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Abstract
γδ T cells lie at the interface between innate and adaptive immunity, sharing features with both
arms of the immune system. The vast majority of γδ T cells reside in epithelial layers of tissues
such as skin, gut, lung, tongue and reproductive tract. Here they provide a first line of defense
against environmental attack. While the existence of epithelial resident γδ T cells has been known
for over 20 years, understanding the molecular events regulating development and function of
these cells is still in progress. Here we review recent advances in the field, with a particular
emphasis on the γδ T cell population resident in mouse epidermis. These studies have enhanced
our knowledge and understanding of the life cycle of this enigmatic population of cells.

Epithelial resident γδ T cells
Epithelial resident γδ T cells were first described in the epidermal layer of the skin [1]. γδ T
cells were subsequently found to reside in other epithelial tissues, such as the gut, lung,
tongue and reproductive tract [1]. In fact, all epithelial tissues examined contain a resident
population of T cells bearing the γ and δ chains of the T cell receptor (TCR) [2]. While most
species contain epithelial resident γδ T cells, including humans and rodents, their
composition varies between the species. In humans, γδ T cells account for 10% or more of
the T cell populations in the epithelium, whereas in the mouse, anywhere from 50-100% of
the T cells are γδ T cells [1,3]. Because epithelial tissues have large surface areas, epithelial
γδ T cells thus constitute a major T cell population.

γδ T cells residing in epithelial tissues are distinct from conventional αβ T cells in
development, phenotype and function. Firstly, unlike αβ T cells, many epithelial γδ T cell
TCR rearrangements occur only in the fetal thymus and not postnatally [1], although some
rearrangements do occur both before and after birth, such as rearrangement of the Vγ5 gene
(nomenclature used is that of Garman [4]) expressed by intestinal γδ T cells [1]. Secondly,
many of the molecules that define αβ T cell maturation and regulate function, such as CD4,
CD8 and CD28, are not found on epithelial resident γδ T cells [5,6]. Finally, while αβ T
cells express diverse T cell receptors and recognize a vast array of foreign antigens,
epithelial resident γδ T cells have limited to no receptor diversity [7]. They are believed to
recognize tissue-specific stress- or damage-induced self ligands and numerous studies have
demonstrated crucial roles for these unconventional T cells in tissue homeostasis and
immune surveillance [8].
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The largely sessile epithelial resident γδ T cells are quite distinct from circulating peripheral
γδ T cells. As discussed in this review, the development, selection and effector functions
differ substantially. Epithelial γδ T cell TCRs are generally much less diverse than those of
circulating γδ T cells [7]. Signals through these TCRs during intrathymic development
appear, on the one hand, to favor developmentof epithelial γδ T cells, but, on the other hand
lead to expansion of autoreactive peripheral γδ T cells [9-11]. Furthermore, costimulation
requirements of epithelial resident and peripheral γδ T cells differ, most notably in their use
of JAML and CD28, respectively [12].

It is thus clear that many of the well defined rules that apply to αβ T cells and peripheral γδ
T cells, do not hold true for tissue resident γδ T cells and currently no paradigm exists for
development and activation of γδ T cells resident in epithelial tissues. Concomitant with our
increased understanding of the functional significance of these cells, the complex nature of
their molecular regulation has received much attention in recent years. In this article, we
review new advances in the field, with a particular emphasis on γδ T cells resident in the
epidermal layer of the skin, known as dendritic epidermal T cells (DETC) [Box 1], We
discuss how current understanding ties in with earlier observations on epithelial γδ T cell
biology. It is anticipated that many of the rules that are being deciphered for DETC will also
hold true for γδ T cells resident in other epithelial tissues. As much of the recent work has
been done in the mouse, this review will focus primarily on these studies.

αβ versus γδ lineage choice
Commitment to the γδ lineage, as for αβ T cells, occurs in the thymus. At the double-
negative (DN) stage of thymocyte development, gene rearrangement at the TCRβ, γ and δ
gene loci is initiated. Both γδ and αβ T cells subsequently proofread their TCRs and this is
accompanied by upregulated expression of CD5 and CD27 [13]. A key question in the field
is what determines the choice to be a γδ or αβ T cell.

Signaling through the Notch transmembrane receptor is used to determine a wide variety of
cell fates [14]. One of the earliest signals delivered to T cells in the thymus is through
Notch. In the mouse, signals through Notch in immature thymocytes are thought to favor the
development of the αβ T cell lineage at the expense of γδ T cells [15]. This has recently been
brought into question by studies in humans where high Notch activity promotes the
formation of γδ T cells [16]. Whether this reflects a true difference between human and
mouse, or is merely due to the different systems used to assess the role of Notch, warrants
further investigation.

Recent findings have supported a model where signal strength determines lineage fate
[17,18]. Strong TCR signaling favors γδ T cell lineage development, whereas weak TCR
signaling favors αβ lineage development [17,18]. This idea is further supported by single-
cell analyses in the OP9-DL1 coculture system [19] where irreversible acquisition of a
mature γδ lineage phenotype follows a strong TCR signal in otherwise dual potential T cells.
Precisely how γδ T cells receive a stronger TCR signal in vivo is unknown. Greater amounts
of cell surface expression of the γδ TCR compared with the pre-TCR [17] may well
contribute. The distinct structure of the γδ TCR complex [20] may also contribute to its
ability to transduce a stronger signal. Alternatively, it may be through ligand binding that a
stronger signal is delivered to the γδ TCR.

At the molecular level, signaling through the γδ TCR activates the ERK MAPK pathway
[17] and ERK is more highly phosphorylated in γδ than in αβ lineage cells [17,18]. The
downstream effectors Egr and Id3 have thus been of recent focus in studies of γδ lineage
choice. Alterations in the expression levels of either Egr1 or Id3 [9,17] in DN thymocytes
has a significant effect on αβ and γδ lineage commitment. Overexpression of Egr1 augments
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γδ T cell differentiation at the expense of αβ T cells [9,17]. Similarly, Id3 deficiency results
in defective γδ T cell maturation [17]. Id3 deficient mice, show severe reductions in the
number of both splenic Vγ2+ T cells and epidermal Vγ3+ T cells [9]. Interestingly, total γδ
thymocyte numbers are reduced in the fetal thymus of these mutant mice [17], but are
augmented in the adult thymus [9,11], largely due to the expansion of autoreactive Vγ1+ γδ
T cells in the adult thymus, that are thought to have been selected on high-affinity self
ligands [9,11]. Thus, Id3 is not only required for γδ lineage choice, but also for the
development of a normal repertoire of γδ T cells.

The HMG transcription factor Sox13 has also been shown to provide lineage cues to
developing thymocytes. Sox13 expression is upregulated in immature γδ thymocytes and
subsequently downregulated upon maturation [19]. The generation of αβ T cells is inhibited
by Sox13 and, conversely, Sox13 is important for the development of at least some γδ T
cells [21]. While Vγ3+ DETC [Box 1] precursors are apparently normal in numbers in the
absence of Sox13, other Vγ expressing T cells are diminished [21]. Whether this represents
a reduction in other epithelial subsets of γδ T cells or peripheral γδ T cell precursors is
unclear. Furthermore, additional experimentation is required to understand whether these
transcription factors contribute directly to γδ lineage choice or simply promote the survival
or expansion of γδ T cell subsets.

Data so far support signal strength as an important determinant of αβ versus γδ T cell
lineage fate. However, the precise mechanism by which the γδ TCR is able to transduce a
strong signal has yet to be deciphered. While ligand binding appears to play a role for some
γδ T cell subsets, whether this is true of all epithelial and peripheral subsets or represents a
unique feature of particular γδ T cell populations requires further clarification. Once
committed to the γδ lineage, distinct γδ subsets show marked differences in subsequent
development

Programmed TCR gene rearrangement in epithelial γδ T cells
One of the most striking features of γδ T cell development is the highly organized manner in
which the γδ T cell receptor is rearranged [Box 2]. What directs this ordered gene
rearrangement has been the subject of numerous studies, with the current hypothesis being
that in the fetal thymus chromosomal positioning determines rearrangements [22], whereas
in the adult, rearrangement is regulated by locus accessibility [23]. During fetal thymic
development, histone acetylation is high throughout the entire TCRγ locus [24]. The locus is
thought to be open for rearrangement and it is the most J proximal genes (Vγ3 and Vγ4) that
are rearranged first [22], similar to what has been seen for VH gene rearrangement [25,26].
In contrast, in the adult thymus, the upstream Vγ2 and Vγ5 genes are believed to be
maintained in an open and accessible state while the acetylation levels and accessibility of
Vγ3 and Vγ4 is suppressed [23,24]. This shifts the balance of rearrangements to the Vγ2 and
Vγ5 genes in the adult thymus. It is currently thought that the transcription factors E2A and
STAT5 are important players in this process. STAT5 has been implicated in accessibility
control of Vγ5 [27], while analysis of E2A-deficient mice suggests involvement of E2A in
regulating accessibility of Vγ2 [28]. The precise mechanism by which these and other
transcription factors regulate the highly ordered rearrangement process requires further
clarification.

Selection in epithelial γδ T cell development
It has long been thought that mechanisms in addition to ordered rearrangement of TCR-γ
and δ genes contribute to appearance of distinct γδ T cell subsets in the thymus and
subsequently in their specific tissue location. Cellular selection processes are also believed
to be required. Previous studies using specific knock-out mice found that multiple TCR
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signaling molecules, including Lck, Syk and ZAP-70 are important for DETC development
[29-32]. However, the mechanisms by which these signaling molecules affect tissue-specific
development of γδ T cells are poorly understood and whether this represents a signal
generated by ligand-induced selection is unknown. While αβ T cells undergo positive and
negative selection events before becoming mature T cells able to exit the thymus, a role for
such selection processes in γδ T cell maturation has been more difficult to address. The
restricted TCR usage of γδ T cell subsets was originally thought to indicate intrathymic
selection had taken place. It has since been demonstrated that programmed rearrangement
mechanisms restrict the TCR diversity of γδ T cell subsets. However, recent studies still
point to intrathymic selection events restricting the TCR usage of γδ T cells resident in
epithelial tissues, in particular those in the skin [10].

Skint1 is a recently identified transmembrane protein expressed by thymic stroma and
keratinocytes. In a substrain of FVB mice, the Skint1 gene is non-functional due to a point
mutation in codon 324 resulting in premature termination of the protein [33]. In these mice,
Vγ3Vδ1 cells are present in normal numbers in the fetal thymus, but do not acquire a mature
phenotype and do not take up residence in the skin [10]. Instead, the skin is populated by γδ
T cells bearing alternate γ and δ chains. Transgenic expression of Skint1 is able to restore
thymic maturation of Vγ3Vδ1 cells and epidermal residence of these mature DETC [34].
Evidence that Skint1 may be a selecting molecule for Vγ3Vδ1 cells comes from maturation
of Skint1-deficient DETC precursors following antibody-mediated TCR ligation, which
indicates that TCR-Skint1 interaction is required for selection of Vγ3Vδ1 T cells [10].
However, it remains to be determined if direct ligation of Skint1 is required or whether
Skint1 acts indirectly, for example, by regulating expression of a Vγ3Vδ1 TCR ligand in the
thymus.

Early work suggested that another γδ T cell subset also requires ligand engagement during
development. The KN6 γδ TCR recognizes the nonclassical MHC class 1b molecule T22
and these T cells are found in both peripheral lymph node and the intestine [35].
Engagement of KN6 transgenic thymocytes by ligand during development favors the
appearance of a mature CD24lo γδ population [17]. Attenuating KN6 γδ TCR signaling
interferes with this γδ fate and promotes an αβ fate [17]. These data suggest ligand
recognition is important for both lineage choice and maturation. This idea remains
somewhat controversial however, as recent analysis, using T22 tetramers in non-transgenic
animals, found no decrease in the numbers of T22-specific γδ T cells in the absence of
thymic T22 signals [36].

The current prevailing view is that development of tissue-specific subsets of γδ T cells
requires some form of intrathymic selection, with an outcome distinct from equivalent
signals in αβ T cells and peripheral γδ T cells. Strong signals appear to favor development of
epithelial γδ T cells [10], but induce negative selection in αβ T cells [37] and expansion of
autoreactive peripheral γδ T cells [9,11]. Emerging evidence points to a role for positive
selection in conferring tissue specificity to epithelial γδ T cells through the induction of
distinct molecules directing the specific homing of individual subsets.

Tissue-specific homing
The majority of Vγ3+ T cells in the E16 fetal thymus of wild-type mice display a mature
activated or memory phenotype, including upregulated expression of CD122 [38] and CD44
[39] and downregulation of CD24 [40]. CD122+ γδ thymocytes also express increased levels
of the sphingosine 1-phosphate receptor 1 (S1P1) [38], a molecule previously shown to be
important for exit of thymocytes from the thymus [41], and decreased CCR6 expression
[38]. As such, upregulation of S1P1 and down regulation of CCR6 may signify readiness of
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DETC precursors for thymic export. The molecules directing these mature γδ thymocytes to
their appropriate epithelial residence has been under recent investigation.

CD122+ Vγ3+ thymocytes also express CCR10, a molecule whose ligand, CCL27, is
specifically expressed in the skin [38]. CCR10 was thus proposed to represent a homing
receptor for thymic γδ T cells destined to migrate to the skin epithelium. This idea has been
supported by recent work using CCR10-deficient animals [42]. In these animals, Vγ3+ cells
develop normally in the thymus, but are defective in migrating into skin. CCR10-deficient
γδ T cells that are found in the skin, display an abnormal morphology and accumulate in the
dermis rather than epidermis. Although an earlier report did not find defective homing of γδ
T cells to the skin in CCR10-deficient animals [43], morphology and localization of the cells
that had accumulated in the skin were not examined. Interestingly, while CCR10-deficient
animals do show reduced numbers of DETC in the epidermis, significant numbers of
epidermal T cells are present in these animals suggesting the involvement of additional
molecules in the skin-homing process. E and P selectin ligands and CCR4 have also been
implicated in skin homing [43]. Vγ3+Vδ1+ cells in the thymus and skin express both E and P
selectin ligands. Mice deficient in these ligands show a dramatic reduction in skin γδ T cell
numbers, while thymic numbers are unaffected [43]. Thus, these molecules may well
support the correct localization of DETC in the skin, however the possibility that they are
required for survival or retention in the epidermis still needs to be addressed.

The role of CCR4 in skin homing is also unclear at this stage. The vast majority of immature
Vγ3+ thymocytes are negative for CCR4 whereas virtually all mature epidermal resident
DETC express CCR4 [43]. While Ccr4−/− animals do show reduced numbers of CD3+Vγ3+

T cells in the epidermis [43], a population of CD3+Vγ3− cells is apparent. Therefore, if
CCR4 is essential for skin homing, how its deficiency allows migration of other CD3+Vγ3−
T cells to the epidermis is unclear. The thymic populations in these CCR4-deficient animals
were not examined. Thus, whether there is a true homing defect or alternatively a
developmental abnormality in these animals awaits clarification.

The transcription factor Kruppel-like factor 2 (KLF2) has recently been shown to regulate
Sphingosine-1-phosphate receptor 1 (S1P1) expression by thymic γδ T cells and play a role
in localization of γδ T cells to the gut [44], supporting the idea that S1P1 is important for
thymic egress of γδ T cells, but contrasting with a previous report indicating no effect of
S1P1 on gut homing [45]. This earlier report was based on long-term treatment with the
S1P1 analog FTY720 having no effect on gut γδ T cell numbers. However, this could be due
to a S1P1-independent mechanism for retention of these cells in the intestinal epithelium.
However, whether S1P1 is truly a marker of tissue homing, or simply thymocyte egress,
remains to be determined experimentally.

Using the epidermal-specific DETC population, it was recently demonstrated that TCR-
mediated signaling in the thymus plays an important role in the acquisition of a specific
skin-homing property [46]. In the absence of TCR signaling due to deletion of Itk, Vγ3+

thymocytes fail to upregulate S1P1 and CCR10 and express lower levels of KLF2 than wild-
type animals [46]. They do however upregulate CD122 and downregulate CD24, suggesting
their maturation is unimpaired. Itk, on the other hand is dispensible for DETC maintenance.
The small numbers of DETC that do home to the epidermis in Itk-deficient animals
proliferate locally and take up residence [46], indicating that Itk is important for skin
homing, but not for maintenance of DETC in the epidermis. Two additional studies support
the idea that a TCR signal during the window of epidermal T cell development can direct a
CCR10+CD122+ skin-homing phenotype [38,47]. In these studies, homing was independent
of TCR composition or specificity. Thus, at least for skin-homing γδ T cells, TCR signals
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are critical for inducing expression of proper homing and cytokine receptors for epidermal
localization and expansion.

Specificity in gut homing of γδ T cells has also been described. It has been known for a
number of years, and recently confirmed, that γδ T cell homing to the small intestinal
epithelium relies on the interaction between CCR9 on T cells and its ligand CCL25
expressed by intestinal epithelial cells [48-50]. Mice deficient in CCR9 have a significantly
reduced γδ+ intraepithelial lymphocyte (IEL) compartment [48-50]. However, unlike for
DETC homing to the skin, TCR-ligand interaction appears to inhibit acquisition of CCR9
and subsequent gut homing. In the thymus of β2m−/− animals, where T10 and T22 IEL TCR
ligands are absent, most T10 and T22 specific IEL are CCR9hi, indicating a gut-homing
phenotype [36]. In wild-type animals, where a TCR ligand is present, the CCR9hi T22-
specific γδ thymocytes are CD122lo, suggestive of a pre-selection phenotype, whereas the
CCR9lo cells are CD122hi [36]. As such, IEL precursors that have not encountered a thymic
TCR ligand may have a greater potential to home to the gut.

Thus, the situation for IEL seems quite different from that for DETC. A lack of selection
appears to favor gut homing for IEL precursors, whereas selection seems to favor skin-
homing in DETC precursors. Whether this represents a difference in the adult versus fetal
thymus or is cell intrinsic for the diverse versus canonical TCRs remains an open question.
Additionally, precisely how signals through one γδ TCR can induce CCR10 and through
another γδ TCR can inhibit CCR9 is completely unknown.

Costimulation
The unique nature of epithelial γδ T cells is perhaps best exemplified by their antigen
recognition and activation. It has long been recognized that the rules for αβ T cell
recognition of antigen and subsequent activation do not hold true for γδ T cells. Unlike αβ T
cells, epithelial γδ T cells do not recognize antigen in the context of MHC class I or class II
molecules [5,6]. In wild-type animals, most do not express the CD4 or CD8 coreceptors,
except for a population of CD8αα+ γδ T cells in the intestine. In addition, they do not
express the αβ costimulatory molecule CD28 [5,6], a molecule well defined for its essential
role in effective αβ T cell activation [51]. Whether equivalent molecules exist for γδ T cells
has been controversial and somewhat difficult to address as the rules for antigen recognition
by epithelial resident γδ T cells are undefined. Recent evidence suggests that for activation
of rapid and robust effector functions, whether it be proliferation and cytokine production or
cell killing, epithelial γδ T cells, like αβ T cells, require accessory molecules to enhance
their TCR-mediated signals.

NKG2D is an activating receptor expressed by NK cells, αβ T cell subsets and γδ T cells
[52]. Signals through NKG2D by interaction with its ligands Rae-1 and H60c can stimulate
DETC to kill tumor cells [53,54]. However, whether NKG2D can stimulate without the need
for TCR signals or functions as a costimulatory molecule has been controversial. Early
studies favored NKG2D as an activating receptor that did not require simultaneous TCR
triggering [55]. A more recent study however, found that DETC are only able to lyse
cultured keratinocyte cell lines following interaction between NKG2D and its skin-specific
ligand, H60c, together with TCR-mediated signals [54]. NKG2D signals alone do not
activate in this system. The reason for these differences is not entirely clear and the role for
NKG2D and Rae-1/H60c interactions in DETC responses in vivo remains an open question.

The Junctional Adhesion Molecule Like protein (JAML) is a costimulatory receptor specific
for epithelial γδ T cells [12]. The interaction of JAML with its ligand Coxsackie and
Adenovirus Receptor (CAR) induces PI3K activation [56] leading to potent costimulation of
epithelial γδ T cells as measured by MAP kinase activation, proliferation and growth factor
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and cytokine production [12]. This interaction is crucial for effective DETC-mediated
wound closure in the skin of mice. The unique property of the JAML-CAR interaction is its
specificity for the epithelial subsets of γδ T cells. Both epidermal and intestinal γδ T cells
show strong costimulation through JAML, while peripheral γδ T cells are completely
unresponsive [12]. Peripheral γδ T cells are similar to αβ T cells in this respect, responding
well to costimulation through CD28. What is the role of costimulation in epithelial γδ T cells
which already exist in a partially activated state? Whether it perhaps functions to give
directionality to the response, provides additional specificity and context to the response
[57], or plays some other role is completely unknown at this stage. Nevertheless, the
demonstration of an epithelial γδ T cell-specific costimulatory molecule opens the door for a
more thorough dissection of the molecular events involved in the activation of this important
population of T cells.

One cannot overlook however the increasing number of accessory molecules identified as
important for the function of peripheral γδ T cells, as many of these may well also play a
role in epithelial γδ T cell function. There has been much recent focus on the IL-17
producing subset of γδ T cells that provide a rapid inflammatory response to infection. IL-17
producing γδ T cells express the Toll-like receptors TLR1 and TLR2, as well as dectin-1,
but not TLR4 [58]. In addition, these cells produce IL-22 upon activation of the aryl
hydrocarbon receptor (AhR). Activation of these cells to produce IL-17 does not appear to
require TCR recognition [58] (although prior TCR-mediated activation of these cells cannot
be ruled out), thus does not constitute a costimulatory response. In contrast, IFN-γ producing
peripheral γδ T cells lack the pattern recognition receptors TLR2, dectin-1 and AhR [58].
Instead these cells express CD27 and costimulatory signals through CD27 synergize with
TCR signals to induce proliferation and survival of these cells [59]. Whether similar
mechanisms are in play for IL-17 and IFN-γ production by epithelial subsets of γδ T cells
warrants investigation.

Concluding remarks
Epithelial γδ T cells are important regulators of tissue homeostasis and play vital roles in
tumor surveillance and wound repair. Studies over the past few years have provided
valuable insight into the molecular regulation of the development, activation and function of
these unique T cells, in particular the DETC subset resident in the epidermis (Figure 1).
Their intrathymic development, while sharing a number of phenotypic similarities with αβ T
cell development, relies on unique signals, at least some of which are through the T cell
receptor. While these signals appear to induce some form of intrathymic selection, whether
they are in fact TCR ligand induced, comparable to αβ T cells, remains to be determined.
What clearly is unique to tissue resident γδ T cells is their activation requirements, which
differ from both conventional αβ T cells and peripheral circulating γδ T cells. Not only do
epithelial γδ T cells exhibit non-MHC restricted activation, their costimulatory requirements
are also unique utilizing JAML and NKG2D as opposed to molecules such as CD28. Recent
studies strongly support a vital role for costimulation in epithelial γδ T cell activation,
however as epithelial γδ T cells do exhibit a partially activated phenotype, whether the
purpose of costimulation in epithelial γδ T cells is equivalent to that of αβ and/or peripheral
γδ T cells is currently unknown. Identification of the cognate ligands for the TCRs
expressed by epithelial resident γδ T cells will allow for a more thorough understanding of
precisely how the molecules described in the recent literature, as well as others not yet
identified, regulate this unique population of T cells.
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Box 1 Dendritic Epidermal T Cells

Dendritic epidermal T cells in mice (Figure 1), also known as DETC, express a canonical
γδ T cell receptor composed of Vγ3 and Vδ1 chains [1]. These cells represent a
prototypical epithelial resident γδ T cell population. These cells are the first to develop in
the thymus, appearing around day 13 of embryonic development, and are the exclusive T
cell population in the thymus at this time [1]. Additionally, Vγ3Vδ1 expressing cells are
the only resident T cell population found in the epidermis [1]. Studies on the
development and function of these cells can thus be performed isolated from the effects
of other T cell populations. The development and effector function of later arising γδ
populations are clearly effected by the neighboring αβ T cells through “trans-
conditioning” [60,61]. As such, much of the work described in this review focuses on this
subset of epithelial γδ T cells.

Box 2 Ordered Vγ gene rearrangement

It has been known for some time that different subsets of γδ T cells arise in the thymus at
different stages of ontogeny [1]. The Vγ3 chain is the first to be rearranged in the fetal
thymus at around day 13 of gestation. These Vγ3+ γδ T cells migrate to the epidermis
where they expand locally to reach adult numbers. Vγ4+ cells are the next to be
produced, also in the fetal thymus and they migrate to the reproductive tract, tongue and
lung. Vγ3 and Vγ4 TCRs are essentially invariant, in large part due to the absence of
terminal deoxynucleotidyl transferase (TdT) in the fetal thymus [1]. Both Vγ3+ and Vγ4+

cells also express an invariant Vδ1 chain. In the late fetal and the adult thymus, Vγ3+ and
Vγ4+ T cells are no longer produced. Instead, Vγ5+ cells emerge and localize to the
intestinal epithelium. In addition, Vγ2+, Vγ1.1+ and Vγ1.2+ cells are generated. These
cells have diverse junctional sequences and localize primarily to the secondary lymphoid
organs [1].
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Figure 1.
Molecular regulation of DETC development and function. DETC precursors develop in the
fetal thymus from DN thymocytes by way of signals through Egr, Id3, ERK and Sox13.
Subsequent maturation involves interaction with Skint1 expressed by thymic epithelial cells.
It is unknown whether this interaction is directly through the TCR and whether TCR ligand
is also required. Mature DETC precursors, upon exit from the thymus express low levels of
CD24 and CCR6, but have increased CD122, CD44, S1P1 and KLF2 expression. These
cells also require expression of CCR10 to migrate to the skin where they take up residence
in the epidermal layer. Upon epidermal insult, DETC encounter with antigen expressed by
damaged or malignant epithelial cells. DETC are activated through coordination of TCR and
costimulatory signals, although the detailed nature of these signals remains under
investigation. Subsequently, activated DETC are able to kill tumor cells or, alternatively,
produce cytokines and growth factors, such as keratinocyte growth factor (KGF), to repair
the damaged epithelial layer [53,62].
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