
Proc. Natl. Acad. Sci. USA
Vol. 82, pp. 6268-6271, September 1985
Immunology

Interleukin 2 promotes growth and cytolytic activity in human
T3+4-8- thymocytes

(T-lymphocyte differentiation/T-cell precursor/T3-receptor complex/cytotoxic thymocytes/interleukin-2 receptor)

ANTONIO DE LA HERA, MARIA LuISA TORIBIO, CARLOS MARQUEZ, AND CARLOS MARTINEZ-A.
Department of Immunology, Clinica Puerta de Hierro, Universidad Autonoma, San Martin de Porres 4, 28035 Madrid, Spain

Communicated by Frank Lilly, May 20, 1985

ABSTRACT Human thymocytes bearing T3 but neither
T4 nor T8 antigens (T3+4-8- cells) were obtained after
negative selection of thymocytes, either fresh or cultured in
medium containing recombinant interleukin 2 (IL-2), by treat-
ment with Nal/34, OKT4A and B9.4 monoclonal antibodies
(which recognize T6, T4, and T8 antigens, respectively) and
complement. Quantitative flow cytometry showed a 98% pure
population of T3+4-8- lymphocytes, which included prolifer-
ating cells. The growth and maturation requirements of these
thymocytes were characterized and related to the T3-receptor
complex and IL-2 pathways, thought to be used by mature
lymphocytes. The results show that addition of recombinant
IL-2 promotes, in a dose-dependent way, proliferation and
acquisition of effector functions by cultured T3+4-8-
thymocytes, the growth being inhibitable by monoclonal anti-
body 33B73 (anti-Tac). Furthermore, cytolytic activity of
T3+4-8- cells induced by recombinant IL-2 is specifically
blocked by monoclonal antibody OKT3, showing that it oper-
ates via the T3-receptor complex and does not require either
T4 or T8 molecules. The rinding of in vitro responsiveness to
recombinant IL-2 in T3+4-8- thymocytes suggests a role of
IL-2 in the growth and maturation of cells committed to the
T-cell lineage, during intrathymic differentiation, prior to
expression of T4 and T8 molecules.

Cytotoxic T-lymphocyte (CTL) function is acquired, after
initial recognition, in a two-step process involving growth and
differentiation of CTL precursors (CTL-p) (1). Triggering
mediated by antigen-receptor complex results in both inter-
leukin 2 (IL-2)-receptor expression and clonal expansion
through an IL-2-dependent autocrine pathway (2). Induction
of IL-2-receptor expression by antigen, monoclonal antibod-
ies (mAbs), or lectins is transient (3), allowing only limited
clonal amplification. Furthermore, IL-2 is able to regulate
expression of its own receptor (4, 5). Thus, the analysis of
surface receptors implicated in recognition is of major inter-
est in the understanding of T-lymphocyte activation, for
initial triggering, entrance into the IL-2 pathway, or devel-
opment of effector function (6). Present models for CTL
recognition (7, 8) propose the implication of a minimal array
of critical glycoproteins: the T3-receptor complex (9) and the
subset-restricted T4/T8 companions (10). This phenotype
combination, which is acquired at a discrete stage of
intrathymic differentiation (11, 12), defines mature T cells
(13) and includes all CTL-p and CTL (6). We have now
assessed the role of these critical glycoproteins (T3, T4, and
T8), using both thymic subpopulations and recombinant IL-2
(rIL-2), by phenotypic and functional analysis. We show the
existence of CTL-p using the IL-2 pathway, within a prolif-
erating T3+4-8- thymocyte population, where IL-2 is a

sufficient in vitro requirement to promote proliferation and
acquisition of cytolytic activity.

MATERIALS AND METHODS
Isolation of Lymphocyte Populations. Single-cell suspen-

sions were obtained from normal thymus fragments that had
been removed during corrective cardiac surgery of patients 2
months to 5 years old. Viable thymocytes and peripheral
blood mononuclear cells (PBL) were isolated by Ficoll-
Hypaque density centrifugation. Thymocytes were im-
munoselected with the indicated mAb plus complement, as
described (14). Briefly, either fresh or cultured cells were
incubated with saturating amounts of mAb(s) for 30 min at
4°C, followed by 45 min at 37°C with a 1:5 dilution of
noncytotoxic rabbit complement (Beringwerke, Marburg,
F.R.G.).
mAbs. OKT3, OKT4A, OKT8, and OKT11 were pur-

chased from Ortho Diagnostics. CD1 (Thy, gp45,12), referred
to as Nal/34 (15), and CD8 (T, gp32,33), referred to as B9.4
(16), recognize T6 and T8 antigen, respectively (17). mAb
33B73 is specific for the 55-kDa IL-2 receptor structure,
expressed as a T-cell activation antigen (Tac) (18). W6/32
specificity is a nonpolymorphic determinant on HLA A, B,
and C antigens (19). B9.4 and 33B73 were provided by C.
Mawas and D. Olive (Centre d'Immunologie, Marseille-
Luminy, France).

Quantitative Flow Cytometry. The procedure for indirect
immunofluorescence staining of the cells has been described
(14). Fluorescein-conjugated F(ab'2) goat anti-mouse IgG
(Kallestad Laboratories, Austin, TX) or goat anti-rat IgG
(Nordic, Tilburg, Netherlands) were used as second-step
reagents. Quantitation of the surface staining of 104 viable
cells was performed with an EPICS-C flow cytometer
(Coulter). Cells that stained above the second-step reagent
background were considered positive.

Proliferation Assays. Cultures (0.2 ml) were set up in RPMI
1640 medium supplemented with 2 mM glutamine, 10 mM
Hepes, and 10% (vol/vol) human serum (complement-deplet-
ed and pooled type AB). T3+4-8- thymocytes (1.5 x 105)
were cultured in medium either with or without rIL-2 (Hoff-
mann-LaRoche, Basel, Switzerland); inhibition of prolifer-
ation was tested in the presence of rIL-2 at 12 units/ml and
different dilutions of mAb 33B73. Cells were incubated for 5
days, with [methyl-H3]thymidine (Radiochemical Centre) (1
,uCi per 0.2-ml culture; 1 Ci = 37 GBq) present for the last 8
hr, and harvested afterwards onto glass-fiber filters. The
amount of radiolabel incorporated was determined by liquid
scintillation spectroscopy. Results are expressed as mean
cpm of [methyl-H3]thymidine incorporated, in triplicate cul-
tures, and the percent inhibition of its incorporation at each
33B73 dilution.

Abbreviations: CTL, cytotoxic T lymphocyte(s); CTL-p, CTL pre-
cursor(s); IL-2, interleukin 2; rIL-2, recombinant IL-2; mAb, mono-
clonal antibody; PBL, peripheral blood lymphocyte(s).
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CTL Assays. PBL or thymocytes, cultured in 2-ml
macrowell plates (3 x 106 cells per well) with rIL-2 at 25
units/ml, were tested for cytotoxicity against 5 x 103 51Cr-
labeled K562 cells at various effector-to-target ratios in a 4-hr
51Cr-release assay. Results show the mean specific 51Cr-
release (%) in triplicate wells (14). Selective inhibition of the
cytolytic activity was tested in either the absence or the
presence of OKT3, OKT4A, OKT8, or W6/32, as described
(14, 20). Indirect immunofluorescence with mAb W6/32
shows that all effector cells express HLA class I antigen (data
not shown).

RESULTS
Presence of T3+4-8- Lymphocytes Within Thymus. We

have consistently observed induction of proliferation and
generation of CTL when T3' thymocytes were cultured with
either rIL-2 or semipurified IL-2-containing culture superna-
tants (14). To characterize the cells responsible for this
phenomenon, we performed quantitative flow-cytometric
analysis with the T-cell differentiation-cluster mAbs (Table
1). As previously described (13, 21), the thymus comprises a
heterogeneous population of T11' lymphocytes, of which
about 30% are mature T3' thymocytes and about 70% are
immature T6' cells. Depletion with Nal/34 plus complement
leaves an enriched population of T3' cells (80-90%) where,
surprisingly, T4+ plus T8+ lymphocytes do not account for
the whole T3+ subset, suggesting the existence of T3+4-8-
thymocytes. Further immunoselection, using OKT4A and
B9.4 plus complement, directly shows the existence of a
minor (0.5-3%) thymocyte population of T3+4-8- pheno-
type, not previously described (13, 21). In contrast, a phe-
notypic profile of PBL, using the same procedure shown in
Table 1 and elsewhere (13), reveals that T4+ plus T8+ cells
account for the whole population of T3+ lymphocytes in
peripheral blood.
When thymocytes depleted of T6+ cells are cultured with

IL-2, the cells recovered, which include both mature
thymocytes (T3+4+8- and T3+4-8+) and T3+4-8- cells,
grow for up to 10-12 days but not for longer periods, implying
the absence of ubiquitous triggering signals in our culture
conditions. This growth parallels the maintenance of the
phenotypic profile of these cultures, where T3+4-8- cells
constitute 25-35% of the whole. Furthermore, after treat-
ment with OKT4A, B9.4, and complement, a >98% pure
population ofT3+4-8- cells was obtained, as judged by flow
cytometry as described above for freshly isolated thymocytes
(data not shown). It is of note that (i) a variable percentage
(up to 15%) of these cells constitutively express IL-2 recep-
tors, in contrast to the absence of expression in PBL, and (ii)
14% and 9% of these cells are found in S and G2+M phases
of the cell cycle, respectively, as assessed by quantitation of
DNA content after propidium iodide staining (22), whereas
this feature is absent in PBL (data not shown). These

Table 1. Quantitative flow-cytometric analysis of human
thymocytes and PBL

% of cells positive
Cell type Treatment* T6 T11 T3 T4 T8 Tac

Thymocytes None 72 97 31 65 51 <1
Nal/34 + C' <1 ND 88 32 9 2
Nal/34 + C' and <1 93 81 <1 <1 16
(OKT4 + B9.4) + C'

PBL None <1 73 76 51 19 <1

mAbs used were Nal/34 (T6), OKT11 (T11), OKT3 (T3), OKT4A

observations indicate that the T3+4-8- population represent
in vivo proliferating thymocytes (22).

Characterization of Growth and Effector-Function Require-
ments of T3+4-8- Thymocytes. To analyze the requirements
for the growth and induction into effector function of the
T3+4-8- thymocytes, we cultured them in medium contain-
ing rIL-2. As shown in Fig. 1, the presence of rIL-2 increases
thymidine incorporation in a dose-dependent way. Further-
more, inhibition of rIL-2-promoted thymidine incorporation
correlates with the dilution of anti-Tac mAb added to the
culture (Fig. 2), showing that IL-2 is acting via its own
receptor.

Functional analyses were carried out with T3+4-8-
thymocytes. Results in Fig. 3 illustrate the lack of cytotoxic
activity both at the initiation (day 0) or after 7 days of culture
in medium without IL-2. In contrast, when rIL-2 is present,
cytotoxic activity is induced, implying that T3+4-8- are
CTL-p thymocytes and only require the addition of IL-2 to
the cultures to become fully competent. The molecules
implicated in this cytolytic activity were analyzed by per-
forming functional blockade with mAbs. As shown in Fig. 4,
mAb OKT3 specifically blocks cytotoxicity in a dose-de-
pendent way. These results demonstrate that this cytolytic
activity is mediated by the T3-receptor complex, which is a
feature classically attributed to CTL but absent in most
natural killer cells from PBL (20, 23). Fig. 4 also shows that
the cytotoxic activity of mature thymocytes grown in rIL-2 is
inhibited by both OKT4 and OKT8, again a feature consistent
with CTL activity (20, 24, 25), and absent in those cloned
natural killer cell lines that use the T3-Ti complex (26).
Furthermore, cytolysis and its inhibition by mAb OKT3 were
observed when Daudi and Raji cells, which are resistant to
natural killer cells, were used as targets in the cytotoxicity
assays (data not shown). OKT4 and OKT8 do not inhibit the
cytotoxic activity mediated by T3+4-8- cells, confirming the
absence of contaminating T4+ or T8+ cells.

DISCUSSION

Here we report the existence of T3+4-8- thymocytes that
constitutively express IL-2 receptor and that grow in vitro in
medium containing rIL-2 in the absence of triggering signals.
The presence of T3+4-8- thymocytes indicates an intrathy-
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FIG. 1. rIL-2 promotes proliferation of T3+4-8- thymocytes in a
dose-dependent way. T3+4-8- thymocytes were cultured either
without (A) or with various amounts of rIL-2 (A) for 5 days. Data
represent the mean cpm of [methyl-H3]thymidine incorporated in
triplicate cultures.

(T4), B9.4 (T8), and 33B73 (Tac). Results are representative of
experiments with 10 thymus samples. ND, not done.
*See Materials and Methods; C', complement.
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FIG. 2. Concentration of 33B73 correlates with the blockade of
IL-2-mediated proliferation. T3+4-8- thymocytes were cultured
with the indicated dilutions ofhybridoma 33B73 culture supernatant,
in the presence of rIL-2 at 12 units/ml. Data represent inhibition of
the [3H]thymidine incorporation observed in the absence ofmAb (see
Fig. 1). A 1:4 dilution of 33B73 supernatant did not affect thymidine
incorporation by human T-cell leukemia line CEM (data not shown).

mic differentiation stage in addition to pre-T cells and mature
thymocytes, out of stage II "common thymocyte" (13).
Recently, ontogenic analyses in mice by Snodgrass et al. (27)
have shown MT4- Lyt-2- 17-day fetal thymocytes already
bearing the heterodimeric receptor. On the other hand,
IL-2-receptor expression was observed in >50% of fetal
mouse thymocytes at day 15 of gestation (28, 29), when
thymocytes are MT4- Lyt-2- (30, 31). Taken together, these
results show that the clonotypic receptor, T3 antigen, and
IL-2 receptor are expressed early in ontogeny, prior to
division into mature subpopulations; this conclusion is rele-
vant for the understanding of the role of IL-2, T4, and T8
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FIG. 3. Cytotoxic activity of human T3+4-8- thymocytes.
T3+4-8- thymocytes, either freshly isolated (-) or after culture for
7 days in medium with (*) or without (e) rIL-2 were tested for
cytotoxicity, in a 4-hr 51Cr-release assay using 51Cr-labeled K562
cells as targets. Percent specific release at various effector/target
ratios is shown. As a control, the cytotoxic activity of human PBL
(-) was assayed.
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FIG. 4. Selective blockade of the cytotoxicity of cultured
T3+4-8- cells by mAb OKT3. T6-depleted thymocytes were cul-
tured for 7 days in medium containing rIL-2 at 25 units/ml.
Recovered cells were either treated with OKT4A plus B9.4 plus
complement to obtain T3+4-8- cells (A) or left untreated (B).
Cytolytic activity of the cells was tested, as described in the legend
for Fig. 3, in the absence (A) or presence of OKT3 (A), OKT4A (*),
OKT8 (n), or W6/32 (e), as described (16, 17). The inhibition of
cytolytic activity in the presence of the various amounts of mAb is
shown. The specific 51Cr release was 41% and 50%o for T3+4-8- and
T6- cultured thymocytes, respectively, at 25:1 effector/target ratio.
Spontaneous release was <10%.

molecules in the acquisition and selection of T-cell reper-
toires. In this regard, it has been shown that mouse "double-
negative" thymocytes fully regenerate all T-cell subpopula-
tions in vivo (32), and we have observed mature-subset
(T3+4+8- and T3+4-8+) differentiation from human T3+4-8-
precursors in vitro (unpublished work). These observations
provide evidence that these T3+4-8- cells do not represent
a dead-end intrathymic differentiation stage or a separate
T-cell lineage. Furthermore, the existence of T3+4-8-
thymocytes allows alternative explanations to the apparent
discrepancy between antigen-receptor expression in mouse
immature thymocytes (27) and its correlation to the presence
of T3 in mature human thymocytes (11, 12).
Our results also show that the addition of IL-2 alone also

promotes maturation of T3+4-8- thymocytes into cytolytic
effectors in vitro. Importantly, the origin of the cells consti-
tutively responding to IL-2 can be ascribed to T-cell lineage
rather than to others (i.e., natural killer cells) for the
following reasons. (i) The T3+4-8- cells do not exhibit
spontaneous (natural) cytotoxicity. (ii) They have the ability
to kill natural killer-resistant target cells. (iii) Their cytotoxic
activity is blocked specifically by mAb OKT3; such inhibition
is an essential characteristic of CTL but not of most natural
killer cells from PBL (6, 20, 23). (iv) They are T3' but lack
the expression of either Leu-7, Leu-11, or M-1 antigens (data
not shown and ref. 14). Thus, in agreement with previous
reports on mouse peripheral cells (33, 34), T4/T8 molecules
are not an absolute requirement for T-lymphocyte function.
The thymus plays a central role in T-lymphocyte differen-

tiation and selection of repertoires. The physiological exist-
ence of functional T3+4-8- cells raises the question of the
significance of their presence in the thymus, as well as the
possibility of their migration into the periphery. On the other
hand, Sakaguchi et al. (35) have recently described Thy-l+
Lyt- cells in normal mouse spleen. Furthermore the involve-
ment of cells with equivalent phenotypes in autoimmune and
lymphoproliferative disorders (refs. 35-37 and our unpub-
lished observations) poses the requirement for regulatory
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mechanisms operating in the periphery, after intrathymic
selection.
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