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ABSTRACT Late-phase human T-cell lymphotropic virus
I-associated adult T-cell leukemia cells express IL-2 receptors
(IL-2R) but no longer produce 11-2. We have reported that the
IL-2-independent adult T-cell leukemia line HuT-102 secretes
a cytokine, provisionally de ted IL-T, that stimulates
T-cell proliferation and lymphokine-activated killer cell activ-
ity. Stinulation of proliferation of the cytokine-dependent
human T-cell line Kit-225 mediated by HuT-102-conditoned
medium or by 3200-fold-purified IL-T was not blocked by the
addition of antibodies against IL-2 or IL-2R a subunit. How-
ever, IL-T-mediated stimulation of this human T-cell line was
inhibited by addition of Mik-i1f, an antibody that binds
seifcally to IL-2R 13 subunit. In addition, the activation of
large granular lymphocytes to lymphokine-activated killer cells
mediated by IL-T-containing conditioned medium was not
blocked by antibodies directed toward IL-2 or IL-2a but was
inhibited by an antibody to IL-2R.8, suggesting the require-
ment of this receptor subunit for IL-T action. This conclusion
was conMirmed using an 11-3-dependent murine myeoid pre-
cursor cell line, 32D, that expresses IL-2Ra and IL-2Ry, but
not IL-2R1. Neither I-2 nor E1-T smulated 32D cell prolif-
eration. However, after transfection with the gene ending
human IL-2R13, 32D13 cells proliferated on addition of either
cytokine. The IL-T-mediated stimulation of32D13 proliferation
was inhibited by an anti-IL-2R.3 antibody but not by an
anti-IL-2 antibody. Thus, the 11-T-mediated stimulation of
T-cell and lymphokine-activated killer cell activation requires
the expression of the IL-2RI3 subunit.

T cells mediate important regulatory functions such as help
and suppression and effector functions including the produc-
tion oflymphokines and the cytotoxic destruction of antigen-
bearing cells. Successful T-cell-mediated immune responses
require that these cells change from a resting to an activated
state. T-cell activation is initiated when an appropriately
processed and presented antigen interacts with a het-
erodimeric T-cell receptor for that specific antigen. After this
encounter, T cells enter a program of activation, leading to
the de novo synthesis and secretion of cytokines including
IL-2 and the induction ofIL-2 receptor (IL-2R) expression (1,
2). The high-affinity IL-2R utilizes three independently reg-
ulated subunits: the 55-kDa IL-2Ra, the 70/75-kDa IL-2R.8,
and the 64-kDa IL-2Ry (2-6). IL-2RP3 and IL-2Ry are mem-
bers of a large hematopoietin or cytokine receptor superfam-
ily (6, 7). This superfamily includes receptors for such
cytokines as IL-2 ((3 and Pyreceptor chains), IL-3, IL-4, IL-5,
IL-6, IL-7, IL-9, granulocyte/macrophage colony-stimulat-
ing factor (GM-CSF), granulocyte colony-stimulating factor,
erythropoietin, and leukemia inhibitory factor (LIF) (7). The

ILs that interact with this receptor superfamily manifest a
high degree of pleiotropy and redundancy. The redundancy
is explained in part by the sharing of common receptor
subunits among members of the cytokine receptor superfam-
ily. For example, IL-6, LIF, oncostatin-M, ciliary neuro-
trophic factor, and IL-l utilize a public gpl30 signaling
subunit; whereas IL-3, IL-5, and GM-CSF utilize a common
3 subunit (8-11) in addition to their private ligand-specific
receptors. There is a similar sharing of receptor elements
within the IL-2R system (12-14). This receptor subunit
sharing could have been anticipated from the observation that
mice made deficient in IL-2 by homologous recombination
develop normally during the first few weeks of life, yet IL-2R
y chain mutation results in X chromosome-linked severe
combined immunodeficiency disease in humans (15, 16). It
was subsequently demonstrated that the IL-2Ry is a compo-
nent required not only for high- and intermediate-affinity
receptors for IL-2 but also for the actions of IL4 and IL-7
and, possibly, IL-9 and IL-13 (12-14).

Disorders ofthe IL-2/IL-2R system are observed in human
T-cell lymphotropic virus I-induced adult T-cell leukemia
(ATL). In its early phases, ATL is associated with an
autocrine process involving the coordinate expression ofIL-2
and IL-2R (17). However, late-phase ATL and cell lines
established from patients during this phase oftheir disease no
longer produce IL-2 yet continue to express high-affinity
IL-2Rs (18). We report elsewhere (19) that the IL-2-
independent ATL line HuT-102 produces an t14-kDa cyto-
kine, designated IL-T, that stimulates T-cell proliferation and
lymphokine-activated killer (LAK) cell activity. In the pres-
ent report, we indicate that the IL-T-mediated stimulation of
cytokine-dependent T-cell lines or the activation of large
granular lymphocytes (LGLs) is not blocked by addition of
antibodies that bind specifically to IL-2 or to IL-2Ra yet is
inhibited by the addition of Mik-,f1, an antibody directed
toward IL-2RP, suggesting the requirement of this receptor
subunit for IL-T action. Furthermore, we confirmed the
requirement of IL-2RP for IL-T action by using an IL-3-
dependent cell line, 32D, that was examined prior to and after
transfection with a gene encoding human IL-2Rp. Thus the
IL-T-mediated stimulation of the proliferation of cytokine-
dependent T-cell lines and its induction of LAK cells when
added to LGLs requires expression of IL-2Rf3 that is shared
by IL-2 and IL-T, thus expanding the spectrum of the
promiscuity of the IL-2R system.

Abbreviations: ATL, adult T-cell leukemia; CM, conditioned me-
dium; GM-CSF, granulocyte/macrophage colony-stimulating factor;
IL, interleukin; IL-2R, IL-2 receptor; LAK, lymphokine-activated
killer; LIF, leukemia inhibitory factor; LGL, large granular lympho-
cyte; mAb, monoclonal antibody.
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MATERIALS AND METHODS
Monolonal Antibodies (mAbs). Mik-(31 and anti-Tac that

interrupt IL-2 binding to IL-2R13 and IL-2Ra, respectively,
and 7G7/B6, a nonblocking antibody specific for IL-2Ra,
were prepared as described (3, 20, 21). A polyclonal antibody
that neutralizes IL-2 action was obtained from Hoffmann-La
Roche.

Cells. Kit-225, a human leukemic mature T-cell line that
manifests high-affinity IL-2Rs involving IL-2Ra, IL-2R3,
and IL-2Ry subunits, was obtained from T. Uchiyama (Ky-
oto University, Kyoto). 32D, a murine myeloid precursor
IL-3-dependent cell line that expresses IL-2Ra and IL-2Ry
but not IL-2R3, was a gift from Jacalyn H. Pierce (National
Institutes of Health). LGLs depleted ofT cells, B cells, and
monocytes were prepared as described (22, 23). To derive
32D3 cells that express the human IL-2R13 chain, an extra-
chromosomal DNA expression vector, pREP9 (Invitrogen)
encoding human IL-2R(3 was stably transfected into 32D cells
by electroporation. Selection was initiated 24 hr after trans-
fection by Usi' Q(418 (1 mg/ml) in 100% (vol/vol) WEHI-3B
conditioned medium (CM) containing IL-3. Wells containing
a single colony were expanded atd screened by flov cytom-
etry analysis for IL-2RB expression. The 32D(3 cells were
maintained in IL-2 (40 units/ml) rather than WEHI-3B CM to
retain IL-2RB expression in the transfected cell line.

IL-2 and IL-T. Escherichia col-produced recombinant
human IL-2 was obtained from Hoffmann-La Roche. In
functional studies of IL-T, both HuT-102 CM and 3200-fold-
purified IL-T were used. CM was obtained from the unin-
duced HuT-102 cell line, a human T-cell lymphotropic virus
I-associated ATL cell line that does not produce IL-2 but
secretes IL-T (19). A 3200-fold-purified IL-T preparation was
produced by the multistep procedure as outlined (19). The
IL-T concentrations are expressed in units, where a single
unit is defined as the quantity of IL-T required to achieve
half-maximal proliferative stimulation when added to the
cytokine-dependent CTLL-2 cell line. The biological activity
in individual samples was quantitated by comparison to a
dose-response curve obtained using an internal IL-T stan-
dard preparation.

Functional Assays. Cytotoxicity (51Cr release) and prolif-
eration ([3H]thymidine incorporation) assays were performed
as described (22, 23).

RESULTS
IL-T-Induced Stimulation of Proliferation of the Cytokn

Dependent Human T-Cefl Line Kit-225 Is Blocked by an
Antibody to IL-2Rf. We have defined (19) a cytokine, pro-
visionally designated IL-T, that stimulates T-cell and LAK-
cell activity. In particular, the addition ofCM from HuT-102,
the human T-cell lymphotropic virus I-associated IL-2-
independent ATL cell line, stimulated the proliferation of an
IL-2-dependent CTLL-2 mouse indicator cell line (19). This
stimulation of CTLL-2 cell proliferation mediated by the
HuT-102 CM was not inhibited by the addition of an antise-

rum specific for IL-2. Furthermore, the uninduced HuT-102
cell line did not produce mRNA encoding IL-2 as assessed by
Northern blot analysis and produced only barely detectable
quantities of IL-2 mRNA as assessed by reverse transcrip-
tion-PCR analysis, thus differentiating IL-T from IL-2. The
present studies were directed toward determining whether
the IL-2R a or chains are shared by IL-2 and IL-T. In the
initial studies, we defined the functional effects of mAbs on
the IL-2- and IL-T-induced proliferation of the cytokine-
dependent human T-cell line Kit-225 (subclone K6). To
assess the functional effects of mAbs on proliferation medi-
ated by IL-2 or IL-T through the IL-2Rs expressed onT cells,
Kit-225-K6 cells were washed free of IL-2, rested for 24 hr
without cytokine, and then cultured for an additional 53 hr
with the cytokine being assayed. [3H]Thymidine was added
for the final 6 hr of culture. Rested cytokine-dependent
Kit-225-K6 cells manifested a sigmoid proliferation dose-
response curve on addition of IL-2. When mAbs (10 ag/ml)
directed toward different epitopes expressed on IL-2Ra or
IL-2R(3 were added to the cultures, distinct patterns of
inhibition of cytokine-mediated proliferation were observed
(Table 1). Addition of anti-Tac, which blocks IL-2 binding to
IL-2Ra, was associated with a profound yet incomplete
inhibition of IL-2-mediated proliferation of Kit-225-K6 cells.
Addition of 7G7/B6, which reacts with a non4IL-2-binding
portion of IL-2Ra, had no effect. Addition of mAb Mik-p1,
which at 4°C abolishes high-affinity IL-2 binding to these
cells, did not inhibit IL-2-induced proliferation when as-
sessed at 37°C, as reported (20, 24-26). Although mAb
Mik-(1 had no effect when used alone, it significantly aug-
mented the anti-Tac-mediated inhibition of IL-2-induced
proliferation. IL-12 also induced proliferation of Kit-225 cells
that was not inhibited by addition of antibodies to IL-2,
IL-2Ra, or IL-2 RP (Table 1).
A distinct pattern of mAb-mediated inhibition of prolifer-

ation was observed on addition ofHuT-102 CM or 3200-fold-
purified IL-T to Kit-225-K6 cells (Table 1). Specifically,
IL-T-induced proliferation of Kit-225 cells was not inhibited
by the addition of a neutralizing anti-IL-2 antiserum. Fur-
thermore, no inhibition of IL-T-induced proliferation was
observed on addition of anti-Tac or 7G7/B6, the antibodies
directed toward IL-2Ra. However, in contrast to the obser-
vation with IL-2, addition of Mik-p1, the mAb directed
toward IL-2RB, inhibited IL-T-mediated proliferation (Table
1). The inhibition mediated by Mik-(31 was not augmented by
the further addition of anti-Tac. The results of these studies
suggest that the IL-T-mediated stimulation of human T-cell
proliferation requires the expression of the IL-2R.8 subunit.

Effects of mAbs on Cytokine-Induced Cytolytic Activity of
IL-2Rf-Expressing LGLs. Human LGLs express IL-2RB and
IL-2Ry and can be induced to become LAK cells by addition
of IL-2 or IL-T (19, 27). To assess the effects of mAbs on
IL-2- and IL-T-induced cytotoxicity, purified peripheral
blood human LGLs were incubated for 36 hr with or without
IL-2 or IL-T and mAbs before a final 4-hr coculture with
51Cr-labeled Daudi cells. Addition of an antibody to IL-2
blocked IL-2-induced cytotoxicity (Table 2). Addition of

Table 1. Effect of mAbs on cytokine-induced proliferation of Kit-225 cells
[3H]Thymidine incorporated, cpm

Cytokine - mAb + anti-IL-2 + anti-Tac + Mik-f31 + Mik-(31 and anti-Tac
IL-2 (25 units) 165,800 ± 2540 150 ± 10 48,910 ± 4570 170,400 ± 8130 2,040 ± 80
IL-T (40 units) 38,040 ± 650 38,750 ± 1540 34,290 ± 330 12,682 ± 210 11,550 ± 240
IL-12 (2 ng/ml) 5,880 ± 110 6,580 ± 120 5,830 ± 190 5,630 ± 300 7,650 ± 190
Data are expressed as cpm observed less cpm in medium alone. Data are from Kit-225-K6 cells at 15,000 cells per well that had been rested

without cytokine for 24 hr before the addition of cytokine and mAb. The cells were then incubated for an additional 48 hr at which time they
were pulse-labeled with 1 pCi of [3H]thymidine. Six hours later cells were harvested, and the radioactivity incorporated was determined. Ten
micrograms ofmAb was added when one mAb was used, whereas 5 pg of each mAb was used when Mik-P1 plus anti-Tac were added. Values
shown represent the mean ± SEM of triplicate samples. The 3200-fold-purified IL-T preparation derived from HuT-102 CM was used.
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Table 2. Effect of mAbs on cytokine-induced cytolytic activity
mediated by LGL

% specific lysis

Cytokine - mAb + anti-IL-2 + anti-Tac + Mik-fil
IL-2 (10-10M) 42 1 37 17
IL-2 (10-11 M) 37 1 27 10
IL-2 (10-12 M) 19 3 10 6
IL-T (1:10 CM) 37 36 36 6
IL-T (1:20 CM) 23 34 22 6
IL-T (1:40 CM) 17 15 15 6

Data are expressed as percent specific lysis from quadruplicates
mediated by purified LGL in presence of cytokine or cytokine plus
20 Pg of the mAb indicated. IL-T is given as the dilution of HuT-102
CM used.

anti-Tac did not have a major effect on IL-2-induced LGL
killing of Daudi targets. However, addition of mAb Mik-31
at 20 pg/ml to LGLs cultured with 10-10, 10-11, or 10-12 M
IL-2 for 36 hr decreased the generation of IL-2-induced
specific cytolytic activity against Daudi cells from 42%,
37%, and 19%, to 17%, 10o, and 6% lysis, respectively; that
is, a reduction on mean from 33% specific lysis to 11%
specific lysis on addition of Mik-,31 (Table 2). Thus, the
addition of an antibody that blocks IL-2 binding to IL-2Rp
inhibited IL-2-mediated activation of LGLs that ex vivo
express IL-2RB but not IL-2Ra.
A comparable pattern of inhibition on addition of Mik-#81

was observed when IL-T was used to activate LGLs (Table
2). Addition to purified LGLs of 1:10, 1:20, and 1:40
dilutions of HuT-102 CM containing IL-T led to the induc-
tion of 37%, 23%, and 17% specific lysis of Daudi targets,
respectively. Addition of Mik-,1 (20 ug/ml) reduced this
IL-T-mediated specific lysis to 6% in each case. In contrast
to the observations with IL-2, there was no suppression of
IL-T-induced cytotoxicity on addition of the antiserum to
IL-2. Furthermore, the addition of anti-Tac did not affect
the activation of LGLs mediated by IL-T-containing CM.
From these studies on cytokine-induced LGL cytotoxic
activity, we conclude that an antibody that blocks IL-2
binding to IL-2RP inhibits IL-T-mediated events, thereby
supporting the view that IL-2R3 but not IL-2Ra expression
is required for IL-T action.
Confination of the Role of IL-2R13 in IL-T-Mediated

Signal Transduction by Using a Murine IL-3-Dependent
Hematopoletic Cell Line After Transfection with a Gene
Encoding Human IL-2RP. To further explore the role of the
IL-2RB chain in IL-T-mediated functions, we examined the
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Table 3. IL-2RP expression is required for IL-T-induced
proliferation of 32D cells

(3H]Thymidine incorporated, cpm
IL-2 IL-T

Cell line (50 units) (20 units) IL-3

32D 0 140 ± 10 173,200 ± 12,790
32D, 91,350 ± 2590 25,370 ± 480 130,500 ± 7,800

Data are expressed as cpm observed less cpm in medium alone.
The cpm in medium alone was 700 cpm. The 3200-fold-purified IL-T
preparation derived from HuT-102 CM was used. The 5% WEHI-3B
CM supernatant was used to provide IL-3. The 32D hematopoietic
cell line expresses murine IL-2Ra and IL-2Ry but not IL-2R,. The
32DB cells are 32D cells transfected with the gene encoding human
IL-2RP.
stimulation of proliferation mediated by IL-T on addition to
the murine cell line 32D prior to and after transfection with
a gene encoding human IL-2RP. 32D is an IL-3-dependent
murine myeloid precursor cell line that expresses murine
IL-2Ra and IL-2Ry but not IL-2RP. The addition of IL-3
(5% WEHI-3B CM) to the parent 32D cell line-induced
proliferation (Table 3). However, neither IL-2 nor IL-T
(HuT-102 CM) stimulated the proliferation of the 32D cells
that lack IL-2R,. When the 32D cell line was stably
transfected with a gene encoding human IL-2R3 and ex-
pression was confirmed by indirect flow cytometry analysis
using mAb Mik-.81 and by Scatchard analysis of radiola-
beled IL-2 binding (3000-5000 receptors per cell were
demonstrated), the 32Df transfected line manifested a
proliferative response to IL-2, HuT-102 CM, and the 3200-
fold-enriched IL-T preparation (Table 3 and Fig. 1). The
IL-2-mediated stimulation of proliferation of 32Dfi was
inhibited by addition of the antiserum specific for IL-2.
Furthermore, the addition of Mik-,B1 (10 ptg/ml) to 32DB
cells blocked IL-2-induced proliferation. No inhibition was
observed when a control antibody directed toward human
IL-2Ra (nonreactive with murine 32DB cells) was utilized.
As noted above, both HuT-102 CM and 3200-fold-purified
IL-T stimulated the proliferation of 32D. cells (Fig. 1). This
IL-T-mediated stimulation of 32DB was not abrogated by
the addition of a polyclonal anti-IL-2 antiserum. In con-
trast, the IL-T-mediated stimulation of 32D8 cells was
inhibited by the addition of an antibody directed toward
IL-2Rf31 (Fig. 1). Thus our results support the view that the
cytokine IL-T requires IL-2R3 subunit expression for its
stimulatory actions on T cells and LGLs.
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FIG. 1. Effect of antibody on the proliferative re-
sponse of32DB cells stimulated with 3200-fold-purified
IL-T (A), IL-2 (B), or 5% WEHI-3B CM containing
IL-3 (C). 32Db cells that express human IL-2RB were
washed free of cytokine and dispensed in a 96-well
microtiter plate at 15,000 cells per well. Ten micro-
grams of anti-Tac (e), Mik-P1 (*), antiserum to IL-2
(o), or no antibody (o) was then added. One hour later
the cytokines were added at the concentration indi-
cated for 30 hr. [3H]Thymidine was added at 24 hr of
culture. The cells were harvested 6 hr later and the
radioactivity incorporated was determined.
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DISCUSSION
High-affinity IL-2 binding requires the interaction ofIL-2Ra,
IL-2RP, and IL-2Ry (2, 4-6). IL-2R8 and IL-2Ry are mem-
bers of the cytokine receptor superfamily, which includes
receptors for IL-3, -4, -5, -6, -7, and -9 and for GM-CSF,
granulocyte colony-stimulating factor, LIF, erythropoietin,
and growth hormone (6, 7). Sharing common receptor sub-
units among related members of the cytokine receptor su-

perfamily has been well documented with IL-6, IL-li, LIF,
oncostatin-M, and ciliary neutrotrophic factor that share the
signal transducer gpi30 and with IL-3, IL-5, and GM-CSF
that share a commonR subunit (8-11). Such receptor subunit
sharing is also a major feature of the IL-2R system with
IL-2Ry, a component not only of functional high- and inter-
mediate-affinity IL-2Rs but also of receptors for IL-4 and
IL-7 (12-14). In the present report, we extend the spectrum
of IL-2R subunit sharing by reporting that IL-2R,8 is utilized
by IL-2 and by a cytokine, provisionally designated IL-T,
that stimulates T-cell and LAK-cell activities. The IL-T-
mediated stimulation of the human cytokine-dependent Kit-
225 cell line and activation of LGLs into LAK cells was not
inhibited by anti-IL-2 antibodies but was inhibited by an
antibody to IL-2R.3, suggesting the requirement of this re-
ceptor subunit for IL-T action. This conclusion was con-
firmed using a murine IL-3-dependent myeloid precursor cell
line, 32D, that expresses IL-2Ra and IL-2Rybut not IL-2R(3.
Neither IL-2 nor IL-T stimulated 32D cell proliferation.
However, after transfection with a gene encoding human
IL-2R#, 32D#8 cells responded to both cytokines. Further-
more, IL-T-mediated stimulation of 32DP cells was inhibited
by an antibody directed toward IL-2R(3. Thus, IL-T repre-
sents a cytokine that stimulates T-cell and LAK-cell activa-
tion and requires IL-2Rf3 subunit expression for these activ-
ities.
Most members ofthe cytokine superfamily ofreceptors are

heteromers (8). Thus, it is probable that IL-T-mediated
stimulation involves a receptor subunit in addition to IL-2R.
However, IL-T does not appear to require IL-2Ra for its
action. This conclusion is based on the observation that IL-T
induces activation of LGLs that express IL-2RP and IL-2R'y
but not IL-2Ra. Furthermore, in contrast to the situation with
IL-2, IL-T-induced stimulation of the high-affinity IL-2R-
expressing Kit-225-K6 cell line was not inhibited by addition
of the anti-Tac mAb, which blocks the interaction of IL-2
with IL-2Ra and thereby inhibits IL-2-mediated prolifera-
tion. Thus, it is probable that a private ligand receptor chain
exists that is specific for IL-T and that is not shared by IL-2.
Most cytokines are pleotrophic in their action, with cellular

targets determined by the distribution of cell surface recep-
tors specific for the cytokine. The IL-2R subunits are inde-
pendently regulated and are expressed in different combina-
tions, as might have been anticipated by the observations to
date that IL-2Ra is used solely by IL-2, that IL-2Ryis shared
by IL-2, IL-4, and IL-7 and possibly by IL-9 and IL-13,
whereas IL-2R13 is required for the actions of both IL-2 and
IL-T. Most resting T cells, B cells, LGLs, and monocytes do
not express IL-2Ra but can be induced to express this
receptor (2, 4). In contrast to this lack of IL-2Ra expression
by most normal resting cells, IL-2Ry is widely expressed.
The IL-2R(3 subunit required for the action of not only IL-2
but also IL-T is also widely distributed on adult and fetal
cells. IL-2RP is coexpressed with IL-2Ra on activated mono-
nuclear cells that manifest the high-affinity IL-2R (2, 20).
IL-2R(3 is also expressed by cells that do not bear IL-2Ra,
including resting CD8-expressing cytotoxic T lymphocytes,
select B lymphocytes, monocytes, LGLs, human neutro-
phils, y-T-cell-receptor-expressing thymocytes, as well as
T-cell-receptor-ligation-activated CD4, CD8 double-positive
thymocytes (24, 28-31). There is an increase in IL-2R(3

expression on CD4 and CD8 cells in association with acute
allograft rejection, indicating that IL-2R. expression appears
to increase on alloreactive T cells (32). IL-21f is also
expressed by fetal tissues, including embryonic fibroblasts
(33). The in utero treatment with an anti-IL-2R,8 mAb com-
pletely abrogated the development of Thy-l-expressing den-
dritic epidermal cells (34). Finally, it has been reported that
embryonic fibroblasts expressing IL-2R8 but' not IL-2Ry
respond to an IL-2 preparation (35). Thus, a broad array of
cells display IL-2R,8 that is required for the action of IL-T.
One major clinical corollary that can be derived from the

demonstration of sharing ofcytokine receptor subunits is that
one may obtain effects with receptor-directed therapy that
differ from those observed with therapeutic agents that
inhibit the synthesis of an individual cytokine. Such a differ-
ence in effect that is a consequence of receptor subunit
sharing underlies the observation that mice made deficient in
IL-2 by homologous recombination develop normally during
the first 3 or 4 weeks of life, yet severe combined iimuno-
deficiency is observed when there are mutations of IL-2Ry
that is shared by IL-2, IL-4, and IL-7 (12-14). The observa-
tion reported herein that IL-2R# not only is a component of
high- and intermediate-affinity IL-2Rs but also is required for
the action ofIL-T suggests that IL-2R,-directed therapy may
yield more profound immunosuppression than can be
achieved by the inhibition of the synthesis of IL-2 alone.
Most of the published IL-2R-directed therapeutic ap-

proaches have focused on IL-2Ra (36, 37). Considerable
success has been achieved with this approach when applied
to the prevention of allograft rejection, the treatment of
graft-vs.-host disease, or IL-2Ra-expressing leukemia/
lymphoma (36-38). Nevertheless, there are certain functional
characteristics of anti-IL-2Ra mAbs that when used alone
may limit their immunosuppressive effect. Specifically, anti-
IL-2Ra mAbs such as anti-Tac do not inhibit induction of
cytotoxic LAK-cell activity mediated by IL-2, since the
target, resting LGLs, do not express IL-2Ra but only IL-2Rfi
and y (24, 27). Furthermore, as discussed herein, IL-T-
mediated functions are not reversed by antibodies directed to
IL-2Ra.
To circumvent the limitations inherent in antibodies di-

rected toward IL-2Ra, antibodies such as Mik-#i that are
directed toward IL-2Rfi were developed for therapeutic use
(20, 39). In contrast to IL-2Ra, IL-2R, is constitutively
expressed by LGLs (27), and the IL-2-enhanced cytotoxic
activity of these cells is inhibited by Mik-/31 (24, 39). Fur-
thermore, Mik-P1 acts synergistically with anti-Tac to pro-
foundly inhibit IL-2-induced proliferation of activated T cells
(20, 39). Finally, antibodies directed toward IL-2RP may be
more effective in inhibiting the functional effects mediated by
IL-T on high-affinity-IL-2R-expressing T cells than they are
in inhibiting IL-2-induced activation of such cells. We base
this conclusion on our observation that Mik-p1 was effective
in inhibiting the IL-T-mediated proliferation of Kit-225-K6
cells that express high-affinity receptors, whereas it was
relatively ineffective in inhibiting IL-2-mediated proliferation
of such cells. On the basis of previous investigations involv-
ing IL-2 and the present studies on IL-T-mediated stimula-
tion, it should be of value to define the therapeutic potential
of a combination of anti-IL-2Ra (e.g., anti-Tac) and anti-IL-
2R( (e.g., Mik-,1) mAbs to yield effective immunosuppres-
sion for therapy, since this combination of antibodies should
inhibit activated T-cell and LGL functions induced by either
IL-2 or IL-T.

In conclusion, IL-2R(3 is shared by the cytokines IL-2 and
IL-T. Our developing understanding of the structure and
function of the promiscuous multisubunit IL-2R on the sur-
face ofactivated cells of the immune system and our capacity
to produce humanized forms of mAbs directed toward the
different subunits of the IL-2R provide the scientific basis for
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the development of receptor-directed approaches for the pre-
vention of allograft rejection and for treatment of graft-vs.-
host disease, autoimmune disorders, and IL-2R-expressing
leukemias and lymphomas.
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