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ABSTRACT

Human interleukin 2 (IL-2) is a member of the class of crucial regula
tors of lymphocyte proliferation. The action of IL-2 is known to be me
diated through binding to a specific IL-2 receptor (IL-2R) which com
prises at least two distinct proteins: IL-2RÂ« (p55) and IL-2RÃŸ(p70-75).
However, the expression and function of IL-2R are largely unknown in
acute myeloblastic leukemia cells. In a human granulocyte-macrophage
colony-stimulating factor (GM-CSF), IL-3, or stem cell factor-dependent
myeloid leukemia cell line (M07E), IL-2 was found to stimulate prolifer
ation in a dose-dependent manner and to augment GM-CSF- and stem cell
factor-induced proliferation of M07E cells. The expression of IL-2RÃŸon
M07E cells was detectable with '"I-IL-2 binding and affinity cross-linking

analyses and with a monoclonal antibody against IL-2RÃŸ,Mik-ÃŸl. Al
though the expression of II.-2K/.1 was not down-regulated but somewhat
up-regulated by treatment with GM-CSF in both niKN'A and protein

levels, GM-CSF was found to compete (75%) with radiolabeled IL-2 for
binding to IL-2R on M07E cells, whereas no competition of GM-CSF
binding was observed with IL-2 even at a 400-fold molar excess. These
results suggest that IL-2R may be functionally expressed in some cases of
acute myeloblastic leukemia cells and raise the possibility that IL-2 may

have some effects on human myelopoiesis.

INTRODUCTION

Human IL-23 plays a crucial role in the growth and function of

T-lymphocyte through its interaction with specific cell surface recep
tors (1, 2). In addition, IL-2 affects the activities of B-lymphocytes,
monocytes, and natural killer and lymphokine-activated killer cells
(1,2). The action of IL-2 is known to be mediated through binding to
specific IL-2R, which consists of at least two distinct proteins, IL-2a
(p55) and IL-2RÃŸ(p70-75) (1, 2). The proteins independently bind
IL-2 with either low (p55; Ka = 10~8 M) or intermediate (p70-75;
Kd = 10~9 M) affinity, while the noncovalent association of the two

chains results in the generation of an IL-2R complex with high-
affinity binding properties (Ka = 10~" M)(I, 2). Proliferative signals

are reported to be delivered by the high- and intermediate-affinity IL-2
receptors but not by the low-affinity receptor (1, 2).

In contrast to lymphoid cells, the expression and function of IL-2R

are largely unknown in AML cells. For example, Rosolen et al. (3)
reported that the expression of IL-2ÃŸwas detected on leukemic cells

from six of seven AML cases and both receptors in one case, whereas
Hoshino et al. (4) have stated that neither IL-2Ra nor IL-2RÃŸwas

detected on leukemic cells from 18 AML cases tested. Since infusion
of IL-2 is now under way for the clinical treatment of leukemia and for
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the enhancement of the immune reconstitution or the reduction of the
risk of relapse following bone marrow transplantation (5, 6), it is
likely to be important to elucidate the function of IL-2 on myeloid

progenitor cells.
In this study, we have investigated the expression and function of

IL-2R in a unique, factor-dependent, human megakaryoblastic leuke
mia cell line, M07E, which proliferates in response to human GM-
CSF, IL-3, or SCF but not to human G-CSF, M-CSF, IL-1, or IL-6
(7-10). The results indicate that M07E cells express functional IL-2R
and that there is unidirectional competition between IL-2 and GM-
CSF for binding to the cells: GM-CSF competes for IL-2 binding, but
IL-2 does not compete for GM-CSF binding.

MATERIALS AND METHODS

Reagents. rhIL-2, with a specific activity of 4.0 X 10h units/mg protein,

was kindly provided by Takeda Chemical Industries, Ltd. (Osaka, Japan). One
unit of rhIL-2 is equivalent to 100 units of standard IL-2. Concentration of
rhIL-2 is expressed here in terms of standard units. rhSCF was a gift from

Dr. Kristztina M. Zsebo (Amgen, Inc., Thousand Oaks, CA). Highly purified
rhGM-CSF and rhIL-3 were gifts from Drs. Steven Clark and Gordon Wong
(Genetic Institute, Cambridge, MA). Chemically defined serum-free medium
(ASF-102) was purchased from Ajinomoto (Tokyo. Japan); it contains human

transferrin, insulin, and bovine serum albumin.
Cell Lines. M07E, a human GM-CSF and IL-3 dependent cell line was

obtained from Dr. Steven Clark (Genetics Institute) and was originally estab
lished by Avanzi et al. (7) from the peripheral blood from an infant with acute
megakaryocytic leukemia. In addition to GM-CSF and IL-3. we have recently
shown that SCF, a ligand for the protooncogene c-kii product ( 11-13), induces
proliferation of M07Ecells in a dose-dependent manner (IO). M07Ecells were
maintained in RPMI-1640 (Nacalai Tesque, Kyoto, Japan) supplemented with
10% fetal calf serum (Flow Lab, North Ryde, Australia) and 10 ng/ml rhGM-

CSF.
Cell Proliferation Assay. To quantitate the proliferation of cells, MTT

(Sigma) rapid colorimetrie assay was used as previously described, with minor
modifications (14). Briefly, triplicate aliquots of cells (3.0 X IO4 cells sus

pended in 100 ul of RPMI-1640 supplemented with 10% fetal calf serum were
cultured in 96-well flat-bottomed microtiter plates for 72 h at 37Â°Cin the

presence or absence of various concentrations of GM-CSF, IL-3. SCF, or IL-2.
In some experiments, GM-CSF, rhIL-3, or SCF was used in combination with
rhIL-2 to determine the effects of those factors on rhIL-2-induced proliferation

of M07E cells. MTT was added for the final 4 h of culture ( 10 pi of 5 mg/ml
solution of MTT in phosphate-buffered saline). After 72 h of culture. 100 ul of

acid isopropanol (0.04 N HC1 in isopropanol) were added to all wells and
mixed, and the absorbance was measured on a Microeliza plate reader at
550 nm. This assay has found to be more reproducible and reliable than
[!H]thymidine incorporation or cell enumeration as described previously

(9, 10, 15), although equivalent results are obtained with all three assays.
Flow Cytometry. For flow cytometric analysis of IL-2Ra and IL-2RÃŸ.we

used monoclonal antibodies of anti-Tac (CD25; a gift of Dr. T. Uchiyama.
Kyoto University, Kyoto, Japan) and Mik-ÃŸl (Nichirei Co., Tokyo, Japan)

(16), respectively. The cells were treated first with acidified PBS (pH 3.0),
subsequently washed free of factors (17), and then resuspended in PBS con
taining 0.5% fetal calf serum and human immunogloblin ( 1 mg/ml) to block
binding of antibodies to Fc receptors on the cells. The cells were incubated
with each monoclonal antibody at 4Â°Cfor 30 min and washed three times with
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the buffer. Cells were then incubated with fluorescein-conjugated goat (Fab')2
anti-mouse IgG antibody (Tago, Inc.) at 4Â°Cfor 30 min and washed two times

prior to analysis using a FACScan flow cytometer (Becton Dickinson). Pro
portions of positive cells were determined by reference to nonspecific isotype
control antibodies.

Detection of IL-2R mRNA by Means of Northern Blot Analysis. Total

cellular RNA was isolated with a guanidine isocyanate method in combination
with cesium chloride modification (18), and equal amounts of RNA (15 ug)
were size-fractionated by electrophoresis through 1.0% formaldehyde agarose
gels. Before transfer to nitrocellulose papers, the ethidium-stained gels were

visualized under UV illumination to determine the position of the ribosomal
RNA bands and to verify that equal amounts of RNA had been loaded. The
full-length IL-2Ra and IL-2RÃŸprobes were kindly provided by Dr. Tasuku

Honjo (Department of Medical Chemistry, Kyoto University, Faculty of Med
icine, Japan). The ÃŸ-actinprobe was purchased from Nippon Gene (Toyama,
Japan). After prehybridization, the filters were hybridized with random 32P-
labeled probes with specific activities of 1-5 X 10" cpm/ug in 10% dextran
sulfate, 50% formamide, 4x standard saline citrate, lx Denhardt's solution,

and 10 ug/ml salmon sperm DNA tor 24 h at 42Â°C.The filters were washed and
autoradiographed at -70Â°C with two intensifying screens. As a positive con

trol, peripheral blood lymphocytes stimulated with phytohemagglutinin
(Sigma) and phorbol 12-myristate 13-acetate (Sigma) were used.

Binding of '"I-labeled IL-2 and GM-CSF to M07E Cells. IL-2 and

GM-CSF binding assays were performed as described previously (15, 17. 19).

Briefly, M07E cells were washed and treated with acid medium in order to
remove prebound growth factors (1.5 x 10" cells in 5 ml of cold PBS titrated
to pH 3.0 with HC1 for 2 min at 4Â°C),followed by immediate washing in

50 ml of cold PBS. This treatment has previously been shown to remove more
than 80% of receptor-bound growth factors without damaging the receptors
(15, 17, 20). Aliquots of 5 x IO6 cells were then cultured at 4Â°Cfor 4 h or at
3VÂ°Cfor 90 min in 100 ul of binding buffer consisting of RPMI 1640 with

bovine serum albumin (2 mg/ml), 25 mu 4-(2-hydroxyethyl)-l-pipera-

zineethanesulfonic acid, pH 7.5, and 0.1 % sodium azide with serial dilutions of
125I-GM-CSF (New England Nuclear Dupont, Boston, MA; specific activity,
70-100 mCi/mg) or '"I-IL-2 (New England Nuclear Dupont; specific activity,

30-50 mCi/mg) in the presence or absence of a 400-fold excess of cold ligand

to assess specifically bound counts. Under these conditions, nonspecific bind
ing was typically less than 20%. After incubation, cells were separated from the
medium by placing each cell suspension on a 1:4 mixture of olive oil and
di-N-butyl phthalate in a microfuge tube and centrifugating at 10,000 x g for
2 min. The tube was cut, and cell-bound and free I2sl-labeled factor was

counted in a gamma counter. Numbers and KÂ¿of each receptor were analyzed
by Scatchard plot analysis using mean data from triplicate samples (15, 19, 21 ).
The SEM for triplicate samples was less than 15%. For competition experi
ments, M07E cells were mixed with a single subsaturating concentration of
l2*I-IL-2 or '-5I-GM-CSF in the presence of unlabeled homologous and het-

erologous ligands at different concentrations. After incubation, the cells were
processed as described above.

Affinity Cross-Linking Study. The affinity cross-linking assay was per
formed as described previously (19). In brief, M07E cells (~107) were resus-
pended in the binding buffer and incubated with 5 nM i:5I-IL-2 in the presence

or absence of a 400-fold excess of unlabeled rhIL-2 or rhGM-CSF for l h at
4Â°C.The cells were then washed and cross-linked with 1 mw disuccinimidyl

suberate (Pierce Chemical Co., Rockford. ID in PBS (pH 8.3) containing 1 mM
MgCl2. After cross-linking, the cells were lysed. and the lysates were subjected
to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The gels were

then stained, destained, and analyzed by autoradiography.

RESULTS

Proliferation of M07E Cells in Response to IL-2. We first ex
amined whether rhIL-2 induced the proliferation of MOVE cells.

MOVE cells were cultured in the presence of 0 to 10,000 units/ml of
rhIL-2 for 3 days, followed by measurement of cell proliferation with
the MTT colorimetrie method. IL-2 induced a dose-dependent prolif

eration of MOVEcells over the range of 10 to 10.000 units/ml (Fig. 1).
The results of the MTT assay shown in Fig. 1 were confirmed by
counting cells and by measuring ['HJthymidine incorporation (data

not shown). Consistent with previous findings (9, 10), GM-CSF, IL-3,
or SCF induced proliferation of MOVE cells in a dose-dependent
manner (Fig. 1). The treatment of MOVEcells with IL-2 did not induce
mRNA transcripts of GM-CSF, IL-3, or SCF in the cells (data not
shown), suggesting the direct action of IL-2 on MOVE cells.

We next examined the effect of IL-2 on GM-CSF- or SCF-induced

proliferation of MOVEcells. MOVEcells were cultured in the presence
of GM-CSF (10 ng/ml), SCF (100 ng/ml), IL-2 (10,000 units/ml), or

the combination of two growth factors. The MTT assay showed that
each growth factor had an almost equal activity in inducing the pro
liferation of MOVE cells and that IL-2 augmented GM-CSF- or SCF-

induced proliferation of MOVE cells (Fig. 2). However, the prolifera
tion of MOVEcells induced by the combination of IL-2 and GM-CSF
was lower than that induced by IL-2 and SCF (Fig. 2).
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Fig. I. Proliferation of M07E cells in response to various concentrations of GM-CSF
(Ai, IL-3 (B), SCF (C), or IL-2 (D). Triplicate aliquots of M07E cells were cultured with

each factor, and cell proliferation was measured using MTT colorimetrie assay. The results
are shown as the mean Â±SEM of triplicate cultures for one of three similar experiments.
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Fig. 2. Effects of IL-2 on GM-CSF- or SCF-induced proliferation of M07E cells.

Triplicate aliquots of M07E cells were cultured with GM-CSF (10 ng/ml), SCF (100
ng/ml), and IL-2 (10,000 units/ml) as indicated. Cell proliferation was measured using a

MTT assay. The results are shown as the mean Â±SEM of triplicate cultures.
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Surface Expression of IL-2R on M07E Cells. M07E cells were

removed from growth factor for 24 h and then incubated with medium
alone, GM-CSF (10 ng/ml), SCF (100 ng/ml), or IL-2 (10,000 units/

ml) for 0 to 36 h. The cells were treated with acidified PBS (pH 3.0)
and subsequently washed free of factors, and then the expression of
IL-2R a and ÃŸchains on MOVEcells was detected by flow cytometry
analysis using anti-Tac and Mik-ÃŸl monoclonal antibodies, respec
tively. The expression of IL-2RÃŸwas detectable 6 h after stimulation
with GM-CSF or SCF and reached a maximal level at 12 h, whereas
it was barely detectable after stimulation with medium alone or IL-2
(Fig. 3). By contrast, the expression of IL-2Ra was not detectable in

any sample tested (data not shown).
Expression of IL-2RÃŸmRNA Transcripts in M07E Cells. We

examined the expression of IL-2ÃŸand IL-2Ra genes in MOVEcells by

means of Northern blot analysis. MOVEcells were factor deprived for
24 h and then treated with GM-CSF (10 ng/ml) for 0 to 32 h. As shown
in Fig. 3, IL-2RÃŸmRNA transcript was found to be expressed in
MOVE cells and in phytohemagglutinin/phorbol 12-myristate 13-ace-

tate-stimulated peripheral blood lymphocytes, which were used as a

positive control. Furthermore, consistent with the data on flow cy
tometry analysis, the treatment of the cells with GM-CSF resulted in
a modest increase of the expression of IL-2RÃŸmRNA transcript (Fig.

4). The treatment of MOVEcells with SCF also led to a slight increase
in IL-2RÃŸmRNA transcript, but IL-2 stimulation did not influence
IL-2RÃŸmRNA transcript (data not shown). The expression of IL-2Ra

mRNA was barely detectable in MOVEcells before and after treatment
with each growth factor (data not shown).
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Fig. 3. Surface expression of IL-2R/3 on M07E cells. MOVEcells were factor deprived

for 24 h and then treated for 0 to 36 h with medium (C), GM-CSF (CM; 10 ng/ml). SCF
( 100 ng/ml), or IL-2 (10,000 units/ml). The cells were treated with acidified PBS (pH 3.0)
and subsequently washed free of factors, and then the cells were stained with 10 ug/ml of
a monoclonal antibody (Mik-ÃŸ1; isotype, IgG2a) against human IL-2RÃŸ( ) or a
control antibody with same isotype ( ) and analyzed by flow cytometry. The
expression of IL-2Ra was not detectable in any sample tested with a monoclonal antibody
against human IL-2Ra (data not shown).
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Fig. 4. Northern blot analysis of IL-2RÃŸmRNA transcripts in M07E cells. MOVEcells
were factor deprived for 24 h and then treated with GM-CSF ( 10 ng/ml) for 0 to 32 h. As
a positive control, mRNA prepared from phytohemagglutinin/phorbol 12-myristate 13-
acetate-stimulated peripheral blood lymphocytes (PBL-PHA ) was used. Fifteen p.g of total
cellular RNA were electrophoresed in 1% agarose gels. The blot was then hybridized with
a 32P-labeIed complementary DNA probe for human IL-2RÃŸ.The ÃŸ-actinprobe was used

to verify that an equal amount of mRNA was loaded in each lane.

l25I-IL-2 and 12SI-GM-CSF Binding and Cross-Linking Analy

ses. In an effort to further determine the affinity and ligand-binding
sites of MOVEcells, l25I-IL-2 and '"I-GM-CSF binding assays were

performed. Since SCF did not down-regulate IL-2RÃŸexpression and
was reported to have little effect on the expression of GM-CSF re

ceptors on MOVEcells (22), MOVEcells were cultured with SCF (100
ng/ml) for 24 h and treated with acidified PBS to remove bound factor.
The cells were subsequently washed and incubated with increasing
concentrations of '2SI-IL-2 in the presence or absence of a 400-fold

excess of unlabeled IL-2. The Scatchard plot analysis indicated the
presence of two classes of IL-2 binding sites on MOVE cells: high-
affinity binding sites (Kd = V4 pin; binding sites, 25/cell) and inter
mediate-affinity binding sites (Kj = 1.4 nin; binding sites, 513/cell)
(Fig. 5A). Consistent with our previous finding (23), 125I-GM-CSF

bound with high affinity (Ka = 63 PM) to 632 receptors on the cell.
In addition, the expression of IL-2R was examined by cross-linking

analysis. Cross-linking of '25I-IL-2 is reported to show at least two

bands at Mr 85,000-90,000 and Mr 10,000 that represent IL-2RÃŸ
(pVO/V5) and IL-2Ra (p55), respectively, after the reduction of the
molecular weight of IL-2 (15,000) (1,2). Although the p55 (IL-2Ro)

band was barely detectable in this assay, the expression of pVO/V5
(IL-2RÃŸ)was readily detectable in MOVE cells (Fig. 5ÃŸ).The bands
were completely abolished by an excess amount of unlabeled IL-2
(Fig. 5B), suggesting the specific binding of 125I-IL-2 to its receptor.

Unexpectedly, however, an excess of unlabeled GM-CSF was also
found to abolish 125I-IL-2 binding to IL-2RÃŸ.

In order to further determine the specificity of l25I-IL-2 and I25I-
GM-CSF binding, MOVE cells were incubated with 1 nM l2iI-IL-2 in

the presence or absence of increasing amounts of unlabeled IL-2 or
GM-CSF. Unlabeled IL-2 inhibited 125I-IL-2 binding in a dose-de
pendent manner and almost completely abolished l25I-IL-2 binding

with a 400-fold excess (Fig. 6). Also, a 400-fold excess of unlabeled
GM-CSF was found to compete with 75% of '25I-IL-2 for binding to
IL-2R (Fig. 6). By contrast, the binding of I25I-GM-CSF to its recep

tor was not competed with by a 400-fold excess of unlabeled IL-2
(percentage inhibition of I25I-GM-CSF binding with IL-2: a 40-fold

excess, 0%; a 400-fold excess, 0.2 Â±0.5%), while excess amounts of
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Fig. 5. Scale-hard analysis of high- and intermediate-affinity IJ5l-IL-2 binding (A) and
affinity cross-linking of '"I-IL-2 (B) to M07E cells. M07E cells were cultured with SCF
( I(K)ng/ml) for 24 h and treated with acidified PBS to remove hound GM-CSF. The cells
were subsequently washed and were incubated with increasing concentrations of l25I-IL-2
in the presence or absence of a 400-fold excess of unlabeled IL-2. The values represent the
mean of triplicate determinations. In cross-linking analysis (ÃŸ),M07E cells were incu
bated for I h at 4Â°Cwith binding buffer alone or a 400-fold excess of unlabeled IL-2 or
GM-CSF before incubation with 5 nM l25l-lL-2, and then the affinity binding, chemical
cross-linking, sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and autorad-
iography were performed. The location of the protein complexes formed between I251-
1L-2 and the IL-2Ra and IL-2R0 are indicated as p55 and p70/75. respectively.

unlabeled GM-CSF completely inhibited I25I-GM-CSF binding (per
centage inhibition of I25I-GM-CSF binding with GM-CSF: a 40-fold

excess, 81.0 Â±7.7%; a 400-fold excess, 100%).

DISCUSSION

IL-2 has been proposed for immunotherapy of patients with a
variety of malignant diseases, since the adoptive transfer of lymphok-
ine-activated killer cells and/or IL-2 have reduced tumor growth and

prolonged the survival of the host (24, 25). With reference to human
leukemias, lymphokine-activated killer cells were reported to mediate

the killing of leukemic cell lines and leukemic blast cells in vitro
(26, 27). However, the actions of IL-2 on AML cells remain unclear.

In this study, we have shown that IL-2R is functionally expressed
on M07E cells and that IL-2 induces proliferation of M07E cells in a
dose-dependent manner. Also, the proliferation of M07E cells is found
to be augmented by IL-2 in combination with other hematopoietic
growth factors such as SCF and GM-CSF. Although some groups of
investigators showed that IL-2 did not promote the proliferation and

growth of human AML cells m vitro and/or in vivo (28, 29), CarrÃ³n
and Cawley (30) reported that AML cells in 6 of 21 cases could
proliferate in response to IL-2. Furthermore, Macdonald el al. (31)
reported that the administration of IL-2 in the AML patients in the first

complete remission resulted in the relapse of AML in 5 of 9 cases and
that a substantial fraction of relapsed AML cells expressed IL-2R and
proliferated in response to IL-2. Taken together, these results indicate
that IL-2 may play some roles in regulating the growth of some

leukemic cells of myeloid lineage.
We also present data that GM-CSF competed with IMI-IL-2 for

binding to IL-2R, mainly IL-2RÃŸ,on M07E cells, whereas IL-2 shows
no competition for I25I-GM-CSF binding. The unidirectional cross-

competition of binding between IL-2 and GM-CSF was seen even at
4Â°C,and GM-CSF did not down-regulate the expression of IL-2RÃŸ,

suggesting that the unidirectional cross-competition may not be due to
the down-regulation of IL-2R through receptor internalization, as has

been demonstrated in a study of CSF interactions on murine bone
marrow cells (32). In human hematopoietic cells such as KG-1 and
some fresh leukemia cells exhibiting both IL-3 and GM-CSF recep
tors, IL-3 and GM-CSF have been shown to partially cross-compete

with each other for binding to receptors (33, 34). Furthermore, the
binding of IL-5 is also reported to be inhibited by IL-3 or GM-CSF on
human basophils (35). The cross-competition of binding between

those growth factors is observed in human hematopoietic cells but not
in murine cells (36). Recent findings provide a molecular explanation
for the cross-reactivity between IL-3, IL-5, and GM-CSF: the high-
affinity receptors of each factor are composed of a ligand-specific
a chain and a common ÃŸchain (ÃŸt),and cross-competition occurs
by competition for ÃŸcby the three distinct ligand-specific a chains
(37-39). Since the a or ÃŸchain of IL-2R is not structurally identical
to any chain of GM-CSF receptors, the precise mechanisms for the
unidirectional cross-competition seen between IL-2 and GM-CSF re

main to be elucidated at this time. However, it remains possible that
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Fig. 6. Quantitative inhibition of l2sI-!L-2 binding to M07E cells by unlabeled IL-2 or

GM-CSF. M07E cells were incubated at 4Â°Cfor 4 h with I nM l25I-IL-2 in the presence

or absence of indicated amounts of unlabeled IL-2 or GM-CSF. The maximum level of
inhibition of l2SI-IL-2 binding was observed with a 400-fold excess of each competitor.
GM-CSF competed with 75% of l25I-IL-2 for binding to IL-2R.
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an additional protein(s) other than IL-2R a and ÃŸchains might par
ticipate in IL-2 binding.

When IL-2RÃŸis expressed by transfection in lymphoid cells, they
can bind IL-2 at intermediate affinity. However, when IL-2RÃŸcom

plementary DNA is transfected into nonlymphoid NIH/3T3 fibroblasts
or Chinese hamster ovary cells, virtually no IL-2 binding capacity is
induced although the IL-2RÃŸcan be identified by specific monoclonal

antibodies on their surface (40). These results suggest the requirement
of an additional molecule(s) for IL-2R function. In fact, several pro
teins are reported to be coimmunoprecipitated with IL-2R (2). In

particular, Takeshita et ai. (41 ) have suggested that p64, designated as
IL-2R7, is a third subunit of human IL-2R. They have recently cloned
the IL-2Ry and reported that the y chain is necessary for the formation
of the high- and intermediate-affinity IL-2R, which consist of aÃŸy

heterotrimers and ÃŸyheterodimers, respectively (42). It is also re
ported that IL-2Ry is expressed in a variety of hematopoietic cells
including normal peripheral blood leukocytes, T-cell lines, B-cell
lines, and nonlymphoid cell lines such as promonocytic THP-1 (42).
Since M07E cell line is found to express an intermediate IL-2R, rather
than a high-affinity IL-2R, it is likely that M07E cells express ÃŸand
â€¢¿�ychains of IL-2R. It would be of interest to determine whether

GM-CSF could play some role in the expression and formation of the
ÃŸysubunit structure of IL-2R. Further studies will be necessary to
understand the mechanisms responsible for the unidirectional cross-

competition.
The known components of IL-2, IL-3, and GM-CSF receptors do

not have recognizable intrinsic kinase activity (1,2, 36). However, in
all cells so far examined that respond to each growth factor, there are
multiple cytoplasmic proteins that are rapidly phosphorylated on
tyrosine or serine/threonine residues following factor stimulation
(9,43^17). In previous studies, we have shown that both GM-CSF and
IL-3 transiently induce tyrosine phosphorylation of proteins, including

cytoplasmic protein p93, and this induction of tyrosine kinase activity
by GM-CSF and IL-3 is important for the factor-dependent prolifer
ation of M07E cells (43). Also, we have shown that Ruf-1, the product
of the c-ra/-l protooncogene, is expressed in M07E cells and that it is
rapidly phosphorylated in response to either GM-CSF or IL-3 ( 11). In
a preliminary study, it is noted that IL-2 can induce tyrosine phos
phorylation of p93 and phosphorylation of Raf-1 in M07E cells. These

results raise the possibility that common kinase(s) might be used by
GM-CSF, IL-3. and IL-2 receptors to promote cell proliferation.

Overall, the results presented here show that IL-2R is functionally

expressed on a human megakaryoblastic leukemia cell line and sug
gest that IL-2R may play a unique role in promoting the proliferation

of leukemic cells of some AML cases. Functional characterization and
molecular identification of IL-2R and its associated kinase(s) in M07E

cells will not only provide important insight into fundamental mech
anisms underlying regulation of hematopoiesis but also provide fur
ther understanding of signaling pathways used by different receptors
of human hematopoietic growth factors.
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