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Abstract
γδ T cells function between the innate and adaptive immune responses, promoting antigen-
presenting cell function, and manifesting cytolytic activity. Their numbers often increase during
infections, such as HIV, and at sites of chronic inflammation. However, the turnover dynamics of
human γδ T cells are poorly understood. Here we find that despite more rapid proliferation in vitro
by human Lyme arthritis synovial γδ T cells of the Vδ1 subset, they have reduced surviving cell
numbers compared to αβ T cells due to increased cell death by the γδ T cells. Because caspases are
involved in cell proliferation and death, and signaling is more efficient through TCR-γδ than TCR-
αβ, we examined the levels of active caspases during cell cycling and following TCR
restimulation. We observed higher overall caspase activity in Borrelia-reactive γδ T cells than
comparable αβ T cells. This was paralleled by greater spontaneous cell death and TCR
restimulation-induced cell death of the γδ T cells, which was caspase dependent. Our current
findings thus are consistent with a model where human γδ T cells evolved to function quickly and
transiently, in an innate fashion.
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1. Introduction
The role of γδ T cells in human immune responses remains poorly understood. Previous
studies have suggested that γδ T cells link the innate and adaptive immune responses by
promoting the function of antigen-presenting cells, potentially presenting antigen
themselves, rapidly producing inflammatory cytokines, and manifesting cytolytic activity
[1-3]. Although they account for only 1-5% of the total T cells in peripheral blood and
lymphoid tissues, γδ T cell numbers increase during certain infections such as HIV [4, 5].
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Furthermore, γδ T cells rapidly migrate to and accumulate at sites of chronic inflammation
such as the synovium in rheumatoid arthritis [6-9] and Lyme arthritis [10], the intestine in
celiac disease [11], and the lung in sarcoidosis [12, 13]. In vivo turnover studies of murine
γδ T cells using BrdU labeling have shown that γδ T cells have a high rate of proliferation
and subsequent turnover [14]. However, a potential explanation for this high turnover has
not been provided.

Because caspases are involved in both cell proliferation and death, we considered the
possibility that the level of caspase activity may contribute to the turnover of γδ T cells.
Caspases are cysteine aspartic acid proteases that are crucial for the initiation (e.g.
caspase-8, -9, -10) and execution (e.g. caspase-3, -6, -7) of apoptosis [15] through cleavage
of death substrates, such as the BH3 domain-only protein BID by caspase-8 [16] and
inhibitor of caspase-activated deoxyribonuclease (ICAD) by caspase-3 [17, 18]. It has
become appreciated more recently that caspase activity, specifically caspase-8, is also
required for T cell growth [19-21], and that the level of active caspases within cells may be a
key determinant of survival or death [22, 23]. We have previously observed that murine αβ
T cells bearing high levels of caspase activity manifest increased rates of both cell growth
and cell death [24]. However, the amount of caspase activity in human γδ versus αβ T cells
has not been studied.

We therefore examined the turnover of Borrelia-reactive human γδ T cells compared with
αβ T cells during in vitro culture using γδ T cell clones of the Vδ1 subset that were
previously derived from synovial fluid of Lyme arthritis patients [10]. Here, we show that
Borrelia-reactive human γδ T cell clones have a high rate of both proliferation and cell
death, consistent with studies of murine γδ T cell turnover [14]. This paralleled greater
overall caspase activity in Borrelia-reactive human γδ T cell clones as well as primary
synovial γδ T cells than Borrelia-reactive αβ T cells. Thus, high ambient levels of caspase
activity may prime γδ T cells for death signals, and contribute to their high turnover.

2. Materials and Methods
2.1. Culture of αβ and γδ T cell clones

All studies were conducted with approval from the Institutional Human Studies Committee
and synovial fluid samples were obtained with written informed consent by patients prior to
inclusion in the study. Cultures of previously derived Borrelia-reactive γδ T cell clones [10]
and αβ T cell clones [25] were expanded as previously described [3, 10, 25, 26] at
approximately 21-day intervals using 10 μg/ml of a sonicate of B. burgdorferi, strain N40,
grown in Barbour-Stoenner-Kelly II (BSKII) medium (Sigma, St. Louis, MO) or 1 μg/ml
phytohemagglutinin (PHA) (Murex Biotech, Dartford, Kent, England). Clones were cultured
in AIM-V (Invitrogen, Carlsbad, CA) containing 10% Hyclone characterized FBS
(ThermoScientific, Rockford, IL) and 100 U/ml human recombinant IL-2 (Cetus,
Emeryville, CA).

2.2. Proliferation assay by 3H-thymidine incorporation
Triplicates of 3×105 cells/well in 96 well plates were pulsed with 1 μCi/well 3H-thymidine
(GE Lifesciences, Piscataway, NJ) and incubated for 18 h at 37° C. Cells were then lysed
and DNA retained on nitrocellulose filters using Tomtec Harvester 96 (Tomtec, Hamden,
CT). 3H-thymidine was subsequently counted using a Microbeta counter (PerkinElmer,
Shelton, CT).
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2.3. Antibodies, TUNEL, and flow cytometry
Antibodies used were to the following determinants: TCR-αβ (BMA 031; Invitrogen/
BioLegend, San Diego, CA), TCR-γδ (5A6.E9; Invitrogen/BioLegend), CD25 (CD25-3G10;
Invitrogen), Fas (DX2; BD Pharmingen, San Jose, CA/Invitrogen/BioLegend), and CD3
(HIT3a; BioLegend). Anti-CD3 antibody (TR66, gift of Dr. Antonio Lanzavecchia) at a
final concentration of 10 μg/ml was used for short-term stimulation experiments. Cells were
treated with DMSO (Sigma, St. Louis, MO) or benzyloxycarbonyl-valine-alanine-aspartic
acid-fluoromethylketone (z-VAD-fmk; zVAD) (50μM) (MP Biomedicals, Solon, OH) for
30 min prior to anti-CD3 stimulation for caspase inhibition studies. To assess the extent of
apoptosis, DNA strand breaks were measured by TUNEL staining. Briefly, single-cell
suspensions were treated with or without plate-bound anti-CD3 for 8 h, and then washed
twice with cold PBS. Cells were then stained with surface antibodies and fixed with fresh
1% formaldehyde (Ted Pella, Redding, CA), and after two washes, permeabilized with ice-
cold 70% ethanol for 15 min. DNA strand break labeling was achieved by incubation at
37°C in labeling mix (1× TdT buffer, 2.5 mM CoCl2, 1 U/5μl terminal deoxynucleotidyl
transferase (TdT), and 0.1 nM FITC-dUTP (Roche Diagnostics, Mannheim, Germany)).
Cells were washed twice in cold PBS containing 1% BSA and stored in PBS/BSA/1%
formaldehyde. Samples were analyzed on an LSR II flow cytometer (BD Biosciences, San
Jose, CA).

2.4. Immunoprecipitation of TCR complex
T cells were lysed in 20 mM Tris, pH 7.5, 150 mM NaCl, 10 mM Hepes, 1 mM EDTA, 1
mM Na3VO4, protease inhibitors (Roche Diagnostics, Indianapolis, IN) and 1% Triton
X-100 (Calbiochem, La Jolla, CA). Cleared lysates were then subjected to one round of
immunoprecipitation with pan-TCRαβ and pan-TCRγδ monoclonal antibodies
(ThermoScientific). Immunoprecipitated proteins were resolved by SDS-PAGE, transferred
to PVDF membranes and blotted with antibodies against CD3ε (Dako, Carpinteria, CA),
TCRζ (BD Pharmingen), and FcRγ (Upstate Biotechnology, Lake Placid, NY).

2.5. Caspase activity assay
Overall caspase activities were determined using the Apo-ONE Assay (Promega, Madison,
WI), which measures the cleavage of DEVD-rhodamine, according to the manufacturer's
recommendations. Spectrophotometric readings were taken using a Fluorescence reader
(Biotek Instruments, Winooski, VT).

2.6. Biotin-VAD-fmk active caspase precipitation assay
Cells were lysed in lysis buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 2mM sodium
orthovanadate, 10% glycerol, protease inhibitors, and 0.2% NP-40) containing 20 μM
biotin-VAD-fmk (bVAD) (MP Biomedicals). 450 μg of protein lysate in 300 μl lysis buffer
were precleared by rocking with 40 μl Sepharose 6B agarose beads (Sigma) at 4°C for 2 h.
Supernatants were then rocked with 60 μl streptavidin-sepharose beads (Invitrogen) at 4°C
overnight. Beads were washed 5 times in lysis buffer, then boiled in loading buffer. Beads
were removed by centrifugation and immunoblot analysis was performed on supernatants.

2.7. Immunoblot analysis
Protein lysates from T cell clones were separated by SDS-PAGE using 10% or 12.5% gels,
transferred onto PVDF membranes (BioRad Laboratories, Hercules, CA), and blocked using
4% milk in Tris-buffered saline plus 0.1% Tween-20 (American Bioanalytical, Natick, MA)
at room temperature for 1 h as previously described [26]. Membranes were incubated at 4°C
overnight in milk/TBS-Tween containing mouse anti-human caspase-8 monoclonal antibody
(3-1-9) (BD Pharmingen), anti-caspase-3 585 rabbit polyclonal antibody (the kind gift of Dr.
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Yuri Lazebnik), caspase-9 monoclonal antibody (5B4) (Stressgen Assay Designs, Ann
Arbor, MI), affinity-purified goat anti-human DFF45/ICAD (R&D Systems, Minneapolis,
MN), or affinity-purified goat anti-human/mouse BID (R&D Systems). Immunoreactive
proteins were visualized using species-specific secondary antibodies conjugated to horse
radish peroxidase (Santa Cruz Biotechnology, Santa Cruz, CA; Southern Biotech,
Birmingham, AL; Biomeda, Foster City, CA; Jackson Immunoresearch, West Grove, PA)
and developed using LumiGLO (KPL, Gaithersburg, MD). Quantitative assessment of band
densities on immunoblots were performed using the Quantity-One software (Bio-Rad) and
are displayed as the sum of the intensities of the pixels inside the volume boundary × area of
a single pixel (in mm2) after correction for background signal.

2.8. Statistical Analyses
A random coefficients growth model was used to examine 3H-thymidine incorporation, cell
death by TUNEL, CD25, Fas, and CD3 changes over time in the two groups of cells, with
individual cell types within group (αβ versus γδ). Data from up to six experimental
replications were used, and a random effect was included in the model to control for
differences across experiments. Planned post-hoc tests were used to examine differences
between cell groups on individual days. Group differences in caspase activity on day 14
were examined using a general linear mixed model, with cell groups defined as above and a
random effect included to control for differences across experimental replications. An
analysis of variance was used to examine the effect of restimulation on caspase activity.
Data for TUNEL assays did not meet distributional assumptions; thus, all analyses were
based on log-transformed data. A repeated-measures analysis of variance was used to
examine differences in αβ versus γδ cells in human subjects. Because of lack of conformity
to distributional assumptions as well as the small number of subjects involved, these
analyses were based on ranked data, which allows a non-parametric test. All analyses were
performed using SAS version 9.2. Student t-test was conducted to assess densitometry
readings for γδ versus αβ T cells.

3. Results
3.1. Increased cell growth and death in vitro by human γδ T cells

We used a previously described panel of human αβ T cell clones and synovial γδ (Vδ1) T
cell clones from Lyme arthritis patients, all of which are reactive to Borrelia burgdorferi
[10, 25] to compare proliferation, death, and related caspase activity in the two T cell
subsets. The γδ and αβ T cell clones were monitored for expansion in cell number following
stimulation and culture in IL-2-containing medium over 21 days. Under these conditions, γδ
T cell clones, Bb01, Bb03, and Bb15, showed considerably less expansion compared to αβ T
cell clones, 2-7 and 114B (Fig. 1A). This distinct difference in expansion raised the question
whether these two T cell subsets actually proliferated at different rates or whether this
reflected differences in cell death.

Proliferation, as assessed by DNA replication, was determined by incorporation of 3H-
thymidine. Somewhat surprisingly, γδ T cell clones (Bb01, Bb03, and Bb15) actually
manifested considerably higher levels of DNA replication than αβ T cell clones (2-7, 114B,
and 54-1) over several time points, with the differences decreasing over time after
stimulation (Fig. 1B, 1C). Time points were assessed beginning at day 10 to 12, when the
clones had outgrown the feeder cell (irradiated PBL) population, and IL-2 receptor-α
(CD25) expression levels were high, and end between day 18 to 24, when expression levels
of CD25 were downregulated and cell cycling abating (Fig. 1C, D). This is consistent with
earlier studies showing T cell proliferation parallels the level of IL-2 receptor expression,
which increases and then decreases over several days following TCR stimulation [27].
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Because the greater expansion of αβ T cell numbers could not be explained by their greater
proliferative capacity, spontaneous cell death was quantitated by TUNEL assay. The
findings revealed a considerably higher percentage of spontaneous cell death in the γδ T cell
clones compared to the αβ T cells over an extended period of time (Fig. 2A, B). This
suggested that the reduced expansion in cell number by γδ T cells during this growth period
was not explained by reduced proliferation by γδ T cells but rather by their augmented cell
death.

To assess why the γδ T cell clones manifested a higher rate of spontaneous cell death, we
initially examined the expression of cell surface molecules known to influence susceptibility
to cell death. These included the death receptor, Fas (CD95), and surface CD3, given that
recurrent TCR stimulation promotes activation-induced cell death (AICD) [28]. However,
mean fluorescent intensities of Fas and CD3, as measured by flow cytometry, revealed no
differences in the levels of these molecules between the γδ and αβ T cell clones (Fig. 2C-F).
We next examined the TCR complex composition as a possible explanation for the
differences in cell death. Our previous studies have shown that the composition of the TCR-
γδ complex might differ from TCR-αβ, with the TCR-γδ containing a greater proportion of
FcεR1γ (FcRγ) and less TCRζ following activation [29]. However, the composition of the
TCR complex did not differ between these particular γδ and αβ T cell clones, with the TCRs
on all clones containing TCRζ and no FcRγ (Fig. 2G). This suggested that another
mechanism was likely responsible for the augmented cell death of γδ T cells.

3.2. Increased caspase activity in γδ T cells
Because caspases are now recognized to promote both cell proliferation and cell death [15,
19-21, 30], we considered that differences in the levels of caspase activity might exist
between γδ and αβ T cells that could influence both their cell growth and death. Overall
caspase activity was first examined using a DEVD-rhodamine assay in which cleavage of
the terminal aspartic acid of the substrate releases fluorescent rhodamine. The γδ T cell
clones all manifested higher caspase activity than the αβ T cell clones at days 12, 14 and 18,
as exemplified for day 14 in Figure 3A. These ambient levels of caspase activity increased
considerably in absolute value following 8 h stimulation by anti-CD3, particularly among
the γδ T cell clones (Fig. 3B). This was paralleled by augmented spontaneous cell death of
the γδ T cells compared to the αβ T cells, as well as a tendency toward increased cell death
of γδ T cells following anti-CD3 stimulation (Fig. 3C). Furthermore, the augmented CD3-
induced cell death of the γδ T cell clones was blocked by the pan-caspase inhibitor zVAD
(Fig. 3D), demonstrating that the cell death was caspase dependent.

It is possible that the differences in caspase activity observed in the γδ and αβ T cell clones
might reflect artifacts resulting from long-term culture. We thus examined caspase activity
in primary synovial fluid γδ and αβ T cells from three patients with Lyme arthritis. Synovial
fluid lymphocytes were stimulated with B. burgdorferi and after seven days, at a time when
the γδ T cells had expanded [10], the γδ and αβ T cells were sorted and examined directly
for their level of caspase activity. As shown in Figure 3E, in all three cases the synovial fluid
γδ T cells manifested considerably greater caspase activity than αβ T cells from the same
cultures. Thus, the augmented caspase activity is intrinsic to γδ T cells and unlikely the
result of selection during the cloning process.

To more completely define which caspases were activated in the γδ and αβ T cell clones, we
used biotin-VAD-fmk (bVAD) to selectively label all active caspases in cell lysates. The
active caspase fraction was precipitated using streptavidin-sepharose beads and then
examined by immunoblot for specific caspases. Consistent with the DEVD-rhodamine assay
findings, immunoblot of bVAD precipitates revealed that the γδ T cells had increased
amounts of cleaved active caspase-3, p18/20 and p10/12 compared to αβ T cells (Fig. 4E-G).
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However, the levels of total caspase-3 in whole cell lysates showed no detectable difference
between the γδ and αβ T cells (Fig. 4E), and hence the increased amount of active caspase-3
in γδ T cells (Fig. 4F, G) was not explained by greater total caspase-3. Of further interest
was that the levels of active upstream initiator caspases, which can cleave effector caspases
into active forms, did not parallel the trend of caspase-3. Total and active caspase-8 levels
were significantly lower in γδ compared to αβ T cells (Fig. 4A, B). Furthermore, although
the total levels of caspase-9 in whole cell lysates were comparable between the γδ and αβ T
cells, the proportion of caspase-9 that was active was substantially reduced in the γδ T cells
(Fig. 4C, D). This suggested that the greater active caspase-3 in γδ T cells could not be
explained by greater activity of upstream caspase-8 or caspase-9.

These findings raised the question of how γδ T cells survive in the presence of such elevated
levels of active caspase-3. We have previously determined that active caspases are
detectable within 30 min following TCR ligation of murine αβ T cells, and that the active
caspases appear in lipid rafts in the cell membrane during T cell cycling [22, 23]. Consistent
with this notion, no evidence of BID cleavage was observed in either γδ or αβ T cell clones.
Of interest, however, was that the inactive full-length form of BID (p24) was found at
considerably lower levels in the γδ T cell clones compared to αβ T cell clones (Fig. 5A, B).
The reasons for this are currently under examination. In contrast to BID, cleavage of the
caspase-3-specific death substrate, ICAD, was observed to a partial extent (p32) in all the T
cell clones, but the γδ T cells manifested a clearly greater level of completely cleaved ICAD
(p24/21) (Fig. 5C, D), which mirrored the increased levels of active caspase-3 and
spontaneous cell death found in γδ T cells.

4 Discussion
This study demonstrates that actively cycling human γδ T cells of the Vδ1 subset manifest
greater overall caspase activity, particularly of effector caspase-3, than αβ T cells. As a
consequence, human γδ T cells are more prone to both spontaneous cell death as well as cell
death following TCR restimulation, and this occurs in a caspase-dependent manner. This
was reflected in the reduced expansion of γδ T cells compared to αβ T cells despite higher
levels of DNA replication in the former subset. These findings are consistent with previous
observations that murine γδ T cells demonstrate greater rates of proliferation in vivo, as
measured by greater CFSE dilution [29] and BrdU incorporation [14], despite their greater
rate of turnover and loss. The augmented caspase activity of γδ T cells provides a potentially
unifying model that may explain both of these phenomena. In addition, the increased
caspase activity was also observed in primary synovial fluid γδ T cells from patients with
Lyme arthritis, suggesting our findings were not the result of the cloning process or long
periods in culture. Furthermore, we have also observed similar differences in caspase
activity between murine γδ and αβ T cells (A. Koenig, unpublished observations).

Analysis of active caspases in human γδ T cells revealed that elevated caspase activity was
due more to effector caspase-3 than initiator caspase-8 or caspase-9. This suggested that
upstream initiator caspases were not primarily responsible for the augmented active
caspase-3 in γδ T cells. These data are in agreement with an earlier study showing the
presence of active caspase-3 in Jurkat cells, which also could not be explained by active
caspase-8 [31]. The unanticipated finding of an active effector caspase in cycling T cells
raises the obvious question of how these cells avoid cell death. Our previous findings that
active caspases appear in lipid rafts in the cell membrane during T cell cycling [22, 23]
suggest a sequestration model in which basal levels of active caspases are confined to the
plasma membrane of non-apoptotic cycling effector T cells. In this state active caspase-8
and caspase-3 are denied access to cytoplasmic substrates involved with cell death, such as
BID or ICAD, but may interact with other as yet unknown substrates important for effector
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T cell function. This is consistent with our observations that there was only minimally
detectable complete cleavage of the caspase-3 substrate, ICAD, in αβ T cells. However,
more extensive ICAD cleavage was observed in effector γδ T cells, indicating some active
caspase-3 is likely present in the cytoplasm of effector γδ T cells. This observation is
consistent with the increased spontaneous death observed in the γδ T cells.

The greater caspase activity in γδ T cells might result from more intense TCR signaling in
γδ T cells compared to αβ T cells, as reflected by our earlier observations of increased levels
of intracellular calcium and phosphorylated-ERK following TCR stimulation of γδ T cells
[29]. This might not only promote effector function, but also would prime effector T cells
for subsequent death signals. Conceivably, the greater intensity of TCR signals could drive
higher levels of caspase activity to promote a rapid effector response followed by equally
rapid cell death to ensure their elimination at the end of an immune response. This is
consistent with our earlier study in the murine system showing that enhanced signaling
intensity of TCR-γδ leads to a stronger proliferative response upon anti-CD3 restimulation
compared to TCR-αβ [29]. Our findings are also consistent with previous work showing that
murine γδ T cells turn over at a surprisingly high rate. Using BrdU labeling in vivo, Tough,
et al. [14] demonstrated that during a 21-day BrdU labeling period, 70% of γδ T cells had
cycled, whereas only 20% of CD4 T cells cycled during the same period. However, fully
70% of the labeled γδ T cells disappeared during the subsequent 28-day washout period
without BrdU, reflecting a rapid turnover. In a separate yet relevant system, we previously
demonstrated that the level of caspase activity in cycling T cells was considerably increased
by overexpression of the caspase-8 regulator, cellular Fas-associated death domain-like
interleukin-1-β-converting enzyme-inhibitory protein long form (c-FLIPL) [24]. This also
resulted in both augmented proliferation, as well as increased subsequent cell death. The
collective results imply that the intrinsically higher caspase activity in γδ T cells might
promote both their increased proliferation and death in vivo. The current findings thus
support a model that γδ T cells have evolved to function quickly and transiently, as in an
innate response.
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Figure 1. Reduced expansion of γδ T cells in vitro compared to αβ T cells is not explained by
reduced levels of proliferation by γδ T cells
(A) γδ T cell clones Bb01, Bb03, Bb15 (closed symbols) and αβ T cell clones 2-7, 114B
(open symbols) were stimulated on day 0 and plated in fresh medium containing IL-2. Equal
numbers (1 × 106 cells) of T cell clones were seeded at day 10 and cell number was then
monitored until day 21. Data shown are representative of 2 independent experiments. (B,
C) 3H-thymidine incorporation. T cell clones were pulsed with 3H-thymidine (1μCi/well) for
18h between days 10 to 24 following stimulation (C) and one time point is shown at day 12
(B). Data shown are representative of 2 independent experiments of triplicate samples.
Values are mean ± sem for each group. Statistical analyses are of the combined data (***
p<0.0001; * p<0.04). The overall significance over time was p<0.0001. (D) CD25 profiles
for γδ and αβ T cell clones at day 12 (thick line), day 14 (intermediate line), and day 18
(dashed line) post stimulation. Data shown are representative of 6 independent experiments
and analysis is of the combined data measured as mean fluorescent intensity. There was a
decline in CD25 levels over time for both γδ T cells (Bb01, Bb03, Bb15) and αβ T cells
(2-7, 114B, 54-1) (p<0.01).

Thai et al. Page 10

Hum Immunol. Author manuscript; available in PMC 2012 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. γδ T cells manifest augmented levels of death relative to αβ T cells
(A) Representative profile of TUNEL staining at day 14 post stimulation for γδ T cell clone,
Bb01 (thick line), versus αβ T cell clone, 114B (thin line). (B) Cell death measured by
TUNEL between days 10 to 18 following stimulation of γδ T cell clones (closed symbols)
compared to αβ T cell clones (open symbols). Data shown are representative of 2
independent experiments. Differences between γδ T cells and αβ T cells trended towards
significance on day 10 (p=0.063) and were significant on days 12, 14, and 18 (**, p≤0.01).
The overall significance over time between γδ T cells (Bb01, Bb03, Bb15) and αβ T cells
(2-7, 114B, 54-1) was p<0.01. (C-F) T cell clones between days 12 to 24 following
stimulation were analyzed for expression of surface Fas and CD3. Data shown in C-F are
consistent over at least 3 independent experiments and statistical analysis of the combined
experiments show no significant differences (p=0.88, p=0.99, p=0.99, and p=0.45,
respectively). (G) Clones were lysed and lysates immunoprecipitated with anti-TCR (γδ or
αβ), resolved by SDS-PAGE, and immunoblotted for anti-CD3ε, anti-TCRζ, and anti-FcRγ.
Data are representative of 2 independent experiments.
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Figure 3. Higher overall caspase activity in γδ T cells compared to αβ T cells
(A-C) DEVD-rhodamine release assay was used to determine levels of caspase activity in T
cell clones. (A) Data shown are representative of 4 independent experiments of triplicate
samples with equal number of cells per sample using clones on day 14 following
stimulation. Analysis by general linear mixed model across 4 independent experiments
indicate that these two cell types have significantly different levels of caspase activity (*,
p=0.02). This same trend occurred at day 12 (p=0.08) and 18 (p=0.04) following stimulation
based on a random coefficients growth model (data not shown). (B) T cells on day 15 post
stimulation were cultured with or without plate-bound anti-CD3 and assessed for caspase
activity after 8 h. Data are representative of 3 independent experiments and statistical
analysis by ANOVA of the combined data show that caspase activity is higher in anti-CD3
restimulated γδ T cell clones than αβ T cell clones (p<0.01), and that anti-CD3 treatment
leads to greater differences in levels of caspase activity in γδ T cells compared to αβ T cells
(p=0.03). (C) Proportion of dead cells assessed by TUNEL staining of T cell clones at day
18 post stimulation following CD3 restimulation for 8 h. Data are representative of 6
independent experiments. Analysis performed on the combined experiments was based on
log-transformed data. Cell death was significantly increased upon anti-CD3 restimulation in
γδ T cell clones (p=0.0003) and αβ T cell clones (p<0.0001), but no significance was found
when comparing γδ versus αβ T cell clones (p=0.17). (D) TUNEL assay of cell death of T
cell clones post restimulation and treated with DMSO control or z-VAD-fmk (zVAD) for 30
min prior to anti-CD3 restimulation for 8 h. Data are representative of 5 independent
experiments. (E) Synovial fluid from three Lyme arthritis patients was activated with B.
burgdorferi and expanded in vitro. At day 7 γδ and αβ T cells were sorted from each culture
and equal numbers of cells were used to assess caspase activity (***, p<0.0001 using
student t-test for samples performed in triplicates from patient 2 and patient 3. Culture from
patient 1 did not provide sufficient number of cells to perform the assay in triplicate. p=0.04
for γδ versus αβ T cells for all three patients combined by repeated measures of ANOVA,
with cell type as the within-subjects factor. Because the original data did not meet the
distributional assumptions, all values were transformed to ranks prior to analysis). Data
shown here are representative of 2 independent experiments.
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Figure 4. γδ T cells have higher levels of active caspase-3, but lower levels of active caspase-8 and
caspase-9 than αβ T cells
γδ (Bb01, Bb03, Bb15) and αβ (2-7, 114B, 54-1) T cell clones were lysed in buffer
containing biotin-VAD-fmk (bVAD) to selectively label active caspases, which were then
precipitated with streptavidin-sepharose beads. Precipitates were separated by SDS-PAGE
and immunoblotted for caspase-8, caspase-9, and caspase-3 (A, C, and E, respectively) and
compared to whole cell lysates from the same cells. Immunoblots shown are representative
of 2 independent experiments. (B, D, F, and G) Densitometry of immunoblot results of
bVAD precipitates. Values are the readings of γδ versus αβ T cell clones combined from 2
independent experiments. Statistics based on student t-test for γδ versus αβ T cells. (B)
Active caspase-8 (***, p=0.0002). (D) Active caspase-9 (*, p=0.0406). (F, G) Active
caspase-3, p18/20 (*, p=0.0172) and p10/12 (***, p=0.0006).
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Figure 5. γδ T cells have lower levels of BID yet higher levels of the cleaved caspase-3 substrate,
ICAD, than αβ T cells
20 μg of whole cell lysate from effector γδ T cell clones (Bb01, Bb03, Bb15) and αβ T cell
clones (2-7, 114B) were separated by SDS-PAGE and immunoblotted for the caspase-8
substrate, BID (A), and the caspase-3 substrate, ICAD (C). NS= non-specific band. (B, D)
Densitometry of immunoblot results. Values are the readings of γδ versus αβ T cell clones
combined from 4 and 3 separate experiments, respectively. Statistics based on student t-test
for γδ versus αβ T cells (***, p=0.0003; **, p=0.0038).
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