
Background: In mice, natural killer (NK) T cells are special-
ized subsets of T cells that express an invariate T cell receptor
(TCR) α chain and NK markers. In particular, murine NK1 ±

T cells rapidly produce IL-4 and function as regulatory T
cells.
Objective: We investigated the distribution of invariate TCR
Vα24JαQ T cells in CD4–CD8– double-negative (DN) and
CD4+ T cell populations of healthy individuals. We also stud-
ied the NK phenotypes and IL-4 production of Vα24JαQ T
cells.
Methods: The frequency of Vα24± DN or CD4± T cells was
determined by three-color FACS analysis, and subsequently
the frequency of Vα24JαQ rearrangement among Vα24± DN
or CD4± T cells was determined by sequencing.
Results: While the majority of DN Vα24+ T cells (68% to
88%) possessed TCR Vα24JαQ, few of CD4+ Vα24+ T cells
(0.4% to 4%) did, indicating that Vα24JαQ T cells are a
major population of DN T cells, but not of CD4+ T cells, in
healthy subjects. The DN Vα24JαQ T cells expressed a natur-
al killer surface receptor NKR-P1A and CD56, but not CD16,
on the cell surface. Moreover, DN Vα24JαQ T cells promptly
expressed IL-4 mRNA by stimulation with anti-Vα24 mono-
clonal antibody in vitro.
Conclusion: From these phenotypic and functional similarities
of human DN Vα24JαQ T cells with murine NK1+

Vα14Jα281 T cells, we conclude that DN Vα24JαQ T cells are
a counterpart of murine NK1+ T cells, suggesting that they
may play a regulatory role in autoimmune responses in vivo.
(J Allergy Clin Immunol 1999;103:S445-51.)
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CD4–CD8– double-negative T-cell receptor (TCR) αβ
T cells are present in normal mice,1-4 and some of them
express the natural killer cell 1 (NK1) antigen, a member

of the family of natural killer cell receptors (NKR-P1).5

Moreover, a subpopulation of CD4+ T cells also express-
es the NK1 antigen on the cell surface in mice. These
NK1+ T cells have unusual features in comparison with
the mainstream T cells and may play an important role in
the regulation of some immune responses. First, NK1+ T
cells possess an invariant TCR Vα14Jα281 that prefer-
entially pairs with Vβ8.2, Vβ7, and Vβ2.6 Second, CD4+

NK1+ T cells can promptly produce IL-4 by stimulation
with anti-CD3 mAb.7 Finally, NK1+ T cells are
decreased in autoimmune-prone mice in correlation with
the disease activity and have been suggested to regulate
autoimmune symptoms in lupus erythematosus8-10 and
diabetes.11

Double-negative invariant Vα24JαQ T cells are pre-
sent in normal subjects.12,13 The TCR Vα24JαQ chain
has a high homology with murine Vα14Jα281 chain in
both the amino acid and nucleotide sequences. The Vβ
chains pairing with the Vα24JαQ are Vβ11 and Vβ13,
which also have a high homology with murine Vβ8 and
Vβ7.14,15 Furthermore, selective reduction of Vα24JαQ
T cells was observed in patients with systemic sclero-
sis,16 suggesting that Vα24JαQ T cells may play a criti-
cal role in controlling the development of autoimmune
disease. However, the functional role and phenotypic
characteristics of invariant Vα24JαQ T cells have not yet
been clarified.

Therefore we investigated the distribution of invariant
TCR Vα24JαQ T cells in double-negative and CD4+ T-
cell populations of healthy individuals. We also studied
the NK phenotypes and IL-4 production of Vα24JαQ T
cells. Our results indicate that most double-negative
Vα24+ T cells bear TCR Vα24JαQ, but few CD4+

Vα24+ T cells do, and that Vα24JαQ T cells express
NKR-P1A on the cell surface and have the ability of IL-
4 production.
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METHODS

Flow cytometry

PBL were isolated from 20 mL of heparinized peripheral venous
blood of 4 healthy subjects by Ficoll-Hypaque (Pharmacia Fine
Chemicals, Uppsala, Sweden) density gradient centrifugation.

Cells (1 × 106) were stained with fluorescence- or biotin-conju-
gated antibodies in PBS containing 1% FCS for 30 minutes at 4°C.
The following FITC-, phycoerythrin-, or biotin-conjugated mAbs
were used: CD4 (Leu-3a), CD8 (Leu-2a), TCRαβ, CD16 (Leu-
11c), CD56 (Leu-19; Becton Dickinson, Mountain View, Calif) and
TCR Vα24 (Cosmo Bio Co, Tokyo, Japan). Anti-NKR-P1A mAb
DX1 was provided by Dr L. Lanier (DNAX Research Institute, Palo
Alto, Calif).17 Cells stained with biotinylated mAb were then incu-
bated with streptavidin-phycoerythrin or -tricolor (Caltag, San
Francisco, Calif). Stained cells were resuspended in PBS containing

1% fetal calf serum and analyzed by FACScan (Becton Dickinson)
with the Cell Quest program (Becton Dickinson).

Purification of CD4–CD8– double-negative and

CD4+ T Cells

CD4–CD8– double-negative TCR αβ T cells were sorted from
the PBL of healthy subjects by FACStar (Becton Dickinson) with
anti-CD4 plus anti-CD8 mAb. CD4+ T cells were also sorted by
anti-CD4 mAb. The yields of double-negative and CD4+ T cells
were approximately 1 × 105 and 1 × 106 cells, respectively.

Cloning and sequencing of cDNAs encoding

TCR Vα genes

Total RNA (0.1 to 10 µg) was prepared from sorted double-neg-
ative or CD4+ T cells by the method of acid guanidinium thio-

FIG 1. Fluorescence-activated cell sorter (FACS) profiles and purification of CD4–CD8– double-negative and CD4+

TCR αβ T cells and double-negative and CD4+ Vα24+ T cells in the peripheral blood of a healthy subject. A, Double-
negative and CD4+ TCR αβ T cells and double-negative and CD4+ Vα24+ T cells in PBL from a healthy subject were 
analyzed by FACS with phycoerythrin-conjugated anti-CD4 plus anti-CD8 mAb and FITC-conjugated anti-TCR αβ mAb
or anti-Vα24 mAb. B, FACS profiles of double-negative TCR αβ T cells and CD4+ T cells isolated from the PBL of a
healthy subject by anti-CD4 and anti-CD8 mAb depletion or by positive selection with anti-CD4 mAb. The purities of
the fractionated double-negative and CD4+ T cells were more than 99%, respectively.
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cyanate/phenol/chloroform extraction18 with Isogen solution (Nip-
pon Gene Co, Tokyo, Japan). First strand complementary DNA
(cDNA) was then synthesized from 0.1 to 1 µg of total RNA in 20
µL of reaction buffer containing oligo-dT primer with avian
myeloblastosis virus reverse transcriptase. The reaction mixture
was incubated at 25°C for 10 minutes and then at 42°C for 60 min-
utes.

TCR Vα24 cDNAs from double-negative and CD4+ T cells were
amplified by PCR with primers for Vα24 with an EcoRI restriction
site (5´-CGAATTCCTCAGCGATTCAGCCTCCTAC-3´) and Cα
(5´-CGAATTCGGTGAATAGGCAGACAGACTT-3´). Denaturing
was performed at 95°C for 1.5 minutes; annealing was performed
at 60°C for 1 minute, and extension was performed at 72°C for 1
minute, for 30 cycles on a DNA thermal cycler (Perkin-Elmer
Corp, Norwalk, Conn). PCR products were purified by phenol
extraction, precipitated with ethanol, and digested with excess
amounts of EcoRI. DNA fragments with the expected sizes of the
cDNAs were enriched by preparative low melting-point agarose gel
electrophoresis. The recovered DNA fragments were ligated to
M13mp19 plasmids obtained by EcoRI digestion. Phages were
grown on TG-1 Escherichia colicells. After hybridization with a
Cβ probe was performed, a single phage was allowed to grow, and
recombinant phage DNA was purified for DNA sequence determi-
nation. Sequencing reactions were performed by the dye primer
method with an automated sequencer (Applied Biosystems).

Plaque hybridization

TCR Vα24 cDNA libraries were generated by PCR with RNA
from the double-negative and CD4+ T cells with primers for the
Vα24 and Cα. Recombinant plaques were transferred from agar
plates to a nitrocellulose membrane (Schleicher & Schnell, Dassel,
Germany) and were hybridized with either a Vα24 probe (5´-
CTCAGCGATTCAGCCTCCTAC-3´) or a 53-base pair (bp) JαQ
probe. The latter probe was synthesized by PCR with 5´-JαQ (5´-
CAACCCTGGGGAGGCTATAC-3´) and 3´-JαQ (5´-AGGCCA-
GACAGTCAACTGAG-3´) primers and purified by electroelution.

Functional analysis of  T cells

Double-negative T cells were cultured for 1.5, 6, 12, 24, 48, or
72 hours at 37°C in RPMI 1640 medium containing 10% human
serum in 24-well flat-bottomed plates coated with anti-CD3, anti-
Vα24, or anti-Vα12 mAb (10 mg/mL). Then, total RNA was pre-
pared from stimulated T cells, and first strand cDNAs were synthe-
sized. PCR was performed with 5´IL-4 (CTTCCCCCTCT-

GTTCTTCCT) and 3´IL-4 (TTCCTGTCGAGCCGTTTCAG)
primers or 5´Cα and 3´Cα primers at 95°C for 1.5 minutes for
denaturation, 55°C for 1 minute for annealing, and 72°C for 1
minute for extension, for 30 cycles on a DNA cycler. The PCR
products were hybridized with a digoxigenin-labeled IL-4 probe of
317 bp in length or a Cα probe of 155 bp in length.

Data analysis

Data are summarized as mean ± SD. The statistical analysis of
the results was performed by the unpaired t-test. P < .05 was con-
sidered significant.

RESULTS 

Relative number of double-negative and

CD4+ Vα24+ T cells in the peripheral blood of

healthy subjects

CD4–CD8– double-negative and CD4+ TCR Vα24+ T
cells in the peripheral blood of healthy subjects were
counted by flow cytometry. As shown in Fig 1,A, and
Table I, the percentage of double-negative and CD4+

Vα24+ T cells was similar in the peripheral blood of
healthy subjects (double-negative Vα24+/PBL 0.18% ±
0.05% vs CD4+ Vα24+/PBL 0.15% ± 0.04%, mean ±
SD; n = 4). However, double-negative Vα24+ T cells
accounted for a large proportion of the double-negative T
cells, whereas CD4+ Vα24+ T cells were very few among
CD4+ T cells (Vα24+/double-negative 20.0% ± 2.3% vs
Vα24+/CD4+ 0.5% ± 0.2%; P < .0005; Table I).

Vα24JαQ T cells are a major population of

double-negative T cells, but not of CD4+ T

cells

To determine the clonality of TCR Vα24 genes in
peripheral blood double-negative and CD4+ T cells, we
analyzed the nucleotide sequences of complementary
determining region 3 (CDR3) of TCR Vα24 genes in the
peripheral blood double-negative and CD4+ T cells of
healthy subjects. Double-negative T cells were isolated
from PBL of 4 healthy subjects by flow cytometry with

TABLE I. Frequency of invariant Vα24JαQ T cells in the peripheral blood double-negative (DN) and CD4+ T cells of
healthy subjects

Source* Vα24+/PBL* (%) Vα24+/CD4+ or DN* (%) Vα24JαQ/Vα24† (%)

DN-1 0.24 24.0 236/349 (67.6)
DN-2 0.12 19.7 384/481 (79.8)
DN-3 0.17 18.3 500/570 (87.7)
DN-4 0.19 17.9 210/242 (86.8)
CD4-1 0.13 0.39 2/360 (0.5)
CD4-2 0.20 0.47 13/304 (4.2)
CD4-3 0.11 0.19 9/413 (2.2)
CD4-4 0.15 0.74 1/285 (0.4)

*CD4–CD8– double-negative and CD4+ TCR Vα24+ T cells in the peripheral blood of 4 healthy subjects were counted by flow cytometry and expressed as the
percentage against PBL, CD4+ T cells or double-negative T cells. Double-negative 1 to 4 represents the double-negative T cells from subjects 1 to 4; CD4-1 to
4 represents CD4+ T cells from subjects 1 to 4.
†TCR Vα24 cDNA libraries generated by PCR from double-negative and CD4+ T cells were blotted on 2 separate filters and hybridized with either Vα24-spe-
cific oligonucleotide probe or JαQ probe. The ratio of invariant Vα24JαQ/Vα24 cells was calculated from the number of positive plaques.
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anti-CD4 and anti-CD8 mAb. CD4+ T cells were isola-
ed by positive selection with anti-CD4 mAb. The purities
of fractionated double-negative and CD4+ T cells were
more than 99%, respectively (Fig 1,B).

cDNAs encoding Vα24 genes from double-negative
and CD4+ T cells were cloned and sequenced. The invari-
ant JαQ gene was detected in double-negative T cells of
all 4 subjects and was the major population of double-
negative T cells (Table II). In 3 of 4 subjects, only the
invariant JαQ gene was detected in Vα24 cDNA clones
from double-negative T cells. In 1 subject, double-nega-
tive-2 in addition to JαQ gene, another Jα gene
IGRJα14, was detected at a low frequency (2 of 16 sub-
jects) in double-negative T cells. In contrast, the invariant

JαQ gene was mostly undetected in Vα24 cDNA clones
from CD4+ T cells of the same individuals, and only 1
subject CD4-2 expressed the JαQ gene at a low frequen-
cy (2 of 16 subjects; Table II).

To further determine whether the invariant Vα24JαQ T
cells are few among the CD4+ T cells of healthy subjects
in comparison with those of double-negative T cells, TCR
Vα24 cDNA libraries generated by PCR from double-
negative and CD4+ T cells were hybridized with either a
Vα24-specific oligonucleotide probe or a JαQ probe. The
Vα24JαQ gene was hardly detected in CD4+ T cells of all
4 subjects (1.8% ± 1.8%; n = 4), although double-nega-
tive T cells mostly used Vα24JαQ TCR at a high fre-
quency (80.5% ± 9.3%; n = 4; P < .0005; Table I).

TABLE II. Junctional sequences of TCR Vα24 genes obtained from T cells of healthy subjects

DN, Double-negative.
TCR Vα24 cDNA clones were randomly isolated from PCR-amplified libraries of DN and CD4+ T cells and sequenced. The nucleotide sequences of the 
3’ end of TCR Vα, the N region, and the 5’ end of the Jα region are aligned. The frequency of identical sequences defined is shown on the extreme right.
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Double-negative Vα24+ T cells from healthy

subjects express NKR-P1 on the cell surface

To determine whether double-negative and CD4+

Vα24+ T cells from healthy subjects express NK markers
on the surface, we analyzed the expression of CD16,
CD56, CD57, and NKR-P1A on double-negative and
CD4+ Vα24+ T cells from healthy subjects by a 3-color
flow cytometry (Fig 2). NKR-P1A was expressed by
80% of double-negative Vα24+ T cells and 51.5% of
CD4+Vα24+ T cells, but only by 9.2% of CD4+Vα24– T
cells. CD56 antigen was expressed by 47.7% of double-
negative Vα24+ T cells, but CD16 and CD57 antigens
were not expressed.

Double-negative Vα24JαQ T cells express IL-4

mRNA by stimulation with anti-Vα24 mAb

Because it has been shown that murine CD4+ NK1.1+

T cells can promptly produce IL-4 by stimulation with
anti-CD3 mAb,7 we examined whether Vα24JαQ T cells
have the ability to produce IL-4. We stimulated double-
negative T cells from healthy subjects with plate-coated
anti-Vα24, anti-CD3, or anti-Vα12 mAb for 1.5 to 72
hours in vitro and measured the expression of IL-4
mRNA in those cells. By stimulation with anti-CD3 or
anti-Vα12 mAb, the expression of IL-4 mRNA reached
a maximum at 48 hours after the stimulation (Fig 3). In
contrast, by stimulation with anti-Vα24 mAb, the

FIG 2. Cell surface phenotypes of double-negative Vα24+ T cells and CD4+ Vα24+ T cells. T cells were stained
with anti-CD4, anti-CD8, and anti-Vα24 mAb; and double-negative and CD4+ Vα24+ T cells were then analyzed
for cell surface antigens NKR-P1A (a and b), CD16 (c and d), and CD56 (e and f). 



S450 Sakamoto et al J ALLERGY CLIN IMMUNOL

MAY 1999

expression of IL-4 mRNA became maximal at 1.5 hours
(Fig 3).

DISCUSSION

In this study, we show that human double-negative
Vα24JαQ T cells have phenotypic and functional simi-
larities with murine Vα14Jα281 NK T cells. We found
that Vα24JαQ T cells were a major population of dou-
ble-negative T cells, but not of CD4+ T cells, in the
peripheral blood of healthy subjects. We also found that
Vα24JαQ T cells had an NK surface receptor NKR-P1A
and CD56, but not CD16, and that they also promptly
produced IL-4 by stimulation with anti-Vα24 mAb in
vitro.

In murine NK T cells, the number of CD4+

Vα14Jα281 T cells is almost the same as that of double-
negative Vα14Jα281 T cells,19 and both NK T-cell pop-
ulations play an important role in controlling the TH1/TH2
balance and in IgE production.7,20 In contrast, we found
that an invariant Vα24JαQ gene was expressed in a very
small proportion of CD4+ T cells, suggesting that the
developmental pathway of CD4+ and double-negative
NK T cells in humans may be different from that in mice
or that there may be CD4+ NK T-cell populations other
than Vα24JαQ T cells in humans. Our findings are con-
sistent with previous observations that Vα24JαQ T cells
were present predominantly among double-negative
TCR αβ T cells12-16and that they were only a small pop-
ulation of CD4+ T cells.12,14

We found that almost all double-negative Vα24JαQ T
cells expressed NKR-P1A antigen at high levels compa-
rable with the expression of NK1 (NKR-P1C) in the
murine homologue Vα14Jα281 T-cell population. How-
ever, we found that double-negative Vα24JαQ T cells did

not express CD16 or CD57 NK cell antigens and that
only one half of double-negative Vα24JαQ T cells
expressed CD56 antigen. Exley et al21 recently estab-
lished IL-2–dependent double-negative Vα24JαQ T-cell
clones and demonstrated that NKR-P1A (but not CD16,
CD56, or CD57) was also expressed in the T-cell clones.
These findings suggest that there may be some relation-
ship between double-negative Vα24JαQ T cells and NK
cells in terms of transcriptional activation of NK locus
antigens but that double-negative Vα24JαQ T cells may
share a limited functional overlap with NK cells.

Approximately one half of CD4+ Vα24+ T cells also
expressed NKR-P1A antigen, and the frequency of
expression was much higher than that in conventional
CD4+ Vα24– T cells, although Vα24JαQ T cells were
sparsely found in CD4+ T cells. These findings also sug-
gest that there may be CD4+ NK T cells other than
Vα24JαQ T cells.

We also studied IL-4 production in double-negative
Vα24JαQ T cells and found that these cells expressed IL-
4 mRNA at an early phase by stimulation with anti-Vα24
mAb, which is consistent with the observation by Yoshi-
moto et al.7 of the prompt expression of IL-4 mRNA in
murine NK1+ T cells with in vivo challenge by anti-CD3.
This indicates that human double-negative Vα24JαQ T
cells also have the ability of IL-4 production at an early
phase by TCR stimulation.

Double-negative TCR αβ T cells have been shown to
be increased in patients with autoimmune diseases such as
systemic lupus erythematosus and systemic sclerosis.22,23

Furthermore, those double-negative T cells can produce
IL-2 and help anti-DNA antibody synthesis in vitro in
patients with systemic lupus erythematosus.22 Therefore
those cells are thought to be similar to murine B220+ dou-
ble-negative TCR αβ T cells that accumulate in autoim-
mune lpr or gld mice and recognize a self antigen.24-29On
the other hand, double-negative Vα24JαQ T cells have
been shown to be decreased in patients with systemic scle-
rosis16 and are thought to play a regulatory role in con-
trolling the development of autoimmune disease.

In summary, we have shown that human Vα24JαQ T
cells are a major population of double-negative T cells,
but not of CD4+ T cells, in healthy subjects, express an
NK surface receptor NKR-P1A and CD56, and promptly
produce IL-4 by TCR stimulation. These results suggest
that double-negative Vα24JαQ T cells are a counterpart
of murine NK1+ T cells and may play a regulatory role in
autoimmune responses in vivo.

We thank Dr L. Lanier for providing anti-NKR-P1A mAb and
Drs M. Taniguchi and H. Arase for helpful discussion. 

REFERENCES

1. Fowlkes BJ, Kruisbeek AM, Ton-That H, Weston MA, Coligan JE,
Schwartz RH, et al. A novel population of T-cell receptor αβ-bearing thy-
mocytes which predominantly express a single Vβ gene family. Nature
1987;329:251-5.

2. Budd RC, Miescher GC, Howe RC, Lees RK, Bron C, MacDonald HR.
Developmentally regulated expression of T cell receptor β chain variable
domains in immature thymocytes. J Exp Med 1987;166:577-82.

FIG 3. Analysis of IL-4 mRNA expression in double-negative TCR
αβ T cells. Double-negative T cells were cultured for 1.5 to 72
hours in plates coated with anti-CD3 (o), anti-Vα24 (¥), or anti-
Vα12 (■)mAb. Total RNA was prepared with and IL-4 mRNA was
amplified by PCR with IL-4–specific primers. The PCR products
were hybridized with an IL-4–specific probe, and the amount of IL-
4 mRNA was normalized to that of unstimulated T cells.



J ALLERGY CLIN IMMUNOL

VOLUME 103, NUMBER 5, PART 2

Sakamoto et al S451

3. Wilson A, Ewing T, Owens T, Scollay R, Shortman K. T cell antigen
receptor expression by subsets of Ly-2–L3T4– (CD4–CD8–) thymocytes.
J Immunol 1988;140:1470-6.

4. Crispe IN, Moore MW, Husmann LA, Smith L, Bevan MJ, Shimonkevitz
RP. Differentiation potential of subsets of CD4–CD8– thymocytes. Nature
1987;329:336-9.

5. Ballas ZK, Rasmussen W. Lymphokine-activated killer (LAK) cells: VI.
NK1.1+, CD3+ LAK effectors are derived from CD4–, CD8–, NK1.1–

precursors. J Immunol 1990; 145:1039-45.
6. Koseki H, Asano H, Inaba T, Miyashita N, Moriwaki K, Lindahl KF, et

al. Dominant expression of a distinctive V14+ T cell antigen receptor α
chain in mice. Proc Natl Acad Sci USA 1991;88:7518-22.

7. Yoshimoto T, Paul WE. CD4POS, NK1.1POS T cells promptly produce
interleukin 4 in response to in vivo challenge with anti-CD3. J Exp Med
1994;179:1285-95.

8. Mieza MA, Itoh T, Cui JQ, Makino Y, Kawamo T, Tsuchida K, et al.
Selective reduction of Vα14+ NK T cells associated with disease devel-
opment in autoimmune-prone mice. J Immunol 1996;156:4035-40.

9. Takeda K, Dennert G. The development of autoimmunity in C57BL/6 lpr
mice correlates with the disappearance of natural killer type 1-positive
cells: evidence for their suppressive action on bone marrow stem cell pro-
liferation, B cell immunoglobulin secretion, and autoimmune symptoms.
J Exp Med 1993;177:155-64.

10. Mozes E, Kohn LD, Hakim F, Singer DS. Resistance of MHC class I-
deficient mice to experimental systemic lupus erythematosus. Science
1993;261:91-3.

11. Rapoport MJ, Jaramillo A, Zipris D, Lazarus AH, Serreze DV, Leiter
EH, et al. Interleukin-4 reverses T cell unresponsiveness and prevents
the onset of diabetes in nonobese diabetic mice. J Exp Med 1993;
178:87-99.

12. Porcelli S, Yockey CE, Brenner MB, Balk SP. Analysis of T cell antigen
receptor (TCR) expression by human peripheral blood CD4–8– α/β T
cells demonstrates preferential use of several Vβ genes and an invariant
TCR α chain. J Exp Med 1993;178:1-16.

13. Dellabona P, Casorati G, Friedli B, Angman L, Sallusto F, Tunnacliffe A,
et al. In vivo persistence of expanded clones specific for bacterial anti-
gens within the human T cell receptor α/β CD4–8– subset. J Exp Med
1993;177:1763-71.

14. Dellabona P, Padovan G, Casorati G, Brockhaus M, Lanzavecchia A. An
invariant Vα24-JαQ/Vβ11 T cell receptor is expressed in all individuals
by clonally expanded CD4–8– T cells. J Exp Med 1994;180:1171-6.

15. Porcelli S, Gerdes D, Fertig A, Balk SP. Human T cells expressing an
invariant Vα24-JαQ TCR α are CD4– and heterogeneous with respect to
TCR β expression. Hum Immunol 1996;48:63-7.

16. Sumida T, Sakamoto A, Murata H, Makino Y, Takahashi H, Yoshida S,
et al. Selective reduction of T cells bearing invariant Vα24JαQ antigen
receptor in patients with systemic sclerosis. J Exp Med 1995;182:
1163-8.

17. Lanier LL, Chang C, Phillips JH. Human NKR-P1A: a disulfide-linked
homodimer of the C-type lectin superfamily expressed by a subset of NK
and T lymphocytes. J Immunol 1994;153:2417-28.

18. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
1987;162:156-9.

19. Makino Y, Koseki H, Adachi Y, Akasaka T, Tsuchida I, Taniguchi M.
Extrathymic differentiation of a T cell bearing invariant Vα14Jα281
TCR. Intern Rev Immunol 1994;11:31-46.

20. Yoshimoto T, Bendelac A, Watson C, Hu-Li J, Paul WE. Role of NK1.1+

T cells in a TH2 response and in immunoglobulin E production. Science
1995;270:1845-7.

21. Exley M, Garcia J, Balk SP, Porcelli S. Requirements for CD1d recogni-
tion by human invariant Vα24+CD4–CD8– T cells. J Exp Med
1997;186:109-20.

22. Shivakumar S, Tsokos GC, Datta SK. T cell receptor α/β expressing dou-
ble-negative (CD4–/CD8–) and CD4+ T helper cells in humans augment
the production of pathogenic anti-DNA autoantibodies associated with
lupus nephritis. J Immunol 1989;143:103-12.

23. Sakamoto A, Sumida T, Maeda T, Itoh M, Asai T, Takahashi H, et. al. T
cell receptor Vβ repertoire of double-negative α/β T cells in patients with
systemic sclerosis. Arthritis Rheum 1992;35:944-8.

24. Kubota H, Okazaki H, Onuma M, Kano S, Hattori M, Minato N.
CD3+4–8– αβ T cell population with biased T cell receptor V gene usage:
presence in bone marrow and possible involvement of IL-3 for their
extrathymic development. J Immunol 1992;149:1143-50.

25. von Boemer H, Kirberg J, Rocha B. An unusual lineage of α/β T cells
that contains autoreactive cells. J Exp Med 1991;174:1001-8.

26. Robey EA, Ramsdell F, Gorden JW, Mamalaki C, Kioussis D, Youn HJ,
et al. A self-reactive T cell population that is not subject to negative selec-
tion. Int Immunol 1992;4:969-74.

27. Seki S, Abo T, Ohteki T, Sugiura K, Kumagai K. Unusual αβ-T cells
expanded in autoimmune lpr mice are probably a counterpart of normal
T cells in the liver. J Immunol 1991;147:1214-21.

28. Seman M, Boudaly S, Roger T, Morisset J, Pham G. Autoreactive T cells
in normal mice: unrestricted recognition of self peptides on dendritic cell
I-A molecules by CD4–CD8– T cell receptor α/β+ T cell clones express-
ing Vβ8.1 gene segments. Eur J Immunol 1990;20:1265-72.

29. MacDonald HR. NK1.1+ T cell receptor-α/β+ cells: new clues to their
origin, specificity, and function. J Exp Med 1995;182:633-8.


