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Oncostatin M (OSM) is a member of a family of cytokines that includes ciliary neurotrophic factor,
interleukin-6, interleukin-11, cardiotrophin-1, and leukemia inhibitory factor (LIF). The receptors for these
cytokines consist of a common signaling subunit, gp130, to which other subunits are added to modify ligand
specificity. We report here the isolation and characterization of a cDNA encoding a subunit of the mouse OSM
receptor. In NIH 3T3 cells (which endogenously express gp130, LIF receptor b [LIFRb], and the protein
product, c12, of the cDNA described here), mouse LIF, human LIF, and human OSM signaled through
receptors containing the LIFRb and gp130 but not through the mouse OSM receptor. Mouse OSM, however,
signaled only through a c12-gp130 complex; it did not use the LIF receptor. Binding studies demonstrated that
mouse OSM associated directly with either the c12 protein or gp130. These data highlight the species-specific
differences in receptor utilization and signal transduction between mouse and human OSM. In mouse cells,
only mouse OSM is capable of activating the mouse OSM receptor; human OSM instead activates the LIF
receptor. Therefore, these data suggest that all previous studies with human OSM in mouse systems did not
elucidate the biology of OSM but, rather, reflected the biological actions of LIF.

Oncostatin M (OSM) is structurally and functionally related
to a family of cytokines that includes the leukemia inhibitory
factor (LIF), ciliary neurotrophic factor (CNTF), interleu-
kin-11 (IL-11), cardiotrophin-1 (CT-1), and interleukin-6 (IL-
6). All of the members of this family bind to, and signal
through, a receptor complex that includes the glycoprotein
gp130 (4, 8, 9, 12, 16). Most functional receptors for this group
of cytokines consist of multimeric complexes of a chains, non-
signal-transducing receptor components required for high-
affinity cytokine binding, and signal-transducing b chains.
Known a components include CNTF receptor a (CNTFRa),
IL-11 receptor a (IL-11Ra), and IL-6 receptor a (IL-6Ra); the
known b chains are gp130 and the LIF receptor b (LIFRb).
This cytokine family can be further divided based upon specific
b-chain usage. Functional receptors for human OSM (hOSM),
CNTF, LIF, and CT-1 contain heteromultimers of LIFRb and
gp130 (in addition to specific a components), whereas the
functional IL-6 and IL-11 receptors contain multimers of
gp130 along with IL-6Ra and IL-11Ra, respectively. A sub-
family of receptors is thus defined, based on the use of a
LIFRb-gp130 heteromultimer core, to which various a com-
ponents are added to modify ligand binding specificity. LIF
signals through the LIFRb-gp130 complex alone, while CNTF
signaling requires the addition of a specific a chain (CNTFRa)
to the functional LIFR. CT-1 and hOSM can signal through
the functional LIFR alone, but certain evidence suggested the
existence of a second, OSM-specific, receptor in human cells
(19). An hOSMRb was recently reported (13) and demon-
strated to interact functionally with gp130. We report here the
cloning and characterization of a mouse OSMRb (mOSMRb)
which we believe to be orthologous to the hOSMRb. Charac-
terization of this receptor revealed distinct modes of receptor
activation by OSM in the mouse and human systems. Unex-

pectedly, mOSM and hOSM utilize different receptors on
mouse cells.

MATERIALS AND METHODS

Materials. Reagents for PCR were purchased from Boehringer Mannheim
(Indianapolis, Ind.). The TA cloning kit and the pCRII vector were purchased
from Invitrogen (San Diego, Calif.). The RNA transcription kit was purchased
from Ambion (Austin, Tex.). Unless otherwise indicated, all other DNA modi-
fication enzymes were purchased from Boehringer Mannheim and all chemical
reagents were purchased from Sigma (St. Louis, Mo.). Antiphosphotyrosine
(anti-P.Tyr) antibodies were from UBI (Lake Placid, N.Y.). Anti-gp130 (M20),
anti-STAT5B (C17), anti-STAT3 (C20), and anti-LIFR (C19) were from Santa
Cruz Biotechnology (Santa Cruz, Calif.). Recombinant mouse and human OSM
were from R & D Systems (Minneapolis, Minn.). Recombinant mouse and
human LIF were from Genzyme (Cambridge, Mass.).

cDNA cloning. The initial clone, cm5-00013-c12, was a 2,125-bp cDNA isolated
from a mouse colon cDNA library. A pair of oligonucleotide primers were
synthesized from the putative cytoplasmic domain of clone cm5-00013-c2, the
sense oligonucleotide (59-AGACACAGCACACCAACTTGG-39, 1031-75) and
the antisense oligonucleotide (59-GCGCAATTAACCCTCACTAAAGCAGAT
CTTGTGCTGCTGGTGTTTACTG-39, 1031-74). The antisense oligonucleo-
tide encoded a T3 RNA polymerase recognition site before the region of comple-
mentarity to cm5-00013-c12. A 345-bp PCR product was generated with these
primers from a mouse skeletal muscle library (Clontech, Palo Alto, Calif.) and
cloned into the pCRII vector. A radiolabeled riboprobe was synthesized from the
template thus prepared and used to screen 106 phage plaques, in duplicate, from
a mouse skeletal muscle library (Clontech), as described below. A total of 120
primary positive plaques were isolated and subjected to further analysis.

To facilitate the cloning of the novel coding region sequence, anchored PCR
was used. An antisense oligonucleotide (59-GCGCAATTAACCCTCACTAAA
GCAGATCTCTTCCACTGCAAATCACAGCG-39; 1031-73), complementary
to the 59 end of the original clone, was combined with either of two vector
arm-specific anchor oligonucleotides (left-arm oligonucleotide [59-CCTTTTGA
GCAAGTTCAGCCTGGTTAAGTCC-39; 1065-30] and right-arm oligonucleo-
tide [59-CAGAGGTGGCTTATGAGTATTTCTTCCAGGG-39; 1065-31]) in
PCR amplification on the original 120 primary plaque pools. Twelve of the
original pools allowed amplification with one, but not the other, of the two vector
arm-specific oligonucleotides combined with oligonucleotide 1031-73. These
PCR products were subcloned into the pCRII vector and sequenced. Eight of
these contained novel sequence compared to the original clone, and all over-
lapped one another to some extent. The longest of these clones extended 1,708
bp 59 of the original clone, defining a 2,949-bp open reading frame (ORF), but
did not encode an in-frame stop codon in the putative 59-untranslated region that
would delineate the complete ORF.

A second round of anchored PCR on the original plaque pools was used with
a new oligonucleotide (59-GATGCCCTCAGGGACAGCAC-39; 1091-36), com-

* Corresponding author. Mailing address: Amgen, Inc., 1840 De-
havilland Dr., M/S 99-1-A, Thousand Oaks, CA 91320-1789. Phone:
(805) 447-8829. Fax: (805) 499-7506. E-mail: fredf@amgen.com.

3357



plementary to a region in common between the previous extension products,
combined with either of oligonucleotides 1065-30 and 1065-31 as before. Exten-
sion products were obtained from two independent plaque pools, whose se-
quences were identical to each other, overlapping and extending the previous
sequence information by 142 bp. These clones still did not encode an in-frame
stop codon, but sequencing from mouse genomic DNA revealed the presence of
a stop codon 15 bp upstream of our consensus cDNA sequence and no additional
methionine residues in frame with the predicted start methionine.

Library screening. A 32P-labelled riboprobe was generated from the template
prepared as described above, by transcription from the antisense T3 promoter
with an in vitro transcription kit (Ambion). The 345-bp riboprobe was used to
screen 106 plaques lifted from a mouse skeletal muscle cDNA library (Clontech).
Plaques were lifted in duplicate onto nitrocellulose filters (Schleicher & Schuell,
Keene, N.H.). Hybridization was performed in Stark’s buffer (50% formamide,
50 mM potassium phosphate [pH 6.5], 53 SSC [13 SSC is 0.15 M NaCl plus
0.015 M sodium citrate], 1% sodium dodecyl sulfate [SDS], 53 Denhardt’s

FIG. 1. Nucleotide and predicted protein sequences of c12. The nucleotide sequence of mouse c12 cDNA is shown. Sequence information derived from the genomic
DNA, which includes the 59 stop codon upstream of the deduced cDNA sequence, is shown in italics. The nucleotide numbers of the cDNA are shown in the left margin,
and the amino acid numbers, beginning with the predicted initiation methionine, are shown in the right margin. The WSXWS motifs are boxed, the transmembrane
domain is underlined, and the cytoplasmic box 1 motif is highlighted in boldface type.
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solution, 0.05% sodium sarcosyl, 300 mg of salmon sperm DNA per ml) at 42°C
overnight. The filters were washed to a final stringency of 0.13 SSC–0.5% SDS
at 63°C and exposed to X-ray film (X-Omat AR; Eastman Kodak, Rochester,
N.Y.) overnight at 270°C with intensifying screens. The films were developed,
and 120 plaques hybridizing on both pairs of duplicate lifts were identified and
isolated. Phages were eluted from agarose plugs in SM buffer (17) and stored at
4°C (primary plaque pools). Secondary and tertiary plaque purifications were
performed in similar fashion to that for the primary pools on dilutions from the
primary pools until single plaques could be isolated.

DNA sequence analysis. DNA sequencing was performed on both strands of
each template with the Taq Dye Terminator cycle-sequencing kit (Applied Bio-
systems, Foster City, Calif.) and primers appropriate to the cloning vector on an
automated DNA sequencer (model 373A or 377; Applied Biosystems) as rec-
ommended by the manufacturer.

Northern analysis. Mouse multiple-tissue Northern blots (Clontech) were
probed with the 345-bp riboprobe in Stark’s buffer overnight at 42°C. The filters
were washed to a final stringency of 0.13 SSC–0.1% SDS at 68°C for 90 min.
They were then exposed to X-ray film for 2 days.

Antibody production. Antipeptide antibodies were raised against the C-termi-
nal 9 amino acids predicted by the cDNA c12. The peptide was synthesized with
a cysteine on the N terminus, coupled to keyhole limpet hemocyanin with
m-maleimidobenzoic acid-N-hydroxysuccinimide ester, and used as an antigen to
make polyclonal rabbit antisera by standard procedures (6). These antibodies
were affinity purified on a peptide column, as suggested by the manufacturer
(SulfoLink kit; Pierce, Inc., Rockford, Ill.).

Production of mOSM. The mOSM cDNA was amplified by PCR from first-
strand adult mouse spleen cDNA (Clontech) with sense (59-GGGAATTCGTA
TGCAGACACGGCTTCTAAGAACAC-39) and antisense (59-GGAGATCTC

FIG. 1—Continued.
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FIG. 1—Continued.
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TAGGCCCTGGTCGTCGGGCTCTGGG-39) oligonucleotides designed
according to the published sequence (22). The amplified cDNA was subcloned
into the expression vector pBJ5 (21). To transiently express mouse OSM, 5 mg of
PBJ5-OSM plasmid was transfected as a calcium phosphate precipitate into 106

293T cells that had been plated on fibronectin-treated plates (2). At 18 h later,
the medium was changed to serum-free Iscove’s modified Dulbecco’s medium.
At 48 h after transfection, the medium from transfected and mock-transfected
cells was harvested.

Expression of recombinant receptor. The c12 ORF was subcloned into expres-
sion vector pBJ5. The insert of one construct was verified by sequence analysis
and was used to express the full-length protein in COS7 cells. DNA was trans-
fected into 1.5 3 106 cells by the DEAE-dextran technique (5). The next day the
medium was changed, and the following day the medium was replaced by serum-
free medium; 24 h later, the cells were treated and lysed. The cells were lysed in
NP40 lysis buffer (50 mM Tris [pH 8.0], 150 mM sodium chloride, 1% Nonidet
P-40 [NP-40], 10 mg of aprotinin per ml, 5 mM EDTA, 200 mM sodium or-
thovanadate). The lysates were centrifuged, and the supernatants were either
boiled directly in sample buffer or used for immunoprecipitation. Immunopre-
cipitates were collected on protein G-Sepharose beads and boiled in sample
buffer. After electrophoresis and electroblotting to polyvinylidene difluoride
membranes, the immunoprecipitates were probed with various antibodies. Im-
mune complexes were detected with horseradish peroxidase-conjugated second-
ary reagents by enhanced chemiluminescence, as described by the manufacturer
(Amersham, Arlington Heights, Ill.).

Binding and cross-linking analysis. Purified, carrier-free recombinant mouse
(rmOSM; R&D Systems) was radiolabeled with Iodobeads (Pierce, Rockford,
Ill.) as specified by the manufacturer. SDS-polyacrylamide gel electrophoresis
(PAGE) analysis of the iodinated product revealed a single labeled protein of the
expected size (21 kDa) (data not shown). The final specific activity was approx-
imately 34 cpm/pg. COS7 cells were either mock transfected or transfected with
c12 or gp130. Transfected cells were removed from the plates by scraping and
were washed twice in RPMI containing 25 mM HEPES (pH 7.6) and 1 mg of
bovine serum albumin per ml (binding buffer). Cells (;1.5 3 106 cells/ml) were
incubated with either 0.5 or 5 nM 125I-rmOSM for 2 h at room temperature in
a final volume of 200 ml. Nonspecific binding was determined from parallel
reaction mixtures containing a 100-fold molar excess of unlabeled rmOSM.
Unbound ligand was separated from cell-bound ligand by centrifugation through
a sucrose cushion, as described previously (21), and cell-associated counts were
measured. The results shown in Fig. 7B correspond to the specifically bound
counts per minute (cpm) after subtraction of nonspecifically bound cpm.

Cross-linking analysis was performed on similar sets of cells incubated with 5
nM 125I-rmOSM in the absence or presence of a 100-fold molar excess of
unlabeled rmOSM. Cells were incubated for 2 h with labeled ligand in a volume
of 1 ml, and then disuccinimidyl suberate (DSS; Pierce) was added to a final
concentration of 0.2 mM and the mixture was incubated for 30 min at room
temperature. Cells were washed four times with PBS containing 10 mM Tris (pH
7.5); lysed with a solution of PBS, 1 mM EDTA, and 0.5% NP-40; and incubated
at 4°C for 10 min. Cellular debris was pelleted by centrifugation at 5,000 3 g for
10 min at 4°C, and the supernatant was analyzed by SDS-PAGE on 4 to 20% gels
(Novex). The gels were dried under vacuum, and the radioactivity was detected
with a PhosphorImager (Molecular Dynamics, Sunnyvale, Calif.).

OSM signaling in NIH 3T3 cells. Subconfluent NIH 3T3 cells were serum
starved overnight in medium containing 0.5% calf serum. These cells were
treated for 15 min at 37°C with 100 ng of recombinant factors per ml or 13
conditioned medium containing mOSM. The cells were washed in PBS and lysed
in NP-40. The lysates were analyzed as described above. The results were the
same with commercially obtained rmOSM.

Nucleotide sequence accession number. The cDNA sequence reported in this
paper has been deposited into GenBank under accession no. AF058805.

RESULTS

cDNA cloning and characterization. A partial cDNA (cm5-
00013-c12) encoding the cytoplasmic portion of a predicted
novel hematopoietin receptor was isolated by random se-
quence analysis from a mouse colon cDNA library. Recogni-
tion of a consensus sequence conserved in hematopoietin re-
ceptors (cytoplasmic box 1 [15]) in this clone led to further
characterization. Northern blot analysis was used to assess
the tissue distribution of mRNA expression. Multiple-tissue
Northern blots of mouse poly(A)1 mRNA were hybridized
with a 345-bp antisense riboprobe derived from the partial
cDNA sequence described in Materials and Methods. A hy-
bridizing band of ;5 kb was detected in heart, brain, spleen,
lung, liver, skeletal muscle, and kidney tissue but not in testis
tissue (data not shown). An additional ;6-kb band was de-
tected only in the heart and skeletal muscle. Additional cDNAs
were isolated by plaque hybridization of a mouse skeletal mus-

cle cDNA library with the riboprobe, and several rounds of
anchored PCR, with antisense oligonucleotides complemen-
tary to existing sequence paired with a vector-specific sense
oligonucleotide, were performed on primary plaque pools. Dis-
crete PCR products were amplified from nine primary plaque
pools and characterized further. Sequencing of these clones
allowed the construction of a long ORF containing both the
initiation methionine and 39-untranslated region but not an
upstream in-frame stop codon that would delineate the com-
plete ORF. Direct sequencing from a bacterial artificial chro-
mosome containing the mouse genomic locus was used to
identify an in-frame stop codon (TAG) 19 bp upstream of the
end of the deduced cDNA sequence (114 bp upstream of the
predicted translational initiation methionine). A contiguous
cDNA sequence (c12) 4,891 bp long was identified from the
overlapping clones and was verified by PCR amplification of
the entire predicted ORF from mouse skeletal muscle first-
strand cDNA (data not shown). A single ORF of 3,030 bp was
identified, which encoded a putative protein of 971 amino acid
(aa) residues (Fig. 1). The protein was predicted to contain an
extracellular domain of 737 aa, a membrane-spanning domain
of 20 aa, and a 214-aa cytoplasmic domain. The protein is most
closely related to the hOSMRb (13) followed by the hLIFRb
(3) (Fig. 2). Although only 55% identical to the hOSMRb, the
c12 protein exhibited many features conserved in members of
the class I cytokine receptor family (reviewed in reference 7).

The extracellular domain consists of a complete juxtamem-
brane hematopoietin domain, as well as a partial distal hema-
topoietin domain, similar to the hOSMRb, but the WSXWS
motifs are variant. The first motif (WGNWS; aa 128 to 132),
contained within the membrane-distal partial hematopoietin
domain, is more similar to the WGPWS motif found in the first
hematopoietin domain of the related receptor encoded by c-
mpl (20); while the second motif (WSDWT; aa 412 to 416),
found in the complete membrane-proximal hematopoietin do-
main, is unlike any other example in this family of receptors.
Neither of these completely conforms to the consensus se-
quence (WSXWS), but analysis of multiple independent
cDNA clones confirmed the nucleotide sequence in these re-
gions. The hematopoietin domains are followed by additional
fibronectin III repeats in the extracellular region and then by
transmembrane (aa 738 to 757) and cytoplasmic (aa 758 to
971) domains. The cytoplasmic domain encodes a box 1 motif
(aa 767 to 774), a general box 2 motif (14), and two STAT3
binding motifs (aa 911 to 914 and 939 to 942) (18).

The c12 cDNA encodes a 180-kDa protein when expressed in
COS cells. To characterize the predicted protein product of
c12, we expressed the cDNA transiently in COS7 cells. Lysates
from c12-transfected and mock-transfected cells were analyzed
by immunoblotting with an affinity-purified antiserum raised
against a synthetic nonapeptide corresponding to the carboxy
terminus of the predicted c12 protein (Fig. 3A). The protein
expressed from c12 was heterogeneous in size and migrated at
approximately 180 kDa. This heterogeneity was probably due
to the differences in glycosylation that resulted as an artifact of
the expression system and has been seen previously with other
recombinant proteins. The native protein expressed by mouse
cell lines was not as heterogeneous in size (see below).

Having expressed the c12 receptor, we were interested in
determining the ligand for this protein. Based on the cDNA
sequence homologies, it seemed possible that c12 was a recep-
tor for mOSM. Since rmOSM was not commercially available
at the time, we cloned and expressed rmOSM based on the
published cDNA sequence (22). To verify that active rmOSM
was being produced, the level of STAT3 protein in anti-P.Tyr
immunoprecipitations was measured in mouse and primate
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cell lines that were treated with mock-transfected conditioned
medium, rmOSM-containing conditioned medium, or rhOSM.
Treatment of NIH 3T3 cells with the rmOSM-containing me-
dium resulted in signaling through STAT3, as evidenced by
increased association of STAT3 with the anti-P.Tyr fraction
(Fig. 3B), confirming that the rmOSM was active. Conditioned
medium from mock-transfected COS cells was negative, and
rhOSM signaled in both cell types. We tested OSM and LIF
from both species for signaling in COS7 cells expressing c12
(Fig. 3C). There was no change in signaling in as measured by
STAT3 levels in anti-P.Tyr immunoprecipitations. Further-
more, recombinant c12 did not become phosphorylated on
tyrosine in COS7 cells after any of these treatments (data not
shown). These results show that, although primate LIFRb and
gp130 are present, mOSM does not signal in COS7 cells, re-
gardless of the presence of murine c12 protein.

mOSM can bind to either c12 or gp130. The previous anal-
yses indicated that rmOSM signals in NIH 3T3 cells, but it was
unclear with which receptor(s) it was interacting. Binding anal-
yses were performed to determine whether iodinated rmOSM
associated with either the mouse c12 protein or mouse gp130
(mgp130). COS cells were either mock transfected or trans-
fected with the c12 cDNA or the mgp130 (Fig. 4). Parallel
transfections were analyzed for protein expression levels by
Western blotting with antibodies to either mgp130 or c12.
Transfection with either mgp130 or c12 resulted in the expres-
sion of a protein of the anticipated size (Fig. 4A). Mock-
transfected cells were unable to bind rmOSM (Fig. 4B), de-
spite the presence of endogenous primate gp130 (see above), a
result consistent with the lack of rmOSM-directed STAT3 sig-
naling in COS7 cells. COS7 cells expressing either c12 or
mgp130 independently bound rmOSM (Fig. 4B), while sim-

FIG. 2. Amino acid sequence alignment of hLIFRb, hOSMRb, and mouse c12 proteins. The alignment of the three translated coding regions is a composite of
pairwise comparisons made with the GAP tool from the Genetics Computer Group, Inc., package. The alignments are numbered from the predicted translational
initiation methionine of c12. The translational initiation methionines of c12 and the hOSMRb were coincident, and the coding region of the hLIFRb upstream of the
aligned sequences is not shown. Amino acid residues found to be identical between c12 and either one or both of the other proteins are in boldface. The single-letter
amino acid code is used throughout.
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ilar binding experiments performed with rhOSM indicated
that binding to COS7 cells expressing c12 was not different
from binding to mock-transfected COS7 cells (data not
shown).

The binding analyses indicated that COS7 cells expressing
either c12 or mgp130 were able to bind rmOSM, but it was still
formally possible that one or more endogenous COS7 cell
proteins contributed to the binding. Therefore, cross-linking
experiments were performed to determine if mOSM could
interact directly with either c12 or mgp130. After treatment
with 125I-rmOSM, a 210-kDa complex was detected in COS7
cells transfected with the c12 cDNA but not in the untrans-
fected cells or when the c12-transfected cells were incubated
with a 100-fold excess of unlabeled rmOSM prior to cross-
linking (Fig. 4C). Analysis of COS7 cells transfected with only
the mgp130 cDNA, and incubated with 125I-rmOSM revealed
a different, 190-kDa complex specific for rmOSM. Therefore,
the protein product of each mouse cDNA was individually able
to bind rmOSM directly.

mOSM and hOSM use different receptors in mouse cell
lines. To study the receptor subunit composition of the
mOSMR and the signaling by mOSM and hOSM in mouse
cells, we chose a mouse cell line, NIH 3T3, that endogenously
expresses gp130, LIFRb, and c12. Immunoprecipitation with
antibodies specific to the three receptor subunits demonstrated
that all three were present and distinguishable by size (Fig.
5A). NIH 3T3 cells were treated with rmOSM-containing cell
supernatants, rhOSM, rmLIF, or hLIF, and individual lysates

were immunoprecipitated with anti-P.Tyr antibodies. Immu-
noprecipitates were individually immunoblotted with antibod-
ies to STAT3, LIFRb, or c12 (Fig. 5B). All four cytokine
treatments resulted in the association of STAT3 with the phos-
photyrosine fraction in NIH 3T3 cells, suggesting the activation
of competent receptor complexes. As judged by receptor sub-
unit phosphorylation, the c12 protein was used by rmOSM but
not by rhOSM or LIF. The gp130 receptor was phosphorylated
in response to all four cytokines. The LIFRb subunit, however,
was phosphorylated in response to LIF or rhOSM but not to
rmOSM. Similar results were obtained with the TM-3 mouse
testicular cell line (data not shown).

It was of interest to determine which subunits might be
found as multimeric complexes after cytokine treatment. Ac-
cordingly, coimmunoprecipitation studies were performed with
antibodies to c12, LIFRb, or gp130. As before, treatment with
rmOSM resulted in phosphorylation of c12 and gp130 but not
LIFRb (Fig. 5C). The c12 protein was detected in anti-gp130
immunoprecipitations, and gp130 was detected in anti-c12 im-
munoprecipitations, indicating that the two receptor subunits
were associated after ligand binding. Treatment with rhOSM
and rmLIF resulted in tyrosine phosphorylation of LIFRb and
gp130, but they did not coimmunoprecipitate with antibodies
directed against either receptor alone (Fig. 5C). The c12 pro-
tein was not phosphorylated under these conditions. The sig-
naling by mOSM and hOSM or LIF on mouse (NIH 3T3) and
primate (COS7) cells is summarized in Table 1. In the mouse
cells, mOSM treatment resulted in the phosphorylation of c12

FIG. 2—Continued.
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and gp130 but not LIFRb. hOSM signaled through a receptor
different from that for mOSM in mouse cells; the former used
a receptor that included LIFRb and gp130, while the latter
used a receptor that included c12 and gp130. In the primate

cells, hOSM and LIF both used LIFRb whereas mOSM did
not signal. We repeated many of the experiments for hOSM
and mOSM in human cell lines (293 cells), and the results were
the same as in the monkey cells (data not shown).

FIG. 3. c12 cDNA directs expression of a 180-kDa protein in COS7 cells. (A) COS7 cells were transiently transfected, treated with hOSM, lysed, and analyzed for
c12 protein expression. (B) rmOSM was expressed in 293T cells, and conditioned medium was collected. This medium, as well as medium from mock-transfected cells,
control medium (Iscove modified Dulbecco medium), and rhOSM, was used to treat NIH 3T3 and COS7 cells, and signaling was monitored by the association of the
STAT3 protein with the phosphotyrosine fraction after anti-P.Tyr immunoprecipitation. (C) COS7 cells expressing c12 or mock-transfected COS7 cells were treated
with mLIF, hLIF, mOSM, and hOSM or control medium and were assayed for STAT3 signal transduction, as described for panel B.

FIG. 4. mOSM binds directly to either c12 or gp130. (A) Characterization of recombinant receptors produced in COS7 cells. COS7 cells were either mock
transfected or transfected with gp130, c12, or a combination of c12 and gp130. Recombinant proteins were detected by Western blot analysis with antisera specific for
either c12 (left) or gp130 (right). Molecular mass standards (in kilodaltons) are shown on the left and right. (B) COS cells transfected with either c12 or gp130 bind
125I-rmOSM. Parallel plates of transfected COS cells, as described in panel A, were tested for their ability to bind 125I-rmOSM. Shown are specifically bound cpm of
125I-rmOSM when tested at either 0.5 or 5 nM. Nonspecific binding represented 10 to 27% of total binding, depending on which receptor subunit was transfected and
the concentration of the radiolabeled ligand. (C) 125I-rmOSM can be directly cross-linked to either c12 or gp130. Parallel plates of transfected COS cells, as described
in panel A, were incubated with 125I-rmOSM in the presence (1) or absence (2) of a 100-fold molar excess of unlabeled rmOSM. The bound ligand was cross-linked
to the receptors with DSS, the proteins were separated by SDS-PAGE, and the labeled complexes were visualized with a PhosphorImager. Molecular mass standards
(in kilodaltons) are shown on the left.
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DISCUSSION

It is clear that in human cells, in addition to the LIFR, OSM
utilizes a specific receptor consisting of an OSMRb-gp130
heteromultimer for signaling (13). It was assumed that in
mouse cells, OSM also used the LIFRb-gp130 heteromul-
timer, and indeed, this was the case with hOSM treatment.
Recently, however, the mOSM cDNA was cloned (22), al-
lowing subsequent studies that suggested that in mouse
cells, mOSM does not bind (with high affinity) the same re-
ceptor as mLIF (11). These authors, however, did not identify
the receptor for mOSM. We report here a cDNA clone that
encodes a subunit of the mOSM receptor, which allowed the
characterization of mOSM signaling in the mouse. The pre-
dicted protein encoded by c12 is most similar in primary se-
quence to the hOSMRb (13). The domain structures of the
two proteins are identical: both have a membrane-proximal
hematopoietin domain and a partial membrane-distal hemato-
poietin domain. Both the WSXWS motifs in the c12 protein
are unusual but comply with the general rules defined by mu-
tational studies of the growth hormone and erythropoietin
receptors (1, 10). The membrane-proximal WSXWS box is
remarkable, however, in that the fifth residue is threonine
rather than serine. This is the only example of this substitution
in all known type I cytokine receptors, but mutagenesis of this
site to a threonine in the erythropoietin receptor was func-
tionally tolerated (10), indicating that this uncharacteristic
motif can be functional. The cytoplasmic domains of c12 and
OSMRb are also completely homologous with respect to
signaling motifs. Since c12 has all of the cytoplasmic char-
acteristics required of a signaling molecule, it should be
considered an mOSM receptor b chain, despite the lack of
certain orthology with the hOSMRb.

Analysis of the tissue distribution of the c12 mRNA indi-
cated that it was broadly expressed. As determined by North-
ern blot analysis, every tissue tested except for testis tissue
showed c12 expression. Reverse transcriptase PCR analysis of
the hOSMRb determined that it also was expressed in several
human tissues and a wide variety of cell lines (13). Although

further studies are required to determine the exact cellular
distribution of c12 mRNA and protein expression, the present
studies suggest a wide role(s) for mOSM in a variety of mouse
tissues.

hOSM was shown previously to bind gp130 with low affinity;
subsequent recruitment of either LIFRb or OSMRb formed a
high-affinity signaling receptor (13). mOSM was only recently
reported (22), and only one publication addressed receptor
binding of mOSM (11). It was concluded that mOSM binds
mgp130 with low affinity but that the addition of LIFRb does
not convert mOSM/mgp130 to a high-affinity complex. Since

FIG. 5. hOSM and mOSM use different receptors in mouse cells. (A) NIH 3T3 cells were treated with cytokines to allow the detection of receptors present with
anti-P.Tyr antibody. Immunoprecipitation (IP) of rmOSM-treated cells with antibody to c12 or of rmLIF-treated cells with antibodies to LIFRb or gp130 revealed that
all three were present as p180, p190, and p160 proteins, respectively. (B) NIH 3T3 cells were treated, lysed, and immunoprecipitated with anti-P.Tyr antibodies. The
immunoprecipitates were analyzed by immunoblotting for the presence of STAT3, LIFR, or c12. (C) Phosphorylation and coimmunoprecipitation of all three receptor
subunits were tested by treating NIH 3T3 cells with the indicated cytokine and immunoprecipitating each separately with antibodies to the indicated receptor subunit,
followed by immunoblotting with anti-P.Tyr antibodies.

TABLE 1. Activation of receptor subunits and signaling molecules
by OSM and LIF in primate and mouse cells

Cytokine
Phosphorylation in cell typea:

COS7 cells NIH 3T3 cells

hOSM STAT3(1) STAT3(1)
gp130(1) gp130(1)
LIFRb(1) LIFRb(1)

c12(2)

mOSM STAT3(2) STAT3(1)
gp130(2) gp130(1)
LIFRb(2) LIFRb(2)

c12(1)

hLIF STAT3(1) STAT3(1)
gp130(1) gp130(1)
LIFRb(1) LIFRb(1)

c12(2)

mLIF STAT3(2) STAT3(1)
gp130(2) gp130(1)
LIFRb(2) LIFRb(1)

c12(2)

a 1, phosphorylation on tyrosine residues in response to cytokine; 2, no
tyrosine phosphorylation.
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NIH 3T3 cells had high-affinity sites, it was speculated that
there must be an OSMR on the NIH 3T3 cells and that mOSM
does not use LIFRb as a receptor subunit. The present data
identified the specific molecular component responsible for the
previous observations on the binding of mOSM and also re-
vealed species-specific differences in OSM receptor-ligand in-
teraction. Although previous reports have focused on binding
affinities, more relevant data are the biological effects, in this
case, signal transduction. We show that rmOSM bound di-
rectly to the c12 protein and gp130 and resulted in the
tyrosine phosphorylation and association of both receptor
subunits. In total, the binding, signaling, and coimmunopre-
cipitation data provide strong evidence that a complex of
c12 and gp130, but not LIFRb, constitutes the functional
mOSMR complex.

The present results, taken together with previous data, have
allowed the construction of a model for OSM signalling in mice
and humans (Fig. 6). The model contains two surprising ele-
ments. First, mOSM does not signal through the mLIFR or
hLIFR (as hOSM does on human cells), but signals only
through the specific mOSMR. As such, the classification of
OSM as a member of the subfamily of cytokines which use
LIFRb and gp130 is called into question. For hOSM the as-
sociation holds; for mOSM it does not. Second, hOSM, while
competent to signal in mouse cells, does so through the mLIFR
rather than the mOSMR. This apparent species specificity in
OSM signaling mechanisms is important and implies that the
biological activities of hOSM and mOSM are not equivalent.
The fact that hOSM signals through a receptor distinct from
that used by mOSM affects the experimental results that have
been obtained in studies with hOSM or bovine OSM on mouse
cell lines, as well as all in vivo transgenic and injected protein
data. It seems likely that data from such experiments reflect
the biology of LIF rather than that of OSM. With mOSM and
the specific mOSMR now cloned, the biology of OSM in mice
can be elucidated.
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