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Interleukin-11 (IL-11) is a multifunctional cytokine involved in

the regulation of cell proliferation and differentiation in a variety

of cell types and tissues in �itro and in �i�o. The effects of IL-11

were shown to be mediated by the IL-11 receptor (hereafter

referred to as IL-11Rα), which is a ligand-binding subunit and

provides ligand specificity in a functional multimeric signal-

transduction complex with gp130. Here we show that the mouse

genome contains a second gene encoding an IL-11-binding

protein, referred to as IL-11Rβ. The structure of the IL-11Rβ

INTRODUCTION
Interleukin-11 (IL-11) is a multifunctional cytokine that exhibits

a wide spectrum of biological activities in �itro, including

stimulation of plasmacytoma cell multiplication [1–3], induction

of acute-phase protein expression by hepatocytes [4], inhibition

of adipocyte [5,6], neuronal [7] and osteoprogenitor cell differ-

entiation [8], and enhancement of osteoclast-mediated bone

resorption [9]. In �i�o, IL-11 was shown to trigger acute-phase

proteins [4], increase platelet count [4,10] and induce loss of body

fat and hyperactivity [11].

Recently, we [12] and others [13] have isolated cDNAs

(designated Etl2 and NR-1 respectively) that encode a specific

receptor for IL-11, hereafter designated IL-11Rα. The biological

effects of IL-11 are mediated by association of the ligand with IL-

11Rα and the signal-transducing receptor gp130 [13,14]. Sequence

comparisons show that IL-11Rα, like gp130, is a member of the

cytokine family of receptors [15], with greatest similarity in

sequence to IL-6R and CNTF-R. Although IL-11Rα encodes a

transmembrane protein, we have demonstrated that, like IL-6R

and CNTF-R [16,17], it is biologically active in a soluble form,

where it mediates the association of IL-11 with gp130 [14].

Here we report the molecular cloning and characterization of

a second IL-11R gene (hereafter termed IL-11Rβ), which exhibits

99% sequence identity with IL-11Rα at the amino acid level. IL-

11Rβ binds IL-11 with high affinity, is expressed at high levels in

testis, and at low levels co-expressed with IL-11Rα in embryos

and adult tissues, but in contrast with IL-11Rα it is not expressed

in skeletal muscle.

MATERIALS AND METHODS

Isolation and characterization of phage clones and genomic DNA

A genomic library, constructed from partially digested DNA of
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gene is highly similar to that of IL-11Rα, and IL-11Rβ exhibits

99% sequence identity with IL-11Rα at the amino acid level. IL-

11Rβ is co-expressed with IL-11Rα, albeit at lower levels, in

embryos and in various adult tissues. IL-11Rβ transcripts are

abundant in testis, and, in contrast with IL-11Rα, absent from

skeletal muscle. IL-11Rβ expressed in �itro binds IL-11 with high

affinity, suggesting that the mouse genome contains a second

functional IL-11R.

the D3 ES cell line, was screened with a cDNA probe containing

exons 2–12 of the IL-11R as described previously [12]. DNA

from positive clones was isolated and characterized by restriction

mapping and was subcloned in Bluescript vector for sequencing.

High-molecular-mass DNA was isolated from D3 ES (129SvPas)

cells or mouse tissues and was analysed by Southern-blot

hybridizations as described previously [12].

RNA isolation and reverse transcription (RT)–PCR analysis

Total RNA from tissues and embryos from 129SvPas mice was

isolated as described previously [12]. cDNA synthesis and PCRs

were done with the SuperScript preamplification system (Gibco–

BRL) according to the manufacturer’s instructions, in a Robo-

cycler 40 (Stratagene). For the simultaneous amplification of the

IL-11Rα and IL-11Rβ cDNAs, primers (I) 5«-TGTGGCTGG-

GCTGCCACACG-3« and (II) 5«-CTGCCCCGCCTCTTTCT-

GCC-3« were used in a first PCR, and primers (III) 5«-GGATG-

CTGGCACCTGGAGCG-3« and (II) were used for a nested

PCR reaction (conditions : 2 min at 94 °C; 1 min at 94 °C, 2 min

at 58 °C, 2 min at 74 °C, 30 cycles ; 5 min at 74 °C). IL-11Rβ-

specific PCR products were identified by digesting the ethanol-

precipitated PCR products with BamHI, followed by analysis on

2% agarose gels. RT-PCR specific for IL-11Rα was done with

primers (IV) 5«-GGAGGAAGTCTTGGAGGCC-3« (which

binds in exon 1b) and (V) 5«-GGTCTGGCAGACATAAGTGC-

3« (which binds in exon 4), and PCR for IL-11Rβ was done with

primers (VI) 5«-GAGACATCTGTCCTCAAAGGA-3« (which

binds in exon 1) and (V). As a control, primers for β-actin (5«-
TGGAGAAAATCTGGCACCAC-3« and 5«-AATGGTGATG-

ACCTGGCCGT-3«) were used. PCR conditions were as de-

scribed above. PCR products were analysed by Southern-blot

hybridizations with gene-specific end-labelled oligonucleotides
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(VII) TGGCACTCAGTCACTGTGA (for IL-11Rα) and (VIII)

GGCTCTTCAGGAATGAAGCC (for IL-11Rβ).

Cloning of IL-11Rβ cDNAs

A testis cDNA library in λZAP (Stratagene) was screened with

an IL-11R cDNA probe containing 1.2 kb of the coding sequence,

using standard procedures [18]. Positive phages were eluted in

1 ml of SM [100 mM NaCl, 10 mM MgSO
%
, 50 mM Tris}HCl,

pH 7.5, and 0.01% (w}v) gelatin], and 1 µl of the phage eluate

was used as template for PCR reactions with primers (I) and (II).

PCR products were ethanol precipitated, dissolved in 10 mM

Tris}HCl (pH 7.5)}1 mM EDTA and digested with BamHI;

then they were analysed on 1.5% agarose gels. Phages that gave

rise to a BamHI-cleavable PCR product were isolated plaque

pure and were analysed further.

Expression of IL-11Rβ protein and binding studies

The extracellular portion of IL-11Rβ cDNA was cloned into the

pIG-1 vector [14], and expression and binding assays were

performed as described previously [14].

RESULTS

The mouse genome contains a gene highly homologous to the
IL-11Rα gene

Restriction mapping of genomic phage clones that were isolated

with IL-11Rα cDNA probes suggested that they derived from

two different genomic loci. Southern-blot hybridizations of

Figure 1 Southern-blot hybridization of genomic DNA with IL-11R cDNA and structures of the IL-11Rα and IL-11Rβ genomic loci

(A) Southern-blot hybridization of genomic 129/Sv DNA with a IL-11Rα probe spanning exons 1b–12. The probe detects multiple bands that correspond to and are consistent with DNA fragments

of the IL-11Rα and IL-11Rβ loci. (B) Restriction maps and exon/intron structures of the IL-11Rα and IL-11Rβ genes. The black horizontal lines represent genomic DNA ; exons are indicated

by boxes below the genomic DNA. The coding sequence is in black ; untranslated regions are in white. The insertion site of an enhancer trap construct in IL-11Rβ (former Etl2 locus described

in [12]) is indicated by an arrow. The polymorphic Bam HI site used to distinguish between IL-11Rα and IL-11Rβ transcripts is circled. The first exon of IL-11Rβ is not yet localized in the genomic

sequence. Abbreviations used : E, Eco RI ; B, Bam HI ; H, Hin dIII ; S, Sal I.

genomic DNA from various mouse strains and from D3 ES cells

confirmed that the clones represent two genuine loci present in

the mouse genome, which we refer to as the IL-11Rα and IL-

11Rβ genes (Figure 1A). All subcloned regions in IL-11Rα and

IL-11Rβ that hybridized to IL-11Rα cDNA probes were iden-

tified by Southern-blot hybridizations and were sequenced. On

the basis of this analysis, IL-11Rα and IL-11Rβ represent two

genes with a highly similar exon}intron structure (Figure 1B),

identical intron}exon boundaries, and almost identical nucleotide

sequence in exons 2–13. The IL-11Rα and IL-11Rβ loci corre-

spond to locus 1 and 2, respectively, in the study by Robb et al.

[19], and IL-11Rβ corresponds to the Etl2 genomic locus in the

report by Neuhaus et al. [12]. Sequence analysis indicated that

the IL-11Rα locus encodes both earlier published cDNAs, termed

Etl2 and NR1 [12,13], which represent two different naturally

occuring transcripts, referred to as IL-11Rα a (former NR1) and

b (former Etl2) transcripts, generated by differential usage of

exons containing only 5« untranslated sequence ([19] ; P. Bilinski

and A. Gossler, unpublished work).

Comparison of the exon 2–13 sequence with the IL-11Rα

cDNA sequence showed that the IL-11Rβ sequence has 11

nucleotide exchanges that lead to 5 amino acid alterations (Ala-

283!Thr; Pro-319!Leu; Pro-345!Leu; Val-384!Leu; and

Asp-401!Glu) in the deduced IL-11Rβ-derived protein com-

pared with the IL-11Rα protein (Figure 2), suggesting that IL-

11Rα and IL-11Rβ encode very closely related but distinct

proteins. A structure-based sequence comparison between the

predicted IL-11Rα and IL-11Rβ proteins, using the prolactin

receptor as a template, suggested that the amino acid differences
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Figure 2 Alignment of the deduced IL-11Rα and IL-11Rβ amino acid sequences

The five amino acids changed in IL-11Rβ compared with IL-11Rα are indicated by white letters. The signal sequence, prolactin domains 1 and 2, and the membrane-spanning domain are indicated

by grey shading.

1b

Figure 3 Comparative expression analysis of IL-11Rα and IL-11Rβ

Southern-blot analyses of RT-PCR products obtained with RNA from various embryonic stages

and adult tissues with specific primers for IL-11Rα and IL-11Rβ. (A) Localization of

oligonucleotides used for PCR and hybridization. The roman numerals refer to the sequences

given in the Materials and methods section. (B, C) Expression of IL-11Rα (B) and IL-11Rβ
(C). The embryonic stages and adult tissues used as a source for RNA are indicated above each

lane. No IL-11Rβ-specific product was detected in skeletal muscle, even after prolonged

exposure.

between IL-11Rα and IL-11Rβ do not reside in regions of the

protein likely to be involved in ligand recognition, which

suggested that the IL-11Rβ protein, if expressed, might have the

ability to interact with IL-11.

Cloning of the IL11Rβ cDNA and expression analysis of IL-11Rβ

Sequence and restriction analysis of the IL-11Rα and IL-11Rβ

genes revealed a polymorphic BamHI site present in exon 11 of

IL-11Rβ (Figure 1B). This polymorphism is present in C57BL}6J,

129}SvPas and CD1 DNA (results not shown). To identify

potential transcripts of the IL-11Rβ locus and to distinguish

them from IL-11Rα transcripts, we analysed 129}Sv mRNA

from various embryonic stages and adult tissues by RT-PCR

with primers that amplify the region containing the polymorphic

BamHI site. RT-PCR products from IL-11Rα, which do not

contain a BamHI site, should result in a fragment that cannot be

cleaved with BamHI. In contrast, digestion of the RT-PCR

products from IL-11Rβ with BamHI should result in two smaller

fragments. Only RT-PCR with RNA from adult thymus and

testis gave rise to a DNA fragment that could in part be cleaved

with BamHI to the expected fragments (results not shown). A

testis cDNA library was screened with a probe containing 1.2 kb

of IL-11Rα coding sequence. IL-11Rβ-specific clones were ident-

ified with a PCR assay, using the polymorphic BamHI site as

described above. Three from 13 positive clones represented IL-

11Rβ transcripts and were analysed further. Sequence analysis of

these cDNA clones (EMBL Database accession number X98519)

confirmed their identity with the deduced nucleotide sequence

obtained from genomic sequences of the IL-11Rβ locus and
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Figure 4 Interaction of IL-11Rβ–Fc with biotinylated murine IL-11 (bio
mIL-11)

(a) IL-11Rβ–Fc was immobilized on Protein A-coated plates and was incubated with a series

of concentrations of biotinylated murine IL-11. (b) Binding competition of biotinylated murine

IL-11 with unlabelled IL-11. Data points are the results of three separate experiments, each

performed in duplicate. The relative concentration of biotinylated IL-11 bound at equilibrium was

determined by addition of streptavidin–horseradish peroxidase and colour development with

o - phenyldiamine. Specific binding was determined by subtraction of values for background

binding to parallel control (no IL-11Rβ–Fc) wells.

showed that the IL-11Rα and IL-11Rβ cDNAs have completely

different 5« untranslated sequences. Expression of IL-11Rβ was

re-analysed with mRNA from various embryonic stages and

adult tissues by RT-PCR with primers specific for IL-11Rβ and

by Southern-blot analysis of the PCR products (Figure 3). The

highest levels of IL-11Rβ transcripts were detected in adult testis.

Low levels of IL-11Rβ transcripts were detected in embryos and

all analysed adult tissues, with the exception of skeletal muscle.

In contrast, the highest levels of IL-11Rα were detected in

embryos, and in adult heart, kidney and skeletal muscle, whereas

low levels of IL-11Rα transcripts were detected in testes (Figure

3). On this basis we conclude that IL-11Rα and IL-11Rβ differ in

their tissue-specific expression.

IL-11Rβ protein binds IL-11 with high affinity

Since the extracellular portion of IL-11Rα is sufficient for IL-11

binding [14], the extracellular region encoded by a IL-11Rβ

cDNA clone, which contained the complete open reading frame

of the IL-11β protein, was introduced into a modified pIG

eukaryotic expression vector [14], and the resulting construct was

transfected into 293T cells. IL-11Rβ–Fc fusion protein was

purified from culture supernatants by Protein A–Sepharose

affinity chromatography. Analysis by SDS}PAGE (results not

shown) revealed a purified fusion protein of the predicted mass

(75 kDa under reducing conditions).

The IL-11Rβ–Fc fusion protein was immobilized on Protein

A-coated plates and tested for its ability to bind biotinylated

murine IL-11 (Figure 4). IL-11 bound the protein in a saturable

manner with an ED
&!

of 9.6 nM. This value is similar to our

analysis of IL-11 binding to IL-11Rα [14]. We conclude that the

IL-11Rβ gene encodes a specific high-affinity receptor for IL-11.

DISCUSSION

IL-11Rβ, the gene for a second high-affinity IL-11 receptor, was

cloned and analysed. The gene is 99% identical with the IL-11Rα

gene that encodes the previously cloned IL-11R cDNAs [12,13],

and the overall exon}intron structure is well preserved. The

IL-11Rβ gene is expressed, indicating that IL-11Rβ does not

represent a transcriptionally silent pseudogene, as suggested

previously [19]. IL-11Rα and IL-11Rβ transcripts were detected

in all analysed embryonic stages and in all analysed adult tissues

except skeletal muscle, which solely expressed IL-11Rα. By

contrast, IL-11Rβ appeared to be more highly expressed in testes

than IL-11Rα. Thus the published RNA in situ hybridization

results with IL-11Rα cDNA probes [12] probably represent a

composite expression pattern of both IL-11R genes at these

embryonic stages, which could not be distinguished by Northern

blot or RNA in situ hybridization with the probes used in these

experiments.

The expressed IL-11Rβ protein binds IL-11 with similar

properties to those of the IL-11Rα prototype. The signalling

properties of IL-11Rβ, and its association with gp130, are

currently under investigation. The amino acid differences between

IL-11Rα and IL-11Rβ appear, as predicted, to have little effect

on the interaction with the IL-11 ligand. It is unclear at present

whether IL-11Rα and IL-11Rβ are functionally interchangeable

or have distinct properties and biochemical functions. Distinct

properties and functions of the IL-11Rα and IL-11Rβ proteins

might be supported by the co-expression of the IL-11Rα and

IL-11Rβ genes. However, since the expression of both transcripts

on the cellular level is not known, these genes could be expressed

in different cells of these tissues and serve very similar or identical

functions. Further biochemical and genetic analysis will be

required to address these questions.

We thank Dr. Barbara Knowles, Dr. Derry Roopenian and Dr. John Schimenti for
critical comments on this manuscript. This work was supported by the Deutsche
Forschungsgemeinschaft (Germany), the Edward Mallinckrodt, Jr. Foundation
(U.S.A.) and the Cancer Research Campaign (U.K.), and was facilitated by the
microchemistry service of The Jackson Laboratory (NIH core grant CA 34196).
M. A. H. was supported by a BBSRC fellowship.

REFERENCES

1 Paul, S. R., Bennett, F., Calvetti, J. A., Kelleher, K., Wood, C. R., O’Hara, R. M., Leary,

A. C., Sibley, B., Clark, S. C., Williams, D. A. and Yang, Y.-C. (1990) Proc. Natl.

Acad. Sci. U.S.A. 87, 7512–7516

2 Yin, T. and Yang, Y.-C. (1993) Cell Growth Differ. 4, 603–609

3 Burger, R. and Gramatzki, M. (1993) J. Immunol. Methods 158, 147–148

4 Yonemura, Y., Kawakita, M., Masuda, T., Fujimoto, K. and Takatsuki, K. (1993)

Br. J. Haematol. 84, 16–23

5 Kawashima, I., Ohsumi, J., Mita Honjo, K., Shimoda Takano, K., Ishikawa, H.,

Sakakibara, S., Miyadai, K. and Takiguchi, Y. (1991) FEBS Lett. 283, 199–202

6 Ohsumi, J., Miyadai, K., Kawashima, I., Sakakibara, S., Yamaguchi, J. and Itoh, Y.

(1994) Biochem. Mol. Biol. Int. 32, 705–712

7 Mehler, M. F., Rozental, R., Dougherty, M., Spray, D. C. and Kessler, J. A. (1993)

Nature (London) 362, 62–65

8 Hughes, F. J. and Howells, G. L. (1993) Calcif. Tissue Int. 53, 362–364

9 Girasole, G., Passeri, G., Jilka, R. L. and Manolagas, S. C. (1994) J. Clin. Invest. 93,
1516–1524

10 Neben, S. and Turner, K. (1993) Stem Cells (Dayton) 11, Suppl. 2, 156–162

11 Hawley, R. G., Fong, A. Z., Ngan, B. Y., deLanux, V. M., Clark, S. C. and Hawley,

T. S. (1993) J. Exp. Med. 178, 1175–1880

12 Neuhaus, H., Bettenhausen, B., Bilinski, P., Simon-Chazottes, D., Gue! net, J.-L. and

Gossler, A. (1994) Dev. Biol. 166, 531–542



363Two mouse interleukin-11 receptors

13 Hilton, D. J., Hilton, A. A., Raicevic, A., Rakar, S., Harrison-Smith, M., Gough, N. M.,

Begley, C. G., Metcalf, D., Nicola, N. A. and Willson, T. A. (1994) EMBO J. 13,
4765–4775

14 Karow, J., Hudson, K. R., Hall, M. A., Vernallis, A. B., Gossler, A. and Heath, J. K.

(1996) Biochem. J. 318, 489–495

15 Stahl, N. and Yancopoulos, G. D. (1993) Cell 74, 587–590

16 Yawata, H., Yasukawa, K., Natsuka, S., Murakami, M., Yamasaki, K., Hibi, M., Taga,

T. and Kishimoto, T. (1993) EMBO J. 12, 1705–1712

Received 9 October 1996 ; accepted 16 October 1996

17 Davis, S., Aldrich, T. H., Ip, N. Y., Stahl, N., Scherer, S., Farruggella, T., DiStefano,

P. S., Curtis, R., Panayotatos, N., Gascan, H., Chevalier, S. and Yancopoulos, G. D.

(1993) Science 259, 1736–1739

18 Sambrook, J., Fritsch, E. F. and Maniatis, T. (eds.) (1989) Molecular Cloning : A

Laboratory Manual, pp. 309–328, Cold Spring Harbor Laboratory Press, Cold Spring

Harbor

19 Robb, L., Hilton, D. J., Willson, T. A. and Begley, C. G. (1996) J. Biol. Chem. 271,
13754–13761


