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Purpose of review

b

We bring updated knowledge on tissue-resident memory T cells (Tgp), underlining their major role in the
recurrence and the severity of allergic contact dermatitis (ACD).

Recent findings

ACD is a frequently encountered skin disease. It is defined as a delayed-type hypersensitivity reaction
initiated by the recruitment of antigen-specific T cells into the skin of sensitized patients. ACD lesions tend
to develop on already-exposed areas and worsen over time. That clinical observation has raised questions
on the contribution of Tgpm to ACD recurrence and severity. Trp are memory T cells that persist in peripheral
tissues, such as the skin, without recirculating through the blood. These cells provide effective immune
memory against pathogens, but they may also participate in the development or exacerbation of numerous
inflammatory diseases, including skin allergies. Recent works have demonstrated a major role for Tgpy in

ACD pathophysiology.

Summary

In ACD, Tgm accumulate preferentially at the allergen contact site during the sensitization phase.
Thereafter, these cells cause a rapid and intense response to any new allergen exposure. They also play a
key role in flare-ups of ACD and the chronicity and severity of the disease. These aspects suggest that Trpm

may have an interest as therapeutic targets.
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Allergic contact dermatitis (ACD) is a T-cell-medi-
ated skin disease [1]. ACD manifests as eczema flare-
ups following cutaneous exposure to an allergen.
Exacerbations usually occur at the same sites and
tend to worsen over time [2]. Studies inspired by that
clinical observation have demonstrated a key role
for tissue-resident memory T cells (Try) in ACD
recurrence and severity [3]. With this review, we
first provide an overview on the pathophysiology
of ACD and thereafter describe the general charac-
teristics of Try and their contribution to ACD flare-
ups. Finally, we will discuss the diagnostic and
therapeutic vistas opened by the discovery of the
roles of these cells in ACD.

ACD is a delayed-type hypersensitivity (i.e., a type
IV reaction as defined by Gell and Coombs), char-
acterized by the recruitment and activation of aller-
gen-specific effector (Teff) and memory (Tmem)
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T cells into the skin of previously sensitized patients.
ACD follows three distinct phases:

Sensitization: Teff and Tmem differentiation

The sensitization phase is clinically silent but results
in the development of specific Teff upon antigen
presentation by dendritic cells (DC) [4]. The pene-
tration and accumulation of the allergen in the skin
activate innate immunity and the release of pro-
inflammatory mediators, such as interleukin (IL)-1p
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KEY POINTS

e Trm play fundamental roles in ACD chronicity, severity,
and flare-ups.

e Antigen-specific Tppm accumulate into the skin in parallel
with the number of allergen exposures and the intensity
of clinical reaction.

e Targeting pathological Tgm by depletion, modification
of their residency capacities, or limiting their activation
should be investigated as a promising option for the
treatment of ACD.

or IL-18 by keratinocytes [5,6]. Inflammation is a
prerequisite for the activation and migration of DC
to the draining lymph nodes, where they present the
antigen to naive CD8+ and CD4+ T cells via major
histocompatibility complex class I or class II mole-
cules respectively, or CD1 molecules [7-9]. Antigen-
specific-T cells are then activated, proliferate, and
differentiate into Teff and Tmem, able to recirculate
into the skin. [10,11]. A new encounter with the
antigen will activate these Teff and Tmem and result
in skin inflammation.

Elicitation: activation of Teff

Elicitation occurs in sensitized patients 24-48h
after a renewed contact with the antigen. After
cutaneous barrier penetration, the antigen is cap-
tured by the DC and presented to the antigen-specific
T cells generated during the sensitization phase.
These latter induce a rapid and effective inflamma-
tory response and contribute to the recruitment of
other circulating T cells [4]. Several studies
highlighted the role of cytotoxic CD8+ T cells [12].
Their activation results in keratinocyte apoptosis and
is accompanied by the release of pro-inflammatory
cytokines that amplify skin inflammation [13,14].
Furthermore, unconventional lymphocytes, mono-
cytes/macrophages, neutrophils, eosinophils, or
mast cells, accumulate in ACD lesions, further wors-
ening the inflammatory process [15-18].

This leads to the establishment of the ACD
lesion.

Resolution: establishment of Tmem in the
skin

The duration of the inflammatory reaction
depends on the allergen persistence in the skin
and involves regulatory processes. ACD lesion
remission involves regulatory T cells (Treg)
and the IL-10 they produce [19-21], increased
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expression of co-inhibitory molecules by resident
immune cells [22], and the release of anti-
inflammatory cytokines.

During the resolution phase, Teff are progres-
sively replaced by a large population of Tmem,
which enable a faster and more effective immune
response upon allergen reexposure [23]. Although
the various Tmem share certain characteristics,
they are not a homogenous population. Indeed,
a number of subsets, distinguishable by their
circulatory and functional properties, have been
identified.

(1) Central memory T cells (Tcy) circulate in the
lymphoid organs. They have no direct effector
activity, but rather the ability to proliferate and
differentiate rapidly into effector cells in response
to a secondary antigen challenge [24-26].

(2) Effector memory T cells (Tg\y) circulate in the
blood and peripheral tissues. Upon antigen rec-
ognition, they rapidly acquire effector capaci-
ties, with limited proliferation [24-26].

(3) More recently, a third population was identi-
fied, i.e., tissue-resident memory T cells (Try).
These cells survive for several months within the
peripheral tissues (notably epithelial barriers) of
the organism without recirculating after the
resolution of inflammation and are able to pro-
vide an extremely rapid response after new anti-
gen exposure. [3,27,28].

Try Were first described in cutaneous infection mod-
els. They are a heterogeneous group of T lympho-
cytes that, in contrast to Ty and Tgy, do not
migrate or recirculate outside of their resident tis-
sues [29]. They thus provide rapid and durable
immune responses against pathogenic agents in
peripheral tissues (skin, lung, gut, nerves, etc.).
TRM comprise CD8+ and CD4+ T cells that differ
phenotypically and functionally from their circulat-
ing counterparts [30].

Immunological characteristics of skin-Tgy

Because of their tissue residency and distinct func-
tions, Trn have specific characteristics. Transcrip-
tionally, such factors as Hobit, Blimp-1, Runx3,
Notch, and the aryl hydrocarbon receptor (AhR)
are strongly upregulated in Try and mediate their
differentiation and survival [31-33]. In contrast, the
EOMES, TCF1, and T-box transcription factors are
downregulated in Tgy, compared to circulating
Tmem [34].
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Two phenotype markers, CD69 and CD103, are
conventionally used to differentiate Tgry from other
circulating T cells [35]. These two surface proteins
play a key role in Tgys biology by favoring their
retention and survival within the concerned tissue.
CD49 is another important marker for Tgy,
expressed upon IL-15 stimulation, and associated
with Try cytotoxic function [production of gran-
zyme B (GrB), perforin, and interferron gamma
(IFNv)] [36].

The molecular mechanisms behind Ty differ-
entiation have not been completely elucidated.
There are three important steps in the development
of these cells:

(1) Penetration into cutaneous tissue — The ability
of Teff to penetrate and accumulate in the skin
via the expression of the chemokine receptor
CXCR3 is a prerequisite for the later establish-
ment of memory cells [30].

(2) Local retention — Preventing T cells from recir-
culating into the blood is a key factor in the
development of Trys. Egress can be hampered by
the reduction of the molecules needed for it,
such as CCR7 [37] or S1PR1, which is dependent
on CD69 expression [38]. CD103 also appears to
play a role by facilitating Try adhesion to epi-
thelial cells via the E-cadherin ligand [30].

(3) Micro-environmental signal responses — TGEB,
TNF«, 1L-33, IL-7, and IL-15 contribute to the
environmental signals favoring Trys differentia-
tion [30,39,40"].

Other mechanisms that may contribute to Try
survival are currently being explored, for example,
the upregulation of BCL2 (an apoptosis regulator)
[41] or AhR [33]. Finally, the expression of fatty
acid-binding protein 4 (FABP4) and 5 (FABPS),
which ease the absorption of cutaneous lipids
needed for Try metabolism, also appear vital for
their survival [42].

Immunosurveillance and skin protection

Peripheral tissueslike skin are in direct contact with
the environment and thus constantly exposed to
pathogenic organisms. Because of their strategic
position within the peripheral tissues where they
can initiate a rapid immune response, Tgy provide
a first-line barrier against infections. Tgry act as a
detection and alarm system able to rapidly recruit
immune effectors by secreting cytokines and che-
mokines like IFNw, IL-2, IL-17, and TNFa. By secret-
ing GrB and perforin, they also provide direct
cytotoxic activity against targeted pathogens
[43]. Several studies have shown that Tyrys induce
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an immune response to infections superior to that
of circulating T cells [44]. The Tgy resulting from a
skin infection are not only local; they also dissemi-
nate throughout the skin [45]. Try thus favor
organism-wide immunosurveillance. However,
authors have reported more rapid viral control at
infection-nonnaive vs infection-naive sites, sug-
gesting that Trys develop preferentially at the site
of initial infection [44]. Thus, there does appear to
be a clear correlation between local Tyy density at a
particular site and the specific level of protection
therein [46].

Beyond the immunosurveillance they provide,
Trv are also able to tame excessive responses to
avoid tissue damage. These regulatory mechanisms
involve co-inhibitory molecules (e.g., PD-1, LAG-3,
TIM-3 and 2B4) [30] and anti-inflammatory cyto-
kines (e.g., IL-10 and TGFp) that stimulate Treg [47].

Thus, under normal conditions, Try play an
essential role as a sentinel within cutaneous tissue.
They contribute to immune stimulation and favor
rapid and effective responses to re-encountered
pathogens while preserving tissue integrity.

Trm pathogenesis

However, certain Tgy, can become pathological and
participate in the development of autoimmune or
allergic inflammatory disease. That role was first
identified in the setting of fixed drug eruptions
(FDE), an allergic reaction that reoccurs in a same
location each time the allergenic drug is adminis-
tered. Studies revealed that CD8+CD69+CD103+ T
cells in FDE lesions were able to secrete IFNy very
rapidly upon renewed drug challenge [48]. This
suggested that Ty are the main effector cells driving
the pathology.

Tryv involvement has furthermore been demon-
strated in psoriasis [49-51], vitiligo [52], mycosis
fungoides [53], and atopic dermatitis [54]. Clinical
characteristics of these pathologies reflect Try biol-

ogy:

(1) Because Tyy do not recirculate, the inflamma-
tory lesions they induce tend to be clearly cir-
cumscribed and highly persistent. The lesions
may disappear under efficacious anti-inflamma-
tory treatments, but will often reoccur at the
same site when the treatment is stopped and/or
an antigen is reencountered.

(2) Furthermore, Tryr-mediated inflammation is
extremely rapid upon antigen reexposure.

(3) Finally, the progressive accumulation of Ty in
skin repeatedly exposed to antigens can result
in progressive worsening of inflammation
over time.
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Several studies have shown that Ty, are involved in
the pathophysiology of ACD. Most underline a
major role for CD8+ Ty [3,55,56%,57%] and a recent
study highlighted an important role for CD4+ Try
in delayed hypersensitivity mouse model [59].

During the sensitization phase, antigen-specific
Trav and Tey are generated in equal number from a
shared precursor cell; they share the same receptor
repertoire and recognize the same antigen [55]. Try
domiciliate in the skin tissue under the influence of
TGFB and IL-15, and furnish a rapid (<24h) and
intense immune response. In contrast, the response
turnished by circulating T¢y, is more delayed (>48-
72h) and attenuated. Try gather preferentially at
the site of contact and their activation is dependent
on the allergen’s presence [56™]. They release IFNvy
and IL-17, leading to increased production of IL-18,
a key cytokine in ACD lesion development, by ker-
atinocytes [3]. How long Ty persists in skin tissue in
the absence of antigen stimulation is currently
unknown, although some studies have suggested
that they diminish progressively over at least one
year [56™,58"].

Allergen reexposure causes a more severe ACD
flare-up at antigen-nonnaive compared to antigen-
naive sites. This response has been observed in both
preclinical  dinitrofluorobenzene-induced ACD
murine models and in patch-test studies in sensi-
tized patients [3,55,56™",57"%,58"]. The tendency of
Trum to accumulate in tissues exposed repeatedly to
antigens may explain why ACD worsens over time,
with more severe lesions appearing more rapidly
with each exposure. Indeed, Schmidt et al. showed
that clinical response correlated with epidermal Try
levels, and IFN+vy and IL-17 expression [3]. Similarly,
Gadsboll et al. demonstrated a clinical correlation
between reaction intensity and epidermal CD8+
Try, and a correlation of this latter with the applied
allergen dose and the number of exposures [577].

These observations may explain, for example,
why one skin zone is affected but not another in
nickel allergy, or why traces of highly allergenic
compounds like paraphenylenediamine reactivate
eczema at zones where Ty may have accumulated.
Trv abundancy varies from one zone to another and
in proportion to the frequency of allergen exposure.
This contrasts with Tcyy, the abundancy of which
appears unaffected by exposure frequency [535].

A recent study showed that allergens can persist
within the skin for more than a month after contact
[56™], which favors the formation and accumula-
tion of Tyy at the exposure site, even after the lesion
has healed. Persistent Trys are hyporeactive due to
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the expression of co-inhibitory molecules, including
PD1, TIM3, and 2B4. This attenuates their activation
and prevents excessive recurrences at low-dose aller-
gen exposure. Indeed, the use of PD1 and TIM3
antagonists exacerbates the inflammatory reaction
with increased production of INFy and GrB [56].
Thus, the presence of these strong regulatory mech-
anisms may be explained by the persistence of the
allergen in the skin, which contributes to maintain-
ing the expression of inhibitory receptors.

Consequently, Tyy; appear to be key players in
ACD recurrence.

Diagnostic insights

As compared to the roles of Tgy and Tey in the
pathophysiology of ACD, that of Try could explain
why epicutaneous tests performed on the back,
usually far from the sensitization site, show delayed
and often low-intensity responses and why trace
antigen reactions can be symptomatic only at pre-
viously exposed sites. These observations suggest
the possibility of false-negative skin tests due to
too-low concentrations of the considered antigen,
and especially a possible interest for performing skin
tests on the previously affected areas, as is done
currently for FDE.

Also, the identification of qualitative and/or
quantitative biomarkers of Try could prove useful
for patient stratification, improve clinical manage-
ment of the disease, and empower a personalized
medicine approach to it. Finally, novel technologi-
cal tools need to be developed to enable the detec-
tion of Ty in routine clinical practice.

Therapeutic perspectives

For decades now, skin Trys have been targeted fortu-
itously by topical corticosteroids. These latter bring
lesions under control efficaciously and rapidly but do
not prevent recurrences once they are discontinued.
Recent work of our team suggests that topical corti-
costeroids temporarily modulate Tgys activation, but
do not deplete them, which may explain a very rapid
relapse after treatment discontinuation.

Trv depend on numerous cytokines and chemo-
kines for their development, survival, and activa-
tion, and thus potential therapies targeting these
factors, or the markers expressed by Trys are cur-
rently being explored. For example, targeting IL-15
with anti-CD122 (a subunit of IL-15 receptor) mono-
clonal antibodies has been shown to be effective in
murine model of vitiligo [59]. Short-term treatment
with anti-CD122 inhibits Ty production of IFNvy,
and long-term treatment depletes Trys from skin
lesions. [59].
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Gamradt et al. showed that the expression of
inhibitory checkpoint receptors by Ty controls
their reactivation and limits ACD flare-ups during
low-concentration allergen exposure. They also
reported that the long-term persistence of the aller-
gen in the epidermis appeared to play a role in the
modulation and expression of these co-inhibitory
molecules [56™]. The molecular network favoring
the acquisition and expression of these inhibitory
receptors by Try remains to be explored. Studying
the capacities of PD1, TIM3 ou 2B4 antagonists for
the prevention of Tgys reactivation would appear
particularly pertinent. Also, desensitization proto-
cols using very low antigen doses may be useful. The
development of new therapeutic strategies to pre-
vent the reactivation of Try via their inhibitory
receptors could help restore tolerance in allergic
patients.

Try survival and function also depends on the
absorption of exogenous lipids and their oxidative
metabolism. Thus, pharmacological agents blocking
lipid metabolisms, such as etomoxir or trimetazi-
dine, strongly reduce Ty survival [42]. The Trys in
ACD are also influenced by the mTOR pathway [60],
and targeting it may enable the alteration of Try
production and provide therapeutic benefit [61].
Thus, targeting Try metabolic or activation path-
ways would appear to be a therapeutic strategy
worth exploring in ACD.

Finally, Try are essential for infection preven-
tion and crucial components of the adaptive
immune response. It appears thus vital to be able
to distinguish protective Try from their pathologi-
cal counterparts and to carefully study any adverse
effects of treatments aimed at these latter. Respect-
ing these precautions, approaches aimed at elimi-
nating pathological Try (by depletion  or
modification of residency capacities) or preventing
or limiting their activation hold great promise for
the treatment of ACD.

The discovery of Try in the pathophysiology of
ACD has contributed important knowledge on
the natural history of the disease. Ty play funda-
mental role in ACD chronicity, severity and flare-
ups. A better understanding of their nature will
empower the ability to target Try;, which may ulti-
mately enrich the armamentarium against ACD.
The challenge is to target specifically the patholog-
ical Try while preserving the individual’s immuno-
logical balance.

Acknowledgements
The authors would like to thank Kevin Erwin for editing.

1528-4050 Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Role of tissue-resident memory T cells Lefevre et al.

Financial support and sponsorship
None.

Conflicts of interest
There are no conflicts of interest.

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm of outstanding interest

1. Saint-Mezard P, Rosieres A, Krasteva M, et al. Allergic contact dermatitis. Eur
J Dermatol 2004; 14:284-295.

2. Nosbaum A, Vocanson M, Rozieres A, et al. Allergic and irritant contact
dermatitis. Eur J Dermatol 2009; 19:325-332.

3. Schmidt JD, Ahlstrom MG, Johansen JD, et al. Rapid allergen-induced
interleukin-17 and interferon-y secretion by skin-resident memory CD8(-+)
T cells. Contact Derm 2017; 76:218-227.

4. Vocanson M, Hennino A, Roziéres A, et al. Effector and regulatory mechan-
isms in allergic contact dermatitis. Allergy 2009; 64:1699-1714.

5. Klekotka PA, Yang L, Yokoyama WM. Contrasting roles of the IL-1 and IL-18
receptors in MyD88-dependent contact hypersensitivity. J Investig Dermatol
2010; 130:184-191.

6. Yasukawa S, Miyazaki Y, Yoshii C, et al. An ITAM-Syk-CARDS9 signalling axis
triggers contact hypersensitivity by stimulating IL-1 production in dendritic
cells. Nat Commun 2014; 5:3755.

7. Cyster JG. Chemokines and the homing of dendritic cells to the T cell areas of
lymphoid organs. J Exp Med 1999; 189:447-450.

8. Weltzien HU, Moulon C, Martin S, et al. T cell immune responses to haptens.
Structural models for allergic and autoimmune reactions. Toxicology 1996;
107:141-151.

9. Betts RJ, Perkovic A, Mahapatra S, et al. Contact sensitizers trigger human
CD1-autoreactive T-cell responses. Eur J Immunol 2017; 47:1171-1180.

10. Vocanson M, Hennino A, Chavagnac C, et al. Contribution of CD4(+)and
CD8(+) T-cells in contact hypersensitivity and allergic contact dermatitis.
Expert Rev Clin Immunol 2005; 1:75-86.

11. Mora JR, von Andrian UH. T-cell homing specificity and plasticity: new
concepts and future challenges. Trends Immunol 2006; 27:235-243.

12. Vocanson M, Hennino A, Cluzel-Tailhardat M, et al. CD8+ T cells are effector
cells of contact dermatitis to common skin allergens in mice. J Investig
Dermatol 2006; 126:815-820.

13. Trautmann A, Akdis M, Kleemann D, et al. T cell-mediated Fas-induced
keratinocyte apoptosis plays a key pathogenetic role in eczematous derma-
titis. J Clin Investig 2000; 106:25-35.

14. Akiba H, Kehren J, Ducluzeau M-T, et al. Skin inflammation during contact
hypersensitivity is mediated by early recruitment of CD8+ T cytotoxic 1 cells
inducing keratinocyte apoptosis. J Immunol 2002; 168:3079-3087.

15. Meixiong J, Anderson M, Limjunyawong N, et al. Activation of mast-cell-
expressed mas-related G-protein-coupled receptors drives nonhistaminergic
itch. Immunity 2019; 50:1163-1171. eb.

16. Tamoutounour S, Guilliams M, Montanana Sanchis F, et al. Origins and
functional specialization of macrophages and of conventional and mono-
cyte-derived dendritic cells in mouse skin. Immunity 2013; 39:925-938.

17. Gober MD, Fishelevich R, Zhao Y, et al. Human natural killer T cells infiltrate
into the skin at elicitation sites of allergic contact dermatitis. J Investig
Dermatol 2008; 128:1460-1469.

18. Rafei-Shamsabadi DA, van de Poel S, Dorn B, et al. Lack of Type 2 innate
lymphoid cells promotes a type i-driven enhanced immune response in
contact hypersensitivity. J Investig Dermatol 2018; 138:1962-1972.

19. Vocanson M, Rozieres A, Hennino A, et al. Inducible costimulator (ICOS) is a
marker for highly suppressive antigen-specific T cells sharing features of
TH17/TH1 and regulatory T cells. J Allergy Clin Immunol 2010;
126:280-289. 289.e1-7.

20. Honda T, Otsuka A, Tanizaki H, et al. Enhanced murine contact hypersensi-
tivity by depletion of endogenous regulatory T cells in the sensitization phase.
J Dermatol Sci 2011; 61:144-147.

21. lkebuchi R, Teraguchi S, Vandenbon A, et al. A rare subset of skin-tropic
regulatory T cells expressing [110/Gzmb inhibits the cutaneous immune
response. Sci Rep 2016; 6:35002.

22. Francisco LM, Sage PT, Sharpe AH. The PD-1 pathway in tolerance and
autoimmunity. Immunol Rev 2010; 236:219-242.

23. Kaech SM, Cui W. Transcriptional control of effector and memory CD8+ T
cell differentiation. Nat Rev Immunol 2012; 12:749-761.

24. Sallusto F, Lenig D, Forster R, et al. Two subsets of memory T lymphocytes
with distinct homing potentials and effector functions. Nature 1999;
401:708-712.

www.co-allergy.com 359

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Drug allergy

25. Tussey L, Speller S, Gallimore A, Vessey R. Functionally distinct CD8+
memory T cell subsets in persistent EBV infection are differentiated by
migratory receptor expression. Eur J Immunol 2000; 30:1823-1829.

26. von Andrian UH, Mackay CR. T-cell function and migration. Two sides of the
same coin. N Engl J Med 2000; 343:1020-1034.

27. Schenkel JM, Masopust D. Tissue-resident memory T cells. Immunity 2014;
41:886-897.

28. Mueller SN, Mackay LK. Tissue-resident memory T cells: local specialists in
immune defence. Nat Rev Immunol 2016; 16:79-89.

29. Mami-Chouaib F, Tartour E. Editorial: tissue resident memory T cells. Front
Immunol 2019; 10:1018.

30. Mackay LK, Rahimpour A, Ma JZ, et al. The developmental pathway for
CD103(+)CD8+ tissue-resident memory T cells of skin. Nat Immunol
2013; 14:1294-1301.

31. Mackay LK, Minnich M, Kragten NAM, et al. Hobit and Blimp1 instruct a
universal transcriptional program of tissue residency in lymphocytes. Science
2016; 352:459-463.

32. Milner JJ, Toma C, Yu B, et al. Runx3 programs CD8+ T cell residency in
nonlymphoid tissues and tumours. Nature 2017; 552:253-257.

33. Zaid A, Mackay LK, Rahimpour A, et al. Persistence of skin-resident memory T
cells within an epidermal niche. Proc Natl Acad Sci USA 2014;
111:56307-5312.

34. Mackay LK, Wynne-Jones E, Freestone D, et al. T-box transcription factors
combine with the cytokines TGF-B and IL-15 to control tissue-resident
memory T cell fate. Immunity 2015; 43:1101-1111.

35. Watanabe R, Gehad A, Yang C, et al. Human skin is protected by four
functionally and phenotypically discrete populations of resident and recircu-
lating memory T cells. Sci Trans| Med 2015; 7:279ra3.

36. Cheuk S, Schlums H, Gallais Sérézal |, et al. CD49a expression defines
tissue-resident CD8+ T cells poised for cytotoxic function in human skin.
Immunity 2017; 46:287-300.

37. Bromley SK, Thomas SY, Luster AD. Chemokine receptor CCR7 guides T cell
exit from peripheral tissues and entry into afferent lymphatics. Nat Immunol
2005; 6:895-901.

38. Skon CN, Lee J-Y, Anderson KG, et al. Transcriptional downregulation of
S1pr1 is required for the establishment of resident memory CD8+ T cells. Nat
Immunol 2013; 14:1285-1293.

39. Zhang N, Bevan MJ. Transforming growth factor-B signaling controls the
formation and maintenance of gut-resident memory T cells by regulating
migration and retention. Immunity 2013; 39:687-696.

40. Hirai T, Yang Y, Zenke Y, et al. Competition for active TGF cytokine allows for

m  selective retention of antigen-specific tissue- resident memory T cells in the
epidermal niche. Immunity 2021; 54:84-98. e5.

This study showed that the source of TGF -supporting Trm cells was autocrine

and that interclonal competition for transactivation of autocrine TGF preferentially

enriches for antigen-specific Try at the skin barrier.

41. Wojciechowski S, Tripathi P, Bourdeau T, et al. Bim/Bcl-2 balance is critical
for maintaining naive and memory T cell homeostasis. J Exp Med 2007;
204:1665-1675.

42. Pan Y, Tian T, Park CO, et al. Survival of tissue-resident memory T cells
requires exogenous lipid uptake and metabolism. Nature 2017; 543:
252-256.

43. Schenkel JM, Fraser KA, Beura LK, et al. T cell memory. Resident memory
CD8T cells trigger protective innate and adaptive immune responses.
Science 2014; 346:98—-101.

44. Mackay LK, Stock AT, Ma JZ, et al. Long-lived epithelial immunity by tissue-
resident memory T (TRM) cells in the absence of persisting local antigen
presentation. Proc Natl Acad Sci USA 2012; 109:7037-7042.

45. Jiang X, Clark RA, Liu L, et al. Skin infection generates nonmigratory memory
CD8+ T(RM) cells providing global skin immunity. Nature 2012; 483:
227-231.

360 www.co-allergy.com

46. Park SL, Zaid A, Hor JL, et al. Local proliferation maintains a stable pool of
tissue-resident memory T cells after antiviral recall responses. Nat Immunol
2018; 19:183-191.

47. Zhong H, LiuY, Xu Z, et al. TGF-B-induced CD8+CD103+ regulatory T cells
show potent therapeutic effect on chronic graft-versus-host disease lupus by
suppressing B cells. Front Immunol 2018; 9:35.

48. Shiohara T, Mizukawa Y, Teraki Y. Pathophysiology of fixed drug eruption: the
role of skin-resident T cells. Curr Opin Allergy Clin Immunol 2002;
2:317-3283.

49. Boyman O, Hefti HP, Conrad C, et al. Spontaneous development of psoriasis
in a new animal model shows an essential role for resident T cells and tumor
necrosis factor-alpha. J Exp Med 2004; 199:731-736.

50. Cheuk S, Wikén M, Blomqyist L, et al. Epidermal Th22 and Tc17 cells form a
localized disease memory in clinically healed psoriasis. J Immunol 2014;
192:3111-3120.

51. Sagi L, Trau H. The Koebner phenomenon. Clin Dermatol 2011; 29:
231-236.

52. Richmond JM, Strassner JP, Rashighi M, et al. Resident memory and recir-
culating memory T cells cooperate to maintain disease in a mouse model of
Vitiligo. J Investig Dermatol 2019; 139:769-778.

53. Campbell JJ, Clark RA, Watanabe R, Kupper TS. Sezary syndrome and
mycosis fungoides arise from distinct T-cell subsets: a biologic rationale
for their distinct clinical behaviors. Blood 2010; 116:767-771.

54. Brunner PM, Emerson RO, Tipton C, et al. Nonlesional atopic dermatitis skin
shares similar T-cell clones with lesional tissues. Allergy 2017;
72:2017-2025.

55. Gaide O, Emerson RO, Jiang X, et al. Common clonal origin of central and
resident memory T cells following skin immunization. Nat Med 2015; 21:
647-653.

56. Gamradt P, Laoubi L, Nosbaum A, et al. Inhibitory checkpoint receptors

mm control CD8+ resident memory T cells to prevent skin allergy. J Allergy Clin
Immunol 2019; 143:2147-2157. 9.

In experimental model of allergic contact dermatitis, Gamradt et al. showed that

CD8+ Try remained in the epidermis for several weeks and mediated the eczema

exacerbations. Furthermore, these cells expressed a specific set of inhibitory

checkpoint receptors (PD-1 and TIM-3) that constrained their excessive reactiva-
tion. Importantly, they showed that the allergen persists in the epidermis for at least
one month and this is responsible for both the development and maintenance of

Trw, as well as their expression of nhibitory checkpoint receptors.

57. Gadsbell A-SQ, Jee MH, Funch AB, et al. Pathogenic CD8+ epidermis-

m  resident memory T cells displace dendritic epidermal T cells in allergic
dermatitis. J Investig Dermatol 2020; 140:806-815. eb.

In ACD murine model, accumulation of Tgy results in a displacement of the

normally occurring dendritic epidermal T cells (DETC) that could be explained by

higher spare respiratory capacity of Trym. The authors also demonstrated that the
magnitude of the clinical reaction correlateed with the number of CD8+ epidermal

Trm, Which again correlated with allergen dose and number of allergen exposures.

58. Murata A, Hayashi S-l. CD4+- resident memory T cells mediate long-term local

m  skin immune memory of contact hypersensitivity in BALB/c Mice. Front
Immunol 2020; 11:775.

Using a BALB/c mice model of contact hypersentivity, the authors suggest an

important role of CD4+ Tgry in mediated local skin memory.

59. Richmond JM, Strassner JP, Zapata L, et al. Antibody blockade of IL-15
signaling has the potential to durably reverse vitiligo. Sci Trans| Med 2018;
10.

60. Balato A, Lembo S, Ayala F, et al. Mechanistic target of rapamycin complex 1
is involved in psoriasis and regulated by anti-TNF-a treatment. Exp Dermatol
2017; 26:325-327.

61. Buerger C. Epidermal mMTORC1 signaling contributes to the pathogenesis of
psoriasis and could serve as a therapeutic target. Front Immunol 2018;
9:2786.

Volume 21 e Number 4 o August 2021

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



