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Abstract
Vγ2Vδ2 T cells in human peripheral blood recognize phosphoantigen and play important roles in
host defense and immunoregulation. The TCR is required for Vγ2Vδ2 T cell responses to
phosphoantigen, but less is known about soluble or cell-associated costimulatory molecules. In
this study, we show that human Vγ2Vδ2 T cell responses to phosphoantigen, including activation,
proliferation, cytokine production, and tumor cell cytotoxicity, require TNF-α binding to its
receptor, with a preference for TNFR2. Because stimulated Vγ2Vδ2 cells also produce TNF-α,
this may be a positive control mechanism to sustain the response. Impaired proliferation in the
presence of TNF-α or TNFR blocking agents was partially rescued by a TLR2 agonist, Pam3Cys.
Our studies demonstrate that TNF-α plays a critical role in regulating human Vγ2Vδ2 T cell
immune responses.

The γδ T cells represent a distinct lymphocyte subset characterized by TCR possessing
unique structural and Ag-binding properties (1, 2). In human peripheral blood, γδ T cells are
1–10% of total T cells, with the majority (>80%) expressing the Vγ2Vδ2 (also termed
Vγ9Vδ2) TCR (hereafter referred to as Vδ2 T cells) and ~75% of them having the Vγ2-
Jγ1.2 rearrangement (3). Vδ2 T cells are expanded in vivo in the context of various
infectious diseases, such as tuberculosis (4), legionellosis (5), tularemia (6), brucellosis (7),
malaria (8), mononucleosis (9), Listeria (10), or Salmonella (11). The stimulating bacterial
Ags are low m.w., nonpeptidic compounds termed phosphoantigens (12, 13) that are related
to isoprenoid biosynthesis.

In contrast to αβ T cells, γδ cells in humans often lack CD4 or CD8 expression, recognize
phosphoantigens in a MHC-unrestricted manner, and do not require Ag processing by
professional APCs (12). Similar to NK cells, Vδ2 T cells express MHC I receptors,
including the inhibitory CD94/NKG2 complexes, and killer Ig-like receptors (14, 15) that
are involved in tumor recognition and cytolysis. The potently cytotoxic subset in humans is
identified by cell surface expression of polysialylated CD56 (16). Vδ2 T cells display a
range of innate effector functions, including the rapid secretion of chemokines MIP-α, MIP-
β, or RANTES (17, 18) and cytokines, including TNF-α and IFN-γ (19, 20). After
phosphoantigen stimulation, Vδ2 cells express markers of cyto-toxicity (21) and contribute
to adaptive immunity by providing B cell help and promoting dendritic cell (DC)3

maturation (22, 23). We know that TCR is required for responses to phosphoantigen, but
less is known about soluble or cell-associated costimulatory molecules. In this study, we
focus on TNF-α and its role in Vδ2 cell activation.
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TNF-α was identified originally as a product of lymphocytes or macrophages that caused
lysis of tumor cells (24). It is now recognized as a cytokine that is critically required for
several biological processes. The pleiotropic actions of TNF-α include stimulating cell
growth and differentiation, promoting inflammation, or inducing cell death mechanisms (25,
26). TNF-α exerts its effects by binding to cell surface receptor TNFR1 (also known as
p55TNFR, p60, CD120a, or TNFRSF1a) or TNFR2 (also known as p75TNFR, p80,
CD120b, or TNFRSF1b) (26, 27). Bound TNFRs mediate the assembly of distinct adaptor
protein complexes that regulate signaling processes, including kinase or phosphatase
activation, lipase stimulation, and protease induction (26).

TNF-α also has a role in the pathogenesis of inflammatory or immune-mediated diseases,
such as rheumatoid arthritis, psoriatic arthritis, and Crohn’s disease (28, 29); therapeutic
agents that block TNF-α activity are in clinical use for these and other conditions (30–32).
Despite impressive efficacy for treating inflammatory diseases, TNF-α inhibitor therapy
carries substantial risk for serious complications, including reactivation of latent tuberculosis
(31, 33). Tuberculosis is of particular importance in this study because Vδ2 cells respond in
vitro (34) and in vivo (35) to mycobacteria and may be important for protection against
disease.

In previous studies, TNF-α or its receptors were reported to affect certain aspects of
immunity, including DC maturation/recruitment (36), along with αβ T cell priming (37),
proliferation (38), recruitment (39), and function (40). Although the mechanisms remain
incompletely defined, TNF-α seems critical for efficient T cell responses (41, 42). In the
mouse, the cell response to LPS involves TNF-α that potently stimulates γδ T cells
expressing the p75 TNFR (43). In this work, we studied the effect of TNF-α on human cells,
to define the role for this costimulatory cytokine in Vγ2Vδ2 cell responses to
phosphoantigen.

Materials and Methods
PBMC and tumor cell lines

Whole blood was obtained from healthy human volunteers who provided written informed
consent. Total lymphocytes were separated from heparinized peripheral blood by density
gradient centrifugation (Ficoll-Paque; Amersham Biosciences). PBMC and TU167 cells
were cultured in RPMI 1640 supplemented with 10% FBS (Life Technologies), 2 mMol/L
L-glutamine, and penicillin-streptomycin (100 U/ml and 100 mg/ml, respectively); for
Daudi B cells (CCL-213; American Type Culture Collection), 4.5 g/L glucose, 1.5 g/L
NaHCO3, 10 mMol/L HEPES, and 1 mMol/L sodium pyruvate were added.

In vitro proliferation assays
PBMC (5 × 105 cells/well) were cultured in 12-well plates with complete medium, 15 μM
isopentyl pyrophosphate (IPP; Sigma-Aldrich), and 100 U/ml human rIL-2 (Tecin,
Biological Resources Branch, National Institutes of Health). In some experiments, anti-
TNF-α (clone 28401), anti-TNFR1 (clone 16803), anti-TNFR2 (clone 22210), anti-IFN-γ
(clone 25723) blocking Abs (R&D Systems), human rTNF-α (Invitrogen), or the synthetic
lipoprotein Pam3Cys-SK4 (Pam3Cys; EMC) were added at varying concentrations. Fresh
complete medium and 100 U/ml IL-2 were added every 3 days. The γδ T cell proliferation
was measured by staining for CD3 and Vδ2, then defining the percentage of γδ T cells
within the total lymphocyte population at days 0, 4, 7, and 10 by flow cytometry. The Vδ2
cell numbers were calculated from the total cell count and the subset frequency in
lymphocytes.
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Purifying Vδ2+ cells
The Vδ2+ subsets from fresh PBMC or PBMC expanded with IPP and IL-2 were purified
with a MultiSort Kit (Miltenyi Biotec), according to the manufacturer’s instructions. Cells
were stained with PE-conjugate Vδ2 Abs for 10 min on ice. The Vδ2-PE-labeled cells were
washed and incubated with anti-PE MicroBeads for 15 min on ice, then separated in a
magnetic field. We achieved 90–98% purity after magnetic bead separation, as measured by
flow cytometry.

Cytotoxicity assay
A nonradioactive, fluorometric cytotoxicity assay with calcein-acetoxym-ethyl (Molecular
Probes) was used to measure cytotoxicity against Daudi B cell or TU167 squamous cell
tumor lines. Expanded γδ cells (effector cells) were treated with anti-TNFR1 or anti-TNFR2
blocking Abs for 1 h at 37°C and washed to remove the Ab. Daudi B cells or TU167 cells
(target cells) were labeled for 15 min with 2 mMol/L calcein-acetoxymethyl at 37°C and
then washed once with PBS. Cells were combined at various E:T ratios in 96-well, round-
bottom microtiter plates (Corning Glass) and incubated at 37°C in 5% CO2 for 4 h; assays
were performed in triplicate. In some cases, neutralizing anti-TNF-α Abs (5 μg/ml) were
added. After incubation, supernatants were transferred to a 96-well flat-bottom micro-titer
plate, and calcein content was measured using a Wallac Victor2 1420 multichannel counter
(l485/535 nm). Percent specific lysis was calculated as follows: (test release − spontaneous
release)/(maximum release − spontaneous release) × 100.

Flow cytometry
Unless noted, cells were stained with fluorophore-conjugated mAbs from BD Biosciences.
Generally, 3 × 105–5 × 105 cells were washed, resuspended in 50–100 μl of RPMI 1640,
and stained with mouse anti-human Vδ2-PE clone B6, mouse anti-human CD3-FITC clone
UCHT1, mouse anti-human CD3-allophycocyanin clone UCHT1, mouse anti-human CD69-
PE clone FN50, mouse anti-human CD107a-FITC clone H4A3, and isotype controls,
including rabbit anti-mouse IgG1-FITC clone X40, IgG1-PE clone X40, and IgG1-
allophycocyanin clone X40. For detecting intracellular IFN-γ or TNF-α, cells were stained
with Vδ2-PE, then fixed, permeabilized, and incubated for 45 min at 4°C with mouse anti-
human IFN-γ-allophycocyanin clone B27 or mouse anti-human TNF-α-allophycocyanin
clone MAb11. Intracellular staining solutions were obtained from the Cytofix/Cytoperm Kit
(BD Biosciences). Data for at least 1 × 104 lymphocytes (gated on the basis of forward- and
side-scatter profiles) were acquired for each sample on a FACSCalibur flow cytometer (BD
Biosciences). All samples were analyzed using FlowJo software (Tree Star). For stimulation
before staining, PBMC or Vδ2 T cells were stimulated with IPP, anti-γδ-TCR Ab (clone
B1.1; eBiosciences), Daudi B cells, or TU167 cells for 2–18 h. For intracellular staining, the
protein transport inhibitor brefeldin A (BD Biosciences) was added at the beginning of
stimulation or 4 h before staining. In some experiments, Vδ2 T cells were treated with anti-
TNFR1 or anti-TNFR2 blocking Abs for 1 h at 37°C before stimulation.

Detecting cytokines by ELISA
Human IFN-γ in culture supernatants was detected with a human IFN-γ ELISA kit (R&D
Systems), according to the manufacturer’s directions. Human TNF-α in culture supernatants
was detected with a human TNF-α ELISA kit (R&D Systems), according to the
manufacturer’s directions.

Statistical analysis
Differences among groups were analyzed by Student’s t test. Value of p < 0.05 was
considered to be significant.

Li et al. Page 3

J Immunol. Author manuscript; available in PMC 2013 August 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Vδ2 T cells, but not CD4, CD8, B cells, monocytes, or NK cells, produce TNF-α in IPP-
stimulated PBMC

It was shown before that Vδ2 T cells produce TNF-α after IPP stimulation (21, 44). To
show whether this is specific to Vδ2 cells, PBMC were stimulated with IPP (15 μM/ml) in
the presence of 10 μg/ml brefeldin A. After 4 h, cell surface markers and intracellular
cytokines were stained with anti-Vδ2, anti-CD3, anti-CD4, anti-CD8, anti-CD14, anti-
CD20, anti-CD56, anti-TNF-α, and isotype-matched controls. For flow cytometry analysis,
the cells were gated on Vδ2+, CD3+CD4+, CD3+CD8+, CD14+ (monocytes), CD20+ (B
cells), or CD3−CD56+ (NK cells) cells, and TNF-α expression was analyzed. The results
demonstrated that TNF-α production in response to IPP was occurring primarily in Vδ2 T
cells and was not substantial among CD3+CD4+, CD3+CD8+, CD14+, CD20+, or
CD3−CD56+ cells in these cultures (Fig. 1).

The absence of TNF-α impairs IPP-stimulated Vδ2 T cell proliferation, activation, and IFN-γ
production

To test whether TNF-α plays an important role in Vδ2 T cell proliferation, TNF-α
neutralizing Abs were added to IPP/IL-2-treated cultures, and cells were cultured for 10
days. IPP-driven Vδ2 T cell expansion (both frequency and absolute number) was inhibited
significantly by TNF-α neutralizing Abs in a dose-dependent manner (Fig. 2, A and B).

The impact of TNF-α on cytokine production and activation marker expression was tested
next. Vδ2 T cells were purified (Fig. 2C) and stimulated by IPP with or without anti-TNF-α
neutralizing Abs. After 18 h, the levels of IFN-γ and TNF-α in cell-free supernatants were
detected by ELISA, and expression of the activation marker CD69 on Vδ2 T cells was
analyzed by flow cytometry. The ELISA results revealed low levels of cell-free IFN-γ when
Vδ2 cells were cultured with medium only; IPP stimulation markedly enhanced IFN-γ
production. The absence of TNF-α significantly reduced IFN-γ production ( p < 0.01; Fig.
2D). The flow cytometry results showed that IPP induced CD69 expression on Vδ2 T cells,
but activation marker expression was reduced when TNF-α was blocked (Fig. 2E). There
was no effect on proliferation of an isotype-matched Ab against IFN-γ (Fig. 3). Exogenous
TNF-α added to IPP-stimulated PBMC increased Vδ2 T cell proliferation (Fig. 4) above
levels seen normally with IPP stimulation alone.

TNFR2 on Vδ2 T cells is mainly responsible for enhancing T cell proliferation, activation,
and cytokine production

Two distinct receptors, TNFR1 and TNFR2, mediate the multiple effects of TNF-α. We
detected expression of both receptors on Vδ2 T cells, but TNFR2 was expressed at higher
levels than TNFR1 (Fig. 5A). To determine whether blocking either TNFR1 or TNFR2
would affect Vδ2 cell functions, the receptors were blocked individually with neutralizing
Abs and cells were stimulated with IPP, as described above. Blocking both TNFR1 and
TNFR2 significantly reduced proliferation (Fig. 5, B and C), CD69 expression (Fig. 5F),
IFN-γ (Fig. 5D), and TNF-α (Fig. 5E) production by Vδ2 cells in response to IPP. When
blocked individually, TNFR2 had a greater impact on Vδ2 cell responses. These results
indicated that TNFR2 was the preferred costimulatory receptor on Vδ2 T cells similar to
what was reported for murine γδ T cells (43).

The absence of TNF-α or TNF-α/TNFR2 signal impairs Vδ2 cell cytotoxicity against tumor
cells

Using the TNF-α or TNF-α/TNFR blocking conditions, we tested the effect on Vδ2 cell
cytotoxicity. Tumor cell lines Daudi and TU167 were used. The results demonstrated that
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TNF-α is important for Vδ2 T cell cytotoxicity. When TNF-α was blocked during the
cytotoxicity assay, specific lysis for both Daudi (Fig. 6A) and TU167 cells (Fig. 6B) was
reduced significantly. Vδ2 T cell cytotoxicity was also impaired when TNFR2 was blocked
and the Ab was removed by washing before effector cells were added to targets. These data
indicated that TNF-α and the signal mediated by its receptors on Vδ2 T cells are important
for tumor cytotoxicity.

Tumor cells stimulate TNF-α production, but not CD107a expression by Vδ2 T cells
TNF-α, granzyme, and perforin are important factors for Vδ2 cell cytotoxicity. We showed
before that Vδ2 T cells are granzyme B and perforin positive (45). In response to TCR
ligands (IPP or anti-γδ-TCR Ab), Vδ2 T cells produce TNF-α and increase surface
expression of CD107a (45). In this study, we show that Vδ2 cells produce TNF-α after
simulation by Daudi B cells or TU167 cells at a ratio of 1:1. We also know that Daudi cells
stimulate Vδ2 cell proliferation (21), which is consistent with the higher levels of TNF-α-
producing cells compared with TU167, which is a good target, but a poor stimulator. In
contrast, tumor cells did not increase the expression of CD107a, irrespective of TNF-α
production (Fig. 7). These data suggest that TNF-α or other factors may be more important
than granzyme release for Vδ2 cell cytotoxicity.

Pam3Cys, a TLR2 agonist, can rescue Vδ2 T cell proliferation and IFN-γ production after
blocking TNF-α

Our previous work showed that Vδ2 cells respond to the TLR2 agonist (Pam3Cys), but
require coincident TCR stimulation (45). In this study, we tested whether Pam3Cys can
rescue IPP-stimulated Vδ2 cell proliferation in the absence of TNF-α signaling. The results
showed that Pam3Cys partly increased the proliferative response to IPP (Fig. 8, A and B),
indicating that TLR triggering could compensate for the costimulatory function of TNF-α.
Furthermore, to rule out that Pam3Cys might be acting through monocytic or DC in the
PBMC culture, we tested this TLR2 agonist on purified Vδ2 T cell and measured the effect
on IFN-γ production. The Pam3Cys rescued IFN-γ production in the presence of blocking
Ab against TNF-α (Fig. 8C), showing that signaling through TLR2 partly substituted for
TNF-α in Vδ2 T cell activation.

Discussion
Human Vδ2 T cells play important roles in host defense, but have Ag recognition and
immunoregulation mechanisms distinct from conventional T cells. In the present study, we
focused on the impact of TNF-α on Vδ2 T cell function. The Vδ2 T cell responses to Ag
stimulation, including activation, proliferation, cytokine production, and tumor cell
cytotoxicity, were impaired significantly when TNF-α or its receptor was blocked. It is well
known that Vδ2 T cells produce TNF-α after TCR stimulation; in this study, we showed that
Vδ2 T cells are the major source of TNF-α in IPP-stimulated PBMC. Now we show that
TNF-α is a positive regulator of human Vδ2 T cells similar to what was reported for murine
γδ T cells (43). Another cytokine, IL-2, is also required for IPP-driven Vδ2 T cells
expansion in vitro (21, 46) and in vivo (47), but is not produced by Vδ2 cells and must be
supplied exogenously. Stimulated Vδ2 cells are the primary source of TNF-α in our PBMC
cultures, so an exogenous source is not required. The co-stimulatory signal is important for
TCR-dependent activation and cytokine production by Vδ2 T cells.

The TNF-α signal is mediated by binding to TNFRs. TNFRs comprise a superfamily of
proteins with at least 41 members that are characterized by sequence homology within the
extracellular domains. This group includes TNFRs, Fas, CD40, the low-affinity nerve
growth factor receptor, TRAIL receptors, RANK, and other death and decoy receptors (48).
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TNF ligand achieves all its different cellular and pathological effects by binding to TNFR1
and TNFR2 (26). Our studies demonstrated that both TNFR1 and TNFR2 were expressed on
Vδ2 T cells, but TNFR2 was expressed at a higher level. Further studies using neutralizing
Abs showed that TNFR2 is mainly responsible for mediating TNF-α effects on Vδ2 T cells.
Although this can be explained partly by the relative expression levels, it might be due to the
different characteristics and cellular consequences of these two different TNFRs and their
signaling pathways (26).

The TNF-α/TNFR signal might be substituted by other costimulatory factors that induce
similar signaling pathways. Published studies demonstrated that TNF-α binding to its
receptors triggers a series of intracellular events that ultimately result in the activation of
two major transcription factors, NF-κB and c-Jun (26), which are important for cell growth
and activation. Alternately, TLR signaling involves a family of five adaptor proteins that
couple to downstream protein kinases that ultimately lead to activation of NF-κB and
members of the IFN-regulatory factor family. We know that Vδ2 T cells respond to TLR2
agonist (Pam3Cys) with coincident TCR stimulation (45), and we showed in this study that
Pam3Cys partly rescued Vδ2 T cell proliferation in the absence of TNF-α. This suggests the
importance of NF-κB signaling pathway in initiating Vδ2 T cell proliferation.

Blocking TNF-α or its receptors significantly impaired Vδ2 T cell cytotoxicity against
tumor cells. This may be due to the combined effects of blocking cell proliferation and
reducing production of TNF-α itself. This shows that TNF-α signaling is required for
effector functions, including high-level TNF-α release.

Our studies may have clinical significance for anti-TNF-α therapy. Recognition of the
central role for TNF-α in the pathophysiology of inflammation led to the development of
TNF-α inhibitors that have revolutionized the therapeutic approaches to autoimmune and
inflammatory diseases (31). The initial clinical experience with TNF-α inhibitors
demonstrated impressive efficacy against rheumatoid arthritis, but carried a risk for
tuberculosis (31, 33). Tuberculosis appeared commonly within the first few months of use,
frequently was disseminated or atypical in presentation, and resulted in high death rates.
These cases were believed due, in most cases, to reactivation of latent mycobacterial
infection (32).

Several lines of evidence suggest that Vδ2 T cells are involved in the protective immune
response against tuberculosis. The Vδ2 cells expand in response to nonpeptidic Ags from
mycobacterium (34, 49), and they accumulate in bacillus Calmette-Guerin-vaccinated and
purified protein derivative skin test-positive individuals with latent tuberculosis infection
(35, 50). Vδ2 T cell effector functions, such as TNF-α and IFN-γ secretion, cytotoxicity,
and a capacity to reduce the viability of extracellular and intracellular mycobacteria, have all
been associated with protective immunity (16, 51, 52). We hypothesize that the impairment
of Vδ2 T cells might be an important reason for the high risk of tuberculosis in recipients of
anti-TNF-α therapy. It may be important to consider supportive therapies, including agonists
for TLR2 or similar agents, to overcome the block to TNF-α signaling. These adjunctive
agents may restore the protective effects of Vδ2 T cells against tuberculosis and other
opportunistic infections that arise when TNF-α signaling is interrupted.
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FIGURE 1.
Vδ2 T cells, but not CD4, CD8, B cells, monocytes, or NK cells, produce TNF-α in IPP-
stimulated PBMC. PBMC were stimulated with IPP (15 μM/ml) in the presence of 10 μg/ml
brefeldin A. After stimulation for 4 h, the cell surface markers and intracellular cytokine
were stained with anti-Vδ2, anti-CD3, anti-CD4, anti-CD8, anti-CD14, anti-CD20, anti-
CD56, anti-TNF-α, and isotype-matched controls. The expression of TNF-α was analyzed
by flow cytometry. Data are representative of three experiments yielding similar results.

Li et al. Page 10

J Immunol. Author manuscript; available in PMC 2013 August 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 2.
The absence of TNF-α impairs IPP-stimulated Vδ2 T cell proliferation, activation, and IFN-
γ production. A and B, Anti-TNF-α blocking Ab at different doses was added to IPP/IL-2-
treated cultures, and cells were cultured for 10 days. Both Vδ2 frequency (A) and absolute
number (B) were detected every 3 days. The cultures were set up in triplicate. C, Purified
Vδ2 T cells by magnetic beads from PBMC are shown. D, Purified Vδ2 T cells stimulated
by IPP with or without anti-TNF-α blocking Ab. After stimulation for 18 h, the level of
IFN-γ in cell-free supernatant was detected by ELISA. E, Fresh PBMC were stimulated by
IPP with or without anti-TNF-α blocking Ab, and the activation marker (CD69) expression
on Vδ2 T cells was analyzed by flow cytometry. *, p < 0.01; **, p < 0.001. Data are
representative of three experiments yielding similar results.
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FIGURE 3.
Specific inhibition of Vδ2 T cell proliferation by TNF neutralizing Abs. Anti-TNF-α and
anti-IFN-γ Ab (5 μg/ml) were added to IPP/IL-2-treated cultures, and cells were cultured
for 10 days. Both Vδ2 frequency (A) and absolute number (B) were measured every 3 days.
The cultures were set up in triplicate. Data are representative of three experiments yielding
similar results.
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FIGURE 4.
Exogenous TNF-α increased Vδ2 T cell proliferation. TNF-α (50 ng/ml) was added to IPP/
IL-2-treated cultures, and cells were cultured for 10 days. Both Vδ2 frequency (A) and
absolute number (B) were measured every 3 days. The cultures were set up in triplicate.
Data are representative of three experiments yielding similar results.
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FIGURE 5.
TNFR2 on Vδ2 T cell is mainly responsible for enhancing T cell proliferation, activation,
and cytokine production. A, TNFR1 and TNFR2 expression on Vδ2 T cells was assessed by
flow cytometry. B and C, Anti-TNFR1 or anti-TNFR2 blocking Abs were added to IPP/
IL-2-treated cultures at an optimized concentration (5 μg/ml), and cells were cultured for 10
days. Both Vδ2 frequency (B) and absolute number (C) were detected every 3 days. The
cultures were set up in triplicate. D and E, Purified Vδ2 T cells from primary PBMC or IPP-
expanded PBMC were treated with or without anti-TNFR1 or anti-TNFR2 blocking Abs and
stimulated by IPP. After stimulation for 18 h, the level of IFN-γ (D) and TNF-α (E) in cell-
free supernatant was detected by ELISA. F, Fresh PBMC were treated with or without anti-
TNFR1 or anti-TNFR2 blocking Abs and stimulated by IPP. The activation marker (CD69)
expression on Vδ2 T cells was analyzed by flow cytometry. *, p < 0.01; **, p < 0.001. Data
are representative of three experiments yielding similar results.
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FIGURE 6.
The absence of TNF-α or TNF-α/TNFR2 signal impairs Vδ2 T cell cytotoxicity against
tumor cells. A and B, The cytotoxicity function of Vδ2 T cells against Daudi (A) or TU167
(B) with or without anti-TNF-α, anti-TNFR1, or anti-TNFR2 blocking Abs was evaluated at
different E:T ratio in triplicate. The statistical significance of specific lysis compared with
Vδ2 T cells at E:T = 5:1 was analyzed. *, p < 0.01; **, p < 0.001. Data are representative of
three experiments yielding similar results.
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FIGURE 7.
Tumor cells stimulate TNF-α production, but not CD107a expression on Vδ2 T cells. IPP-
expanded Vδ2 T cells were stimulated with medium, IPP, anti-γδ-TCR Ab, Daudi, or
TU167 cells, respectively. To detect TNF-α, 10 μg/ml brefeldin A was added. Two hours
later, cells were collected and stained with Vδ2, CD107a, or TNF-α Abs and analyzed by
flow cytometry. Data are representative of three experiments yielding similar results.
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FIGURE 8.
Pam3Cys, a TLR2 agonist, can rescue Vδ2 T cell proliferation and IFN-γ production after
blocking TNF-α. A and B, Anti-TNF-α blocking Ab (5 μg/ml) or Pam3Cys (10 μg/ml) was
added to IPP/IL-2-treated cultures, and cells were cultured for 10 days. Both Vδ2 frequency
(A) and absolute number (B) were detected every 3 days. The cultures were set up in
triplicate. C, Purified Vδ2 T cells from primary PBMC or IPP-expanded PBMC were treated
with or without anti-TNF-α blocking Abs or Pam3Cys and stimulated by IPP. After
stimulation for 18 h, the level of IFN-γ in cell-free supernatant was detected by ELISA.
Data are representative of three experiments yielding similar results.
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