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gd T cells are innate lymphocytes that recognize and kill a range of tumor cells and are currently being explored
as a target for tumor immunotherapy. However, gd T cells play a complex role in cancer and can promote, as
well as inhibit, tumor growth. In addition to tumor cell killing, gd T cells express a number of cytokines and
other soluble factors in response to tumors. Soluble factors expressed by gd T cells in these settings include
interferon-g, tumor necrosis factor-a, interleukin (IL)-4, IL-10, transforming growth factor-b, IL-17, and a number
of growth factors. These factors have differing and sometimes opposing effects on antitumor immunity and
tumor angiogenesis, and likely contribute to the complex role of these cells in cancer. Here, we review studies in
both mice and humans that examine differential cytokine secretion by gd T cells in response to tumors and tumor
immunotherapy, and discuss the influence of these gd T-cell-derived factors on tumor growth.

Introduction

Immunity has long been known to impact cancer devel-
opment in a diverse manner. Effective immune surveil-

lance of cancerous tumors can suppress tumor growth, but
improper and/or prolonged immune activity can actually
contribute to its initiation and progression (Vakkila and
Lotze 2004, and references cited therein; Chow and others
2012, and references cited therein). Immune responses at
tumor sites are a balancing act of inflammatory and regula-
tory responses that are mediated by many different immune
cells and cytokines, many of which display dual functional-
ity by both promoting and inhibiting tumor growth (Chow
and others 2012, and references cited therein). Among the
immune cells, gd T cells may be considered important during
the establishment of the tumor microenvironment and the
development of tumor immunity.

Recently, the role of gd T cells in tumor immunity has
received considerable attention and research. gd T cells from
both humans and mice infiltrate tumor sites, lyse tumor cells,
and prevent the growth of a variety of cancers (Fisch and
others 1990; Groh and others 1999; Girardi and others 2001;
Gao and others 2003; Peng and others 2007; He and others
2010; Bryant and others 2011). Tumor cell recognition by gd
T cells is largely mediated through the recognition of
membrane-bound phosphoantigens, such as isopentenyl
pyrophosphate (IPP), by the gd T-cell receptor (TCR) and/or
the recognition of stress ligands on the tumor cell through
the TCR and NKG2D (Gomes and others 2010, and refer-
ences cited therein). Due to their antitumor activity, thera-
peutic strategies aimed at harnessing and enhancing the

antitumor properties of these cells have been developed
and used in clinics (Gomes and others 2010, and references
cited therein; Hannani and others 2012, and references
cited therein). These therapies often require interleukin
(IL)-2 combined with synthetic phosphoantigens or bispho-
sphonates, such as zoledronate, which stimulate gd T cells by
enhancing cellular accumulation of IPP (Dieli and others
2007; Benzaı̈d and others 2011; Hannani and others 2012, and
references cited therein). While these therapies show poten-
tial, optimal results have not yet been achieved. Several
recent reviews have examined the antitumor activity of gd
T cells and their potential for immunotherapy (Table 1).

Despite the evidence demonstrating antitumor responses
by gd T cells, the exact role that these cells play in cancer is
not entirely clear. In mice, the absence of gd T cells some-
times leads to enhanced tumor growth, but in some cases, it
leads to a reduction in tumor burden (Seo and others 1999;
Girardi and others 2001; Gao and others 2003; Ke and others
2003). In human patients, infiltration of gd T cells into the
tumor is associated with better prognosis in some cancers
(Bialasiewicz and others 1999), but not in others (Inman and
others 2008). These data suggest that, depending on the
tumor, gd T cells can promote, inhibit, or possibly have no
significant effect on tumor growth. These differential roles
are likely mediated, at least in part, by the diverse repertoire
of cytokines and other secreted factors that are induced in
these cells, which can be categorized as either inflammatory
or regulatory (Bonneville and others 2010, and references
cited therein). A better understanding of the diverse roles of
gd T cells and their secreted factors in cancer should allow for
a better manipulation of these cells for immunotherapy. In
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this review, we will summarize the literature with regard to
different cytokines and other secreted factors expressed by gd
T cells in response to tumors and examine how these factors
could impact tumor immunity and immunotherapy.

cd T-Cell-Associated Factors That Enhance
Antitumor Immunity

gd T cells are an important early source of the inflamma-
tory cytokines interferon-g (IFN-g) and tumor necrosis factor
(TNF)-a in many infections and other disease models (Hao
and others 2010, and references cited therein). The expression
of IFN-g and TNF-a by gd T cells is promoted by numerous
stimuli, including TCR agonists, ligands to NKG2D, and
certain cytokines, such as IL-12 and IL-18 (Groh and others
1999; Wesch and others 2001; Rincon-Orozco and others
2005; Paget and others 2012). IFN-g and TNF-a are also im-
portant cytokines in antitumor responses and inhibit tumor
growth through several mechanisms, including the en-
hancement of antitumor immunity and the inhibition of tu-
mor angiogenesis (Talmadge and others 1987; Lejeune and
others 2006; Lu and others 2009). Human gd T cells express
IFN-g and TNF-a on exposure to tumor cell lines of numer-
ous origins (Groh and others 1999; Poggi and others 2004;
Halary and others 2005), suggesting that these cytokines may
play a role in gd T-cell responses to tumors.

In mice, gd T cells appear to be an important early source
of tumor-induced IFN-g, and the expression of IFN-g may be
essential for optimal antitumor responses by these cells (Gao
and others 2003; He and others 2010). The early production
of IFN-g by murine gd T cells can enhance MHCI expression
on tumors, as well as enhance CD8 + T cell responses (Gao
and others 2003; Riond and others 2009), suggesting that gd
T cells could be important for augmenting downstream
adaptive immune responses to tumors. These data suggest
that early IFN-g secretion by gd T cells is important for some
antitumor responses in mice.

Results in humans suggest a far more complicated story
with regard to the role of gd T-cell-derived IFN-g and TNF-a
in antitumor responses. In cancer patients, the expression of
both IFN-g and TNF-a by gd T cells is modulated, but not
always enhanced. Peripheral gd T cells from breast cancer
patients produce enhanced amounts of TNF-a compared

with healthy controls, which is thought to be beneficial
(Gaafar and others 2009). However, peripheral gd T cells
from patients with nasopharyngeal cancer and melanoma
produce reduced amounts of IFN-g and TNF-a, which could
contribute to defective antitumor immune responses in these
patients (Argentati and others 2003; Puan and others 2009).
Following the removal of melanoma, IFN-g and TNF-a ex-
pression by gd T cells is enhanced, suggesting that the re-
duced expression of these cytokines by gd T cells is mediated
by tumor-associated factors, which benefit the tumor (Pro-
vinciali and others 2010). In support of this, mesenchymal
stem cells, which are commonly found in tumor microenvi-
ronments, were shown to inhibit IFN-g and TNF-a expres-
sion by peripheral gd T cells through the production of
prostaglandin E2, which was induced by gd T-cell-derived
IFN-g and TNF-a (Martinet and others 2009). In cancer pa-
tients undergoing immunotherapy with zoledronate and IL-2,
serum levels of IFN-g increase after treatment (Kunzmann
and others 2012). This increase in IFN-g expression by gd
T cells may be an important factor for successful gd T-cell
immunotherapy, as clinical responses to immunotherapy
with zoledronate and IL-2 in one clinical trial correlated with
increasing numbers of an effector memory gd T-cell pheno-
type, which could produce IFN-g (Dieli and others 2007).
However, in another clinical trial using infusions of zole-
dronate-activated gd T cells in multiple myeloma patients,
IFN-g was not believed to be important for the antitumor
activity, even though serum levels of IFN-g increased after
treatment (Abe and others 2009). Collectively, these data
suggest that the expression of IFN-g and TNF-a is important
in certain cancers for antitumor responses by gd T cells,
and that down-regulation of gd T-cell-derived IFN-g and
TNF-a may help facilitate immune escape by tumors. How-
ever, further studies are needed to better determine their
importance in human patients, particularly in response to
immunotherapy.

cd T-Cell-Associated Factors That Suppress
Antitumor Immunity

As mentioned earlier, gd T cells may not always play a
beneficial role in antitumor immunity. Instead, in some
settings, they likely have a regulatory role, suppressing
antitumor responses and enhancing tumor growth. This
response is not species specific, in that immunosuppressive
gd T cells have been described in both mouse tumor models
and human cancers (Seo and others 1999; Peng and others
2007). Furthermore, their activity appears to be at least
partially mediated by certain cytokines.

In a study by Seo and others (1998), murine gd T cells
infiltrating B16 melanoma tumors after 5 days were shown to
inhibit Natural Killer (NK) and Natural Killer T (NKT)-cell
activity and express large amounts of IL-4 and IL-10, but not
IFN-g. The supernatant fluids from cultures of these cells did
not reduce NK and NKT cell cytotoxicity, but reduced their
proliferation, suggesting that soluble IL-4 and IL-10 con-
tributed to the inhibition of NK and NKT cell activity by gd T
cells in this model. Additional studies supported this ob-
servation and showed that gd T-cell-derived IL-4 and IL-10,
as well as transforming growth factor (TGF)-b, could inhibit
antitumor immunity and promote tumor growth in mice. For
example, using the B16 melanoma model, Hao and others
(2011) showed that the Vg1 subset of murine gd T cells

Table 1. Select Recent Reviews

for gd T Cells and Cancer

Topic Selected article

gd T-cell immunotherapy Hannani and others (2012);
Trends Immunol

Castella and others (2011);
Cell Mol Life Sci

Kalyan and others (2011);
Curr Med Chem

Yoshida and others (2011);
Surg Today

Gomes and others (2010);
Cancer Res

Tumor escape
from gd T cell attack

Capietto and others (2011);
Cell Mol Life Sci

gd T-cell antigen
presentation for
cancer therapy

Moser and Eberl (2011);
Cell Mol Life Sci
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promoted tumor growth through the production of IL-4.
These Vg1 gd T cells reduced the expression of IFN-g and
perforin within the tumor. In addition, IL-4 inhibited the
expression of NKG2D and perforin by Vg4 gd T cells, which
was important for the tumor-promoting activity of these
Vg1 gd T cells. Seo and others (1999) showed that tumor-
infiltrating gd T cells from MM2 tumor lesions in mice
expressed IL-10 and TGF-b, but not IFN-g or IL-4. gd T cells
isolated from the tumor lesions, as well as the spleens, of
these MM2 tumor-bearing mice inhibited the cytotoxic ac-
tivity of NK cells and CD8 + T cells. Neutralizing IL-10 and
TGF-b inhibited some of the suppressive effects of these gd
T cells, suggesting that these cytokines participated in the
suppressive activity of these cells. Depletion of these gd
T cells by the use of a specific antibody enhanced antitumor
immunity and reduced tumor growth. Finally, a study by Ke
and others (2003) also described an immunosuppressive
function for gd T cells in tumor responses, as gd T cells
suppressed responses to an EL4 leukemia tumor cell line
modified to express ovalbumin, and IL-10 appeared to play a
role in the suppression. Collectively, these data strongly
suggest that at least certain subsets of murine gd T cells can
express IL-4, IL-10, and TGF-b in response to certain tumors,
inhibiting antitumor immunity.

Immunosuppressive gd T cells may also play an important
role in human cancers. In a study by Peng and others (2007),
the Vd1 subset of tumor-infiltrating gd T cells from human
breast cancer could suppress dendritic cells (DC) maturation
and T-cell effector functions, which included proliferation, IL-
2 secretion, and CD8 + T-cell antitumor responses in a mouse
xenograft model. This suppressive activity was mediated, at
least in part, by a soluble factor or factors. The suppressive
activity was present in isolated fractions with greater than
100 kDa molecular mass and could be inactivated by heat, but
not DNAse or RNAse. However, the factors were not identi-
fied. When these cells were stimulated by tumor cells and
anti-CD3 antibody, they expressed cytokines that were typi-
cally associated with pro-inflammatory responses, including
IFN-g, granulocyte macrophage colony-stimulating factor
(GM-CSF), and IL-6, but not IL-1b, TNF-a, IL-12, IL-2, IL-4, IL-
10, or TGF-b. These Vd1 gd T cells constituted a large per-
centage of tumor-infiltrating lymphocytes in breast and
prostate cancer, suggesting that they may be important in
promoting an immunosuppressive microenvironment in these
cancers. However, Vd1 gd T-cell infiltration into necrotizing
melanomas has correlated with increased survival (Bialasie-
wicz and others 1999), suggesting that the development of
suppressive Vd1 gd T cells may be specific for certain cancers.
Even though the suppressive effects of these cells were not
mediated by IL-10 or TGF-b, these results resemble those
found in mice by Seo and others (1999), where infiltrating gd T
cells suppressed the activity of CD8 + T cells by secreted
factors. Interestingly, stimulation of these suppressive breast
cancer Vd1 gd T cells by a TLR8 agonist could reverse the
suppression of antitumor responses (Peng and others 2007).

Even though human gd T cells may secrete different soluble
factors than murine gd T cells, which suppress antitumor
immunity, certain human peripheral gd T cells express IL-4,
IL-10, and TGF-b on activation (Wesch and others 2001; Kühl
and others 2009). In one study, a culture of human gd T cells
with IPP or Daudi lymphoma cells in vitro under Th2-polar-
izing conditions (rhIL-4, anti-IL-12) resulted in reduced IFN-g
and TNF-a production and enhanced IL-4 production by these

gd T cells (Wesch and others 2001). In the absence of these
polarizing conditions, gd T cells primarily secreted IFN-g.
Furthermore, a study by Gaafar and others (2009) showed that
while gd T cells from breast cancer patients produced very
little IL-4, the expansion of these cells by zoledronate and IL-2
led to an increased production of IL-4 by these cells compared
with expanded gd T cells from healthy controls. Therefore, IL-
4, IL-10, and TGF-b production by human gd T cells may also
play a role in suppressing antitumor responses, similar to
what they do in mice. However, additional studies are needed
to confirm this possibility.

Collectively, the results summarized above support the
idea that certain human gd T cells, at least in some cancers,
can behave as regulatory cells within the tumor microenvi-
ronment, suppress antitumor responses, and promote tumor
growth, with secreted factors being considered important for
their activity.

Conflicting Role of cd T-Cell-Derived IL-17
in Tumor Immunity

In addition to their role in tumor responses, a renewed
interest in gd T cells has also emerged due to the discovery
that gd T cells are an important innate source of IL-17,
particularly in the mouse. Secretion of IL-17 by murine and
human gd T cells is promoted by TCR and pattern recogni-
tion receptor stimulation, along with the cytokines IL-1, IL-6,
IL-23, and TGF-b (Ness-Schwickerath and Morita 2011, and
references cited therein). Previous studies that describe the
role of IL-17 in tumor growth have had conflicting results,
suggesting both pro-tumor and antitumor functions for this
cytokine (Alshaker and Matalka 2011, and references cited
therein). Murine gd T cells have been identified as a major
source of IL-17 in several tumor models, which are sum-
marized next.

In some studies, a detrimental role for gd T-cell-derived IL-
17 in tumor responses has been suggested. Specifically, the
expression of IL-17 by tumor-infiltrating gd T cells in a model
of fibrosarcoma in Balb/c mice promoted tumor angiogen-
esis and, subsequently, enhanced tumor growth (Wakita and
others 2010). Consistent with this, others have found that IL-
17 enhanced the expression of vascular endothelial growth
factor (VEGF), which is an important growth factor in an-
giogenesis (Liu and others 2011). As such, the promotion of
tumor angiogenesis may be considered an important and
detrimental function of IL-17 + gd T cells. Significantly, the
local tumor microenvironment was considered important for
the expression of IL-17 by these gd T cells, as cells from the
tumor tissue had enhanced IL-17 production compared with
normal skin and cells from the spleen and draining lymph
nodes of tumor-bearing mice did not increase IL-17 pro-
duction. Furthermore, IL-6, TGF-b, and IL-23 were involved
in the promotion of IL-17 by these gd T cells. Another study
examining lung metastasis showed that the expression of IL-
17 enhanced metastasis and reduced survival in experiments
involving the Lewis lung carcinoma model (Carmi and
others 2011). In these experiments, IL-17 was primarily
produced by gd T cells, and the secretion of IL-17 by gd
T cells was induced by IL-1. Enhanced tumor growth in the
lung induced by IL-17 may have been mediated by the re-
duced potential of antigen-presenting cells to promote Th1
immunity. However, based on the study by Wakita and
others (2010), angiogenesis may also have played a role.
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These data suggest that IL-17 production by gd T cells clearly
promotes tumor growth in some settings.

However, other studies in opposition to the results described
earlier demonstrate a beneficial role for IL-17 + gd T cells in the
inhibition of tumor growth. In a mouse model of bladder
cancer, treatment with Mycobacterium bovis Bacillus Calmette-
Guérin (BCG) enhanced IL-17 expression by gd T cells, which
was essential for optimal neutrophil recruitment into the tumor
and a reduction in tumor growth (Takeuchi and others 2011). In
another study with a number of different tumor models, the
early infiltration of IL-17-producing gd T cells into the tumor
bed of chemotherapy-treated tumors was associated with the
subsequent infiltration of IFN-g–producing CD8 + T cells and
the suppression of tumor growth (Ma and others 2011). In
these experiments, both IL-17 and IFN-g were necessary for the
inhibition of tumor growth. Based on these results, it has been
proposed that immunotherapy aimed at polarizing gd T cells to
express IL-17 might be useful in enhancing the efficacy of
chemotherapy (Hannani and others 2012). Interestingly, in
both studies where antitumor immunity was enhanced by gd
T-cell-derived IL-17, other cells played an important role for the
beneficial response. In the bladder cancer study, neutrophils
were important, whereas in the chemotherapy study, IFN-g-
secreting CD8 + T cells were important. Therefore, it is possible
that in the absence of these other responses, IL-17 production
by gdT cells could lose its benefit and, therefore, enhance tumor
growth as described earlier. Further studies are needed to
better clarify the role of gd T-cell-derived IL-17 on tumor
growth and determine whether gd T cell production of IL-17
has relevance to human cancers.

Potentially Underappreciated Role
of cd T-Cell-Derived Growth Factors
in Tumor Immunity

Tumors have been described as wounds that do not heal,
and numerous growth factors, including keratinocyte growth
factor (KGF), play a role in their progression (Ceccarelli and
others 2012, and references cited therein). In addition to pro-
and anti-inflammatory cytokines, gd T cells are a source of a
number of growth factors. This has been well defined in the
mouse, where skin-associated gd T cells are a major source of
KGF and are essential for optimal wound healing ( Jameson
and others 2002). In humans, gd T cells produce transcripts
and/or proteins for a number of growth factors, including
KGF, insulin-like growth factor (IGF)-1, epidermal growth
factor (EGF), fibroblast growth factor (FGF)-9, angiogenin
(ANG), platelet-derived growth factor (PDGF), and VEGF
(Workalemahu and others 2004; Schilbach and others 2008).
Furthermore, in human peripheral Vd2 gd T cells, the expres-
sion of FGF-9 is enhanced by IPP (Workalemahu and others
2004). As such, the expression of growth factors by tumor-
infiltrating gd T cells could potentially represent a significant
response that promotes tumor growth in some settings.

Expression of growth factors in human gd T cells

In a study by Schilbach and others (2008), human Vd2 and
Vd1 T cells were expanded and found to produce a number
of growth factors, including IGF-1, EGF, PDGF, ANG, and
VEGF. When these cells were cultured with a neuroblastoma
cell line, the Vd1 cells produced reduced amounts of these
growth factors, while Vd2 cells produced slightly increased

amounts. These data prompted the authors to suggest that
Vd1 gd T cells may be better at promoting antitumor responses
to this type of tumor, partially due to their reduced expression
of growth factors. The expression of VEGF by gd T cells,
particularly in response to a tumor cell, is intriguing, as VEGF
is vital for tumor angiogenesis, growth, and metastasis (Sa-
harinen and others 2011, and references cited therein). In ad-
dition to direct VEGF expression by gd T cells, KGF and FGF-9
are capable of promoting VEGF expression in other cells in a
paracrine manner (Niu and others 2007; Behr and others 2010).
Therefore, gd T cells may also stimulate VEGF expression in-
directly by the expression of other growth factors. These data
suggest that gd T cells may participate in the production of
growth factors within the tumor microenvironment, functions
that have not yet been attributed to gd T cells.

A recent clinical study examining the treatment of patients
with zoledronate and IL-2 observed an increase in VEGF
levels in these patients, in addition to an expansion of gd
T cells and other immune cells (Kunzmann and others 2012),
supporting the possible role of gd T-cell-derived growth
factors in human cancer. Interestingly, the increase in VEGF
was more pronounced in patients with solid tumors com-
pared with those with leukemia. It is unknown whether gd
T cells played a direct role in this increase of VEGF pro-
duction. However, these data would be consistent with the
previously discussed studies which demonstrated that acti-
vated gd T cells express VEGF, as well as factors which can
indirectly promote the expression of VEGF. Significantly,
elevated VEGF levels in these patients correlated with a lack
of success of the therapy. Even if gd T cells were not im-
portant for this enhanced VEGF expression, it appears to be
an important obstacle to be overcome in optimizing gd T-cell
immunotherapy. Further studies are warranted to determine
whether gd T cells are an important source of tumor-
promoting growth factors in mice or humans.

Influences on Differential Cytokine Secretion
by cd T Cells in Tumor Studies

Differential cytokine production and behavior by gd
T cells is obviously an important variable in mouse studies
that examine the role of gd T cells in cancer, but there are
important caveats to be considered in defining these roles.
Differences in mouse strain, age, and other factors (source,
housing, etc.) in these studies may influence gd T-cell cyto-
kine secretion and subset distribution, which could influence
the effect of gd T cells on tumor growth in these experiments.
For example, a study on West Nile Virus demonstrated that
the numbers and behavior of Vg1 and Vg4 gd T cells in mice
could vary with age (Welte and others 2008). In addition,
epidermal gd T cells from Balb/c mice were shown to pro-
duce less IFN-g in response to IL-12 and IL-18 than those
from C57BL/6 mice (Sugaya and others 1999). Therefore, in
mouse studies examining the role of gd T cells in cancer, it is
likely important to further examine gd T-cell responses and
subsets within the specific mice used for the study in the
absence of tumor cells, as variations in these factors would
likely lead to variable tumor responses by the gd T cells.

Conclusions

In response to tumor cells, gd T cells produce a variety of
cytokines that both inhibit and enhance antitumor immune
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responses, which likely accounts for some of the conflicting
reports about the role of these cells in antitumor immunity
(Fig. 1). Among these cytokines, IFN-g, and possibly TNF-a,
contribute to the ability of gd T cells to inhibit tumor growth.
In contrast, the expression of IL-4, IL-10, TGF-b, other un-
known factors, and possibly growth factors, by gd T cells
suppress antitumor immunity and enhance tumor growth.
The expression of IL-17 by gd T cells appears to have con-
flicting effects on tumor growth, which could be dependent
on the type of cancer or other factors, such as tumor infil-
tration of other cell types or the use of chemotherapy. The
expression of these cytokines by gd T cells influences
downstream adaptive immune responses to tumors, which
are consistent with the described ability of gd T cells to link
innate and adaptive immunity (Holtmeier and Kabelitz 2005,
and references cited therein). gd T-cell-derived IFN-g and IL-
17 enhance CD8 + T-cell responses, while IL-10, TGF-b, and
other gd T-cell-derived soluble factors inhibit them. There-
fore, in addition to their lytic activity, several studies suggest
that the influence of gd T cells on adaptive immune responses
to tumors is an important part of their role in antitumor
immunity.

Differential cytokine production by gd T cells may also be
considered important in gd T-cell immunotherapy. The
stimulation of gd T cells with synthetic phosphoantigens or
bisphosphonates may only enhance gd T-cell responses that
are already influenced by the tumor environment, beneficial
or not, which could account for the variable effectiveness of
these therapies. Therefore, the identification of therapeutic
options that enhance and favor the production of beneficial
antitumor cytokines and soluble factors by gd T cells, while
minimizing or removing detrimental factors, may be key to
unlocking the maximum potential of gd T-cell immunother-
apy. A good example of this concept can be found in the
study by Peng and others (2007), where they were able to
reverse the immunosuppressive phenotype of tumor-infil-
trating gd T cells by stimulating them with a TLR8 agonist.
Other options may include the use of additional cytokines to
further enhance the antitumor activity of gd T cells. For
example, the addition of IL-18 to zoledronate and IL-2 en-
hances IFN-g and TNF-a expression by gd T cells compared
with zoledronate and IL-2 alone (Li and others 2010). The use

of anti-VEGF and other antiangiogenesis therapies may in-
hibit any pro-angiogenesis responses induced by gd T cells or
gd T-cell immunotherapy. Furthermore, chemotherapy might
also have the potential to enhance the effectiveness of gd
T-cell immunotherapy, as discussed by Hannani and others
(2012). In conclusion, in order to better understand the
complex role of gd T cells in cancer and improve the effec-
tiveness of gd T-cell immunotherapy, additional studies are
needed that examine the cytokine profiles of gd T cells in
response to tumors and immunotherapy, as well as identify
ways to best manipulate this profile for the benefit of the
patient.
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bladder cancer. Eur J Immunol 41(1):246–251.

Talmadge JE, Tribble HR, Pennington RW, Phillips H, Wiltrout
RH. 1987. Immunomodulatory and immunotherapeutic
properties of recombinant gamma-interferon and recombi-
nant tumor necrosis factor in mice. Cancer Res 47(10):
2563–2570.

Vakkila J, Lotze MT. 2004. Inflammation and necrosis promote
tumour growth. Nat Rev Immunol 4(8):641–648.

Wakita D, Sumida K, Iwakura Y, Nishikawa H, Ohkuri T,
Chamoto K, Kitamura H, Nishimura T. 2010. Tumor-infiltrating
IL-17-producing gammadelta T cells support the progression
of tumor by promoting angiogenesis. Eur J Immunol 40(7):
1927–1937.

Welte T, Lamb J, Anderson JF, Born WK, O’Brien RL, Wang T.
2008. Role of two distinct gammadelta T cell subsets during
West Nile virus infection. FEMS Immunol Med Microbiol
53(2):275–283.

Wesch D, Glatzel A, Kabelitz D. 2001. Differentiation of resting
human peripheral blood gamma delta T cells toward Th1- or
Th2-phenotype. Cell Immunol 212(2):110–117.

Workalemahu G, Foerster M, Kroegel C. 2004. Expression and
synthesis of fibroblast growth factor-9 in human gammadelta
T-lymphocytes. Response to isopentenyl pyrophosphate and
TGF-beta1/IL-15. J Leukoc Biol 75(4):657–663.

Yoshida Y, Nakajima J, Wada H, Kakimi K. 2011. gd T-cell im-
munotherapy for lung cancer. Surg Today 41(5):606–611.

Address correspondence to:
Dr. Mark A. Jutila

Immunology and Infectious Diseases
Montana State University

Molecular Biosciences Building
960 Technology Blvd
Bozeman, MT 59717

E-mail: uvsmj@montana.edu

Received 18 July 2012/Accepted 9 August 2012

CYTOKINES IN ANTITUMOR RESPONSES BY cd T CELLS 569


