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Lymphokines=Cytokin

Thymocytes that express TCRs that bind self-peptide–MHC-class-I complexes become CD8+ T cells, whereas those that express TCRs that bind self-peptide–MHC-class-II ligands become CD4+ T cells;es IL-2,3,4,5,6, GM-CSF, IFNγ
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Lymphokines=Cytokines IL-2,3,4,5,6, GM-CSF, IFNγ
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Figure 2 | A model for the generation of human memory T cell subsets. A schematic model for the differentiation of circulating and tissue-resident memory T (TRM) cell subsets is shown. The progressive differentiation of the three major circulating subsets — stem cell memory T (TSCM) cells, central memory T (TCM) cells and effector memory T (TEM) cells — from activated naive T cells is shown relative to the extent of antigen exposure. Effector T (TEff) cells represent terminally differentiated cells, and death is one outcome of increased antigen exposure and proliferation. Naive, TSCM and TCM cells circulate and migrate to lymphoid tissue, whereas TEM and TEff cells are the subsets of T cells that have the capacity to traffic to peripheral tissues. TRM cells in peripheral tissue sites may derive from either TEM or TEf cells that migrate to these sites through tissue-specific factors. It is possible that TCM cells could develop into TRM cells in lymphoid sites (dashed arrow). TRM cells in the peripheral compartments are probably terminally differentiated as they do not circulate or convert to other memory T cell subsets. 
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Figure 1. T Cell Migration Patterns
T cell subsets exhibit distinct migration patterns. Like naive T cells, Tcm cells
recirculate between blood, the T cell zones of secondary lymphoid organs, and
lymph. Tem cells recirculate between nonlymphoid tissues, lymph, lymph
nodes (where they might pass through via the sinuses, without entering the
T cell zone), and blood. Trm cells do not recirculate but rather are confined to a
single tissue.
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CCR7 ligands: CCL19 (thymus, LN but also SI, lung, kidney, spleen
	CCL21 (secondary lymphoid tissue)
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Effector memory T cell (T¢y)

« Low expression of CCR7 and CD62L
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CCR4 ligand is CCL2 recruits memory t cells

CCR9 ligand is CCL25 

Skin: constitutively expression of E-selectin, chemokines, and intercellular adhesion molecule 1 (ICAM-1) in post-capillary venules for homing of T cells to non-infected tissue
 
Gut: constitutively expression of MAdCAM-1 on resting lamina propria endothelium for homing of T cells to non-infected tissue
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Expression of CD69 by TRM cells interferes with the cell-surface expression and function of S1P1, thereby blocking the capacity of these T cells to sense S1P gradients and supporting their stationary nature 

Downregulation of G protein–coupled receptor for sphingosine 1 phosphate (S1P1)�(sphingosine 1 phosphate (S1P, to guide T cells out of tissue) gradient in human body; least=peripheral tissue, most=blood 
Transcription factor Kruppel-like factor 2 (KLF-2), which normally enhances S1P1 expression, is downregulated in TRM 
CD103+ TRM show less proliferative potential and more effector cytokine-production capacity
CD8+ T cells specific for HSV-1 do not express CD103 before entering the skin, but after entering epidermis CD103 is upregulated in response to transforming growth factor β (TGF-β)
Expression of CD103 (more a marker of differentiation of TRM than a functional requirement for tissue residence
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The role of TRM cells in tissue-specific autoimmune and inflammatory disease. Right, diseases of lung, gut and skin clearly or potentially mediated by pathologically activated TRM cells. Left, diseases of normally sterile non-barrier tissues mediated by infiltrating T cells that have acquired the properties of TRM cells. Disease states in normal font indicate that there is experimental evidence supporting TRM cell causation, whereas disease states in italic font are speculation on the part of the authors. GVHD, graft-versus-host disease.
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Aim/Questions addressed

« The investigation of the clonal origin of T, and Tgy
« Effect on abundance of Ty, after repetitive sensitization
« Differences in kinetics between allergen-specific T, and Tgy,

e Generation of Ty due to DPCP induced ACD
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Central memory T (TCM) cells in lymph nodes (LNs) and resident memory T (TRM) cells in peripheral tissues have distinct roles in protective immunity1–5. Both are generated after primary infections, but their clonal origins have been unclear.


Methods

High-throughput sequencing (HTS) of T cell receptor
(TCR) B-chain (TRB)
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Antigen challenge to skin

e Ovalbumin (OVA) + adjuvant cholera toxin (CT)
e Dinitrofluorobenzene (DNFB)

« Modified Vaccinia Ankara (MVA)
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Ovalbumin (abbreviated OVA[1]) is the main protein found in egg white, making up approximately 55% of the total protein.

Cholera toxin (CT) is a strong mucosal adjuvant for codelivered antigens

DNFB  contact sensitizer: binds to proteins elicit immune response  
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Antigen challenge to skin
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Ovalbumin (abbreviated OVA[1]) is the main protein found in egg white, making up approximately 55% of the total protein.

Cholera toxin (CT) is a strong mucosal adjuvant for codelivered antigens
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Study subjects and skin samples

e 1Thealthy volunteers
 Diphenylcyclopropenone (DPCP) immunization and
challenging - allergic contact dermatitis (ADC)

« Skin biobsies (day 4, 13 and month 4)
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Diphenylcyclopropenone (DPCP)  local irritant causing immune response 
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Skin immunization with OVA+CT generates skin
Trm Cells and TCR-identical Ty cells in LNs
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Although all clones were present in both skin and LN after immunization, the value for each clone was lower in LN than in skin 

6weeks after immunization

OT-I transgenic T cells which bear a TCR specific to OVA257–264 as  internal control (Pre-immunization)


Results

Skin immunization with DNFB generates skin Tgy
cells and TCR-identical Ty cells in LNs
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Results

Skin immunization with MVA generates skin Ty,
cells and TCR-identical Ty cells in LNs
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Repetitive sensitization increases the abundance of Ty, cells in skin
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We compared the abundance of T cells in particular VJ groups between three skin sites—the tail (no DNFB), the right ear (DNFB × 2), and the left ear (DNFB × 6)—and the LNs draining these sites
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Repetitive sensitization increases the abundance of Ty, cells in skin

e 0 exposures 2 exposures

& exposures .
(tail) (right ear) (left ear) f Mo. of expanded clones (=10 cells)
E 361
3
2 % 14 (36 in LN) a0
o
#
2 408
= 52 228 (60 in LN} 13
o
=] 258
= &2 220 (15 in LN) 1e
Also in LN

Nat. Med. 21, 688-697 (2015)
@ MEDICAL UNIVERSITY
OF VIENNA



Vorführender
Präsentationsnotizen
After six DNFB applications, the most abundant clones in skin were 7–17× more numerous in skin than in LN (Fig. 2e,f). We conclude that multiple exposures of the same antigen to skin lead to preferential expansion of skin TRM cells. Increased numbers of both CD4+ and CD8+ T cells (Supplementary Fig. 3) expressing a TRM cell phenotype were present in skin (Supplementary Fig. 4).



®
Results

Trm Cells mediate rapid skin contact hypersensitivity (CHS)
responses, whereas T, cells mediate delayed attenuated CHS
responses.
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These data demonstrate by HTS of the Trb gene that TCM cells are freely migratory and TRM cells in skin are sedentary. 

Previously sensitized parabiotic mice manifested robust ear swelling 24 h after DNFB challenge (Fig. 3b), consistent with the kinetics of a TRM cell response. 

These data are consistent with the rapid kinetics and durability of the TRM cell response to antigen, in contrast to the TCM cell response specific for the same antigen. 
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Contact dermatitis to DPCP induces Tgy cells in
human skin.
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Allergic Contact Dermatitis ACD
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Contact dermatitis to DPCP induces Tgy cells in
human skin.
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Contact dermatitis to DPCP induces TRM cells in human skin. (a) Schematic of DPCP sensitization and sample recovery. (b) Clinical photos, H&E histology and CD3+ T cell staining of the skin of subjects at day 3 (both placebo and DPCP challenged), 14 (DPCP challenged) and 120 (DPCP challenged). Data representative of a total of 11 subjects entered in the study. (c,d) Dot plots of the frequency (number of a given sequence divided by the total number of sequences observed in the given sample) of TCR-β CDR3 sequences shared in non-exposed or DPCP-exposed skin from a representative individual. (c) Clones in a 3 d-post-DPCP challenge site skin (green, vertical axis) versus those in a placebo-challenged skin site at the same time point (red, horizontal axis). Clones present in both sites are shown as blue dots. Five clones are identified (1–5) for subsequent reference. (d) Clones present 14 d (green, vertical axis) versus 4 months (red, horizontal axis) in skin after DPCP challenge. The same five clones (labeled and enclosed in boxes) are identified as being present in both samples. (e) Quantification of the T cell clone size observed in c and d over time. n = 3 out of 11 subjects; F, 48 years old; M, 52 years old; M, 55 years old; biopsies were subjected to HTS; data from one representative patient is shown; each line represents one clone (of five representative clones mentioned in c and d). 
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Skin immunization with different antigens generates
skin Tgy cells and TCR-identical Ty cells in LNs.

Repetitive sensitization increases the abundance of Ty,
cells in skin.

Trum Cells mediate rapid skin contact hypersensitivity
(CHS) responses, whereas Ty, cells mediate delayed
attenuated CHS responses.

Contact dermatitis to DPCP induces Tgy, cells in human
skin.
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Conclusion

« Allergic contact dermatitis (ACD) mediation by Tg,,
explains recurrent and site-specific nature of disease.

« TCR-identical Tgy (peripheral tissue) and Ty (LN) >
two compartments of memory T cells with identical
TCR but different effector properties.

« Human diseases that recur episodically in barrier
tissue may be mediated by Tgy.
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