Single-cell transcriptional profiling of human thymic
stroma uncovers novel cellular heterogeneity in the
thymic medulla
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Background- primary lymphoid organs
Fig 1. The lymphoid organs in adults

Primary lymphoid organs | Secondary lymphoid organs

Neck (cervical)
lymph nodes

Thymus |
Le 1L L Armpit (axillary)
lymph nodes
. 3‘ Spleen
Peyer's patches
Red bone
marrow Groin (inguinal)

lymph node

https://www.nursingtimes.net/clinical-archive/immunology/the-lymphatic-system-
2-structure-and-function-of-the-lymphoid-organs-26-10-2020/

MEDIZINISCHE JC_15112021
UNIVERSITAT WIEN Martin Direder



Vorführender
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Primäre lymphatische Organe
Die primären lymphatischen Organe bestehen aus spezialisiertem Gewebe, in dem die Bildung und Reifung der B- und T-Lymphozyten verläuft. Zu ihnen zählen:
Thymus
Knochenmark
In der Fetalperiode gehört auch die Leber zu den primären lymphatischen Organen. Die in den primären lymphatischen Organen gebildeten Lymphozyten wandern in die sekundären lymphatischen Organe aus und kolonisieren diese.
2.1.2 Sekundäre lymphatische Organe
In den sekundären lymphatischen Organen findet der Antigenkontakt und die klonale Vermehrung der Lymphozyten statt. Hierbei entstehen Effektor- und Regulatorzellen. Diese Differenzierung findet in den Proliferationszonen der sekundären lymphatischen Organe statt. Zu ihnen zählen:
Lymphknoten
Milz (weiße Milzpulpa)
Lymphfollikel der Schleimhäute (MALT)
des Nasenrachenraums (NALT): Tonsillen
des Bronchialsystems (BALT)
des Gastrointestinaltrakts (GALT): u.a. Peyer'sche Plaques, Appendix vermiformis
des Urogenitaltraktes: u.a. VALT
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Zweilappiges organ, bis pubertät behält größe, dann verfettung (Involution), aus Meso-, Ento und Ektoderm (lymphoepitheliales organ), Rinde und Mark, Hassall Körperchen, 
Aufgabe: Thymozyten werden zu T-Lymphozyten, aus Knochenmark über Blutbahn in die Läppchenrinde, somatische Rekombination, von außen nach innen Reifungzufällige Rekombination, körpereigenen MHC erkennen…Selbsttoleranz, weiter in sekundär lymphatische Organe
Klonale Antigenrezeptor, promisköse Expression abhängig von AIRE, verursacht unspezifische Genexpression zur expression zahlreicher Proteine der Körperzellen, je Thymusepithelzelle werden 5% aller Proteine exprimiert (1000-1500), anschließend als Peptide präsentiert um Autoreaktive T-Zellen auszusortieren

Kortikale TEC: positive Selektion: bindet der Rezeptor an die Antigen-MHC Komplexe? Wenn ja, wie stark?
mTEC: negative Selektion sh oben
TEPC: vorläuferzelle die mTEC und cTEC  fetal und früh postnatal, warden quiescent




Background- Heterogeneity of the thymic medulla
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Human mouse comparison

Constructing the human thymus cell atas.

We analyzed human thymic cells across development and postmatal life using scRNA-seq
and spatial methods to delineate the diversity of thymic-derived T cells and the
localization of cells constituting the thymus microenvironment. With T cell development
trajectory reconstituted at singlecell resolution combined with TCR sequence, we
uvestigated the bias in the VDJ recombination and selection of human TCR repertoires
Finally. we provide a systematic companson between human and mouse thymic cell
atlases
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Single-cell mapping of the thymic stroma identifies
IL-25-producing tuft epithelial cells
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Murine Heterogen: AIRE mTECs, TSAs mTECs, CCL21 (CCR7+ thymocytes), thymic tuft cells, 



Methods

« Human thymic tissue:
e 19-23 gestational-week (legal, elective termination of pregnancy)
« pediatric tissue (corrective cardiothoracic surgery)
« Adult thymic tissue: organ acquisition for clinical transplantation

 Mice: Rosa26CAG-stopflox-tdTomato and Ascl1-creERT2, ADIG mice

e Tissue preparation: DNAse, Liberase, gentle MACs (spleen program), ca. 1,5 h digestion,
« Stromal cell enrichment: FACS or magentic column (CD45, EPCAM/CD45)

« Single cell: 10x 37°v2 or 3, Novaseq 600, Cellranger v 2.0.0, 2.1.1, 3.0.2
« Data analysis: Scanpy (v1.4.4, 1.6.0), quality: 200-500 features, <10% MT + features <3 cells
» Total cells: 68008
e Clustering: Leiden algorithm, res:main 0.7, sub 0.5
e Park et al.: res: main 0.51, sub 0.25
e Trajectory: RNA Velocity

e |F-stainings
 Immunohistochemistry
* Flow cytometry
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Results

Single-cell profiling of stromal cells from human thymus
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Zell aufbereitung
Zelluläre zusammensetzung
UMAP-verteilung nach quelle, fetal, postnatal, adult
Definition der Zellen mit marker genen




Results

Single-cell profiling of stromal cells from human thymus
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Marker für diverse Celltypen
Pathway analyse, soluble factors and receptors of WNT, BMP, TGFß, IGF, and FGF pathways, (critical regulators of TEC development and function – WNT signalweg als regulator für TECs
Protein expression of fibronectin in endothelial cells was confirmed 
TEC differentiation and proliferation is differentially regulated over time



Results

Profiling of human thymic epithelial cells at different stages
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Subset of TECs
Characterisation by clustermarker and marker genes
Cortical TECs 2
Immature TECs canonical TEC identity genes
Medullary TEC 3
Confirm previous data of CCL21+ cells
AIRE TECs, 



Results
Profiling of human thymic epithelial cells at different stages
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Split by time
Accumulation of immature TECs in older tissue


Results
Analysis of immature TECs
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Subset of TEC immature, two clusters, one adult cells, one more early
CDH13 marker, confirmed


Results

Ildentification of new TEC markers
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Combination with park et al.
Zinc finger protein ZBED2
TGFß IGF pathways
KRT15 just im stem cell- derived TEPCs marker for immature TECs and mTEC lo (Übergang?)
K8K5K15 positive cells in cortico medullary junction#
ASCL1, neural progenitor proliferation, specification, differentiation
AIRE+ ASCL+ werden im laufe der entwicklung von ASCL negative zellen aufgefüllt


Results
Lineage decisions within the thymic epithelial compartment
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Signalewege welche die entwicklung der TEC beeinflussen:
NOTCH hoch in clustermarker, restliche Gene Hes1 und Hes6
Weiter signalwege erwähnt in entwicklung der CCL21+ und AIRE in mice: p53, TNF, toll like receptors


Results

Tuft cells, 1onocytes, ciliated cells, and myelin-expressing cells

are present in the human thymic medulla
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Genetic tracing of the peripheral glial lineage in intact and injured skin
Runde schichtweise zusammenballungen von tec
C: ionocyten
D: ionocxyten in medulla und als teil des hassallschen körperchens (regulatorische T Zellen)
E: myoide cells


Results
Tuft cells, 1onocytes, ciliated cells, and myelin-expressing cells
are present in the human thymic medulla
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SOX2 hoch in DEG, wichtige Rolle bei Stamm specification, proliferation und differentiation während embryogenese, und erhalt von stammzellen und vorläuferzellen
SOX2 im Hassall Körperchen, 


Results

Characterization of tissue-specific antigen expression by human
TECs
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TSA: tissue specific antigens
APS-1: autoimmune polyglandular snydrom type 1
Diabetes: Insulin expression im thymus ist ws AIRE abhängig
Myasthenia Gravis: genes associated with MG in myoid , neuroendocrine and ciliated cells


Discussion

* lonocytes, Ciliated cells, Schwann cells,

 Crosstalk between TECs and stroma: WNT-pathway (FOXN1),
activin A...

e similar progenitors of ionocytes, neuroendocrine and tuft
cells

* Notch signaling -> TEC specification (HES6 inhibition of HES1)
 APS-1 antigens are AIRE-dependent

 Myoid cells as the main source of muscle antigens in the
human thymic medulla
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Mesenchymal cells important for TEC and thymic cellularity and developmental migration, epithelial proliferation and differentiation
Pericytes important for TEC maturation via activing A
HES6 is highly expressed in neuroendocrine and myoid cells, HES1 induces quiescence of  TEPCs 


Conclusion

Reference transcriptomic maps for TEC
- Evidence of greater heterogeneity among medullary TECs
- Platform to study the expression of disease-relevant antigens

- Insight on the relevance of the heterogeneity to induce immune tolerance and
human autoimmune disease
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