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Abstract

The adult human Vc2Vd2 T cell repertoire is a product of chronic selection in the periphery.
Endogenous antigens drive the expansion of cells expressing the Vc2Vd2 TCR. Thus, we would
expect the majority of circulating Vc2Vd2 T cells to be antigen experienced and to have memory
phenotype, in contrast to the alpha/beta TCR1 subsets that include a substantial fraction of naive
cells. We sought to characterize functional aspects of Vc2Vd2 T cells that might show whether
circulating cells are memory or naive. For these studies, we focus on the expression of the CC
chemokine regulated upon activation normal T cell expressed and secreted (RANTES). In naive ab
T cells, an initial stimulus triggers the onset of RANTES transcription followed later by protein
expression. In memory CD81 ab T cells, RANTES mRNA is already present in unstimulated cells and
protein expression is triggered immediately by TCR signaling; some cells may also contain RANTES
protein in cytoplasmic stores. We show here that the vast majority of circulating human T cells
contain RANTES protein in cytoplasmic stores and the chemokine is secreted rapidly after TCR
signaling. Primary Vc2Vd2 T cell lines obtained after in vitro stimulation with phosphoantigens
behaved similarly to circulating Vc2Vd2 T cells and contained both RANTES mRNA and protein, but
only very low levels of mRNA or protein for macrophage inflammatory protein (MIP)-1a or MIP-1b. The
presence of stored RANTES shows that circulating Vc2Vd2 T cells are mostly memory phenotype and
capable of rapid chemokine responses to phosphoantigen stimulation. Considering that one of 40
circulating CD31 lymphocytes is Vc2Vd21, they comprise the largest circulating memory population
against a single antigen, and phosphoantigen stimulation will trigger a rapid activation with
immediate release of RANTES.

Introduction

Human T cells express either the alpha/beta (ab) or gamma/
delta (cd Tcell) antigen receptor. The ab Tcells express lineage
markers (CD4 or CD8) and recognize peptide antigens
complexed with cell-surface major histocompatibility proteins.
Alternatively, cells express the cd TCR and recognize non-
peptidic antigens and some tumor cell lines, in an MHC-
unrestricted manner (1–3).
The naive ab TCR repertoire is a product of thymic edu-

cation (4, 5) and memory subsets arise after the initial antigen
encounter. Repertoire selection and memory are controlled
differently for cd T cells. The cd subset comprises 1–5% of
circulating CD3+ lymphocytes in healthy adult human beings
(6, 7) of which ~85% express the Vc2Vd2 TCR. Mature cd
T cells mostly do not express lineage markers. The ab TCR
repertoire is a product of thymic selection, and includes ~25 b
chains families that combine with 100 a chain families to create

~105–106 unique TCRs present at any one time. The mature cd
repertoire is much different, being shaped mainly by per-
ipheral selection and expansion starting with fewer c and d
chain families. However, the repertoire in healthy adults shows
that the Vc2 chain is nearly always found with the Vd2 chain.
Early in life, the more random cd TCR repertoire seen in

cord blood and infants is replaced by a repertoire that is
biased in terms of receptor expression and antigen recogni-
tion (8). A dominant Vc2Vd2+ population emerges, is stably
present at 3–10 times that of the next most abundant
Vd1-positive subset and manifests strong proliferative and
cytokine responses to stimulation with low molecular weight,
non-peptidic phosphoantigens including aminobisphospho-
nate compounds (9). Phosphoantigen recognition requires
the Vc2Vd2 TCR (10, 11), and stimulated cells expand in a
polyclonal or oligoclonal manner, with preferential use of the
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Vc2-Jc1.2 chain (12). Expanded cells are potently cytotoxic for
several human tumor cell lines (13, 14).
Positive selection of Vc2-Jc1.2Vd2 positive cells creates

the mature repertoire and suggests that the circulating cd
T cell population is comprised mainly of antigen experienced,
memory cells. However, phenotype studies of circulating cd
Tcell produced conflicting results. Dieli et al. reported that up
to 40% of circulating and 90% of lymph node Vc2Vd2 T cells
have a naive phenotype. These results were contradicted by
De Rosa et al. (15) who claimed that naive Vc2Vd2 T cells
represent only a small population and most have a memory
phenotype.
We decided to study other features of differentiated T cells,

to show whether circulating Vc2Vd2 T cells were functionally
similar to naive or memory cells. In particular, we examined the
pattern of regulated upon activation normal T cell expressed
and secreted (RANTES) expression. In ab T cells, RANTES
regulation differs in naive and memory subsets. Naive ab
Tcells do not express late activation markers such as perforin,
Granzymes A and B or granulysin, and they begin to express
RANTES mRNA and protein only after 3–5 days of stimulation
(16–19). Cell division and differentiation are required before
initiating RANTES transcription, which appears as the rate-
limiting step for expressing this chemokine (20, 21). Memory
CD8+ T cells store preformed RANTES mRNA (22, 23) and
cytoplasmic RANTES protein (24); a rapid translation or direct
release from cytoplasmic stores of protein allows for rapid
production of extracellular chemokine. Here, we show that
circulating Vc2Vd2 Tcells contain pre-existing RANTES protein
and are functionally similar to CD8+ memory T cell subsets.
There was little evidence for naive Vc2Vd2 Tcells in circulation.

Methods

Cell culture

PBMCs were isolated from heparinized blood by Ficoll–
Hypaque gradient centrifugation (Pharmacia Biotech, Pis-
cataway, NJ, USA). PBMCs were cultured in RPMI 1640
supplemented with 10% FCS, 2 mmol l�1

L-glutamine, 100 U
ml�1 penicillin and streptomycin (all from Invitrogen, Carlsbad,
CA, USA) and 100 U ml�1 of recombinant IL-2. Isopentenyl
pyrophosphate (IPP) (Sigma, St Louis, MO, USA) was used at
15 lM. Cells stimulated with IPP were incubated for 14 days at
37�C with 5% CO2 and replenished every 3 days with media
containing 100 U ml�1 of IL-2 without IPP. Cells were then
maintained at 10 units IL-2 for 8–10 additional days. Cells were
fractionated using an NE-Per kit (Pierce, Rockford, IL, USA)
according to the manufacturer’s protocol.
Stimulation of Vc2Vd2 T cells used 15 lM IPP, 10 ng ml�1 of

phorbol myristate acetate (PMA) and 1 lg ml�1 of ionomycin
(Sigma), plus plastic immobilized anti-CD3 antibody (Immuno-
tech, Marseille, France) or 5 lg ml�1 PHA from Phaseolus spp.
(Murex Diagnostics, UK). Cycloheximide and actinomycin
D were used at 10 lg ml�1 (Sigma).

Purification of CD4, CD8 and cd T cells

CD4 and CD8 lymphocytes were purified from peripheral
blood of healthy volunteers using negative selection columns
(R &D Systems, Minneapolis, MN, USA). Purity of the resulting

preparations was assessed by flow cytometry using anti-CD4
and anti-CD8 antibodies (Beckton Dickinson, San Jose, CA,
USA). The purity of recovered cells was >90% for CD4 and
>85% for CD8 subsets, respectively. Since the majority of cd
T lymphocytes are CD4 and CD8 double negative, cd T cells
were enriched using a combination of RosetteSep protocols
(StemCell Technologies, Vancouver, Canada). The combina-
tion of antibodies for negative selection of cd T cells included
anti-CD4, -CD8, -CD16, -CD19, -CD36 and -CD56 antibodies.

Quantitative PCR

RNA was isolated from a maximum of 1 3 107 cells using the
RNeasy RNA extraction kit (Qiagen, Valencia, CA, USA).
The lysate was homogenized with a Qiashredder (Qiagen).
The RNA was eluted from the RNeasy column with two 40-ll
washes with nuclease-free water. Quantitation of RNA was
done by measuring absorbance at 260 nm. cDNA was pro-
duced by adding 1 lg of each RNA sample to the access
reverse transcription (RT) kit (Promega, Madison, WI, USA).
The cDNA was diluted to 100 ll and 5 ll were used in each
replicate PCR assay.
Quantification of PCR products was done with the GeneAmp

5700 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The SYBR Green I PCR Core Reagent
kit (Applied Biosystems) was used to produce fluorescent-
labeled PCR products and we monitored increasing fluores-
cence during repetitive cycling of the amplification reaction.
The only alteration of the manufacturer’s protocol was to raise
the annealing/extension temperature to 64�C. Primer sets for
all amplicons were designed using the PrimerExpress 1.0
software system. The primer sequences are: RANTES: ACTC-
AAGAATGGGCGGAAAG and TGGCATGTTGCAGGCTCCT,
MIP-1b: ACCCTCCCACCGCCTGCTGCTTTTCTTCAC andGTT-
GCAGGTCATACACGTACTCCTGGACCC, b-actin: GAAGCATT-
TGCGGTGGACGAT and TCCTGTGGCATCCACGAAACT and
MIP-1a primers were from BioSource International (Camarillo,
CA, USA).
Results from the RT–PCR assay were expressed as the

threshold cycle (CT). The CT represents the number of reaction
cycles at which the reporter fluorescence raises above a set
baseline threshold, and indicates that the DNA amplicon is
increasing exponentially. The DCT is the difference between
the CT for a specific mRNA and the CT for a reference mRNA,
b-actin. To determine relative mRNA levels, 2 was raised to the
power of DDCT (the difference between the DCT from treated
cells and the DCT from untreated cells). This compares the
relative levels of specific mRNA with b-actin mRNA in each
individual sample, and then compares the level of the
unknown mRNA from induced cells with that of control cells.
Control cells were cultured in medium plus IL-2 and without
IPP stimulation.

Flow cytometry

Cells were stained using a Cytofix/Cytoperm kit (PharMingen,
San Diego, CA, USA) with a modified protocol. Briefly, cells
were stained for 30 min at 4�C with either PE- or FITC-labeled
mAb Vc2 or appropriate isotype controls (PharMingen). Cells
were then fixed for 10 min at room temperature and stained for
45 min at room temperature with FITC-labeled mAb RANTES

1244 Cytoplasmic RANTES in Vc2Vd2 T cells

D
ow

nloaded from
 https://academ

ic.oup.com
/intim

m
/article/18/8/1243/768321 by guest on 19 April 2024



(R&D Systems) or an appropriate isotype control. Cells were
analyzed by flow cytometry using a FACSCalibur (Becton
Dickinson, San Jose, CA, USA). Gated populations were
analyzed using Flo-Jo software (Tree Star, San Carlos, CA,
USA). Staining for intracellular Granzyme B used the mouse
monoclonal clone GB12 against human Granzyme B, conju-
gated to PE (Caltag, Burlingame CA, USA).

Microscopy

For detecting the cd TCR, we used a Cy5-labeled antibody.
The FITC-labeled mAb RANTES (R &D Systems) was used for
intracellular staining. Cells were spotted on poly-L-lysine-
coated coverslips (Becton Dickinson), centrifuged for 5 min at
500 3 g, then mounted in Vectashield (Vector Laboratories,
Burlingame, CA, USA) on microscope slides, and examined
using an Olympus BX51 microscope with a Magnafire camera
and software (Optronics, Goleta, CA, USA). Changes in fluor-
escence were also recorded by a laser scanning confocal
system (Zeiss LSM 510) using a Zeiss 633/1.2 W corr ob-
jective. The system was operated in the frame-scan single or
Z-stack modes. FITC and Cy5 were excited by light at 488 nm
(30 mW argon laser). FITC fluorescence was measured using
a bypass filter 505–530 nm, and Cy5 fluorescence was meas-
ured at wavelengths >650 nm. Images were acquired from
optical slices 0.5–2 lm. Image processing and analysis were
performed with Scion Image Beta 4.0.2 (NIH, Bethesda, MD,
USA) software.

ELISA

Detection of MIP-1a, MIP-1b and RANTES in cytoplasmic
fractions of cells or supernatant used chemokine ELISA kits
(R &D Systems). Cell lysates were prepared using NE-PER
kit (Pierce) according to manufacturer’s instructions. Cyto-
plasmic lysates were diluted in the ELISA buffer (typically
1:20, corresponding to 1 000 000 lysed cells per 1 ml of assay
buffer) and chemokineconcentrationsweremeasured inELISA.
Corresponding dilutions of the lysis buffer into the ELISA buffer
did not affect chemokine detection (data not shown).

Mass spectroscopy of RANTES isoforms present in culture
supernatants

Mass spectral analysis was performed using the surface-
enhanced laser desorption and ionization (SELDI) protein chip
technology (Ciphergen Biosystems, Fremont, CA, USA). Three
microliters of 50 nM sodium carbonate buffer pH 8.0 were
added to each spot on a PS10 surface-enhanced protein
chip, prior to the addition of antibody. Anti-RANTES anti-
body MAB678 (R&D Systems) or mouse IgG isotype control
(Sigma) was added at 2 lg per spot overnight in a 4�C humid
chamber and allowed to bind covalently to the pre-activated
surface. Active sites were blocked using 1 M ethanolamine in
PBS pH 8.0 for 1 h at room temperature. Up to 400 ll of culture
supernatants from PHA-stimulated expanded Vc2Vd2 T cells
(10 min at 37�C, 107 cells ml�1) were then incubated with the
chip overnight at 4�C. After stringent washing, the samples
were crystallized using saturated a-cyano-4-hydroxycinnamic
acid (Sigma) in 50% acetonitrile in HPLC grade water mixed
with bovine ubiquitin (Sigma) as the internal calibrant. The
protein chips were activated by laser light and the masses of

ionized and released products were measured as the time of
flight from chip to detector. This system was optimized for
studying RANTES protein (25) and discriminates intact and
N-terminally truncated forms of RANTES.

Results

Peripheral blood Vc2Vd2 T cells contain intracellular
RANTES

Intracellular RANTES was detected by flow cytometry in
detergent-permeabilized cells from PBMC. Our protocol used
double staining with PE-labeled anti-Vd2 antibody to the cell-
surface TCR chain and FITC-labeled RANTES antibody.
RANTES-positive cells showed a reproducible increase in the
mean fluorescence intensity compared with isotype controls.
An increase of ~3-fold in fluorescence is consistent with data
from other laboratories (13) and with the manufacturer’s infor-
mation for these antibodies. Isotype control antibodies labeled
with FITC or PE were used to control for non-specific binding.
We also demonstrated that an excess of unlabeled anti-
RANTES prevented specific labeling of Vc2Vd2 T cells (data
not shown).
We routinely observed three main types of RANTES-

positive cells in PBMC. They included Vc2Vd2 T cells, most of
which were RANTES positive (Fig. 1A), approximately half of
the CD8-positive T cells (Fig. 1B) likely representing the
memory subset (23), and most of the CD16-positive NK cells
(Fig. 1C). CD4-positive cells did not express RANTES (data
not shown). Together, these populations accounted for the
RANTES-positive cells in Ficoll-purified PBMC.
We also studied the cytoplasmic distribution of RANTES

using confocal microscopy. Peripheral blood Vc2Vd2 T cells
were identified by anti-TCR Cy5-labeled antibody. RANTES
was detected in the cytoplasm of permeabilized cells using
an FITC-labeled antibody (Fig. 1D). The punctate staining
pattern identified points of increased RANTES accumulation
in the cytoplasm, similar to what was observed previously
for RANTES in CD8+ T cells, where it was shown to occupy
a novel secretory vesicle (24). We observed >100 Vc2Vd2-
positive cells for each specimen and found that they were
uniformly positive for RANTES staining.
The peripheral blood Vc2Vd2 Tcells were uniformly positive

for RANTES in the cytoplasm, and the presence of RANTES
did not require activation of these cells in vitro. We also know
that Vc2Vd2+ Tcells in peripheral blood are uniformly positive
for expression of CD95 (Fas receptor) (15) and we confirmed
these data in our laboratory (data not shown). Together, these
data argue strongly that peripheral blood Vc2Vd2 Tcells are all
of the memory subset, a result that agrees with previous
studies from other groups (26–28). We extended the charac-
terization to include another cytoplasmic protein found in
memory/effector T cells, which is Granzyme B. Staining of
Vc2Vd2 T cells in peripheral blood or in expanded cell lines
(described in the next section) showed a high degree of
positive staining. In PBMC from one typical donor (Fig. 3),
we found that 8% of CD3+ cells were in the Vc2Vd2 sub-
set. Among these cells, ~5% were positive for cytoplasmic
Granzyme B. Thus, the majority of Vc2Vd2 Tcells in peripheral
blood have the phenotype CD95+/cytoplasmic RANTES+/
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Fig. 1. Peripheral Vd2 T cells uniformly express cytoplasmic RANTES. Normal peripheral mononuclear cells were stained with antibodies to
surface markers, then fixed and permeabilized by saponin treatment before staining with anti-RANTES FITC-labeled antibodies. Only the
lymphocyte gate was analyzed in the panels A–C. RANTES-positive cells are present in three main subsets including Vd2-positive Tcells (A), some
CD8-positive cells (B) and some CD16-positive cells (C). CD4-expressing cell were negative for RANTES (data not shown). For confocal
microscopy (D), peripheral Vd2 Tcells were identified by anti-TCR Cy5-labeled antibody (red) and RANTES was detected in the cytoplasm using
an FITC-labeled antibody (green).
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Granzyme B+. From other studies (29), we know that Vc2Vd2
are negative for surface expression of the lysosomal mem-
brane protein CD107a, but that marker appears on the surface
soon after antigen stimulation.

Generating Vc2Vd2 T cell lines

Normal human PBMCs were stimulated with 15 lM IPP and
cultured in the presence of 100 U ml�1 of recombinant IL-2.
PBMCs cultured for 2 weeks after IPP stimulation were >85%
positive for Vc2Vd2. During this time, the Vc2Vd2 T cell count
increased ~500 times or by approximately nine cell divisions.
Expanded Vc2Vd2 T cells were then rested for 8–10 days in
medium with low (10 U ml�1) IL-2 to reduce proliferation
and cytokine production to basal levels. The Vc2Vd2 T cells
were not overgrown by other cell types during the rest period
and remained >85% of the culture. Expanded and rested cells
were sensitive to several stimuli, including IPP.
The Vc2-positive cells were uniformly positive for RANTES

by flow cytometry (Fig. 2C) or confocal microscopy (Fig. 2D).
We noted that the content of RANTES was slightly higher in
expanded T cells compared with peripheral cells. However,
the pattern of staining and the morphology of expanded cells
were similar to what we observed for primary Vc2Vd2 T cells.
We also confirmed that expanded Vc2Vd2+ T cells were uni-
formly positive for cytoplasmic Granzyme B (Fig. 3). Overall,
expanded Vc2Vd2 T cell lines had a phenotype that repre-
sented the majority of peripheral blood Vc2Vd2 T cells.

Kinetics of RANTES release from Vc2Vd2 T cells after
mitogenic stimulation

RANTES release after IPP stimulation was slow compared
with other mitogenic stimuli. After 15 min of IPP treatment,
there was only a low level of RANTES released to the medium,
compared with very high levels with 5 min of PHA treatment
or within 1 min of stimulation with PMA + ionomycin (Fig. 4A).
RANTES release after IPP addition was considerably slower
than in response to PHA, consistently demonstrating a 90- to
120-min gap between the time when IPP was added and
the beginning of RANTES protein release (Fig. 4B). The rapid
release (after PHA treatment) was >50% insensitive to
cycloheximide treatment to block de novo RANTES synthesis,
and was completely insensitive to actinomycin D that prevents
mRNA accumulation (data not shown).

Regulation of RANTES protein release and mRNA
synthesis in Vc2Vd2 T cells

Previous studies using repertoire analysis (12) or functional
assays showed that expanded cells behave similarly to pri-
mary Vc2Vd2 T cells and serve as a good model for biochem-
ical studies. Within 4 h after re-stimulation with IPP, the rested
Vc2Vd2 T cells released RANTES, MIP-1b (Fig. 5A and B) and
MIP-1a (data not shown) into the culture medium. RANTES
mRNA was detected in cell lysates from rested Vc2Vd2 T cell

lines and further accumulation of RANTES mRNA was not in-
duced by IPP stimulation (Fig. 5C). In contrast, these same
resting cells contained barely detectable levels of MIP-1b and
MIP-1a (data not shown) mRNAs and required de novo RNA
synthesis before the initial chemokine release (Fig. 5D).
RANTES was already present in cells prior to IPP re-

stimulation and was released mostly independently of de novo
translation (Fig. 5E). In contrast, MIP-1b accumulated in the
cells after stimulation and this accumulation was abrogated
by cycloheximide (Fig. 5F). As expected, the translation in-
hibitor actinomycin D did not affect RANTES secretion by
Vc2Vd2 T cells, but did block MIP-1a and MIP-1b production
(data not shown).
Overall, cytoplasmic RANTES protein levels declined dur-

ing the first few hours after re-stimulation asmight be expected
for products that were stored in resting cells (Fig. 5E).
Activation of Vc2Vd2 T cells by PMA/ionomycin, PHA or anti-
CD3 antibodies resulted in a similar pattern of RANTES
release. Cycloheximide partially inhibited RANTES release,
and actinomycin D was without effect, showing that RANTES
secretion is due mostly to the release of the preformed protein
and partly to translation of pre-existing mRNA.

Cytoplasmic RANTES is intact in Vc2Vd2 T cells

Vc2Vd2 T cells were shown to express high levels of CCR5,
a receptor for RANTES. We wanted to rule out the possibility
that cytoplasmic RANTES accumulation might be the result
of receptor-mediated internalization of RANTES protein re-
leased previously into the medium during cell activation and
expansion. Knowing that RANTES protein is processed rapidly
after exposure to serum proteases and that this exposure
leads to loss of N-terminal protein sequences (30, 31), we
used SELDI technology to characterize RANTES in Vc2Vd2
T cells. We detected only the full-length form of RANTES with
an intact amino terminus (Fig. 6). It is unlikely that RANTES
present in Vc2Vd2 Tcells was taken up from the medium. This
result argues strongly that cytoplasmic RANTES was synthe-
sized and stored in Vc2Vd2 T cells and was ready to be
released when cells were re-stimulated.

Discussion

Primary, peripheral blood Vc2Vd2 T cells were uniformly
positive for cytoplasmic RANTES protein and contained
RANTES mRNA. Circulating Vc2Vd2 T cells can be divided
into a very small naive subset, a T effector memory CD45RA+
subset (IFN-c negative), a Teffector memory h (high for IFN-c)
and a Tcentral memory (26). Of these, the Teffector memory h
are CD45RA� and CD27�. Expanded Vc2Vd2 T cell lines are
uniformly CD45RA� and CD27�, thus they resemble the T ef-
fector memory h population as described (26). The expanded
Vc2Vd2 T cell lines do not represent all subsets of circulating

Fig. 2. Expanded Vd2 T cells uniformly express cytoplasmic RANTES. In vitro-expanded Vd2 T cells were stained with PE-labeled antibodies to
Vd2 TCR chain, permeabilized, and then stained with anti-RANTES FITC-labeled antibodies. IgG isotype controls are presented a presented in
panel A. More than 85% of cells were positive for Vd2 (B) and double positive for Vd2 and RANTES (C). A small population of RANTES single-
positive cells were also detected (C). We confirmed the presence of cytoplasmic RANTES (green) in Vd2-positive cells (red) by confocal
microscopy.
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cells, but include the major phenotype that is responsive to
phosphoantigen stimulation. We observed positive staining for
cytoplasmic RANTES in virtually all Vc2Vd2 Tcells in peripheral
blood indicating that chemokine accumulation was a feature of
all memory subsets.
RANTES release from expanded cells occurred independ-

ently of de novo transcription or translation and was distinct
from the regulation of MIP-1a or MIP-1b expression. Cytoplas-
mic RANTES was not the result of absorbing RANTES from
the culture medium, as there was no evidence for amino-
terminus proteolysis of RANTES that would be expected after
even a brief exposure to serum (25). The regulation of RANTES
secretion was most similar to what had been observed
previously for memory CD8+ T cells (22–24). Despite the
identification of small numbers of naive cells using CD45RA
and CD27 cell-surface markers (27), the population of Vc2Vd2

T cells in blood are mainly memory cells (15, 26, 27), and
the majority express cytoplasmic RANTES.
The mature repertoire of Vc2Vd2 T cells is formed by

peripheral selection and expansion of the Vc2-Jc1.2Vd2
positive Tcell subset (12). Selection for this TCR also produces
a population poised for responding to phosphoantigens (32).
Vc2Vd2 T cells seem to recognize antigen directly, in an Ig-
like manner (10, 33), but there are no co-crystallization studies
of Vc2Vd2 TCR and phosphoantigen and the details of anti-
gen recognition remain unclear. We observed a significant
delay in the Vc2Vd2 Tcell response to IPP compared with other
stimuli. This observation suggests that an intermediate event
such as IPP forming a complex with other macromolecules, or
the induction of new presenting antigens, may be required
for effective IPP stimulation. It is also possible that model
phosphoantigens used in vitro do not adequately represent

Fig. 3. Primary and expanded Vc2Vd2 Tcells contain cytoplasmic Granzyme B. PBMC (upper panels) or a Vc2Vd2 Tcell line from the same donor
(lower panels), were permeabilized and stained for cell-surface Vc2 chain and for cytoplasmic Granzyme B. The left cytograms show the isotype
control for each specimen, and the right panels show the frequency of cells positive for cell-surface Vc2 and cytoplasmic Granzyme B.
Approximately 65% of PBMC Vc2Vd2 T cells and 100% of expanded Vc2Vd2 T cells stained positively for Granzyme B expression.
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the endogenous antigens used for selecting the mature rep-
ertoire even if they stimulate proliferation or cytokine release.
The in vitro-expanded Vc2Vd2 T cells provide a model for

cells that expand in vivo after antigen stimulation, but have
not yet declined back to their original population. In the ex-
amples of Brucella abortus infection (34, 35) or plague (36),
>30% of circulating T cells will have the Vc2Vd2 phenotype,
especially during convalescence. This is a substantial ex-
pansion for a subset primed to respond to phosphoantigens,
and represents one of the largest antigen-specific memory
subsets ever documented. With so many T cells capable of
responding to a single stimulus, the Vc2Vd2 T cells will exert
significant effects on regulation of immune responses and
RANTES may be an important mediator of these functions. In
human beings, RANTES promotes type 1 immune responses
by preferentially attracting CCR5-positive Th1 cells (37, 38),
acts as an antigen-independent activator of T cells (39, 40)
and stimulates the cytolytic function of CD8 T cells (41).
RANTES is a powerful chemotactic agent for professional
antigen-presenting cells such as dendritic cells (42, 43), and
cd Tcells may promote their recruitment and maturation partly
through cytokine secretion.
The Vc2Vd2 T cell subset is often described as a popula-

tion linking innate and adaptive immunity. These cells are
found uniquely among human and non-human primates (2, 44)
and the lack of small animal models has impeded their study.
The normal repertoire is highly skewed in healthy adults, by
selective amplification of the Vc2-Jc2Vd2 rearrangement (4),
and this creates a population where most cells are primed
for rapid responses to a limited number of antigens. The
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Fig. 4. Rapid release of RANTES from Vc2Vd2 T cells. PHA or PMA/
ionomycin stimulation induced rapid release of RANTES from
expanded Vd2 Tcells (A). IPP treatment produced no soluble RANTES
by 15 min (B), and the release was detected within 60–90 min after
stimulation (B).

Fig. 5. Regulation of RANTES mRNA and protein in Vc2Vd2 Tcells. A Vc2/Vd2 Tcell line was rested in medium supplemented with 10 U ml�1 IL-2
for 8–10 days, then washed and re-suspended in the same medium. Control cells were cultured in medium plus 10 U ml�1 IL-2. Secreted RANTES
andMIP-1b levels were measured after 4 h of IPP treatment (A and B). The mRNA for RANTES was present at highest amounts prior to IPP addition
and was reduced after stimulation (C). In contrast, MIP-1bmRNAwas not present before IPP addition and required IPP for maximal expression (D).
Cell stimulation decreased the levels of cytoplasmic RANTES and the addition of cycloheximide had little effect (E), compared with the increase in
cytoplasmic MIP-1b that was sensitive to cycloheximide inhibition (F). The experiment was repeated three times using expanded Vc2Vd2 T cells
from three different donors. The pattern of responses was identical for each Vc2Vd2 T cell line, but the absolute levels of chemokines varied for
each donor. Accordingly, a representative experiment is shown here.
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capacity for rapid and uniform responses, especially consider-
ing that Vc2-Jc2Vd2 cells recognize antigen in the absence of
MHC restriction, accounts for including these cells under the
broad category of innate immunity. However, they are indeed
the product of a lineage with rearranging TCRs and antigen
selection drives repertoire maturation; these are character-
istics of cells in the acquired arm of immunity. However we
view the Vc2-Jc2Vd2 Tcell subset, it is important to remember
that cells carrying just this TCR rearrangement comprise 1–5%
of circulating CD3+ Tcells in healthy adult human beings, and
because of their uniform responses to a limited number of
antigens, provide for very rapid and potent responses at the
site of bacterial or viral infections. By secreting chemokine
including RANTES, these rapid responding cells will promote
the recruitment of other immune cell types to accelerate and
shape the subsequent response to infection.
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IPP isopentenyl pyrophosphate
MIP macrophage inflammatory protein
PMA phorbol myristate acetate
RANTES regulated upon activation normal T cell expressed

and secreted
RT reverse transcription
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