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ABSTRACT

Cell surface expression of the T-cell receptor (TCR)/CD3 complex on
the cells from 11 acute type adult T-cell leukemia (ATL) and 4 lymphoma
type ATL patients was examined by flow cytometry. Cells from 10 of 11
acute ATL patients were TCR aÃŸ+and CD3+, and their mean fluores
cence intensities were low (TCRa/3, 25.3-84.6; CD3, 22.8-87.8). Cells
from two of four lymphoma type ATL did not express this complex, and
the other two were CD3+, TCR aÃŸâ€”.In contrast, the mean fluorescence
intensity of the TCR/CD3 complex in cells from a patient with T4 chronic
lymphocytic leukemia was not low (TCR a/3, 129.9; CD3, 117.1). mRNA
expressions of the TCR a, /!, and CD3 7, t>,<,and f chains were examined
by Northern blots. ATL cells from two acute and two lymphoma types
expressed amounts of this complex equal to or greater than those
expressed by T4 chronic lymphocytic leukemia. CD3 5and TCR ÃŸmRNA
in ATL and T4 chronic lymphocytic leukemia cells were equally stable
to actinomycin D treatment. The synthesis of CD3 f protein by ATL
cells was detected by Western blotting assay. On the basis of these
findings, we discuss the possible involvement of the TCR/CD3 complex
in activation of ATL cells.

INTRODUCTION

ATL1 is caused by HTLV-1 (1-4). Most ATL cells are TCR
a/8+, CD3+, CD4+, CDS- and universally express activated T-
cell antigens, such as HLA-DR and CD25 (5). The activation
of ATL cells could be partly explained by the HTLV-1 encoded
M, 40,000 protein (p40'ax), a potent iraws-activator of cellular
genes such as IL-2 and the IL-2RÂ« (CD25) (6-10), because
HTLV-1 viral proteins were expressed in HTLV-1-infected cell
line cells which expressed high amounts of HLA-DR and CD25
antigens. However, only a very little amount of HTLV-1 mRNA
encoding p40'a!l could be detected in fresh ATL cells (11).

Physiological signals which activate T-cells are mediated by
growth factor receptors or the TCR. We have previously re
ported that the density of CD3 antigens on ATL cells was
specifically diminished compared with that of normal T-cells
(12). CD3 antigens are physiologically associated with TCR
and play an important role in signal transduction mediated by
TCR (13-15). The interaction of antigens with TCR on T-cells
induces down-modulation of the TCR/CD3 complex on their
surfaces (13), followed by cellular proliferation and expression
of CD25 antigen. Therefore, we hypothesize that stimulation
of this complex represents one primary event which induces the
activation of HTLV-1-infected cells (16, 17).
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However, Malefyt et al. (18) reported that the loss of the
TCR/CD3 complex on the cell surface of the HTLV-1 infected
T-cell line was due to the coordinated down-regulation of CD3
7, 5, t, and f mRNA expression by the inactivation of a T-cell
specific CD3 Â«enhancer. In mice, CD3 f plays an important
role in the assembly of the full TCR/CD3 complex in cytoplasm
followed by expression of this complex on the cell membrane
(19-21). This protein is also known to be associated with other
chains of the TCR/CD3 complex in human T-cells (22). We
previously reported that mRNA stability of a novel cytokine,
designated LD78, was increased in HTLV-1 infected cell line
cells (23). p27r" was also known to stabilize mRNA of IL-2R<*

chain followed by increasing mRNA level (24). To clarify
whether low expression of the TCR/CD3 complex on the cell
surface of ATL cells is due to down-regulation of the mRNA
expression of this complex or not, we studied the expression
levels of each chain transcript of the TCR/CD3 complex,
stability of their mRNA, and synthesis of CD3 f protein in
ATL cells.

MATERIALS AND METHODS

Patients. We studied cells from 11 patients with acute type ATL and
4 patients with lymphoma type ATL. Diagnosis of ATL was made by
the detection of anti-HTLV-1 antibody in the serum and the integration
of HTLV-1 proviral DNA in leukemia cells. Clinical and laboratory
findings of the patients are listed in Table 1. Clinical diagnosis of
subtype was made on the basis of the previously described criteria (25).
A patient with T4-CLL was also examined (Case 16). Lymph node
biopsy was done after obtaining the patient's informed consent accord

ing to the guidelines of the Kumamoto University Medical School
Committee for Protection of Human Subjects.

Cell Preparation and Culture. Peripheral blood mononuclear cells
from acute type ATL patients and a T4-CLL patient were obtained by
Ficoll-Conray density gradient centrifugation. Lymph node cells from
lymphoma type ATL patients were obtained by passing lymph node
biopsy specimens through a steel mesh (26). Mononuclear cells were
then cultured with or without 5 Mg/ml of ACT in RPMI 1640 supple
mented with 10% heat-inactivated fetal calf serum, 2 HIML-glutamine,
100 units/ml penicillin, and 100 Mg/ml streptomycin. Human myelo-
blastic leukemia cell line, HL60 cells, and a human T-cell leukemia cell
line, Jurkat cells, were also cultured in the same medium. Cells from
the SKT1-B cell line, confirmed as originating from primary ATL cells
(16), were cultured in the same medium containing 20% fetal calf
serum.

Phenotypic Analysis. The following panel of murine monoclonal
antibodies was used for indirect immunofluorescence assays. CD2
(OKT11), CD3 (OKT3); CD4 (OKT4); and CDS (OKT8) were pur
chased from Ortho Diagnostics (Raritan, NJ). CD25 (Tac) was kindly
provided from Dr. T. Uchiyama at Kyoto University. HLA-DR (Nu
la) was purchased from Nichirei Co., Ltd. (Tokyo, Japan). WT31 (anti-
TCR aÃŸ)was purchased from the Becton Dickinson Monoclonal Center
(Mountain View, CA). TCR Â¿1and Â¿TCS1(anti-TCR 6)were purchased
from T Cell Science, Inc., (Cambridge, MA). The cells were further
incubated with fluorescein isothiocyanate conjugated goat I (;il>)'.:anti-

mouse IgG (Sigma, St. Louis, MO) and analyzed by FACStar (Becton
Dickinson Immunocytometry Systems, Mountain View, CA). Mono-
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Table 1 Clinical and laboratory findings of patients with ATL

Case12345678910111213141516ClinicaldiagnosisAcuteAcuteAcuteAcuteAcuteAcuteAcuteAcuteAcuteAcuteAcuteLymphomaLymphomaLymphomaLymphomaT4-CLLAge(yr)63557855484151434776677260687785SexMMFMMMMMFFFFMFMFWBC(xlO'/liter)104.022.6111.6183.759.539.391.531.644.142.118.17.814.23.86.514.3LÃ¡clate
dehydrogenase

(units/liter)5.0601.4511.20912.3541,3716991,6326977535342,1001.8711.8161,4282,100825

nuclear cells from 3 normal volunteers were always analyzed with OKT3
and WT31 at the same time and the relative values of MFIs were
calculated as

MF1 of the antigen on cells from patient
Av. of M FI of the antigen on cells from 3 normal volunteers

x 100

Northern Blot Analysis. Total cellular RNA was isolated by ultracen-

trifugation on a guanidinium isothiocyanate/CsCK gradient. Ten ^g of
total RNA were electrophoresed on a 1% agarose-formaldehyde dena

turing gel and transferred to a nitrocellulose filter (Hybond C extra;
Amersham International pic, Buckinghamshire, United Kingdom). The
membranes were hybridized to the radiolabeled probes at 42Â°Cfor 12
h, washed, and then exposed to X-ray film at -80Â°C. Hybridization

signals of mRNA were quantitated by scanning densitometry (Shi-

madzu, Kyoto, Japan). mRNA levels of each subunit of the TCR/CD3
complex were normalized to the corresponding /3-actin mRNA level.

The normalized values of each signal were represented as percentages,
when those of T4-CLL cells were arbitrarily defined as 100%. The
following probes were used for Northern blotting: a 3.0-kilobase
///nrflll-.E'c'oRI fragment hybridizing to the constant (C) region of the

TCR ÃŸchain (C/31) (provided by Dr. H. Sakano) (27), a 0.39-kb Hpa\\-

Hpall fragment of the Ca gene (provided by Dr. T. W. Mak) (28), and
a 0.62-kilobase Pstl-Xhol fragment of the CD3 Ã¤gene (provided by Dr.
C. Terhorst) (29). CD3 y, (, and j~probes were synthesized from Jurkat

cell line cells by the reverse transcription-polymerase chain reaction. A
0.77-kilobase Nco\-Taq\ fragment of the /3-actin probe was purchased

from Oncor Inc. (Gaithersburg, MD) (30).
Detection of CD3 f Protein. Cellular extracts were obtained by incu

bating IO7 cells in 100 p\ of lysis buffer (1% Nonidet P-40-150 mM

NaCl-1 mM EDTA-1 mM phenylmethylsulfonyl fluoride-50 mM Tris-

HC1, pH 8.0) for 30 min on ice, followed by centrifugation for 30 min
at 12,000 x g. Supernatants were diluted with equal amounts of the
sample buffer (2% sodium dodecyl sulfate-10% glycerol-0.1 M Tris-
HC1, pH 6.8-0.02% bromophenol blue). Thirty u\ of the cell lysate
were placed in each well of the 12% sodium dodecyl sulfate gel for
polyacrylamide gel electrophoresis. The separated proteins were then
electrophoretically transferred to a nitrocellulose membrane at room
temperature for 1 h. The nitrocellulose membrane was soaked in
phosphate buffered saline containing 5% skim milk at room tempera
ture for 2 h and then incubated for 16 h at 4Â°Cwith a monoclonal

antibody (TIA-2) against CD3 f protein. Bound antibodies were visu
alized with a Konica Immunostaining HRP kit IS-50B (Konica, Tokyo,

Japan) containing H2O2 and dye substrates.
Cell surface expression of CD3 f protein was investigated by an

indirect immunofluorescent method and RIPA as described previously
(22).

RESULTS

Surface Expression of the TCR/CD3 Complex on ATL Cells
and Cell Lines. The results of phenotypic analysis in ATL cells
are shown in Table 2. More than 84% of cells from all ATL
patients were CD4+. In 3 cases (Cases 4, 7, and 11), more than
40% of cells were CD8+, indicating that neoplastic cells from
these 3 cases had both antigens. CD25 antigens were expressed
on cells from most patients and HLA-DR antigens were de

tected in some.
Cells from 10 of 11 acute type ATL patients were TCR a/3+,

CD3+ (more than 25%). However, the densities of those anti
gens measured by MFIs were low (TCR a/3, 25.3-84.6; CD3,
22.8-87.8) in TCR aÃŸ+,CD3+ acute ATL patients compared
with those of normal T-cells (TCR aÃŸ,100; CD3, 100) and T4-
CLL cells (TCR a/3, 129.9; CD3, 117.1). Cells from Case 11
were TCR aÃŸ-,CD3+, and MFIs of these antigens were also
lower than that of normal T-cells and T4-CLL cells. Cells from
2 of 4 patients with lymphoma type ATL were CD3-, and MFIs
of these cells were extremely low (Table 2). In Case 12, 70% of
cells were CD3+; however, the relative MFI of the antigen was
low (CD3, 29.2). The surface expression of TCR aÃŸchains was
negative (less than 25%) in all 3 lymphoma type ATL patients
tested. Jurkat cell line cells were TCR a/3+, CD3+, and the
relative MFIs of these antigens were almost equal to those of
normal T-cells (TCR aÃŸ,135.4; CD3, 91.8). SKT-1B cell line

cells expressed neither TCR aÃŸnor CD3 antigen (16). No cells
from any ATL patients expressed TCR & chain (data not
shown).

Expression of TCR a/9 and CD3 Chain mRNA. Total RNAs
from each of 2 patients with acute and lymphoma type ATL
were extracted, and the mRNA expression of the TCR/CD3
complex was analyzed. Significant expression of TCR a,ÃŸand
CD3 7, o, and f mRNA in ATL cells from patients with both
acute and lymphoma type was observed (Fig. 1). Expression of
the CD3 f chain was also observed in all of ATL cells as well
as in T4-CLL cells. Transcripts of the TCR and CD3 genes
were detected even in Case 14, which did not express CD3 on
the cell surface (Table 2). The amount of transcripts of each
TCR/CD3 complex component measured by densitometry did
not correlate well in each case. In addition, there was no
apparent inverse correlation between the scan intensity of
mRNA expression and the MFI on the cell surface of this
complex. It is of interest that SKT-1B cell line cells which
lacked surface expression of the TCR/CD3 complex also gave

Table 2 Surface phenotype of ATL cells (%)

Case12345678910111213141516CD299.7"94.999.73.493.497.287.897.799.398.258.04.094.896.395.998.5CD498.891.599.497.697.994.493.790.596.793.093.099.192.884.492.997.2CD82.114.126.842.210.54.240.69.14.89.672.04.315.57.62.61.3CD2597.79.278.661.199.093.934.054.791.183.670.068.210.491.166.01.0HLADR0.517.023.73.050.559.3ND*58.815.611.181.09.92.723.013.12.3CD399.4

(87.8)95.2
(86.2)93.4
(80.3)95.3
(55.0)98.5(49.1)96.2

(43.6)90.7
(38.0)98.5
(28.6)98.5
(23.9)93.6
(22.8)72.0
(54.9)70.0
(29.2)66.9(12.0)17.9(6.8)4.1

(2.6)93.1

(117.1)WT-3199.0

(84.6)97.7
(59.8)57.0
(75.6)95.9(58.2)97.7(61.1)93.7

(68.6)95.2
(50.9)96.4(35.1)98.0(40.1)92.2

(25.3)17.7(7.2)24.1

(18.3)17.4(12.7)ND4.7

(5.8)88.9(129.9)

" Percentage of positive cells shown as actual values. Numbers in parentheses,

mean fluorescence intensity.
* ND, not done.
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cated that CD3 f protein is synthesized even in lymphoma type
ATL cells (Case 14), although the surface expression of CD3
antigen was undetectable (Fig. 3). Cell surface expression of
CD3 f protein, however, was not detected by either indirect
immunofluorescence or RIPA (data not shown).

DISCUSSION

Phenotypic analysis of our patients confirmed previous re
ports that the density of the TCR/CD3 complex on the ATL
cell surface was low (12, 16, 17). In this study, we showed that
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Fig. 1. mRNA expression of TCR CÂ«,C/3,and CD3 7, 5. t, and fin ATL cells.
Ten ng of total RNAs were applied to each lane represented. Lane I, Jurkat cell
line; Lane 2, SKT-1B cell line; Lane 3, Case 5 (acute type); Lane 4, Case 2 (acute
type). Lane 5, Case 14 (lymphoma type); Lane 6, Case 12 (lymphoma type); Lane
7, Case 16 (T4-CLL). Hybridization signals were quantitated by densitometric
scanning and the values were plotted as described in "Materials and Methods."

equal or greater amounts of these gene transcripts compared
with the Jurkat cells (Fig. 1).

Effect of ACT on mRNA Expression of the TCR/CD3 Com
plex. To explore whether high expression of the TCR/CD3
mRNAs in ATL cells was derived from the stabilities of these
mRNAs, we examined the effect of ACT on mRNA expressions
of the TCR/CD3 complex in ATL cells. Similar to T4-CLL
cells, CD3 5 mRNA levels in ATL cells decreased by 80% with
over 6 h exposure to ACT (Fig. 2). We obtained the same
results in analysis of the ACT effect on mRNA expression of
the TCR ÃŸchain gene in ATL cells (data not shown). Therefore,
the higher expression of TCR/CD3 mRNA in ATL cells is not
due to increased stability of these mRNAs.

Expression of CD3 f Protein in ATL Cell Lysates. CD3 f is
believed to play a key role in the surface expression of the
TCR/CD3 complex. In order to evaluate whether the defective
expression of this complex on ATL cells is caused by a defect
in the synthesis of CD3 f protein, we analyzed cellular extracts
of acute and lymphoma type ATL cells by Western blotting
using a monoclonal antibody against CD3 f. The results indi-
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Fig. 2. Kinetics of degradation of the CD3 ÃḿRNA. The cells from an ATL
patient (Case 4) (A) and a T4-CLL patient (A) were cultured with ACT. The
mRNA levels were measured at the indicated times by densitometry and normal
ized to the corresponding Â¿Â¡-chainlevel at each time. The normalized values of
each signal were represented as percentages when those of untreated cells (0 h)
were arbitrarily defined as 100%.
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Fig. 3. Western blotting analysis using a monoclonal antibody against CD3 ;
(TIA-2). Lane l, HL60 cell line; Lane 2, Jurkat cell line; Lane 3, Case 1 (acute
type); Lane 4, Case 7 (acute type): Lane 5, Case 12 (lymphoma type); Lane 6,
Case 14 (lymphoma type), kl). molecular weight in thousands.
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the density of this complex on lymphoma type ATL cells was
significantly lower than that on acute type ATL cells. The
mRNA expression of each chain of the TCR/CD3 complex in
ATL cells was equivalent or high compared to T4-CLL cells.
The levels of gene transcripts were quantitated and were rep
resented as scan intensity. Most of the scans gave high inten
sities of each component in ATL cells, compared with those in
T4-CLL cells. However, good correlations among the scan
intensities of the gene transcripts of each component were not
observed in cells from all ATL patients, probably reflecting the
technical limitations used here. To clarify whether the low
expression of the TCR/CD3 complex could be caused by a
posttranscriptional defect, the synthesis and surface expression
of CD3 f protein, which is believed to play a key role in the
assembly and expression of the TCR/CD3 complex (19-22),
were examined. We failed to detect the cell surface expression
of CD3 f protein by either immunofluorescence or RIPA but
did so in cell lysates of all ATL cells by Western blots. This
indicates that not only gene expression but also the protein
synthesis pathway are operating even in CD3 negative ATL
cells. More biochemical analysis of the complex is needed to
analyze the status of the complex in primary ATL cells.

Low surface expression of the TCR/CD3 complex is specif
ically observed on ATL cells, because the density of this com
plex in other T-cell leukemia cells is equivalent or high com
pared to that of normal T-cells (12, 16, 17). The majority of

the cell lines derived from patients with ATL are infected with
HTLV-1; however, their genotypes are not identical to that of
the primary ATL clone (16, 31). In these HTLV-1 infected cell
lines, diminished expression of the TCR/CD3 complex is not
observed although they express activated antigen and respond
to IL-2. In contrast, cell lines derived from an identical clone
of primary ATL cells show low expression of this complex (16).
Therefore, we believe that this phenomenon is intrinsic to ATL
cells. Malefyt et al. (18) reported that the loss of the TCR/CD3
complex from the surface of the HTLV-1 infected T-cell line
cells was due to the coordinated down-regulation of CD3 y, o,
t, and f mRNA expression by the inactivation of a T-cell specific
CD3 i enhancer, which was thought to be repressed indirectly
by the HTLV-1 encoded /rani-activating factor p40'ax. In this

study, however, we demonstrated the high expression of each
chain transcript of the TCR/CD3 complex in ATL cells. There
fore, it is unlikely that the mechanism for the defective surface
expression of the TCR/CD3 complex on ATL cells is explained
by p40Iax-induced repression of TCR/CD3 genes.

HTLV-1 rex-encoded M, 27,000 protein (p27rcx) has been
reported to stabilize IL-2RÂ«chain mRNA (24). We previously
reported that a novel cytokine, designated LD78, was synthe
sized in HTLV-1 infected T-cell lines and showed high stability
of its mRNA using ACT treatment (23). However, we found
that high levels of the TCR/CD3 mRNA expression in ATL
cells could not be ascribed to the slow decay of mRNA under
the same conditions.

The interaction of antigens with TCR on T-cells induces
down-modulation of the TCR/CD3 complex on their surface
(13). We previously reported that the treatment of ATL cells
with CD3 monoclonal antibody caused a further decrease of
CD3 antigen density on the cell membrane and enhanced the
expression of the CD25 antigen (17). In this study, we demon
strated that surface expression of the TCR/CD3 complex on
lymphoma type ATL cells was lower than that on acute type
ATL cells. These findings can be linked with our previous
report that lymph node ATL cells are more activated than

peripheral blood ATL cells (26). Stimulation of normal T-cells
by CD3 monoclonal antibody and phorbol myristate acetate
also causes down-modulation followed by a weak up-regulation
of mRNA expression of this complex (32). These findings led
us to believe that TCR/CD3 molecules on the surface mem
brane are down-modulated by unknown stimuli in vivo followed
by elevation of mRNA levels of these molecules in ATL cells.
To explore whether any ATL cells use the same TCR chains,
we previously examined rearrangement patterns of TCR ÃŸchain
genes in ATL cells by Southern blotting assay; however, we
failed to show the common rearrangement pattern of TCR ÃŸ
and 7 chain genes (27). Mouse mammary tumor virus was
reported to encode unique antigens, termed superantigens,
which combine with Class II molecules of the major histocom-
patibility complex to form ligands of interaction with the TCR
ÃŸchain of a particular \ÃŸ family (33,34). Also the superantigen
was found to be encoded by an open reading frame in the 3'

long terminal repeat of mouse mammary tumor virus which
coded for a M, 37,000 protein (34). Besides the structural genes,
HTLV-1 has a potential coding region, pX, between the env
gene and 3' long terminal repeat, which encoded p40tax, p27rex,
and p21x (35-37). p40Iax is a potent rrawj-activator of cellular
genes including IL-2 and IL-2Ra genes (6-10) and is considered
to play a role for leukemogenesis of ATL, as described previ
ously (38). Although superantigens have not been demonstrated
in humans and there is no direct evidence that p40lax is related

to TCR, further analysis of TCR families in ATL cells would
be helpful to delineate whether HTLV-1 encoded proteins act
as superantigens, similar to murine model. Regardless of the
mechanism involved, it is clear from our data that the down-
modulation of the TCR/CD3 complex on ATL cells is not due
to the down-regulation of its gene expression.
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