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Tissue-resident memory T cells and their function in skin diseases
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Abstract

Tissue-resident memory T (TRM) cells are a recently defined subtype of non-recirculating memory T cells with longevit}%
protective functions in peripheral tissues. As an essential frontline defense against infections, TRM cells have been reported
to robustly patrol the tissue microenvironment in malignancies. Accumulating evidence also implicates that TRM cells in the
relapse of chronic inflammatory skin diseases such as psoriasis and vitiligo. In light of these developments, this review aims to
synthesize these recent findings to enhance our understanding of TRM cell characteristics and actions. Therefore, after providing
a brief overview of the general features of the TRM cells, including precursors, homing, retention, and maintenance, we discuss
recent insights gained into their heterogeneous functions in skin diseases. Specifically, we explore their involvement in conditions
such as psoriasis, vitiligo, fixed drug eruption — dermatological manifestations of drug reactions at the same spot, cutaneous T
cell lymphoma, and melanoma. By integrating these diverse perspectives, this review develops a comprehensive model of TRM
cell behavior in various skin-related pathologies. In conclusion, our review emphasizes that deciphering the characteristics and
mechanisms of TRM cell actions holds potential not only for discovering methods to slow cancer growth but also for reducing
the frequency of recurrent chronic inflammation in skin tissue.
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Introduction

The skin serves asthe body’s largest barrier organ, shielding
it from the external environment. Continuous exposure to
exogenous antigens and stimuli activates immune cells.!
Upon antigen stimulation, naive T cells undergo activa-
tion, expansion, and differentiation into effector T cells.
Following the clearance of an infection, most effector
cells undergo programmed death, while the remaining T
cells transition into memory T cells that circulate between
secondary lymphoid organs and the blood.!*? Circulat-
ing memory T lymphocytes are categorized into central
memory T cells (TCM) and effector memory T cells
(TEM)." Tissue-resident memory T (TRM) cells have recently
been defined as a subset of non-recirculating memory T
cells that reside in peripheral tissues, including the skin,
gut, liver, kidneys, and brain.’-8! Accumulating evidence
highlights the indispensability of TRM cells against
infection and cancer, both in mouse models and in human
patients.” !l However, it appears that permanent TRM
cells can also contribute to skin immune system disorders
such as fixed drug eruptions (FDEs),!"?! vitiligo,!'*l and pso-
riasis."" In this context, we review recent advancements in
understanding the characteristics of TRM cells and explore
their involvement in the pathogenesis of skin diseases.
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Precursors of TRM Cells

During viral infection, naive T cells in the lymph nodes
recognize the antigen presented by basic leucine zipper
ATF-like transcription factor 3 (Batf3)/dendritic cell
natural killer group receptor-1 (DNGR-1)-dependent
dendritic cells (DCs) and give rise to precursor TCM and
TRM cells."9! Certain effector T cells migrate into the
circulatory system and respond to local microenvironmen-
tal factors (e.g., transforming growth factor B [TGF-B],
interleukin [IL]-15, and IL-7) to establish residency.!'®!
Killer cell lectinlike receptor subfamily G member 1
(KLRG1)°¥ combined with IL-7Ra (also known as
CD127)Msh is identified as a memory precursor effector
cell (MPEC) marker that generates memory T cells.
However, CD127"°YKLRG1"8" terminal effector cells
cannot produce memory T cells.!”>!8 Further, sphin-
gosine-1-phosphorylated receptor 1 (S1PR1), which is
regulated by the transcription factor Kruppel-like factor
2 (KLF2), is required by circulating memory T cells to
exit peripheral tissue.''”! Consequently, downregulation
of KLF2 expression results in the loss of SIPR1 expres-
sion, inducing the long-term residency of TRM cells. The
CC-chemokine receptor 7 (CCR7) is another key recep-
tor involved in adaptive immune cell migration that is
activated by two different ligands, CC motif chemokine
ligand 19 (CCL19) and CCL21.1?% Similar to S1PR1,
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suppression of CCR7 is necessary for the tissue residency
of TRM cells.

Retention Mechanisms and Homing Molecules of TRM Cells

CD69 antagonizes S1IPR1-mediated egress from tissues as
an early activation marker of TRM cells.?!! Integrins reg-
ulate cellular growth, adhesion, and migration by binding
to cell surface ligands to drive interactions between the
extracellular matrix (ECM) and other cells.*?! For exam-
ple, integrin aEB7 (CD103) promotes the sustentation of
CD103* TRM cells in the epithelium and is also used as a
phenotypic marker of TRM cells.?®! Integrin o4/B7 medi-
ates the migration of lymphocytes and facilitates their
homing to gut-associated lymphoid tissue (GALT).[?*
Human skin studies have reported the high expression
of homing receptors, including cutaneous lymphocyte
antigen (CLA), C-X-C chemokine receptor 3 (CXCR3),
CCR4, CXCR6, CCR8, and CCR10.[2°-28] Recent studies
indicate that multiple human circulating T cell subsets are
capable of differentiating into TRM in peripheral tissues,
of which CCR7*L-selectin® (CD62L) TCM cells are the
most efficient precursors for human skin TRM cells.?”!

TGF-B plays a central role in promoting the differentiation
of CD8* TRM cells.?% Further, TGF-p induces CD103
through the Smad3 pathway, suppressing the level of
T-bet and TCF-1.3" CD103 expression is tissue-specific,
with skin and salivary gland CD8* TRM cells, but not
liver cells, expressing CD103.32 Additionally, interleu-
kin (IL)-7 and IL-15 that are produced by hair follicles
facilitate the maintenance of TRM cells in a steady-state
environment.?>*! After cutaneous viral infection, CD8*
TRM cells differentially express high levels of several
molecules, including fatty acid-binding proteins 4 and
5 (FABP4 and FABPS).1*>) Additionally, upregulation of
exogenous free fatty acid (FFA) uptake and metabolism
supports the long-term survival of TRM cells through
utilizing mitochondrial fatty acid B-oxidation to generate
ATP.B¢l Conversely, treatment with fatty acid mitochon-
drial B-oxidation inhibitor (etomoxir) results in the
inability to metabolize exogenous FFA of CD8* TRM in
the skin. Moreover, several pathways participate in the
regulation of TRM cells, including Janus kinase (JAK)/
STAT and mTOR/PI3K/Akt pathway.!37-38

The differentiation and maintenance of TRM cells are
under the regulation of diverse transcription factors,
including Hobit (also known as Zfp683), B lympho-
cyte-induced Runt-related transcription factor 2 (Runx2),
B lymphocyte-induced Runt-related transcription factor
3 (Runx3), B lymphocyte-induced maturation protein 1
(Blimp-1),1*”) Eomesodermin (EOMES), hypoxia-induci-
ble factor 2a. (HIF-2a), Notch, aryl hydrocarbon receptor
(AhR),*T and Bhlhe40.*! Hobit is a specific regulator of
TRM cells and is generally expressed in TRM cells in the
skin, liver, kidneys, and lungs.**! The activation of RunX2
and RUNX3 stimulates the development of cytotoxic
CD8*CD103*CD49a* TRM cells, which provide immu-
nosurveillance against malignant cells.[*>**1 Eomes is
required by effector T cells to prevent their development
into TRM.*! Interestingly, AhR is thought to promote
CD8* TRM cell differentiation and balance the immune
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state in atopic dermatitis and psoriasis.*®! Bhlhe40, a
stress-responsive transcription factor, maintains mito-
chondrial fitness in TRM cells. Bhlhe40 deficiency leads
to reduced expression of several mitochondrial genes in
TRM cells.[*!" As a result, Bhlhe40-deficient TRM cells
exhibit elevated levels of damaged mitochondria. Previous
studies showed that the compromised mitochondrial
fitness has been linked to reduced effector functions in
exhausted CD8* T cells.*”) The interferon (IFN)-y pro-
duction by Bhlhe40-deficient CD8* T cells can be restored
by providing extra tricarboxylic acid intermediates to
enhance acetyl-CoA synthesis and promote histone acetyl-
ation.[*! The characteristics of TRM cells are summarized
in Figure 1.

Phenotypes and Heterogeneous Functions of TRM Cells

Antigens in class I or II of major histocompatibility com-
plexes (MHCs) determine the fate of CD4* and CD8* T
cells during the positive selection phase. TRM cells include
both CD4* and CD8* subsets, with a majority of studies
focusing on CD8* TRM cells due to their robust defense
against recurring infections. For example, Gebhardt
et al*®! demonstrated that CD8* TRM cells reside at the
sites where infections start limiting the extent of new
herpes simplex virus (HSV) infections. Additionally, CD8*
TRM cells are responsible for the swift and effective con-
trol of localized vaccinia virus (VACV) infection, not only
at the local infection site but also on the overall skin sur-
face.[*”l In human skin epithelia, integrin a1p1 (CD49a),
also called very late antigen 1 (VLA-1), distinguishes
TRM cell subsets with CD49a*CD103*CD8* TRM cells
specifically accumulating in the epidermis, while these
cells are localized to both the epidermis and dermis.!"!

For effective pathogen clearance, TRM cells must remain
at the site of pathogen invasion and launch a rapid
immune response. In mice, pulmonary CD8*CD103*
TRM cells possibly expedite the recruitment of immune
cells through IFN-y-mediated induction of chemokine
and cytokine production.’!l In response to a viral
reinfection, brain CD8* TRM cells rapidly express the
cytotoxic molecules granzyme B and IFN-y eliminating
the infected target cells.l*?! Furthermore, activated CD8*
TRM cells constitutively express transcripts of antiviral
and antibacterial genes in mouse skin, reflecting a state
of pre-inflammatory defense. This localized model allows
CD8* TRM cells to respond directly in situ, with a few
activated cells in an organ-extensive response.!’3]

While studies have predominantly focused on CD8*
TRM cells due to their strong defense against recur-
rent infections, the characteristics and functions of
CD4* TRM cells remain poorly understood, poten-
tially due to their dependence on antigen persistence.
CLA*CD69*CD103*CD4* TRM cells in human skin
exhibit the ability to lose the expression of CD69, exit
the tissue, migrate to a secondary skin site, and initiate
regeneration of a TRM subset.[’* Moreover, CD4* TRM
cells appear to express the epithelial adhesion molecule
CD103 at a significantly lower level than that of CD8*
TRM cells. Additionally, the permanent and irreversible
depletion of proinflammatory CXCR3*CD4* TRM cells
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Figure 1: Characteristics of TRM cells. Naive T cells accept antigens present by DCs and induce them to effect T cells. When the infection clears, the remaining T cells have formed the
memory T and are divided into three clusters (TCM, TEM, TRM). CCR7+CD62L* TCM cells are the major effective precursors for human skin TRM cells. Several transcription factors are
involved in the regulation of TRM cells, including Hobit, Runx2, Runx3, Blimp-1, EOMES, HIF-2c., Notch, AhR, and Bhlhe40. Multiple upregulation expressions of homing markers are
involved in TRM cells, including CLA, CXCR3, CCR4, CXCR6, CCR8, and CCR10. JAK/STAT and mTOR/PI3K/Akt pathways also participate in the regulation of TRM cells. The upregulation of
exogenous FFA uptake and FABP4/FABP5 metabolism pathway support the long-term survival of TRM cells. AhR: Aryl hydrocarbon receptor; Blimp-1: B lymphocyte-induced maturation
protein 1; CCR: C-C chemokine receptor; CLA: Cutaneous lymphocyte antigen; CXCR3: C-X-C chemokine receptor 3; DCs: Dendritic cells; EOMES: Eomesodermin; FABP4/FABP5: Fatty
acid-binding proteins 4 and 5; FFA: Free fatty acid; HIF-2a.: Hypoxia-inducible factor 2a; IL: Interleukin; JAK: Janus kinase; KLF2: Kruppel-like factor 2; mTOR: Mammalian target of
rapamycin; Runx2: Runt-related transcription factor 2; S1PR1: sphingosine-1-phosphorylated receptor 1; STAT: Signal transducer and activator of transcription; TCM: Central memory T
cells; TEM: Effector memory T cells; TGF: Transforming growth factor; TRM: Tissue-resident memory T.

in the skin and mucosa of HIV-infected patients shifts
patients toward a Th2-like phenotype, increasing the risk
of skin and mucosal cancers.*S! In the context of HSV-2
infection, CD4* TRM cells are maintained through a
feedback loop in vaginal tissues. These cells rely on CCLS
released from resident macrophages, which, in turn,
secrete local macrophages. After reinfection with HSV-2,
CD4* TRM cells secrete high levels of IFN-y, contributing
significantly to viral clearance./*¢!

Psoriasis

Psoriasis is a chronic papulosquamous skin disease with a
worldwide prevalence of approximately 2%.571 IL-23 and
Th17 responses are recognized as major psoriasis drivers,
along with TNFa, IFN-y, IL-17, and IL-22, that fuel an
ongoing cycle of inflammation. Memory T lymphocytes
play a crucial role in the progression of psoriasis. Interest-
ingly, biologics targeting CD11a or blocking E-selectin
were ineffective against psor1a51s highlighting the com-
plexity of its mechanisms.*3°) However, non-psoriatic
skin in a xenograft mouse model revealed the sponta-
neous development of psoriatic disease.[®®) Moreover,
the recurrence of lesions in situ and the occurrence of
lesions at sites of trauma or pressure on the skin (Koebner
phenomenon) indicate the involvement of TRM cells.[®!)

In an imiquimod (IMQ)-induced psoriasiform mouse
model, the number of CD49a* TRM cells showed a
strong association with disease severity. Moreover,
CD49a* TRM was found to accumulate in resolved
prostatic lesions.[®?! Cheuk et al*°! demonstrated that the
CD49a CD103*CD8* TRM cells subset predominantly
produces IL-17, promoting local inflammation in pso-
riasis lesions. In addition, TRM maintenance in murine
IMQ-induced psor1a81form lesions was linked to local
IL-23 secretion by CD301b* myeloid cells.[®*) However,
epidermal CD103*CD8* TRM cells were still enriched and
retained in resolved psoriasis even after six years of TNF-a.
inhibition.[** Further, during successful biologic thera-
pies, such as adalimumab (TNFa inhibitor), ustekinumab
(IL-12/IL-23 inhibitor), and secukinumab (IL-17a inhibi-
tor), the fraction of CD103-TRM cells but not CD103*
TRM cells markedly declined.[®’! A small-sample study of
mild plaque-type psoriasis suggested that CD103*CD8*
TRM cells can generate IL-17A in non-lesions, similar
to the pre-inflammatory defense state.[®! Collectively,
these results highlight the vital role of IL-17-producing
CD49-CD103*CD8* TRM cells in psoriasis.

Several questions regarding TRM cells in psoriasis remain,
particularly which antigens drive the TRM cells to the
rapid secondary response. Initial autoantigens discovered,
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include an antimicrobial peptide (LL37), ADAMTS-like
protein 5 (ADAMTSLS), and phospholipase A2 group 4D
(PLA2G4D).l7-%%1 LL37 binds self-DNA, which triggers
the activation of plasmacytoid DCs, thus exacerbating
the disease.!®”! Furthermore, human primary neutrophils
sense RNA-LL37 complexes, driving the release of
various chemokines and cytokines, and amplifying the
inflammatory loop.!””!

The morbidity rate of psoriatic arthritis (PsA) in patients
with psoriasis is approximately 20%, and the correla-
tion between the skin and joints remains unknown.!”!!
Leijten et al'* revealed an increase in CCR10*CD8* T
cells in patients with PsA compared to that in patients
with psoriasis. However, these T cells are TCM cells but
exhibit characteristics similar to TRM cells, showing
high expression of ITGAE, CD69, and CCR8 and down-
regulate the expression of KLRG1 and CX3CR1.['* This
result may partly explain the progression of arthritis in
patients with PsA driven by the skin. Other recent studies
on TRM cells in psoriasis have primarily focused on
assessing inflammatory patterns through single-cell
RNA sequencing (scRNA-seq) analysis. A comparison
between psoriasis and transcriptional abnormalities in
atopic dermatitis revealed that psoriasis-specific upreg-
ulated genes were predominantly concentrated in
skin-resident memory T classes. These upregulated
genes included IL17F, C-X-C motif chemokine ligand
13 (CXCL13), granulysin (GNLY), cytotoxic T lympho-
cyte-associated protein 4 (CTLA4), killer cell lectin-like
receptor B1 (KLRB1), monoacylglycerol O-acyltrans-
ferase 4 (MGAT4), and PIK3R, and recurrent excessive
expression of signaling components such as mitogen-ac-
tivated protein kinase kinase kinase 4 (MAP3K4) and
protein tyrosine phosphatase non-receptor type 13
(PTPN13).72) Therapeutic IL-23 treatment can reduce
the number of Th17/Tc17 cells in psoriasis lesions but
fails to normalize the inflammation pattern, indicating
an inevitable recurrence of psoriasis even after receiving
medication.!”3

These findings demonstrate that TRM cells play a vital
role in disease relapse, suggesting that targeting TRM
cells may be a potential therapeutic approach for reducing
psoriasis recurrence. Further research is needed to assess
the specific inflammatory programs and accurately iden-
tify TRM cell subsets in psoriasis.

Vitiligo

Vitiligo is a pigmentary disorder with an unknown origin,
characterized by melanocyte dysfunction and a worldwide
prevalence of 1%.7# Previous studies suggest that autoreac-
tive cytotoxic CD8* T cells secrete IFN-y to promote the
progression of the disease. However, similar to psoriasis,
the interruption of IFN-y signaling by the latest class of
medications, the use of JAK inhibitors, which interrupt
IFN-y signaling, has not successfully prevented the recur-
rence of in situ vitiligo lesions,I”! indicating a potential
role of antigen-specific TRM cells in vitiligo relapse.

CD49a expression has been identified as a marker out-
lining a subset of CD8* TRM cells in the human skin,
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which specifically accumulating in the epidermis. This
CD8* TRM subpopulation displays preferential TFN-y
production and significant cytotoxic potential through
cytotoxic granules.’”! Another study noticed a high
frequency of CD69*CD103*CD8* TRM cells in vitiligo
perilesional skin, with the majority expressing the hom-
ing marker CXCR3 and secreting IFN-y and TNF-a..[”¢!
Several groups have investigated the upregulation of
CXCR3 ligands CXCL9 and CXCL10 in both vitiligo
skin and serum.”7>”8 These findings involvement of the
CXCR3/IFN-y axis in vitiligo.

Mackay et al”’! investigated the vital role of IL-15 in the
formation of skin TRM cells from epithelium-infiltrating
precursor cells. Similarly, IL-15-deficient mice show a sig-
nificant reduction in memory CD8* T cells, highlighting
the importance of IL-15 signaling in the generation and
residency of these cells.®) Moreover, CD122, expressed
on TRM cells in both humans and mice, is integral to the
receptor complex for both IL-2 and IL-135. Short exposure
to an anti-CD122 antibody can inhibit TRM generation
of TFN-y and restore pigmentation in mice with estab-
lished vitiligo.[8!]

Further research is required to uncover the mechanisms of
TRM cells, including their immediate functions. Multiple
connected classical pathways, such as mTOR/PI3K/Akt,
JAK/STAT, and Notch, contribute to the formation and
retention of TRM cells in diverse immune microenviron-
ments; however, their contribution to vitiligo still remains
unclear. While CD4* TRM cells defend against viral infec-
tions but very few studies have assessed their role of these
cells in vitiligo. Notably, a recent study suggested that
TCM cells respond to restimulation, migrate, and differen-
tiate into different T-cell subsets, including TRM cells.
Furthermore, the reactivated TRM cells simultaneously
rejoin the circulating lymph node pool,!®?! indicating their
participation in recurrent diseases alongside other T cell
phenotypes. Future studies should focus on understand-
ing the role and importance of the dynamic balance and
intrinsic connections between different T cell subsets to
develop novel intervention strategies.

FDE

FDE is a drug-related immunological reaction that pri-
marily occurs at the same site every time the patient is
exposed to the causative drug. The lesions caused by such
adverse reactions are characterized by red-(erythematous)
or violet-colored (violaceous) patches and plaques involv-
ing blisters which are called bullous lesions in medical
terminology.!%3!

Previous studies on resolved FDE lesions suggest that the
majority of the epidermal T cells express TCR-af3, CDS,
CLA, and aEB7, but not CD62L or CCR7, and most
closely resemble CD8* TRM cells. Moreover, this subset
of epidermal T cells is a constitutive component of CD69
in the steady state and can rapidly produce IFN-y after
the drug challenge. Notably, these cells have the ability
to secrete IFN-y more rapidly than dermal and peripheral
tissues.!®*#5! In addition, these epidermal T cells have a
phenotype akin to that of natural killer cells and secrete
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cytotoxic granules, causing keratinocytes to undergo
apoptosis.'?! In the epidermis, regulatory CD4* T cells
abundantly surround FDE lesions, and are considered to
suppress the damage of epidermal CD8* T cells and limit
further migration of circulating T cells.!®¢! Whether the
suppressive function of Treg cells or the cytotoxic func-
tion of TRM cells are more important in resolving FDE
lesions requires further investigation. Further, solving this
query might lead to a breakthrough in treatment.

Notably, a specific type of FDE known as generalized
bullous FDE (GBFDE) is characterized by extensive blis-
ters and erosions and cutaneous or mucosal involvement,
which are difficult to distinguish from Stevens—Johnson
syndrome (SJS) or toxic epidermal necrolysis (TEN).[83]
Iriki et al'®”) demonstrated the presence of CD69*, CD4*,
and CD8* T cells using immunofluorescence microscopy
in a patient with TEN. However, no other study has so far
provided evidence that TRM cells play a critical role in
the progression of GBFDE, SJS, or TEN.

Cutaneous T Cell Lymphoma (CTCL)

CTCL is a heterogeneous group of T cell lymphocyte
malignancies involving the skin, of which mycosis fun-
goides (MF) is an ordinary primary CTCL.[*® Initially,
MF is restricted to the skin and involves the formation
of patches and plaques, but extracutaneous dissemination
by malignant T cells can occur during the advanced stage.

A recent study using single cell RNA sequence analysis
revealed that downregulation of the tissue residency-related
markers CXCR4 and CD69 was unanimously associated
with the progression of ME However, malignant cells
in non-lesioned skin displayed altered regulation of
these markers.!®*! For example, another study identified
clonally expanded T cells in the skin expressing the
characteristic features of CD69 and AhR as TRM cells.
However, malignant clones in the blood and lymph nodes
displayed a TCM-like phenotype and retained the tissue-
homing receptors CLA and CCR10.°%! Importantly, the
malignant clones displayed a transformed phenotype,
and this phenomenon, which verified the hypothesis that
CD8* TRM cells from the skin re-enter the circulation
after a secondary challenge.l®?! These results partially
explain the adaptive phenotypic and functional plas-
ticity of TRM-like cells. Both these studies obtained
data from advanced-stage MF patients; however, data
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from different subtypes of CTCL must be obtained for
clarification.

Melanoma

Most cutaneous cancers originate from an epithelial layer.
TRM cells, which play a critical role in local immune
surveillance, may provide effective anticancer immunity
against epithelial tumors such as melanoma. Park et al®"
reported that tumor-specific epidermal CD69*CD103*
TRM cells were associated with restricted tumor growth
in a mouse model of transplantable cutaneous melanoma.
Furthermore, another study that used a mouse model
of melanoma indicated that VLA-1*CD8* TRM cells
differentiated inside tumors to exert immune effects.?
However, co-localization with persistent melanoma cells
revealed that TRM cells had a limited clearance capacity
in the tumor. Further, biopsies obtained from melanoma
patients who had undergone anti-PD-1/PD-L1 immune
therapy compared to tumor specimens from naive mel-
anoma patients demonstrated that increased numbers
of tumor-specific CD103*CD8* TRM cells are not only
associated with tumor control but may also be essential
for responses to anti-PD-1 immunotherapy.”®! Further,
several case reports have revealed immune-related adverse
event responses (irAEs) in patients with melanoma that
occur during immune checkpoint blockade therapy,
such as vitiligo-like lesions.”*”51 Moreover, Nakashima
et al®® demonstrated that CD49a*CD103*CD8* TRM
cells accumulate in vitiligo-like lesions. These findings
highlight the involvement of CD8* TRM cells in tumor
immune resistance. Thus, understanding the character-
istics of TRM cells in melanomas is a necessary step in
enhancing their ability to attack tumors.

The phenotypes of TRM cells in five different diseases
are briefly summarized in Table 1. We also summarize the
pattern of TRM cells in psoriasis and vitiligo [Figure 2].

Concluding Remarks

Over the past two decades, researchers have attempted to
elucidate the common mechanisms by which TRM cells
establish residence across multiple tissues. This effort has
informed us that TGF-B, the TRM core activating factor is
indispensable for skin TRM cells but deleterious for liver
TRM cells.|®?! Interestingly, in a similar microenvironment,

Table 1: TRM cell phenotypes in five different skin diseases.

Disease Epidermis Dermis Correlation factors References
Psoriasis CD49-CD103*CD8* CD103°CD8* IL-17A, TNF-a, IL-22, IL-23 [49,63]
Vitiligo CD49a*CD8", CD49a*CD8* IL-15, perforin GzmB, IFN-y, [49,74-76]
CD69+*CD103*CD8* TNF-a, CXCL9, CXCL10
FDE CD69*CD8* IFN-y 182,83]
CTCL CXCR4*CD69* CXCR4*CD69* CXCL9, CXCL10 [87]
Melanoma VLA-1"CD8* VLA-1"CD8* I[FN-y, IL-15, TNF-a 189-91]
CD69*CD103",
CD103*CD8*

CTCL: Cutaneous T cell lymphoma; CXCL: C-X-C motif chemokine ligand; CXCR: C-X-C chemokine receptor; FDE: Fixed drug eruption; Gzmb:
Granzyme B; IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor; TRM: Tissue-resident memory T; VLA-1: very late antigen 1.
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Figure 2: TRM cell phenotypes of psoriasis and vitiligo. CCR: CC-chemokine receptor; CXCL: C-X-C motif chemokine ligand; CXCR: C-X-C chemokine receptor; Gzmb: Granzyme B; IFN:

Interferon; IL: Interleukin; TNF: Tumor necrosis factor; TRM: Tissue-resident memory T.

CD103* skin TRM cells appeared to be inherently
constrained, whereas CD103* liver TRM cells easily
differentiated upon relocation or re-stimulation. In
addition, completely differentiated TRM cells derived
from the epithelium of the small intestine undergo recall
differentiation into TCM, TEM, and TRM cells.[?! This
means TRM cells share key features of developmental
and migration plasticity with TCM cells. Consequently,
the phenotypic status of TRM cells complicates the efforts
of the researchers to intervene in the rapid proliferation of
TRM cells in recurrent skin inflammatory diseases or the
enhanced synergistic effect of cytotoxicity in skin cancers
and will likely impede the search for novel therapeutic
strategies.

Unlike afT cells, y8T cells participate in antigen presenta-
tion and are a component of innate immunity. Recent
studies have reported that a few y3T cells display a tis-
sue-resident phenotype, which more commonly exists in
cancer tissues.”’?l Here are a couple of questions that
remain unanswered: (1) Are y8T cells present in skin
tumors? (2) Do y8T cells synergize or interfere with the
actions of traditional af cells? These questions highlight
the importance of overall immunological balance and
may lead researchers to use an alternative approach to
design new therapeutics for skin cancers.

Until now, our knowledge about the metabolic mecha-
nisms of TRM cells remains poor except through studies
on exogenous lipid uptake and mitochondrial oxidative
metabolism. Metabolic diseases (e.g., hyperl1p1demla and
diabetes mellitus) occur frequently in conjunction with
chronic inflammatory skin diseases. During adaptive
immunity, TRM cells require energy for rapid proliferation.
If specific metabolic pathways of TRM cells are inhibited,
the depletion of TRM cells can reduce the frequency of
recurrence of inflammatory skin diseases.

CD8* TRM cells defend against infections and cancer.
Contrastingly, a few studies have indicated that CD4*

TRM cells contribute to recall responses; thereby pro-
tecting a host against chronic infection, facilitating repair
during pathogen clearance, and mediating CD8* TRM
generation.’®1% Additionally, CD4* TRM cells expanded
and strongly expressed TNFa, becoming a major source
in Crohn’s disease.!'! Thus, it appears that the function
of CD4* TRM cells is a plausible explanation for chronic
skin diseases. Future studies should examine distinct local
skin immune responses to elucidate the function and
crosstalk between these two clusters.

In conclusion, this review emphasizes the crucial role of
TRM cells in skin diseases and hlghhghts the enormous
potential of TRM cells as a promising therapeutic target.
Our current knowledge is based on the features of TRM
cells under steady-state conditions or certain disease
states. However, the data available currently is insufficient
to determine the precise phenotype of TRM cells, and thus
additional research is required to clarify the functional
role of TRM cells across different skin diseases.
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