Signaling of Thymocytes
but Is Critical for Medullary Thymic Epithelial Cells

Lina Wendeler', Lukas A Huber? Christoph Klein', and Daniel Kotlarz'

' Dr. von Hauner Children’s Hospital, Department of Pediatrics, University Hospital, Ludwig-Maximilians-
Universitit (LMU), Munich, 80337 Munich, Germany; ? Biocenter, Division of Cell Biology, Innsbruck
Medical University, 6020 Innsbruck, Austria

LAMTOR?2 is an endosomal adaptor protein that regulates ERK and mTORCI sign-
aling (Teis et al., 2006; Sancak et al., 2010). Patients with LAMTOR2-deficiency are
characterized by severe congenital neutropenia, growth failure, partial albinism, as
well as B and T cell deficiencies (Bohn et al., Nat Med 2007). To determine the role
of LAMTOR?2 in T cell development and homeostasis we used conditional knockout
mouse models.

Interferon type 1-inducible deletion of Lamtor2 resulted in reduction of thymus
weight and total thymocyte numbers in Mx1 Cre-Lamtor2fl/fl mice. FACS analysis
revealed an impaired T cell development with a partial block at the DN (double nega-
tive) CD4-CD8- T cell precursor stage in LAMTOR-deficient mice after 7 and 21 days
of poly I:C injection. To discriminate between T cell-intrinsic and -extrinsic effects,
we generated pre-TCRa-iCre-Lamtor2fl/fl conditional knockout mice. In contrast to
Mx1 Cre-Lamtor2fl/fl mice, T cell-specific deletion of Lamtor2 at DN stage 2-3 did not
alter frequencies of total thymocytes and T cell progenitor subsets. Furthermore, TCR
signaling (p-ERK, p-LAT, p-LCK, p-PLCy, Nur77) and internalization of TCRP upon
stimulation with anti-CD3e * anti-CD28 was normal in pre-TCRa-iCre-Lamtor2fl/fl
mice, suggesting that LAMTOR?2 in T cells is dispensable for T cell development after
DN stage 2-3.

To assess whether impaired T cell development in Mx1-Cre-Lamtor2fl/fl mice is
caused by thymic epithelial defects, we analyzed thymic epithelial cells (TECs) 4 days
post poly I:C injection by flow cytometry. Mx1-Cre-Lamtor2fl/fl mice showed a re-
duced ratio of CD45 EpCAM+UEA 1+Ly51- medullary TECs (mTECs) to CD45-Ep-
CAM+UEA-1-Ly51+ cortical TECs. The proportion of mature (MHCIIhigh) mTECs
was not altered. Further studies are underway to determine the role of LAMTOR?2 in
mTECs.

Taken together, our findings show that LAMTOR?2 is not required for TCR-mediated
signaling in T cell development but might play a critical role in controlling mTEC
homeostasis.
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Inherited Loss-of-Function of RIPK1 Causes Immunodeficiency and Intestinal
Inflammation

Yue Li, Marita Fiithrer, Ehsan Bahrami, Piotr Socha, Maja Klaudel-Dreszler, Amira
Bouzidi, Yanshan Liu, Anna S. Lehle, Thomas Magg, Sebastian Hollizeck, Meino Ro-
hlfs, Raffacle Conca, Michael Field, Neil Warner, Slae Mordechai, Eyal Shteyer, Dan
Turner, Rachida Boukari, Reda Belbouab, Christoph Walz, Moritz M. Gaidt, Veit
Hornung, Bernd Baumann, Ulrich Pannicke, Eman Al Idrissi, Hamza Ali Alghamdi,
Fernando E. Sepulveda, Marine Gil, Genevieve de Saint Basile, Manfred Honig, Sibyl-
le Koletzko, Aleixo M. Muise, Scott B. Snapper, Klaus Schwarz, Christoph Klein and
Daniel Kotlarz

Children with very early onset inflammatory bowel diseases (VEO-IBD; onset <6
years) often show life-threatening conditions refractory to conventional treatment.
VEO-IBD may result from inborn errors of immunity, yet most patients still lack ge-
netic diagnosis. To unravel novel genetic signatures of VEO-IBD, we have conducted
whole exome sequencing of 600 patients. Our screen revealed RIPK1 loss-of-function
mutations as a novel molecular cause for VEO-IBD in 8 patients from 6 unrelated fam-
ilies. While 2 patients expressing truncated RIPK1 presented with immunodeficien-
cy and diarrhea, 6 patients with missense mutations in the death domain primarily
showed signs of VEO-IBD. All patients showed increased susceptibility to infections.
Immunophenotypical analysis of patients’ peripheral blood mononuclear cells exhib-
ited impaired lymphocyte differentiation, as demonstrated by reduced frequency of
CD45RO+CCR?7- effector memory T cells, CD45RO+HLA-DR+ memory activated
regulatory T cells, CXCR3+CCR6- and CXCR3-CCR6+ T helper cells as well as IgD-
CD27+ class-switched B cells. Patient-derived monocytes and monocyte-like BLaER1
cells with overexpression of RIPK1 mutant variants showed increased IL-1beta secre-
tion upon LPS priming, without requirement of second stimuli (e.g., ATP, nigericin).
Blockade of NLRP3 and MLKL by small molecule inhibitors reduced the secretion of
IL-1beta, suggesting that both pathways are implicated in the dysregulated proinflam-
matory responses. In addition to immune dysfunctions, we could also detect intrin-
sic defects in RIPK1-deficient epithelial cells. Coloncarcinoma cells with transgenic
expression of patient-specific mutations exhibited impaired TNF-alpha-mediated
NEF-kappa-B signaling and TNF-alpha-induced cell death responses.

Our study demonstrates that RIPK1 deficiency is a life-threatening Mendelian dis-
order with defects in the adaptive and innate immune system as well as the intestinal
epithelium. The characterization of rare patients with RIPK1 deficiency highlights the
critical role of RIPK1 in human immune and intestinal homeostasis.
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Common gamma chain mutation is partially rescued by alternative splicing and
results in IL-21R-like deficiency

David Illig, Marta Navratil, Jadranka Keleci¢, Raffaele Conca, Iva Hojsak, Oleg Jadresin,
Marijana Cori¢, Jurica Vukovié, Meino Rohlfs, Sebastian Hollizeck, Jens Bohne, Chris-
toph Klein, Daniel Kotlarz

Mutations in interleukin 2 receptor, gamma (IL2RG) perturb signaling of the recep-
tors for IL-2, IL-4, IL-7, IL-15, and IL-21 and cause X-linked severe combined immu-
nodeficiency (X-SCID). Severe forms of SCID are caused by frameshift or splicing
mutations in IL2RG. However, normal to low frequencies of T and NK cells were re-
ported for atypical forms of SCID, which can result from different mechanisms such as
hypomorphic mutations, spontaneous somatic reversion in T cell clones, or maternal
engraftment of T cells. Here, we report two patients with a novel IL2RG frameshift
mutation that is partially rescued by alternative splicing and results primarily in dys-
functional IL-4R and IL-21R signaling.

The IL2RG mutation was identified using whole exome sequencing. Expression of IL-
2Ry was analyzed by immunoblotting and flow cytometry. RNA isoforms were stud-
ied by cDNA sequencing and qRT-PCR. IL-2Ry-mediated signaling was assessed by
phospho-flow.

In two brothers born to non-consanguineous parents of Romani descent suffering
from cryptosporidiosis, severe diarrhea, and cholangitis, we identified a novel muta-
tion in the first exon of IL2RG (c.87delG) predicted to cause a frameshift using whole
exome sequencing. Immune workup showed normal pan T, B, and NK cell numbers,
but defective B cell differentiation. Flow cytometry and immunoblotting revealed nor-
mal expression of the mutated IL-2Ry protein. Whereas phospho flow showed that
IL-2-, IL-7-, and IL-15-induced STATS5 phosphorylation was mildly affected in both
patients, STAT6 and STAT3 phosphorylation in response to IL-4 and IL-21 was sig-
nificantly reduced. Sequencing of IL2RG cDNA revealed the usage of an alternative
splice site downstream of exon 1 in both patients resolving the predicted frameshift.
The alternative splice site combined with ¢.87delG causes 16 mutated amino acids in
IL2RG. In silico modelling suggested alterations in the N-terminal domain of mutated
IL-2Ry, which might impair functional IL-4 signaling.

We present a novel frameshift mutation in IL2RG causing a hypomorphic SCID phe-
notype (T+NK+B-) that is partially rescued by alternative splicing. Our report ex-
emplifies that alternative splicing mechanisms might be considered in patients with
atypical SCID.
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New tricks for old dogs - Creation of deadramers from single MFG-E8 PS binding
domains

Tilman Kurz, Jan Kranich, Gunnar Knobloch, Lisa Rausch, Agnieszka Foltyn-Arfa Kia,
Thomas Brocker

The quick clearance of apoptotic cells is an important task of phagocytes to prevent
release of intracellular antigens, thereby maintaining self-tolerance. Target cells are
recognized by exposure of an ‘eat me’ signal with phosphatidylserine (PS) being one
the best studied.

Already established cell death detection tools mostly rely on Annexin V to bind PS on
dying cells. Despite its efficiency in vitro, serious drawbacks occur with in vivo detec-
tion of apoptotic and dead cells due to the strong dependency of Annexin V function
on the presence of Ca2+ ions, which also limits the use of Annexin V to a special bind-
ing buffer. Furthermore, considerable cell death and damage occurring during organ
preparation for FACS analysis might give an obscured view on the actual amount of
dead cells in an experimental setup.

We believe in the supremacy of MFG-E8, a calcium-independent PS-binding protein
in terms of recognition of dying cells. This activity has been mapped to its C2 domain
in previous reports, but it also features an additional homologous C1 domain. In order
to harness the advantages of MFG-E8 and develop a flexible and cost-effective tool for
the analysis of cell death, we multimerized bacterially expressed and functionalized
single PS-binding domains using the Streptavidin-biotin interaction. The C1 domain
also showed binding activity to dying cells and even proved to be superior over C2
in this setup. This research will find use in the implementation of future in vitro and
in vivo experimental approaches, be it cell death as part of cell fate decisions, during
infections or development.
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CCL17 promotes tumorigenesis by supporting regulatory tumor-associated
macrophages

R. N. Metzger, A. Musumeci, A. B. Krug

Myeloid cells are critically involved in the pathophysiology of cancers. CCL17, a
chemokine of the C-C family, is known to be expressed by CD11b+ dendritic cells
(DCs) and to play a role in inflammatory processes, such as colitis. While expression of
CCL17 is limited to DCs in the steady state, we found macrophage subsets upregulate
CCL17 expression in the tumor microenvironment. Using a CCL17-GFP-reporter/
knock-in mouse we investigated the role of CCL17 in colon- and melanoma-cancer-
ogenesis and find that CCL17 promotes tumor initiation and -progression. CCL17-
deficient mice developed fewer tumors in the AOM/DSS-induced model of colitis-as-
sociated cancer and in syngeneic subcutaneous tumor models (MC38, B16) tumor
growth was reduced in the absence of CCL17. The observed effects in both the AOM/
DSS and the syngeneic tumor models were conserved in Ragl-deficient mice, indi-
cating T- and B-cell independent mechanisms. Intriguingly, the frequencies and phe-
notype of tumor associated macrophage (TAM) subsets were significantly altered in
the absence of CCL17. Regulatory macrophages, marked by the expression of MMR
(CD206) were less abundant in the tumors of CCL17-KO mice and MC38 tumors of
CCL17 KO mice showed a reduced Arginase-1 expression, while TNFa secretion was
increased in colon tumors of CCL17 KO mice, both indicating a shift in macrophage
functionality.

Polarized CCL17-KO BMDMs expressed lower levels of Arginase-1, higher levels of
iNos and showed increased TNFa secretion, confirming in vivo findings.

Moreover, co-injection of IL-4 polarized CCL17-KO BMDMs with MC38 tumor cells
into WT mice led to a significantly reduced tumor growth, compared to the co-injec-
tion with CCL17-competent BMDMs, highlighting the central role of the TAMs for
the observed effect in CCL17-KO mice. Thus, beyond its role as marker for TAMs,
CCL17 might be a novel regulator of macrophage function with relevance for anti
tumor immunity.
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Plasmacytoid dendritic cells regulate resolution of skin inflammation

Gabriel Stulnig, Philipp Novoszel, Barbara Drobits, Thomas Bauer, Martin Holcmann,
Maria Sibilia

Topical application of the toll-like receptor (TLR) 7/8 agonist Imiquimod (IMQ) is
used as an established model to induce psoriasis-like skin inflammation in mice. We
showed previously that plasmacytoid dendritic cells (pDCs) are part of the immune
infiltrate of IMQ treated skin. However, their contribution to IMQ-induced skin in-
flammation is unclear. Here we found that depletion of pDCs resulted in an exacerbat-
ed inflammatory response during prolonged IMQ application. Moreover, the recovery
phase after IMQ withdrawal was significantly extended in the absence of pDCs, sug-
gesting an immunosuppressive function of pDCs. The aggravated skin inflammation
observed in pDC-depleted mice was accompanied by increased expression of cuta-
neous pro-inflammatory cytokines and an elevated accumulation of neutrophils and
IL17-expressing dermal y8T-cells in the skin. Mechanistically we show that pDCs,
which accumulate in draining lymph nodes and IMQ-treated skin, up-regulate the ex-
pression of programmed death-ligand 1 (PD-L1) while its cognate inhibitory receptor
PD-1 is constitutively expressed by y8T-cells. IMQ activated pDCs actively suppress
IL17-production in y8T-cells which can be reverted upon PD-L1 blockade. Collec-
tively, our results demonstrate that pDCs are endowed with an immunosuppressive
capacity during IMQ treatment due to the up-regulation of PD-L1, which prevents
excessive IL17 production by PD1-expressing y8T-cells.
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The origin of plasmacytoid dendritic cell and the influence of TLR activation
Andrea Musumeci, Anne Krug

Plasmacytoid DCs (pDCs) are a subset of dendritic cells (DCs) highly specialized in
the recognition of viral pathogens and the rapid production of large amounts of anti-
viral type I interferons (IFN). Being short lived and non-proliferative, these cells must
be continuously replenished from undifferentiated progenitors in the bone marrow
(BM). pDCs were shown to have dual ontogeny, originating from progenitors of the
myeloid as well as the lymphoid lineage. Several intermediate subpopulations have
been identified as committed precursors based on diverse sets of surface markers. Our
interest is focused on a late pDC-like precursor population expressing Siglec H and
BST2, but low levels of CCR9. Found predominantly in BM, these cells already pos-
sess functional pDC characteristics, such as the ability to respond to TLR-7 and -9
ligands and produce type I IFNs. However, a portion of these cells retains plasticity
to differentiate into classical DCs (cDCs) in steady state conditions as well as under
inflammation (EAE), upregulating markers such as CD11b and transcription factors
(TFs) such as Id2 and Batf3. By means of single cell analysis techniques, including flow
cytometry and single cell RNA sequencing, we investigate whether this plasticity is a
result of oligopotency, whereby individual cells can be driven towards one or the oth-
er cell fate by external stimuli, or subset-specific commitment, where individual cells
have either pDC or ¢DC fate. In line with previous findings, we observe a high degree
of precommitment in DC precursors in the steady state. In addition, we find that en-
dosomal TLR9 engagement affects a subset of precursors, increasing output of mature
pDCs, by a combination of direct and indirect stromal-cell dependent effects. Our data
show that pDC-like precursors are a heterogeneous population with dual fate, and that
TLRY activation increases pDC differentiation from these precursors.
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Curriculum Vitae

Harald von Boehmer was born on November 30, 1942 as the youngest of three. His
father, Hasso von Boehmer, a lieutenant colonel in the German army, was one of
the July 20th 1944 Plotters - a group of oppositionists that planned and attempted
to rid Germany of Hitler. The failed attempt led to Hasso being sentenced to death
and executed when Harald was just two years old. The early loss of his father re-
mained a challenging circumstance for Harald throughout his life.

After spending his youth in his grandfather’s house and graduating from high
school in Freiburg, Harald went on to study Medicine in Gottingen, Freiburg and
Munich, obtaining his Medical Doctorate from Ludwig Maximilian University in
Munich in 1968. He subsequently received his Ph.D. from Melbourne Universi-
ty, Australia (1974). He joined the Basel Institute for Immunology in 1973 and
remained an active member until 1996, when he became director of the Unité
INSERM 373 at the René Descartes University in Paris, France. After 3 years in
Paris, Harald was recruited to Harvard Medical School and the Faculty of Arts and
Sciences of Harvard University, Cambridge where he established the Laboratory
for Lymphocyte Biology at the Dana Farber Cancer Institute in Boston which he
ran until his retirement in 2013.

In 2019 it is difficult to remember how confused immunologists were in the early
70’s about T cells and what controlled their development and subsequent activation.

In the mid-1970s, Harald, together with Jonathan Sprent, showed that stable bone
marrow chimerism is the result of deletion of donor cells with reactivity against
recipient MHC. The presence of suppressor cells was ruled out in these studies by
showing that the addition of chimera lymphocytes to normal donor-type lympho-
cytes did not prevent the latter from differentiating into cytotoxic lymphocytes.
During the same period, Harald and Jonathan proved that in order to be stimu-
lated by an antigen/MHC combination, the T cells had to be exposed to the MHC
allele under study during development in the thymus.

In the early 1980s, the first T cell receptor (TCR) genes were found (Tak Mak
and Mark Davis discovered the human and mouse TCR, respectively), and exper-
iments transferring TCR alpha and beta genes from one T cell clone to another
allowed Harald, together with Michael Steinmetz, to unequivocally conclude that
the MHC-restricted specificity was encoded by a single receptor, a finding con-
tirmed by crystallographic studies.
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The next question Harald decided to tackle was the issue of immunological tolerance.
How is it possible that T cells can respond to many different antigenic peptides, bound
by MHC proteins, but do not attack self-antigens when functioning properly? Harald
and his colleagues showed that self-reactive T cells are destroyed as they develop in
the thymus. This was done through a very clever experiment in which mice expressing
T cells with a single TCR were produced. The antigen target of these T cells was an
HY-peptide expressed only in male mice. The male-specific T cells appeared as expect-
ed in the lymph nodes of female mice, but they disappeared during development in
the thymus of male animals. In later years, Harald and his colleagues readdressed this
issue and reported deletion of CD4+CD8+ thymocytes in the absence of TCR editing.

The TCR transgenic mice also served to answer questions related to positive selection
and the matching of specificity and function. Harald’s team demonstrated that the
interaction between the TCR and peptide/MHC complex determines whether a thy-
mocyte would differentiate along the CD4+CD8- T cell lineage or the CD4-CD8+ T
cell lineage. They proved that there is, in fact, positive selection, as mice lacking the
appropriate MHC allele to pair with the transgenic TCR failed to generate single-pos-
itive cells, and thus development was arrested at the CD4+CD8+ stage. This was then
named “death by neglect” (inability to bind MHC) as opposed to “death by negative
selection” which is the active induction of apoptosis in thymocytes with high affinity
for self peptides or MHC. Harald summarized these findings very fittingly: “the thy-
mus selects the useful (positive selection), destroys the harmful (negative selection),
and ignores the useless (no MHC binding)”

Harald’s later work continued to add basic insights to the understanding of early T cell
development, including the identification of the pre-TCR and its roles in thymocyte
survival, allelic exclusion, and commitment to the a3 or y§ T cell lineage. Harald and
his team also studied the generation and function of regulatory T cells with the goal of
utilizing these cells to prevent or interfere with unwanted immune reactions.

After his retirement, while already living here in Seefeld in Tirol, Harald wrote in his
last review: “The curiosity in T cell development is still very much alive, even after re-
tirement, but I trust that the remaining issues are in good hands of younger scientific
colleagues who identify the outstanding questions and think of clever experiments to
address them”.
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Eulogy for
Harald von Boehmer

Klaus Rajewsky

Harald von Boehmer was one of my oldest and closest friends and companions
who has challenged and provoked me for decades and from whom I continuously
learned and profited; and on whom I could always rely. He was one of those rare
people of which I knew from the first encounter that here was a connection that
would last — even though we had a terrible fight at the time. So we always kept in
touch: during his time at the Basel Institute of Immunology; then in Paris at the
Hopital Necker and the beautiful house in Fontainebleau; the ten years in Boston,
where we were allowed to live in his home for half a year upon our arrival and
subsequently had a friendly neighborly relationship with him and his family, with
many joint trips to Crane Beach followed by lobster meals; and finally the time in
Seefeld.

Harald was an outstanding scientist who shaped T cell immunology with vision-
ary experiments which today are textbook knowledge, an incorruptible critical
mind, and superior intelligence. I know that I am just one of many who sought
and received his advice and opinion over decades, in two or three razor-sharp sen-
tences, often highly controversial, sometimes sarcastic or with a crushing verdict,
but always helpful and to the point, uncompromising in the search for truth, yet
with an open, generous heart. Speaking to the non-scientists in the audience, let
me stress that I am saying this in the name of many, many colleagues and scientific
friends, a truly global community of eminent researchers and of course his many
collaborators and students who all had a special, loving and respectful relationship
with Harald and for whom he has been a central, uncompromising scientific, intel-
lectual and human authority.

I am reading from an email I have just received from Fred Alt: “Please give my
condolences and best wishes to Harald’s family. I have wonderful memories of
time spent with Harald (and his family) over the many decades and feel fortunate
he moved to Boston so that I got to know him even better. He may be one of the
most honest individuals I have ever met. If one got a compliment from him (as you
and I both did every now and then) it was worth its weight in gold. I miss all of
those wonderful discussions about almost everything the three of us used to have
over a bottle of wine or grappa (or both) that usually went well into the night (or
morning in some cases).”



Harald’s loss is a turning point. For me, it comes at an age when saying farewell be-
comes harder and at the same time more natural. He was one of my last old, dear-
est friends. Together with my wife Christine, I would like to express our affection
and sympathy to Monica, Lisa, Lotta and Philip and the whole family and convey
our admiration for what they did for Harald in these difficult years.

July 2018, Klaus Rajewsky

Translated and slightly modified from the German
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In Memoriam of Harald von
Boehmer (1942-2018)

Hermann Wagner

Technical University Munich, Emeritus of Excellence
European Journal of Immunology, 48: 1269-1270
Published: 6 August 2018

On June 24, 2018, at the age of 76, the highly creative and accomplished immunologist
Harald von Boehmer passed away, the consequence of a progressive degenerative disease.
He is survived by his wife Monica, and three children, Philip, Lisa and Lotta.

Harald was a larger than life person, both physically and mentally. In addition to his scien-
tific brilliance, he was an accomplished skier and an excellent cellist who adored Pablo
Casals and the music of Schumann; if time permitted, Harald and his charming wife Mo-
nica played together, he the cello and Monica the magnificent “Bosendorfer Piano Grande”
Both of them loved to entertain his many colleagues, always providing outstanding meals,
with excellent wine never in short supply. Harald was a skilled conversationalist who en-
joyed debating scientific, as well as, countless other topics. He was particularly adept at
detecting shallow and superficial ideas, and he could be harsh when dismissing rival ideas.
To battle with him was always fun and educational. Possessing a talent for being almost
invariably right, few if any friend or foe escaped his criticism. However, Harald was not one
to harbor resentment to anyone.

In addition to other institutions, the Deutsche Forschungsgemeinschaft (DFG) relied
upon his extensive knowledge. The DFG would often ask him to co-evaluate German
research programs. Once Harald was convinced of a program, he would support it even
against the will of his co-evaluators. In other words, Harald’s decisions were spawned
from his quest for truth, his independent spirit, and his commitment to science-based
values.

Harald von Boehmer obtained his M.D. from the Ludwig Maximilian University in Mu-
nich (1968), and a Ph.D. from Melbourne University, Australia (1974). In Melbourne, he
worked as a post-doc with Ken Shortman at the Walter and Eliza Hall Institute (WEHI).
From 1973 till 1996, he became a member of the Basel Institute of Immunology, a world-
wide renowned “breeding ground” and “talent incubator” for top scientists in immu-
nology. He then moved to Paris to head the Unité INSERM 373 at the René Descartes
University (1997-2000). In 1999, he accepted a Professorship for Pathology at Harvard
Medical School in Boston (USA), and he became Head of the Laboratory for Lympho-
cyte Biology. At the end of 2012, Harald’s mysterious chronic disease caused him to retire
and move to Seefeld in Tirol, Austria. Thereafter, he was a guest-professor at the Institute
for Immunology at the LMU in Munich.



Harald von Boehmer was a pioneer in understanding how T cells develop and function
in the immune system. Following the old saying “if you want to grow palms, you have to
go to places where palms can grow*, he moved from Melbourne to the Basel Institute for
Immunology. Together with Jonathan Sprent (also from WEHI), he analyzed tolerance
to major histocompatibility complex (MHC) antigens in tetraparental bone marrow chi-
meric mice. Along with Michael Steinmetz, Harald achieved a major break-through in
realizing that upon transfer of alpha and beta T cell receptor (TCR) genes (cloned from
their H-Y specific T cell clones) a single receptor indeed executed MHC-restricted H-Y
specific antigen recognition. This “breakthrough” discovery, however, was subsequently
surpassed by the demonstration that clonal deletion of immature CD4+ CD8+ thymo-
cytes is the major mechanism of central tolerance (termed negative selection), while the
generation of mature, antigen-reactive T cells requires an interaction of the alpha and
beta TCR with MHC antigen (termed positive selection). Today, these experiments are
considered “classics” of modern immunology. Working in Paris, Harald von Boehmer’s
group subsequently reported on the unique role of the pre-TCR in controlling the devel-
opment of alpha/beta T cells.

Naturally occurring regulatory (suppressor) T cells (Tregs) have an essential role in pre-
venting autoimmunity, such as type 1 diabetes, and it was known that they develop in the
thymus. While working at the Harvard Medical School in Boston, Harald’s group real-
ized that Tregs are also induced in the course of a peripheral immune response towards
an antigen but only if homeopathic antigen doses trigger antigen reactive T cells under
non-inflammatory conditions. These results led to the vision that type 1 diabetes can be
prevented by Tregs generated via immunization — a new translational aspect in a career
that had, until then, focused on basic immunology.

Harald von Boehmer received numerous awards including the Louis Jeantet Prize for
Medicine, the Avery Landsteiner Prize (of the German Society for Immunology), the
Paul Ehrlich and Ludwig Darmstéddter Prize, an honorary Med- ical degree from the
Technical University Munich (TUM), and, together with Klaus Rajewsky, the Kurt A.
Korber Prize for European Science. He also received the Helmholtz International Fellow
Award.

>«

Even though Harald von Boehmer’s “classics” (classical experiments) did not enter the
Nobel path, his impact on us was immense, both as a scientist and as a person. Harald
von Boehmer is no longer with us, however, thanks to his brilliant and titanic work as a
scientist, his accomplishments will remain a part of the immunological paradigm — we
already miss him a lot.
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Harald von Boehmer 1942-2018

Iannis Aifantis & Christine Borowski
Nature Immunology, volume 19 (2018)
Published: 13 August 2018

Today, few topics in immunology receive more attention than efforts to detect, in-
duce or reinvigorate the immune response to tumors. Although many types of im-
mune cells affect and contribute to anti-tumor immune responses, the initial clin-
ical findings that electrified the field focused on the T cell. Cancer biologists who
grabbed the nearest immunology textbook in an effort to fully comprehend and
build upon those initial clinical successes will have quickly realized that at their
core, such approaches rely on understanding how T cells recognize and respond to
antigen. What they may not have realized is how important Harald von Boehmer’s
work was in laying the foundation for this understanding.

Long before translational research was all the rage, Harald charged a segment of his
lab with investigating how fundamental immunological principles might influence
the onset of autoimmunity and tumor-specific immune responses. Early on he saw
that breaking tolerance could result in an attack on healthy tissue or a tumor, and
that suppressing the former and inducing the latter would require the study of two
sides of a single coin.

Over the course of his scientific career Harald worked in or ran labs in four countries
on three continents. After earning his M.D. from the Ludwig Maximilian University
in Munich, Harald moved to Melbourne, Australia, where he obtained his Ph.D.
under the supervision of Ken Shortman. During these early years he characterized
the functions of the various cell types in the mixed-lymphocyte reaction, an assay
essential for the understanding of donor-recipient compatibility in transplantation.

Shortly after receiving his Ph.D., Harald was recruited by Niels K. Jerne to the
(now-defunct) Basel Institute of Immunology in Switzerland. There he worked
closely with superb visiting and resident immunologists. Aided by the recent iden-
tification of genes encoding T cell antigen receptors (TCRs) and breakthroughs in
transgenic technology, Harald generated mouse models that laid the foundation for
understanding of the positive and negative selection of T cells, as well as T cell lin-
eage commitment in the thymus. Through the use of these mice, he delineated the
effect of major histocompatibility complex molecules and TCR cognate antigen on
various stages of thymocyte development. For example, Harald demonstrated that
the interaction between the TCR and peptide-major histocompatibility complex
determined whether a thymocyte would differentiate along the CD4+CD8- T cell
lineage or the CD4-CD8+ T cell lineage. A few years later, Harald’s lab identified a
previously unknown TCR, which he called the ‘pre-TCR



In 1996, Harald left the Basel Institute of Immunology to join the Institut National de
la Santé et de la Recherche Médicale and Institut Necker (Rene Descartes University)
in Paris. At the Institut Necker, Harald found phenomenal immunologists, as well as
direct exposure to a hospital with a tradition of the study of immunological conditions,
including immunodeficiency and autoimmunity. This environment prompted him to
expand the focus of his work to include more translational questions, such as those
related to diabetes, T cell anergy and regulatory T cell function. However, during the
same period, Harald continued to add substantial basic insights to the understanding
of early T cell development; these included the identification of roles for the pre-TCR
in thymocyte survival, allelic exclusion and commitment to the afy or yd T cell lineage.

Always fascinated by the USA, Harald had many good colleagues and friends there,
and on several occasions he considered moving to a US university. In the final days of
the 20th century he did, and he remained at Harvard Medical School until his retire-
ment in 2013. Influenced by his new environment in the Smith Building of the Dana
Farber Cancer Institute, Harald focused his work even more heavily on human disease.
His lab made substantial contributions to the understanding of T cell leukemia, in
particular the role of the Notch family of signaling receptors in this malignancy. With
colleagues in the lab, Harald also published important insights into the mechanisms
through which different T cell populations respond to tumors and destroy pancreatic
B-cells. At the same time, he never stopped pursuing knowledge of the basic mecha-
nisms that affect T cell development. While in Boston, his lab described mechanisms
that affect the development of regulatory T cells in the thymus and the periphery and
continued to publish insights into the structure and function of the pre-TCR.

After closing his Boston lab, Harald returned to his alma mater as a guest professor at
the Institute for Immunology of the Ludwig Maximilian University in Munich. In his
writings during this period, Harald expressed optimism about the future of immuno-
logical research. In one of his final Reviews, he mused that “The curiosity in T cell de-
velopment is still very much alive even after retirement but I trust that the remaining
issues are in good hands of younger scientific colleagues who identify the outstanding
questions and think of clever experiments to address them” (von Boehmer, H. Front.
Immunol. 5, 424 (2014)).

The immunology community would have enough to thank Harald for if the only thing
he left was the enormous body of immunological knowledge he revealed. But he left
more than that—he left a global network of trainees, colleagues and friends who ben-
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efited from his relentless insistence on rigor, thoroughness, preparedness and creative
thinking. As two of Harald’s doctoral trainees, we can attest that thanks to his di-
rectness, it might not have always felt like we were benefiting while he conveyed his
opinion of our work during Monday morning lab meeting. But we can also say with
conviction that at the end of the day, it was always obvious that Harald’s comments
were made with our best interests in mind.

Harald passed away on 24 June 2018 at age of 75. His piercing intelligence, candor and
unwavering support will be sorely missed.
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Tolerance in T-cell-receptor transgenic mice
involves deletion of nonmature CD4*8"
thymocytes

Pawel Kisielow™’, Horst Bliithmann*, Uwe D. Staerz”,
Michael Steinmetz* & Harald von Boehmer”

* Basel Institute for Immunology, CH-4005 Basel, Switzerland
1 Central Research Units, F. Hoffmann-La Roche & Co. Ltd, CH-4002 Basel, Switzerland

The mechanism of self-tolerance is studied in T-cell-receptor transgenic mice expressing a receptor in many of their T cells
for the male (H-Y) antigen in the context of class I H-2D" MHC antigens. Autospecific T cells are deleted in male mice.
The deletion affects only transgene-expressing cells with a relatively high surface-density of CD8 molecules, including

nonmature CD4"CD8™ thymocytes, and is not caused by anti-idiotype cells.

T LYMPHOCYTES recognize antigens on the surface of other
cells in the context of molecules encoded by the major histocom-
patibility complex (MHC)' by virtue of the heterodimeric T cell
receptor (TRC) which is composed of a and B polypeptide
chains®’. In binding to its ligand, the «BTCR is assisted by
CD8 or CD4 accessory molecules**, which presumably interact
with nonpolymorphic portions of class I or class II MHC
molecules respectively®'°, Mature T lymphocytes usually do
not respond to self-MHC molecules presenting self-antigens.
The question of whether the mechanism of immunological toler-
ance involved deletion of autospecific lymphocytes has con-
cerned immunologists over decades'!, but no direct evidence
for such a mechanism has been obtained, because the great
diversity of receptors generated during lymphocyte development
had made it impossible to follow individual clones of cells
expressing receptors specific for self-antigens.

Recently, two groups of investigators obtained monoclonal
antibodies (mAb) against the products of certain VB genes that
are expressed with unusually high frequency on T cells specific
for certain class II MHC-associated alloantigens'>"*. Using
these antibodies, Kappler et al. and MacDonald et al. were able
to show that in mice expressing the relevant class II MHC-
associated antigens, cells expressing the particular VB gene

+ Permanent address: The Institute of Immunotogy and Experimental Therapy, Polish Academy
of Sciences, Wroclaw, Poland.

products were absent from the pool of peripheral T cells and
medullary thymocytes'>'*, but were present among cortical
CD4%8" thymocytes'>'>. These results can be explained by
deletion of autospecific cells, but the alternative possibility that
their absence is the result of a change of their phenotype caused
by modulation or masking of surface molecules has not been
excluded.

The development of transgenic mice offers another approach
to analyse the mechanism of self-tolerance. To this end we have
constructed transgenic mice expressing in a large fraction of
their T cells an «BTCR specific for a minor histocombatibility
antigen (H-Y) present on male, but not female, cells. Fertilized
eggs obtained from a cross of C57BL/6J x DBA/2J mice were
injected with genomic DNA harbouring the productively
rearranged TCR a and B genes isolated from the B6.2.16
cytolytic T-cell clone'. This clone is specific for H-Y antigen
in the context of class I (H-2D®) MHC antigen and expresses
a TCR B-chain coded in part by the V38.2 gene segment which
can be identified by the F23.1 antibody'®.

The transgenic founder mouse 71 contained four copies of
the a and two copies of the B transgenes integrated on the same
chromosome!”. It was crossed with C57L mice expressing H-2°
MHC antigens, but lacking the VB8 gene family. Here we show
that cells with the phenotype of the B6.2.16 clone that responded
to H-Y antigen were frequent in female but not in male trans-
genic offspring, despite the fact that peripheral T cells in animals

Table 1 Frequency of male (H-Y) antigen-specific precursors of proliferating T cells (PT-P) among CD4*8~ and CD478" T cells from normal
and aBTCR transgenic mice

Donor of responding T celis
aBTCR transgenic

Cs7L
Stimulation: female female male
spleen cells CD4/CDg8

(3000R) +1L-2 phenotype 1/frequency p* 1/frequency P 1/frequency 14
C57BL/6 female CD478* >25,000 >25,000 >25,000
C57BL/6 female CD478* 2.3 (1.6-3.3) 0.66 1.8 (1.2-2.6) 0.87 23 (1.3-4.0) 0.18

+Con A CD4'8~ NTt 6.4 (4.5-9.1) 0.60 NTT
C57BL/6 male CD478* 15,985  (5,029-50,802) 0.61 6.6 (4.8-9.0) 0.67 >25,000

CD4"8~ NT+ >25,000 NT*

Lymph node cells were stained with a mixture of anti CD4-PE and anti-CD8-FITC mabs (see Fig. 1). CD48™ and CD4 CD8" T cells were
separated on fluorescein activated cell sorter (FACS440, Becton Dickinson). Limiting numbers of CD4%8~ CD478" T cells (24 wells per group)
were cultured for 8 days together with irradiated (3,000R) spleen cells (5% 10° cells per cell) and interleukin-w (5% v/v) of partially purified
supernatant from Con A-stimulated rat spleen cells** without or with Con A (2.5 ug mi™!). Cells were collected after addition of [*H]thymidine
for the last 12 h of culture and incorporated radioactivity was measured by liquid scintillation counting. Negative control cultures contained no
responder cells. Frequencies were calculated as described elsewhere?,

* Probability, p, attached to the computed x? (ref. 25). 1 NT, not tested.

© 1988 Nature Publishing Group

First published in: Nature 1988 Jun 23;333(6175):742-6.
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of both sexes expressed both transgenes'’. T cells in male (but
not female) mice had an abnormal CD4/CD8 phenotype: over
90% of T cells in male transgenic mice were CD4787, or
expressed only low levels of CD8 molecules, and the numbers
of CD4"87T cells were very small. The cellular composition of
male thymuses revealed that this unusual phenotype of
peripheral T cells was the consequence of deletion of auto-
specific thymocytes expressing high levels of CD8 molecules,
predominantly cortical CD4*8" thymocytes. The deletion pro-
cess spared cells expressing low levels of CD8 molecules, but
affected the precursors of single positive CD4*8~ cells that were
not male-specific. This latter observation provides strong
evidence that double-positive CD4*8" thymocytes contain pre-
cursors of single positive CD4*8™ and CD478" T cells.

T cells in females

Lymph nodes of female transgenic mice contained normal pro-
portions of CD4*8™ and CD478" T (Thyl*) cells which had
normal levels of CD4 as well as CD8 accessory molecules (Fig.
1a, b, d and e). But these differed in two respects from T cells
in normal mice. Firstly, as previously described for 8 transgenic
mice'®, most of them expressed the transgenic 8 chain on their
surface (Fig. 1b). Secondly, as shown by limiting dilution analy-
sis of CD478" T cells, one in six proliferated specifically in
response to C57BL/6 male stimulator cells, as compared with
one in 16,000 in normal C57L female mice (see Table 1). As
only every second plated T cell responded to concanavalin A
(Con A), we conclude that at least 30% of CD478" T cells in
transgenic females have a phenotype similar to that of the
B6.2.16 clone. CD4*8™ T cells from transgenic mice did not
show any male-specific proliferation, but did respond to Con
A (Table 1).

T cells in males

As in transgenic females, lymph nodes of transgenic males
contained normal proportions of Thyl* cells, and most of them
expressed the transgenic B chain on their surface (Fig. 1¢).
Northern blot analysis of the « transgene revealed comparable
levels of expression in T cells from female and male mice'”.
However, the CD4/CD8 phenotype of T cells in male mice was
very different from that of females: 58% of Thyl* cells were
CD4787, 35% were CD478" but expressed low levels of CD8,
and 7% were CD4"8" and expressed normal amounts of CD4
(Fig. 1f). Limiting dilution analysis showed that one in two
CD478" T cells could be induced to grow by Con A. There was,
however, no detectable response to male C57BL/6 stimulator
cells (Table 1). Likewise, CD478™ and CD4'8™ T cells were
unresponsive to H-Y antigen (data not shown). These results
indicate that male-specific T cells with the phenotype of the
B6.2.16 clone are absent from male transgenic mice and that
the lack of or low level of CD8 on transgene-expressing cells
precluded male-specific responses. This conclusion is supported
by the observation that cytolytic activity of the B6.2.16 clone
can easily be inhibited by anti-CD8 antibodies (not shown),
and by CD8 gene transfection experiments which show that
CD8 molecules strongly assist antigen recognition by T cells*”.
As shown elsewhere'’, a high proportion of CD478™T cells in
male mice expressed both transgenes, but had their endogenous
a and B genes in germline configuration. This result, and the
fact that only a few T cells expressed normal amounts of CD8
in male tr mice, is ¢c with the notion that most
T cells in male mice and CD8" T cells in female mice carry
transgenic ¢BTCR on their surface. But, owing to reduced
density of CD8 molecules in male mice, they are not
autoreactive.

Thymocytes
The number of thymocytes was drastically lower in male (0.5-

1.6x 107 per thymus) than in female (1.0-1.6 x 10® per thymus)
transgenic mice.

ARTICLES =

Littermates Lymph node cells

a ! 01% d Tisai}
' |
; |
nontransgenic ] H
male 1
t
'
:
3 9
2 o ]
8 ;
. a = ¥
transgenic o = '
femal s 8 ‘
female EREN
°
b4
j=J
o
-
transgenic
male

anti-CD8 (FITC)
Log green fluorescence

anti-Thy 1 (FITC)

Fig. 1 Comparison of cell surface expression of F23.17 TCR g
chain, CD4 and CD$8 molecules on lymph node T (Thyl*) cells
from female and male aBTCR transgenic mice and their nontrans-
genic male littermate as analysed by two-colour flow cytometry.
Lymph node cells were stained with biotinylated F23.1 monoclonal
antibody (mAb) followed by a mixture of fluorescein (FITC)-
labelled anti-Thyl mab with phycoerythrin-streptavidin (PEA) (a,
b and c) or with PE-conjugated anti-CD4 mAb followed by FITC
conjugated anti-CD8 mab (d, e and f). In panels a, b and ¢ some
Thyl™ cells (B cells) stain nonspecifically with F23.1 mAb due to
the binding by Fc receptor. The presented data were obtained with
one pair of 7-week-old aBTCR transgenic female and male litter-
mates. The same results were obtained with 3 other pairs of trans-
genic mice.

Methods. Single cell suspensions were prepared from lymph nodes
(mesenteric, axillary, inguinal) and washed twice in RPM1-1640
and once in PBS with 5% FCS. For staining the following mAbs
were used: FITC-conjugated anti-Thyl (ref. 21), biotin-conjugated
F23.1 (ref. 16), PE-conjugated anti-CD4 (anti-mouse L3T4, Becton
Dickinson) FITC conjugated anti-CD8 (anti-mouse Lyt2, Becton
Dickinson). Biotin or FITC conjugation of mAbs was performed
by standard procedures. Optimal concentrations of staining
reagents were determined in preliminary experiments. All incuba-
tions and washings were done at 4°C. Cells (0.5-1x10°) were
incubated with either biotinylated F23.1 mAb (a, b and c) or
anti-CD4-PE mAb (d, e and f). After 20 min, cells were washed
twice and incubated again for 20 min with anti-Thyl-FITC mAb
plus PEA (Becton Dickinson) (a, b and ¢) or with anti-CD8-FITC
mAD (d, e and f). Finally, cells were washed three times in PBS
5% FCS and analysed for two-colour fluorescence on FACScan
(Becton Dickinson) flow cytometer with a single Argon laser and
logarithmic intensity scales using FACScan research software pro-
gram (FRSP). Ten thousand viable cells were analysed in each
sample. Dead cells were excluded from analysis using a combina-
tion of low-angle and sideways light scatter. The results are presen-
ted as ‘density’ plots, generated by analysis of processed data
reduced to a 64 X 64 matrix with 16 levels. Percentages of stained
and non-stained cells were calculated using FRSP. Markers were
set against the ‘density’ plots of control samples which involved

substitution of diluent alone for either one or both antibodies.

As shown in Fig. 2a, double-staining with F23.1 and CD3
antibodies demonstrated that most (>95%) thymocytes from
transgenic females and males expressed the 8 transgene, and
that the amount of TCR expression corresponded to the higher
values of the normal spectrum of TCR densities observed in
C57BL/6 mice.

In the thymus of transgenic females, two populations express-
ing different levels of TCR could be distinguished (Fig. 2a,
middle panel). The one with relatively low TCR density included
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Fig.2 Expression of F23.1" TCR 8 Thymocytes
chain, CD3, CD4, and CDS8
molecules on thymocyte subpopula- a ) b I

tions from normal C57BL/6 and
from aBTCR transgenic female and
male mice. In panel a, cells were
incubated consecutively with anti- Cs7BLI6
CD3 mAb, FITC-conjugated goat  male

anti  hamster  immunoglobulin,
mouse immunoglobulin, biotiny-
lated F23.1 mAb and PEA. In panels
b and ¢, cells were stained bith bio-
tinylated F23.1 mAb, followed by a
mixture of anti-CD4-FITC (b) or
anti-CD8-FITC (¢) mAbs with PEA.
In panel d, cells were stained with
anti-CD4-PE followed by anti-CD8-
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female thymocytes that express higher levels of TCR. Populations indicated by open-head thin arrows and in the upper left quadrant of middle
panels b and ¢ also contain CD4~CD8~ thymocytes, as indicated by virtual absence of cells in the lower left quadrant of middle panel c.
Presence of cells in lower left quadrant of middle panel b is due to imperfect staining of this particular sample in this experiment. In other
experiments, no F23.17CD4™ cells could be seen under the same conditions.

Methods. Single thymocyte suspensions were prepared by squeezing the whole thymus through a nylon mesh into medium RPM1-1640 with
5% FCS. After washing, cells were resuspended in PBS with 5% FCS, counted and stained as indicated above with extensive washings between
each step (see Fig. 1). For staining with anti-CD3, unconjugated mAb 145.2c11 (ref. 22) was used. To saturate free binding-sites of second-step
reagent, cells were incubated with mouse immunoglobulin (Sigma, 1 mgml™*) for 15 min. FITC-conjugated anti-CD4 (GK1.5, ref. 23} mAb
was prepared by standard procedures. Control samples were stained with each reagent alone, or in combinations omitting each single reagent.
Ten thousand viable cells were analysed in each sample by FACScan flow cytometry. For details see Fig. 1.

CD47"8" cells, whereas the other, expressing about tenfold more
TCR, contained CD4*8”, CD478" and CD47 8" cells (Fig. 2b
and ¢, middle panels).

Double-staining with CD4 and CD8 antibodies revealed sig-
nificant differences between transgenic and normal C57BL/6
females with regard to the size of CD47 8%, CD4*8" and CD478~
thymocyte subpopulations (Fig. 2d, upper and middle panels).
The proportion of CD4%8~ thymocytes in transgenic females
was normal, but the proportion of CD478" thymocytes was
enlarged, resulting in a reversed ratio of CD4%8™ to CD478"
cells as compared with normal nontransgenic mice. The propor-
tion of CD478" thymocytes was also noticeably higher in trans-
genic females than in normal mice. The increase in proportion
of CD478" and CD4 78" cells was matched by a corresponding
decrease in the size of the CD4"8" population.

In contrast to the females, the thymus of transgenic males
was severely depleted of CD478™ cells with decreased expression
TCR, but contained about the same total number of CD478~
cells, which constituted the bulk of the population of male
thymocytes (Fig. 2d, middle and lower panels). Most CD478"
cells showed low expression of CD8. Thus, the male thymus
was depleted of transgene-expressing cells with relatively high
levels of CD4/CD8 accessory molecules and the nonmature
CD4*8* thymocytes expressing decreased amounts of TCR were
the main target of depletion.

Because CD4*8" thymocytes are extremely steroid-sensitive,
it was important to find out whether the deletion of these cells
in transgenic males was a result of stress rather than of an
antigen-specific deletion process. Stress in the male mice could
possibly be caused by autoimmunity not detectable by in vitro
assay. We addressed this question in reconstitution experiments
using haemopoietic stem cells from transgenic (F23.1*) and
nontransgenic C57L (F23.17) mice (Fig. 3). T-cell-depleted

bone marrow cells (BMC) from transgenic females were trans-
ferred either along or together with BMC from normal C57L
females into lethally X-irradiated female and male CS57L
recipients. Five weeks after the transfer of the transgenic BMC,
the cellular composition of the thymus in male recipients was
very much like that in male transgenic mice (Fig. 3a, lower
panel). But in the thymus of male recipients which had received
a mixture of BMC from transgenic and C57L females, CD4*8*
thymocytes derived from F23.17 C57L donors developed nor-
mally and outgrew the transgenic F23.1% cells, which were
mostly deleted (Fig. 3b and c, lower panel). On the other hand,
in the female recipient, CD4"8" thymocytes developed from
both F23.1% and F23.1" donors (Fig. 3b and ¢, upper panel).
Thus, because the deletion selectively affected transgene-
expressing F23.17 CD4*8" thymocytes in the male recipients,
this experiment indicates that the deletion is a result of the
interaction of autospecific thymocytes with radioresistant male
cells in the thymus, and not of stress and steroid release. If the
latter possibility were true, the F23.17 CD4*8* thymocytes
derived from C57L donors of BMC should also have been
affected.

Discussion
Our study with 3 TCR transgenic mice provides new observa-
tions relevant to the understanding of the mechanism of self-
tolerance and relevant to the clarification of the function of
cortical CD4*8" thymocytes in T-cell development. The drasti-
cally decreased number of thymocytes in male but not female
mice is direct evidence for a deletion of autospecific cells at the
level of CD4"8" nonmature thymocytes. Furthermore, our
results indicate that CD4 and CD8 accessory molecules are
involved in the deletion process of autospecific cells.

Two questions relating to the function of double-positive
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Fig. 3 Surface phenotype of thymocytes from
CS7L male and female irradiation chimeras
reconstituted with bone marrow of aTCR trans-
genic female, either alone (a) or with normal
bone marrow from C57L female (b, c). Thy-
mocytes were stained with anti-CD4-PE (g, b) or
biotinylated F23.1 (c¢) mAbs, followed by anti-
CDS8-FITC mAb (a, b) or a mixture of CD8-
FITC mAb with PEA (c). In (a), 80% of thy-
mocytes in the female recipient and 67% in the
male recipient were stained with F23.1 mAb (data
not shown).
Methods. Bone-marrow cells from transgenic or
normal CS7L dnor were treated with cytotoxic
anti Thyl mAb (T24, ref. 21) plus rabbit comple-
ment (Cedar Lane, Ontario, Canada) for 45 min
at 37 °C. After washing, 5 x 10° viable cells from
the transgenic donor were injected intravenously
(i.v.) into lethally irradiated (850R) eight-week-
old CS57L females and males, either alone or
together with 0.5x 10° viable bone marrow cells
from normal female C57L. Five weeks later the
mice were killed, their thymuses removed and
ingl 11 pensi prepared,

Recipient (850R)

C57L female

C57L male

CD4*8* thymocytes are why so many of these cells should die
within the thymus'® and whether or not they contain precursors
of single positive CD4"8~ and CD4~8" cells'®. Our results show
that the death of at least some cortical thymocytes can result
from antigen-specific elimination of autoreactive cells. The dele-
tion of nonfunctional, antigen-specific CD4%8% thymocytes
would make sense if CD48" thymocytes contained precursors
of functional CD4"8~ and CD478" cells. Consistent with this
view is our observation that CD4 %8~ cells were severely depleted
in male transgenic mice, despite the fact that such cells from
transgenic female mice cannot be activated by male cells. An
analogous finding has been reported by MacDonald et al'é,
who observed that CD4*8™ and CD4 8" T cells staining with
Vge antibodies were reduced to the same extent in animals
positive for the Mis®-allele of the minor lymphocyte stimulating
locus (Mis), even though CD478" from Mis®-negative animals
lacked specificity for Mis*.

We thus favour the view that at least some double-positive
CD4"8" thymocytes act as precursors for functional single posi-
tive cells?®, even though further investigation is needed.
Although we have shown that the deletion predominantly affects
CD4*8" thymocytes, we could argue that it might occur indepen-
dently of accessory molecules at any stage of T-cell development.
But this view is not compatible with our observation that the
deletion process spares T cells that lack accessory molecules,
or even T cells having low expression of CD8. Thus our experi-
ments provide the first direct evidence that these molecules play
a crucial role in the induction of tolerance. Taken together, the
three observations made in male transgenic mice, namely the
drastically reduced number of CD48" thymocytes, the reduc-
tion of CD4"8~ cells and the occurrence of transgene-expressing
cells with virtually no CD8, argue that the deletion of auto-
specific cells is dependent on CD4 and CD8 accessory
molecules.

The results of our experiments with transgenic mice differ in
at least two important aspects from others recently reported'>"'*
for normal mice. Firstly, in the experiments of Kappler ef al.'>'3,
the depletion of autospecific T cells did not appear to affect
CD4*8" thymocytes. One possible reason for the difference is
that different antigens are under investigation: we are looking
at an antigen in the context of class I MHC antigens found
throughout the cortex whereas Kappler et al.'>'* are looking at
an entity! related to class Il MHC antigens which are usually
not detected in the outer cortex. Thus in the latter case CD4"8™
cells can meet antigen only when reaching the cortico-medullary
junction. Consequently only a minor subset of CD4"8" cells
would be deleted in the experiments of Kappler et al., and this
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d and stained with anti-CD4, -CD8 and -F23.1 mAb, and analysed as described in Figs 1 and 2.

would be difficult to detect. Another possible reason for the
different findings is the fact that in our transgenic mice the
expression of TCR proteins is skewed towards higher levels of
the range observed in CD4%8* from normal mice. This
phenomenon, as well as the increased proportion of CD478"
thymocytes in transgenic females, could reflect a positive selec-
tion of thymocytes by H-2° antigens, or alternatively may be a
direct consequence of expression of transgenes. We could argue
therefore that the deletion of CD4*8* thymocytes was easily
detected because the majority of CD4*8" thymocytes in trans-
genic mice represent a minor and more mature population of
CD4%8" thymocytes that may escape detection in normal mice,
especially when representing only a fraction of cells expressing
a certain idiotype. Whatever the reason for the apparent dis-
crepancy in the results, our data indicate that the nonmature
CD4%8" populaton can be a target of deletion, whereas it is not
clear whether CD478~ or CD4 8" cells are susceptible to the
same deletion process.

The second difference between our results and those of
Kappler et al'>'* and MacDonald et al.' is that these authors
did not report the presence of cells with few or no accessory
molecules, spared by the deletion. Again in this case, such cells
would constitute a very minor population in their experimental
system, because the pool of T cells in normal mice can be easily
replenished by T cells expressing different TRCs, which is not
the case in transgenic mice.

As we observed normal numbers of T cells in the periphery,
but not in the thymus, of transgenic males, we propose that the
number of peripheral T cells can be adjusted independently of
the export of newly formed cells from the thymus. This would
allow the accumulation of cells with rare phenotypes in the
periphery of male mice, as shown here and in the accompanying
paper'’. The fact that transgene-expressing cells with few or no
accessory molecules accumulate in male mice, tends to rule out
a role of anti-idiotypic cells in the deletion process; such a
mechanism should eliminate transgene-expressing cells, rather
than cells expressing high levels of accessory molecules.
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the manuscript. The Basel Institute for Immunology was foun-
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Thymic major histocompatibility complex antigens
and the a8 T-cell receptor determine the
CD4/CD8 phenotype of T cells

Hung Sia Teh™, Pawel Kisielow™, Bernadette Scott’, Hiroyuki Kishi’, Yasushi Uematsu’,
Horst Bluthmann®™ & Harald von Boehmer”

* Basel Institute for Inmunology, 487 Grenzacherstrasse, CH-4058 Basel, Switzerland
T Central Research Units, F. Hofimann-LaRoche, CH-4002 Basel, Switzerland

T-cell receptors and T-cell subsets were analysed in T-cell receptor transgenic mice expressing a and 3 T-cell receptor genes

isolated from a male-specific, H-2D"-restricted CD4~8" T-cell clone. The results indicate that the specific interaction of

the T-cell receptor on immature thymocytes with thymic major histocompatibility complex antigens determines the differenti-

ation of CD4"*8" thymocytes into either CD4*8~ or CD4~8" mature T cells.

THYMUS-derived lymphocytes (T cells) recognize antigen on
the surface of antigen-presenting cells in the context of class I
or class I1 major histocompatibility complex (MHC) molecules
using the heterodimeric a8 T-cell receptor (TCR)"?. CD4 and
CD8 molecules, expressed on the surface of T cells, bind to
nonpolymorphic portions of class Il and class I MHC molecules,
respectively, and enhance the binding of the TCR to its ligand™*.
This binding of CD4 and CD8 molecules to MHC antigens may,
in addition, contribute to signals leading to T-cell activation.

It is thought that the selection of the antigen-specific T-cell
repertoire involves the negative selection (suppression or dele-
tion) of autospecific T cells’~®. Some authors have also proposed
that T cells are positively selected by thymic MHC antigens
such that T cells, emerging from the thymus, bind foreign anti-
gens predominantly in the context of self-MHC molecules® 2.
To examine both aspects of T-cell repertoire selection we con-
structed TCR transgenic mice which expressed, on a large frac-
tion of their T cells, a receptor which binds to H-Y antigen in
the context of class I H-2D" molecules. We used monoclonal
antibodies that identify the transgenic receptor expressed in
these mice to analyse negative selection in male «f transgenic
H-2° mice, which express the H-Y antigen as well as H-2D"
molecules. In addition, the analysis of female af transgenic
mice which express different thymic MHC antigens should
reveal the possible impact of MHC molecules on the selection
of T cells in the absence of nominal (H-Y) antigen.

In a previous report we have described our experiments on
the mechanism of self-tolerance: from the comparison of af
transgenic male and female H-2° mice we concluded that auto-

i Permanent addresses: Department of Microbiology, University of
British Columbia, Vancouver, Canada V6T 1W5 (H.S.T.) and Institute
of Immunology and Experimental Therapy, Polish Academy of Sciences,
Wroclaw, Poland (P.K.).

specific T cells were deleted in male mice. It was shown that
this deletion involved predominantly immature CD4*8" thy-
mocytes, which contain the precursors of mature, single positive,
CD4*8 and CD478" T cells®'>.

There is less compelling evidence for the positive selection
of T cells by thymic MHC antigens in the absence of nominal
(H-Y) antigen: there have been reports of T cells recognizing
foreign antigens predominantly in the context of those MHC
molecules which they encountered during their maturation in
the thymus®'2, It was also reported that animals that received
large doses of class 11 MHC-antigen-specific antibodies were
devoid of CD4%8™ T cells'*. This could mean that antibodies
can interfere with the positive selection of CD4*8 T cells by
thymic class II MHC antigens. These experiments do not,
however, address the question of whether the o TCR is invol-
ved in the selection process. On the basis of these and other
experiments'® one of us proposed that the interaction of the
TCR on immature thymocytes with thymic MHC antigens will
rescue immature T cells from programmed cell death and deter-
mine their further differentiation into mature CD4%8” and
CD478" T cells. In the absence of nominal antigen, the interac-
tion of the TCR with class II or class I thymic MHC antigens
will direct the differentiation of immature T cells into CD4"8~
and CD478" mature T cells, respectively'®'”. This model pre-
dicts that in a8 transgenic H-2" mice the transgenic af TCR
should be expressed only on CD478" and not CD4*8™ T cells
because it was originally expressed on a class I-restricted
CD478" T cell which presumably was selected by class I MHC
antigens in the thymus of C57B1/6 mice. Here we describe
several observations, made in female af transgenic mice, that
are consistent with this model.

Firstly, the proportion of CD478" thymocytes was elevated
in aB transgenic H-2" but not H-2* or H-2¢ mice. Secondly,
using monoclonal antibodies specific for the transgenic receptor,
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Fig. 1 The proportion of CD4/CD8 thymocyte subsets in female
normal, B transgenic and af transgenic mice. Thymocytes were
stained by a mlxture of phycoerythrin (PE)- con]ugated anti-CD4
and fl isothi (FITC) d anti-CD8
monoclonal antibodies.

Methods. Transgenic 8 and a8 mice of the H-2" haplotype were
produced as previously described'®!. PE-conjugated anti-CD4
(anti-mouse L3T4, ref. 20) and FITC-conjugated anti-CD8 (anti
mouse Lyt-2) were purchased from Becton Dickinson and used at
a final dilution of 1 in 50. The staining of thymocytes from female
C57B1/6 (normal), transgenic 8 and af mice were performed as
previously described®. Two-colour fluorescence was analysed using
a FACScan (Becton Dickinson) flow cytometer with a single Argon
laser. Ten thousand viable cells were analysed in each sample.
Dead cells were excluded from analysis using a combination of
low-angle and sideways-light scatter. The results are presented as
density plots, generated by analysis of processed data reduced to
a 64 x 64 matrix with 16 levels. Where applicable, percentages were
calculated using FACScan research software programs. The
markers were set against negative controls which involved cells
that were incubated in diluent alone and analysed in the same

manner as the double-stained cells.

we found that in H-2° mice only CD4 8" T cells expressed high
levels of both the @ and B transgenic TCR chains. In contrast,
CD4*8" T cells expressed high levels of the transgenic 8 chain
only, which was usually paired with endogenous a chains. The
new specificity of these receptors allowed the selection of
CD4*8" T cells by thymic class Il MHC antigens. Thirdly, in
af transgenic H-2¢ mice, obtained by back-crossing @ trans-
genic mice to DBA/2 mice, both CD4*8~ and CD4 8" T cells
expressed receptors composed of the transgenic B-chain and
endogenous a-chains. The specificity of these receptors allowed
the selection of CD4*8~ and CD478" T cells by thymic class 11
and class I H-29 MHC antigens, respectively.

T-cell subsets in transgenic mice

The proportions of thymocyte subsets classified by which of the
CD4 and CD8 antigens they bear were compared in normal
H-2° and H-2" mice that expressed either the 8 or af trans-
genes. No significant difference was observed between C57L
and B transgenic mice. In af transgenic mice, however, the
proportion of single positive CD478"% T cells was significantly
elevated®'® (Fig. 1). These results indicate that the specificity
of the transgenic TCR, which was originally expressed by a
CD4 8" T cell, influences the composition of thymocyte subsets.
To determine whether the elevated proportion of CD478" thy-
mocytes depended on the interaction of the transgenic receptor
with polymorphic domains of thymic MHC antigens, we ana-
lysed the composition of T-cell subsets in thymuses of different
MHC haplotypes which had been repopulated by haemopoietic
stem cells from af transgenic, B transgenic or normal mice. In
initial experiments, C57L and B10.BR recipient mice were
lethally X-irradiated and repopulated with stem cells from the
T-cell-depleted bone marrow of the three different donor mice.
When transgenic donor cells were used, most thymocytes

Donor of
bone marrow

Recipient Thymocytes
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C57L
(H-20)

C57BL/6

B10.BR
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Flg 2 The expression of transgemc B chain, CD4 and CD8
les on th ined from various mice.
Methods. Female C57L and B10.BR recipient mice were lethally
X-irradiated (850 rads) and reconstituted by intravenous injection
of 5x10° anti-thy-1 treated bone marrow cells from C57Bl/6, 8
transgenic or af3 transgenic donors. Both non-transgenic and trans-
genic donors of marrow cells were of the H-2" haplotype. After
six weeks the thymocytes from the recipients of marrow cells were
i prepared and cells counted and
analysed by single and double colour staining. Double staining of
thymocytes with anti-CD4 and anti-CD8 antibodies was performed
as described in Fig. 1. For single staining with the F23.1 antibody?',
which detects the expression of the transgenic 8-chain, the thy-
mocytes were first incubated with 10 wg ml™" of F23.1 monoclonal
antibody for 20 mins on ice, washed twice and then incubated with
FITC-labelled sheep (Fab ), fragment anti-mouse immuno-
globulin (Silenus Laboratories) at a 1 in 100 dilution for 20 mins
on ice. The cells were washed three times and analysed using the
FACScan flow cytometer. Five thousand viable cells were analysed
in each sample.

expressed the B transgene as detected by staining with the F23.1
monoclonal antibody showing that the repopulation was by
donor cells (Fig. 2). The colonization of the H-2°, but not the
H-2%, thymus by o8 transgenic cells resulted in an elevated
proportion of CD478" cells compared with CD4"8" cells. This
observation was extended in a large series of repopulation
experiments involving recipients expressing H-2° MHC antigens
(CS7L, C57B1/6, B10.HTG) and recipients lacking H-2° MHC
antigens (B10.BR, B10.D2, DBA/2). We consistently found that
only those thymuses that expressed H-2° MHC antigens and
were repopulated by a8 transgenic stem cells, had a higher
proportion of CD4 8" thymocytes. We also observed that the
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thymuses of MHC-mismatched (H-2* or H-2%), but not partly
mismatched (C57B1/6 x DBA/2)F, recipients, contained fewer
thymocytes (10-20% ) than thymuses of H-2" animals. Further-
more, in completely allogeneic thymuses, a8 transgenic stem
cells yielded only one-third to one-half of the progeny of normal
stem cells. Despite differences in absolute cell numbers, which
may depend in part on a reaction of MHC-mismatched recipient
cells towards donor cells, mice expressing H-2" antigens in their
thymus always had an elevated proportion of CD478" thy-
mocytes, and they were the only ones to do so.

We adopted an alternative approach to document the
influence of thymic MHC and the specificity of the TCR on the
development of thymocytes and back-crossed afB transgenic
animals to DBA/2 mice (see below). In this case the thymuses
of af transgenic H-2¢/H-2° homozygous but not a8 transgenic
H-29/H-2" heterozygous mice contained normal numbers of
thymocytes as well as a normal ratio of CD4*8” to CD478"
thymocytes (3:1 to 10:1). Taken together, the results indicate
that the specificity of the TCR, as well as thymic MHC antigens
determine the subset composition of thymocytes.

T-cell receptors in transgenic H-2" mice

If an interaction of the transgenic, heterodimeric TCR with
thymic H-2° MHC antigens was responsible for the elevated
proportion of CD4™8" thymocytes, most of these cells would
presumably express both transgenic TCR chains. In contrast,
one would expect that the interaction of TCRs with thymic class
Il MHC antigens, required for the selection of CD4*8 cells,
would depend on the expression of endogenous TCR chains
generating TCRs with new specificities. We have previously
shown that in our transgenic mice the B transgene prevents the
rearrangement of endogenous Vj genes'®. Thus, new specificities
can result only from the rearrangement and expression of
endogenous V, genes, which was observed in our af transgenic
mice'®. To investigate the expression of a-TCR genes on various
T-cell subsets we prepared a monoclonal antibody that detects
the transgenic a-chain. For this purpose we immunized BALB/B
mice with the B6.2.16 clone from which the « and B transgenes
were isolated. A B-cell hybridoma, referred to as T3.70, was
obtained by fusing the immune spleen cells with the myeloma
cell line AG8.653. This hybridoma produced antibodies which

THYMOCYTES.
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Fig.3 Staining of thymocytes from female C57B1/6 and a8 trans-
genic H-2° mice by F23.1 and T3.70.

Methods. Thymocytes from a female a8 transgenic mouse were
incubated with pt h buffered saline, F23.1 or T3.70 followed
by incubation with FITC-labelled second antibody as described
in Fig. 2. The stained cells were then analysed using the FACScan
flow cytometer. The markers were set against thymocytes that were
incubated with the FITC-labelled second antibody alone. Five
thousand cells from each sample were analysed. In this experiment
the percentage of thymocytes stained specifically by the F23.1 and
the T3.70 monoclonal antibodies were 99.6% and 76.1%, respec-
tively. The percentage of C57Bl/6 thymocytes stained by F23.1
and T3.70 were 10.2% and 0.0%, respectively. aMlg is anti-mouse
immunoglobulin.
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Fig. 4 Staining of thymocytes from female e transgenic H-2"
mice by F23.1, T3.70, CD4 and CD8 antibodies. Thymocytes (yield
1x10®) were doubled stained for F23.1 and CD4 or CD8 (a and
b) and for T3.70 and CD4 or CD8§ (c and d).

Methods. Thymocytes were double stained with F23.1 and anti-
CD4 or anti-CD8 monoclonal antibodies by incubating the cells
first with unconjugated F23.1 followed by FITC-labelled sheep
(Fab'), fragment anti-mouse immunogiobulin. To saturate free
mouse immunoglobulin binding sites for the FITC-labelled anti-
body the cells were incubated with whole mouse serum (2% v/v)
for 20 mins after the FITC step. The cells were then stained directly
with PE-labelled anti-L3T4 or with biotin-labelled anti-Lyt-2 fol-
lowed by streptavidin phycoerythrin (both from Becton Dick-
inson). A similar procedure was used to stain thymocytes with
T3.70 and anti-CD4 or anti-CD8. Non-specific binding of PE to
the splenic T cells was minimized by washing the cells four times
after incubation with the biotinylated antibody. Two-colour
fluorescence was analysed as described in Fig. 1. Proportions of
single positive cells expressing high levels of the F23.1 or T3.70
idiotypes were: CD4%, F23.17>95%; CD8*, F23.1*>95%;

CD4", T3.70" <5%; CD8", T3.70" >90%.

stained the B6.2.16 T-cell clone but not the 93.2.20 T-cell clone
(derived from a B transgenic mouse), T cells from normal
C57B1/6 mice or T cells from a transgenic mice; it also precipi-
tates a disulphide-linked heterodimer with a relative molecular
mass of 90,000 (in preparation). Thus the T3.70 antibody seems
to be specific for an idiotypic determinant that is dependent on
the co-expression of both the a and B transgenic TCR chains.

Single staining of thymocytes from female a8 transgenic H-2°
mice shows that they express low and high levels of the idiotypes
recognized by either the F23.1 or T3.70 antibodies (referred to
as F23.1 and T3.70 idiotypes). We already know that low receptor
levels are found on CD4*8* thymocytes. It is also clear from
Fig. 3 that some thymocytes do not bear the T3.70 idiotype but
are F23.1 positive, and therefore do not express the transgenic
a-chain. Because «- and B-chains are present in equimolar
concentrations on T cells this is consistent with our previous
observation that some endogenous a genes are being expressed
by T cells from af transgenic H-2° mice. In further experiments
the differential expression of the transgenic a-chain on thy-
mocyte subsets was analysed by double staining with one of the
F23.1 or T3.70 antibodies and one of the CD4 or CD8 antibodies.
From the data in Fig. 4 it is apparent the majority of CD4"8"*
cells express low levels of both the T3.70 and F23.1 idiotype
and therefore low levels of both a and B transgenic TCR chains
(Fig. 4a-d). CD4"8~ thymocytes express high levels of the
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Fig. 5 Staining of peripheral, nylon-wool-purified splenic T cells
from female af transgenic H-2° mice by F23.1, T3.70, CD4 and
CD8. Nylon wool-nonadherent spleen cells from a female af
transgenic mouse were double stained with F23.1 and CD4 or CD8
(a and b) and with T3.70 and CD4 or CD8 (c and d).

Methods. Spleen cells from a female af8 transgenic mouse were
enriched for T cells by passing them over a nylon wool column as
described®?. The nylon wool nonadherent cells were 88.3% Thy-1*
and 9.4% immunoglobulin-positive by single colour FACScan
analyses. They were stained and analysed as described in Fig. 4.
Proportions of single positive cells expressing high levels of the
F23.1 or T3.70 idiotypes were: CD4*, F23.1*>95%; CD8",

F23.1%>95%; CD4", T3.70" <1%; CD8", T3.70" > 90%.

transgenic B- but not a-chain (Fig. 4a and c¢). In contrast,
CD478" cells express high levels of both transgenic chains (Fig.
4c and d). These results indicate that the selection of CD4*8~
but not CD478" cells from immature precursors requires the
expression of endogenous a-chains.

The same conclusion is reached from the analysis of splenic
T cells from female aB transgenic H-2° mice (Fig. 5): again
CD4%8™ T cells express high levels of the transgenic B-chain
but low levels of the transgenic a-chains (Fig. Sa and c) whereas
the vast majority of CD478" cells clearly express high levels of
both transgenic a- and B-chains (Fig. 5b and d).

T-cell receptors in transgenic H-2¢ mice

Transgenic H-2¢ mice were obtained by crossing af transgenic
mice with DBA/2 mice and selecting offspring that expressed
o and B transgenes and were homozygous at the MHC. As the
B6.2.16 clone was obtained from H-2° mice, we expected that
the transgenic TCR will not be selected in H-2 mice because
the B6.2.16 clone is not restricted by H-2° MHC molecules.
Therefore, in H-2% mice the selection of both the CD4"8™ as
well as the CD478" subset should depend on the expression of
endogenous o genes. The results in Figs 6 and 7 confirm this:
we observe that thymocytes from five independent af transgenic
H-2¢ mice (but not H-2x H-2" heterozygous mice) contain
more CD4%8~ than CD4 8" single positive thymocytes (ratio
4:1, Fig. 6a and b) compared to thymocytes from af transgenic
H-2° mice (Figs 1 and 2). Most of the CD4*8" thymocytes in
H-2* mice express low levels of both transgenic chains similar
to those observed in H-2" mice suggesting that MHC antigens
do not influence the selection of these immature cells. However,
the H-2¢ mice differ from the H-2° mice in the levels of a-chain

expression by single positive CD4"8~ and CD4 8" T cells: both
subsets lack high levels of the transgenic a-chain (Fig. 6¢ and
d). This is also apparent on lymph node T cells where T cells
display wide variation in the level of the T3.70 idiotype, with
most cells expressing levels that are much lower (Fig. 7) than
those observed on CD478" T cells from transgenic H-2" mice
(Fig. 5). These data indicate that the selection of all single
positive T cells in H-2° mice requires the expression of
endogenous a-chains, and that at least some of the CD48™ T
cells in these mice can express relatively high levels of the
transgenic a chain (Fig. 7c). This is unlike the situation in H-2°
mice because the expression of high levels of transgenic a- and
B-chains in H-2° mice does not lead to differentiation of
immature CD4*8" T cells into mature CD478" T cells.

Discussion

The data reported here provide evidence that the class I MHC-
restricted af heterodimeric TCRs and thymic H-2° MHC anti-
gens are involved in the selection of CD478" T cells. This
selection occurs in the absence of the nominal (H-Y) antigen
in aB transgenic female mice. The contribution of thymic MHC
antigens to this selection process is evident from the fact that
an elevated proportion of CD478" thymocytes is observed in
H-2°, but not in H-2* or H-2¢, thymuses repopulated by the
progeny of af transgenic stem cells. An elevated proportion of
CD478" cells is observed with a transgenic stem cells but not
with stem cells from B transgenic or normal C57L mice demon-
strating that the B transgenic TCR influences the selection
process. CD4 8%, but not CD4%8", cells in H-2" mice express

Thymocytes
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Cbh8 PE

I
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I
1
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Fig. 6 Staining of thymocytes from female af transgenic H-2¢
mice by F23.1, T3.70, CD4 and CD8 antibodies. Thymocytes (yield
7x107) were double stained with F23.1 and CD4 or CD8 (a and
b) and with T3.70 and CD4 or CD8 (¢ and d).

Methods. Female af transgenic H-2° mice were produced by
backcrossing the af transgenic founder C57B1/6 x DBA/2. (H-
2%¢)F, hybrid mouse with DBA/2 (H-2%¢) mice'®. The H-2
haplotype of the backcrosses was determined by subjecting
peripheral blood lymphocytes to killing by specific antisera against
K" or K¢ plus 1 Five ind d af t ic H~-
2¢/H-2¢ mice were analysed with similar results as shown here.
Thymocytes were double stained with the indicated antibodies and
analysed as described in Fig. 4. Proportions of single positive cells
expressing high levels of F23.1 or T3.70 idiotypes were: CD4™,
F23.1">95%; CD8", F23.1">95%; CD4", T3.70* <5%; CD8",

T3.70" <5%.
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Lymph node T cells
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Fig. 7 Staining of lymph node cells (yield 2x 107) from female
af transgenic H-2¢ mice by F23.1, T3.70, CD4 and CD8 antibodies.

hods. Female af t ic H-2%¢ mice were produced as
described in Fig. 6. Lymph node cells were enriched for T cells by
passing lymph node cells over a nylon wool column as described””.
This preparation of nylon wool non-adherent cells contained 98.9%
Thy-1* cells and 0.9% immunoglobulin-positive cells. The
immunoglobulin-negative were double stained with F23.1 and CD4
or CD8 (a and b) and with T3.70 and CD4 or CD8 (¢ and d) as
described in Fig. 4. Proportions of single positive cells expressing
high levels of the F23.1 or T3.70 idiotypes were: CD4%, F23.1" >
95%; CD8*, T3.70" >95%; CD4*, T3.70" < 10%; CD8", T3.70" <

10%.

high levels of both a and B transgenic TCR chains whereas in
ap transgenic H-2¢ mice both subsets express lower levels of
the a transgenic TCR chain confirming the importance of the
afB TCR. These results are consistent with the hypothesis that
the interaction of class | MHC antigens in the thymus with the
aB heterodimeric T-cell receptor determines the CD4/CD8
phenotype of mature T cells in the absence of nominal antigen.

Itis possible that CD4 antigens and the af transgenic receptor
are incompatible on the surface of the same cell or that CD4
molecules change the idiotype recognized by the T3.70 antibody.
This does not seem likely as the majority of CD4*8* T celis
express similar levels of the determinants recognized by the
F23.1 and T3.70 antibodies. In addition, this reasoning does not
explain the fact that a few CD4*8" cells in af transgenic H-2¢
mice express high levels of the T3.70 determinant although, in
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the same mice, most CD4 ™8™ cells express low levels of idiotypes
recognized by the T3.70 antibody. It is also possible that the
expression of the T3.70 idiotype requires CD8 molecules on the
cell surface, but this is not consistent with our observation that
CD8 T cells and hybridomas express the T3.70 idiotype
(unpublished results) and, in general, class I-restricted T cells
can express a class -lMHC-antigen restricted a8 heterodimeric
receptor in the absence of CD8 molecules'. It is possible that
some interaction of the af heterodimer with the CD8 molecule
on immature CD4*8" T cells is essential for the generation of
CD478" thymocytes although this would not explain the ele-
vated proportion of CD478" T cells, which express both « and
B transgenic TCR chains, in H-2° but not H-2* or H-2¢ thy-
muses. We therefore propose that thymic MHC antigens play
an important role in the interaction of the af heterodimer with
the CD8 molecule, possibly by cross-linking the two molecules'®,
which may lead to the generation of CD478* T cells'®"".

To investigate this further, we will test whether the MHC
antigens needed for obtaining a high proportion of CD478"
cells are in fact the restricting class I H-2D® MHC antigens. It
will also be important to determine whether these antigens select
CD47 8" T cells expressing high levels of both a and 8 transgenic
TCR chains. At present, we cannot rule out the possibility that
some suppression mechanism interferes with the development
of CD4*8" cells which express high levels of « and B transgenic
TCR chains. We hope to investigate this possibility in «f trans-
genic mice which have been back-crossed to mice with severe
combined immune deficiency; such mice should only express
the a and B transgenes as these mice are defective in the
rearrangement of endogenous TCR genes' and are therefore
expected to be devoid of any endogenous eftector T-cell popula-
tion including suppressor cells.

The experiments reported here also support our earlier con-
clusion® that CD4*8"% cells contain the precursors of single
positive cells. CD4%8™ T cells lack high levels of the transgenic
a-chain, indicating that these T cells are not male-specific, but
their numbers were significantly reduced in male o transgenic
mice®. The best explanation for this observation is that most of
their precursors are deleted in male mice. This implies that the
precursors of the CD4%8™ T cells initially express the male-
specific, transgenic receptor and, later, rearrange endogenous &
loci leading to the expression of new receptors selectable by
class II MHC antigens. Therefore, both positive and negative
selection can occur at the same stage of T-cell development,
that is, negative selection by nominal self-antigen need not occur
after positive selection by thymic MHC antigens. These con-
clusions would imply that the signals leading to positive and
negative selection are different.
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Crucial role of the pre-T-cell
receptor o gene in
development of

aff but not y6 T cells
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* Basel Institute for Immunoiogy, CH-4005 Basel, Switzerland
T Institut Necker, Unité INSERM 373, 156 rue de Vaugirard,
75730 Paris Cedex 15, France

IN T-cell precursors, the T-cell-receptor B chain is expressed before
the T-cell-receptor a chain'? and is sufficient to advance T-cell
development in the absence of T-cell receptor a chains®>”. In imma-
ture T cells, the T-cell-receptor B protein can form disulphide-
linked heterodimers with the pre-T-cell-receptor a chain®® and

with signal-transducing CD3 molecules®. The recently
cloned pre-T-cell-receptor o gene encodes a transmembrane pro-
tein that is expressed in immature but not mature T cells™'®. Here
we show that ap, but not 8, cell development is severely hampered
in pre-T-cell-receptor a-gene-deficient mice, which establishes a
crucial role for the pre-T-cell receptor in early thymocyte
development.

Intrathymic T-cell development proceeds from CD4 8™ pre-
cursors through CD4'8 intermediates into CD4'8  and
CD478* mature thymocytes™''. In rearrangement-deficient
mice, thymocyte development is arrested at the CD47873'°"25"
stage®”'?. Productive T-cell-receptor (TCR)-B transgenes can
partly relieve the developmental block, allowing the accumula-
tion of immature CD4"8" thymocytes but not mature CD4*8~
and CD478" T cells’ 7 that require positive selection by TCRaf
(ref. 13). In T-cell precursors the TCR-f chain forms disulphide-
linked heterodimers with the pre-TCRa (pTa) chain, and can
associate with signal-transducing CD3 molecules®*’.

Here we report on the role of the TCRB-pTa heterodimer
in development, based on experiments with pTa-deficient mice.
These animals were generated by gene targeting in embryonic
stem (ES) cells using a deletion-type targeting vector. On
homologous recombination, this construct eliminated exons 3
and 4 of the pTa gene encoding the connecting peptide, which
contains the cysteine required for heterodimer formation, the
transmembrane region, the cytoplasmic tail and most of the 3’
untranslated region (Fig. 1). Homologous recombination in ES
cells and the absence of the deleted gene segment in pTa ™/~ mice
was verified by Southern blotting with appropriate probes (Fig.
1, and results not shown). Offspring from intercrosses of pTa ™/~

First published in: Nature 1995 Jun 29;375(6534):795-8.
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TABLE 1 Absolute number of thymocytes with different phenotypes

TABLE 2 Subsets among CD4 8 3" thymocytes

Phenotypes pTa™ (x107™%  pTa™/~ (x10 %)
CD4™873""25" 25.6 54.0
22.0 40.4
cD4a-8'3' 12.4 55.1
14.6 32.0
cD4'8"8" 10.0 6.5
14.5 11.0
cDa*8” 3454 119
34.62 113
CD4'8'TCRB™ 14.50 0.24
13.75 0.23
CD4*8 TCRP"®" 351 0.13
3.05 0.13
CD4 8*TCRp"®" 0.81 0.09
1.39 0.13

Numbers were obtained from two different mice of each genotype
from a 5-day-old litter.

mice were killed, thymus and bone marrow removed, and single
cell suspensions prepared and analysed by cytofluorometry.
There were no significant differences between numbers of mar-
row cells from age-matched mice and thymocytes from pTa ™"
and pTa*/~ age-matched mice, whereas the number of thymo-
cytes in pTa-deficient animals was reduced to less than 10%.
Figure 2 shows subsets from thymus of pTa™ and pTa™’
mice only, because there was no difference in subsets of bone
marrow and because lymphoid organs from pTa*'™ and pTa™'™"
mice did not differ. Both pTa® and pTa™’~ mice contain
CD4 8, CD4"8" and single-positive CD4"8™ and CD4 8™ thy-
mocytes, but cells with CD4 and CD8 co-receptors are propor-
tionally under-represented in p7a ™/~ mice whereas the
proportion of CD4~8725" cells is drastically increased (Fig. 2).
Both types of mice contain CD4 and CDS8 co-receptor expressing
cells with low, intermediate and high levels of TCR-B chain on

Phenotypes pTa’ (%) pTa /" (%)
CD44725~ 121 11.0
CD44'25" 2.20 2.30
CD44 25" 40.7 86.6
CD44725~ 45.0 0.10

Percentages were calculated from the same litter as described in
Fig. 2 and Table 1.

the cell surface. The fraction of CD4 8~ thymocytes with TCR$
chains on the cell surface was more prominent in pTa /" mice,
and both TCRp and TCR3 chains were stoichiometrically asso-
ciated with CD3 molecules. The data also show that the TCRB
chains were associated with TCRa chains, as revealed by double-
staining with TCRB and TCR Vo2, 3.2, 8 and 11 antibodies
(Fig. 2, lower right). From triple stainings with various antibod-
ies listed in Fig. 2 and thymocyte numbers, we calculated the
absolute number of cells belonging to various thymocyte subsets
as shown in Table 1; the data show that the pre-TCR is not
required to generate normal numbers of CD4~873°%25" precur-
sors of af T cells. In fact, their number is increased in pTa /™
mice, probably because of the developmental arrest in these mice
(see below). There is likewise no decrease in the number of
CD478" or CD4 and CDS8 co-receptor expressing v6 T cells
(Table 1). Table 2 shows that among CD4 8 3™ cells, pTa /™
mice have normal or increased numbers of CD44'25
CD44%257 and CD44 25" cells, but no CD44 25 cells, which
represent 45% in pTa” mice. As most thymocyte expansion
occurs in this subset'', it is not surprising that the absolute num-
ber of CD4°8" cells as well as mature TCR af™" CD4'8~ and
CD478" cells is much lower in pTa ™’ than in pTe" mice. Also,
the proportion of TCR-up-positive cells among CD4 8" cells is
lower in pTa /" than in pTa " mice. Lymph-node cells from 28-
day-old pTa™/~ mice contain mature single positive CD4 and
CD8 cells representing about 5% of numbers found in pTa™
littermates (results not shown).
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FIG. 1 Disruption of the pTa gene by homologous recombination: partial
organization of the pTa locus® and structure of the targeting vector.
The pTa gene was cloned from a 129 /0la-derived genomic library (kind
gift of A. Berns, Amsterdam). The targeting vector was constructed by
replacing approximately 2.6 kilobases (kb) of the pTa sequence
between the unique Xhol site in intron 2 and a Bglll site ~60 base
pairs (bp) upstream of the AATAAATAAA polyadenylation site with a 1.2-
kb Xhol-BamH| fragment of pMC1neopA (Stratagene) carrying the neo-
mycin resistance gene (neo). The isogenic targeting construct was elec-
troporated into E14.1 embryonic stem cells as described*®. ES colonies
surviving G418 selection were analysed by the polymerase chain
reaction (PCR) in pools of 12 using primers specific for the neo cassette
within the tk promotor (ATTCGCCAATGACAAGACGCTGC) and for the pTa
gene just upstream of the EcoRV site (GTTGGATGTTATTGGTTAC-
TACTCCTGA), respectively. Colonies within positive pools were re-
screened individually by PCR and eventually by Southern analysis using

EcoRl-digested DNA and probe | (a 470-bp PCR fragment specific for
pTa sequences outside the targeting construct, ~1.3 kb upstream of
exon 2 (primers: TAGGTTTGAACTCAGAT; TGATTTCTCTCTGTAGC)). Out of
~1,600 colonies screened, 3 had undergone homologous recombina-
tion, and one of these clones (pT355) gave rise to chimaeric mice.
Chimaeric males were backcrossed with (C57BL/6 x DBA/2)F, females
and heterozygous offspring carrying a mutant pTa allele were
intercrossed to obtain mice deficient in pTa. The absence of the deleted
pTa sequences in homozygous knockout mice was confirmed by
Southern blotting of EcoRI-digested genomic tail DNA and hybridization
with a 310-bp Apal/BspEl complementary DNA fragment spanning the
region of exon 4 that encodes the transmembrane portion, the cyto-
ptasmic tail and 120 nucleotides of 3’ untranslated sequence. Abbre-
viations for restriction sites: RI, EcoRl; RV, EcoRV; X, XHol; H, HindHI;
Xb, Xbal.
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The above data indicate that pTa has no role in the develop-
ment of most y8 T cells for one of three reasons: (1) because it
is not expressed in the yd lineage; (2) it cannot pair with the vy
chain; or (3) because there is no need for a putative TCRy-
pTa heterodimer in y8 T-cell development. Although this issue
requires further investigation, we have been unable to detect
RNA for pTa in thymocytes of TCRS surface-positive
thymocytes'’. The increase in the number of yd cells could
depend on the availability of space, and/or the possibility that
ongoing yd rearrangement is not terminated by the pre-TCR.
The fact that a few TCRaf-positive CD4/8-co-receptor-
expressing thymocytes can be generated in the absence of the
pre-TCR is consistent with an earlier finding of TCRa rearrange-

ments in TCRB™'~ mice deficient in pre-T-cell-receptors®. The
authors argued that CD4*,8" cells in TCRB™/~ mice (which are
often claimed erroneously not to contain CD4 8" cells) could
be of the & Ilineage because they were absent in
TCRB™~x TCRS™'~ mice. We find that in pTa™" mice
CD4 873°%25" precursors of af T cells can differentiate, albeit
inefficiently, into CD4"8" cells with TCRap on the surface. We
therefore propose that the pre-TCR is sufficient and necessary
for the generation of CD4"8" precursors when no other TCR-
expressing cells are present, and that in the presence of TCR-
positive cells, the pre-TCR is required for the transition of
CD4"8725" af T-cell precursors, through rapidly dividing
CD478725 cells into TCRap-expressing CD4'8" thymocytes.
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FIG. 2 Thymocyte subsets from pTe™ and pTa ™/~ mice. Staining of Diego). A cocktail of TCR-V, antibodies, namely anti-V,2

thymocytes from 5-day-old (top two rows) and 28-day-old {bottom two
rows) litters with CD4, CD8, TCRpB, TCR3 and TCR-V, antibodies. All
stainings were three-colour stainings with the following antibody-conju-
gates: anti-CD3-biotin and anti-CD3-FITC conjugates (500 A2 (ref. 19)),
anti-TCRB-biotin and anti-TCRB-FITC (H57 (ref. 20)), anti-CD4-phyco-
erythrin (H129.19 Gibco), anti-CD8-biotin and anti-CD8-phycoerythrin
(53-6.7 Pharmingen, San Diego), Anti-CD25-biotin (Pharmingen, San
Diego), anti-CD44-phycoerythrin (ATCC collection KM81), anti-HSA—
biotin (M1169 (ref. 21)), and anti-TCRS-FITC (G3, Pharmingen, San

NATURE - VOL 375 - 29 JUNE 1995

(B20.1),anti-V,3.2 (RR3.16), anti-V,8 (KT50) and anti-V,11 (RR8.1)
was obtained from D. Mathis, Strasbourg. The biotin conjugates were
revealed by streptavidin—Tricolor, (Caltag, San Francisco). For each
of the three colour stainings ~4 x10° cells were incubated with
various reagents. In each case, 10° events were acquired for fluore-
scence-activated cell sorting by FACScan. The bright staining in the
thymus (lower right) is due to thymic B cells that stain brightly with
sheep anti-mouse Ig-FITC reagent, which was used to reveal the V,
antibodies.
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This view is consistent with data showing that TCR-positive
thymocytes can induce the development of CD4'8" cells when
injected into rearrangement-deficient mice'*' and explains the
absence of CD4"8" thymocytes in rearrangement-deficient®’,
TCR-negative® as well as CD3-negative mice (B. Malissen, per-
sonal communication). Differentiation through the CD4 8 25~
subset requires cell-autonomous signals delivered by the pre-
TCR, and for that reason in normal mice almost all CD4'8" T
cells contain productive TCR-B genes'®, whereas in the absence
of the pre-TCR, only ~2% of TCRaf-positive CD4*8" precur-
sors are generated by some aberrant differentiation. Neverthe-
less, positive selection will operate on these cells and generate
mature aff T cells whose number is regulated by homeostasis
independent of the pre-TCR'”.
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