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The mouse interleukin-5 receptor (mIL-5R) consists of
two components one of which, the mIL-5R a-chain, binds
mIL-5 with low affinity. Recently we demonstrated that
monoclonal antibodies (Mabs) recognizing the second
minL-SR $-chain, immunoprecipitate a pl30- 140 protein
doublet which corresponds to the mIL-3R and the
mIL-3R-like protein, the latter chain for which so far no
ligand has been identified. In this study we show that a

high affinity mIL-5R can be reconstituted on COS1 cells
by co-expression of the minTL5R a-chain with the mL-,3R-
like protein (3-chain). Cross-linking of 1251-labeled
mIL-5 to the COS1 cells co-transfected with both cDNAs
revealed the same pattern as in B13 cells, i.e. two proteins
of 60 and 130 kd which correspond to the low affmity
mIL-5R a-chain and the mIL-3R-like protein,
respectively. The dissociation rate of mIL-5 from this
reconstituted high affmity site was lower than that of the
low affinity site, whereas the association rate was

unchanged. Nonetheless, the apparent dissociation
constant (Kd) for this reconstituted receptor was still
10-fold higher than the Kd observed for B13 cells.
Although the mIL-3R is >90% homologous to the
mIL-3R-like protein, no increase in affinity for mIL-5
was detected on COS1 cells co-transfected with the
cDNAs for the mIL-5R a-chain and the mIL-3R protein.
Key words: COS 1 cell transfection/high affinity
receptor/murine IL-S receptor/murine IL-3 receptor/murine
IL-3 receptor-like

Introduction
Recently, IL-S has been identified as a key molecule
controlling eosinophilopoiesis. IL-S is responsible for the

differentiation and growth of eosinophils in mice infected
with helminths (Coffman et al., 1989; Sher et al., 1990;
Yamaguchi et al., 1990a), and transgenic mice expressing
IL-5 develop eosinophilia (Dent et al., 1990; Tominaga et

al., 1991). Studies on murine B cells (for review see Takatsu

et al., 1988) indicated that IL-5 also has an effect on the

Ly-l + (CDS+) B cells from autoimmune (Umland et al.,
1989) and normal mice (Wetzel, 1989). Moreover,
accumulation of Ly-l+ B cells was observed in IL-S

transgenic mice (Tominaga et al., 1991). No IL-5-dependent
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pre-eosinophil cell lines have been described, and today
mIL-5 is assayed on IL-S-dependent, Ly-l+ B cell lines.
These cell lines are derived from mouse bone marrow and
can also proliferate in the presence of mIL-3 (Tominaga et
al., 1989; Tohyama et al., 1990). To study the interaction
between IL-S and its receptor on these target cells we decided
to isolate and characterize the components of the IL-S
receptor complex. High affinity (Kd = 50 pM) and low
affinity (Kd = S nM) receptors for IL-S have been detected
on murine IL-S-dependent B cell lines (Mita et al., 1989).
Cross-linking experiments using radiolabeled mIL-S revealed
that the mIL-SR complex consists of at least two polypeptide
chains. These results were supported by immunoprecipitation
performed with Mabs directed against each of these proteins.
A Mab recognizing a 60 kd protein completely blocked the
binding of mIL-S to IL-S-dependent cells (Yamaguchi et al.,
1990b), while Mabs immunoprecipitating a 130-140 kd
protein doublet only partially blocked the binding of mIL-5
(Rolink et al., 1989; J.Van der Heyden, in preparation).
Interestingly, the high affinity IL-SR could be converted to
a low affinity receptor by these latter Mabs (J.Van der
Heyden, in preparation). These results gave evidence for a
two chain IL-SR complex analogous to the IL-2R. Thus the
low affinity IL-SR consists of a ligand-specific 60 kd protein
(a-chain), while a p130-140 protein (,B-chain) that does not
bind mIL-S by itself associates with the a-chain to generate
a high affinity IL-SR. Recently cDNAs coding for two highly
homologous proteins, mIL-3R- and mIL-3R-like protein,
were isolated from a mouse IL-3-dependent cell line (Itoh
et al., 1990; Gorman et al., 1990). The mIL-3R protein
binds mIL-3 with low affinity (Kd = 17 nM), while the
ligand for the mIL-3R-like protein has not been identified.
Evidence from our laboratory indicated that the p130 and
the p140 proteins recognized by the Mabs against the mIL-SR
are identical to the mIL-3R- and mIL-3R-like protein
respectively (Devos et al., 1991). This led us to conclude
that one or both of these proteins participates in the formation
of the high affinity mIL-SR. Recently, Takaki et al. (1990)
isolated a cDNA corresponding to the mIL-SR a-chain.
These authors observed that this mIL-5R cDNA when
transfected into mIL-3-dependent FDC-P1 cells could
generate a high affinity mIL-SR. It was considered that the
mIL-SR a-chain associates with (an) additional protein(s),
present in FDC-P1 cells, resulting in the formation of a high
affinity mIL-5R. In this report we identify such an additional
protein as being identical to the mIL-3R-like protein.

Results
Isolation of cDNAs and expression of the murine low
affinity IL-5R
Mabs recognizing the low affinity mouse IL-SR completely
block the binding of mIL-S to mIL-S-dependent murine pre-B
cells, B13, and immunoprecipitate a 60 kd protein from B13
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cell lysates (J.Van der Heyden, in preparation). Using these
Mabs coupled to Hydrazide-Avidgel, the 60 kd protein was
purified and internal amino acid sequences were generated
(not shown). Oligonucleotides based on this sequence were
then used to isolate cDNA clones from B13 poly(A)+ RNA
derived libraries constructed in the plasmid pCDM8 (Seed,
1987). The nucleotide sequences of the cDNA clones were
in complete agreement with the recently published sequence
for the mIL-5R cDNA isolated by Takaki et al.(1990). These
cDNAs were then tested for expression in COS 1 cells as
measured in binding assays using radiolabeled Mabs. Some
of these clones (cl-24,cl-26) expressed the antigen recognized
by Mabs 3B1, 17D2, 23H4, 20H9 (J.Van der Heyden, data
not shown) and were chosen for further studies. Figure lA
shows the saturation binding curve for mIL-5 binding to the
COSI cells transiently transfected with the mIL-5R a cDNA
(cl-24). In agreement with the results of Takaki et al. (1990)
only low affinity (Kd = 5 nM) binding was observed.

Identification of a high affinity mouse IL-5R
Mabs which partially block the binding of mIL-5 and mIL-3
to B13 cells were isolated (Rolink et al., 1989; J.Van der
Heyden, in preparation). These Mabs recognize a doublet
protein of 130-140 kd, present in B13 cell lysate (Devos
et al., 1991), corresponding to the mIL-3R (Itoh et al., 1990)
and mIL-3R-like proteins (Gorman et al., 1990). This led
us to conclude that the high affinity mIL-5R and the high
affinity mIL-3R as found on IL-S-dependent- and
IL-3-dependent murine cell lines have a polypeptide in
common, or that a very homologous protein is part of the
mIL-5 receptor and mIL-3 receptor. To address the question
of which protein-the mIL-3R, the mIL-3R-like, or both
can function as an additional component required for
generating a high affinity mIL-5 receptor, we isolated cDNA
clones corresponding to these proteins. These plasmid
constructs in pCDM8 were then cotransfected in COS 1 cells
with the low affinity mIL-5R a-chain cDNA and the affinity
of binding mIL-5 was measured. Cotransfection of COSI
cells with the mIL-5R ce-chain cDNA and the mIL-3R-like
cDNA resulted in the expression of high affinity (Kd = 500
pM) mIL-5 binding sites (Figure IA and B). In accordance
with Gorman et al. (1990), we found that COSI cells
transfected with the mIL-3R-like cDNA alone did not bind
mIL-3 or mIL-5 (data not shown). In contrast, co-transfection
of COS I cells with the cDNAs corresponding to the mIL-5R
oa-chain and the mIL-3R did not result in the formation of
high affinity mIL-5 binding sites (Figure 1B). As observed
by Itoh et al. (1990), transfection with mIL-3R cDNA alone
led to the expression of low affinity mIL-3 binding sites,
proving that this plasmid was functional (not shown). The
presence of Mabs 4F1 (J.Van der Heyden, in preparation)
and R52 (Rolink et al., 1989), which recognize the f-chain
(mIL-3R-like) during the binding of mIL-5 on the COS 1 cells
transfected with both the a- and the A-chain cDNA,
converted the high affinity IL-SR (Kd = 600 pM) to a low
affinity IL-SR (Kd = 3 nM) (Figure IC). This result shows
that the mIL-3R-like protein together with the mIL-SR a-
chain forms a high affinity site for mIL-S. Whether or not
the mIL-SR at-chain/mIL-3R-like chain complex pre-exists
or is induced by mIL-S binding awaits further investigation.
The apparent Kd obtained for this reconstituted mIL-SR on
COS1 cells is 10-fold higher than the apparent Kd value
obtained for the high affinity mIL-SR observed on B 13 cells
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Fig. 1. Binding characteristics of mIL-5 receptors expressed on COSitransfectants. (A) Scatchard plot analysis of [ 251]mIL-5 binding on
COSI cells transiently transfected with the mIL-5R a cDNA (0), and
both the mIL-5R a cDNA and the mIL-3R-like cDNA (0). (B) COSI
cells transfected with both the mIL-5R a cDNA and the mIL-3R
cDNA (A); the mIL-5R ct cDNA and the mIL-3R-like cDNA (0).
The insets show the equilibrium binding profiles. (C) Effect of Mabs
4F1 and R52 on the binding of [1251I]mIL-5 to COSI cells transfected
with both the mIL-5R a cDNA and the mIL-3R-like cDNA. 0, Mabs
added. 0, no Mabs added.

(Kd = 80 pM, Figure 2). The reason for this discrepancy
in affinity might be a difference in secondary modification
of the mIL-SR components expressed in COS1 cells versus
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Fig. 2. Comparison of the affinity of mIL-5 receptors expressed on

B13 cells and COSI transfectants. 2 x 106 B13 cells were incubated for
30 min at 4°C with different concentrations of [1251]mIL-5. The
Scatchard analysis of the binding data (X) and computer derived low
and high binding components are shown as solid lines. The Scatchard
plots of mIL-5 binding on COSI cells expressing the mIL-5R a-chain,
and both the mIL-5R ca-chain and the mIL-3R-like chain as displayed
in Figure IA are shown as dashed lines.
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Fig. 3. Cross-linking of [125I]mIL-5 to transfected COSI cells.
Untransfected COSI cells (lane 4) and COSl cells transfected with the
mIL-5R a cDNA (lane 3), the mIL-3R-like cDNA (lane 2), the
mlL-5R ax- and the mIL-3R-like cDNA (lane 1) were incubated with

[125I]mIL-5 (5 nM). mIL-5 was cross-linked with BS3 and analysed by
SDS-PAGE as described in Materials and methods. Numbers at the

left are the position of the pre-stained molecular weight markers in kd.

B13 cells, resulting in a decreased affinity of the ligand for
its receptor. Alternatively, a third component involved in
the formation of a high affinity mIL-5R cannot be ruled out.

In contrast to B 13 cells (Figure 2) and to COSI cells
transfected with the mIL-5R a-chain cDNA alone
(Figure 1A), no low affinity mIL-5 binding sites could be

detected on these co-transfected COS1 cells (Figure IA and

B). This could mean that on the latter cells both chains are

expressed in equal number, while on B13 cells the (3-chain
is limiting.
As observed for mIL-5 dependent Ly-l+ B cell lines

(Mita et al., 1989), both the a- and the ,(-chain when co-

expressed in COS1 cells could be cross-linked to 1251_
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Fig. 4. Kinetics of binding of [1251]mIL-5. (A) Association rate.

Transfected COSI cells were incubated with 0.5 nM [1251]mIL-5 at

4°C for various times and the cell-bound radioactivity was measured.
(B) Dissociation rate. A 200-fold excess of mIL-5 was added to

transfected COSI cells which were preincubated with 0.5 nM
[1251]mIL-5 for 3 h at 4'C, and the residual cell-bound radioactivity
was measured at various times at 4°C. 0, COSI cells transfected with
the mIL-5R ca cDNA. 0, COSI cells transfected with both the
mIL-5R a cDNA and the mIL-3R-like cDNA.

labeled mIL-5. Two cross-linked bands with molecular
weights of 95 kd and 160 kd could be detected (Figure 3).
Although the COS I cells transfected with the a-chain cDNA
alone bound at least the same amount of labeled mIL-5
relative to the COS 1 cells transfected with both the a- and
the ,8-chain cDNA (Figure IA), no band was visible after
cross-linking of [1251]IL-5 to these cells. We observed that

during the washes prior to cross-linking, > 50% of the label
was lost from the COS 1 cells expressing the c-chain alone.
When the binding kinetics of mIL-S to COSI cells expressing

the mIL-SR a-chain were compared with the kinetics
observed for COS 1 cells expressing both the mIL-5R a-chain
and the mIL-3R-like chain, it was evident that the high
affinity binding caused by the $-chain was due to a decreased

rate of dissociation. As shown in Figure 4A, the rate of

binding of mIL-S occurred with similar kinetics on both

mnIL-SR at cDNA transfected cells and ca- and (-chain cDNA

co-transfected cells. In contrast, the addition of unlabeled

mIL-5 to COS1 cells preincubated with [1251]mIL-5 led to

the rapid release of radiolabeled mIL-S from the mIL-5R
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ce-chain transfectant (tl/2 <2 min), and a much slower
release (t112 >60 min) from the oa- l co-transfectant
(Figure 4B).

Discussion
The high affinity mIL-5R complex is composed of at least
two molecules of which the mIL-5R a-chain can bind mIL-5
independently with low affinity. The second subunit (,3-chain)
does not bind mIL-5 but associates with the mIL-5R et-chain
to form a high affinity mIL-5R complex. Our results show
that this (3-chain is identical to the mIL-3R-like protein
previously described by Gorman et al.(1990). Surprisingly,
the mIL-3R, which has > 90% amino acid sequence identity
with the mIL3R-like protein (Itoh et al., 1990), is not able
to increase the affinity of mIL-5 for its receptor. Takaki et
al. (1990) observed a high affinity binding of mIL-5 to the
mIL-3-dependent FDC-P1 cells transfected with the mIL-5R
a-chain cDNA. This cell line then became responsive to
mIL-5 for DNA synthesis. As FDC-Pl cells express the
mIL-3R-like chain (Devos et al., 1991), a high affinity
mIL-5R could be reconstituted, supporting the above
conclusions.
Murine IL-3 dependent cells bind mIL-3 with high affinity.

As the mIL-3R protein binds mIL-3 with low affinity, an
additional, as yet unidentified component might also be
associated with the mIL-3R protein to form a high affinity
mIL-3 receptor complex. It was shown by Gorman et al.
(1990) that, unlike the mIL-3R protein, the mIL3-R-like
protein does not bind mIL-3. Moreover, a Mab recognizing
the mIL-3R and not the mIL-3R-like protein completely
blocked the binding of mIL-3 to mIL-3-dependent cell lines,
while the binding of mIL-5 to the mIL-5-dependent cells was
unaffected (J.Van der Heyden, in preparation). This indicates
that the mIL-3R chain is an essential component of the high
affinity mIL-3R complex, but that the mIL-3R protein does
not participate in the high affinity mIL-5R complex.
Consistent with this model was our observation that mIL-3
and mIL-5 did not compete for each others binding on B13
cells (Devos et al., 1991).

Recently, a high affinity receptor for human macrophage-
granulocyte colony stimulating factor (hGM-CSF) could be
reconstituted by co-expression of the low affinity hGM-
CSFR ai-chain (Gearing et al., 1989) with a human
homologue of the mIL-3R protein (Hayashida et al., 1990).
It is therefore possible that in the murine system the mIL-3R
chain and/or the mIL-3R-like chain also associates with a
mGM-CSF-specific membrane protein. This would mean
that at least three different proteins, each specific for a
cytokine ligand, form a high affinity receptor in association
with an identical or highly homologous protein. These
cytokine receptors would then be composed of two
components in a manner analogous to the IL-2 receptor.
The post-receptor signal transduction pathway(s) induced

by IL-5, IL-3 and GM-CSF is largely unknown. It has been
shown that both IL-3 and GM-CSF stimulate protein tyrosine
kinase activity resulting in the rapid phosphorylation of
several membrane and cytoplasmic proteins (Morla et al.,
1988; Sorensen et al., 1989a; Kanakura et al., 1990). Both
hIL-3 and hGM-CSF induce the phosphorylation of the
proto-oncogene product c-rafl in a factor-dependent myeloidcell line (Kanakura et al., 1991), and mIL-3 was shown toinduce the phosphorylation of c-rafl in the murine cell line
FDC-P1 (Carroll et al., 1989). Recently, it has been shown
2136

that mIL-5- stimulated growth also leads to the tyrosine-
phosphorylation of several proteins (Murata et al., 1990).
Since at least one component of the receptor of these
lymphokines is common or homologous, it is quite likely
that binding of these factors to their respective receptor
transduces an identical or very similar signal. Neither the
mIL-5R a-chain, nor the mIL-3R- and mIL-3R-like proteins
have a structure typical of a tyrosine kinase. Isfort et
al.(1988) have shown that mIL-3 binds to a 140 kd
phosphotyrosine-containing membrane protein in FDC-P1
cells, and it was demonstrated by Sorensen et al.(1989b) that
mIL-3 stimulates the specific tyrosine-phosphorylation of a
140 kd mIL-3R protein. It is therefore conceivable that this
140 kd protein is identical to the mIL-3R protein as described
by Itoh et al.(1990). If this is correct, the mIL-3R and the
mIL-3R-like proteins might become phosphorylated by a
similar or identical tyrosine kinase. We have shown that a
high affinity mIL-5R complex could be reconstituted by co-
expression on COS1 cells of a mIL-5-specific ae-chaintogether with the mIL-3R-like chain. Surprisingly, the
affinity of this reconstituted receptor was still 10-fold lower
than the affinity observed on mIL-5-dependent cells. This
difference in affinity could be due to different post-
translational modifications specific for COS 1 cells.
Alternatively, this difference in affinity could be explained
by a tissue-specific component as was also observed for the
IL-2R (Minamoto et al., 1990). Further studies will be
necessary to define the nature of this component and to find
out its presumed relationship to tyrosine kinase activity.

Materials and methods
Cells and materials
Recombinant mIL-5 was produced in a baculovirus expression system as
described (Tavernier et al., 1989). The Mono-Q (Pharmacia) purified mIL-5
was labeled using the Bolton and Hunter reagent (Amersham Corp.) to a
specific activity of 4- 13 /tCi//Ag. Recombinant mouse IL-3, produced in
a mouse myeloma cell line, was obtained from Dr Y.Furuichi (Nippon Roche
Center, Kamakura, Japan) and labeled using lodogen (Pierce Chemical Co.).B13 cells were grown in spinner flasks in the presence of mIL-5, and lysateswere prepared as described (Devos et al., 1991). Rat Mabs against the
mIL-5R were prepared (J.Van der Heyden, in preparation), using B13 cells
and a previously described immunization protocol (Rolink et al., 1989).Bis(sulfosuccinimidyl)suberate (BS3) was purchased from Pierce Chemical
Co. Leupeptin, pepstatin A and o-phenanthroline were from Sigma.
Isolation of a mlL-5R a-chain cDNA
A mixture of three Mabs, 3B1, 17D2 and 20H9 (J.Van der Heyden, in
preparation) directed against the mIL-5R a-chain, was covalently coupledto Hydrazide-Avidgel AX (Bioprobe Int. Inc., Tustin, CA) according to
the guidelines of the manufacturer. Five milligrams of each Mab purified
on protein G-Sepharose 4 Fast Flow (Pharmacia) was coupled per mi of
gel. The frozen B13 cell lysates which were used for the affinity purificationof the p130- 140 protein (Devos et al., 1991) were thawed, clarified bycentrifugation and mixed overnight at 40C with 2 ml of the gel. The mixturewas then poured into a column, the gel washed and the bound proteins eluted
with diethylamine as described (Devos et al., 1991). After lyophilizationthe protein mixture was subjected to SDS-PAGE (10% acrylamide, 1.5 mm
thickness). The gel was stained with 0.25% Coomassie brilliant blue in 10%
acetic acid-30% methanol, destained and washed with distilled water. The
60 kd band was cut out from six minigels and the gel pieces collected in
a 1 ml slot of a new concentration gel system. Proteins were electroeluted
and concentrated (Rasmussen et al., 1991), electrotransferred on an
Immobilon-P membrane (Millipore Corp.), and detected by amido black
staining. The protein spot was then excised and digested in situ with trypsin(Bauw et al., 1989). Peptides which eluted from the blot were separatedon a C4 reversed phase HPLC and some of them were selected for amino
acia sequence analysis (470A gas phase sequenator equipped with an on-
line 120A PTH-amino acid analyser; Applied Biosystems Inc.).
A unidirectional cDNA library was constructed in BstXI-NotI openedpCDM8 DNA (In Vitrogen Inc.) using poly(A)+RNA derived from B13
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cells, and a NotI primer adaptor (Promega). Plasmid DNA corresponding
to 72 000 colonies in groups of 2000, were linearized with XhoI and after
electrophoresis in a 1 % agarose gel, transferred to a GeneScreen membrane
(New England Nuclear, Dupont). Two oligonucleotides (32mers) were
synthesized (Eurogentec S.A.) corresponding to the amino acid sequence
Trp-Gly-Glu-Trp-Ser-Gln-Pro-Ile-Tyr-Val-Gly-Lys. DNA sequence oligo
1: 5'-CCIACG(A)TAT(A,G)ATIGGC(T)TGIGACCAC(T)TCICCCCA-3';
oligo 2: 5'-CCIACG(A)TAT(A,G)ATIGGC(T)TGA(G)CTCCAC(T)TC-
ICCCCA-3'. The membrane containing the cDNA library was hybridized
with the two 5'-32P-labeled oligonucleotides using standard procedures
(Sambrook et al., 1989). Single plasmids in positive groups were isolated
by colony hybridization. Insert DNA was analysed by digestion with
restriction enzymes and DNA sequencing.

Isolation of mIL-3R and mIL-3R-like cDNAs
Membranes containing plasmid DNA corresponding to a B13 cell derived
cDNA library in pCDM8 were hybridized with a labeled oligonucleotide
corresponding to the 5' untranslated region (UR) of the mIL-3R/mIL-3R-
like mRNA (Itoh et al., 1990; Gorman et al., 1990). Positive candidates
were characterized by DNA sequencing and restriction enzyme analysis and
shown to correspond to the mIL-3R-like cDNA. COSI cells transiently
transfected with these plasmids showed binding of the Mabs recognizing
the p130-140 doublet (Devos et al., 1991). A cDNA plasmid corresponding
to the mIL-3R mRNA and which lacked a substantial part of the coding
region was completed using a polymerase chain reaction (PCR) product
specific for the mIL-3R mRNA. This PCR fragment was obtained from
cDNA using a 5' UR forward oligonucleotide and a mIL-3R-specific reverse
oligonucleotide (Gorman et al., 1990). COS1 cells transiently transfected
with this full length m.IL-3R cDNA plasmid in pCDM8 showed binding
of mIL-3, and of a Mab (25C9) which only recognizes the mIL-3R (J.Van
der Heyden, in preparation).

Transfection in COS 1 cells and binding studies
Subconfluent COS1 cells were seeded (1/2) 24 h prior to transfection using
DEAE-dextran in the presence of chloroquine (Sambrook et al., 1989),
and incubated for 3 days in Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal calf serum (FCS) (binding medium). Cells were then
collected after treatment for 30 min at 37°C with PBS containing 0.5 mM
EDTA and 0.02% sodium azide, resuspended at 1.5 x 105 cells per 0.3 ml
binding medium containing 0.02% sodium azide and incubated with
increasing concentrations of [1251]mIL-5 at 4°C for 1 h. Cell-associated
radioactivity was determined as described (Plaetinck et al., 1990). Specific
binding was calculated as the difference between the binding in the absence
(total binding) and presence (non-specific binding) of 100-fold excess
unlabeled mIL-5. Scatchard plot analysis of the binding data was performed
using the LIGAND program (McPherson, 1985).

Cross-linking experiments
Transfected COSI cells (1 x 106 cells) were cultured for 48 h and detached
by washing once and incubation for 30 min at 37°C with phosphate buffered
saline (PBS) containing 0.02% sodium azide and 0.5 mM EDTA. The cell
pellet was suspended in 1 ml DMEM containing 10% FCS and [125I]mIL-5
was added to a final concentration of 5 nM. After incubation for 1 h at
4°C, the cells were washed once with ice-cold balanced salt solution (BSS),
BS3 was added (1 mM final concentration) and the incubation continued
for 30 min at 4°C. Next glycine was added (50 mM final concentration)
and the cells were washed twice with BSS and lysed in 0.3 ml 1% Triton
X-100 in BSS containing a cocktail of protease inhibitors (2 mM EDTA,
2 mM EGTA, 2 mM phenylmethylsulfonylfluoride, 10 jtM leupeptin,
10 AM pepstatin A, 2 mM o-phenantroline, 200 kallikrein inhibitor units/mi).
After centrifugation for 10 min at 4°C, the supernatant was analyzed on
an SDS-7.5% acrylamide gel under non-reducing conditions.

Acknowledgements
The excellent technical assistance of Rita Bauden, Ina Fache, Tania Tuypens
and Annick Verhee is gratefully acknowledged. We thank Dr Y.Furuichi
for generously giving recombinant mouse IL-3. S.Cornelis thanks the
'Instituut tot aanmoediging van het Wetenschappelijk Onderzoek in
Nijverheid en Landbouw' for a fellowship.

Carroll,M., Boswell,H.S., Gabig,T.G., Rapp,U.R., Clark-Lewis,I. and
May,W.S. (1989) Blood, 190a, suppl. 1.

Coffman,R.L., Seymour,B.W.P., Hudak,S., Jackson,J. and Rennick,D.
(1989) Science, 245, 308-310.

Dent,L.A., Strath,M., Mellor,A.L. and Sanderson,C.J. (1990) J. Exp. Med.,
172, 1425-1431.

Devos,R., Vandekerckhove,J., Rolink,A., Plaetinck,G., Van der Heyden,J.,
Fiers,W. and Tavernier,J. (1991) Eur. J. Immunol., 21, 1315-1317.

Gearing,D.P., King,J.A., Gough,N.M. and Nicola,N.A. (1989) EMBO
J., 8, 3667-3676.

Gorman,D.M., Itoh,N., Kitamura,T., Schreurs,J., Yonehara,S., Yahara,I.,
Arai,K. and Miyajima,A. (1990) Proc. Natl. Acad. Sci. USA, 87,
5459-5463.

Hayashida,K., Kitamura,T., Gorman,D.M., Arai,K., Yokota,T. and
Miyajima,A. (1990) Proc. Natl. Acad. Sci. USA, 87, 9655-9659.

Isfort,R.J., Stevens,D., May,W.S. and Ihle,J.N. (1988) Proc. Natl. Acad.
Sci. USA, 85, 7982-7986.

Itoh,N., Yonehara,S., Schreurs,J., Gorman,D.M., Maruyama,K., Ishii,A.,
Yahara,I., Arai,K.-I. and Miyajima,A. (1990) Science, 247, 324-327.

Kanakura,Y., Druker,B., Cannistra,S.A., Furukawa,Y., Torimoto,Y. and
Griffin,J.D. (1990) Blood, 76, 706-715.

Kanakura,Y., Druker,B., Wood,K.W., Mamon,H.J., Okuda,K.,
Roberts,T.M. and Griffin,J.D. (1991) Blood, 77, 243-248.

McPherson,G.A. (1985) J. Pharmacol. Methods, 14, 213-228.
Minamoto,S., Mori,H., Hatakeyama,M., Kono,T., Doi,T., Ide,T., Uede,T.

and Taniguchi,T. (1990) J. Immunol., 145, 2177-2182.
Mita,S., Tominaga,A., Hitoshi,Y., Sakamoto,K., Honjo,T., Akagi,M.,

Kikuchi,Y., Yamaguchi,N. and Takatsu,K. (1989) Proc. Natl. Acad. Sci.
USA, 86, 2311-2315.

Morla,A.O., Schreurs,J., Miyajima,A. and Wang,J.Y.J. (1988) Mol. Cell.
Biol., 8, 2214-2218.

Murata,Y., Yamaguchi,N., Hitoshi,Y., Tominaga,A. and Takatsu,K. (1990)
Biochem. Biophys. Res. Commun., 173, 1102-1108.

Plaetinck,G., Van der Heyden,J., Tavernier,J., Fache,I., Tuypens,T.,
Fischkoff,S., Fiers,W. and Devos,R. (1990) J. Exp. Med., 172,
683-691.

Rasmussen,H.H., Van Damme,J., Bauw,G., Puype,M., Gesser,B.,
Celis,J.E. and Vandekerckhove,J. (1991) In Jornvall,H., Hoog,J.-O. and
Gustavsson,A.-M. (eds), Methods in Protein Sequencing Analysis.
Birkhauser Verlag, Basel, pp. 103-114.

Rolink,A., Melchers,F. and Palacios,R. (1989) J. Exp. Med., 169,
1693-1701.

Sambrook,J., Fritsch,E.F. and Maniatis,T. (1989) Molecular Cloning, A
Laboratory Manual (2nd edition). Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY

Seed,B. (1987) Nature, 329, 840-842.
Sher,A., Coffmian,R.L., Hieny,S., Scott,P. and Cheever,A.W. (1990) Proc.

Natl. Acad. Sci. USA, 87, 61-65.
Sorensen,P.H.B., Mui,A.L., Murthy,S.C. and Krystal,G. (1989a) Blood,

73, 406-418.
Sorensen,P., Mui,A.L. and Krystal,G. (1989b) J. Biol. Chem., 264,

19253-19258.
Takaki,S., Tominaga,A., Hitoshi,Y., Mita,S., Sonoda,E., Yamaguchi,N.

and Takatsu,K. (1990) EMBO J., 9, 4367-4374.
Takatsu,K., Tominaga,A., Harada,N., Mita,S., Matsumoto,M., Kikuchi,Y.

and Yamaguchi,N. (1988) Immunol. Rev., 102, 107-135.
Tavernier,J., Devos,R., Van der Heyden,J., Hauquier,G., Bauden,R.,

Fache,I., Kawashima,E., Vandekerckhove,J., Contreras,R. and Fiers,W.
(1989) DNA, 8, 491-501.

Tohyama,K., Lee,K.H., Tashiro,K., Kinashi,T. and Honjo,T. (1990) EMBO
J., 9, 1823-1830.

Tominaga,A., Mita,S., Kikuchi,Y., Hitoshi,Y. and Takatsu,K. (1989)
Growth Factors, 1, 135-146.

Tominaga,A. et al. (1991) J. Exp. Med., 173, 429-437.
Umland,J.P., Go,N.F., Cupp,J.E. and Howard,M. (1989) J. Immunol.,

142, 1528-1535.
Wetzel,G.D., (1989) Eur. J. Immunol., 19, 1701-1707.
Yamaguchi,Y., Matsui,T., Kasahara,T., Etoh,S., Tominaga,A., Takatsu,K.,

Miura,Y. and Suda,T. (1990a) Exp. Hematol., 18, 1152-1157.
Yamaguchi,N., Hitoshi,Y., Mita,S., Hosoya,Y., Murata,Y., Kikuchi,Y.,

Tominaga,A. and Takatsu,K. (1990b) Int. Immunol., 2, 181-187.

Received on April 2, 1991; revised on April 29, 1991

References
Bauw,G., Van Damme,J., Puype,M., Vandekerckhove,J., Gesser,B.,

Ratz,G.P., Lauridsen,J.B. and Celis,J.E. (1989) Proc. Natl. Acad. Sci.

USA, 86, 7701-7705.
2137


