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Abstract

Vy9Vd2 (also termed Vy2VD32) T cells, a major human peripheral blood yd T cell subset, recognize
microbial (E)-4-hydroxy-3-methylbut-2-enyl diphosphate and endogenous isopentenyl diphos-
phate in a TCR-dependent manner. The recognition does not require specific accessory cells,
antigen uptake, antigen processing, or MHC class |, class I, or class Ib expression. This subset of T
cells plays important roles in mediating innate immunity against a wide variety of infections and
displays potent and broad cytotoxic activity against human tumor cells. Because yOT cells express ‘
both natural killer receptors such as NKG2D and y3 T cell receptors, they are considered to
represent a link between innate and adaptive immunity. In addition, activated y3 T cells express a
high level of antigen-presenting cell-related molecules and can present peptide antigens derived
from destructed cells to o8 T cells. Utilizing these antimicrobial and anti-tumor properties of yd T
cells, preclinical and clinical trials have been conducted to develop novel immunotherapies for
infections and malignancies. Here, we review the immunological properties of yO T cells including
the underlying recognition mechanism of nonpeptitde antigens and summarize the results of y0 T
cell-based therapies so far performed. Based on the results of the reported trials, yO T cells appear
to be a promising tool for novel immunotherapies against certain types of diseases.

Key words: y6 T cells, nonpeptide antigen, tumor, infection, autoimmune and allergic diseases,
immunotherapy

Introduction

T cells are subdivided into two major popula-
tions distinguished by their surface expression of af
and y0 T cell receptors (TCR). Both ap and y& T cells
arise from common multipotent double negative (DN)
precursors in the thymus, which can be further sepa-
rated into four DN subsets based on CD44 and CD25
expression [1, 2]. The T cells undergo extensive DNA
rearrangements at the 3, y and 6 TCR loci aiming to
express functional TCR chains and make a selection
between two developmental programs during the

DNB3 stage, thus generating two distinct characteris-
tics and functions of T cell subsets [3, 4]. Cells with the
aP TCR generally express CD4 or CD8 lineage mark-
ers and mostly fall into helper or cytotoxic/effector
subsets, whereas, cells with the yd0 TCR in humans
usually do not express the lineage markers. They do
not require conventional antigen presentation in the
context of MHC [5]. In fact, the ap and y0 T cell pop-
ulations recognize different types of antigens. af} T
cells recognize non-self peptide fragments restricted
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by MHC molecules. y& T cells, on the other hand,
recognize unconventional antigens including stress
molecules like MICA and MICB and non-peptidic
metabolites of isoprenoid biosynthesis [6-9] and so on.
Ligand recognition by y6 T cells appears to be dis-
pensable for the selection of yd T cells in the adult
thymus [10].

Human y06 T cells can be divided into three main
populations based on & chain expression. yd T cells
expressing V61 chains are prominent in the intraepi-
thelial layer of mucosal surfaces, where they are in-
volved in maintaining epithelial tissue integrity when
facing damage, infection, or transformation [11], re-
sponding to stress antigens on epithelial cells [12] and
producing IL-10 but little or no IL-2, IL-4 or IFN-y
[13]. They also appear in the peripheral blood, but the
intraepithelial and blood populations seem to mix
little or not at all [14, 15]. The second population of yo
T cells expresses V62 chain products and represents
the majority of circulating yo T lymphocytes in
healthy human adults, comprising up to 50%-90% of
the peripheral yo T-cell population. The V62 chain
pairs almost exclusively with Vy9 (also termed Vy2).
The Vy9V62 pairing is present only in humans and
nonhuman primates [16]. One attractive feature of
V62 T cells is that they can serve as professional anti-
gen-presenting cells (APCs) [17]. Activated V&2 T cells
acquire characteristics of professional APC, such as
the expression of antigen presenting, costimulatory,
and adhesion molecules, including MHC-II, CD80,
and CD86 [18]. It is worthy of note that rapamycin or
IL-18 treatment is reported to increase the expression
of MHC-II, CD80, and CD86 on V52 T cell lines [18].
The third population is V63 T cells, which take up
about 0.2% of circulating T cells including CD4-,
CD8*, and CD4CD8- subsets. They are expressed
CD56, CD161, HLA-DR, and NKG2D but without
NKG2A and NKG2C [19]. The V&3 T cells are found
only a little in blood but are rich in liver and in pa-
tients with leukemias and some chronic viral infec-
tions. Through mitogen stimulation with IL-2, V&3 T
cells were expanded to recognize CD1d. Once activa-
tion, they can kill CD1d" target cells, release cytokines
such as Th1, Th2, and Th17, and induce maturation of
dendritic cells (DCs) into APCs [19].

YO T cell receptor

Since the discovery of y0 T cells more than
twenty' five years ago, many articles have been pub-
lished to address the physiological functions of these
lymphocytes in animals and humans. These studies
have emphasized a marked molecular, phenotypic,
and functional heterogeneity of y6 T cells. yd T cells
account for 1-10% of CD3* peripheral blood T lym-
phocytes of healthy adults [20] and the ratio of

V62/Vo1 cells in blood is approximately 3-10. It is
thus most likely that environmental or genetic factors
control the balance of the subsets [21, 22]. Compen-
satory changes for V62 and V&1 populations in blood
demonstrate a homeostatic balancing mechanism that
controls the overall blood count [23]. Caccamo and
colleagues showed the influence of gender and age on
blood V62 levels, with women having lower levels,
compared to age-matched men [24]. These studies
suggest that V62 T cell levels be controlled by multi-
ple mechanisms, resulting in the difference in pe-
ripheral blood y6 T cell populations among people.

The crystal structure of a human Vy9V62 y6 TCR
[25] illustrates that the receptor shares similarities
with the heavy and light chains of immunoglobulins,
including the formation of a cleft between the CDR3
loops that is similar to the combining site of immu-
noglobulin. The amino acid residues consisting of the
pocket are mostly germ-line-encoded. This strongly
suggests that yd T cells directly recognize nonpeptide
antigens, in a manner similar to antibodies. The
recognition of phosphoantigens, however, requires
cell-cell contact [26], which indicates that an as yet
unidentified molecule(s) is also required to present
phosphoantigens to y6 TCR or to transduce the yd
TCR mediated-signaling. Recent reports suggest that
ATP synthase-F1/apolipoprotein A-1 complex and
butyrophilin 3 are involved in the recognition of
nonpeptide antigens by yo T cells [27, 28].

It is difficult to identify antigens for yd T cells
other than phosphoantigens, because immunization,
vaccination, or infection does not generally elicit an-
tigen-specific y6 T cells. It is suggested that the yd
TCR repertoire is directed against “self,” most likely
represented by inducible cell surface molecules that
reflect the status of a cell or tissue [29]. Apart from y0
TCR, yd cells express most T-lineage-specific genes,
including cell surface receptors, signaling effectors,
cytokines, and transcription factors, and they pheno-
typically and functionally resemble af cells in both
activated and resting states [30].

Classification of yd T cells

yO T cells are distinguished from their af} T cell
counterparts by utilizing a distinct set of somatically

- rearranged variable (V), diversity (D), joining (J), and

constant (C) genes. Compared to ap T cells, available
germ line repertoires of Vy and V& genes are limited.
yO T cells contain fewer V, D, and ] segments than af}
T cells. Regarding evolutionary forces that shape the
V, D, and ] gene segments, distinct forces were in-
volved in the formation of the y and 6 loci. In fact, the
primate Vy and J& genes are highly conserved,
whereas, the y-locus is split: the Vy9, Vy10, and Vy11
genes represent the conserved region of the Vy gene
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locus, but the remaining Vy genes have been evolving
rapidly [31].

According to different TCR y6 chain expression,
human yd T cells can be classified into two subsets:
V61 and V52 yd T cells. V81 T cells with different Vyy
predominate in the intraepithelial subset of mucosal
y6 T cells where the TCRs appear to recognize stress
molecules on epithelial cells [32]. V62 T cells that
generally coexpress Vy9 are abundant in the periph-
eral blood and lymphatic system. Besides, they can
also be classified into four subpopulations based on
their expression of CD27 and CD45RA: naive
(CD27+CD45RA"), effector memory (CD27-CD45RA"),
central memory (CD27+*CD45RA") and terminally dif-
ferentiated (CD27-CD45RA") [33]. These subpopula-
tions can exhibit unique functions during mycobacte-
rial infection that correspond to the functions of their
ap T cell analogues [33].

Although the number of available V& genes is
quite small, the combinatorial diversity of the y6 TCR
repertoire is at least as large as the afy TCR repertoire,
owing to extensive non-genetically determined
mechanisms: for example, N region insertions, im-
precise joining, usage of three reading frames, and so
on.

Mechanism of ligand recognition

y0 T cells can recognize a variety of structurally
different ligands that vary much in size, composition
and molecular structure, including non-peptidic an-
tigens, MHC and non-MHC cell surface molecules,
soluble proteins, sulfatide and so on.

Non-peptidic antigens

Pfeffer et al. [34, 35] suggested that non-peptide
antigens may be important targets for T-cell recogni-
tion, which may occur for infections with fungus,
bacteria, or protozoa. Porcelli et al. [36] demonstrated
that monoalkyl phosphates (MEP) might stimulate y6
T cells in a TCR-dependent manner which was similar
to naturally occurring non-peptide mycobacterial an-
tigens. The natural non-peptide antigens are usually
fixed in their structure with less antigenic modulation
and are much smaller, so the recognition of these an-
tigens is more quickly and effectively with as fast as
2-3 minutes after exposure, indicating that it is not
need for antigen uptake and processing. Studies also
have confirmed that y6 T cells are specific to recognize
phosphate-containing compounds with  short,
non-bulky carbon chains [37, 38]. Recognition of the
prenyl pyrophosphates by the VyoVd2 y6 TCRs de-
pends on all CDRs [39], as these small molecules are
usually presented on the surface of target cells. These
findings provide convincing evidence that human yd
T cells can recognize a variety of small phosphory-

lated non-peptide antigens.

Butyrophilin BTN3A1 has been identified as
phosphorylated antigen-presenting molecule (APM)
to Vy9V62 T cells [40], which belongs to a family of
immunoglobulin-like molecules with immunomodu-
latory functions [28, 40, 41]. It plays an important role
in Vy9Vd2 TCR recognition of prenyl pyrophos-
phates. Researches have found that it seems function
as a sensor for the intracellular levels of phosphory-
lated antigens, not the same as a costimulatory ligand
or a classical presenting molecule binding prenyl py-
rophosphates with its extracellular domains [42].
BTN3A1 molecules are modified via specifically
binding with these antigens, thus leaving more free
space to facilitate the binding of antigens [40]. The
identification of BTN3A1 as an additional APM en-
riches the field of human immunological recognition,
with potentially far-reaching implications for clinical
immunotherapy.

MHC molecules

y0 T cells can recognize MHC molecules such as
group 1(CDl1a, b, ¢) and group 2 (CD1d) CD1 mole-
cules [43, 44]. The stress-induced MHC class I-related
molecules MICA and MICB including al and a2 do-
mains are also involved in the recognition by human
y0 T cells, and do not need Ag processing [45]. Will-
cox et al. demonstrated a mnew kind of
EPCR-dependent recognition of cytomegalovirus
(CMV)-infected cells by y6 T cells [46]. They found
that human y6 TCR could directly bound endothelial
protein C receptor (EPCR), which is a MHC-like
molecule that binds lipids similar to the anti-
gen-presenting molecule CD1d and can make y& T
cells recognize endothelial cells which are targets for
cytomegalovirus infection and epithelial tumors.
CMYV infection can activate y& T cells specific for self
antigens inducing by a multimolecular stress signa-
ture on the surface of infected cells, containing EPCR
and costimulatory ligand (s). The y® TCR bound
EPCR in an antibody-like way, independently of li-
pids. Stress surveillance by y& T cells may consist of
innate-like (NKG2D-mediated) components and
adaptive (TCR-specific) components, with the y6 TCR
engaging a stress-regulated self antigen. -

Soluble proteins

Some soluble proteins are also involved in the
recognition by y& T cells, for example, bacterial pro-
teins including the unrelated staphylococcal entero-
toxinA (SEA) [47] and the toxin listeriolysin O (LLO)
[48]. y© T cells can also recognize heat shock proteins
(HSPs), which does not need antigen processing and
can occur in the absence of any APCs [49]. There is no
substantial evidence demonstrating that HSP recog-
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nition involves the TCR. HSPs may signal through
TLRs, directly or indirectly through binding peptides
or hydrophobic ligands, such as LPS [50, 51].

In addition, researches show that the mye-
lin-derived glycosphingolipid sulfatide can also be
recognized by human yd T cells [52], indicating that
there may also exist other kinds of non-peptidic Ags
for y6 T cells which have not yet been identified.

NKG2D, which is expressed on Vy9Vo2 T cells,
plays an important role in the ligand recognition by
yd T cells, and also is key molecular determinants for
the Vy9V&2 T-cell recognition of various carcinomas
[53, 54]. NKG2D is a C-type lectin receptor, which
provides activation signals by binding to its ligands
such as MIC and ULBP families. NKG2D ligands are
not expressed by most normal tissues but are upreg-
ulated by many tumor-cell types, which are required
for tumor cell-recognition by Vy9Vo2 T cells.

The precise molecular mechanisms of ligand
recognition by y& T cells remain to be elusive: one
supposing that the recognition of nonpeptide antigens
by y6 T cells is essentially the same as that by immu-
noglobulins (Igs) [55], just binding to the specific lig-
and; the other one is the mechanism similar to that of
a TCRs, involving a specific ligand and a
self-identifying presenting molecule [56]. Binding
studies exihibit the existence of Ig-like recognition
and a crystallographic analysis supports the direct
receptor-ligand interaction for proteinaceous antigens
[57]. But further investigation has to be conducted to
verify the underlying mechanism of the y& T cell
recognition of nonpeptide antigens, because third
molecule may possibly be involved in the efficient
recognition.

Activation of y® T cells
Early studies demonstrated that most Vy9Vé2 T

cells are strongly activated by a variety of killed mi-
croorganisms including bacteria such as Mycobacte-
rium tuberculosis [58] and parasites such as Plasmodium
falciparum [59]. Later, antigens have been identified as
(E)-4-hydroxy-3-methyl-but-2-enyl diphosphate
(HMB-PP), an immediate upstream metabolite of
isopentenyl diphosphate (IPP), so called phosphoan-
tigens [60]. The phosphoantigens can specifically ac-
tivate Vy9V62 T cell subset at pico- to nanomolar
concentrations. The bacterial HMB-PP levels deter-
mine the magnitude of Vy9V62 T cell expansion in
vitro or upon transfer of human PBMC and subse-
quent infection with bacteria. Analogues with potent
and selective stimulatory activity for Vy9Vé2 T cells
can be synthesized. For instance, bromohydrin di-
phosphate (BrHPP) is active at nanomolar concentra-
tions [61].

In contrast to many bacteria and protozoas, hu-
man cells utilize the mevalonate pathway for isopre-
noid and IPP biosynthesis [62, 63], which also acti-
vates Vy9Vo62 T cells in vitro following presentation by
professional antigen-presenting cells or tumor cells
[64, 65], but only at concentrations not achieved
physiologically in non-transformed cells. However,
certain tumors yield higher concentrations of IPP,
which can be sensed by Vy9V&2 T cells [66, 67].

The intracellular levels of IPP can be manipu-
lated by the therapeutically administered drugs. Ni-
trogen-containing bisphosphonates (N-BPs) such as
pamidronate (Pam) and zoledronic acid (Zol), which
are in clinical use for osteoporosis and hypercalcemia
of malignancies, can enhance intracellular levels of
IPP by the inhibition of farnesyl diphosphate synthase
(FPPS) [68-70], contributing to the activation and ex-
pansion of human Vy9V&2 T cells (Fig. 1).
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Figure I. Nonpeptide antigens for y0 T cell stimulation.
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Because the activation of y0 T cells does not re-
quire antigen processing or MHC molecules, but re-
lies on cell-cell contact with APCs [71], stimulated y0
T cells themselves seem to serve as APCs, but the
self-activation or presentation is not effective, com-
pared to the optimal stimulation by monocytes or
tumor cells [72]. This indicates that TCR recognition of
phosphoantigens requires antigen presentation mol-
ecules on APCs. In fact, tetramers of human y& TCRs
bind to APCs in an antigen-dependent manner
[73-75].

Recently, Harly and coworkers [27] made a sig-
nificant advancement on the mechanism underlying
the activation of human Vy9Vd2 T cells. They found
that CD277, a member of butyrophilin molecules,
played a central role during the y6 T cell activation. It
is, however, still unclear how the Vy9Vo2 T cells rec-
ognize the phosphoantigen (or anti-CD277
mADb)-induced perturbation of the CD277 surface
molecule [76]. The requirement of CD277 for the
recognition may explain why human yd T cells rec-
ognize phosphoantigens in a species-specifc manner,
because there is no CD277 ortholog in rodents.

In addition, the activation of yd T cells also re-
quires a variety of costimulatory molecules, including
immunoglobulin (Ig) superfamily coreceptors (like
CD28 or JAML), tumor necrosis factor receptor (like
CD27) and atypical costimulatory molecules such as
NKG2D or CD46.

Ig superfamily coreceptors

Several functional assays have suggested CD28
plays an active role in yo T cell activation [77, 78],
which may produce both qualitative and quantitative
changes resulting in lower activation threshold and
enhanced T cell activity. Anti-CD28 agonist antibodies
can enhance human y8 T cell proliferation [79], while
blocking antibodies inhibit it obviously [80].

Junctional adhesion molecule-like protein
(JAML) has been considered as a key co-receptor in
mouse DETC (express an oligoclonal Vy5Vd1 TCR)
activation [81], whose costimulation can induce DETC
proliferation and the secretion of TNF-a, IFN-y and
IL-2. However, it remains unknown whether JAML
plays any role in the costimulation of other (including
human) yd T cell subsets.

Tumor necrosis factor receptor (TNFR)

CD27, one of TNFR superfamily co-receptors,
has also been shown important contributions to T cell
activation. About 80% of Vy9V62 T cells express CD27
(TNFRSF7) [82]. Upon activation with PMA and
ionomycin, most of CD27* Vy9Vd2 T cells produce
IFN-y with less than 1% is IL-17 [82]. The proliferation
of CD27+ Vy9Vo2 T cells is sensitive to CD70-CD27

modulation, which provides survival and prolifera-
tive signals to control y& T-cell activation. CD27 sig-
nals can activate the non-canonical NF-kB pathway
and enhance the expression of anti-apoptotic and cell
cycle-related genes [83]. Besides, CD27 costimulation
plays important roles in the protection from activation
induced cell death (AICD) following phosphoantigen
stimulation [82] and the expansion of tumour-specific
cytotoxic T lymphocytes (CTLs) [84, 85].

Atypical costimulatory molecules

The C-type lectin-like NKG2D receptor plays
critical roles in the activation of T cells. NKG2D shows
costimulatory function in y6 T cells, which can en-
hance the response of Vy9V62 T cells upon TCR acti-
vation. NKG2D ligation in Vy9Vd2 T cells can upreg-
ulate the activation marker CD69 independently of
TCR stimulation [48]. NKG2D can either directly ac-
tivate T cells, as happens for NK cells, or act as a
co-receptor to the TCR just as CD8* T cells do [82].
Upon activation, these NKG2D-expressing T cells can
kill tumor [86] or pathogen-infected cells [87].

Furthermore, Vy9Vd2 T cells express the BC2
isoform of CD46, which can reduce TNF-a and IFN-y
secretion in HMBPP-stimulated Vy9Vd2 T cell cul-
tures [88] when signaling through this isoform, indi-
cating a novel role for CD46 in regulating the produc-
tion of (Thl-like) pro-inflammatory cytokines in hu-
man y0 T cells.

Functions of y0 T cells

y0 T cells display a variety of functions. They can
produce different kinds of cytokines and chemokines
such as interferon-y (IFN-y) and tumor necrosis fac-
tor-a (INF-a), and growth factors such as IGF-1. Be-
sides, they can regulate immune responses via inter-
actions with other cells, for example, they can provide
help for B cells and present antigens for aff T cells.
Other important roles are involved in the macrophage
recruitment, cytolytic activity and so on. Such main
functions are detailed below.

Firstly, y& T cells can produce a vast variety of
cytokines and chemokines to regulate other immune
(e.g., Tregs) and non-immune cells. The types and
physiological roles of these cytokines, chemokines
and others are in detail discussed in the part of the
subtitle “Cytokine secretion”.

Secondly, they can provide help for B cells [89].
Caccamo group found that a subset of VyoV2+ T cells
that expresses CXC-chemokine receptor 5 (CXCR5)
which defines follicular B Th (Thy) cells were able to
induce significant production of Igs even in the ab-
sence of Ag, and provided help for naive B cells to
produce IgM, IgG, and IgA Abs, suggesting that they
are highly efficient at providing B cell help and play a
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significant regulatory role in humoral immunity [90].

Thirdly, y6 T cells can trigger dendritic cell (DC)
maturation. Vy9V62 lymphocytes can induce full ac-
tivation of immature dendritic cells (iDCs) infected
with pathogens, such as Mycobacterium bovis bacillus
Calmette-Gue'rin (BCG) [91]. Human y6 T cells in-
duced DC maturation [92] via TCR-CD1 [93] and
Fas-FasL interactions [94]. Because DCs are uniquely
resistant to Fas-induced cell death, Fas-FasL interac-
tion can transduce maturation signaling. When hu-
man Vy9Vo62 T cells were co-cultured with iDCs, they
induced increased expression of CD86 and MHC class
I oniDCs [95], mainly via y T cell-derived TNF-a and
IFN-y. DC maturation induced by LPS was further
enhanced by y T cells [96].

Fourthly, y6 T cells are involved in the macro-
phage recruitment. In listeriosis, y& T cells seem to
control the production of macrophage chemoattract-
ant protein I, because it was absent in mice genetically
deficient in yd T cells [97]. A recent investigation of
wound healing demonstrated that epidermal yo6 T
cells could regulate keratinocyte proliferation after
wounding [98], and induce hyaluronan production by
the epithelial cells [99]. During the subsequent tissue
repairing processes, hyaluronan is deposited in the
extracellular matrix where it becomes involved in the
recruitment of macrophages to the wound lesions. In
addition, y6 T cells facilitate cellular differentiation of
monocytes and macrophage lineage cells [100], as
monocytes differentiate into inflammatory macro-
phages during bacterial infections, but fail to undergo
maturation when yd T cells are absent.

Fifthly, yo T cells exhibit varying degrees of cy-
tolytic activity to various kinds of malignancies, such
as neuroblastomas [101-103]. Chargui et al. [104]
suggested that the expanded y6 T cells which were
derived from neuroblastoma patients effectively lysed
autologous and allogeneic neuroblastoma cells, and
zoledronate or BrHPP could increase the susceptibil-
ity of neuroblastoma cells to y& T cells. The cytolytic
activity of yd T cells could be induced through ap-
propriate cellular contact [105, 106] and augmented
by exposure to cytokines during ex vivo expansion,
for example, IL-15 and/ or IL-18 [68, 107]. So ex vivo
expanded yd T cells can function as a promising tool
for anti-malignancy immunotherapy.

Sixthly, y6 T cells produce growth factors that
maintain epidermal integrity [98]. y6 T cells in Psori-
asis, an immune mediated disease associated with
hyperproliferation of keratinocytes and angiogenesis,
have been showed to produce growth factors such as
IGF-1, VEGF and FGF-2[108]. They can up-regulate
IGF-1 production when stimulated with HMB-PP or

PMA /Ionomycin, and produce low amounts of VEGF
(<100pg/ml) and FGF-2 (<15 pg/mL) upon activa-
tion.

Seventhly, they can present antigens for af T
cells. It was reported by Brandes et al. that V62* T cells
showed principal characteristics of professional anti-
gen-presenting cells such as dendritic cells. After ac-
tivation, these cells can rapidly express
CC-chemokine receptor 7 (CCR7), which drives their
migration to lymph nodes, and upregulate their ex-
pression levels of MHC class I and class II molecules
and the co-stimulators CD80 and CD86 [109]. They
can efficiently process antigens and provide
co-stimulatory signals which can strongly induce na-
ive ap T cell proliferation and differentiation. Human
Vyove2+ T cells can also present antigens to CD4* T
cells and cross-present antigens to CD8* T cells [109].

Cytokine secretion

Activated y& T cells exhibit broad cytotoxic ac-
tivity against a wide variety of tumor cells, in which
they  utilize  death  receptor/ligand  (e.g.
Fas/Fas-ligand)-dependent and perforin/granzyme-
or granulysin-dependent pathways. yd T cells secrete
various cytokines [110] and chemokines including
proinflammatory Thl-like cytokines such as IFN-y
and TNF-a, and contribute to reduced survival of
autologous tumor cells [111]. Besides, they also pro-
duce Th2 cytokines such as IL-4 in the bronchoalveo-
lar lavage fluid of patients with allergic asthma [112,
113].

Furthermore, some y& T cells give rise to partic-
ular cytokines such as keratinocyte growth factor and
connective tissue growth factor (CTGF), showing
important functions in the control of epithelial integ-
rity, fibrinogenesis and wound repair. Other y6 T cells
also produce antimicrobial peptides such as cathelici-
din/LL37, indicating the capacity in the local epithe-
lial defense.

In addition, y6 T cells have been reported to se-
crete interleukin-10 (IL-10) [114], controlling CD8* T
cell expansion and regulating TNF-a secretion by ac-
tivated CD8* T cells, and IL-17 [115], regulating the
expansion and recruitment of neutrophils and mon-
ocytes to initiate inflammatory responses. The role of
IL-17-producing yd T cells has been evaluated in var-
ious models of infection [116] and autoimmunity. Se-
cretion of multiple cytokines and chemokines by ac-
tivated y0 cells and their physiological roles are
shown in Fig. 2
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