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Abstract

The cell surface marker profile and functional analysis of
peripheral blood lymphocytes from 11 Japanese adult T cell
leukemia patients were studied.

The phenotypic analysis of Japanese adult T cell leukemia
(ATL) cells by a series of 13 monoclonal antibodies showed
that all ATL cells are anti-T4 reactive but some differ in their
expression of T3, Tl1, and T12 antigens. Thus, considerable
phenotypic heterogeneity exists in these populations of leukemia
cells. When analyzed in functional assays, ATL cells were
suppressive when added to a pokeweed mitogen- (PWM)
driven Ig synthesis system. However, the suppression mecha-
nism seemed to be more complex than originally conceived.
ATL cells examined in this study seem to function mainly as
an inducer of suppressor cells, and as such, activate normal
T8 precursors of suppressor cells rather than function as
suppressor effector cells. In addition, no evidence was obtained
to suggest that suppression of PWM-stimulated IgG synthesis
was mediated by natural killer (NK) activity of ATL cells.
Rather, ATL cells seem to be markedly deficient in NK
activity.

These studies suggest that the majority of ATL cells tested
are representative of and seem to be the leukemic counterparts
of the T4+ suppressor inducer subset.

Introduction

Numerous studies have shown that T cell subsets are involved
in a complex series of interactions that regulate the immune
response (1, 2). Multiple cell-cell interactions have been shown
to be necessary to translate an antigenic signal into both an
effective immune response and its homeostatic controls.

The use of specific anti-T cell monoclonal antibodies has
facilitated the analysis of human T cells and their division
into distinct subpopulations of cells based on the expression
of cell surface antigens (3-6). Perhaps of greatest interest was
the demonstration that communicative interactions occurred
both between and within the major populations of cells in the
generation of specific effector functions. For example, inter-
actions between a subpopulation of T4 and T8 cells are
required to induce suppression of Ig production in antigen
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specific, pokeweed mitogen (PWM)' driven and autologous
mixed leukocyte reaction systems (7-10). The human immu-
noregulatory circuit is clearly composed of discrete subsets of
still poorly defined cells that interact to maintain homeostasis
(10, 11).

It has been long regarded that human leukemic T cells
with mature T cell surface phenotypes may represent the
clonal expansion of a subset(s) of cell with distinct immuno-
regulatory programs. Functional and phenotypic analysis of
such cells can provide valuable insights into the function of
normal T cells. Japanese adult T cell leukemia (ATL) is a
unique T cell leukemia with clinical features including visceral
and skin infiltrations by leukemic cells, a subacute or chronic
clinical course, and the clustering of patients' birth places (12,
13). Recently, a unique human type C retrovirus, human T
cell leukemia/lymphoma virus (HTLV), has been isolated from
the neoplastic T cells of patients with ATL in multiple areas
of the world (14-16), and data suggest that ATL is causally
related to infection with ATLV/HTLV. Phenotypically, most
ATL cells have been shown to possess the helper/inducer
phenotype, i.e., T4 positive, despite the clear finding that cells
from many of these patients suppress PWM-induced normal
B cell differentiation ( 17-19). In contrast, T4 positive leukemic
cells from patients with Sezary syndrome often functioned as
helper cells in the same PWMassay systems (20, 21).

The precise cellular mechanism by which ATL cells suppress
PWMinduced normal B cell differentiation is still not clear.
In this study, we examined both the cell surface phenotype
and the immunoregulatory effects of leukemic cells from 11
Japanese patients with the clinical diagnosis of ATL. The
results shown below indicate that while most ATL cells are
T4+, considerable phenotypic heterogeneity exists when these
cells are analyzed with a series of anti-T cell antibodies.
Perhaps most importantly, these ATL cells seemed to corre-
spond functionally to the T4+ inducer of the T8+ suppressor
population rather than to a suppressor effector population.

Methods

Subjects. 11 patients with typical ATL who were admitted to the
Kagoshima University Hospital, Kagoshima, Japan were selected for
this study. Diagnosis was made by clinical and hematologic findings
proposed by Takatsuki et al. (12, 13). The patients whose ATL cells
in peripheral blood were lower than 10% were excluded. Six healthy
normal volunteer donors were also used for functional studies of ATL
cells.

Isolation of lymphoid populations. Humanperipheral blood mono-
nuclear cells were isolated from healthy volunteer donors or patients

1. Abbreviations used in this paper: ATL, adult T cell leukemia; C,
human complement; HTLV, human T cell leukemia/lymphoma virus;
IL-I, interleukin 1; IL-2, interleukin 2; PBL, peripheral blood lympho-
cytes; PWM,pokeweed mitogen.
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with ATL by Ficoll-Hypaque density gradient centrifugation (Pharmacia
Fine Chemicals, Piscataway, NJ). Unfractionated mononuclear cells
were first depleted of macrophages by adherence to plastic as previously
described (22). The adherent cells were recovered and used as a
macrophage enriched population. The macrophage-depleted mononu-
clear cells were separated into E-rosette positive (E+) and E-rosette
negative (E-) populations with 5% sheep erythrocytes (M. A. Bioprod-
ucts, Bethesda, MD). The rosetted mixture was layered over Ficoll-
Hypaque and the recovered E+ pellet was treated with 0.155 MNH4Cl
to lyse erythrocytes. The T cell population thus obtained was >95%
E+ and >94% reactive with monoclonal antibody anti-T3, which
defines an antigen present on all mature peripheral T lymphocytes
(23). The E- population was highly enriched for B cells by complement
(C)mediated lysis with anti-monocyte antibody, anti-Mol antibody
(24). This rationale was used since it was previously shown that E-
populations contained many null cells that are reactive with anti-Mol
antibody. To eliminate contaminated T cells from E- populations,
this E- population was further treated with anti-T3 antibody and C.
Reanalysis of these antibodies lysed subpopulations of E- cells (B
cells) demonstrated <5%anti-Mol and anti-T3 reactive cells and >90%
of cells were reactive with anti-B I monoclonal antibody, which defines
an antigen present on all peripheral B cells (28). Isolated leukemic
cells were studied either fresh or cryopreserved in 10% dimethylsulfoxide
and 20% fetal calf serum at - 1960C in the vapor phase of liquid
nitrogen until the time of characterization.

Production of monoclonal antibodies and cell sorter analysis. A
series of monoclonal antibodies was used to define the cell surface
antigens on adult T cell leukemic cells. The production and character-
ization of monoclonal antibodies, including anti-T3, T4, T8, T6, T9,
T10, Tll, T12, B1, J5, and Ia, used in these studies have been
previously described in detail (23-30) and are available through Coulter
Electronics, Inc., Hialeah, FL. Anti-Tac monoclonal antibody (gener-
ously provided by Dr. T. A. Waldman, National Cancer Institute,
Bethesda, MD) reacts with activated T cells and is known to react
with interleuken 2 (IL-2) receptor (6, 31). The 901 antigen is expressed
on 7% peripheral blood mononuclear cells and morphologically seems
to be large granular lymphocytes. >95% of natural killer (NK) activity
in peripheral blood is found within the purified 901 + fraction (32).
Anti-901 antibody was found to be reactive with 1% of T3+ cells by
fluorescence microscopy, but does not react with monocytes, granulo-
cytes, B cells, erythrocytes, or platelets. Cytofluorographic analysis of
cell populations was performed by indirect immunofluorescence with
fluorescein-conjugated goat anti-mouse IgG on a fluorescence-activated
cell sorter as previously described (33). Background fluorescence reac-
tivity was determined with a control ascites obtained from mice
immunized with nonsecreting hybridoma clones.

Complement-dependent lysis of lymphocytes with monoclonal anti-
bodies. E+ lymphocytes were treated with anti-T4 or anti-T8 mono-
clonal antibodies and rabbit C (Pel-Freeze Biologicals, Rogers, AR).
These antibodies of the IgG2 subclass have been described elsewhere
(27, 34). Briefly, 2 X 107 cell aliquots were incubated with I ml of
antibody at a 1:250 dilution for 1 h at room temperature and then 0.3
ml rabbit C was added to the mixture. The mixture was incubated for
another hour in a 37°C shaking water bath, washed, and these
procedures were repeated twice. After lysis of cells with anti-T4 and
C, >90% of the residual cells were T8+ cells, whereas <5% were T4+
cells; after lysis with anti-T8 and C, >90% of the remaining cells were
T4+ cells and <5% were T8+ cells. These two populations will be
referred to as T8+ and T4+ subsets, respectively.

Help and suppression of in vitro IgG secretion. Helper, suppressor
inducer activity, and suppressor effector activity of healthy donor T4+
and T8+ cells and patient cells were evaluated on PWM-driven IgG
synthesis as described previously (8, 11).

Unfractionated and separated populations of lymphocytes were
cultured in round-bottomed microtiter culture plates (Falcon, Div.
Becton-Dickinson & Co., Oxnard, CA) at 37°C in a humid atmosphere
with 5% CO2 for 7 d in RPMI 1640 supplemented with 20% heat-
inactivated fetal calf serum (Microbiological Associates), 0.5% sodium

bicarbonate, 200 mML-glutamine, 25 mMHepes, and 1% penicillin-
streptomycin. To determine the helper activity of patients' cells,
various numbers of the cells were added to 5 X 104 healthy donor B
cells in a volume of 0.1 ml. As a control, various numbers of the
healthy donor T4 cells were added to 5 X 104 healthy donor B cells.
To this was added 0.1 ml of PWM(Gibco Laboratories, Grand Island,
NY) at a 1:50 dilution. Macrophages were added to all populations at
a 5% final concentration at the initiation of in vitro cultures. To assess
the possible regulatory effect of patients' cells on PWM-driven IgG
secretion, varying numbers of patients' cells were added to a mixture
of 2 X 104 normal T4 and 5 X 104 B cells in the presence or absence
of I X 104 normal T8 cells with PWM.In some experiments, patients'
cells or normal T4 subsets were irradiated with 1,500 rad by using a
gamma cell 40 (Atomic Energy of Canada Ltd., Ottawa, Ontario,
Canada) irradiation source as described previously (9). On day 7,
cultures were terminated, supernatants were harvested, and IgG secretion
into supernatant was determined by solid phase radioimmunoassay
(RIA) using a monoclonal antibody directed at the Fc portion of the
human gammaheavy chain (anti-y Fc) (gifted by Dr. Vic Raso, Dana-
Farber Cancer Institute) as previously described (8, 1 1).

Cytotoxicity assay. To assess NK activity of patients' cells, 2,500-
5,000 5"Cr-labeled target cells (J. M. T cell lines) were incubated with
various numbers of effector cells at 370C in V-bottom microtiter
plates. Subsequently, plates were spun and cytotoxicity was measured
by the release of 5"Cr into the supernatant after a 4-h incubation. The
maximal release was determined by addition of 1% nonidet P140
detergent. Spontaneous release never exceeded 20%, and the specific
cytotoxicity was calculated as described previously (35). As a control,
human NKclone (J-T9) was used and its characteristics were described
elsewhere (36). Medium for cytotoxic assays was RPMI 1640 plus 20%
human AB pooled serum and 1% penicillin-streptomycin.

Determination of anti-A TLV antibody. Anti-ATLV antibody titer
was determined by an indirect-immunofluorescence test using MT-I
cells as previously described (16).

Results

Cell surface phenotype of peripheral blood lymphocyte (PBL)
from patients with Japanese ATL. The clinical and laboratory
features of the 11 patients with ATL are listed in Table I.
There were seven male and four female patients with an age
range of 34-81 yr. All the patients were born in southern parts
of Kyushu in Japan. Eight patients showed skin eruptions
(generalized erythroderma, disseminated milliary erythema, or
cutaneous nodules). Nine patients had mild to moderate
lymph node enlargement and hypercalcemia was observed in
only two patients. Serum immunoglobulin levels were studied
in 7 of the 11 patients with ATL, and these values were within
normal limits. Anti-ATLV antibody titer of the serum was
studied in seven of the patients by using an indirect immu-
nofluorescence method, and all seven patients tested were
positive.

The cell surface marker profiles of PBL from all patients
tested showed that their ATL cells were T4+T6-T8-B 1-J5-.
Other antigens such as T3, Tl 1, and T12, shown to be present
on all normal mature T cells, were not invariably found on
ATL cells but at times were anomalously expressed (patients
4, 6, 8, and 10). Although most ATL cells have the mature
normal T inducer phenotype, that is, T3+T4+Tll+T12+,
some ATL cells lacked reactivity with T3, T I 1, and T 12. The
reactivity with anti-T9, TO0, and Ia was also variable but
expected since expression of these antigens are frequently
dependent on the state of activation of the cell. Moreover,
there was no consistent pattern or correlation of activation
antigen expression. Ia, T9, TIO, and Tac antigens are invariably
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Table L Clinical and Laboratory Features of Patients with Japanese Adult T Cell Leukemia

Normal range

Patient Lymphad- Skin Hyper- Lympho- IgG IgM IgA
no. Age Sex Survival Onset of disease enopathy lesion calcemia cytes aATLV 570-1,780 54-380 85-385

yr mo

1 49 F 6 Skin eruption + + - 11,200 N.D.* N.D. N.D. N.D.
2 52 M 18 Fever, general fatigue + + + 31,000 N.D. 1,562 215 124
3 66 M 9 Lymph node + + - 10,700 40X 1,776 408 70

enlargement
4 56 M 21 Skin eruption, fever - + - 40,900 lox 1,020 162 208
5 72 M 2 Unconsciousness, fever + + + 45,000 lOX 758 66 116
6 81 F 1 General fatigue + + - 34,000 N.D. N.D. N.D. N.D.
7 64 F 9 Lymph node + - - 9,200 80X 2,383 264 259

enlargement
8 71 M 76 Skin eruption, itching + + - 10,200 40X 1,662 304 288
9 55 M 4 General fatigue + - - 45,000 320X 1,563 82 265

10 34 M 6 Skin eruption, itching + + - 22,500 N.D. N.D. N.D. N.D.
11 51 F 24 Fever paraplegia, cough - - - 9,900 lOOX N.D. N.D. N.D.

* N.D., not done.

present on normal activated T cells, but in these studies
variable expression of these antigens was observed and only
one of seven patients' cells tested was strongly Tac reactive.
In addition, cells from all the patients were unreactive with
anti-901, an antibody known to define NK cells. These phe-
notypic results indicate that while T4 is most often expressed,
considerable heterogeneity exists.

PWM-stimulated IgG synthesis by normal B cells cocultured
with irradiated or nonirradiated ATL cells. Since all ATL cells
belonged to T4+ subset, we examined the capacity of ATL
cells to provide help in a PWMstimulated B cell immuno-
globulin production system. For this purpose, varying numbers
of ATL cells or normal T4 cells were mixed with normal
allogeneic B lymphocytes and stimulated with PWMin vitro.
At the end of 7 d in culture, total IgG production was
measured by RIA.

As shown in Fig. 1, when varying numbers of normal T4

CASE 2 CASE 3 CASE 5

E
C

0

0

0I2

0 0.5 1 2 4 0 0.5 1 2 4 0 0.5 1 2 4
Normal T4 or ATL Added (lX 10-4)

Figure 1. PWM-stimulated IgG synthesis by normal B cells cocul-
tured with irradiated or nonirradiated ATL cells and normal T4 cells.
Varying numbers of nonirradiated (- o -) and irradiated (- *-)
normal T4 cells or nonirradiated (- c -) and irradiated (- *-)
ATL cells were mixed with allogeneic B lymphocytes (5 X 104) and
stimulated with PWMin vitro for 7 d. Supernatants were analyzed
for IgG in a solid phase RIA. Results are mean of triplicate samples.
SE was <10%.

cells were mixed with allogeneic B cells with PWM,increasing
amounts of IgG production were observed in a dose-dependent
manner. In contrast, when varying numbers of ATL cells were
mixed with allogeneic B cells and PWM, no enhanced im-
munoglobulin production was observed. Moreover, irradiation
of the ATL cells with the view of diminishing suppressor
activity failed to enhance immunoglobulin production. In this
regard, a number of laboratories has shown that the suppressor
activity of cells is relatively radiosensitive, whereas helper
activity seems to be relatively radioresistant (7, 9). While no
effect was seen with ATL cells, when normal T4 cells were
irradiated, the effect of suboptimal numbers of irradiated T4
cells in providing help was less than the effect of unirradiated
T4 cells (Fig. 1). In contrast, when supraoptimal numbers of
irradiated T4 cells were used, there was a little difference
between the amount of help provided by either irradiated or
unirradiated T4+ cells.

Immunoregulatoryfunction ofA TL cells on PWMstimulated
IgG production. Regulatory influence of ATL cells (cases 3, 5,
and 9) on PWMstimulated IgG production was next examined.
As shown in Fig. 2, when increasing numbers of ATL cells
were cultured with normal PBL with PWM,a cell dependent
increase in suppression of PWMstimulated IgG production
was observed. However, when irradiated ATL cells were cul-
tured with normal PBL, no suppression of PWMstimulated
IgG production was observed. Comparable suppression by
ATL cells was also observed in three additional patients tested
(cases 2, 4, 10) (Table I). These results are similar to that
previously described, which indicated that Japanese ATL cells
lacked helper activity but demonstrated suppressor activity
(17, 18).

Cellular basis of suppression of PWMstimulated IgG
synthesis by Japanese ATL cells. In earlier studies employing
heterogeneous peripheral blood T cell populations, it was

demonstrated that the generation of suppression required an
interaction between a radiosensitive T4+ inducer cell and a

radiosensitive T8+ suppressor cell (7, 9). The former was

necessary to activate the latter to become a T8+ suppressor
effector cell. It was, therefore, important to determine whether
Japanese ATL cells were themselves capable of directly sup-
pressing IgG synthesis, or alternatively, whether or not they
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Figure 2. Immunoregulatory function of ATL cells on PWMstimu-
lated IgG production. Varying numbers of ATL cells (cases 3, 5, 9)
were cultured with normal PBL (I X 105) in the presence of PWM
for 7 d. Supernatants were analyzed for IgG in a solid phase RIA.
ATL cells were irradiated (1,500 rad). Results are mean of triplicate
samples. SE was <10%.

mediated suppression through an additional T cell population.
To this end, varying numbers of ATL cells were added to a
mixture of B cells (5 X I04) and T4 cells (2 X 104) in the
presence or absence of T8 cells (1 X 104)). The mixture was
stimulated with PWMfor 7 d and IgG synthesis was assayed
in a solid phase RIA. As shown in Fig. 3, for example, the
mixture of PWMstimulated normal B cells and T4+ cells
resulted in 7,200 ng/ml of IgG during 7-d culture supernatant.
Addition of ATL cells from patient 2 to this T4+ plus B cell
mixture did not result in suppression of IgG production.
Similar results were obtained with ATL cells from patients 3,
5, and 9. The above findings suggest that the suppressive effect
of ATL cells was not direct but perhaps mediated via T8+
cells present in the culture. To test this possibility, ATL cells

were added to a mixture of B cells, T4+ cells, and T8+ cells
stimulated by PWM.As shown in Fig. 3, the mixture of PWM
stimulated normal B cells, T4+ cells, and T8 cells resulted in
2,800 ng/ml of IgG, which was less than that obtained with B
and T4 cells alone (see Case 2 panel). More importantly, the
addition of ATL cells from case 2 to this mixture resulted in
marked suppression of IgG production (600 ng/ml). Similar
results were obtained in three other ATL cells (cases 3, 5, and
9). These results imply that the ATL cells themselves have
little direct suppressive effects on IgG production, but rather
induce or activate T8 cells to become suppressor effector cells.
Note that ATL cells from cases 2, 3, and 9 were fresh cells,
and ATL cells from case 5 were cryopreserved cells. In earlier
studies it was shown that T4 suppressor inducer cells were
sensitive to low doses of irradiation (7, 9). To determine
whether ATL cells were radiosensitive, we undertook a number
of experiments. To a mixture of B cells containing either
irradiated or nonirradiated T4 or ATL cells in the presence of
PWM,varying numbers of fresh normal T8 cells were added.
IgG production was assayed by RIA using the 7-d culture
supernatant. As shown in Fig. 4, when T8 cells were added to
a mixture of B cells and T4 cells, marked suppression of IgG
production was observed. However, when T8 cells were added
to a mixture of B cells and irradiated T4 cells, little suppression
of IgG production was observed. More importantly, addition
of ATL cells to the mixture of B cells and irradiated T4 cells
restored the capacity of increasing numbers of T8+ T cells to
effect suppression. On the other hand, when T8 cells were
added to a mixture of B cells containing both irradiated T4
and ATL cells, no suppression of IgG production was observed.
These results provide additional evidence for the notion that
ATL cells function as a suppressor inducer rather than a
suppressor effector cell, and that this functionally distinct
population is radiosensitive.

NKactivity of ATL cells. A number of investigations have
indicated that the Tac antigen (i.e., IL-2 receptor) is enhanced
on ATL cells after in vitro culture (13, 17, 37). Since the Tac
antigen is strongly expressed on activated T cells, it was
important to exclude the possibility that suppression of IgG
production was mediated by NK activity of ATL cells, since
activated T cells can mediate NK activity (38). For this
purpose, freshly thawed and 7<1 cultured ATL cells with PWM
were assayed for their NKactivity.

Table II. Surface Phenotype and Function of Japanese Adult T Cell Leukemia Cells

Function
Patient
no. T3 T4 T6 T8 T9 T1O T1I T12 BI J5 la TAC 901 Help Sup.

1 40 38 1 0 0 0 - N.D.* N.D.
2 56 32 0 6 3 13 53 55 0 0 0 - 0 - +
3 33 50 1 3 25 1 49 45 0 0 3 0 0 - +
4 8 76 0 2 21 2 79 75 0 0 31 2 0 - +
5 62 88 0 1 63 52 91 90 1 3 7 0 - +
6 30 89 1 1 36 74 89 1 0 0 2 N.D. N.D.
7 24 23 0 0 2 8 20 12 21 0 40 - - -
8 58 55 0 0 0 0 0 1 0 4 0 - -
9 37 86 2 2 2 5 84 83 0 0 0 70 2 - +

10 70 82 0 1 0 0 18 19 - 11 5 1 - +
11 82 76 7 12 7 30 89 58 10 4 0 - -

* N.D., not done.
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Figure 3. Cellular basisr of suppression of PWMstimulated IgG
synthesis by Japanese ATL cells. Varying numbers of ATL cells were
added to a mixture of B cells (5 X 104) and T4 cells (2 X 104) in the
absence (- o -) or presence (* )of T8 cells (I 1x 104). The
mixture was stimulated with PWMfor 7 d and IgG synthesis was
assayed in a solid phase RIA. Results are mean of triplicate samples.
SE was <IO%.

As shown in Table III, when normal donors' PBLs were
assayed for NK activity, significant lysis was observed. For
comparison, JT9, a known NK-specific clone, is compared
and it is evident that even at a low effector/target ratio,
significant killing is seen. In contrast, all five ATL patients
tested had no NK activity with or without prior culture.
Moreover, the lack of NK activity is consistent with the
absence of 901 antigen expression on ATL cells. It is, therefore,
unlikely that the suppression of IgG production was mediated
by NK activity of ATL cells. Nevertheless, it should be noted
that patients with ATL are profoundly deficient in NKactivity.

Discussion

In this study, we have characterized the cell surface phenotype
and immunoregulatory function of Japanese ATL cells. Al-
though all ATL cells tested were T4 positive, considerable

4 0 1
T8 Cells Added (1x10-4)

Figure 4. Irradiated ATL cells cannot mediate suppressor inducer
function. To a mixture of B cells containing either irradiated or

nonirradiated T4 or ATL cells in the presence of PWM,varying
numbers of fresh normal T8 cells were added. IgG production was

assayed by RIA using the 7-d culture supernatant. Results are mean

of triplicate samples. SE was <10%.

Table III. NKActivity of ATL Cells

Effector/target ratio

Cell source 60 30 15 7.5

Healthy donors (3) 40* 22 15 10
HumanNKclone (JT9) ND§ ND 90 70
ATL patients

Case 3 2 0 0 0
4t 1 0 0 0
5 0 0 0 0
9t 3 0 0 0
lot 1 0 0 0

* Percent specific cytotoxicity, SD < 5%.
Target cells used J.M. T cell lines.
t ATL cells were cultured with PWMfor 7 d and then NK activity
was assayed.
§ ND, not done.

phenotypic heterogeneity was noted when these cells were
analyzed with a series of anti-T cell antibodies. Functionally,
these ATL cells seemed to be confined to the suppressor
inducer subset of cells since they required T8+ cells to effect
maximum suppression.

The phenotypic analysis of Japanese ATL cells by a series
of 13 monoclonal antibodies showed that all ATL cells have
mature T4+ inducer phenotype. However, some ATL cells
had different reactivity with T3, T 11, and T12 monoclonal
antibodies. The initial report by Hattori et al. (17) showed
that all three ATL cells tested were T4+ and reacted equally
with T1 and T3 monoclonal antibodies. Subsequent studies
by Shimoyama et al. (19) reported that although ATL cells
were largely T4 positive, some lacked the T4 antigen whereas
others lacked T3. Thus, significant heterogeneity has been
noted in the past. More recently, analysis of ATL cells from
the Caribbean patients showed that these patients varied in
their expressin of T3, but seemed more homogeneous with
respect to their phenotype T I +T4+T8-T 11+ (39). Note that
only one of seven patients with ATL cells had cells that were
strongly Tac positive, which was in contrast to the observations
of other investigators ( 17, 40). One possible explanation is that
we exclusively studied freshly separated ATL cells. Those cells,
which were cryopreserved, had also been frozen immediately
after separation from peripheral blood. More recently, Suga-
mura et al. (41) reported that Tac antigen of freshly separated
PBL from five ATL patients was very weakly positive or
undetectable by FACS analysis. The basis for this phenotypic
heterogeneity is still ill-defined and may represent either anom-
alous expression of antigens secondary to malignant transfor-
mation or alternatively clonal malignant expansion of a minor
subset of cells bearing this unusual phenotype. Comparable
phenotypic heterogeneity has been defined for cloned lines of
interleukin 2 (IL-2) dependent T cells with NK activity from
peripheral blood with respect to their expression of some T
cell antigens but not others (35, 36). These cloned lines have
variable expression of a number of antigens including T3,
T 11, and T12, and are distinct from antigen triggered IL-2
dependent T cell lines (36). Whether these clones of T lym-
phocytes are representative of minor populations of cells
present in low frequency in human peripheral blood or result
from the cloning procedures has not been resolved. To help

840 Morimoto et al.

CASE 2 CASE3 CASE 5 CASE 9



resolve this matter, minor subsets of normal T cells bearing
unusual phenotypes corresponding to some ATL cells will
need to be identified and functionally characterized.

Previously, it was reported that ATL cells lacked helper
activity and in some cases were suppressive in an allogeneic
PWM-induced B cell immunoglobulin synthesis system (12,
17, 18). In the present studies, we also found that ATL cells
were suppressive when added to PWMdriven system. The
mechanism of suppression, however, seems to be more complex
than originally thought. The present studies suggest that ATL
cells function mainly as inducers of suppressor cells, which
can activate normal T8+ precursors of suppressor cells into
suppressor effectors. ATL cells have little effect on mixtures
of T4 and B cells in the absence of T8 cells. Some investigators
indicated that ATL cells could directly function as effectors of
suppression (39, 42). The discrepancy between those results
and our own is not entirely clear. One possibility is that ATL
cells express IL-2 receptors that can bind IL-2 present in the
media, which can result in suppression of T cell dependent
immunoglobulin synthesis. In other studies (39, 40, 42), they
needed higher proportions of leukemic cells and higher ratios
of leukemic cells to B cells for suppression of PWM-induced
Ig synthesis, which is in contrast to our assay system, in which
we used a low number of leukemic cells and a low leukemic
cell to B cell ratio. In this regard, it has been shown that
antigen specific helper T cell clones provide optimal help at
low numbers of T4+ cells, but at larger numbers of T4 clones
they can inhibit specific antibody production (43). Alternatively,
it is well known that B cell preparations can vary in their
purity and variable numbers of contaminating T cells (44).
Thus, the addition of ATL cells to a mixture of "pure-B" and
T4 cells could lead to the suppression secondary to the small
numbers of T8 cells contaminating the B cell preparation.

Recent studies from our laboratory have demonstrated
Epstein-Barr virus transformed autologous B cell lines could
induce three discrete regulatory T cell clones: T4+ helper,
T4+ inducer of suppressor, and T8 suppressor effector (34).
These observations supported earlier studies demonstrating
that the T4+ subset could be divided into two functionally
distinct subpopulations on the basis of their reactivity with
JRA autoantibodies and radiosensitivity (8, 9, 11). The
T4+JRA+ population was shown to express suppressor inducer
function analogous to some ATL cells described above. The
T4+JRA- subset, in contrast, accounted for a fraction of the
T4 population and provided help. Thus, the majority of ATL
cells we have tested to date seem to be leukemic counterparts
of the T4+ suppressor inducer subset. In contrast, most Sezary
cells so far reported with helper functions (20, 45) seem to
correspond to the T4+ helper-inducer subset. These distinct
subsets of T4 cells have now been well defined in human
systems with the Leu reagents (46, 47) as well as in murine
systems with the Ly reagents (48, 49). Why the presumed
etiologic agent HTLV has a predilection for this subset of T
cells in vivo and not another is presently unclear but at the
very least suggests the presence of a virus receptor allowing
infectivity and clonal expansion.

The decreased NKactivity of ATL cells is also of interest.
Whether this decrease in NKactivity is a secondary phenom-
enon relevant to the leukemic process or an expression of
diminished host surveillance against HTLV virus transformed
cells is not clear. In this regard, it has been suggested that the

accelerated lymphoma-like phase of the Chediak-Higashi syn-
drome results from the demonstrated dysfunction of NK cells
(50, 5 1). Further studies will be required to clarify whether the
high incidence of ATL in patients born in the southern area
of Kyushu in Japan or in the Caribbean have a more central
defect in NK activity. Lastly, the present studies support the
notion that a more complete understanding of normal human
immunoregulatory T cell function will result from a careful
investigation of T cell leukemias.
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