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ABSTRACT BB3 and 6-TCS1 monoclonal antibodies iden-
tify two distinct nonoverlapping populations of T-cell receptor
(TcR) y/6 (TcR-1)-positive cells, which express a disulfide-
linked and a nondisulfide-linked form of TcR, respectively.
BB3+ cells represented the majority of circulating TcR-1 cells,
but they were virtually undetectable in the thymus. On the other
hand, 8-TCS1+ cells were largely predominant among TcR-1l
thymocytes but represented a minority in peripheral blood (PB).
Similar distributions were observed by clonal analysis of thy-
mocytes or PB TcR-1 populations. The use of joining region
(J)-specific probes indicated that BB3+ and 8-TCS1+ clones
displayed different patterns of J rearrangement. Thus, the
disulfide-linked form of TcR-1 (BB3+ clones) was associated
with the expression of J segments upstream to the Cyl gene
segment, whereas the nondisulfide-linked form (6-TCS1+
clones) was associated with the expression of J segments up-
stream to Cy2. 6-TCS1+ clones, in most instances, exhibited a
growth pattern different from that ofBB3+ or conventional TcR
a/fit clones as they adhered promptly to surfaces, spread, and
emitted long fiopodia ending with adhesion plaques. Ultrastruc-
tural analyses showed, exclusively in b-TCS1+ cells, nuclear
deformations, uropod formation, and abundant cytoskeletal
structures. In addition, immunofluorescence studies of this
subset of TcR-1 cells revealed the presence of abundant
microtubules, intermediate filaments, and submembranous mi-
crofilaments. Thus, our rmdings suggest that B-TCS1+ cells are
capable of active motility.

In addition to conventional T lymphocytes expressing a
receptor for antigen (TcR) composed ofa and f3 chain (TcR-2)
(1), another minor T-cell subset has been identified that
expresses CD3-associated molecules represented by y and 8
chains (TcR-1) (2-8).
The availability of monoclonal antibodies (mAbs) directed

against TcR-1 has allowed us to identify in the peripheral
blood two distinct nonoverlapping populations of y/6 TcR+
cells (9). One cell population, accounting for '1/3rd of the
total TcR-1 cells, expresses a nondisulfide-linked form of
TcR-1 and reacts with the S-TCS1 mAb. Cells of the other
subset (-2/3rd of the TcR-1 cells) bear a disulfide-linked
form of TcR-1 and react with the BB3 mAb.

In this study, by analyzing large numbers of clones, we
provide further evidence for the major molecular differences
existing between the two types of cells expressing TcR-1. In
addition, we provide direct evidence that the two TcR-1
isotypes are encoded by the C.] and C),2 gene segments (C,

constant region), respectively. Finally, we show that most
3-TCS1+ (but not BB3+) cells greatly differ from conven-
tional TcR lymphocytes for their ability to grow as adherent
cells and for the development and distribution of their
cytoskeletal structures. These findings together with results
of ultrastructural analyses suggest that 8-TCS1+ cells may be
endowed with peculiar motility properties.

MATERIALS AND METHODS

Cloning of CD3+WT31- Peripheral Blood Lymphocytes or
Thymocytes. Peripheral blood lymphocytes or thymocytes
were prepared as described (9). CD3+WT31- cells were
subsequently isolated by fluorescence-activated cell sorting
and cloned by limiting dilution in the presence ofrecombinant
interleukin 2 (Cetus) (10).
mAbs and Flow Cytometry Analysis. mAbs used in these

studies were the JT3A and Leu 4 (anti-CD3), B 9.4 (anti-
CD8), WT31 (which recognizes TcR-2+ cells), BB3, and 8-
TCS1, which appear to recognize two different types of TcR
y/3, and MAR 21 (anti-CD7).

Characterization of Radioiodinated Cell-Surface Proteins.
Cloned cells (15 x 106) were surface-labeled with 1251 by the
lactoperoxidase/glucose oxidase-catalyzed iodination method
and lysed in a digitonin-containing buffer as described (9).
Molecules immunoprecipitated from cell lysates by anti-CD3
mAb were analyzed on 11% SDS/polyacrylamide gels as
described (8, 9).
DNA Analysis. The genomic configuration of three joining

(J) segments (JP1, JP, and J1) upstream to Cly1 and the two
segments (JP2 and J2) upstream to CY2 were analyzed by
Southern blotting, using different combinations of J-specific
probes (11) and restriction endonucleases (EcoRI, BamHI,
and Bgl II). (For a detailed map of the TcR-y region, see ref.
12.) Restriction enzyme analysis, Southern blot electropho-
resis, and hybridization of '2P-labeled nick-translated probes
were performed as described (13). The assignment of specific
variable region (V) genes to a given rearranged band was
based on the use of EcoRI, BamHI, and Bgl II restriction
enzyme fragments as shown (14, 15).

Ultrastructural Analyses. For scanning electron micros-
copy (SEM) analyses, clonal microcultures of 3-TCS1+ and

Abbreviations: mAbs, monoclonal antibodies; MTOC, microtubule
organizing center; SEM, scanning electron microscopy; TcR, T-cell
receptor; C, J, and V, constant, joining, and variable regions.
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Table 1. V gene involvement at the different J regions in
TcR-1' clones

JPM JP ii JP2 J2

Group 1: Clones expressing disulfide-linked TcR-1
66.1 V10 V9 G G G
R.12.4 V10 V9 G G G
5.25.10 d V9 g Vii G
6.25.4 d V9 V2 G G
S.25.B d V9 V2 G G
D.15.50 d V9 V3 G G
12.S.9 d V9 V8 G G

Group 2: Clones expressing non-disulfide-linked TcR-1
MV.28 d d d d V3, V8
MV.120 d d d d V3, V8
5.25.3 d d d d V8, V9
66.2 d d d d V3, V5
D.1.12 d d d d V3, V4

G, both alleles germ line; g, only one allele germ line; d, both alleles
deleted.

BB3+ cells were cultured for 3 days in flat-bottom 24-well
culture plates (in the absence of feeder cells). Cells were
subsequently fixed in situ with 3% glutaraldehyde in 0.1 M
sodium cacodylate buffer (pH 7.3) overnight at 4°C. Subse-
quently, cells were dehydrated, critical point dried, and
coated with gold. Specimens were examined with a Philips
505 scanning electron microscope.
For transmission electron microscopy analyses, cells fixed

in suspension with 1.25% glutaraldehyde in 0.1 M cacodylate
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buffer (pH 7.5) for 1 hr at room temperature were washed,
postfixed with 1% osmium tetroxide, dehydrated, and em-
bedded in Spurr medium (16). Ultrathin sections stained with
uranyl acetate/lead citrate were examined with a Philips
EM301 electron microscope.

Localization of Cytoskeletal Components. Cytocentrifuge
preparations of BB3+ or 8-TCS1+ cells (1 x 105) were fixed
for 5 min at room temperature with 3% formaldehyde in
phosphate-buffered saline (pH 7.6) supplemented with 2%
sucrose, permeabilized with Triton X-100, 1% in Hepes
buffer, and incubated with mouse mAbs anti-a- and anti-
,3-tubulin (Amersham) or anti-vimentin (Sanbio, Westbury,
NY). As secondary reagent, we used goat anti-mouse immu-
noglobulins labeled with fluorescein isothiocyanate (FITC)
(Southern Biotechnology Associates, Birmingham, AL). For
the localization of microfilaments, a direct staining with
FITC-labeled phalloidin (Sigma) was used.

RESULTS
Distribution of TcR-l+ Cells in the Thymus and Peripheral

Blood. As revealed by immunofluorescence studies, BB3+
cells accounted for the majority of TcR-1+ cells in unfrac-
tionated peripheral blood T cells but were virtually undetect-
able in the thymus cell preparations. On the other hand, cells
expressing 6-TCS1 were consistently less than BB3+ cells in
peripheral blood but represented the majority of TcR-1+
thymocytes. These differences were more evident when
CD4-CD8- cells (enriched in TcR-1+ cells) were analyzed. It
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FIG. 1. Southern blot analysis of EcoRI-, Bgl II-, and BamHI-digested DNA of representative cell clones expressing nondisulfide or
disulfide-linked -y/8 receptors. DNA was hybridized to the J-specific probes as indicated. Lanes gl contain human fibroblast DNA showing the
germ-line configuration of the J region. Due to their sequence homology, both the J1 and the J2 regions are detectable by the J1 probe: J1 is
contained within the 1.55-kilobase (kb) EcoRI and 20-kb BamHI germ-line fragments, whereas the J2 is detected within the 3.2-kb EcoRI and
12.5-kb BamHI germ-line fragments. The V genes were assigned to the rearranged fragments as follows: JP1/EcoRI, 1.9-kb fragments to V10;
JP/Bgl 11, 9.2-kb fragment to V9 (this assignment was also confirmed by aJP/EcoRI analysis, where the expected 1.85-kb V9-containing fragment
was found; data not shown); J1/EcoRI, 5.3-, 4.2-, 2.4-, and 0.95-kb fragments to V3, V8, V9, and V2 or V4, respectively; J1/BamHI, 16-kb
and 19.5-kb fragment to V3 and V9, respectively. Note that an identical 0.95-kb EcoRI fragment is produced by two different V genes (V2 and
V4) when rearranged either to J1 or J2. Therefore, samples showing such a band were analyzed with BamHI. This enzyme, as shown in clones
D1.12 and 6.25.4, can distinguish between V2 and V4, giving either a 19-kb V4-containing fragment or an 11.7-kb V2-containing band.
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is of note that even in the CD4-CD8- thymic cell prepara-
tions, which represent -1% of the total thymocyte popula-
tion, BB3' cells were either undetectable or present in low
proportions (<5%) (data not shown).

Molecular Heterogeneity of the TcR-1. TcR-1' clones were
obtained from peripheral blood (or thymus). As previously
shown, clones reacted with either BB3 or S-TCS1 mAb (9).
Moreover, immunoprecipitation experiments were per-
formed in >20 BB3' clones and in 18 8-TCS1+ clones. In
agreement with our previous data (9), BB3-reactive TcR-1
molecules were represented by a major 80-kDa band, which,
under reducing conditions, yielded two major components of
-44 (8) and 41 (y) kDa and a minor component of 38 kDa (y).
In contrast, molecules immunoprecipitated from 6-TCS1+
clones displayed either a diffuse 41- to 44-kDa or (infre-
quently) a 55-kDa y chain (17) under both reducing and
nonreducing conditions (data not shown). Five 8-TCS1+ and
seven BB3' clones were analyzed for the DNA configuration
on the y region by means of J-specific probes. The rearranged
V-J segments in the examined clones are shown in Table 1.
The disulfide-linked form of TcR-1 correlates with the rear-
rangement of the J segments upstream to the CY1 gene region
(JP1, JP, and Ji) (Fig. 1). On the basis of the type of
CD3-associated structures that were immunoprecipitated
and because the transcripts of rearranged genes involving
JP1, JP, and J1 segments are normally spliced to the C.yl first
exon, we can conclude that this panel of BB3-reactive clones
utilize the CYi gene segments.
On the contrary, the nondisulfide-linked form of TcR-1

appears to be associated with the expression ofJ elements (J2
and JP2) immediately upstream to CY2. The five 3-TCS1+
clones are likely to express the C.2-encoded form of the y
chain, because the genomic region containing the C01 exons
upstream to J2 has been deleted in both chromosomes (Fig.
1). To determine the V genes used by the clones examined,
the size of the J bands was compared with that of all possible
V-J combinations, according to the restriction enzyme maps
of the Vand the Jgene families (14). It is of note that all clones
using CY1 show a V9-JP rearrangement (18).
In Vitro Growth Characteristics of BB3+ and B-TCS1+

Clones. In the course of the clonal expansion of TcR-1 cells,
we observed that, in a small number of clones, cells grew
adherent and spread. With ongoing cell proliferation, the
adherent cells occupied all the available surface of the
U-bottom microwell and even climbed the walls of the culture
well. A notable feature of these cells was the emission of
extended filopodia (single or polar), which conferred to the
cell a neuron-like appearance (Fig. 2). SEM analyses con-
firmed the unique morphological characteristics ofthese cells
and showed the presence of adhesion plaques at the terminal
end ofeach filopodium (Fig. 2). Phenotypic analyses revealed
that all of the TcR-1 clones displaying these growth features
had the 8-TCS1+ phenotype.

Cytoskeletal Organization ofBB3+ and S-TCS1+ Clonal Cell
Populations. The microtubule organizing center/centriole
(MTOC) was demonstrated in all of the BB3+ cells, but a
microtubule radiation was barely detectable (Fig. 3a). In
contrast, abundant microtubules were observed in S-TCS1+
cells (Fig. 3b). These microtubules were organized as a
radiation from the MTOC and developed as curved structures
forming a perinuclear envelope. Although intermediate fila-
ments were numerous in BB3+ cells, they were clustered in
a relatively small cytoplasmic area in the proximity of the
nucleus (data not shown). In 8-TCS1+ cells, intermediate
filaments were distributed along the major axis of the uropo-
dia. These cells also contained more abundant intermediate
filaments (data not shown). Actin was localized in the
submembranous microfilaments, thus providing a pattern of
peripheral fluorescent staining with phalloidin. Actin was
concentrated in the axis of filopodia and microspikes, which

FIG. 2. Growth characteristics of S-TCS1+ clones. (a) The edge
of a culture as seen by inverted microscope shows cells adherent to
the bottom (top) and cells climbing the walls of the culture well
(bottom). (b) SEM analysis of the same culture; several cells show
thin polar filopodia. (c) SEM observation at higher power demon-
strates the presence of adhesion plaques at the terminal ends of polar
filopodia. (a, x80; b, x550; c, x1600.)

conferred to some cells a "spiny" appearance. No actin
stress fibers (19) were detected in both cell populations.

Ultrastructural Characteristics of 6-TCS1 Clones. Clones
with the 8-TCS1+ phenotype also displayed a high degree of
morphologic uniformity and their ultrastructural features
were markedly different from those of BB3' cells. Bizarre
cellular shapes were detectable also in ultrathin sections.
Uropod formation was a constant feature for most 8-TCS1+
cells and sections of filopodia were occasionally seen (Fig. 3
c and d). Nuclei were highly irregular in shape, with deep
clefts and indentations, and frequently they exhibited a
cerebriform Sezary-like morphology. The cytoplasm, largely
confined to the uropod region, contained numerous electron-
dense granules and abundant microtubules, intermediate
filaments, and submembranous microfilaments. The latter
cytoskeletal structures were also organized to form the axis
of filopodia.

Immunology: Grossi et al.
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C
FIG. 3. Immunofluorescence localization ofa- and 3-tubulins and ultrastructural features ofhuman TcR-1' cells. (a) In a BB31 clone, the MTOCs

are present in all of the cells, but the microtubular radiation is barely visible. (b) In a 8-TCS1+ clone, an extended microtubular radiation convergent
on the MTOCs is present in all of the cells. (c) In 8-TCS1+ clones, most cells show irregular nuclear shapes, uropod formation, and abundant
electron-dense granules. A bizarre cell (arrow), apparently binucleate, is shown. A thin cytoplasmic bridge (shown in d) connects two distinct
territories of the same cell, each ofthem comprised of nucleus and cytoplasm. Arrowheads in c indicate sections offilopodia. (c, x4900; d, x24,00.)

DISCUSSION

In this study we provide further evidence that, by using
appropriate mAbs against TcR-1, two distinct subsets of
TcR-1' cells can be identified (9, 17). Thus, at both the

population and the clonal level, BB31 and S-TCS1+ cells
belong to two nonoverlapping TcR-1' subsets.
Analyses of the distribution of TcR-1' cells in the periph-

eral blood and in the thymus revealed a predominance of
BB3' cells in the circulation, whereas 8-TCS1+ cells were

1622 Immunology: Grossi et al.
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largely predominant in the thymus (9). In addition to the
definition of two TcR-1+ cell subsets, expression of BB3 or

S-TCS1 mAbs was found to be associated with distinct
molecular forms ofthe receptor (9). Thus, all the BB3+ clones
analyzed expressed a CD3-associated, disulfide-linked, het-
erodimer, whereas 8-TCS1+ clones always expressed a non-

disulfide-linked form of the TcR-1. Interestingly, the 6-

TCS1-reactive nondisulfide-linked form ofTcR-1 appeared to
consist of two different molecular sizes-i.e., a "heavy"
form of -55 kDa and another form of 41-44 kDa (17).

Previous studies have provided evidence that two distinct
C.y gene segments are used by TcR-1+ cells (11). On the basis
of the amino acid sequences, it has been proposed that CY1,
but not CY2, molecular products can form interchain disulfide
bonds (20, 21). Here we provide direct evidence that BB3+
cells expressing the disulfide-linked form of the TcR-1 utilize
the CyJ gene segment and that a C.2 gene rearrangement
occurs in B-TCS1+ cells expressing the nondisulfide-linked
form of TcR-1.

In a minority of the expanding clones, we could observe an

early adherence of the cells to the surface, with cell spread-
ing, uropod formation, and the emission of long polar
filopodia with adhesion plaques at their terminal ends. These
cells appeared actively motile in culture. Phenotypic analyses
revealed that all of these clones were 6-TCS1+.
Immunofluorescence localization of cytoskeletal proteins

(a- and ,B-tubulin, vimentin, and actin) showed marked
differences in the amount and distribution of cytoskeletal
components. Thus, only 8-TCS1+ cells displayed an ex-

tended microtubular radiation originating from the MTOCs
and developing around the nucleus. Consistent with the
abundance of the microtubular radiation was the finding of
intermediate filaments that "decorated" the whole cytoplas-
mic area, particularly in the uropod region where they were

organized to form axial structures and were also found in the
proximity of the cell membrane. Submembranous actin was
more abundant in S-TCS1+ cells than in BB3+ cells and was

also located in the axis of filopodia and microspikes.
Ultrastructural analyses demonstrated that 8-TCS1+ cells

display several morphologic features of actively motile cells.
These features comprised a variety of nuclear shapes, from
cerebriform to deeply cleft, uropod formation, and the emission
of filopodia and microspikes. This, in turn, suggests that
8-TCS1+ cells might have unique homing features for migration
into tissues rather than the property of circulating in the
bloodstream. In this context, the recent finding that TcR-1+
cells are present in the intestinal epithelium and in the epidermis
of both mice and humans may be important (22-25).
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