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Summary

The function of CD3{ in the assembly and transport of
the T cell receptor (TCR)-CD3 complex was analyzed
in normal T cells. The { chain, but not other chains
in the surface TCR complex, rapidly exchanged with
newly synthesized (. Because { was expressed inde-
pendently from the complex, the TCR complex may be
transported to the surface along the { turnover path-
way by assoclation with {. These data suggest the dy-
namic nature of { metabolism and provide the evidence
that a single component in a multisubunit receptor ex-
hibits independent metabolism from the rest of the
complex.

Introduction

The T cell antigen receptor (TCR) is a multisubunit com-
plex composed of at least six different chains; a, B, v, 8,
&, and { (Oettgen et al., 1986; Clevers et al., 1988; Ashwell
and Klausner, 1990; Klausner et al., 1990). These compo-
nents of the TCR-CD3 complex are divided into three
groups of dimers; a clonotypic ap heterodimer, invariant
CD3 ye and 8¢, and a dimer of CD3(, family molecules that
consists of { homodimers, { plus the n chain or the y chain
of Fc receptor (FcRy), or FcRy dimers (Samelson et al.,
1985; Baniyash et al., 1988; Orloff et al., 1990; Bauer et
al., 1991; Koyasu et al., 1992; Ohno et al., 1994). The {
chain has two major functions in T cells: transduction of
signals after the TCR engages its ligand, which is medi-
ated through the activation motifs in the cytoplasmic re-
gion (Malissen and Schmitt-Verhulst, 1993; Aoe et al.,
1994; Weiss and Littman, 1994), and regulation of the as-
sembly and intracellular transport of the TCR—CD3 com-
plex (Klausner et al., 1990).

The TCR-CD3 complex of T cell hybridomas is an estab-
lished model system of assembly and transport of a multi-
subunit surface receptor complex (Klausner et al., 1990).
In this system, all components except for { are synthesized
in excess and are susceptible to degradation in the endo-
plasmic reticulum (ER) unless assembled with other
chains (Minami et al., 1987a; Chen et al., 1988; Lippincott-
Schwartz et al., 1988; Bonifacino et al., 1989; Wileman
et al., 1990). Even if individual chains are protected from
ER degradation by association with other components,
incomplete TCR complexes (apyde) that lack { are tar-
geted to the lysosome for degradation, and only fully as-
sembled complexes (apydel) can be transported to the

cell surface (Minami et al., 1987a; Sussman et al., 1988;
Bonifacino et al., 1989). It has been concluded that only {
is limiting, and all the { synthesized is efficiently assembled
with the partially assembled TCR complex to form the com-
plete complex; therefore, { determines the rate and fate
of the assembly and transport (Minami et al., 1987a; Suss-
man et al., 1988; Bonifacino et al., 1989; Klausner et al.,
1990). These conclusions, however, have been derived
exclusively from analyses of T cell hybridomas or tumors.
During analysis of the function of the { chain in normal T
cells, we found that the function of £ in regulation of the
assembly and transport of the TCR-CD3 complex was
different in normal T cells from that observed in T cell
hybridomas.

Results

Specific Disappearance of CD3( in the Surface

TCR Complex

To analyze the fate of the TCR-CD3 complex expressed
on the cell surface in normal T cells, splenic T cells isolated
through a nylon column were surface biotinylated, cultured
for various time periods, and lysed. The lysates were im-
munoprecipitated with monoclonal antibodies (MAbs) to
TCRB, CD3¢, and CD3¢. Although the amount of TCRap
and CD3yse was not affected by incubation, the { chain
specifically disappeared after 2 hr of incubation. The dis-
appearance of biotinylated { was observed by precipitation
with all three MADbs (Figure 1). The possibility that the loss
of { was due to the biotinylation was excluded by the obser-
vation that specific loss of { was also observed when the
{ chain was surface iodinated rather than biotinylated (Fig-
ure 2). We then examined 2B4, a T cell hybridoma (Minami
etal., 1987a; Sussman et al., 1988; Bonifacino st al., 1989;
Klausner et al., 1990), for comparison, because 2B4 has
been analyzed extensively for the assembly and transport
of the TCR complex. Whereas splenic T cells lost { within
4 hr, the amount of surface { in 2B4 did not change; thus,
the turnover of surface { on normal T cells was different
from that on 2B4 (Figure 3). Two-dimensional gel analysis
also confirmed that the 16 kDa molecule that disappeared
was CD3(. We noticed that the MAD to { precipitated the
TCR-CD3 complex in spite of the disappearance of the
biotinylated ¢ (see Figure 1), suggesting that although bio-
tinylated ¢ disappeared, { existed within the surface TCR
complex and that the biotinylated { was replaced by nonla-
beted .

Rapid Turnover of the CD3( Chain within the TCR
Complex on the Cell Surface

To test this hypothesis, we did three experiments on
splenic T cells: surface staining of the TCR complex, bio-
tinylation of the complex after incubation, and Western
blotting for total {. Surface staining demonstrated that the
amount of TCR-CD3 complex remained constant during
incubation (Figure 4A). When celis were biotinylated and
incubated, { disappeared (Figure 4B). However, a normal



Immunity
640

Immuno-

L anti-TCRp anti-CD3¢ anti-CD3( Eigure 1. Selet':tive D.isappearan-ce of the Bio-
precipitation tinylated { Chain During Incubation

. Splenic T cells were surface biotinylated and

Timethr) 0 2 4 0 4 incubated for 2 hr (lanes 2, 5, 8), 4 hr (lanes

0 2 4
“-

'R
:

-
1
BEE- .

3, 6, 9), or unincubated (lanes 1, 4, 7). The
lysates were immunoprecipitated with MAbs to
TCRB (H57-597) (lanes 1-3), CD3s (145-
2C11) (lanes 4-6), or { (H146-968) (lanes
— 69 7-9). The bands corresponding to CD3y, §, ¢,
and { are indicated.

— 215

— 105

Y -“ - . tm o e
[ o L . >
Lanes | 2 3 4 5 6 7 9

amount of surface { was observed by rebiotinylation after
the incubation. Rebiotinylated { disappeared again after
further incubation. Immunoblotting showed that although
biotinylated { disappeared, the total amount of { remained
constant after incubation (Figure 4C). These results indi-
cate that the surface { disappeared spontaneously by incu-
bation at 37°C and that only ¢, but not other chains, was
rapidly replaced by new { within the TCR complex,
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Figure 2. Selective Disappearance of the Surface-lodinated { Chain
by Incubation

Splenic T cells were surface iodinated and incubated for 2 and 4 hr.
The lysates were precipitated with anti-CD3( (H146-968) or anti-TCRB
MAb (H57-597). CD3y was not observed because it was hardly io-
dinated.

whereas amounts of TCRaB-CD3y8¢ remained constant
on the cell surface.

Internalized CD3( Is Targeting for Degradation
Because we did not detect ¢ in the culture supernatant
after incubation, the { replaced by new { may have been
degraded after internalization. Therefore, we tested sev-
eral reagents and conditions to inhibit the degradation
(Figure 5). Treatments with ammonium chloride, known to
block lysosomal degradation (Poole and Ohkuma, 1981),
inhibited the disappearance of {. Similar results were ob-
tained by treatment with chloroquine (data not shown).
The disappearance was completely blocked when cells
were incubated at 0°C instead of 37°C. Collectively, the
surface labeled { was spontaneously internalized and
most of the internalized { is probably degraded in the lyso-
somal compartment.

Rapid Turnover of CD3( Takes Place in the Absence
of the Surface TCR-CD3 Complex

Since { exhibits rapid and independent turnover from the
TCR-CD3 complex, it is postulated that { might be ex-
pressed and turned over even in the absence of the sur-
face TCR complex. To this end, we analyzed a surface
TCR-CD3-negative mutant of the Jurkat line, J.RT-T3.1
thatis deficient in the TCRa chain (Weiss and Stobo, 1984,
Gunter et al., 1987). This is based on our findings that
human peripheral T cells exhibit { turnover similarly to
mouse splenic T cells (data not shown) and that only Jurkat
cell line exhibits { turnover as normal T cells (Figure 6),
despite of the fact that murine T cell hybridomas are all
resistant for this phenomenon. The absence of the TCR-
CD3 complex on the cell surface of J.RT-T3.1 was con-
firmed by FACS analysis (data not shown) (Saito et al.,
1987). As expected, ¢, but not any other TCR-CD3 chains,
was detected on the cell surface of the mutant cells (Figure
6). This { was not associated with any other biotinylated
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molecules. The ¢ on the cell surface of these mutant cells
disappeared upon incubation, similar to the observation
in the wild-type Jurkat and normal T cells (Figure 6). These
results indicate that the turnover of the surface { chain
takes place independently of the surface TCR complex.

Discussion

Our findings provide new insights regarding the assembly
and transport of the TCR-CD3 complex. In this system,
a single component of a multichain receptor was found to
have a different metabolism, independent of the rest of
the receptor complex. This observation could be extended
to other multichain receptor systems. Qur analysis on nor-
mal T cells results in a revision of the conclusions from
studies on T cell hybridomas (Minami et al., 1987a; Suss-
man et al., 1988; Bonifacino et al., 1989; Klausner et al.,

Figure 4. Rapid Turnover of the { Chain within the TCR Complex on
the Cell Surface

(A) Flow cytometric analysis of the cell surface TCR-CD3 complex
during incubation at 37°C. Biotinylated splenic T cells were stained
with MAb to CD3¢ after culture for 2 hr, 4 hr, or without cuiture.

(B) Surface [, was replaced by newly transported . Splenic T cells
were biotinylated and lysed after 4 hr incubation (lane 2) or without
incubation (lane 1). The biotinylated T cells were rebiotinylated after
4 hr incubation and lysed immediately (lane 3) or after an additional
4 hr incubation (lane 4). The lysates were immunoprecipitated with
MAD to { (H146-968).

(C) Total amount of { was constant during incubation. Surface-
biotinylated spienic T cells were lysed immediately (lane 1) or after 4
hr culture (lane 2). The lysates were immunoprecipitated with anti-
CD3t, MADb (H146-968). (Top) the biotinylated proteins were detected.
(Bottom) the same immunoprecipitated samples were blotted with MAb
to ¢ (H146-968).
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Figure 5. Preventing the Degradation of the Internalized { by Various
Reagents and Conditions

(A) The effect of ammonium chioride. Splenic T cells were first cultured
for 30 min in the presence of 50 mM ammonium chioride (lane 3).

(B) The effect of incubation temperature at 37°C (lane 2).or 0°C (lane
3). All lysates were immunoprecipitated with anti-{ MAb (H146-968).

1990) that only the CD3¢ chain is minimally produced and
determines the assembly and the surface expression of
the TCR complex, and also that only the completely as-
sembled complex can be transported to the surface. First,
¢ on the cell surface is spontaneously replaced by newly
transported ¢ and internalized without altering the expres-
sion of other components of the TCR complex, and the
internalized {, is targeted for lysosomal degradation. Sec-
ond, { can be transported to the cell surface independently
of the TCR complex, even in the absence of an association
with the TCR complex. In addition, there seems to be a
larger pool of { than previously thought, from which { may
be transported independently of the TCR complex, be-
cause the surface { increased by blocking protein synthe-
sis without affecting the amount of other TCR—-CD3 chains
on the cell surface (S. O. and T. S., unpublished data).
Collectively, the { chain exhibits turnover independent of
other components in the TCR-CD3 complex, despite its
being a component of the TCR complex.

Analysis of {-deficient mice (Liu et al., 1993; Love et al.,
1993; Malissen et al., 1993; Love et al., 1993 Ohno et al.,
1993a) and {-variant T cell lines (Weissman et al., 1989;
Ohno et al., 1993b) showed that { is crucial for the surface
expression of the TCR complex. Although { possesses its
own turnover pathway independent of the TCR complex,
the TCR complex requires { to be transported to the cell
surface. Therefore, it seems that TCRap-CD3yS¢ is trans-
ported along the { turnover pathway by association with
¢ in order to be expressed on the cell surface. Once ex-
pressed, { exists within the TCR complex but is readily
replaced by newly transported ¢, supporting the idea that
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Figure 6. Surface Expression of { on a Surface TCR-Negative Mutant
T Cell Line

Cells (1 x 10°) of the wild-type Jurkat line, E6.1 (lanes 1, 2) or a
TCRa-deficient Jurkat mutant line, J.RT-T3.1 (lanes 3, 4) were surface
biotinylated, lysed immediately (lanes 1, 3) or after 4 hr incubation
(lanes 2, 4), immunoprecipitated with MAb to { (H146-968).

¢ within the complex exhibits association—dissociation dy-
namics.

These results show that { possesses a specialized regu-
latory function for the transport and assembly of the TCR-—
CD3 complex, which may resemble the invariant chain
(li) for assembly and transport of MHC class Il molecules
(Cresswell, 1994, Germain, 1994). Newly synthesized
class Il a and B chains are associated with BiP and cal-
nexin and dissociated by forming the ap-li complex, that
is transported to endosomes where li dissociates from af
and is replaced by an antigen peptide. Similarly, TCR-
associated protein (TRAP) (Alarcon et al., 1988; Bonifa-
cino et al., 1988) and calnexin (Rajagopalan et al., 1994)
have been shown to be associated with newly synthesized
unassembled TCR and CD3 chains in ER, and to dissoci-
ate after the partial TCRap-CD3 complex is assembled.
The function of { observed in the present study is probably
involved in the subsequent transport to the cell surface
along the { metabolic pathway after { associates with the
partial TCR-CD3.complex and, subsequently, only ¢ dis-
sociates from the complex and internalizes for degra-
dation.
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Triggering of the TCR-CD3 complex can lead to its mod-
ulation from the cell surface (Krangel, 1987; Minami et al.,
1987b; Luton et al., 1994). Considering that the spontane-
ous exchange and internalization of surface ¢ is hardly
observed in T cell hybridomas and that T cell hybridomas
are resistant to TCR modulation by cross-linking with anti-
bodies, the mechanism of such modulation may include
the ¢ turnover observed in normal T cells. Furthermore,
it has recently been shown that the ¢ chain disappears in
T cells from tumor-bearing mice and cancer patients, and
this appears to be greatly attributable for immunosuppres-
sion under these conditions (Mizoguchi et al., 1992; Finke
et al., 1993; Nakagomi et al., 1993; Guniji et al., 1994; Aoe
et al., 1995). The mechanism for the specific disappear-
ance of { without altering other components might be re-
lated to the observed metabolism of £; the inhibition of the
independent transport of { might cause the loss of {. Thus,
molecular analysis of the mechanism of the turnover of {
independent of other components of the TCR complex
could also elucidate the mechanism of immunosuppres-
sion under disease conditions.

Experimental Procedures

Cell Preparation

Splenocytes from BALB/c mice (Japan SLC, Incorporated, Hama-
matsu, Japan) were depleted of erythrocyte by lysis and T cells were
enriched through a nylon column. The murine T cell hybridoma 2B4,
the human T cell line Jurkat £6.1, and the TCRa-deficient Jurkat mu-
tant line J.RT-T3.1, were maintained in RPMI 1640 (GIBCO, Grand
island, New York) supplemented with 5% heat-inactivated fetal bovine
serum, 10 mM HEPES (pH 7.6), and 100 ug/ml kanamycin.

Cell Surface Biotinylation, inmunoprecipitation,

and SDS-PAGE Analysis

Cells were surface biotinylated as previously described (Ohno et al.,
1994). In brief, cells were washed three times with phosphate-buffered
saline, and were suspended in labeling buffer containing 10 mM
HEPES (pH 8.0), 150 mM NaCli at a concentration of 1 x 107 cells/
mi. Biotin-XX (10 mg/mt), succinimidyl ester (Molecular Probes, Incor-
porated, Eugene, Oregon), dissolved in DMSO, were added to the cell
suspension at final concentration of 100 ug/ml, then incubated for 1
hr on ice with occasional shaking. Biotinylated cells were washed twice
with RPMI 1640, incubated at 37°C for 2 or 4 hr or without incubation,
in RPMI 1640 supplemented 10% heat-inactivated fetal calf serum,
10 mM HEPES (pH 7.6), 2 mM glutamine, 50 uM 2-ME, and 100 pg/
ml kanamycin, and then washed twice with RPMI 1640. Cells were
lysed with a lysis buffer containing 1% digitonin, 50 mM Tris-HCI (pH
7.6), 150 mM NaCl, 10 ng/ml aprotinin, 10 pg/ml leupeptin, 1 mM
PMSF, 10 mM iodoacetamide, at a concentration of 1 x 107 cells/mi.
Immunoprecipitation was performed with anti-CD3{ MAb (H146-968),
anti-CD3e MADb (145-2C11), or anti-TCRB MAb (H57-597). Immuno-
precipitates were seperated either on single-dimensional SDS-14%
polyacrylamide gel electrophoresis (PAGE) under reducing condition,
or on two-dimentional nonreducing (12%) and reducing (14%) SDS-
PAGE andtransferred onto a PVDF membrane (Immobilon-P; Millipore
Corporation, Bedford, Massachusetts). The biotinylated proteins were
detected using streptavidin—-peroxidase (VECTASTAIN Elite ABC kit;
Vector Laboratories Incorporated, Burlingame, California), an en-
hanced chemiluminescence system (Amersham International, Buck-
inghamshire, England), and autoradiography.

Radiolodination

Splenic T cells (4 x 107) were surface iodinated by lactoperoxidase-
catalyzed method with lactoperoxidase (Sigma Chemical Company,
St. Louis, Missouri), 0.05% H.O., and 37 MBq of Na'*i (Amersham).
The cell lysates were prepared, inmunoprecipitated, and analyzed on

SDS-PAGE as described above. Radioiodinated proteins in the dried
gel were detected by Image analyzer (BAS2000; Fuiji).

Flow Cytometry

Splenic T celis (1 x 10°) were stained with fluorescein isothiocyanate—
labeled anti-CD3¢ (145-2C11) MAb (PharMingen, San Diego, Califor-
nia). Cells (1 x 10%) were analyzed by FACScan flow cytometer (Beck-
ton Dickinson and Company, Mountain View, California). Dead cells
were excluded by staining with propidium iodide. Cells in the lympho-
cyte gate defined by light scatter were collected.

Western Blotting

After proteins were transferred from SDS-PAGE gels to PVDF mem-
branes, the membranes were blocked in 109% skim milk—containing
buffer (Block Ace; Yukijirushi, Sapporo, Japan), incubated with 10 ng/
ml of anti-CD3( MAb (H146-968) in TBS-T (0.2% Tween 20, 20mM
Tris—HCI [pH 7.6], 140 mM NaCl). Proteins were visualized by incuba-
tion with peroxidase-conjugated rabbit anti-mouse immunoglobulin an-
tibodies (Amersham) and an enhanced chemiluminescence system
(Nakano et al., 1994).
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