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Gamma delta (gd) T cells are the all-rounders of our
immune-system with their major histocompatibility complex-
unrestricted cytotoxicity, capacity to secrete immunosti-
mulatory cytokines and ability to promote the generation of
tumor antigen-specific CD8C and CD4C T cell responses.
Dendritic cell (DC)-based vaccine therapy has the prospective
to harness these unique features of the gd T cells in the fight
against cancer. In this review, we will discuss our current
knowledge on DC-mediated gd T cell activation and related
opportunities for tumor immunologists.

Introduction

Since the discovery of gd T cells in the late 1980s, insights
have been gathered of this enigmatic and versatile T cell subtype,
bridging innate and adaptive immunity.1,2 Over the last decade,
this component of cellular immunity received a growing body of
interest from tumor immunologists, for the sake of their immu-
nostimulatory properties and their ability to recognize and eradi-
cate tumor cells. In particular, their ability to identify antigens
out of the context of classical major histocompatibility complex
(MHC) molecules, has raised expectations for their use in thera-
peutic anticancer applications.3 Translational research efforts in
the field of gd T cell-based immunotherapy are currently

focusing on two main approaches: (a) adoptive transfer of ex vivo
activated and expanded gd T cells, and (b) in vivo targeting of gd
T cells using therapeutic agents, such as IL-2, bisphosphonates or
tumor-directed monoclonal antibodies (e.g. rituximab and tras-
tuzumab) specifically aimed at the recruitment and expansion of
gd T cells (excellently reviewed elsewhere4,5). Another path that
could be explored in view of gd T cell activation is DC vaccina-
tion. DCs are the orchestrators of our immune system. As senti-
nels, they recognize foreign invaders as well as stressed cells, after
which they initiate an immune response appropriate to the haz-
ard. Hence, DCs have caught the attention for their use as thera-
peutic agents for immunotherapy of cancer6 and infectious
diseases, such as human immunodeficiency virus (HIV).7,8

Research on DC-based immunotherapy is currently focusing on
the vaccine-mediating effects on the adaptive immune system,
aiming at inducing (tumor)antigen-specific cytotoxic T lympho-
cytes (CTLs). Less extensively studied is the effect of DC-based
immunotherapy on gd T cells. Within this context, recent evi-
dence has emerged that DCs can induce the activation and prolif-
eration of gd T cells, enhancing their cytotoxic and
immunoregulatory functions.9,10 gd T cells, in turn, promote
DC maturation and improve their capacity to stimulate adaptive
ab T-cell responses.1 This review summarizes for the first time
the current knowledge on DC-mediated gd T cell activation,
mechanisms behind the cell-to-cell interactions and its therapeu-
tic potential for implementation in DC-based cancer immuno-
therapy (Fig. 1).

gd T Cells and Cancer Immunity

Human gd T cells are a group of unconventional T cells that
can be subdivided based on their d T-cell receptor (TCR) chain
into Vd1 and Vd2 T cells. The majority of the tissue-associated
gd T cells bear the Vd1 TCR, whereas the Vd2 T cells represent
the largest group in the blood, reaching up to 95%.11 gd T cells in
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blood represent 1–10% of the entire T-cell population,11 but an
impressive increase in their relative share is observed upon infec-
tion, detecting increments from as low as 1% to over 50% in a few
days. The presence of activated gd T cells is associated with resis-
tance against infectious pathogens, such as Listeria monocytogenes12

and the influenza virus,13 underscoring their role in protecting the
host against infectious disease.14,15 Furthermore, gd T cells are
considered to be important players in cancer immune surveil-
lance.2 This is, among other things, substantiated by (I) their over-
representation in reactive lymphatic regions associated with
neoplasia,16 (II) their potential to kill a variety of tumor cells
including bladder cancer,17 colon cancer,18 glioblastoma multi-
forme,19 hematological malignancies20 and multiple myeloma,21

and (III) the observed trend between the presence of activated gd
T cells in cancer patients and a beneficial outcome.22-24

gd T cells dispose of a sensitive ability to distinguish “foreign”
or transformed cells from healthy self-cells, using activating
receptors and inhibitory killer Ig-like receptors (Table 1). gd T
cells are therefore not restricted to MHC priming, in contrast to
the classic ab T cells, which is a major asset in cancer cell recog-
nition.25,26 gd T cells exert their cytotoxicity by releasing tumor
necrosis factor (TNF)-a and granzymes in conjunction with

perforins, and by binding Fas ligand, TNF-related apoptosis-
inducing ligand and DNAX accessory molecule-1. Membrane-
expression of CD16 leaves the possibility of antibody-dependent
cellular cytotoxicity.4,27,28 Another feature of gd T cells is their
immunoregulatory function. As being an important early source
of pro-inflammatory cytokines such as interferon (IFN)-g, TNF
and interleukin (IL)-17, gd T cells support DC, T cell, B cell
and stromal cell functions.1 gd T cells can also develop properties
of antigen-presenting cells, reminiscent of mature DCs, support-
ing the development of T-helper 1 (Th1) cells and cytotoxic T
cells.29 Both classic MHC I and MHC II loading pathways are
therefore present in gd T cells.30 Even though gd T cells pre-
dominantly exert innate-like responses, they are able to transform
into memory cells. Thus na€ıve (CD45RACCD27C) and central
memory (CD45RA¡CD27C) gd T cells will home to secondary
lymphoid organs, while effector memory (CD45RA¡CD27¡)
and terminally differentiated (CD45RACCD27¡) gd T cells
show immediate effector functions on inflammatory sites.28

Tumor cells, however, exploit different mechanisms to escape
gd T cell-mediated antitumor immunity, reviewed by others.31,32

For example, tumor cells promote gd T cells to adopt a regula-
tory T cell (Treg) phenotype. Such gd Tregs damp antitumor

Figure 1. How gd T cells can contribute to the antitumor efficacy of dendritic cell (DC)-based vaccination. It can be postulated that DC vaccination has
the ability to activate gd T cells and initiate their expansion. In turn, activated gd T cells can (I) further stimulate vaccine and host DCs indirectly support-
ing sustained antitumor T-cell immunity and NK-DC crosstalk, (II) fulfil their immunomodulatory function through the secretion of pro-inflammatory cyto-
kines regulating innate (natural killer cells) and adaptive (T cells) cellular immunity, and (III) directly kill tumor cells. Abbreviations: CTL, cytotoxic T
lymphocyte; DC, dendritic cell; DNAM, DNAX accessory molecule; FASL, Fas ligand; IFN, interferon; IL, interleukin; IPP, isopentenyl pyrophosphate; NK,
natural killer cells; TC, tumor cell; TCR, tumor cell; Th1, T-helper 1 cell; TNF, tumor necrosis factor; TRAIL, TNF-related apoptosis-inducing ligand.
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immunity33 and contribute to the immunosuppressive micro-
environment that is characteristic of most tumor cells.34 Defi-
cient gd T cell functions have already been observed in various
malignancies, including hematological,20 liver,35 breast35 and
gastric cancers.36 Re-establishment of gd T cell antitumor activ-
ity is therefore valuable.

DC-mediated gd T Cell Activation

Since the discovery by Ismaili et al.(2002) that phosphoanti-
gen-activated gd T cells are capable of inducing maturation of
monocyte-derived DCs (mo-DCs), a plethora of research papers
focused on the activation of DCs by gd T cells.37-40 It is only
recently that gd T cell activation by DCs and their crosstalk got
its rightful attention. Table 2 summarizes our current under-
standing of DC-mediated gd T cell activation.

DC-mediated gd T cell proliferation
Seminal work by Takamizawa et al.41 in the mid-1990s pro-

vided the first evidence that human DCs can mediate gd T cell
activation by inducing their proliferation, a finding that was later
confirmed by Ye et al. in the early 2000s.42 Although the nomen-
clature of the DC system is still expanding, two main in vivo DC

subsets can be distinguished: plasmacytoid (pDCs) and myeloid
DCs (mDCs). However, most DC studies, including those on
the interaction between DCs and gd T cells (Table 2), have
relied on the use of ex vivo generated mo-DCs. To obtain mo-
DCs, peripheral blood monocytes are cultured in vitro into
immature (i)DCs in the presence of differentiation stimuli such
as granulocyte-macrophage colony-stimulating factor (GM-CSF)
and IL-4. Immature DCs can in turn be converted into mature
DCs by exposure to maturation stimuli such as cytokines and
Toll-like receptor (TLR) ligands.43 Neither immature mo-DCs
or their mature counterparts are capable of inducing gd T cell
proliferation,44 but they can acquire this capacity when stimu-
lated by the bisphosphonate zoledronate.44 Such zoledronate-
treated mo-DCs were found to preferentially stimulate the prolif-
eration of central memory and effector memory gd T cells.44

Recently, the ability to induce gd T cell proliferation was also
demonstrated for zoledronate-exposed CD56C mDCs isolated
from the blood of healthy volunteers.10 The mechanism by which
zoledronate-treated DCs mediate gd T cell activation (Vg9Vd2
subset) relies on inhibition of the mevalonate pathway in DCs,
leading to accumulation of mevalonate metabolites such as iso-
pentenyl pyrophosphate (IPP).45,46 Healthy somatic mammalian
cells constitutively express the latter, but in a too low concentra-
tion for gd T cell activation.45 IPP and other phosphoantigens,
such as (E)-4-hydroxy-3-methyl-but-2-enyl pyrophosphate
(HMBPP), have been shown to promote Vg9d2 T cell prolifera-
tion, provided that there are MHC class II-positive cells (e.g.,
DCs) present.47 However, this is not a property of the entire
group of the phosphoantigens since another phosphoantigen,
bromohydrin pyrophosphate (BrHPP), did not show any stimu-
latory effect on proliferation.43

Similar to bisphosphonate and phosphoantigen stimulation,
infection-related signals can also provide the necessary stimulus
for DC-mediated gd T cell proliferation (Table 2). For example,
Bacillus Calmette-Gu�erin (BCG)- and Mycobacterium tuberculo-
sis-infected DCs have been shown to induce proliferation of
Vg9d2 T cells with a central memory phenotype, both in autolo-
gous and allogeneic settings.48,49 In contrast, DCs infected with
HIV are not able to induce Vg9d2 T cell proliferation,50 indicat-
ing that DC-mediated gd T cell proliferation following infection
is dependent on the type of pathogen. In the context of infec-
tion-related signals, maturation of DCs with pathogen-associated
molecular patterns (PAMPs; e.g. TLR-agonists) is promising.9,51

Finally, cytokines, such as IL-15 and high-doses of IL-2, can
provide the extra stimulus to enable mo-DCs to stimulate the
proliferation of gd T cells.51 IL-15 is a pleiotropic cytokine,
important for, among others, (gd) T cell homeostasis.52,53 Lack
of IL-15 production by infected DCs results in the absence of gd
T cell effector functions, making the differentiation of central
memory gd T cells into effector memory cells difficult.49 These
data could support the implementation of IL-15 expressing DCs
into clinical trials.54-57

Impact of DCs on effector functions of gd T cells
The two main effector functions of gd T cells which would be

desirable in the context of cancer immunotherapy are a direct

Table 1.Main inhibitory and activating gd T cell receptors and their ligands

Receptor on
gd T cells Ligand(s)

Activating receptors TCR – Both MHC-related
and non-related molecules

CD28 – CD80/CD86
CD27 – CD70
LFA-1 – ICAM-1
CD2 – LFA-3
CD6 – CD166
CD30 – CD30L
NKG2C – HLA-E
NKG2D – MICA/BULBP1-6
CD16 – Fc portions IgG1, IgG3
DNAM-1 – Nectin-like-5, Nectin-2
NKp30 – B7-H6, BAT3
NKp44 – ?
NKp46 – ?

Inhibitory receptors PD-1 – PD-L1
ILT2 – HLA-A
KIR2D – HLA-C
NKG2A – HLA-E
KLRG1 – Classical cadherins (E-,N-, R-)
BTLA – HVEM, B7H4

Abbreviations: BAT3, HLA-B associated transcript 3; BTLA, B- and T-lympho-
cyte attenuator; CD, cluster of differentiation; DNAM-1, DNAX accessory
molecule-1; HLA, human leukocyte antigen; Ig, Immunoglobulin; HVEM, her-
pesvirus entry mediator; ICAM-1, intercellular adhesion molecule 1; ILT,
immunoglobulin-like transcript; KIR, killer-cell immunoglobulin-like receptor;
KLRG1, killer cell lectin-like receptor subfamily G member 1; LFA, lympho-
cyte function-associated antigen; MHC, major histocompatibility complex;
MIC, major histocompatibility complex class I-related chain; NKG, natural
killer group; NKp, natural killer cell px-related protein; PD-1, programmed
cell death protein 1; TCR, T cell receptor; ULBP, UL16-binding protein.
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cytotoxicity toward tumor cells and an immunomodulatory func-
tion through the secretion of pro-inflammatory cytokines includ-
ing IFN-g and TNF-a.

Immunomodulatory function
In line with the findings for gd T cell proliferation, neither

immature mo-DCs48 or their cytokine matured counterparts9 are
found to be capable of stimulating the cytokine secretion func-
tion of gd T cells.

Likewise, pulsing DCs with zoledronate, which, as discussed
above, results in production of phosphoantigens by DCs, enables
their capacity to trigger the secretion of Th1 cytokines (e.g.,
IFN-g, TNF-a and IL-1b) from gd T cells.10 A similar observa-
tion was made by Martino et al., who showed that zoledronate-
treated DCs can stimulate the production of IFN-g and TNF-a
by Vg9d2 T cells.48 DCs stimulated with the bisphosphonate
pamidronate43 or with ibandronate51 have also been shown to

trigger a Vg9d2 T-cell Th1 cytokine response, as defined by
secretion of TNF-a and/or IFN-g (Table 2).

An infection can also function as an additional signal gd T
cells need to exert their secretory function. Thus, IFN-g and
TNF-a secretion is observed with BCG-infected DCs.48 Active
infection is mandatory for Vg9d2 T cell triggering, as DCs
infected with heat-killed BCG lose their incentive effect.48 This
ties in with the use of TLR ligand-based maturation cocktails in
mo-DC generation protocols instead of the classic ‘Jonuleit
cocktail’ (comprising TNF-a, IL-1b, IL-6 and PGE2).58 TLR-
matured DCs can namely potentiate the cytokine secretion func-
tion of gd T cells.9 Furthermore, lipoteichoic acids (TLR2
ligand),59 poly(I:C) (TLR3 ligand), LPS (TLR4 ligand) and fla-
gellin (TLR5 ligand)-mediated IFN-g secretion of Vg9d2 T cells
requires the presence of iDCs,60 which was also previously
observed with CD11cC immature DC dependency of poly(I:C)-
mediated activation of gd T cells.61 In line with the

Table 2. Dendritic cell (DC)-mediated gd T cell activation

DC-type Culturing conditions Effect on gd T cells Reference

MHC class II cells (DC) C HMBPP or IPP (C) proliferation 47

Blood DC – (C) proliferation 41

CD56C blood DC C zoledronate (C) proliferation
(C) IFN-g, TNF-a and IL-1b

10

DC CD34C-derived (C) proliferation 42

Immature mo-DC GM-CSFC IL-4 (¡) proliferation 44,48

GM-CSFC IL-4 C BrHPP (¡) cytotoxicity 43

GM-CSFC IL-4 C zoledronate (C) proliferation 44

GM-CSFC IL-4 C zoledronate (C) IFN-g and TNF-a 9

GM-CSFC IL-4 C zoledronate (C) killing THP-1 48

Mature mo-DC GM-CSFC IL-4 – IL-1b C TNF-a (¡) proliferation 44

GM-CSFC IL-4 – IL-1b C TNF-aC zoledronate (C) proliferation
(C) ab T cell activation

44

GM-CSFC IL-4 – TNF-a C IL-1bC IL-6C PGE2 (¡) IFNg, TNF-a 9

GM-CSFC IL-4 – TNF-a C IL-1bC IL-6C PGE2 C zoledronate (C) proliferation tumor-antigen specific CD8C T cells 66

GM-CSFC IL-4 – TNF-a C IL-1bC IFN-a C IFN-g C poly(I:C) (C) IFN-g, TNF-a
(C) IL-10

9

GM-CSFC IL-4 –MPLA C IFN-g (C) IFN-g, TNF-a 9

GM-CSFC IL-4 – TLR-matured (C) killing Daudi 9

GM-CSFC IL-4 – LPS (¡) killing myeloma cells 51

GM-CSFC IL-4 – LPSC high dose IL-2 (C) proliferation 51

GM-CSFC IL-4 – LPSC low and high dose IL-15 (C) proliferation 51

GM-CSFC IL-4 – LPSC ibandronate (C) IFN-g, TNF-a
(¡) killing myeloma cells

51

GM-CSFC IL-4 – LPSC TNF-a (¡) cytotoxicity 43

GM-CSFC IL-4 – LPSC TNF-a C pamidronate (C) IFN-g, TNF-a 43

GM-CSFC IL-4 – KLH C IFN-g C LPS (¡) proliferation CD4C and CD8C T cells 67

GM-CSFC IFN-a (C) proliferation tumor-specific CD8C T cells 65

Pathogen-infected DC BCG-DC (C) proliferation
(C) IFN-g and TNF-a
(C) killing THP-1

48

Brucella-DC (C) proliferation CD4C T cells 37

MTB-DC (C) proliferation 49

HIV-DC (¡) proliferation 50

pDC R848-, CpG- or YF-17D-triggered (C) IFN-g 60

Abbreviations: (C), stimulation of gd T cell function; (¡), no effect on gd T cell function; BCG, Bacillus Calmette-Gu�erin; BrHPP, bromohydrin pyrophosphate;
DC, dendritic cell; GM-CSF, granulocyte-macrophage colony-stimulating factor; HIV, human immunodeficiency virus; HMBPP, (E)-4-hydroxy-3-methyl-but-2-
enyl pyrophosphate; IFN, interferon; IL, interleukin; IPP, isopentenyl pyrophosphate; KLH, keyhole limpet hemocyanin; LPS, lipopolysaccharide; MHC, major
histocompatibility complex; mo-DC, monocyte-derived DC; MPLA, monophosphoryl lipid A; MTB, Mycobacterium tuberculosis; pDC, plasmacytoid dendritic
cell; PG, prostaglandin; Poly(I:C), polyinosinic-polycytidylic acid; TLR, toll-like receptor; TNF, tumor necrosis factor; YF, yellow fever.
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aforementioned, R848 (TLR7/8 ligand), CpG (TLR9 ligand)
and vaccinal yellow fever virus strain (YF-17D)-triggered pDC
induce Vg9d2 T cell IFN-g production.60 Generally, the secre-
tory immune stimulatory effect is associated with an upregulation
of activation markers on the gd T cells like CD25 and CD69,9,48

which could be interesting for immunomonitoring of DC
vaccination.

In addition to Th1 cytokines, gd T cells have been demon-
strated to become major producers of IL-17 in reaction to IL-1b
produced by DCs after encounter of immunogenic dying tumor
cells. Although the role of IL-17 in antitumor defense is still
unclear, there is some evidence that IL-17 secretion by gd T cells,
leading to invasion of tumor-reactive CTL, is required for opti-
mal anticancer immune response to cytotoxic chemotherapeu-
tics.62 On the other hand, IL-17-producing gd T cells support
tumor growth by promoting angiogenesis.63 This pro-tumor
effect, associated with a poor clinical response, is more pro-
nounced in solid tumors comparing with hematologic malignan-
cies.64 IL-17 in the tumor micro-environment remains therefore
controversial.

Cytotoxicity of gd T cells
In context of cancer immunotherapy, the cytotoxic activity is

an important effector function of gd T cells. However, irrespec-
tive of the positive effect of co-culture with DCs on proliferation
and cytokine secretion of gd T cells, DCs, whether or not pulsed
with ibandronate, did not induce an increase in cytotoxic activity
against myeloma cells.51 This is in line with findings from
Devilder et al. who reported a potentiating effect of DCs on Th1
and Th2 cytokine responses of BrHPP-stimulated Vg9d2 T cells,
but not on their cytotoxicity.43 The cause of this discrepancy is
unknown and warrants further investigation, especially given the
fact that under some circumstances DCs are capable to enhance
Vg9d2 T cell killing of tumor cells, for example against the acute
myeloid leukemia cell line THP-1.48 Moreover, zoledronate-
exposed DCs increase the expression of cytotoxic effector mole-
cules such as NKG2D on gd T cells.48 Also, TLR-activated DCs
induce the degranulation of granzyme B leading to an improved
killing of Daudi cells, as compared to classic DCs. These effects,
moreover, are maintained long-term.9

gd T cells influence the adaptive arm of the immune system
Initially, the use of DCs as vaccine is based on their T cell

stimulatory ability. Tumor antigen-specific CD8C CTLs, primed
by DCs, are able to recognize tumor antigens expressed on malig-
nant cells, leading to the killing of the latter. The question arises
if gd T cells can add to this effect. The majority of the reports
state a valuable role for gd T cell activation in the design of vac-
cine therapies for malignancy with regard to stimulation of the
adaptive arm of the immune system. Indeed, Brucella-infected
DCs cultured in the presence of Vg9d2 T cells induce the ampli-
fication of naive CD4C T cells.37 HLA-A2-positive
CD56highCmo-DCs successfully induce Mart-1-derived modified
peptide (A27L)-specific CD8C T cells through preferential
expansion of CD56C Vg9d2 T cells in the presence of A27L,
zoledronate, and IL-2.65 In connection herewith, stimulating

tumor antigen-pulsed (MART-1-modified peptide) mo-DCs
with zoledronate alone leads first to the activation of Vg9d2 T
cells which in turn results as well in an amplified activation and
proliferation of tumor antigen-specific CD8C T cells.66 On the
contrary, Traxlmayr et al. reported that gd T-cells adversely reg-
ulate the proliferative capacity of CD4C and CD8C T cells after
stimulation with IL-12 secreting mo-DCs.67 Overall, simulta-
neous activation of gd T cells and ab T cells improves the anti-
gen-specific cytotoxic responses mediated by the latter.44 From
this, it can be concluded that gd T cells can indirectly contribute
to the efficiency of DC based cancer vaccines by promoting the
generation of tumor antigen-specific CD8C T cell responses.

Mechanisms Behind DC-mediated gd T Cell
Activation

A first potential key mechanism behind DC-mediated
Vg9d2 T cell activation is the production and secretion of
IPP by DCs. This is the case for the improved gd T cell pro-
liferation by zoledronate-pretreated mo-DCs.68 Extracellular
concentrations of IPP were found to be 1000 times higher
than the intracellular levels.69 The importance of IPP was
confirmed by the abrogation of the proliferative effect by add-
ing simvastatin or mevastatin to the pretreatment of
DCs.44,68,69 Statins, a common group of cholesterol-lowering
drugs, have an inhibiting effect on the mevalonate pathway by
blocking the rate-limiting enzyme in the cholesterol synthesis,
the HMG-CoA reductase. This results in a depletion of the
starting products of IPP, impeding gd T cell activation and
the positive effect of the bisphosphonates.70 Addition of
mevastatin on the contrary has no effect on ab T-cell
counts.44 It should however be pointed out that phosphoanti-
gens do not solely influence DC-mediated gd T cell
activation.48,49

Since phosphoantigens are not responsible for the entire
effect, there must be other growth factors, cytokines, or contact-
dependent factors contributing to this crosstalk.69 Soluble media-
tors described to induce gd T cell activation are as follows:
IL-129,71,72, IL-1548, IL-1b, TNF-a72 and IFN-a/b.60,61 IL-12
secretion abrogation by TLR-matured mo-DCs resulted in the
almost complete absence of IFN-g secretion by gd T cells.9 The
importance of IL-12, along with IL-1b and TNF-a, secretion by
BCG-DCs has been demonstrated by the increased production
of IFN-g, granzyme B, and the augmented cytotoxicity of
Vg9d2 T cells against Daudi cells, pertaining to the IL-12-
blocked conditions.71,72 The IL-12 secretion by BCG blood
DCs relies on IFN-g production of memory CD4C T cells, revel-
ing a complex biology between cells of the innate and adaptive
immune system.71 IL-12 however does not seems to have an
indisputable positive effect. IL-12 secreting DCs, in contrast to
DCs that are not enabled for IL-12 secretion, give rise to immune
suppression by gd T cells.67 In this context, the importance of
the STAT3 pathway should be mentioned. The activating effect
of STAT3 is at least in part mediated by increased IL-12 produc-
tion and STAT3 silencing in mo-DCs enhances IFN-g
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production of gd T cells.73 IFN-a/b, produced by CD11cC

DCs, contribute to the activation of gd T cells by poly(I:C).61

Type I IFNs play also an important role in TLR-matured DC-
gd T cell activation, shown by a §80% reduction of the induced
IFN-g secretion by blocking IFNAR2.60

Finally, transwell assays point out that both soluble and con-
tact-dependent interactions play a role. The main activating and
inhibitory gd T cell receptors and their ligands are summarized
in Table 1. Experiments with bacterial-infected IL-4 DCs, i.e.
being pulsed with BCG,48 Brucella,37 B. burgdorferi74 or M.
tuberculosis,49 indicate that gd T cell activation and proliferation
by these DCs requires direct cell-to-cell contact. The latter is
based on the expression of the activation and maturation
markers CD25 and CD69, and the production of IFN-g. Sepa-
ration of gd T cells and pamidronate stimulated mo-DCs by a
semipermeable membrane completely reverses the gd T cell
activation, which argues against the implication of soluble fac-
tors.75 The cytokine secretion by phosphoantigen-activated
Vg9d2 T cells enhanced by iDCs requires close cell-to-cell con-
tact as well.43 Contact-dependent interactions described in the
literature include CD58-CD2, CD54-CD11a41, Fas/FasL74 and
CD80/86-CD28.41,75 Moreover, Takamizawa et al. discovered
a possible role for interaction with HLA-DR.41 Accordingly,
the presence of the gd TCR enables the recognition of peptidic
and non-peptidic molecules too, whether or not in the context
of MHC presentation.3 Thus, the gd TCR would play a vital
role in recognizing a ligand, most likely a M. tuberculosis-derived
phosphoantigen on M. tuberculosis-infected DCs, resulting in
Vg9d2 T cell proliferation.49 As evident from the current litera-
ture, DC-mediated gd T cell activation is apparently based on
combinatory effects, in turn, dependent on the experimental
setting.

Conclusion and Perspectives

DCs have the capacity to harness gd T cells for the develop-
ment of antitumor immunity. Mechanisms directing DC-medi-
ated gd T cell activation are versatile and rely on combinatorial
effects depending on the stimuli used for activation. In this con-
text, DC vaccines hold potential to empower gd T cells, assisting
directly and indirectly the development of an antitumor immune
response (Fig. 1). Given the fact that the presence of activated gd
T cells in cancer patients is associated with a beneficial out-
come16,22-24, monitoring gd T cells would be an interesting
parameter for evaluation of DC vaccines.

Importantly, this strategy must be examined with scrutiny. To
date, research is predominantly performed on gd T cells of
healthy donors. gd T cells of healthy donors and patients, how-
ever, may respond differently. While a strong proliferation of gd
T cells was observed in the majority of healthy donors after single
phosphoantigen stimulation ex vivo, no such amplification was
achieved with gd T cells of cancer patients.68,69 This weak
response could be overcome by co-culturing gd T cells with
zoledronate-pretreated mo-DCs.68,69 Immunophenotyping of
the amplified gd T cells revealed the pro-inflammatory state of

these cells, based on the expression of costimulatory molecules
(HLA-DR, CD86, CD80) and the absence of inhibitory mole-
cules (programmed cell death protein (PD)-1, PD-L1).69

To get the full potential from DC vaccination for the treat-
ment of cancer patients, some pitfalls should be overcome. Con-
sideration should be given to the fact that conventional mo-DCs
generally lack the ability to stimulate (patients’) gd T cells and
that additional/alternative signals are required. Moreover, DCs
also have the potential of inducing adverse effects on antitumor
immunity, like induction of gd Treg cells, induction of immuno-
suppressive IL-1033,76 or dampening of CD4/8 T cell prolifera-
tion.67 It has been determined that co-culturing gd T cells with
DCs matured with an a-type one polarizing cocktail, results in
the consistent production of the anti-inflammatory cytokine IL-
10.9 Therefore, one should not forget to look at the negative
impact on immunostimulatory capacity, together with the posi-
tive effects.

Although there is mounting evidence for DC-mediated gd T
cell activation in vitro, to date only two clinical studies have mon-
itored gd T cells following DC vaccination.67,77 Traxlmayr et al.
reported a gd T cell-mediated negative regulatory feedback
mechanism triggered by IL-12 secreting DCs, potentially ham-
pering the clinical effect of DCs.67 Kitawaki et al. assessed the
numbers of gd T cells in peripheral blood and bone marrow, as
well as serum IFN-g serum levels, after vaccination with zoledro-
nate/Wilms’ tumor 1-pulsed DCs, but could not detect any
changes.77

Based on our current knowledge, there is still no conclusive
answer on how to generate a potent DC vaccine that harbors the
ideal stimulatory triggers for gd T cell antitumor activity.
Bisphosphonate-pretreated mo-DCs respond to the fact that
phosphoantigens are known activators of Vg9d2 T cells. The
molecules, however, which are responsible for phosphoantigen
presentation remain to date unknown.11 Including infection-
related signals in the protocol is a second way to optimize DC
vaccines. Maturation cocktails with TLR-ligands have shown to
induce gd T cell cytokine secretion and granzyme degranula-
tion.9 As opposed to phosphoantigens, TLR-stimulation has the
potential to stimulate both the Vd1 and Vd2 T cell subset.78

Activation with TLR8 is of particular interest due to its potential
to reverse immunosuppressive activity of gd T cells. However,
this effect has not been investigated so far through mo-DCs.78

Finally, activating receptor-ligand interactions (Table 1) and
secreting/presenting cytokines by DCs (vide supra), are possible
mechanisms to harness gd T cells in the antitumor DC vaccine
effect. Here, a special mention of IL-15 is in place.48,51,79 The
latter can lead to the implementation of IL-15 expressing DCs in
the clinic.54,55

To expand our knowledge on potentiating gd T cell functions
by DCs, evaluation of combinatorial vaccination strategies aim-
ing at engagement of gd T cells and inclusion of gd T cell moni-
toring in DC-vaccination trials is warranted.
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