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Intracellular Accumulation of T-Cell Receptor
Complex Molecules in a Human T-Cell Line

Doris B. TSE, MAYSOON AL-HAIDERI, BENVENUTO PERNIS,
CHARLES R. CANTOR, CHANG Y1 WANG*

This work was aimed at understanding the mechanisms of T-lymphocyte function by
studying the cellular distribution and traffic of molecules of the T-cell receptor
complex. The accumulation of specific molecules in intracytoplasmic vesicles is related
to the activation of T lymphocytes. Some of these molecules include acid hydrolases,
the transferrin receptor, and class I antigens of the major histocompatibility complex.
Molecules of the T-cell receptor complex have now also been found in intracytoplasmic
vesicles in a human T-cell line derived from a lymphoblastic leukemia. Such vesicles
were tightly associated with the cytoplasmic microtubule network. One functional
aspect of this association is a cellular pathway by which vesicles traveling to and from
the cell surface converge in an area of the cells that is rich in processing enzymes.

HE SPECIFIC ACTIVATION AND

function of regulatory and effector T

cells is mediated through a receptor
that recognizes foreign moieties in the con-
text of self antigens of the major histocom-
patibility complex (MHC) (1, 2). This re-
ceptor is a multimolecular complex on the
surface of human and murine lymphocytes
(3, 4); it consists of a clonotypic molecule
(Ti) that is a glycosylated heterodimer tight-
ly associated with the oligomeric T cell-
specific T3 antigens.

Two clonotypic monoclonal antibodies
have been prepared by independent labora-
tories against HPB-ALL, a human T-leuke-
mic cell line (5, 6). The use of these antibod-
ies with indirect immunofluorescence mi-
croscopy revealed, in addition to the antici-
pated Ti reaction on the cell surface, the
presence of Ti molecules within intracyto-
plasmic vesicles in HPB-ALL cells (Fig.
1A). Other membrane glycoproteins that
were also located intracellularly in the HPB-
ALL cells included T9 and class I MHC
antigens as well as T3. In contrast, T4, T8,
and T11 antigens were all expressed on the
cell surface as determined by fluorescence-
activated cell sorting (FACS) analysis and
visualized by fluorescence microscopy (Fig.
1A); but T4 and T11 were present only at
low levels in intracytoplasmic vesicles, and
T8 was undetectable.
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To confirm and quantitate intracellular Ti
and other molecules, we treated viable HPB-
ALL cells with protease until these mem-
brane glycoproteins were no longer detect-
able on the cell surface by indirect immuno-
fluorescence and FACS analysis. The cells
were then lysed onto nitrocellulose, and the
cell lysates were immunoblotted with the
appropriate monoclonal antibodies and then
with rabbit antiserum to mouse immuno-
globulin (Ig) followed by radiolabeled pro-
tein A. Only those antigens that were shown
by immunofluorescence microscopy to have
an intracellular localization were protected
from digestion by extracellular protease
(Fig. 1B). Intracellular T3 and Ti were
determined by densitometric scanning of the
autoradiogram to be 60 to 70% of that
expressed by the same cells mock-treated
with bovine serum albumin (BSA). In con-
trast, only 10% of the T8 antigen expressed
by these cells was insensitive to extracellular
proteolysis.

The collection of Ti-containing vesicles in
a central area, their juxtanuclear position,
and the occasional appearance of cells in a
log-phase culture with scattered vesicles sug-
gested the association of these structures
with the cytoskeleton (7). Costaining with
monoclonal antibodies to tubulin by indi-
rect immunofluorescence and isotype-specif-
ic antibodies to mouse IgG conjugated to

different fluorochromes confirmed the asso-
ciation of Ti-containing vesicles with the
cytoplasmic microtubule network (CMTN):
vesicles containing Ti were clustered around
the microtubule organizing center (MTOC)
in interphase cells, but were scattered in cells
undergoing mitosis (Fig. 2A). Treatment of
HPB-ALL cells with colchicine led to dis-
persion of Ti-containing vesicles in the en-
tire culture, further indicating their associa-
tion with the CMTN.

The expression of acid hydrolases and
lysosomelike organelles is a marker of T-cell
activation and neoplasia (8—10). Cytochemi-
cal staining showed that HPB-ALL cells
were positive for acid phosphatase, but neg-
ative for esterase and B-glucuronidase. Fur-
thermore, acid phosphatase—positive vesicles
collected in a central area of these cells, like
Ti-containing vesicles, became dispersed
upon treatment with colchicine (Fig. 2B),
indicating their association with the CMTN.
Several recent reports describe the associa-
tion of Golgi elements with the CMTN in
nonlymphoid cells (11, 12). Acid phospha-
tase is known to be localized not only in
lysosomes and in the matrix of multivesicu-
lar bodies but also in trans-Golgi stacks and
post-Golgi reticular elements (11, 13, 14).
The post-Golgi region was found to be an
acidic compartment (15) where uncoupling
and sorting of recycling receptors may occur
(14, 16), and there was evidence for the
intracellular resialylation of transferrin re-
ceptors treated with extracellular neuramini-
dase (17).

When we costained for T9 [the transferrin
receptor (18)] and Ti in HPB-ALL, these
two molecules were found in the same vesi-
cles, or at least in vesicles collected in the
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same area of the cells, that is, around the
MTOC (Fig. 3A). We next investigated the
functional significance of the association of
vesicles containing a recycling cell-surface
receptor with the CMTN. HPB-ALL cells
were incubated with rhodamine-labeled hu-
man transferrin in the presence or absence of
colchicine at 37°C for various lengths of
time. The amount of transferrin on the cell
surface was determined by restaining viable
cells with antibodies to human transferrin
labeled with fluorescein. Cell-bound rhoda-
mine and fluorescein fluorescence were mea-
sured by FACS analysis. Colchicine had no
statistically significant effect on the quantity,
and a minimal effect on the rate, of rhoda-
mine-transferrin uptake by HPB-ALL (Fig.
3B). In the presence or absence of colchi-
cine, the amount of transferrin localized on
the surface of these cells remained constant
with time at 37°C and was not significantly
different from that of cells incubated at 0°C
(at which temperature endocytosis cannot
take place). We conclude, therefore, that
transferrin internalization was not affected
by this microtubule-disrupting drug. How-
ever, in cells treated with colchicine, vesicles
containing internalized transferrin appeared
scattered in the cytoplasm, whereas in con-
trol cells they were centrally located (Fig.
3C).

We have demonstrated that the expres-
sion of intracytoplasmic vesicles containing
class I MHC antigens is a tissue-specific,
lineage-specific, and activation-specific phe-
nomenon in T lymphocytes (19, 20). Fur-
thermore, in ways that resemble the cellular
dynamics of the T9 antigen (18, 21), class I
MHC antigens internalize and recycle in T
lymphoblasts (22). We have shown here that
in a human T-cell line derived from an acute
lymphoblastic leukemia, intracytoplasmic
vesicles contain these two membrane glyco-
proteins as well as molecules of the T-cell
receptor complex. The intracellular accumu-

Fig. 2. Association of intracytoplasmic vesicles
with the microtubule organizing center in HPB-
ALL. (A) Cytocentrifuge smears of HPB-ALL
were fixed with ethanol at —20°C for 15 minutes,
stained first with monoclonal antibody to Ti
(T40/25, IgG,,) followed by tetramethyl rhoda-
mine isothiocyanate (TRITC)—conjugated goat
antibody to mouse IgG,., then restained with
monoclonal antibodies to a,B-tubulin (Amer-
sham, both IgG,) followed by FITC-conjugated
goat antibody to mouse IgG;. Left (a to c) and
right (2’ to ¢’) frames are the same fields viewed
with optics specific for TRITC and FITC. Cells in
different stages of the cell cycle are shown: top
panels, interphase cell; middle panels, a cell in
cytokinesis; bottom panels, a cell in mitosis. Experi-
mental details are as described (19). (B) Phase-
contrast microscopy of HPB-ALL cells treated for
10 minutes with 100 pg of colchicine per milliliter
(+) or an equivalent volume of ethanol (—) at 37°C
for 10 minutes and stained for acid phosphatase by
enzyme cytochemistry (10).
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Fig. 1. Accumulation of specific antigens in
intracytoplasmic vesicles in HPB-ALL cells.
(A) Cytocentrifuge smears of HPB-ALL cells
were fixed with Formalin-acetone at —20°C
for 15 minutes and stained with monoclonal
antibody specific for T3 (a), T4 (b), T8 (c),
T9 (d), T11 (e), a polymorphic determinant
on class I MHC antigens (f), and two distinct
determinants on Ti (g and h) of HPB-ALL cells. Fluorescein isothiocyanate (FITC)—conjugated goat
antibody to mouse Ig was then applied. The primary monoclonal antibodies used were, respectively,
Leu4 (Becton Dickinson), OKT4, OKT8, OKT9 (18, 30, 31), OKT1la (Ortho Diagnostics), GA2
(32), C37 (6), and T40/25 (5). Immunofluorescence microscopy was performed as described (19). (B)
HPB-ALL cells were treated with 20 mg of subtilisin per milliliter or with bovine serum albumin (BSA)
as indicated, spotted onto 0.45-micrometer nitrocellulose, and lysed (33), then blocked with 20% fetal
calf serum (FCS) in Hanks basic salt solution and blotted with monoclonal antibodies specific for the
antigens indicated or with a nonspecific (NS) monoclonal antibody. Antibodies used were the same as
those described in Figs. 1A and 2A. Blots were then developed as described (34). Number of cells
spotted were (from left to right) 0.5 x 10%, 1.0 x 10% and 2.0 x 10° for both protease and BSA-
treated samples. The number of cells recovered after protease treatment was more than 70% that
recovered after BSA treatment, and viability was >95% as determined by trypan blue exclusion. This
experiment was representative of two others.
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lation of polypeptides that form the T-cell
receptor complex is not unique to HPB-
ALL cells. We have also found T3- and Ti-
positive intracytoplasmic vesicles in certain
subcultures of Jurkat, a human T-cell line,
and we have observed the expression of
intracytoplasmic vesicles containing T3 in
primary cultures of normal human T lym-
phoblasts from peripheral blood after activa-
tion by mitogen or in a mixed lymphocyte
reaction (20, 23).

Thus, there is increasing evidence that the

accumulation of specific proteins in intracy-
toplasmic vesicles is related to the activation
of T lymphocytes: such proteins include acid
hydrolases (8-10), recycling cell-surface gly-
coproteins (18-22) and, as reported here,
molecules that form the antigen-recognition
complex of these cells. We do not know
whether the specific proteins that accumu-
late in one area of HPB-ALL cells reside in
the same or different vesicles or whether
these vesicles are Golgi elements and a com-
partment for the uncoupling of recycling

receptor and ligand or lysosomes and multi-
vesicular bodies. However, vesicles contain-
ing these proteins are tightly associated with
the CMTN. One aspect of this association is
related to endocytosis. It does not, however,
appear to determine the capacity of HPB-
ALL to internalize an extracellular ligand
such as transferrin, but seems to be a means
by which these cells can collect endocytic
vesicles to a specific region, around the
MTOC, within the cell’s cytoplasmic space
(14, 24).
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Fig. 3. Effect of the cytoplasmic microtubule network on endocytosis in HPB-ALL. (A)
Cytocentrifuge smear of HPB-ALL cells fixed in Formalin-acetone at —20°C for 15
minutes, stained with T40/25 followed by TRITC-conjugated goat antibody to mouse
IgG,, and restained with OKT9 followed by FITC-conjugated goat antibody to mouse
IgG,. Frames a and b are the same fields viewed with optics specific for TRITC and
FITC, respectively. (B) HPB-ALL cells were removed from continuous passage in
Iscove’s modified Dulbecco’s medium (IMDM) containing 10% FCS and antibiotics,
washed three times with IMDM, and incubated in IMDM in the absence of FCS at 37°C
for 30 minutes before the addition of colchicine (100 pg/ml) or an equivalent volume of
ethanol. The amount of ethanol in the incubation medium was 1%. TRITC-conjugated
human transferrin was then added to a final concentration of 200 pg/ml, and the cells
were incubated at 0°C for 30 minutes in the presence of 20 mM sodium azide
) or at 37°C for 5 minutes (-+--), 10 minutes (------ ), or 30 minutes (). Harvested
cells were washed and restained in suspension with goat antiserum to human transferrin
(Cappel), followed by biotin-conjugated rabbit antibody to goat Ig and FITC-conjugated
streptavidin (Amersham). Cells (20,000) were then analyzed for TRITC and FITC
fluorescence (measured as channel numbers) by FACS. Mean fluorescence per cell is as
indicated for each histogram. Mean FITC fluorescence per cell for samples incubated at
37°C is indicated as the mean =SD of the mean for the three incubation times. For cells
incubated in the absence of TRITC-conjugated transferrin, mean TRITC fluorescence
was 1.3 units for both colchicine and control samples and mean FITC fluorescence was
11.4 and 11.6 units, respectively. (C) Cytocentrifuge smears of HPB-ALL cells were
prepared from the experiment in (B), fixed in Formalin-acetone at —20°C for 5 minutes,
and visualized with optics specific for TRITC. Shown are cells incubated at 37°C for 30
minutes in the presence (+) or absence (—) of colchicine.
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“ The accumulation of T-cell receptor com-
plex molecules in vesicles associated with the
MTOC in HPB-ALL may be interpreted in
several ways. (i) The vesicles around the
MTOC may be trans-Golgi elements and
may be the site of assembly for the oligomer-
ic complex that makes up the T-cell receptor.
Since these vesicles stained positively for
wheat germ agglutinin, the T3 and Ti poly-
peptides that they contained were probably
sialylated (25). However, it is not known if
these terminally glycosylated polypeptides
were tightly complexed to each other (1, 3)
or whether this is indeed the site for such
assembly. (ii) Vesicles containing the T-cell
receptor complex may represent a latent
pool of the assembled molecules. The selec-
tive accumulation of proteins in vesicles (26)
and the association of vesicles with the
CMTIN (27) have been observed in other
cell types. Likewise, latent intracellular cell-
surface receptors have recently been identi-
fied (28). (iil) Vesicles containing the T-cell
receptor complex may be involved in recy-
cling. However, ligands of the T-cell recep-
tor consist of integral components of the
plasma membrane of another cell (1, 2).
Therefore, if the T-cell receptor indeed recy-

cles, it is unlikely that this process mediates

the uptake of soluble extracellular moieties.
Nevertheless, our observation of a highly
ordered cellular pathway in HPB-ALL cells
whereby endocytosed molecules can be
brought into the proximity of an area rich in
processing enzymes suggests various possi-
bilities for their postinternalization modifi-
cation at an intracellular site. If the T-cell
receptor complex is internalized, processed,
and re-expressed, it may be a cellular path-
way involved in the recognition and regula-
tion of one T cell by another. This hypothe-
sis could also account for the presence of
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class I MHC antigens in intracytoplasmic
vesicles (Fig. 1A). Molecules that are neces-
sary to provide context for presentation of
the T cell’s clonotype are also collected in
the same or interconnected vesicular com-
partments of these cells (19, 22, 29).
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