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SUMMARY

The majority of peripheral blood cd T cells in healthy adult humans express the Vc2/Vd2 T-cell

receptor (TCR) and generate TCR-mediated, major histocompatibility complex (MHC)-

unrestricted proliferative responses to low molecular weight alkylphosphates. Vc2/Vd2 populations

after antigen proliferation maintained diversity in the CDR3s of Vc2 mRNA, indicating that the

response was polyclonal or oligoclonal, and were enriched for Vc2 TCR chains containing the Jc1.2

segment. Alkylphosphate stimulation further skewed an already biased peripheral blood cd T-cell

population and increased the abundance of Vc2-Jc1.2/Vd2 T cell receptors, suggesting similarities

between the alkylphosphate response and peripheral selection mechanisms shaping this repertoire in

human beings.

INTRODUCTION

The population of CD3+ T cells recognize antigen through

either ab or cd T-cell receptors (TCR). The mature cd T-cell

population in primates includes a large proportion of circu-

lating cells that respond to alkylphosphates1 without either

professional antigen-presenting cells or presentation by major

histocompatibility complex glycoproteins.2 These low molecu-

lar weight alkylphosphate antigens stimulate cytokine, chemo-

kine,3,4 and proliferative5,6 responses in peripheral blood Vc2/

Vd2 T cells. These responses are TCR-speci®c,7 although the

TCR structures mediating recognition of these small organic

molecules are not known, and we do not yet understand the

relationships between alkylphosphate recognition and innate

immune responses involving cd T cells.

The circulating adult cd T-cell repertoire is highly selected

in primates. Out of six functional Vc segments and eight

possible Vd segments,2 a majority of cd T cells in peripheral

blood from healthy human8±10 and non-human primates11

express only the Vc2/Vd2 TCR. A minor circulating cd T-cell

population expresses the Vd1 chain, and the ratio of Vd2 to

Vd1 in healthy adults is around 3.5.12 In addition to the positive

selection for circulating Vc2/Vd2 T cells, it was also noted that

the Vc2-Jc1.2 rearrangement was most common.13 We sought

to study the relationship between selection for Vc2-Jc1.2 chains

and the response to alkylphosphates.

Antigen stimulation and the resulting proliferation of

responding cells cause shifts in the collection or repertoire of

TCR within a lymphocyte population. In the case of major

histocompatibility complex (MHC)-restricted peptidic anti-

gens, a strong proliferative response expands one or a small

number of clones preferentially and increases their abundance

within the stimulated culture. The MHC-unrestricted responses

to alkylphosphates have not been analysed at the population

level, in order to discern whether this recognition is a clonal or

polyclonal property of Vc2/Vd2 T cells. Our studies demon-

strate polyclonal or oligoclonal expansion of Vc2/Vd2 T cells in

response to alkylphosphate stimulation with a selective increase

in Vc2-Jc1.2/Vd2+ cells, and also suggest that expansion of

Vc2-Jc1.2 T cells seems mainly based on chain length.
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MATERIALS AND METHODS

Collection and preparation of lymphocytes

Heparinized blood was collected from six healthy volunteers,

with approval from the Human Subjects Committee at the

University of Wisconsin-Madison and informed consent of

the donors. Peripheral blood mononuclear cells (PBMC) were

isolated by centrifugation over Ficoll±Hypaque density gra-

dients as described by the manufacturer (Pharmacia, Uppsaala,

Sweden). Approximately 2r106 cells were cultured in supple-

mented RPMI media containing 10% fetal calf serum (FCS)

and 50 U/ml recombinant interleukin-2. Isopentenyl pyro-

phosphate (IPP, Sigma, St Louis, MO) was added to a ®nal

concentration of 12.3 mM. Cells were incubated for 13 days at

37u with 5% CO2 and were replenished every 3± 4 days by

adding media without IPP.

Flow cytometry

Thirteen days after IPP stimulation, cultures were washed once

with RPMI medium, twice with phosphate-buffered saline

(PBS) and then viable cells were counted. Samples containing

2r106 cells were stained with ¯uoroscein isothiocyanate

(FITC)-conjugated anti-cd TCR monoclonal antibody (TCRd1

clone 5A6, kindly provided by Dr Michael Brenner, Harvard

University), phycoerythrin (PE)-conjugated anti Vc2 (clone

B3, Pharmingen, San Diego, CA), biotin-conjugated anti Vd1

(clone R9.12, Immunotech, San Francisco, CA), or biotin-

conjugated anti Vd2 (clone IMMU 389, Immunotech). After

1 hr incubation, cells were washed with PBS containing 2%

fetal bovine serum (FBS); antigen-presenting cell-conjugated

streptavidin (Caltag, Burlingame, CA) was added for 30 min

where appropriate. Cells were again washed three times with

PBS+2% FBS and then resuspended in PBS containing 4%

paraformaldehyde. Up to 2r105 cells in a lymphocyte gate

were sorted on a ¯uorescence-activated cell sorting (FACS)

analyser (Becton-Dickenson, Franklin Lakes, NJ). Sorted

populations were analyzed using Flo-jo software (Tree Star,

version 2.6.1).

RNA extraction, reverse transcription±polymerase chain

reaction (RT±PCR), run-off reactions

Approximately 2r106 washed cells were treated with Trizol

reagent (Life Technologies, Rockville, MD) to extract RNA.

The precipitated RNA pellets were washed with 70% ethanol

and brie¯y dried before being resuspended in diethylpyro-

carbonate-treated water and quantitated by absorbance at

260 nm. The absorbance 260 nm : 280 nm ratios for these

samples were typically 2.0t0.1. One mg of total RNA was

converted to cDNA in a reaction containing 50 ng oligo-

nucleotide A (T15V, where V=A, C or G), 2.0 mM deoxy-

nucleotriphosphates (dNTPs) (Promega, Madison, WI), 10 mM

MgCl2, 25 mM Tris pH 8.3, 25 mM KCl, and 20 units avian

myeloblastosis virus (AMV) reverse transcriptase (Promega).

Reactions were incubated for two hours at 42u and then diluted

to 500 ml with deionized H2O. Polymerase chain reactions were

carried out with 10 ml template (equivalent to cDNA converted

from 20 ng total RNA), 500 nM each of the forward and

reverse primer, 0.2 mM dNTPs, 2 mM MgCl2, 10 mM Tris

pH 8.3, 50 mM KCl, 0.1% Triton-X-100 and 1 unit of Taq

DNA polymerase. The following oligonucleotides were used

for PCR: oligo Vd2-1 (5kCAT CTA TGG CCC TGG TTT < 3k),

oligo Vc2-2 (5k AGA CCT GGT GAA GTC ATA C 3k), oligo

Cd-1 (5k TGG CAG TCA AGA GAA AAT TG 3k), and oligo

Cc-1 (5k GTT GCT CTT CTT TTC TTG CC 3k). PCR

products were separated on 1.6% agarose/Tris±acetate±ETDA

buffer (TAE) gels containing 0.5 mg/l ethidium bromide and

visualized with UV light.

Primer extension reactions were performed according to

published protocols.14 Each reaction contained 1±2 ml PCR,

3 mM MgCl2, 10 mM Tris pH 8.3, 50 mM KCl, 0.2 mM dNTPs,

0.1 mM oligo Cc-4 [6-carboxy¯uorescein (6-FAM) labelled

CAT CTG CAT CAA GTT GTT TAT C] and approximately

0.2 units Taq DNA polymerase. The run-off products were

diluted 1 : 25 in deionized formamide and 1 ml N,N,Nk,Nk-
tetramethyl 6-rhodamine (TAMRA) labelled molecular size

standard was added to each sample. Products were separated

on an Perkin Elmer-Applied Biosystems genetic analyser

(Perkin-Elmer, Foster City, CA) equipped with a 41-cm

capillary and performance optimized polymer (POP-4). Run

time for resolution of 50±400 nucleotide fragments was 24 min.

The molecular size and quantity of extension products were

determined using GeneScan software (Perkin-Elmer). In order

to standardize the data irrespective of the primer positions we

express CDR3 length variation in terms of the total Vc2 coding

region length. This distance was calculated by adding the

remainder of the Vc2 variable region sequence length outside

the primer binding sites (GenBank NID g1848089), the c
constant region length (GenBank NID g37017), and the

product length between primer binding sites. Calculated this

way, the major Vc2 peak is 993 nucleotides, whereas the run-

off product that represented this gene was approximately 254

nucleotides.15

Cloning and sequencing, sequence analysis

RT±PCR products were puri®ed by passage through a PCR

clean-up spin column (Promega) and ligated with a pCRII-

TOPO vector (from Invitrogen) for 5 min at room tempera-

ture. Recombinant plasmids from ampicillin-resistant colonies

were puri®ed and sequenced using either the Cc-1 or the Vc2-2

oligonucleotide as a primer and BigDye ¯uorescent sequencing

kits (PerkinElmer), and analysed on automated sequencers.

Vc2 sequences were aligned using Seqman (DNAstar,

Madison, WI). Vc2, Jc1.2 and Jc1.3 and Jc2.3 were identi®ed

by comparison to GenBank NIDs g1848089, g339142, g339144

and g339146, respectively.

RESULTS

Vc2 CDR3 length variation after stimulation with

isopentenyl pyrophosphate (IPP)

PBMC were collected from six human volunteers. The cells

were stimulated in vitro with isopentenyl pyrophosphate (IPP),

an alkylphosphate that elicits Vc2/Vd2+ T-cell proliferation,

as demonstrated by ¯ow cytometry (Table 1). We used

immunoscope analysis14 (also called spectratyping) for an

initial measurement of diversity among the TCR chains.

Immunoscope analysis characterizes a population of cells

expressing a single V region. A DNA ampli®cation scheme is

used to measure length variation within the complementarity

determining region 3 (CDR3), a region that includes (for Vc2)

the carboxy terminus proximal end of the V segment, the N

20 P. S. Evans et al.
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region, and the J region. In the Vc2+ population from

peripheral blood from six healthy individuals, the distribution

of CDR3 lengths was strongly biased in the absence of IPP

stimulation, a result consistent with previous studies.9,10,16,17

The bias was evident because the pro®le of CDR3 lengths was

not normally distributed, instead being shifted to one or two

dominant CDR3 lengths.

The bias to one or two Vc2 lengths was accentuated after

in vitro isopentenyl pyrophosphate (IPP) stimulation (Fig. 1a),

resulting in a right-ward shift in cumulative frequency plots

(Fig. 1b). In some individuals (e.g. subject A in Fig. 1), the

unstimulated Vc2 population showed a strong bias towards

longer chain length. Even in these cases, a further rightward

shift could be detected in the IPP stimulated Vc2 population.

Samples that were less biased (e.g. E and F), showed the most

pronounced rightward cumulative frequency shift after IPP

stimulation. We also performed these studies for Vd2. In

contrast to the distribution of Vc2 lengths, the patterns of Vd2

were more normally distributed, indicating that the control

peripheral blood population was not biased on the basis of

length and did not show consistent changes in the cumulative

or relative frequency plots after IPP stimulation (Fig. 1c,d).

Expansion of the Jc1.2 segment during IPP stimulation

We next analysed DNA sequences to explain the shift to longer

CDR3s during IPP stimulation. As Jc1.2 is 11 nucleotides

longer than either the Jc1.3 or Jc2.3 segments, an increased

abundance of Jc1.2 after IPP stimulation might account for the

rightward shift to longer CDR3 lengths. Based on the sequence

data, we calculated the length for each Vc2 sequence and

identi®ed the proportion of Jc1.3, Jc2.3, or Jc1.2 segments in

control and IPP-stimulated samples (Fig. 2). In all cases, the

longer CDR3s are overwhelmingly comprised of Vc2-Jc1.2

chains. The Vc2 chains shorter than 987 nucleotides contained

Jc1.2 only 3% of the time; this J segment was present in 71% of

all Vc2 that were 987 bases long (size g in Fig. 2), and

comprised 98% of all Vc2 sequences with a length of 990 bases

or longer (in our database with more than 380 total sequences).

The IPP-stimulated cells had a higher proportion of Vc2-Jc1.2

chains and this was consistent with the shift to longer CDR3s

(Fig. 2). In general, histograms of CDR3 length distribution

that were calculated from DNA sequences were similar to

the data obtained after capillary electrophoresis of run-off

ampli®cation products.

We performed statistical analyses on the frequency of Vc2-

Jc1.2 chains after IPP stimulation, using the DNA sequences

(Table 2). Using Fisher's exact test, the probability values for

increased Jc1.2 usage following IPP stimulation ranged from

0.09 to 0.01, indicating that, for one individual, the increase in

Vc2-Jc1.2 abundance was statistically signi®cant. When data

were combined for all three samples, the increased Vc2-Jc1.2

abundance after stimulation was highly signi®cant with

P=0.0004. The cumulative frequency measurements and

DNA sequence analysis both imply that Vc2-Jc1.2 chains are

responsible for the proliferative response to IPP. Therefore, we

sought to evaluate the complexity of Vc2-Jc1.2 populations

to determine whether these responses represented clonal or

polyclonal responses to alkylphosphate.

Vc2 responses to IPP stimulation

We envisioned two possible effects of IPP stimulation on the cd
TCR repertoire. A clonal response to IPP would decrease the

diversity of Vc2 CDR3 sequences, because a single (or small

number) of sequences would have increased abundance after

proliferation. In this case, we would conclude that individual

CDR3 sequences mediated alkylphosphate recognition and

that this portion of the cd TCR plays a role similar to ab TCR

recognition of peptide±MHC complexes. Alternately, a poly-

clonal response to IPP would have little effect on complexity in

the cd TCR repertoire, as was postulated previously.2 In order

to discriminate these possibilities, we examined the Vc2-Jc1.2

CDR3 sequences from control and IPP stimulated cultures; an

example of these data are shown (Fig. 3). The control sample

(individual C, Fig. 1) had 49 Vc2 sequence entries consisting of

21 different sequences (average of 2.3 entries per sequence). The

IPP stimulated sample contained 68 entries consisting of 34

different sequences (average of 2.0 entries per sequence). For

sequences that arose more than once in a set of individual

sequences, we found three (C1, C7, and C9) that were present in

control and absent in stimulated samples. We also found ®ve

sequences (S4, S5, S6, S7, and S9) that were present in

stimulated but not control samples. For sequences found in

both samples and present more than once in each set, there

were no statistically signi®cant differences in their proportional

representation. Two additional sample sets (samples A and B

from Fig. 1) showed similar levels of sequence repetition and

similar differences among control and stimulated cultures, and

did not reveal any evidence of clonal responses to IPP stimu-

lation. On the basis of nucleotide sequence data, we concluded

that alkylphosphate stimulation induced a polyclonal or

oligoclonal expansion of Vc2-Jc1.2-positive cells.

Table 1. Vc2/Vd2+ T-cell proliferation after IPP stimulation in vitro

% Lymphocytes

in each subset

Donor IPP Vd1 Vc2/Vd2 Stimulation index

A ± 0.12 2.53

A + 0.04 39.63 13.4

B ± 0.46 0.95

B + 1.50 20.81 21.9

C ± 0.48 0.19

C + 0.41 4.75 25.0

D ± 1.29 1.85

D + 0.04 20.49 11.1

E ± 3.29 12.63

E + 0.25 21.75 1.7

F ± 1.88 1.12

F + 2.81 10.50 9.4

PBMC cultured in the absence or presence of IPP were stained with
¯uorescently labelled monoclonal antibodies and analysed by ¯ow
cytometry. The proportion of cells staining with a combination of the
TCRd1 and Vd1 monoclonal antibodies, or a combination of Vc2 and Vd2
monoclonal antibodies were compared to the total cells in a lymphocyte
gate, which was determined by foward and side scatter (approximately
2r105 cells/sample). Stimulation index is calculated as the ratio of
percentage Vc2/Vd2+ cells with and without IPP stimulation.

21Alkylphosphate recognition by human Vc2/Vd2 TCR
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Figure 1. Analysis of CDR3 lengths in the population of Vc2 or Vd2 chains from control (black) or IPP stimulated (white) cultures.

The Vc2 and Vd2 CDR3s were ampli®ed and separated as described in Materials and Methods. The pattern of peak heights for each

PCR product was compiled using GeneScan software and the distributions of CDR3 lengths are represented here in the form of

relative frequency plots for samples from six individuals (a and c). We identi®ed a maximum of 13 peaks for the Vc2 CDR3s and 16

peaks for Vd2 CDR3s; the PCR products were all multiples of three bases in length and length is represented by letters in increasing

order. The critical peaks for Vc2 are g (987 bases for the Vc2 coding region), h (990 bases), i (993 bases), and j (996 bases). The area

under each peak was determined and the relative frequency of each peak was calculated as a portion of the total area under all peaks.

Additionally, the data was plotted in the form of cumulative frequency plots (b and d). Cumulative frequency was determined by

sequentially adding relative frequencies from the smallest to the largest peak as described.11 The results are shown for control (black

lines) or IPP stimulated (grey lines) PBMC cultures.
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Structural requirements for alkylphosphate recognition

The CDR3 nucleotide sequences for Vc2-Jc1.2 chains from

control and IPP stimulated cultures were translated into amino

acid sequences and aligned with a hypothetical sequence

representing germ line segment recombination in the absence of

deletion or non-templated nucleotide additions (Fig. 3a,b). In

all cases, the amino terminal Gly of the Jc1.2 segment was

deleted. In sequence C8 and S10 (Fig. 3a) a Gly residue was

found in the position corresponding to the amino terminus of

Jc1.2, but the germline codon was not used, indicating that this

was a non-templated addition. In 49 sequences from the

control culture, we observed one frame-shifted and two

truncated sequences and there were nine sequences present

two or more times in this sample (Fig. 3a). In a collection of 68

sequences from an IPP-stimulated culture we identi®ed one

frame-shifted sequence and no truncated sequences and there

were nine sequences present two or more times (Fig. 3b).

Length

R
el

at
iv

e 
fr

eq
ue

nc
y 

(m
ea

n 
± 

S
D

)

Length

C
um

ul
at

iv
e 

fr
eq

ue
nc

y 
(m

ea
n 

± 
S

D
)

A A

B B

C C

D D

E E

F F

(c)  Relative frequency (d)  Cumulative frequency

Figure 1. Contd.
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We compared the most common sequences from control

and IPP stimulated cultures (Fig. 4a,b). Both control and

stimulated samples retained the Leu±Trp residues from the V

segment and all sequences retained the Leu from the J segment.

Val appeared often in the CDR3, and this residue was

frequently (C1, C3, S1) encoded by a non-templated codon.

Most sequences included a charged residue in the CDR3, either

a non-templated codon or Glu from the amino-terminus of the

J segment. Aside from these observations, it was dif®cult to

discern a strongly preferred CDR3 motif in the IPP-stimulated

samples. The most common sequence from the control culture

(C1) was not present in the stimulated sample set despite

having the Jc1.2 segment. Importantly, C1 was shorter than

every Jc1.2-containing chain found in the IPP stimulated set

(Fig. 3).

DISCUSSION

The cd T-cell response to alkylphosphate stimulation is

mediated primarily by cells expressing the Vc2-Jc1.2/Vd2

TCR. Receptors with this structure are already present at high

levels in peripheral blood as a result of natural selection

mechanisms, but their abundance is increased further during

the proliferative response to alkylphosphate stimulation. The

polyclonal or oligoclonal expansion of Vc2-Jc1.2/Vd2 T cells

suggests similarities between these natural selection mecha-

nisms and the response in vitro, and shows that the capacity to

recognize alkylphosphate is likely to be important for innate

immune responses mediated by peripheral blood cd T cells.

Examination of Vc2-Jc1.2 sequences in control and IPP-

stimulated cells strongly suggested an IPP speci®c expansion

based on Vc2 chain length.

Bukowski et al. used a directed mutagenesis approach to

explore the structural requirements for Vc2-mediated recogni-

tion of IPP and the closely related ethyl pyrophosphate. They

started with an unusual Vc2 chain that had the CDR3 sequence

Glu-Trp±Glu and lacked the conserved Val.18 When the Trp

was changed to Gly±Asn (reinstating the Gly encoded at the

amino terminus proximal position of Jc1.2), IPP recognition
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Figure 2. Proportion of Jc1.3, Jc2.3, or Jc1.2 usage according to

CDR3 length in control and IPP-stimulated PBMC cultures. Samples

A, B, and C represent PBMC from the individual donors identi®ed by

the same letters in Fig. 1. Sequence analysis was performed on cDNA

samples from control or IPP stimulated samples and the number of

individual sequences are shown by the n-values in parentheses.

Sequences that contained either Jc1.3 or Jc2.3 segments are identi®ed

by black bars and sequences containing the Jc1.2 segment are identi®ed

by white bars. The total length (in bases) for the Vc2 coding region is

represented by letters (as described for Fig. 1) and the critical peaks are

g (987 bases), h (990 bases), i (993 bases), and j (996 bases).

Table 2. IPP stimulation positively selects for cells expressing the Vc2-Jc1.2 chains

Jc1.2 Jc1.3 or 2.3 Fisher's exact test

Donor IPP (number of sequences) (number of sequences) Chi-squared value (P-value)

A ± 42 4

A + 69 1 2.01 0.0797

B ± 18 4

B + 65 4 3.19 0.0928

C ± 54 13

C + 84 5 6.31 0.0120

A, B, C ± 113 20

A, B, C + 218 10 12.51 0.0004

Analysis of Vc2 sequences. cDNA libraries prepared from PBMC cultured in the presence or absence of IPP were ampli®ed with Vc2 and Cc-speci®c
primers and sequenced as described. Vc2, Jc, and CDR3 sequences were identi®ed. Jc1.3 and Jc2.3 segments are very similar, and are referred to here as Jc1.3
or 2.3. The proportion of clones having inserts with Jc1.2 and Jc1.3 or 2.3 segments were compared for control and IPP-stimulated cultures. The Chi-squared
value and probability based on Fisher's Exact test were calculated using software (EpiInfo) to determine if these changes were statistically signi®cant.

Figure 3. Vc2 cDNA sequences from control and IPP stimulated

PBMC cultures. Sequences were aligned in the V and J regions, and the

CDR3s are displayed between the aligned regions, and include addi-

tional spaces as necessary. Data from control (a) and IPP stimulated

(b) are shown. The individual sequences are labelled with C (for

control) or S (for IPP-stimulated), along with the clone number. At the

end of each sequence, the number in parentheses indicates how many

times this sequence was observed in the sample set. Nucleotides that

were not distinct in the automated sequencing reactions are indicated

by the letter N.
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was abolished but the mutant Vc2 chain still allowed

recognition of other stimulating compounds found in myco-

bacterial extracts. We have not found this Gly residue in

naturally occurring Vc2 chains based on more than 600

molecular clones from multiple donors. We often ®nd the

sequence Leu±Trp±Glu but never have observed the Glu±Trp

sequence (where Trp would be a non-templated codon). When

Bukowski and colleagues combined the Gly±Asn mutant with a

shorter J segment that lacked the amino terminus proximal Glu

residue, all recognition of alkylphosphates was abolished.18

The mechanism for Vc2/Vd2 TCR recognition of alkyl-

phosphate may be similar to that for conventional superantigens

that elicit polyclonal expansion of abT cells in a Vb-speci®c

manner. For example, the Staphylococcus enterotoxin B is a

macromolecular superantigen that binds directly to the TCR

Vb region19 and induces polyclonal proliferation of T cells.

Within the population of responding cells, individual J seg-

ments were positively selected during the response to either

Staphylococcus enterotoxin B or Urtica dioica superantigens.

The selected J segments were thought to alter Vb region

conformations through long-range interactions, and these

conformational changes favored superantigen binding.20

Alkylphosphate stimulation of PBMC expanded the Vc2/

Vd2+ T cells, and positively selected for the Vc2-Jc1.2 expres-

sing subset, a result similar to what was described above for

conventional superantigen stimulation of Vb-expressing cells.

The Vd2+ T-cell subset is both a diverse and a minor

population in the infant thymus, but this subset becomes less

diverse and eventually dominates the peripheral blood in

adults.21 Thus, extrathymic selection and ampli®cation of

Vc2/Vd2+ T cells results in a biased repertoire that favors

Vc2-Jc1.2 chains and promotes alkylphosphate responses while

maintaining polyclonal diversity. Our results draw a parallel

between in vitro responses to IPP and the endogenous mecha-

nisms shaping the natural cd T-cell repertoire, because both

mechanisms amplify the proportion of Vc2-Jc1.2+ cells, select

for Vc2 chains of a preferred length, and produce a population

with increased responses to alkylphosphates. Parker et al.

showed that Vc2 chains from infant thymus were highly diverse

and length restriction occurred only after peripheral selection

and ampli®cation.21 In Vc2/Vd2+ T-cell clones from human

thymocytes, there were no apparent length restrictions for

either c or d chains,22 further supporting the view that

restricted Vc2 chain lengths in peripheral blood lymphocytes

are due to extrathymic selection and ampli®cation. We

observed no length-dependent selection of the Vd2 chains

after alkylphosphate stimulation in vitro, and the collection

of Vd2 chains from blood did not show speci®c length biases.

The preferential utilization of Jc1.2 segments tends to argue

that Vc2 chain length is the more important criterion for

both peripheral selection and alkylphosphate responsiveness,

because this J segment is distinguished from others mainly

by its length.

We studied the responses to IPP, a compound used exten-

sively to model the cd T-cell responses to alkylphosphates.1,5,7

This compound is highly abundant in mycobacterial super-

natant, and is an intermediate in the synthesis of polyiso-

prenoid compounds in microbial and mammalian cells.6 Other

naturally occurring alkylphosphates including formyl-butyl

pyrophosphate,23 are more potent than IPP and might be

more important in vivo for selecting cd T cells. Alkylphosphates

are released from many microbes24 that might also be present

during normal development. Thus, these compounds might

positively select the peripheral blood cd T-cell repertoire during

development, to increase the proportion of Vc2/Vd2+ cells and

to further bias the Vc2 repertoire by expanding the Jc1.2+

subset. This may be important for promoting innate cd T-cell

responses at sites of infection or pathology where stimulatory

concentrations of alkylphosphates signal a danger to the host.
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