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Reconstitution of the Functional Mouse Oncostatin M (OSM) Receptor:
Molecular Cloning of the Mouse OSM Receptorfy Subunit

By Minoru Tanaka, Takahiko Hara, Neal G. Copeland, Debra J. Gilbert, Nancy A. Jenkins, and Atsushi Miyajima

Oncostatin M (OSM) is a member of the interleukin-6 (IL-6)
family of cytokines that share the gp130 receptor subunit. Of
these family members, leukemia inhibitory factor (LIF) is
most closely related to OSM, and various overlapping bio-
logic activities have been described between human LIF and
OSM (hLIF and hOSM). Two types of functional hOSM
receptors are known: the type | OSM receptor is identical to
the LIF receptor that consists of gp130 and the LIF receptor 8
subunit (LIFRB), and the type Il OSM receptor consists of
gpl30 and the OSM receptor B subunit (OSMRB). It is thus
conceivable that common biologic activities between hLIF
and hOSM are mediated by the shared type | receptor and
OSM-specific activities are mediated by the type Il receptor.
However, in contrast to the human receptors, recent studies
have demonstrated that mouse OSM (mOSM) does not
activate the type | receptor and exhibits unique biologic
activity. To elucidate the molecular structure of the func-

tional mMOSM receptor, we cloned a cDNA encoding
mOSMR@, which is 55.5% identical to the hOSMRp at the
amino acid level. mOSM-responsive cell lines express high-
affinity mOSM receptors, as well as mOSMRp, whereas
embryonic stem cells, which are responsive to LIF but not to
mOSM, do not express mMOSMRB. MOSMRf alone binds
mOSM with low affinity (kd = 13.0 nmol/L) and forms a
high-affinity receptor (kd = 606 pmol/L) with gp130. Ba/F3
transfectants expressing both mOSMR and gp130 prolifer-
ated in response to mOSM, but failed to respond to LIF and
human OSM. Thus, the cloned mMOSMR@ constitutes an
essential and species-specific receptor component of the
functional mMOSM receptor. Reminiscent of the colocalization
of the mOSM and mLIF genes, the mOSMRf gene was found
to be located in the vicinity of the LIFRp locus in the proximal
end of chromosome 15.

© 1999 by The American Society of Hematology.

HE INTERLEUKIN-6 (IL-6) family of cytokines includes blasts!® Molecular cloning of the hOSM receptor subunit
IL-6, IL-11, leukemia inhibitory factor (LIF), oncostatin (hOSMR3) and reconstitution of the functional hOSM receptor
M (OSM), ciliary neurotrophic factor (CNTF), and cardiotro- indicated two types of functional hOSM receptor. The type |
phin (CT)1®A unique feature of this cytokine family is that the OSM receptor is identical to the high-affinity LIF receptor that
receptors share the gp130 receptor subunit as a common signednsists of gp130 and the LIF binding protein, LIER The
transducef. Of the family members, LIF and OSM are most type || OSM receptor consists of gp130 and the OSM-specific
closely related structuraflyand their genes are colocalizé¥.  receptor component, OSMIR21gp130 binds hOSM with low
Human OSM (hOSM) and LIF also exhibit various common affinity192223 and forms a high-affinity hOSM receptor with
biologic activities such as growth stimulation of the DAl.a OSMR3. The existence of two types of functional hOSM
lymphoid subline!? induction of M1 monocytic leukemia cell  receptors provides a molecular basis for the common biologic
differentiation’! inhibition of embryonic stem (ES) cell differ- activities between LIF and OSM, as well as OSM-specific
entiation!? and induction of acute-phase protein expression inactjvities24
hepatocyteé@l“ In addition, hOSM exhibits unique activities The mouse OSM (mOSM) gene had |0ng been unidentified,
including growth inhibition of A375 human melanot®  put it was recently cloned as a cytokine-inducible g&ne.
growth stimulation of Kaposi's sarcom&,and induction of  Bjologic characterization of mMOSM revealed that its activities
tissue inhibitor of metalloproteinase-1 (TIMP-1) in fibro- are significantly different from those of hOSM. Recent studies
have shed light on the unique biologic activities of OSM during
mouse development. First, mMOSM plays an important role in
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high-affinity mOSM receptors were present on such cells. Northern blot analysis. PolyA* RNA was prepared from LO,
Similarly, we found high-affinity mOSM receptors in mOSM- NIH3T3, M1, Ba/F3, and CCE cells using the FastTrack kit (Invitrogen)
responsive NIH3T3 cells that do not exhibit any LIF binding. according to the manufacturer’s instructions. Standard Northern blots of
Based on these findings, we previously proposed that unliké M9 polyA* RNA were performed. The single-strand antisense probe
hOSM, mOSM does not use the type | receptor equivalent to théor Northern blot analysis was made as described before in the absence
LIF receptor; instead, mOSM elicits biologic activity only ofa sense primer.

th h it ific t I t hich i b Generation of Ba/F3 transfectantsmOSMR3 cDNA was placed
rough its Speciiic type re_cep of, Which IS presumably ,nqer the S promoter of the expression vector pME£88arrying
composed of gp130 and a putative mOSBIR

) A ) the puromycin-resistant gene. As previously descriBelihearized

In this report, we describe the molecular cloning of mMOSMR plasmids (30 pg) were transfected into 6 10° Ba/F3 cells by
cDNA and present evidence to prove our model by reconstitutelectroporation, and transfectants were selected with puromycin (1
ing the functional high-affinity mOSM receptor using this pg/mL) for 10 days. Expression of mMOSMRvas confirmed by flow
molecule. cytometry using anti-mOSMR monoclonal antibody (M. Tanaka, T.
Hara, A. Miyajima, unpublished data, November 1997). A double
transfectant of Ba/F3 was established by introducing a plasmid DNA

Cells and cytokine. Ba/F3 cells were maintained in RPMI 1640 carrying gpl130 cDNA and the neomycin-resistant gene into the
medium supplemented with 10% fetal bovine serum (FBS), gentamicinnOSMRB transfectant.

(50 pg/mL), and IL-3 (10 ng/mL). M1 cells were cultured in RPMI1 1640  Radioiodination and binding assayThe purified recombinant
containing 10% FBS and gentamicin. NIH3T3 cells were grown in mOSM derived from COS7 cells was radioiodinated with lodogen
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with (Pierce, Rockford, IL) as previously describ&dhe specific radioactiv-
10% calf serum and gentamicin. CCE (embryonic stem [ES] cell line)ity was determined to be 4.X 10° cpm/pmol by self-displacement
cells were maintained in DMEM supplemented with 15% FBS, analysis. Scatchard analyses were performed as previously destribed.
gentamicin, 50 pmol/L 2-mercaptoethanol, and mLIF (10 ng/mL). LO Data for the binding assays were analyzed by the LIGAND progfam.
cells were cultured in DMEM supplemented with 15% FBS, gentami- Chemical cross-linking experimentA chemical cross-linking experi-
cin, 2 mmol/LL-glutamine, 1 mmol/L sodium pyruvate, and mOSM (10 ment was performed as described previodéhn brief, LO cells
ng/mL). mOSM was produced in COS7 cells and purifitRecombi- (4 X 10°) were incubated in 250 uL DME-BSA (DMEM containing 1
nant mouse IL-3 was produced in silkkwofhhOSM and mLIF were ~ mg/mL bovine serum albumin [BSA] and 20 mmol/L HEPES, pH 7.4)
purchased from R&D Systems (Minneapolis, MN). with 5 nmol/L 123-mOSM in the presence or absence of a 1,000-fold

Reverse transcriptase—polymerase chain reaction cloning usingexcess of nonlabeled ligands at 4°C for 4 hours. Cells collected by
degenerated primers.Poly A" RNA was prepared from an OSM- centrifugation at 5,000 rpm for 30 seconds were washed with 500 pL
dependent cell line, LO (T. Hara, A. Miyajima, unpublished data, ice-cold phosphate-buffered saline (PBS) twice, and unbound labeled
October 1997) using the FastTrack kit (Invitrogen, San Diego, CA)ligands were removed. Cell-bound labeled ligands were cross-linked
according to the manufacturer’s instructions. Two degenerated primersiith 1 mmol/L disuccinimidyl suberate in 200 pL 0.1 mol/L borate
were designed on the basis of homology between hOSMR and LIFouffer, pH 8.0, at 4°C for 15 minutes. The reaction was quenched by
(A, 5'-CA(A/G)GAAA(CIT)(A/IC)(CIT)A(CIT)AA(CIT)TT(CIT)AC-3'; washing twice with 500 pL stopping buffer (10 mmol/L Tris hydrochlo-
B, 5'-G(A/G)A(A/C)AG(A/GIT)AT(CIT)TT(AIC/GIT)CC(A/G)TT(A/ ride, pH 7.4, 0.14 mol/L NaCl, and 1 mmol/L EDTA). Cross-linked cells
GIT)GC-3). The polymerase chain reaction (PCR) was performedwere lysed and subjected to 6.5% polyacrylamide gel electrophoresis in
using a set of these primers under the following conditions: denaturatiorihe presence of sodium dodecyl sulfate (SDS) followed by autoradiogra-
for 3 minutes at 94°C before thermal cycling, denaturation for 1 minutephy.
at 94°C, annealing for 2 minutes at 46°C, extension for 3 minutes at Proliferation assay. The proliferative response of Ba/F3 transfec-
72°C for 35 cycles, and a final extension for 7 minutes at 72°C. Thistants was examined by colorimetric assays using 3-(4,5-dimethylthiazol-
program was repeated using 1 pL of the first PCR solution as the2-yl)-2,5-diphenyltetrazolium bromide ((MTT] Sigma, St Louis, MO)
template for the second PCR. PCR products were separated on 2%s described previous¥.In brief, 1¢* cells were incubated in 100 pL
agarose gel. DNA fragments of approximately 500 bp were isolated bymedium with various concentrations of mOSM in 96-well plates. After
the QIAquick Gel Extraction kit (Qiagen, Santa Clarita, CA) and 3 daysin culture, 10 pL MTT (5 mg/mL in PBS) was added to each well
subcloned into the pCRII vector (Invitrogen). The sequence of clonedand further incubated for 4 hours at 37°C. Then, 150 pL 0.04N HCl in
DNA fragments was determined by an automated DNA sequenceisopropanol was added to lyse the cells, and the optical density at 570
(Applied Biosystems, Foster City, CA). nm was measured.

Screening of cDNA library. cDNA libraries were constructed using Interspecific mouse backcross mappindnterspecific backcross
polyA* RNA from LO cells with oligo dT primers or random primers as progeny were generated by mating (C57BL¥6M. spretuy F1
described previousBt The probe for Southern and colony hybridiza- females and C57BL/6J malé5A total of 205 F2 mice were used to
tion was prepared by PCRs with a NTP mixture containing digoxigenin-map theOsmr locus (see text for details). DNA isolation, restriction
UTP (Boehringer Mannheim, Mannheim, Germany) according to theenzyme digestion, agarose gel electrophoresis, Southern blot transfer,
manufacturer’s protocol. As previously descrifégools (1,500 inde-  and hybridization were performed essentially as previously desctbed.
pendent clones per pool) of the cDNA library were prepared in 96-well All blots were prepared with Hybond-Nnylon membrane (Amersham,
plates. DNA mixtures of each row were subjected to Southern blotArlington Heights, IL). The probe, about 3.1 kbXhd/Notl fragments
analysis to identify a positive pool that contains a longer cDNA insert. of mouse cDNA, was labeled witlf?P]dCTP using a random primed
Overlapping clones that cover the entire open reading frame encodintabeling kit (Stratagene, LaJolla, CA); washing was performed to a final
mOSMR3 were isolated by sibselection/BACE analysis was per-  stringency of 0.8X SSCP and 0.1% SDS at 65°C. Fragments of 16.5,
formed using the 5rapid amplification of cDNA end (RACE) System 11.5, 5.9, and 4.7 kb were detectedHgll-digested C57BL/6J DNA,
for Rapid Amplification of cDNA Ends, Version 2.0 (GIBCO-BRL, and fragments of 7.5, 7.1, 5.9, 4.6, and 3.6 kb were detected in
Rockville, MD) according to the manufacturer’s protocol. Each primer Bgll-digestedM. spretusDNA. The presence or absence of the 7.5-,
(5'-GGAGTCAATGGTAAAGGCTC-3 and 3-CTCCAAGACTTC- 7.1-, and 3.6-kbBgll M. spretusspecific fragments, which cosegre-
GCTTCGG-3) was used for synthesis of first-strand cDNA and PCR, gated, was evaluated in backcross mice. A description of the probes and
respectively. RFLPs for the loci linked tocOsmr including Prlr, Lifr, Myo10, and

MATERIALS AND METHODS
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Hspglhas been reportétf® Recombination distances were calculated primers that correspond to two of the most conserved regions
using Map Manager, version 2.6.5 (K. Manly and R. Cudmore, RosweII(Fig 2B). The RT-PCR using polyARNA derived from LO
Park Cancer Institute, Buffalo, NY). Gene order was determined byge||s generated a product of the expected size. After subcloning
minimizing the number of recombination events required to explainthe ¢ 1he DNA fragments, one clone (ORP3-5) was found to

allele distribution patterns.

RESULTS

Characterization of mOSM receptor in LO cellsBy
Scatchard analysis of mOSM binding sites on mOSM-
responsive and -nonresponsive cell lines, we previously demor
strated that mOSM did not bind to the mLIF receptor.
However, the molecular nature of the mOSM receptor remainec
unknown. To reveal its molecular structure, we performed
chemical cross-linking experiments using a newly establishec
cell line, LO. The LO cell line was established from 11.5 dpc &~
mouse embryo as a mOSM-dependent cell line (T. Hara, AE
Miyajima, unpublished data, October 1997). Scatchard analysi
showed two binding sites with distinct affinities, high-affinity
(kd = 259 pmol/L) and low-affinity (kd= 6.91 nmol/L; Fig
1A). The kd value and receptor number of the high-affinity
binding site of MOSM were similar in range to those previously
reported in mOSM-sensitive NIH3T3 cefi$Chemical cross-
linking experiments using®-mOSM exhibited two bands of
approximately 200 and 180 kD that specifically competed with
nonradioactive mOSM (Fig 1B). By subtracting the molecular
mass of COS-derived mOSM (36 kB the size of the two
cross-linked proteins is estimated to be approximately 160 ant
140 kd. As the molecular mass of the hOSpIRas reported to
be 180 kD?! the 200- and 180-kD bands appear to represen
mOSMR3 and gp130, respectively.

RT-PCR cloning using degenerated oligonucleotide primers.
Although we attempted to clone the mOSBRyene by
standard low-stringency hybridization using the hOSMR
cDNA as a probe, we were unable to isolate any clones with ¢
homologous sequence. Therefore, we employed a strategy usir
RT-PCR with degenerated oligonucleotide primers. The failure
to isolate the putative mOSMRby cross-hybridization with
hOSMR3 implied a low overall sequence homology between
the two; however, we expected that there may be some
conserved regions between them. Since the hOSMRd
LIFRB are structurally relate®!, we searched for regions of
homology among hOSMR hLIFRB, and mLIFR3 by compar-
ing the amino acid sequences and nucleotide sequences of tl
three genes. Although the amino acid similarity between
hOSMR3 and hLIFR3 was relatively low (32%), their nucleo-
tide sequences showed significantly higher homology (50%)
Therefore, we designed a pair of degenerated oligonucleotid

Fig 1. (A) Scatchard plot analyses of mOSM binding to LO cells.
LO cells were incubated with various concentrations of 1?%I-labeled
mOSM in the presence or absence of a 1,000-fold excess of unlabeled
mOSM. After 3 hours of incubation at 4°C, free mOSM was washed
out through a Whatman GF/C glass filter (Maidstone, UK), and the
bound radioactivity was measured by a gamma counter. Specific
binding was obtained by subtracting nonspecific binding from total
binding. Data are plotted according to the Scatchard transformation
using the LIGAND program. Each point represents the average of
duplicate measurements. The analyses clearly show two distinct
affinities. (B) Cross-linking experiment using LO cells. LO cells were
incubated with 5 nmol/L 125]-mOSM in the presence or absence of a
1,000-fold excess of unlabeled mMOSM. After 4 hours of incubation at
4°C, cross-linked proteins were analyzed by SDS-PAGE.
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A
WGXWS CCCC WSXWT
Yy VyYv V
I b
1) —
clone 5RACE-1 5000p
clone OR1C5
clone OR4C6 —
B
-779 ctgtggacattttaccatgcagccataaagagaggtcaaaaatgtctttcaagtgeccg
-720 gttagtaaagatctgatggcgttctaaggagagaaaggaacttggatcttcgtggacaaa
-660 gaattcaggtctgtagctgaaggaggcgtggccacacagggcgtttccaggtectgtaga
-600 ggaagcacagttcatagatctctgttctaacacgtctgtcttgectctgaacgecgaaagt
-540 caactcgatcacaagtttgatccaacagtttgacatttcaggtaattttcagacggageg
-480 ctggggttggatctcccaagcaacacaattggectctgtgecaggacacctggcacggggca
-420 ctgggtcgcagctcgtceccocctcecteccteccaggaacaacgatgctcaaggaccagetttte
-360 ctcccaggectctecccactteccttetecaccggtgetgecegeceggteccgggaacege
-300 gceegtegcagggteccgategttececcctacatececcttgggaccaggagcaaattectyg
-240 tgggtcccaggagtgccaaaagtgctcagcgagacgggaaattgcaacagtacttggece
-180 ttcggccecteccecccggegettteccgtaacteccgeccetggacacttgtececgtagttyg
-120 attcatagctggggcgcggggccgccteccacacgectggacagacgtecgegecegttee
-60 cctgtgaggccgaggaccggcaaggctccggagcaggtcgeccaggcgggtaatcagacca
Fig 2. (A) Schematic repre-
sentation of the structure of
MOSMRPB cDNA. The 5" and 3 1 ATGGCTTTCTCTGTGGTCCTTCATCCAGCCTTCCTCCTGGCAGTGCTGTCCCTGAGGGCA
UTRs (SO”d Iine) and the coding M A F S v V L H P A F L L AV L s L R A 20
region (boxed region) containing —Emm,mmm—_—_—_—_—_—_—_—_——_—_——————————
the predicted signal sequence 61 TCCCGAAGCGAAGTCTTGGAGGAGCCTTTACCATTGACTCCTGAGATACATAAAGTTTCT
(hatched box) and the transmem- S R $ EV L EET PTLT PTLTT®PETITHTZ KV S 40
brane domain (filled box) are ————
shown. The position of cysteines
and WS motifs that are con- 121 TTTCAATTGAAACTTCAAGAAGTGAATTTAGAATGGACTGTCCCAGCCCTTACTCATGAA
served among the cytokine recep- F oL KL QEVVNILEWTVPALTHE 60
tor superfamily is marked. The
location of three overlapping 181 GAATTAAACATGATATTTCAGATAGAGATCAGTAGACTGAACATATCCAACACCATCTGG
cDNA clones isolated is also indi- E L NMTIVFQTIETISRILNTISNTTIW 80
cated. (B) Nucleotide and pre-
dicted amino acid sequence of 241 GTGGAGAATTATACCACCACTGTGAAGCGTGAAGAAGCTGTGCGTTGGARCTGGACGTCT
mOSMRB. Amino acids are vV EN Y S T T V K R E E A V R W N W T S 100
shown by the one-letter code.
Conserved cysteines and WS mo- 301 GATATCCCTTTGGAGTGTGTCAAACATTTCATAAGAATCAGGGCTCTGGTAGATGACACC
tifs are shaded. Potential aspara- D I P L E C V K HJF I R I RA L V DD T 120
gine-linked glycosylation sites
(NXS/T) are underlined. The puta- 361 AAGTCCCTTCCACAGAGTTCCTGGGGCAA TCCTGGAAAGAAGTTAATGCARAG
tive signal sequence and trans- K S L P o s s S W K E V N A K 140
membrane domain are shown by
abroken line and a double under- 421 GITTCCGTTGAACCTGATAAATCATTAATATTTCCTAAAGACAAAGTGTTGGAAGAAGGC
line, respectively. Primers used vV S V E P DZRK S L ITFUPEKTDTEKTYTLTETEG 160
to clone the cDNA are also shown
as an underline with an arrow.
YXXQ motifs are boxed. (C) Com- 481 TCC%TGTCACCATCTGTCTGATGTATGGGCAGAATGTATATAATGTATCCTGTAAGTTG
parison of amino acid sequences s NV TIOCLMYGQNV YNV S CKL 180
between mMOSMRB and hOSMRB.
Identical amino acid residues are 541 CAAGATGAGCCAATCCATGGAGAACAACTTGATTCCCACGTGTCATTATTAAAATTGAAC
shown as bold letters. Q D E P I H G E Q L b §$ H V & L L K L N 200

encode a novel amino acid sequence with 58% identity to th€Fig 2B). OR1C5 and OR4C6 carried two distinct cDNAs of 2.2
corresponding amino acid sequence of hO§MR kb. These two sequences were overlapped to yield one large
Cloning of a full-length cDNA encoding mOSIgR To single open reading frame (ORF) (Fig 2A). We further cloned a

isolate a full-length cDNA clone, LO cell cDNA libraries were 5' untranslated region (UTR) of this cDNA by thé-BACE
screened with ORP3-5 as a probe. Two positive clones (OR1CHethod. The ORF of the combined cDNA (2,913 bp) is
and OR4C6) were obtained and their sequences determingatedicted to encode a polypeptide of 970 amino acid residues
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601 AATGTAGTTTTCCTTAGTGACACAGGGACAAACATCAATTGTCAAGCCACGAAGGGTCCT
N VvV VF L S DTGTNTINTZGCUOQA ATIK G P 220

661 AAAAGAATATTTGGTACTGTTCTCTTTGTCTCGAAAGTGCTCGAGGAACCTAAGAATS}]
K R I F GT VL F V S KV L E E P K N V 240
721

TGTGAAACCCGAGACTTTAAGACTTTGGACTGTTCATGGGAACCTGGGGTAGATACG

L C|S W E P G V D T 260

781 ACTTTGACTTGGCGTAAACAAAGATTCCAA.WTTTATGTGAATCGTTC TCTAAG
T L T W R K Q R F Q N Y T L E S F S K 280

841 AGATGTGAGGTTTCTAACTACAGGAACTCCTATACCTGGCAAATCACTGAAGGCTCACAG
E V S N Y RN S Y TWOQTITTETGS O 300

Primer A me—

901 GARATGTATAACTTTACTCTCACAGCTGAAAACCAACTAAGGAAAAGAAGTGTCAACATT
EM Y NFTTILTA ATENTUG QTLT® RTIEKT RS V N I 320

961 AATTTTARACCTCACCCATAGAGTTCATCCAAAGGCTCCGCAGGACGTCACCCTTAAAATT
N F N L THI RV HP KA AUP QD V T L K I 340

1021 ATAGGTGCTACAAAAGCCAAQATQA&;TTGGAAGGTTCACTCCCATGGAAACAACTAQAQA
I G A T KA ANMTWK V HS HGNN Y T 360

1081 CTTTTGTGTCAGGTTAAACTCCAATATGGAGAAGTGATTCATGAGCACAWGTC
L L ¢ Q V KL QY G EV I HUEUHNV S V 380

1141 CACATGAGCGCAAACTACCTCTTCAGTGATCTGGATCCAGACACAAAGTACAAGGCTTTT
H M S A NY L F S DULDUPDTI K Y K A F 400

1201 GTGCGCTGTGCAAGTGCCAACCACTTCTGGAAATGGAGCGACTGGACCCAAAAAGAGTTC

V R C A S A N H F W K |w 420

1261 AGCACACCCGAGACTGCTCCCTCACAGGCTCTTGATGTATGGAGACAAGTGTGGTCGGAG
s T P E T A P S Q A L DV W IR Q V W S E 440

1321 AATGGAAGACGCATTGTGACTTTATTCTGGAAGCCACTATTAAAATCACAGGCCAATGGC
N G R R I V TLF WK P UL L K S Q A_N G 460

4

1381 AAAATCATATCCTATAATATAGTTGTAGAAAATGAAGCCAAACCAACTGAGTCAGAACAC

XK 1T I s Y N I V V ENEA K P T E S E H 480
1441 TACTGTGTCTGGGCACCAGCCCTCAGCACAAACSTQAQC CTTGACCTGCAACCTTACAAG

Yy ¢ vw AP AL S TNULS L DL Q P Y K 500

1501 ATTCGCATCACAGCCARCAACACCATGGGGGCATCTCCTGAGTCCTTGATGGTCCTTTCT
I R I TANDNS MG A S P E S L M V L S 520

1561 AATCATTCTGGACACGAGGTCAAGGAAAAGACAATTAAAGGTATAAAGGATGCATTCAAT
N D S GH E V K EZ K T™T1I K G I K DA F N 540

1621 ALTTCTTGGGAGCCCGTATCTGGAGACACGATGGGCTATGTTGTGGACTGGTGTGCACAT
I S W E?PV S GGD TMG Y V V D W C A H 560

1681 TCCCAGGACCAACGCTGTGATTTGCAGTGGAAGAACCTTGGTCCCAATACCAE;AAGCACC
S ¢ DQ R CDUL Q W XK NL G P NT T S T 580

Fig2 (Cont'd).

with a calculated molecular weight of 110 kD (Fig 2B). There this family*? one is WGNWS and the other is WSDWT. Two
are 20 potential N-linked glycosylation sites in the extracellularpairs of cysteine residues were also conserved (Fig 2B). The
domain. The deduced protein is a member of the class | cytokineytoplasmic domain of hematopoietin receptors is also charac-
receptor superfamil§4! and it shows 55.5% and 27.8% terized by Boxl and Box2 regions, which are critical for
identity at the amino acid level with hOSMiRand mLIFR3, generating proliferation signdfs*® and are involved in the
respectively (Fig 2C). In the extracellular domain, there are twoactivation of the Janus kinase (Jak) fanfily? Box1 and Box2
modified Trp-Ser-X-Trp-Ser (WSXWS) motifs characteristic of regions, as well as a Tyr-X-X-GIn (YXXQ) maotif critical for the
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ACCATCACCTCAGATGATTTTAAACCAGGCGTCCGTTACAACTTCAGAATTTTTGAAAGG
T I T S D D F K P GV R Y N F R I F E R

TCTGTGGAACACAAAGCTCGGTTAGTAGAGAAACAAAGAGGATACACCCAGGAACTGGCT
S V EH KA RL V E K Q R G Y T Q E L A

CCTTTGGTGAATCCAAAAGTGGAGATTCCTTACTCGACCCCTAACTCCTTCGTTCTAAGA
P L VvV N P K V E I P Y S T PN S F V L R

TGGCCAGATTATGACAGCGACTTCCAGGCTGGTTTTATAAAAGGGTACCTCGTGTATGTG
w P DY D S DF QA G F I K G Y L V Y V

AAATCCAAGGAGATGCAGTGCAACCAACCCTGGGAAAGGACCCTCCTTCCAGATAATTCA
K §s K EM Q C N Q P W ER TTIL L P D N S

GTCCTCTGTAAATACGACATCAATGGCTCAGAGACAAAGACACTCACCGTGGAAAACCTT
v L ¢ K Y D INGSETI K TTUL TV E N L

CAGCCAGAGTCCCTCTATGAGTTTTTCGTCACTCCGTACACCAGCGCTGGCCCAGGACCC
Q P E s L Y EF F V T P Y T S A G P G P

AATGAAACGTTCACAAAGGTCACAACTCCAGATGCACGCTCCCACATGCTGCTGCAGATC
N E T F T K V T T P D A R S HM L L Q I
———
T —
ATACTACCCATGACCCTCTGCGTCTTGCTCAGCATCATTGTCTGCTACTGGAAAAGTCAG
I L p M TUL CV L L 8 I I V C Y W K S Q
"

TGGGTGAAGGAGAAGTGCTACCCTGACATTCCCAATCCGTACAAGAGCAGCATTCTGTCA
W VvV K E XK ¢CY P DI P NP Y K S S I L 8

CTCATAAAATCCAAGAAGAATCCTCACTTAATAATGAATGTCAAAGACTGCATTCCAGAT
L T K 8 K K N P HL I M NV K D C I P D

GTCCTTGAAGTGATAAACAAAGCAGAAGGCAGCAAGACACAGTGTGTAGGCTCTGGGAAA
vV L E V I N KA E G 8§ K T Q C V G S8 G K

CTTCACATTGAAGATGTACCCACTAAGCCGCCAATCGTGCCAACAGAAAAGGATTCCTCA
L H I EDV P T X P P I VPTEZ KD S S

GGGCCTGTGCCCTGCATCTTCTTTGAGAATTTTACTTACGATCAGTCAGCTTTTGACTCT
G p V P CI F F ENVF T Y D Q S A F D S

GGTTCCCATGGCCTCATTCCAGGTCCCCTAAAAGACACAGCACACCAACTTGGACTATTG
G $ H G L I P G P L KD T AHOQ L G L L

GCTCCACCTAACAAGTTCCAGAACGTATTAAAAAATGACTACATGAAGCCCCTGGTCGAA
A P P N K F Q N VL K NUDVY MK P L V E

AGTCCAACTGAAGAAACTAGCTTGATTTA ACAGCTGGCTTCACCCATGTGCGGA
s P TEZ ETSTL 1]y vs ol as M c ¢
GACAAGGACACGCTTGCCACAGAACCACCCGTGCCAGTGCATGGTTCAGAGTATAAAL
D K DTZLATTETZ&PZPV PV HGSEI XK R

TGGTAGTTCCCGGGAGCCTCGCATCACCTTCTCTGAAGGAGGATAACAGCTTGACC
M Vv v P G S L A S P S L K E DN S L T

TCAACGGTCCTCTTAGGCCAAGGTGAACAGTAAacaccacgcagcacaaataaatgcact
s T v L. L. G Q G E @Q *

ccacacactataggcactttgggagatgtagctgttaccatgccaacaccacgtgecctyg
gttggttccaggggtgggggttgaggggagactcattatctgcagtgctgatttatcaac
gatcactacagaccaacagacttaaggaccatataatatggtgttcaccctgaaggegtt
cttattgcagtagcttgacatagggtgtacaccagtcatttcgcagagecctacctactca
aaactac

Fig2 (Cont'd).
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(: mOSMR 1 :MAFSVVLHPAFLLAVLSLRASRSEVLEEPLPLTPEIHKVSFQLELQEVNLEWTVPALT-H 59
hOSMR 1:MALFAVFQTTFFLTLLSLRTYQSEVLAERLPLTPVSLEVSTNSTRQSLEHLOWTVHNLEYH 60

mOSMR €0 : EELNMIFQIEISRLNISNTIWVENYSTTVKREEAVRWNWTSDIPLECVKHFTRIRALVDD 119
hOSMR 61 :QELKMVFTIQISRIETSNVIWVCNYSTTVREWNOVMHWSWESELPLECATHFVRIKSLVDD 120

mOSMR 120:TRSLPQSS-WGNWSSWKEVNAKVSVEPDKSLIFPKDKVLEEGSNVTICLMYGONV-YNVS 177
hOSMR 121 :AK-FPEPNFWSNWSSWEEVSVQDSTGODILFVFPKDKLVEEGTNVTICYV-SRNIQNNVS 178

mOSMR 178 : CKLODEPIHGEQLDSHVSLLKLNNVVFLSDTGTNINCOATKG- - PKRIFGTVLFVSKVLE 235
hOSMR 179 : CYLEGKQIHGEQLDPHVTAFNLNSVPFIRNKGTNIYCEASQGNVSEGMEGIVLFVSKVLE 238

mOSMR 236 : EPKNVSCETRDFKTLDCSWEPGVDT TLTWRKQRFQNYTLCESFSKRCEVSNYRNSYTWQI 295
hOSMR 239 : EPKDFSCETEDFKTLHCTWDPGTDTALGWSKQPSQSYTLFESFSGEKKLCTHKNWCNWQI 298

mOSMR 296 : TEGSQEMYNFTLTAENOLRKRSVNINFNLTHRVHPKAPQDVTLK I IGATKANMTWKVHSH 355
hOSMR 299 : TQDSQETYNFTLIAENYLRKRSVNILFNLTHRVYLMNPFSVNFENVNATNATMTWEVHST 358

mOSMR 356 : GNNYTLLCQVKLOYGEVIHEHNVSVHMSANYLFSDLDPDTKYKAFVRCASANHFWKWSDW 415
hOSMR 359 : RNNFTYLCQIELHGEGKMMQYNVSIKVNGEYFLSELEPATEYMARVRCADASHFWKWSEW 418

mOSMR 416 : TQKEFSTPETAPSQOALDVWROVWSENGRRIVILFWKPLLKSQOANGRKIISYNIVVENEAKP 475
hOSMR 419 : SGONFTTLEAAPSEAPDVWRIVSLEPGNETVTLFWKPLSKLHANGKILFYNVVVENLDKP 478

mOSMR 476 : TESEHYCVWAPALSTNLSLDLOPYKIRITANNSMGASPESLMVLSNDSGH-EVKEKTIKG 534
hOSMR 479 :SSSELHSTIPAPANSTKLILDRCSYQICVIANNSVGASPASVIVISADPENKEVEEERIAG 538

mOSMR 535 : IKDAFNISWEPVSGDTMGYVVDWCAHSQDORCDLOWRNLGPNTTSTTITSDDFKPGVRYN 594
hOSMR 539 : TEGGFSLSWKPQPGDVIGYVVDWCDHTQDVLGDFQWKNYVGPNTTSTVISTDAFRPEVGYD 598

mOSMR 595 : FRIFERSVEHKARLVEKQRGYTQELAPLVNPKVEIPY STPNSFVLRWPDYDSDFQAGFIK 654
hOSMR 599 :FRIYGLSTKRIACLLERKTGYSQELAPSDNPHVLVDTLTSHSFTLSWEDYSTESQEGFIQ 658

mOSMR 655 : GYLVYVKSKEMQCNQFPWERTLLPDNSVLCKYDINGSETKTLTVENLOQPESLYEFFVTPYT 714
hOSMR 659 : GYHVYLKSKARQCHPRFEKAVLSDGSECCKYKIDNPEEKALIVDNLKPESFYEFFITPFT 718

MOSMR 715 : SAGPGPNETFTKVTTPDARSHMLLOIILEMTLCVLLS T IVCYWKSQ KCYPDIPNBN 774
hOSMR 719 : SAGEGPSATFTKVTTPDEHS SMLIHILLPMVFCVLLIMVMCYLKSQWIKETCYPDIPDRN 778
Boxl
mOSMR 775 : KSSILSLIKSKKNPHL - IMNVEDC :rwmvrﬁucs KTQCVGSGKLHIEDVPTKPP-- 831
hOSMR 779 : RSSILSLIKFKENPHLIIMNVSDCPDATEVVSHPEGTKIQFLGTRKSLTETELTKENYL, 838
Box2
mOSMR 832 : - IVPTERDSSGPVPCIFFENFTYDQSAFDSGSHGLIPGPLKDTAHOLGLLAPPNKFONVE 890
hOSMR 839 : YLLPTEKNHSGPGPCICFENLTYNQAASDSGSCGHVPVSPK-APSMLGLMTSPENVLKAL 897

mOSMR 891 : KNDYMKPLVESPTEETSLIYVSQLASPMCGDRDTLATEPPVEPVHGSEYKRQMVVEGSLAS 950
hOSMR 898 : EKNYMNSLGEIPAGETSLNYVSQLASPMFGDRDSLPTNPVEAPHCSEYKMQOMAVSLRLAL 957

mOSMR 951 : PSLKEDNELTSTVLLGOGED - — 970
hOSMR 958 : PPPTENSSLSSITLLDPGEHYC 979

Fig2 (Cont'd).

activation of STAT3'*46:50gre all conserved in the cytoplasmic affinity (kd = 606 pmol/L; Fig 3C). The direct binding of
domain of the cloned cDNA (Fig 2B). Therefore, we consideredmOSM to mOSMI was confirmed by chemical cross-linking
this novel cDNA (clone OR1C5/0R4C6) to be a strong experiments using Ba/F3 transfectants (Fig 3B). Furthermore,
candidate for nOSMB. the double transfectant proliferated in response to mOSM, but
Functional reconstitution of mMOSMR in Ba/F3 cell transfec- not to hOSM and mLIF, in a dose-dependent manner (Fig 3D).
tant. To confirm that the OR1C5/OR4C6 cDNA encodes a On the other hand, transfectants expressing either mQBSMR
functional mMOSMR subunit, we generated Ba/F3 transfectantsgp130 alone never responded to mOSM even in the presence of
expressing both OR1C5/0OR4C6 and gp130 or OR1C5/OR4Chigh concentrations¥ 100 ng/mL) of mMOSM (data not shown).
alone. Expression of both proteins on the cell surface wasThese results confirmed that the OR1C5/OR4C6 cDNA encodes
confirmed by flow cytometry using monoclonal antibodies MOSMR3 and the functional mMOSMR consists of gp130 and
against gpl130 and OR1C5/OR4C6, respectively (data nomOSMR3.
shown). Scatchard analysis of these transfectants demonstratedExpression of mOSMR mRNA. The distribution of
that mOSM bound to the Ba/F3 transfectant expressingnOSMR3 mRNA was analyzed by Northern blotting. A single
mOSMRB alone with low affinity (kd= 13.0 nmol/L; Fig 3A),  band of 5.2 kb corresponding to mOSERRNA was detected
whereas it was able to bind to the double transfectant with highin LO cells and NIH3T3 cells; no such mRNA was present in
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Fig 3. Reconstitution of OSM receptor in Ba/F3 cells. (A) Scatchard plot analysis of Ba/F3 transfectant expressing only mOSMR@; mOSM
binds only to mOSMR with low affinity. (B) Chemical cross-linking experiment using Ba/F3 transfectant expressing only mOSMR@; 125-mOSM
binds to mMOSMR specifically. (C) Scatchard plot analysis of Ba/F3 transfectant expressing mOSMR and gp130; double transfectant exhibits
high- and low-affinity binding sites. (D) Growth stimulation of transfectant expressing mOSMRB and gp130 responding to various ligands.
Double transfectant proliferates in a mOSM-dependent manner, while neither hOSM nor mLIF stimulate its growth.
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Ba/F3 cells, M1 cells, and CCE embryonic stem cells (Fig 4A).each pair are within 1.7 cM of each other (upper 95%
Next, we examined mOSMR mRNA expression in various confidence limit).
tissues of adult mice by Northern blotting. We found that
mOSMRB was widely distributed in all tissues examined. The DISCUSSION
expression level was highest in the lung, heart, thymus, and The hOSM gene was isolated almost a decade ago.
spleen (Fig 4B). However, mOSM expression is undetectable irHowever, the molecular characteristics and unique biologic
the liver, lung, small intestine, kidney, and brain, and is properties of OSM were not extensively studied because OSM
inducible by cytokines in hematopoietic cellsTherefore, in  had long been considered as just another LIF, a cytokine with
these tissues of adult mice, it is likely that the mOSBIR close structural and biologic similarity. In addition, since
responds to OSM produced during an inflammatory process. mOSM remained molecularly unidentified until recently, char-
Chromosomal mapping of the OSKRJene. The mouse acterization of the receptor was not possible. Cloning of the
chromosomal location ddsmrwas determined by interspecific mOSM cDNA allowed us to examine its biologic functions and
backcross analysis using progeny derived from mice matingsed us to discover various unique activitisThese include
([C57BL/6 X M. spretu$ F1 X C57BL/6J). This interspecific  stimulation of definitive hematopoiesis in the embfmatura-
backcross mapping panel has been typed for over 2,600 loci thaton of hepatocytes (Kamiya et al, submitted), and proliferation
are well distributed among all autosomes, as well as the Xof neonatal Sertoli cell® None of these activities were
chromosomé? C57BL/6J andM. spretusDNAs were digested  exhibited by LIF and hOSM. In addition, we found various
with several enzymes and analyzed by Southern blot hybridizafunctions that are mediated by mOSM but not by LIF and
tion for informative RFLPs using a mouse cDNA probe. The hOSM and vice versa, as described. As cytokine functions are
7.5-, 7.1-, and 3.6-kiBgll M. spretusRFLPs were used to generally conserved between mouse and human, the functional
follow the segregation of th@smrlocus in backcross mice. The differences between mOSM and hOSM are unusual. Based on
mapping results indicated th@smris located in the proximal the functions of MOSM and hOSM, as well as binding studies,
region of mouse chromosome 15 linkedRar, Lifr, Myo10, we previously proposed that unlike hOSM, mOSM does not use
andHspgl1 Although 127 mice were analyzed for every marker the mouse LIF receptor and manifests its function only through
and are shown in the segregation analysis (Fig 5), up to 174he mOSM-specific receptét.However, the molecular nature
mice were typed for some pairs of markers. Each locus wa®f the mOSM-specific receptor remained unknown.
analyzed in pairwise combinations for recombination frequen- In this report, we describe molecular cloning of the mO$MVR
cies using the additional data. The ratio for the total number oftDNA and demonstrate that the coexpression of mO8MRd
mice exhibiting recombinant chromosomes to the total numbegp130 results in the formation of a high-affinity mOSM
of mice analyzed for each pair of loci and the most likely genereceptor. Among IL-6 family members, OSM is unique in its
order are as follows: centromerdd -0/174-Osmr0/172Lifr- ability to bind gp130 with low affinity:®22Interestingly, mOSM
7/168My0107/144Hspgl.The recombination frequencies (ex- not only binds to gp130, it also binds to mOSRIRvith low
pressed as genetic distance in centimorgans [tNHE) are as  affinity. In contrast, hOSM binds gp130 with low affinity but
follows: [Prlr, Osmr, Liff] 4.2 = 1.5 My0104.9 = 1.8Hspgl. does not exhibit detectable binding to hOSRR Since the
No recombinants were detected betw®&sh andOsmrin 174 activation of cytokine receptors is generally initiated by recep-
animals typed in common and betwe@&smrandLifr in 172  tor dimerizatior?? this direct binding of mOSM to both
animals typed in common, suggesting that the two loci withincomponents will contribute to the formation of a stable het-

A 1 2 3 4 5 B
kb lane1 2 3 4 5 6 7 8 9 10
6.6 —

O - =D
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56— mOSMRS

1.9 = ! ' '

14 = iy — = — =Wl
0.96 =
0.62 —

Fig 4. Expression of MOSMRB mRNA. (A) Northern blot analyses of mMOSMRB mRNA in various cell lines. PolyA+ RNAs were prepared from
various cell lines, and 1 pg of each sample was subjected to Northern blot analysis: lane 1, LO cells; lane 2, NIH3T3 cells; lane 3, Ba/F3 cells; lane 4,
CCE cells; lane 5, M1 cells. (B) Northern blot analyses of MOSMRB mRNA in various adult tissues; 1 pg of each sample was subjected to Northern
blot analyses: lane 1, brain; lane 2, lung; lane 3, heart; lane 4, liver; lane 5, kidney; lane 6, small intestine; lane 7, muscle; lane 8, thymus; lane 9,
spleen; lane 10, LO cells (upper panel). The middle panel shows the long exposure of the upper panel. The lower panel demonstrates equal
loading by rehybridization with the GAPDH probe.
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Fig 5. Osmr maps in the proximal region of mouse chromosome
15. Osmr was placed on mouse chromosome 15 by interspecific
backcross analysis. The segregation patterns of Osmr and flanking
genes in 127 backcross animals that were typed for all loci are shown
at the top. For individual pairs of loci, >127 animals were typed. Each
column represents the chromosome identified in the backcross
progeny that was inherited from the (C57BL/6J x M. spretus) F1
parent. Shaded boxes represent the presence of a C57BL/6J allele,
and white boxes represent the presence of a M. spretus allele. The
number of offspring inheriting each type of chromosome is listed at
the bottom of each column. A partial chromosome 15 linkage map
showing the location of Osmrin relation to linked genes is shown at
the bottom. Recombination distances between loci (in centimorgans)
are shown to the left of the chromosome, and the positions of loci in
human chromosomes, where known, are shown to the right. Refer-
ences for the human map positions of loci cited in this study can be
obtained from GDB (Genome Data Base), a computerized database of
human linkage information maintained by The William H. Welch
Medical Library of The Johns Hopkins University (Baltimore, MD).
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tively, by analogy to the ability of CNTF to activate the
LIFR/gp130 complex in association with its specific receptor
subunit (CNTFR),* OSMRB/gp130 might also be used by an
unidentified cytokine in combination with its specific receptor
subunit.

Studies on hOSMR-mediated signal transduction have re-
vealed that hOSM activates both STAT3 and STAT5b through
the type Il receptor in the A375 cell line, whereas it phosphory-
lates STAT3 but not STAT5b through the type | receptor in the
JAR cell line>* On the other hand, the same set of STATSs, ie,
STAT1, STAT3, and STAT5b, are phosphorylated in Hep3B
cells through both type | and type Il OSMRThus, STATs and
possibly other signaling molecules activated by hOSM are
likely to depend on the cell type rather than the type of receptor.
The distinct biologic actions of the gp130 family of cytokines
are most simply explained by the specific expression of their
receptors. For example, OSM transmits a growth promoting
signal in LO cells and a growth suppressing signal in NIH3T3
cells through the type Il receptor. NIH3T3 cells do not express
the IL-6 receptokx chain and thus do not normally respond to
IL-6. However, the combination of IL-6 and soluble IL-6
receptor is able to promote proliferation of LO cells and inhibit
growth of NIH3T3 cells. OSM and LIF could therefore exhibit
the same biologic activities if both LIFRand OSMm are
expressed in the same cells. However, LF&d OSMB are
not always coexpressed in mouse cells, and this is probably the
major reason that OSM and LIF exhibit their specific functions
in mice.

Northern blot experiments revealed that mOSpRvas
widely distributed in adult mice. The expression level was
highest in the lung, heart, thymus, and spleen. OSM is involved
in inflammation. Consistently, in human lung-derived epithelial
cells, hOSM, but not IL-6 or LIF, stimulates the synthesis of
al-proteinase inhibitor, which plays an important role in
inflammation, and the type Il receptor signaling pathway is
critical for its synthesi8® However, novel OSM-specific bio-
logic activities have recently been noted in the AGM region,
fetal liver, and neonatal testes as already described. In all of
these cases, an OSM response is observed only in restricted cell
populations and in a stage-specific manner during development.
It would therefore be interesting to uncover the expression
profiles of MOSMM® and LIFR3 during development. Compari-
son of the transcriptional regulation of OSMRand LIFR3
expression would also be important for understanding the
mechanism of mammalian embryogenesis and organogenesis.

We determined the chromosomal localization of the mOEMR

erodimer (Fig 6). The cytoplasmic domains of mouse andgene. We have compared our interspecific map of chromosome
human OSMR contain Box1, Box2, and the YXXQ motifs 15 with a composite mouse linkage map that reports the map
important for signal transduction. As described previo8%ly, location of many uncloned mouse mutations (provided by the

experiments using the G-CSFR-OSKIRchimeric receptor

Mouse Genome Database, a computerized database maintained

revealed that homodimerization of the cytoplasmic domain ofat The Jackson Laboratory, Bar Harbor, MBsmrmapped in a
hOSMR3 was capable of activating STATs. The inability of the region of the composite map that lacks mouse mutations with a

Ba/F3 transfectant expressing mOSPIRlone to proliferate in

phenotype that might be expected for an alteration in this locus

response to mOSM suggested that mOSM does not form édata not shown). The proximal region of mouse chromosome

homodimer of mMOSMR, despite its ability to bind directly to

15 shares regions of homology with human chromosome 5p and

mOSMRB. On the other hand, IL-6 in combination with the 8p (Fig 5). In particularPrlr and Lifr have been mapped to
soluble IL-6 receptor is able to induce homodimerization of 5p14-p13 and 5p13-p12, respectively. The close linkage be-
gp130 and transduce signals through gp130 alone, indicatingveenOsmrand Prir and Lifr in the mouse suggests that the

that gp130 itself is sufficient for generating signéiglterna-

human homolog oDsmrwill map to 5p as well. Despite the
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Fig 6. Proposed model of the
functional mOSM receptor. Bold

-;lgnﬂlsrf ] arrows, high-affinity binding; ar-
or proliferation = | rows, low-affinity binding.

difference for the receptor usage by OSM between human and 8. Gearing DP, Druck T, Huebner K, Overhauser J, Gilbert DJ,
mouse, mMOSMR and hOSMRB exhibit significant sequence Copeland NG, Jenkins NA: The leukemia inhibitory factor receptor
conservation and both are structurally related to L@FRolo-  (LIFR) gene is located within a cluster of cytokine receptor loci on
calization of the mOSMR and mLIFR3 genes strongly —mouse chromosome 15 and human chromosome 5p12-p13. Genomics
suggests that they were created by duplication during evolution!8:148, 1993 = _ o
During the preparation of this report, Lindberg effal 9. Jeffery E, Price V, Gearing DP: Close proximity of the genes for

reported the cloning of MOSMRCDNA. Their nucleotide and leukemia inhibitory factor and oncostatin M. Cytokine 5:107, 1993
amino acid sequences are identical to those for our cDNA, 10- Gascan H, Moreau JF, Jacques Y, Soulillou JP: Response of
except the following positions. Nucleotides at the positionsmurme IL3-sensitive cell lines to cytokines of human and murine
1576 to 1578, which encodes a lysine residue, are deleted in ouor”f'ln' ;{lﬂzh:gnssesai:m’ ;iii TM: Oncostatin M is a differentia-
cDNA. In addition, a threonin residue at 505 is substituted with . ~" +1104g " ) )
an alanine residue by a single nucleotide change Thestéon factor for myeloid leukemia cells. J Immunol 149:1271, 1992

. . . - : 12. Rose TM, Weiford DM, Gunderson NL, Bruce AG: Oncostatin
differences might be due to the difference in mouse strains. M (OSM) inhibits the differentiation of pluripotent embryonic stem
cells in vitro. Cytokine 6:48, 1994
_ _ 13. Richards CD, Brown TJ, Shoyab M, Baumann H, Gauldie J:
We thank Deborah B. Householder for excellent technical assistancerecombinant oncostatin M stimulates the production of acute phase

The nucleotide sequence data for this cDNA will appear in the DNA proteins in HepG2 cells and rat primary hepatocytes in vitro. J Immunol
DATABANK of JAPAN/European Molecular Biology Laboratory/ 148:1731 1992

Genbank nucleotide sequence databases with accession no. AB015978.; 4 Baumann H, Ziegler SF, Mosley B, Morella KK, Pajovic S
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