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Recent experiments indicate that in contrast to abT cells, gdT

cell effector functions are largely preprogrammed in the

thymus during fetal life. However the thymus also exports

juvenile gdT cells that can mature and be polarized in the

periphery. How these developmental pathways are regulated

and how much they contribute to the gdT cell effector pool is

unclear. Here we discuss recent advances in the

understanding of gdT cell subset development, with particular

focus on IL-17-producing gdT cells and their beneficial and

pathogenic roles in immunity.
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Introduction
abT cells leave the thymus after birth and migrate to the

periphery as mature, naive cells. In an immune response,

CD4+ cells further differentiate into various helper subsets

characterized by distinct cytokine profiles. gdT cells can

leave the thymus either as mature cells or as juvenile cells

that finish maturation in the periphery. Furthermore, cer-

tain gdT cell subsets acquire effector functions already in

the embryonic thymus, providing the first line of immune

defense in newborns. Fetal gdT cells exit the thymus in

waves and seed mainly epithelial surfaces. The first wave of

cells generates IFNg-producing Vg5+ (nomenclature

according to [1]) dendritic epidermal T cells (DETC) that

perform crucial functions in the epidermis and in the de-

velopment of specialized medullary thymic epithelial cells

[2��]. The next wave comprises IL-17-producing (gdT17)

Vg6+ T cells that seed epithelial linings of the lung, tongue

and the genital tract, as well as the liver and peritoneal

cavity. IL-4 and INFg producing Vg1+Vd6+Thy-1dull gdT

cells (gdNKT) are also primarily generated in the fetal

thymus and localize in tissues similarly to iNKTs [3,4].

Finally, starting just before birth and continuing through-

out life, Vg1+ and Vg4+ cells migrate to the tissues and the
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peripheral lymphoid organs, while Vg7+ cells take their

way to the intestines. These gdT cells subsets can pro-

duce different combinations of cytokines depending on

the tissue and infection studied [5–7,8��]. However, Vg1+

and Vg7+ cells usually produce IFNg, while Vg4+ cells

frequently secrete IL-17. Expression of the surface mol-

ecules SCART2 and CD27 has been associated with the

production of IL-17 and IFNg, respectively. These mar-

kers may help to track the developmental pathways of

different subsets, as they are found on thymocytes and

peripheral T cells [9,10]. How and where Vg1+, Vg4+ and

Vg7+ gdT cells acquire their functional properties is

poorly understood. In this review, we discuss the pro-

posed pathways (Figure 1) and molecules involved

(Figure 2), with a particular focus on IL-17 producing

gdT cells.

Development of gdT cell subsets
Fetal versus postnatal origin of IL-17-producing gdT

cells

It was recently suggested that all gdT17 cells are of fetal

origin (Figure 1a) [8��,11��]. This was based on exper-

iments showing that dermal and systemic gdT17 cells

could not be efficiently reconstituted in irradiated mice

by bone marrow transplantation, nor in adult RAG-

deficient mice by de novo RAG induction [8��]. Indeed,

only fetal thymocytes were able to reconstitute peripheral

lymph node and dermal gdT17 cells in adult WT mice

[11��]. Interestingly, gdT17 cell development from adult

precursors has been observed in mixed bone marrow

chimeras containing abT cells with a disrupted IL-17

gene, suggesting that IL-17 produced by abT cells

suppresses development of gdT17 cells in adult mice

[8��]. Furthermore, evidence for postnatal development

of IL-17-producing gdT cells can be found in the col-

lagen-induced arthritis (CIA) mouse model [7]. gdT17

cells present in the joints express TCRs with coding

sequences carrying substantial N-nucleotide additions,

which indicate a postnatal origin because terminal deox-

ynucleotidyl transferase is not expressed in the fetus [12].

This gdT17 population also showed a biased TCR

sequence, suggesting antigen-driven expansion. Thus,

their IL-17-production could have resulted from cyto-

kine-mediated polarization during activation (Figure 1c).

Taken together, gdT17 cells can develop in both fetal and

adult thymi. The apparent embryonic origin of IL-17-

producing gdT cells seems to result from lack of IL-17-

mediated inhibition before birth, rather than from a truly

programmed embryonic wave, as for example in the case

of DETC development. Consistently, gdT17 [8��,13] and
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Models of functional specialization of gdT cells. (a) gdT17 cells originate exclusively during the embryonic development. (b) gdT17 cells develop if no

agonistic TCR ligand is seen during thymic maturation. (c) The thymus contains different precursor pools, with preprogrammed (‘innate’) and unbiased

(‘adaptive’) functional potential. ‘Innate’ precursors need agonistic TCR signals (depicted as gdTCR ) for functional maturation in the thymus, while

‘adaptive’ precursors leave the thymus as immature naı̈ve cells, mature in the periphery and polarize upon antigen recognition.
Th17 [13] cells were enriched in naive IL-17RA-deficient

and IL-17AF-deficient mice.

Thymic and peripheral maturation of gdT cells

Analogous to abT cell development, CD24 downregula-

tion has been considered a sign of gdT cell maturation,

although this has remained controversial because most gd

recent thymic emigrants express CD24 [14–16]. In

support, a detailed gene expression analysis indicated

that loss of CD24 does indeed define the final step of

gdT cells maturation [17��]. The identified gene signa-

tures of around 500 genes accompanying gd and ab

thymocyte maturation showed 78% overlap. Only mature

CD24�Vg4+ thymocytes upregulated expression of

gdT17 cell signature genes such as IL-17, IL-23R, IL-

1R [18] and Blk [19�]. Similarly, Vg1+ and Vg7+ cells did

not acquire full effector phenotype until the CD24� stage

[17��] and in adult mice only CD24� cells efficiently

produced cytokines [8��,20] (and JK, unpublished

results). Interestingly, while fetal Vg5+ thymocytes
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normally downregulate CD24 and produce IFNg, they

remain CD24hi and produce IL-17 in mice lacking Skint-

1 [21��,22], a novel butyrophilin-like surface molecule

that mediates positive selection of DETCs [23].

Notably, the CD24� stage is reached after ligand recog-

nition by the gdTCR [24,25], implicating that most

immature (CD24hi) cells did not receive TCR stimu-

lation. Nevertheless, some of the CD24hi cells already

express signature transcription factors like Eomes, PLZF

or RORgt [17��]. Furthermore, principal component

analysis of gene expression revealed that CD24hi Vg1+

and Vg7+ cells are closely related and distant from the

closely related CD24hi Vg4+ and Vg6+ thymocytes [17��].
Considering that the prevailing scheme of early T-cell

development and lineage commitment is based on a pool

of equivalent precursors that randomly rearrange TCR

genes and undergo instructive TCR-mediated cell-fate

decisions, it remains to be explained what determined

differential gene expression in CD24hi gdT cells that
 Curr Opin Immunol (2013), http://dx.doi.org/10.1016/j.coi.2013.03.002
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Figure 2
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A summary of factors influencing the development and function of gdT17

cells.
apparently did not receive any TCR signals. There are

three mutually non-exclusive possibilities: some CD24hi

gdT cells may have been positively selected by different

TCR-ligands but have not yet downregulated CD24;

expression of TCRs containing particular V segments

may have triggered discrete signals without ligand

engagement in a similar fashion to the preTCR [26];

finally, different gdT cell subsets may descend from

distinct precursors.

Support for diversity among precursors before

TCR-selection comes from several studies including

a recent report showing temporal predisposition for ab

and gd lineage fates among early CD4�CD8� progeni-

tors [27��] and another report suggesting TCR-

independent preprogramming of IL-17-production

[8��] (Figure 1a,c). In addition, the existence of discrete

precursor pools for innate and adaptive T cells has been

recently proposed to explain the presence of functional

TCRg chains in innate abT cells [28]. Consistent with

development from a common ‘innate’ precursor,

gdNKT and abNKT cells are remarkably similar in

gene expression [17��] (auto-) reactivity toward thymo-

cytes [28], surface phenotype, cytokine production and

tissue distribution [29�], although convergent develop-

ment could also explain these features [30]. Interest-

ingly, similarity in gene expression between

CD24hiVg4+ and DP thymocytes (especially CD69+)
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[17��] could suggest their common origin from an

‘adaptive’ precursor pool.

Export of CD24+ gd thymocytes indicates that many

adult gdT cells complete maturation in the periphery,

possibly upon ligand recognition (Figure 1c). However, as

discussed below, the role of TCR-ligand interaction in

the development of gd17T cells is still unclear.

TCR signals

How TCR signals direct functional specialization of

different gdT cell subsets is under intense investigation.

It was proposed that TCR ligand recognition during

maturation in the thymus induces the development of

IFNg-producing cells, while in the absence of the ligand

the same gdT cells acquire the capacity to produce IL-17

(Figure 1b) [31]. In this manuscript, the phenotype of

gdT cells reactive to the non-classical MHC class Ib

molecule T22 was analyzed. Such cells were found in

both WT and T22-deficient mice and according to the

hypothesis should produce IFNg and IL-17 respectively.

Indeed, in WT mice T22-reactive gdT cells produced

mainly IFNg. Unfortunately, in T22-deficient mice their

IFNg and IL-17 production, was not sufficiently analyzed

[31]. Furthermore, it is not clear if in T22-deficient mice,

T22-ractive gdT cells develop in the true absence of a

cognate ligand. Because T22-binding requires only a

short motive in the TCRd chain [32], calls carrying such

TCRd chains could potentially recognize also other

ligands.

Stronger evidence for instructive gdT cell subset devel-

opment comes from another study describing phenotypic

changes in fetal gdT cells dependent on the presence or

absence of Skint-1. In the presence of Skint-1, maturing

Vg5+ gdT cells induced an Egr3-mediated program and

differentiated into IFNg-producing DETCs. In the

absence of Skint, Vg5+ gdT cells expressed Sox13

together with RORgt and acquired IL-17-producing

capacity [21��]. However, in mice lacking Skint-1, Vg5+

thymocytes showed increased apoptosis and accordingly

the number of Vg5+ thymocytes at E16 was decreased 2–
3-fold [22]. Hence, a selection-based mechanism,

whereby Skint-1 signals promote survival of

Sox13�RORgtlo precursors and other signals select

Sox13+RORgt+ precursors, cannot be excluded. Compli-

cating the issue is lack of evidence for Skint-1 being a

TCR ligand. In an attempt to solve this problem, mice

transgenic for TCRs (G8 and KN6) with known speci-

ficity (i.e. T22) were used. It was concluded that the skin-

homing potential is intrinsically programmed in fetal

precursors before selection, but TCR-mediated selection

is required for the acquisition of receptors associated with

skin homing (i.e. CCR10) [33�].

Some gdT cells seem to require strong agonistic TCR

signals for maturation [25,34], but whether low-affinity
 Curr Opin Immunol (2013), http://dx.doi.org/10.1016/j.coi.2013.03.002
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TCR-ligand interactions play a role is not clear. Studying

TCR signaling in gdT cells is greatly hampered by the

limited number of known gdTCR ligands and the fact

that the few well-described gdTCR-ligand interactions

are of rather high-affinity [32]. Therefore, definition of

new gdTCR-ligands is badly needed. An excellent recent

study identified the endothelial protein C receptor

(EPCR) as a novel low-affinity ligand for a human

gdTCR, which mediated the recognition of CMV-

infected endothelial cells and epithelial tumors [35��].
EPCR was bound in an antibody-like fashion, similarly to

other known gdTCR-ligands, but costimulation was

required for gdT cell activation. Thus EPCR could

provide a model self-antigen for studying positive selec-

tion of gdT cells by low affinity interactions and shed light

on the requirement for TCR signals for generation of IL-

17-producing gdT cells.

Interestingly, while microbial compounds can activate

gdT17 cells through pattern recognition receptors

[36,37�,38], it was recently shown that they can also

be recognized by the gdTCR [39��]. Immunization of

mice with red algae derived phycoerythrine (PE) trig-

gered rapid IL-17 production from gdT cells, which

bound PE with high affinity. PE-specific cells

expressed an array of genes characteristic for gdT17,

but whether they were programmed for IL-17 pro-

duction in the thymus or polarized during activation

was not determined [39��].

Cytokines required for gdT17 development

abTh17 cell differentiation requires TGFb, IL-6, IL-1

and IL-23 [40]. gdT17 cell development in the thymus is

also controlled by TGFb [41�]. gdT cells expressed the

highest levels of TGFbR among thymocytes and mice

deficient for TGFb or TGFb-signaling adaptor molecule

Smad3 showed defective gdT17 development [39��].
Interestingly, also maintenance of gdT17 cells in periph-

eral lymph nodes seems to be promoted by abTh17 cells

in a TGFb-dependent manner [42].

A role of IL-6 in the generation of gdT17 cells is con-

troversial. IL-6-deficient mice with decreased [43�] or

unaltered IL-17 production in gdT cells were reported

[41�,44]. Furthermore, in contrast to IL-23, IL-6 (together

with TGFb) failed to induce IL-17 in peritoneal

Vg6+Vd1+ gdT cells [45]. Altogether, IL-6 seems to have

limited influence on the development of preprogrammed

gdT17 cells, but its role in polarizing naive peripheral

gdT cells needs to be further investigated.

Even though gdT17 cells constitutively express IL-23R

and IL-23 triggers their expansion [18,46], IL-23 is

dispensable for gdT17 development and maintenance

in peripheral organs [43�]. Also in humans, IL-23R and

TCR signaling drive the expansion of gdT17 cells.

Interestingly, it can do so only in neonatal and not
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in adult gdT cells [47�], underlining a role of gdT17

cells in newborns.

Transcription factors involved in gdT17 cell

differentiation

It has previously been shown that DP thymocytes influ-

ence thymic maturation of gdT cells by lymphotoxin

(LT) signaling. gdT cells from TCRb- and LTbR-

deficient mice showed altered gene expression including

a reduced capacity to produce IFNg upon anti-CD3

stimulation [48,49]. Recent data further extend these

findings by implicating NFkB family members RelA

and RelB in the regulation of LTb-mediated signals

needed for gdT17 development [50��]. RelA controlled

LT expression in accessory DP thymocytes, while RelB

acted downstream of LTbR and promoted expression of

RORgt [50��]. Interestingly, PMA and ionomycin

induced normal IFNg response in gdT cells from

RelA-deficient, RelB-deficient and LTbR-deficient

mice. RelB deficient mice also displayed a defect in

the maturation of DETCs [2]. Together, these results

indicate important roles for lymphotoxin-triggered

NFkB-signaling and ab thymocytes in the development

of gdT cells, but sorting out the details requires further

efforts.

STAT3 and RORgt are crucial for the generation of

abTh17 cells [51–53]. Similarly, gdT17 cells also require

RORgt for development, indicated by their absence in

peripheral organs and a reduction in fetal and adult thymus

of RORgt-deficient mice. In contrast, development of

gdT17 cells was completely unaffected in the absence

of STAT3, as shown in STAT3flox/floxxTie2-Cre mice,

further questioning a role of the STAT3 activator IL-6

[54�]. The same study also unraveled a critical role of the

Notch/Hes1 signaling pathway in the generation of gdT17

cells. Expression of Hes1 correlated with IL-17-production

and mice deficient in Hes1 had very few gdT17 cells [54�].

As we gain new insights into the transcriptional regulation

of gdT cell development at a single cell resolution, we

will soon be able to trace the precursor–progeny relations

with a much greater precision.

Functional relevance of gdT17 cells
Beneficial roles of gdT17 in fungal and bacterial

infections

Evidence for protective roles of gdT17 cells acting as a first

line of host defense against microbial pathogens comes

from studies using fungal and bacterial infections.

Vg6+Vd1+ and/or Vg4+ gdT cells mediate early control

of Escherichia coli [45] and Listeria monocytogenes [55] in the

peritoneal cavity and liver by IL-17-driven recruitment of

neutrophils. Interestingly, the maintenance of enteric

immune tolerance and unresponsiveness to commensal

microbes require suppression of intestinal gdT17 cells

by Treg cells [56��].
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Considerable evidence also links gdT cells with immu-

nity to Mycobacterium tuberculosis [57��]. An IL-17-pro-

ducing gdT cell subset was recently described in the

skin dermis and shown to mediate cutaneous immune-

surveillance, help the expansion of M. tuberculosis
specific abT cells, and promote early neutrophil

recruitment [10,11��,57��]. Furthermore, mice lacking

gdT cells presented sustained and exaggerated

pyogenic type of granulomatous response and suc-

cumbed to infection late (days 50–100) after aerosol

infection [58] and Vg6+ and/or Vg4+ cells were

identified as the predominant IL-17-producers and

promotors of lung granuloma formation upon BCG

infection [59].

Human patients with inborn defects in the IL-17A/L17F

pathway develop chronic mucocutaneous candidiasis

(CMC) [60��]. Consistently, mice lacking IL-17A or

IL-17RA are highly susceptible to chronic candidiasis

and gdT17 cells protect within the first 24 hours of lung

infection by mediating recruitment of neutrophils [61].

However, in oropharyngeal candidiasis gdT17 cells seem

to be less important [62]. The contribution of gdT17 cells

to human CMC remains to be determined.

Beneficial roles of gdT17 in stress-surveillance and

tumor-surveillance

Another important function of gdT cells is stress-surveil-

lance and tumor-surveillance [63,64]. Consistently,

known gdTCR ligands represent stress-induced mol-

ecules including MHC-like proteins MICA, CD1c and

EPCR [35��,65]. IL-17 was initially shown to support

tumor growth by promoting angiogenesis [66], but later

it became clear that it also promotes tumor-specific CD8+

T cell responses [67]. Recently, an interesting study

demonstrated an important role of gdT17 in potentiating

responses against tumors triggered by chemotherapy

[68��]. Vg4+ and Vg6+ gdT cells supported priming and

IFNg-production of tumor-specific T cells, while mice

deficient for gdT cells, or IL-17, did not respond effi-

ciently to chemotherapy. TGFb and IL-6 were not

required, but IL-17 production by gdT cells needed

DC-derived IL-1. Consistently, IL-1R-deficient gdT

cells did not amplify the action of chemotherapy in vivo
[68��]. IL-23 was required for IL-22 production (not

needed for efficient therapy), but not as much for IL-

17 [68��]. While the jury is still out on whether in absence

of chemotherapy, gdT cells are tumor antagonizing or

rather tumor promoting [69], recent results indicate that

we can at least try to hijack gdT17 cells for efficient,

immune-supported therapy.

Pathological role of gdT17 cells in autoimmune

inflammatory diseases

On the flip side, gdT17 cells have been involved

in several inflammatory diseases. In collagen-

induced arthritis (CIA) [7], experimental allergic
Please cite this article in press as: Kisielow J, Kopf M. The origin and fate of gdT cell subsets,
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encephalomyelitis (EAE) [18] or even upon CFA

immunization only [70], gdT17 cells were shown to

enhance Th17 functions and promote disease. In the

EAE model, gdT17 cells prevent the induction of

regulatory T cells and seem to render abT cells

refractory to their suppressive activity [43�]. The mech-

anism is still not well understood, but it is dependent

on IL-23 and neither involves IL-6 nor IL-21. A patho-

genic role for gdT17 cells was also suggested in human

Ankylosing Spondylitis (AS) [71�].

Several recent reports demonstrate a key function of IL-

23-dependent gdT17 cells in the development of psor-

iasiform dermatitis in a mouse model [72�,73�,74�]. Inter-

estingly, expansion of gdT17 cells and skin-disease were

dependent on IL-36 but not IL-1 [74�]. This is in contrast

to the key role of IL-1 in IL-23-driven IL-17 production

by gdT cells shown in vitro [18,72�] and in bacterial

infections [75] and tumor-chemotherapy [68��]. Also

IL-7, a crucial factor for the development of T cells

and B cells, seems to be important for the expansion of

skin gdT17 cells and the associated development of

dermatitis [76].

Protection from psoriasis was also seen in both PI3Kg-

deficient and PI3Kd-deficient mice due to impaired

gdT17 and abTh17 responses, implicating an important

role of the PI3K kinase pathway in the generation of these

cells. Notably, IL-23 was reduced only in PI3g-deficient

mice [77�].

Concluding remarks
gdT17 cells contribute to protection of newborns and to

the first line of defense against pathogens in adults.

Beyond that, their important functions in stress-surveil-

lance and tumor-surveillance are emerging. gdT17 cell

fate is determined by the transcription factors RORgt,

Notch/Hes-1 and NFkB, the kinase Blk and by

cytokines TGFb, IL-23 and IL-1, but not by STAT3

or IL-6. Additional factors that contribute to gdT17 cell

function include IL-36, IL-7 and the PI3 kinase. Yet

despite recent progress, thymic development and

effector polarization of gdT cells remain poorly

defined, in particular their requirements for TCR and

costimulatory signals. Current data indicate that mature

gdT cells can be separated into subsets with innate-

like and adaptive-like functions. Whether these derive

from unique or common precursors guided by

instructive signals is not clear. Studying transcription

factors in individual immature thymic and peripheral

precursors and gdTCR interactions with novel

ligands should help understanding these important

issues.
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46. Awasthi A, Riol-Blanco L, Jäger A, Korn T, Pot C, Galileos G,
Bettelli E, Kuchroo VK, Oukka M: Cutting edge: IL-23 receptor
gfp reporter mice reveal distinct populations of IL-17-
producing cells. J Immunol 2009, 182:5904-5908.

47.
�

Moens E, Brouwer M, Dimova T, Goldman M, Willems F,
Vermijlen D: IL-23R and TCR signaling drives the generation of
neonatal Vgamma9Vdelta2 T cells expressing high levels of
cytotoxic mediators and producing IFN-gamma and IL-17. J
Leukoc Biol 2011, 89:743-752.

This paper suggests a role for IL-23 and TCR signaling in the generation of
neonatal gdT17 cells.

48. Pennington DJ, Silva-Santos B, Shires J, Theodoridis E, Pollitt C,
Wise EL, Tigelaar RE, Owen MJ, Hayday AC: The inter-
relatedness and interdependence of mouse T cell receptor
gammadelta+ and alphabeta+ cells. Nat Immunol 2003,
4:991-998.

49. Silva-Santos B, Pennington DJ, Hayday AC: Lymphotoxin-
mediated regulation of gammadelta cell differentiation by
alphabeta T cell progenitors. Science 2005, 307:925-928.

50.
��

Powolny-Budnicka I, Riemann M, Tänzer S, Schmid RM,
Hehlgans T, Weih F: RelA and RelB transcription factors in
distinct thymocyte populations control lymphotoxin-
dependent interleukin-17 production in gd; T cells. Immunity
2011, 34:364-374.

Together with Refs. [48,49], this study shows an important lymphotoxin-
mediated role for ab thymocytes in the development of functional gdT cell
subsets. Interestingly, different members of the NFkB transcription factor
family regulate lymphotoxin-receptor function (RORgt expression) and
lymphotoxin expression in the selected and accessory cells, respectively.

51. Ivanov II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A,
Lafaille JJ, Cua DJ, Littman DR: The orphan nuclear receptor
RORgammat directs the differentiation program of
proinflammatory IL-17+ T helper cells. Cell 2006,
126:1121-1133.

52. Yang XO, Panopoulos AD, Nurieva R, Chang SH, Wang D,
Watowich SS, Dong C: STAT3 regulates cytokine-mediated
generation of inflammatory helper T cells. J Biol Chem 2007,
282:9358-9363.

53. Harris TJ, Grosso JF, Yen H-R, Xin H, Kortylewski M, Albesiano E,
Hipkiss EL, Getnet D, Goldberg MV, Maris CH et al.: Cutting edge:
an in vivo requirement for STAT3 signaling in TH17
development and TH17-dependent autoimmunity. J Immunol
2007, 179:4313-4317.

54.
�

Shibata K, Yamada H, Sato T, Dejima T, Nakamura M, Ikawa T,
Hara H, Yamasaki S, Kageyama R, Iwakura Y et al.: Notch–Hes1
pathway is required for the development of IL-17-producing T
cells. Blood 2011, 118:586-593.

This work shows the importance of the RORgt and the Notch–Hes1
pathways in the development of gdT17 cells. RORgt was absolutely
required in the periphery, but it was partially redundant in the thymus.
Curiously, thymic gdT17 cells were equally reduced in RORgt-deficient,
homozygous and heterozygous mice.

55. Hamada S, Umemura M, Shiono T, Tanaka K, Yahagi A,
Begum MD, Oshiro K, Okamoto Y, Watanabe H, Kawakami K et al.:
IL-17A produced by gammadelta T cells plays a critical role in
innate immunity against Listeria monocytogenes infection in
the liver. J Immunol 2008, 181:3456-3463.

56.
��

Park S-G, Mathur R, Long M, Hosh N, Hao L, Hayden MS,
Ghosh S: T regulatory cells maintain intestinal homeostasis by
suppressing gd T cells. Immunity 2010, 33:791-803.

This work shows that deletion of phosphoinositide-dependent protein
kinase 1 (Pdk1) in T cells leads to chronic gdT17 cell-mediated intestinal
inflammation in WT. Transfer of regulatory T cells prevented disease
indicating that suppression of intestinal gdT cells is crucial for intestinal
homeostasis.

57.
��

Sumaria N, Roediger B, Ng LG, Qin J, Pinto R, Cavanagh LL,
Shklovskaya E, Fazekas de St Groth B, Triccas JA, Weninger W:
Cutaneous immunosurveillance by self-renewing dermal T
cells. J Exp Med 2011, 208:505-518.
 Curr Opin Immunol (2013), http://dx.doi.org/10.1016/j.coi.2013.03.002

Current Opinion in Immunology 2013, 25:1–8

http://dx.doi.org/10.1016/j.coi.2013.03.002


8 Lymphocyte development

COIMMU-1194; NO. OF PAGES 8
This study shows that dermal gdT cells constitute an important part of the
resident cutaneous immuno- surveillance and are the main IL-17-produ-
cers in mycobacterial infection. The absence of dermal gdT cells was
associated with decreased expansion of mycobacterium-specific CD4+
T cells in skin draining lymph nodes.

58. D‘Souza CD, Cooper AM, Frank AA, Mazzaccaro RJ, Bloom BR,
Orme IM: An anti-inflammatory role for gamma delta T
lymphocytes in acquired immunity to Mycobacterium
tuberculosis. J Immunol 1997, 158:1217-1221.

59. Okamoto Yoshida Y, Umemura M, Yahagi A, O‘Brien RL, Ikuta K,
Kishihara K, Hara H, Nakae S, Iwakura Y, Matsuzaki G: Essential
role of IL-17A in the formation of a mycobacterial infection-
induced granuloma in the lung. J Immunol 2010, 184:4414-4422.

60.
��

Puel A, Cypowyj S, Bustamante J, Wright JF, Liu L, Lim HK,
Migaud M, Israel L, Chrabieh M, Audry M et al.: Chronic
mucocutaneous candidiasis in humans with inborn errors of
interleukin-17 immunity. Science 2011, 332:65-68.

This study shows that in humans IL-17 is essential for protection from
chronic candidiasis but plays a redundant role in other infections

61. Dejima T, Shibata K, Yamada H, Hara H, Iwakura Y, Naito S,
Yoshikai Y: Protective role of naturally occurring interleukin-
17A-producing gd T cells in the lung at the early stage of
systemic candidiasis in mice. Infect Immun 2011, 79:4503-4510.

62. Gladiator A, Wangler N, Trautwein-Weidner K, LeibundGut-
Landmann S: Cutting edge: IL-17-secreting innate lymphoid
cells are essential for host defense against fungal infection. J
Immunol 2013, 190:521-525.

63. Hayday AC: gd T cells and the lymphoid stress-surveillance
response. Immunity 2009, 31:184-196.

64. Chodaczek G, Papanna V, Zal MA, Zal T: Body-barrier
surveillance by epidermal [gamma][delta] TCRs. Nat Immunol
2012, 13:272-282.

65. Kreslavsky T, Boehmer von H: gammadeltaTCR ligands and
lineage commitment. Semin Immunol 2010, 22:214-221.

66. Numasaki M: Interleukin-17 promotes angiogenesis and tumor
growth. Blood 2002, 101:2620-2627.

67. Martin-Orozco N, Muranski P, Chung Y, Yang XO, Yamazaki T,
Lu S, Hwu P, Restifo NP, Overwijk WW, Dong C: T helper 17 cells
promote cytotoxic T cell activation in tumor immunity.
Immunity 2009, 31:787-798.

68.
��

Ma Y, Aymeric L, Locher C, Mattarollo SR, Delahaye NF, Pereira P,
Boucontet L, Apetoh L, Ghiringhelli F, Casares N et al.:
Contribution of IL-17-producing gd T cells to the efficacy of
anticancer chemotherapy. J Exp Med 2011, 208:491-503.

This work reports rapid invasion of gdT17 cells into the tumor induced by
chemotherapy. In mice deficient for gdT17 cells, chemotherapy was
compromised suggesting a prominent role for these cells in chemother-
apy-induced anticancer immune responses.
Please cite this article in press as: Kisielow J, Kopf M. The origin and fate of gdT cell subsets,

Current Opinion in Immunology 2013, 25:1–8 
69. Kunzmann V, Smetak M, Kimmel B, Weigang-Koehler K,
Goebeler M, Birkmann J, Becker J, Schmidt-Wolf IGH, Einsele H,
Wilhelm M:: Tumor-promoting versus tumor-antagonizing
roles of gd T cells in cancer immunotherapy. J Immunother
2012, 35:205-213.

70. Roark CL, Huang Y, Jin N, Aydintug MK, Casper T, Sun D,
Born WK, O‘Brien RL: A canonical Vg4Vd4+ gd T cell population
with distinct stimulation requirements which promotes the
Th17 response. Immunol Res 2012 http://dx.doi.org/10.1007/
s12026-012-8364-9.

71.
�

Kenna TJ, Davidson SI, Duan R, Bradbury LA, McFarlane J,
Smith M, Weedon H, Street S, Thomas R, Thomas GP et al.:
Enrichment of circulating interleukin-17-secreting interleukin-
23 receptor-positive g/d T cells in patients with active
ankylosing spondylitis. Arthritis Rheum 2012, 64:1420-1429.

Here, evidence for a role of gdT17 cells in certain forms of human arthritis
is presented.

72.
�

Cai Y, Shen X, Ding C, Qi C, Li K, Li X, Jala VR, Zhang H-G, Wang T,
Zheng J et al.: Pivotal role of dermal IL-17-producing gd T cells
in skin inflammation. Immunity 2011, 35:596-610.

Together with Refs. [74�,75], this manuscript describes a role for gdT17
cells in the pathogenicity of psoriasis.

73.
�

Pantelyushin S, Haak S, Ingold B, Kulig P, Heppner FL,
Navarini AA, Becher B: Rorgt+ innate lymphocytes and gd T
cells initiate psoriasiform plaque formation in mice. J Clin
Invest 2012, 122:2252-2256.

This study shows a role for innate lymphoid cells and gdT17 cells in the
pathogenicity of psoriasis.

74.
�

Tortola L, Rosenwald E, Abel B, Blumberg H, Schäfer M, Coyle AJ,
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