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ABSTRACT A subset of human T cells has recently been
described. These cells express the CD3 complex but they do not
carry the classical T-cell receptor (TCR)-a/-p heterodimer on
their surface (WT31- CD3+). Instead, they express a TCR-y
chain associated with another type of polypeptide termed
TCR-6. We report here that a T-cell clone with natural killer
(NK)-like activity, WM-14, had a disulfide bridged TCR-y
homodimer associated with CD3 on its surface. The TCR-y
chains ofWM-14 cells were present in three different glycosyla-
tion forms of 43, 40, and 38 kDa, but they appeared to contain
the same polypeptide backbone. Since cytotoxicity by WM-14
could be inhibited by anti-CD3 antibodies, we concluded that
the TCR-y-CD3 complex was involved in the NK-like unre-
stricted killer activity. Although normal CD3-y, CD3-6, and
CD3-e chains were present in this clone, the association with
the TCR-y homodimer may be the cause of a complete
processing of the N-linked oligosaccharides attached to the
CD3-6 chain.

The classical T-cell receptor (TCR) for antigen (a// hetero-
dimer) is intimately associated with the CD3 proteins CD3-,y,
-8, -e, and -; (1-6). Compelling evidence exists that if one of
the polypeptide chains encoding the TCR-CD3 complex is
absent, the whole complex cannot be expressed on the
surface of T lymphocytes (4, 7). However, several groups
have recently described a subpopulation of human thymus-
derived lymphocytes that do not express the classical TCR-
a/-/3 heterodimers as judged by RNA blot analysis, indirect
immunofluorescence with the monoclonal antibody WT31,
and immunoprecipitations with other anti-TCR reagents
(8-11). These WT31- CD3+ cells are phenotypically CD4-
CD8- (11) and no function has yet been ascribed to them. The
CD3+ WT31- CD4- CD8- subpopulations of human thymo-
cytes or peripheral blood lymphocytes (PBL) express a
CD3-associated heterodimer of a TCR-y chain noncovalently
linked to a TCR-8 chain (8) or a single CD3-associated TCR-y
chain (12).
Here we report the characterization of a human T-cell

clone (CD3+ WT31- CD4- CD8-) with natural killer (NK)-
like unrestricted lytic capacity. This clone, WM-14, express-
es a CD3-TCR-'y complex on its surface, which is involved
in antigen recognition and/or cytolysis events.

MATERIALS AND METHODS

T-Cell Clones and Cell Lines. For the generation of T-cell
clones, human lymphocytes were isolated from umbilical
cord blood and were depleted of WT31+ cells by rosetting

techniques (13). The WT31- cells collected from the interface
(106 cells per ml) after Ficoll/Hypaque density gradient
centrifugation were stimulated with 105 irradiated (5000 rads;
1 rad = 0.01 Gy) JY cells per ml in Yssel's medium (14). Six
days later, the cells were cloned by limiting dilution as
described (15). Clones WM-37 and WM-14 were isolated and
selected based on their killing capacity in 51Cr release assays
with JY cells as targets. A T-cell clone, HY-133, was derived
from PBL of a normal donor. Six days after initial stimulation
with JY cells, responder cells were cloned by limiting
dilution. Responder lymphocyte clones were expanded by
weekly stimulation with feeder cells as described (15).

Epstein-Barr virus-transformed B cells, JY, normal PBL,
and the Daudi cell line were cultured in Yssel's medium. The
human T-cell leukemic lines Jurkat and HPB-ALL were
cultured in RPMI 1640 medium supplemented with 10% fetal
calf serum.
Monoclonal Antibodies and Antisera. The monoclonal an-

tibody WT-31, which recognizes an epitope on the framework
of the T-cell receptor a/P heterodimer (16, 17), was a gift of
W. Tax (Nijmegen, The Netherlands). Antibodies SPV-T3b
(anti-CD3), SPV-T8 (anti-CD8), SPV-L7 (anti-LFA-1), and
SPV-L14 (anti-CD6) have been described (18, 19). Anti-Leu-
4 monoclonal antibody (anti-CD3) was a generous gift of
Robert Evans (Memorial Sloan-Kettering Institute). The BF1
monoclonal antibody (anti-TCR p-chain) was a generous gift
of Michael Brenner (Dana-Farber Cancer Institute) (8). A
rabbit serum specific for the human TCR-y chain has been
described (8) and was a generous gift of Siew L. Ang and John
G. Seidman (Department of Genetics, Harvard Medical
School). A polyclonal rabbit antiserum, H36, directed at the
TCR a-chain was a generous gift of Oreste Acuto (Dana-
Farber Cancer Institute).
OKT4A was purchased from Ortho Diagnostics, NKH-1

was from Coulter, and Leu-11 was from Becton Dickinson.
Flow Cytometry. The cell-surface phenotype of the human

T-cell clones was analyzed by indirect immunofluorescence.
T cells were incubated with murine monoclonal antibodies for
30 min at 4°C, washed, and then incubated with fluorescein
isothiocyanate-labeled F(ab)2 fragments of a goat anti-mouse
IgG antibody (Bioart, Meudon, France) for 30 min. The
samples were analyzed on a FACS IV (Becton Dickinson).

51Cr Release Assays. The cytotoxic activity was determined
using 5tCr release assay as described (15).
RNA Blot Analysis. Total RNA was obtained by the

guanidine hydrochloride method (20) and separated in a 1%
agarose gel, transferred to Biodyne filters (ICN), and probed
as described (21). cDNA probes were labeled with 32P by the
random hexadeoxyribonucleotide priming method (22). Full-
length cDNA inserts encoding human TCR-,B, YT35, and

Abbreviations: TCR, T-cell receptor; NK, natural killer; PBL,
peripheral blood lymphocytes; NP-40, Nonidet P-40; endo F and H,
endo-l3-N-acetylglycosaminidases F and H.
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human TCR-a, pY14, polypeptide chains were obtained from
Tak Mak (Ontario Cancer Institute) (23,24). To detect TCR-y
chain mRNAs, a complete cDNA encoding HPB-MLT TCR-
y was used (25). This probe was a kindly gift of Siew L. Ang
and John G. Seidman.

Radiolabeling, Immunoprecipitation, and Electrophoresis.
Cells (15 x 106) of each clone were radioiodinated by the
lactoperoxidase method as described (3). Labeled cells were
lysed in immunoprecipitation buffers containing either 1%
digitonin or 1% Nonidet P-40 (NP-40) prepared as described
(3). Immunoprecipitation was performed using preformed
immune complexes. Briefly, after lysing cells in immuno-
precipitation buffer, lysates were centrifuged first for 15 min
at 13,000 x g in an Eppendorf centrifuge and then in a

Beckman airfuge for 30 min at 100,000 x g. Supernatants
were precleared overnight with 10 ,ul of Staphylococcus
aureus (Pansorbin, Calbiochem) and then three times for 1 hr
at 4°C with preformed complexes ofeither nonimmune mouse
or rabbit sera and rabbit anti-mouse IgG or goat anti-mouse
IgG antisera (Cooper Biomedical, Malvern, PA). After the
preclearing steps, supernatants were incubated for 2-4 hr
with preformed complexes of the specific antibodies.
For immunoprecipitation with the rabbit anti-peptide an-

tibody specific for human TCR-y constant regions, the
protocol varied slightly. After the preclearing steps, samples
were heated for 5 min at 55°C in the presence of 1%
NaDodSO4 and 1 mM dithiothreitol. After cooling the sam-

ples and adding 2 mM iodoacetamide, samples were diluted
1:4 with NP-40-containing buffer and incubated for 4 hr with
preformed complexes of the anti-TCR-y antibody.

Immunoprecipitates were washed five times with the
immunoprecipitation buffer. Electrophoresis was performed
by the NaDodSO4/PAGE standard method in 12.5% poly-
acrylamide gels unless otherwise indicated.

Elution of Proteins and Immunoprecipitation of the Eluted
Proteins. After the proteins of interest were localized by
autoradiography, they were eluted by electroelution as de-
scribed (26) in 0.05 M ammonium bicarbonate buffer con-

taining 0.1% NaDodSO4 and protease inhibitors. One hun-
dred micrograms of whale apomyoglobin (Beckman) was

added per sample. After an overnight elution, samples were

incubated with either a nonimmune serum or a specific
antibody absorbed to protein A-Sepharose beads (Pharma-
cia). After incubating 2-4 hr at 4°C, beads were washed three
times with NP-40 immunoprecipitation buffer and prepared
for electrophoresis.

Endo-13-N-Acetylglycosaminidases F (endo F) and H (endo
H) Treatments. Proteins eluted by the method described
above were precipitated by incubation for 1 hr at 4°C with
10% trichloroacetic acid. Samples were centrifuged at 13,000
x g for 15 min and pellets were washed three times with
acetone and dried. For endo H treatments, samples were

boiled with 1.2-fold quantities ofNaDodSO4 and then diluted
1:4 with 50mM sodium citrate buffer (pH 5.5). Samples were
then incubated with endo H (0.04 unit/ml) (Genzyme, Nor-
walk, CT) for 6 hr, followed by precipitation with trichloro-
acetic acid, washing with acetone, drying, and electropho-
resis as described above.
For endo F treatment, the procedure was similar, but

proteins after the first trichloroacetic acid precipitation were
boiled in 30 ,ul of 100mM Tris HCl buffer (pH 6.8) containing
1% 2-mercaptoethanol, 0.5% NaDodSO4, and 10 mM EDTA.
Afterwards, protease inhibitors and 1% NP-40 were added.
Samples were incubated with endo F for 4 hr and trichloro-
acetic acid-precipitated as described above. Endo F was a

generous gift from James Kaufman (Basel Institute of Im-
munology).

RESULTS
The T-cell clone WM-14 was isolated from a T-cell culture
from which the WT31+ cells were removed by rosetting. The
remaining WT31- cells were subsequently stimulated with
JY cells. As shown in Table 1, this clone expresses CD3 but
does not react with WT31. In addition, WM-14 reacted with
the antibody NKH-1, which defines human NK cells. A
second clone, HY-133, which was isolated from normal PBL
and stimulated with JY cells, also reacted with NKH-1. In
contrast to WM-14, HY-133 reacted strongly with both WT31
and anti-CD3 antibodies. Furthermore, clone HY-133 react-
ed with the anti-CD8 antibody SPV-T8, but not with OKT-
4A, whereas WM-14 was negative for both CD8 and CD4
(Table 1). As a control, we included clone WM-37, which was
CD3+ WT-31+ CD8- CD4+. WM-37 also expressed CD6,
which was not found on WM-14 or HY-133. The latter clones
represent a minor CD3+ T-cell population, since we have
recently found that only 2-3% of the CD3+ T cells failed to
express CD6 (19).
Both WM-14 and HY-133 displayed NK-like activities

(Table 2), since they lyse K-562 cells as well as JY cells. In
addition, WM-14 was found to lyse Epstein-Barr virus-
transformed B cells, but not normal lymphocytes or phyto-
hemagglutinin blasts from the same donor (Table 2). These
results indicate that WM-14 and HY-133 represent a minor
subset of CD3+ NK clones.
Table 2 also shows that the anti-CD3 antibody SPV-T3b

inhibited the cytotoxic activity ofWM-14 and HY-133 against
JY cells, whereas WT31 inhibited only the activity of
HY-133. These results indicate that the CD3 complex medi-
ated the lytic activity by these clones. To investigate the
nature of the putative antigen receptors that are associated
with the CD3 proteins on the surface of WM-14 and HY-133,
further experiments were done.
RNA Blot Analysis. RNA blot analysis of WM-14 RNA

showed that this clone has transcripts for the TCR-y gene
(Fig. 1). This clone had, however, no detectable TCR-a
mRNA and only the truncated form [1.0 kilobase (kb)] of
TCR-,B mRNA. In comparison, the human leukemic T-cell
line HPB-ALL and the WT31+ clone HY-133 each had a
1.6-kb TCR-amRNA and a full-length 1.3-kb TCR-P mRNA.
Like WM-14, HPB-ALL cells had a smaller quantity of
TCR-y transcripts, whereas HY-133 did not express any
detectable TCR--chain mRNA.

Immunoprecipitation of CD3-Associated Molecules. To
study the association between the TCR proteins and the CD3
polypeptides of WM-14, surface radioiodinated cells were
lysed in the presence of the mild detergent digitonin as
described (3). As shown in Fig. 2A (lane a) under nonreducing
conditions, a 78-kDa protein coprecipitated with CD3 pro-
teins from WM-14. In contrast, an 85-kDa protein, which
migrated with approximately the same mobility as the TCR
from Jurkat cells, was precipitated from clone HY-133. To
analyze the existence of interchain disulfide bridges, the
CD3-associated proteins were eluted and separated by Na-
DodSO4/PAGE under reducing conditions. The 78-kDa pro-
tein of WM-14 cells (protein 1, Fig. 2A) migrated as three
protein bands after reduction-namely, two main proteins of
43 and 40 kDa and variable amounts of a 38-kDa protein (Fig.
2B, lane a). The 85-kDa band of HY-133 (protein 2, Fig. 2A)

Table 1. Indirect immunofluorescence analysis of WM-14,
WM-37, and HY133 T-cell clones

TCR-a/-/3 CD3 CD8 CD4 NKH- CD6
Clone (WT31) (SPV-T3b) (SPV-T8) (OKT-4A) 1 (SPV-L14)
WM-14 - + - - + -
WM-37 + + _ + - +
HY-133 + + + - + -
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Table 2. Cytotoxic activity of WM-14 and HY-133 against K-562
and JY cells: Effect of monoclonal antibodies on the cytotoxic
activity of these clones

% 5'Cr release*

Monoclonal Clone Clone
Target cells antibody addedt WM-14 HY-133

K-562 42 51
Daudi 31 ND
EBV B cells 25 ND
PBL 0 ND
PHA blastst - 0 ND
JY 52 30
JY SPV-T3b (CD3) 7 7
JY WT31 (TCR-a/-,3) 53 20
JY SPV-L14 (CD6) 54 31

ND, not determined; EBV, Epstein-Barr virus; PHA, phytohe-
magglutinin.
*An effector-to-target ratio of 2:1 was used.
tThe monoclonal antibodies were used in a dilution of 1:100 of
ascites.
*Phytohemagglutinin blasts were obtained by incubating 106 PBL per
ml with 0.1 mg of phytohemagglutinin per ml for 4 days.

was composed of two major proteins (43 and 46 kDa) and a
minor protein of 40 kDa (Fig. 2B, lane b). In the case of the
T-cell receptor from Jurkat cells, two a-chains (47 and 45
kDa) and a p-chain (40 kDa) were found after reduction (Fig.
2B, lane c).
The elution and reduction experiments were in agreement

with direct analysis by NaDodSO4/PAGE of the CD3 com-
plex under reducing conditions. Three well-resolved CD3-
associated proteins of 43, 40, and 38 kDa (Fig. 2C, lane b)
were isolated from WM-14 cells. In comparison, the WT31+
clone WM-37, which was used as a control, had only two
CD3-associated proteins of 43 and 39 kDa.

Since clone WM-14 contained TCR-y mRNA but no
full-length TCR-a/-13 transcripts, we concluded that the
disulfide-linked dimer of 78 kDa was likely to contain a
TCR-y protein associated with CD3.

Immunoprecipitation ofWM-14 Membrane Proteins with an
Anti-TCR-y Antibody. To examine whether TCR-y protein
was indeed expressed on the surface of WM-14 cells, im-
munoprecipitations were carried out with an antibody raised
against a peptide common to the TCR-y constant regions.
The anti-TCR-y reagent precipitated a 78-kDa protein (Fig.
3A, lane g) that had the same mobility as the CD3-associated
protein (Fig. 3A, lane a). An antibody, ,BF1, reacting with
TCR-3-chains detected the P-chain (lane f) ofJurkat cells but
did not precipitate any specific protein from WM-14 cells

kb a b c a b c

1.06-

a b c

FIG. 1. RNA blot analysis of TCR gene transcripts. Total RNA
(18 ,ug) from HPB-ALL (lanes a), WM-14 (lanes b), and HY-133
(lanes c) cells were loaded. After blotting, the filter was sequentially
hybridized with TCR-a (Left), -,8 (Center), and -y (Right) probes.
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FIG. 2. Immunoprecipitation of WM-14 and HY-133 TCR-CD3
complexes. (A) Electrophoresis under nonreducing conditions of
anti-Leu-4 immunoprecipitates from WM-14 cells (lane a), HY-133
cells (lane b), and Jurkat cells (lane c). The immunoprecipitation was
done in digitonin-containing buffer. (B) Electrophoresis under re-
ducing conditions in 10% polyacrylamide gel of proteins 1, 2, and 3
eluted from gel shown in A. Reduction products of protein 1 from
WM-14 cells (lane a), of protein 2 from HY-133 cells (lane b), and of
protein 3 from Jurkat cells (lane c) are shown. (C) Electrophoresis
under reducing conditions in 7% polyacrylamide gel of anti-Leu-4
immunoprecipitates from the WT31+ clone 37 (lane a) and the
WM-14 clone (lane b).

(lane d). Unlike anti-CD3, the anti-TCR-p8 and anti-TCR-y
antibodies did not precipitate the complete TCR-CD3 com-
plex. This discrepancy is due to the use of NP-40 instead of
digitonin for solubilization. Both the CD3-associated 78-kDa
protein (protein 1, Fig. 3A) and the 78-kDa protein precip-
itated by the anti-TCR-y antibody (protein 2) migrated as
three protein bands of 43, 40, and 38 kDa under reducing
conditions (Fig. 3B). In fact, proteins 1 and 2 of Fig. 3A are
probably identical.
The 43-, 40-, and 38-kDa CD3-associated proteins were

further analyzed by elution and reprecipitation (proteins 5a,
5b, and 6 of Fig. 3B) with the anti-TCR-y antibody, which
recognized all three proteins (Fig. 3C). An irrelevant protein,
used as a negative control, was not immunoprecipitated at all
by the anti-TCR-y antibody (not shown). Proteins 3 and 4 of
Fig. 3A were also reprecipitated by the anti-TCR-y antibody
(not shown). This suggests strongly that proteins 3 and 4 are
partially reduced forms of the 78-kDa protein resulting from
the use of 1 mM dithiothreitol in the immunoprecipitation
protocol.

In similar experiments, none of the 43-, 40-, and 38-kDa
proteins of anti-Leu-4 immunoprecipitates from WM-14 cells
was reprecipitated by the anti-TCR-p antibody, 3F1, or by
H36, an antipeptide rabbit antiserum specific for human
TCR-a constant region (not shown). By contrast, the 43- and
40-kDa proteins of HY-133 (see Fig. 2B, lane b) were
reprecipitated by the anti-TCR-p antibody and the 46-kDa
protein by the anti-TCR-a antibody (not shown).
Our interpretation of these results is that the WM-14 clone

has a receptor composed of two or three TCR-y products
associated with the CD3 complex, whereas the HY-133 clone
has a TCR-a/-,8 heterodimer. However, it cannot be exclud-
ed that a TCR-8-chain is among these proteins.
Endo F Treatment of WM-14 TCR Proteins. To study the

polypeptide backbone of the TCR proteins, these proteins
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FIG. 3. Analysis of CD3-associated molecules in clone WM-14. (A) Electrophoresis under nonreducing conditions of anti-Leu-4
immunoprecipitates obtained in the presence of digitonin from WM-14 cells (lane a) or Jurkat cells (lane b). Immunoprecipitates prepared in
1% NP-40 were done with nonimmune serum (lanes c and e), with /3F1 antibody (lanes d and f), or with an anti-TCR-y antibody (lanes g and
h). In these cases, lysates were obtained from WM-14 cells (lanes c, d, and g) or from Jurkat cells (lanes e, f, and h). (B) Reduction products
of proteins 1 (lane a) and 2 (lane b) eluted from A. (C) Reprecipitation with anti-TCR-y antiserum of proteins Sa, Sb, and 6 from B. After elution,
proteins 5a (lanes a and b), 5b (lanes c and d), and 6 (lanes e and f) were reprecipitated with nonimmune rabbit serum (lanes a, c, and e) or the
anti-TCR-y antiserum (lanes b, d, and f).

were eluted from the gel shown in Fig. 3B (proteins 7 and 8)
and treated with endo F. As shown in Fig. 4A (lane a) some
of the 43- and 40-kDa proteins remained undigested (bands 1
and 2) but part was digested to two products of 38 and 35 kDa
(bands 3 and 4). The treatment with endo F of the 38-kDa
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FIG. 4. Deglycosylation of the CD3 and CD3-associated complex
proteins from clones WM-14, HY-133, and Jurkat cells. (A) Endo F
treatment ofprotein 7 eluted from gel in Fig. 3B (lane a) and ofprotein
8 (lane b) eluted from the same gel. (B) Endo F and H treatments of
proteins 4, 5, 6, and 7 of Fig. 2A. The CD3-y protein of Jurkat cells
(protein 7 in Fig. 2A) was digested either with endo F (lane a) or endo
H (lane b). The CD3-8 and CD3-e proteins of Jurkat cells (protein 6
in Fig. 2A) were eluted together and digested either with endo F (lane
c) or endo H (lane d). The whole CD3 complex from WM-14 cells
(protein 4 in Fig. 2A) was isolated and treated with endo F (lane e)
or endo H (lane f). The whole CD3 complex from HY-133 clones
(protein 5 in Fig. 2A) was isolated and treated with endo F (lane g)
or endo H (lane h). Arrows indicate position of proteins cited in the
text.

protein resulted in some nondigested protein and a digested
product of 35 kDa (Fig. 4A, lane b). Since band 4 is in both
lanes a and b, it is likely that the 35-kDa protein is the final
digestion product of the 43-, 40-, and 38-kDa proteins. This
would imply that the 40-kDa and the 38-kDa proteins are
partially glycosylated forms, and the 43-kDa protein is the
fully glycosylated form of the same protein. Taken together
these data support the notion that the WM-14 clone has a
TCR-y homodimer associated with CD3 proteins, and this
receptor is expressed on the membrane in three differently
glycosylated forms. The possibility that a TCR-8 chain is
hidden among these bands is, however, not excluded.
Endo F and H Treatments of CD3 Proteins. Immunopre-

cipitates prepared with anti-CD3 reagents from WM-14 and
HY-133 clones (Figs. 2A and 3A) contained unusually diffuse
CD3 bands. To demonstrate the presence of each of the CD3
complex chains, the whole 20- to 28-kDa CD3 region from the
gel in Fig. 2A (proteins 4 and 5) was eluted and treated with
endo F and endo H. The 20-kDa proteins (CD3-8 and CD3-e)
and the 28-kDa protein (CD3-y) from Jurkat cells (proteins 6
and 7, Fig. 2A) treated with endo F and H after elution served
as controls. The endo F treatment of the WM-14 and HY-133
CD3 complexes (Fig. 4B, lanes e and g) resulted in an endo
F-resistant protein of20 kDa corresponding to CD3-e protein.
In addition, several digested products were observed that
correspond to a partially deglycosylated CD3-8 protein of 18
kDa, a fully deglycosylated CD3-y protein product of 16 kDa,
and a fully deglycosylated CD3-8 protein product of 15 kDa,
indicating that treatment with endo F resulted in a normal
pattern of partially and fully deglycosylated products. In
contrast, the treatment with endo H (Fig. 4B, lanes f and h)
resulted in an abnormal pattern. The CD3-8 proteins from
both clones WM-14 and HY-133 were essentially insensitive
to endo H treatment, whereas the treatment with endo H of
CD3-8 from Jurkat cells resulted in a partially deglycosylated
form of 18 kDa (see also ref. 2).
Taken together, these data indicate that the CD3-y, -8, and

-e chains were present on the surface of WM-14 and HY-133
cells. CD3-8 was found on the surface ofWM-14 and HY-133
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clones with two endo H-resistant N-linked complex-type
oligosaccharides.

DISCUSSION

This report describes two CD3' NK cell clones, WM-14 and
HY-133, which both express NKH-1 but differ with respect
to the expression of the WT31 determinant and the CD8
antigen. These clones displayed NK-like cytotoxic activity
and, since this activity is inhibited by an anti-CD3 monoclo-
nal antibody, CD3 must be involved in the lytic activity of
both clones. WM-14 was found to be negative for WT31,
CD8, and CD4. Therefore, WM-14 may represent a subset of
CD3' CD4- CD8- cells described earlier (1, 27). Here we
show that WM-14 expresses the TCR-y chain in association
with the CD3 proteins, whereas the WT31' T-cell clone
HY-133 expresses the a/P heterodimer. In this respect,
WM-14 resembles the CD4- CD8- thymocyte clone de-
scribed by Bank et al., which also expressed TCR-y in
association with CD3 (9). In contrast, no function was
ascribed to this latter clone. Since it has been shown that the
CD4- CD8- thymocytes can become cytotoxic after culture
in interleukin 2 (28), it is not unreasonable to assume that
CD4- CD8- thymocytes can be compared with CD4- CD8-
T lymphocytes. However, the WM-14 clone is different from
the recently described WT31- clones isolated from fetal
blood, since the latter expressed CD8 (10).

Although in most of the NK cells (phenotypically CD3-
CD16+) there is not a rearranged TCR-y gene (29), it seems
that in the WM-14 clone the CD3-associated TCR-y products
are functionally implicated in the killing of targets, since
anti-CD3 antibodies inhibited killing.
WM-14 cells seem to express on the surface a TCR-y

homodimer composed of a 35-kDa polypeptide backbone,
which can be present in differently glycosylated forms with
molecular masses between 38 and 43 kDa. These TCR-y
proteins are disulfide bound, and for this reason the WM-14
clone resembles the case of the NK clones F6A4 and F6C7
(30) in which a disulfide-bound heterodimer of unknown
nature is associated with the CD3 complex. Previously, a
TCR- yprotein of 55 kDa had been found associated with CD3
in PEER cells (12) and in a peripheral T-lymphocyte subset
of immunodeficient patients (8). In the latter case, the 55-kDa
protein was noncovalently linked to a 40-kDa protein called
8. We cannot exclude totally the existence of such a protein
in the WM-14 clone, but the deglycosylation experiment (Fig.
4A) suggested that such a species is not present.

Unlike the CD3-8 chains ofmost T lymphocytes, the CD3-3
from WM-14 contained mainly complex N-linked oligosac-
charides that were insensitive to digestion with endo H. The
maturation of the glycan moieties on the CD3-8 protein from
clone WM-14 could be dependent on the mode of association
between the TCR-y polypeptide chains and CD3. A similar
interdependence of oligosaccharide processing on protein-
protein association has been reported for the HLA-A/-B
heavy chains and P32-microglobulin (31). On the other hand,
clone HY-133 expressing a TCR-a/-p heterodimer also
expressed a CD3-6 containing only complex N-linked oligo-
saccharides; hence, the glycosylation pattern of the CD3
proteins may depend on the growth state of the cells. It
remains to be determined why cells expressing TCR-y should
have different growth properties from the other resting T
lymphocytes in certain immunodeficiency patients (8).

We thank Drs. Siew L. Ang, Oreste Acuto, Michael Brenner, and
John G. Seidman for kindly providing us with antibody reagents.
B.A. is the holder of a long-term European Molecular Biology

Organization fellowship. C.P. is a Fellow and C.T. is a Scholar of the
Leukemia Society of America. This work was supported by National
Institutes of Health Grants AI-15066 and AI-17561.

1. Meuer, S. C., Fitzgerald, K. A., Hussey, R. E., Hodgdon,
J. C., Schlossman, S. F. & Reinherz, E. L. (1983) J. Exp.
Med. 157, 705-719.

2. Borst, J., Alexander, S., Elder, J. & Terhorst, C. (1983) J.
Biol. Chem. 258, 5135-5141.

3. Oettgen, H. C., Pettey, C. L. & Terhorst, C. (1986) Nature
(London) 320, 272-275.

4. Ohashi, P. S., Mak, T. W., Van den Elsen, P., Yanagi, Y.,
Yoshikai, Y., Calman, A. F., Terhorst, C., Stobo, J. D. &
Weiss, A. (1985) Nature (London) 316, 606-609.

5. Brenner, M. B., Trowbridge, I. S. & Strominger, J. L. (1985)
Cell 40, 183-190.

6. Weissman, A. M., Samelson, L. E. & Klausner, R. D. (1986)
Nature (London) 324, 480-482.

7. Weiss, A. & Stobo, J. D. (1984) J. Exp. Med. 160, 1284-1299.
8. Brenner, M. B., McLean, J., Dialynas, D. P., Strominger,

J. L., Smith, J. A., Owen, F. L., Seidman, J. G., Ip, S.,
Rosen, F. & Krangel, M. $. (1986) Nature (London) 322,
145-149.

9. Bank, I., Depinho, R. A., Brenner, M. B., Cassimereis, J.,
Alt, F. W. & Chess, L. (1986) Nature (London) 322, 179-181.

10. Nowill, A., Moingeon, P., Ythier, A., Graziani, M., Faure, F.,
Delmon, L., Rainant, M., Forestier, F., Bohuon, C. &
Hercend, T. (1986) J. Exp. Med. 163, 1601-1606.

11. Lanier, L. L. & Weiss, A. (1986) Nature (London) 324,
268-270.

12. Weiss, A., Newton, M. & Crommie, D. (1986) Proc. Natl.
Acad. Sci. USA 83, 6998-7002.

13. Spits, H., De Vries, J. E. & Terhorst, C. (1981) J. Immunol.
126, 2275-2278.

14. Yssel, H., De Vries, J. E., Koken, M., Blitterwijh, W. V. &
Spits, H. (1984) J. Immunol. Methods 72, 219-227.

15. Spits, H., Yssel, H., Terhorst, C. & De Vries, J. E. (1982) J.
Immunol. 128, 95-99.

16. Spits, H., Borst, J., Tax, W., Capel, P., Terhorst, C. & De
Vries, J. E. (1985) J. Immunol. 135, 1922-1928.

17. Oettgen, H. C., Kappler, J., Tax, W. & Terhorst, C. (1984) J.
Biol. Chem. 259, 12039-12048.

18. Spits, H., Keizer, G., Borst, J., Terhorst, C., Hekman, A. &
De Vries, J. E. (1983) Hybridoma 2, 423-437.

19. Yssel, H., De Vries, J. E., Borst, J. & Spits, H. (1987) Cell.
Immunol. 105, 161-173.

20. Woods, D., Crampton, J., Clark, B. & Williamson, R. (1980)
Nucleic Acids Res. 8, 5157-5168.

21. Gold, D. P., Puck, J. M., Pettey, C. L., Cho, M., Coligan, J.,
Wood, J. N. & Terhorst, C. (1986) Nature (London) 321,
431-434.

22. Feinberg, A. P. & Vogelstein, B. (1984) Anal. Biochem. 137,
266-267.

23. Siu, G., Clark, S. P., Yoshikai, Y., Malissen, M., Yanagi, Y.,
Strauss, E., Mak, T. W. & Hood, L. (1984) Cell 37, 393-401.

24. Yanagi, Y., Chan, A., Chin, B., Minden, M. & Mak, T. W.
(1985) Proc. Natl. Acad. Sci. USA 82, 3430-3434.

25. Dialynas, D. P., Murre, C., Quertermous, T., Boss, J. M.,
Leiden, J. M., Seidman, J. G. & Strominger, J. L. (1986)
Proc. Natl. Acad. Sci. USA 83, 2619-2623.

26. Hunkapiller, M. W., Lujan, E., Ostrander, F. & Hood, L. E.
(1983) Methods Enzymol. 91, 227-236.

27. Lanier, L. L., Kipps, T. J. & Phillips, J. H. (1985) J. Exp.
Med. 162, 2089-2106.

28. De la Hera, A., Toribio, M. L., Marquez, C. & Martinez,
A. C. (1985) Proc. Natl. Acad. Sci. USA 82, 6268-6271.

29. Lanier, L. L., Cwirla, S. & Phillips, J. H. (1986) J. Immunol.
137, 3375-3377.

30. Moingeon, P., Ythier, A., Goubin, G., Faure, F., Nowill, A.,
Delmon, L., Rainaud, M., Forestier, F., Daffos, F., Bohuon,
C. & Hercend, T. (1986) Nature (London) 323, 638-640.

31. Krangel, M. S., Orr, H. T. & Strominger, J. L. (1979) Cell 18,
979-991.

Immunology: Alarcon et al.


