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CLONING AND CHROMOSOME MAPPING OF
THE HUMAN INTERLEUKIN-1 RECEPTOR
ANTAGONIST GENE

Andrew Lennard, Pat Gorman,! Martin Carrier,
Hilary Scotney, Denise Sheer,!

Samantha Griffiths,
Roberto Solari

By screening a human genomic library with an interleukin-1 receptor antagonist (IL-1ra)
cDNA probe, we have isolated a 15 kb clone which contains the entire coding region of the gene
as expressed in monocytes, and includes 6 kb of 5'-upstream sequence. The gene contains four
exons which code for the secreted form of the IL-1ra, however, our clone does not contain the
alternative first exon used to generate an intracellular form of the protein as found in epithelial
cells. Analysis of the sequence reveals a consensus TATA box, and three Alu repeats, two of
which are in the upstream region and one in intron 3. The sequence also reveals an 86 bp motif
tandomly repeated four times within introen 2, and may reflect the polymorphism known to
exist in this region of the gene. By in-situ fluorescence hybridization we have shown that the IL-
1ra gene is found on the long arm of chromosome 2 and maps to 2q13-14.1. Previous studies
have revealed that IL-1e, IL-1P and both type I and type II forms of the IL-1 receptor all map

close to this region of chromosome 2.

The increasingly complex cytokine network
involves both positive and negative regulatory
pathways. Natural inhibitors of cytokine function are
of great importance both as analytical tools and as
potential therapeutic agents. These inhibitors include
soluble extracellular domains of cytokine receptors
that may arise by proteolytic cleavage, as in the case
of tumour necrosis factor (TNF) receptors,! or as
alternatively spliced transcripts of the functional
transmembrane receptor as in the case of IL-4? and
IL-7° receptors. Another class of inhibitor are true
cytokine receptor antagonists, the best characterized
of which is the/interleukin-1 receptor antagonist (IL-
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1ra). The IL-lra protein was first purified and
characterized from human monocyte conditioned
medium and the corresponding cDNA subsequently
cloned.*® The IL-1ra produced by monocytes is a
secreted protein structurally related to IL-la and
IL-1pB that forms a non-productive complex with the
IL-1 receptor (IL-1R). Although II-1ra activity was
first characterized from monocytes, it is also
expressed in neutrophils and epithelial cells.”
Interestingly, epithelial cell 1L-1ra is expressed as an
alternatively spliced transcript of the monocyte IL-1ra
which lacks a leader peptide and consequently is not
secreted from the cell. Both IL-1 and IL-1ra bind to
the type I and type II IL-1 receptors with comparable
affinities,®!* and therefore the receptor antagonist is
an effective inhibitor of IL-1 induced effects. Indeed
a large number of cases have now been reported in
which recombinant IL-1ra has been used both in vitro
and in vivo to block a range of IL-1-induced biological
activities.’? However the precise physiological
relationship between IL-1 and IL-1ra production in
normal and pathological processes is as yet poorly
understood.

Since monocytes synthesize both IL-1 and the
IL-1ra, the pro-inflammatory effects of IL-1 may, in
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part, be counterbalanced by the anti-inflammatory
effects of the IL-1ra. Initial studies have suggested
that in human peripheral blood monocytes expression
of IL-18 and IL-1ra are differentially regulated;®
however, at present little is known about IL-1ra gene
regulation. The IL-1ra has been isolated from
monocytes stimulated in three different ways;
peripheral blood monocytes adhered onto IgG-coated
plates,*®4 phorbol myristate acetate (PMA)-
differentiated THP-1 celis'> and PMA differentiated
U937 cells treated with granulocyte macrophage-
colony stimulating factor (GM—CSF).¢ The receptor
antagonist may also be induced by LPS'® and its
expression enhanced by monocyte differentiation and
prolonged treatment with GM—CSF.'¢ There is clearly
a complex relationship between IL-1 and IL-lra
production which may involve the state of differen-
tiation of the monocyte, the particular set of external
stimuli to which the cell is exposed and a range of
transcriptional and post-transcriptional regulatory
mechanisms. To begin studying the regulation of
human IL-lra gene expression in monocytes we
report on the cloning and sequencing of the complete
gene including six kilobase pairs of 5’-upstream
sequence.

RESULTS AND DISCUSSION

Using an interleukin-1 receptor antagonist cDNA
probe we screened 1.7 X 10°¢ plaques of a human
genomic DNA library in A-EMBL 3 and isolated two
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positive clones (see Materials and Methods). By
Southern blot analysis of restriction enzyme digests,
a 15 kb clone containing the complete cDNA
sequence and the longest 5'-upstream sequence was
identified for further characterization. Figure 1 shows
the gene organization and restriction enzyme maps
for our human IL-1ra clone which includes 6 kb of
S'-upstream sequence. Based on the restriction
enzyme map of our clone, we generated a series of
overlapping subclones (Fig. 1B) and sequenced the
entire gene and 5'-upstream DNA. The sequencing
revealed, in agreement with recent results from
Eisenberg et al.,'” that the gene contains four exons
(Fig. 1A). The 5'-untranslated sequence and
sequences encoding the leader peptide and the first
14 amino acids of the mature protein are found in
the first exon. The fourth exon contains the C-
terminal 70 amino acids and the entire 1144 bp of
untranslated 3'-sequence. As previously reported this
gene architecture bears a striking resemblance to the
organization of the IL-18 and IL-1« genes. The IL-1ra
gene is therefore thought to have arisen from a
common ancestral gene to the IL-18 and IL-1a genes
and is hence a member of the IL-1 gene family."
The sequence of 12.5 kb of our clone, including
6 kb of upstream DNA, is shown in Fig. 2. Computer
analysis of the upstream sequence revealed a
consensus TATA-box 38 bp (—38) from the start of
the cDNA sequence (+1). Searches for transcription
factor consensus motifs revealed four possible AP1
binding sites (—49, —1821, —3320 and —4665), two
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Figure 1. Organization of the interleukin-1 receptor antagonist gene.

(A) Structural map of the 15 kb Sail clone. Diagrammatic representation of the 15 kb Sall clone containing the interleukin-1 receptor
antagonist gene. The gene is organized into four exons which are represented by large boxes. Solid boxes represent sequences encoding
the mature IL-1ra protein, open boxes represent the untranslated sequences in the cDNA, and the dashed box represents the sequences
encoding the leader peptide. Tandem repeats (+2911 to +3255) and inverted repeats (—2381 to —2186 and —1510 to —1316) are indicated
as solid arrowheads and open arrowheads, respectively. The three Alu sequences are illustrated by small open bars (—4761 to —4457,
—1814 to —1511 and +4549 to +4858). Nucleotide positions are marked relative to the start of the published cDNA (+1).5 The dimensions
of the boxes are an approximation, and not a precise reflection of their actual size. (B) Restriction map of the IL-1ra gene and subclones.
The following restriction sites appear in the 15 kb Sall clone, and were used to generate a set of overlapping subclones for sequencing,
as shown by the bars beneath the restriction map. Apal (A), BamHI (B), EcoRI (E), HindIlI (H), Kpnl (K), Sacl (S), Safl (S1), Xbal (X).



GIUGALUCIGCAGUTCAACGGATCTGAGAGGAGAGTAGCTTCTTGTAGATAACAGTTGGATTATATACCATGTCCTGATCCCCTTCATCATCCAGGAGAGC
AGAGGTGGTCACICTGATAGCAGCAAGCCTGGGGGCTGCAGCTTGGTGGGTAGAGGTACTCAGGGGTACAGATGTCTCCAAACCTGTCCTGCTGCCTTAG
GGAGCTTCTAATAAGTTGATGGATTTGGTTAAAATTAACTTGGCTACTTGGCAGGACTGGGTCAGTGAGGACCAACAAAAAGAAGACATCAGATTATA
( TTTGTATTTCTTGTGTTTCTTTCTCTTCTTTGTACTARARTATTTACCCATGACTCGGAAAGAGCAACTGGAGTCTTTGTAGCATTATCTITAG
CARAAATTTACAAAGTTTGGAAAACAATATTGCCCATATTGTGTGGTGTGTCCTGTGACACTCAGGATTCARAGTGTTGGCCGAAGCCACTARATGTGAGA
TGAAGCCATTACAAGGCAGTGTGCACATCTGTCCACCCAAGCTGGATCCCAACATTTCACARAATAGTGCTTGCGTGACACAAATGCAGTTCCAGGAGGCC
CAAATGAAAATGTTTGTACTGAAATTTGTTAAAGCTTCCCGACAAACTAGATTTATCAGTAAGGATTGTTTTCTGCAAGGGGGATGAAACTTGTGGGGTG
AGCCATTTGGGCTGAGGAGGAGGGAGGTTGGAGCTGAGAAATGTGGAGACARATTTCCCTTTAGAAGGACTGARTCTCCCTGCCTCTCTGGGGTGCGGCAG
CCAGCAGGATCCAATGGTGTATATGTCTCCCCAGCTCCCCATTCAGTGATATCATGTCAGTAGCTTGAAATTATCCGTGGTGGGAGTATTATGTCATGGA
‘AAATGGAAACTTTTATTGGAGATTCAATTGTTARACT TTTACCAGCACAACACTGCCCTGCCTTCAGAGTCAATGACCCTATCCAAGTTTAAT
GTCCACTGTCTCCAACACGATCTTTATAAAACACACCTGACAACATTACCCTTTTATTCAGTTTTTTAAAAGATAAGTTTCCAGCTCATCGGGG
TGGCTTTAAAGGCCATTTCTCCTCTGGACCTCACCCAACTTTTCAAATCACTTTITCCTACCCCTACCTCTAAATGCTACTCAARCTCCAGCCATCCTGRAA
TAATAAGACTTTTGAAAAGTAGATTATGGGCTGGGCACAGTGGCTCACACCTGTARTCCCAGCACTTITGCGAGCGCCAAGATGGGTCGGATCACCTGAGGTC
GGGAGTTCGAGACCAGCE : ATAGTGAAACCCTGTCTCTACTAAAAATACAAAATTAGTTCGGGGTGGTGGCACAAGCCTGTAATCCCAGCTAC
TCAGGAGGTTGAGGCAGGGGAATTGCT TGAACCTGEGAGGCGGAGGTTGCEGTGAGCCTAGATTGCTCCACTGCACTCCAGCCTGGGCAACAAGAGCGAR
ACTCCATCTCAAAAAAATAAATAAATARATAAAGTAGATTACATCAGATACCTCTGGCCTAGGTTGTTTATGACCAACTCTCCTGCTGAGAATAACTAGA
ARAGCTAGACAAAACATATTTCCAAAAGATCTCTTTGGAGGCATCAGAGAATGGCCAAGGCTGTAAGGAACTGCCTGAGCCCAGAGAGGTGGAGCCCAGL
ACTGGTGCCCTTTACTCCTGGGGACATGTGCTGGTTTCAAAAACTTCAGCTGAGCTTTTGAGCATTCATGGAACTTGGTGGGGGAGATGAAATTTGTACC
TTAAATCCTGCCTACAGGGAGGGTCCCTGATAATCCCCACCCAATTTGGARATCTGGGTCAGCCTTCACAGGTACTGAAGCCCTCCTCTGAATGATCTCA
AGTCCTGCTAGGGTAGAGGTTACCTGCTTTTGAAAGGCTCCTGGCCTACCTGTGCAGCAGGAGCAAAAGTGAACCATCTCAGGGTACAGATARCAATCAT
CCAGAGCCTTGAATGACCTCTACTGTGCTTAATATATAGTATTCAGCAGTCAGTARAAAGGATTTAGGCACATGCAAGATGACCTGTGTATCAGGGAGAA
ATAGGCAATAAATTGAGATCCAGCAGGGATTTGAATCATGGATTTGAATCAGGGGCAGCCTTCGAAAGAACTATGGAGAATATACTCAGATTTAAAACAT
AAGATTGGAATTTTTGGCAGAGAACTAACAACTGTACAAAAAAGGAACCAAATGGAAATCCTAGAACTGARAGATGCAATTAACCGATGTTGAGAAATAG
CCAACATCTATTGAAi ’CATGTGGACAGCTGTGCTAAACACTTTACAGGCATCAACATAAGATGTGTCCCCTTACAGCAGTGCAGTGTCCCTCCT
AAGACATGGACAGCCTGGTTTCCCTATCTCTCTGCTTCATCAAAACCCCTTTACGTGGGGCTTAGACACTCCTGTTGTCTCTAGTG TCTAGTAGCACAGG
GCTCAGCACATGGAAGCCACTAGATACAATTTGATGACCAGGACCTCCGATGARAGCCATGGGTGCTGATTGGGARGGCATTGTCTTTTATGTGCTATGG
TCTTAAAGCTTCATCCAGGAAGCAGAACTCGGGGGGTCGCTGAGGACCCAGAACCGAGAATAAGH GAGATTTCCTGTGGGCAGAAATCATAAGG
ACGCCAACTGTTTGCGGTGAGATAAGACGAAACCAAGAGTGGACTTGTGGCCAGAAGCGTGAGGAAGAGGGAGAGAGCTTCCCTTGTCCCCTTTCTTCCTC
TCCZTAAGCCACAGTGATTGACAGCCCCCCCGCTTTGGAGTCAGAGCAGGCTTGAGACTGGACTGGGAAAGGAGGGTGGGTCAGGATACAGAGCAGGAAG
GCTGGGAGTGCAGGGCAGGAGCAAGGGGCTGGGGCATTCATTGTGCCTGATCTCTCCCACTTTACCTGGGGTAARGAAGCATATGCARARAGCCACGGTGT
GAGTATTTCCCAAGTGCCAGGGTCAGGGCATGATTCATCACGTGCAGCATTTCATTCAATCCTTATAGTAACCGATGATGTGGCTTCTATTATTAGCTCT
ATCAGATARATGAAACTGAGACCAAGACAGGCTCTGCACATTGTGTGGGGTAATGACACAGGGGGATTCAGACCTAGACTCCATAACTCCTGCCCCAGGGA
CCACCCCCACCCTCACCCTGTGCATGTCGACAAAGGACAGACTGGGCCACTTCTCAGGACACAGCGGGGARATGACACAGAGCAGGGAGGTTCCAGGAGE
CCCGAGCGTCTTTTCTCCAGGAGAATACTCTCTGAARTTCAGACTGGGGTCAGAGARACATTTACCCAGGAGCCGCAGTGTGGGTGGGGCTTTTTACTTGA
AACGCTGTCTGAAGGCAGTGGCAGGATGAACTCTCCACCCTACCTTGGCAAGCCACTTICTCTTCTGCAATCTGTAAGGACATTGTTGAGAGAATTATGGT
CTTCCAATTCCGGAGGGTTGAAGAAAGACARATAGGAGAGAACCTATCATAGTCAGGTGCTAGCTGCCTTCTCTTTCAGAGAGTGTGAGAATAAAGTGAT
ACACTTGATTATTAGCAAATACTTTGGAAATTTTARACGCTAATATTCAACACACTCTGGAAGAGGCAAATAAGTAGACAGGTTCATATACATCATCTCC
TTCAGCTAGTCCTCACAAAAACAAACAAATGAATAAACAAAATTCTTCTTTGGCCCTCATAGGAAGACACTGTTTCTTGARCGTGTTTCAAAANGGATGS
EzgpCTCACTCAAGGTCACACTGTTTATGAGGACAGTACAGGAATACAGACATGCCATTTTGCCTGAAAAAATCCATCACCCAGGGAGGTGACACAATTT
TGCAGAAATGTTCTATTTCCTCTGAAGGATACATTCTTTAAACCTTT! CATTCATAGTCTTCCTCCTTTGAAGGATTACTCTCTGGACACARA
GTGTTTGATTCTGATTTGTTGGTTGGAAGATGTGTTGGTTGAGAGAAAGATTCTGATTTGTTGGTTGAAAATAGACTCATCAAGATCAACTGCTGTAGTA
GTAAATATTTTGACATTTTGTCTGTATTCCTGTGCTGCCCTCACAAGCTGCATCACCTTGA! _" TTCATACTITTTTGTITTGTTTTIGTTTTCGA
GATGGAGTCTTACTCTGTTGCCTAGGCTGGAGTGCGGTGGCGTGATCTTGGCTCACTGCGACC TCCTGGGTTCAAGTGATCCTCCTGCCTCAGC
CTCCCGAGTAGCTGGGATTACAGCCACATGCCACCATCCCTGCTAATTTTTGCATTTTCAGTAGAGACGGAGTTTCACCATGTTGGCTCAGGTTIGGTCTTG
AACTCCTGACCTCAGGTGATCLG ggACCTCAGCCTCCCCAAGTGCTGGGATTACAGGTGTGAGCCACCGTGCCCAGC CAGCCATCATTTTTGAAACAC
GTTTGAGAAATALTGTCTTCCTTTGAGGGCCAAGGAGACA11LllllleTTRlllblllbllll1bTGAGGACTAGCTGAAGGGGGTGATGTATATTAA
CCTGCCTACTTATTTGCCTCTTCCCAGAGTGTGATGAATATTAGGGTTTAAAGTTTCTGAAGCATTTGTTAATARAGCCCGGGGCTGGAGGTCAGAAGAC
CTGGATTTCTCTGCATACTTTTGCCATCAGCAAGCTGTGTGACCTTCGACAGATCCCTTTTTTGTCTAAATCTTTCTGAGTCTTCTTGAAAACAATGCCA
GGTTGGGACAGGATGATTGCCAAGCTCCCGTCCAGCTCTAAAACACTGCAACGTATGCTTCTGCACCAGCACTGTCCATCCTGTAGATCATGCAGAAATT
CTCTTCAACTTTTTCCTACCCATAAAATAGGAGCATGCTTACCTTTTTCCTAATGTTCCAGGCCCCGGGTCTAGATATTGTAAGTAAGGAAGTTAATGTG
TATCAGAGCCCATTATGGGCCAGAAGTTCTCCTCTTCCTTCCTACACCTGCTTCCTCCCTCCCTCCCTCCCTCTTTCCCTTCCTTCCTTCCATCCATTTG
TGAAGAAGACATGATCACCCTCATTCTGAGAGTGAAGAGACAGAGGCTCAACTAATGAAATGATTTGTTCAAGGTCACACGGGTGGCACAAGGCAAGTGG
CAGAGGTTGAATTTAGACCCATTCCTGTCCAAATGCTGAGTTTATGTCATCGTCCCGAGACCATARCTTTAARGATGTAAGATAGTGGGARAAGAGTTGA
TTTCAAAGCACCTCTCAGAAGGACTCACTTTACATCAGGGGTCAGCAGACTCAGGCCAAATCCGGTCCATTCCCCGCTTTTGCARAGARAGTTGTAGTGG
AACACAGCTAGGCTTATTGATTTATGGATTGCCAACGTCCTTTTGTGARACAGACAGCTGAGCTGAGTAATCGTGGCGCACAAAACCTAAAATATTTACT
ATCTCGTCCTTTACAGAATGTTTI TATGGTCCGGAGTCCAAGGCTGTCCATTTTTCARAGAACACAAAGTGACATGAGACTGTCCCATGTGCAG
GGAGCCCTATCATTTTATTATGAARARACGGCCTTTCTGCTCAAATCTGTTTTTTAAAAAGTCAACAAACAGACTCTGGGTACCTGTCAGGAACAGTAGG
GAGTTTGGTTTICCATTGTGCTCTTCTTCCCAGGAACTCAATGAAGGGGARATAGARATCTTAATTTTGGGGARATTGCACAGGGGAAAAAGGGGAGGGAR
TCAGTTACAACACTCCATTGCGACACTTAGTGGGGTTGAAAGTGACAACAGCAAGGGTTTCTCTTTTTGGAAATGCGAGGAGGGTATTTCCGCTTCTCGS

Exon 1

CCACAACTCTGGGCCCGCAATGGCAGTCCACTGCTTGCTGCAGTCA
M E I ¢C R 6 L R S B L I T5LLUL F L F HSETTIOCU®RUPS G RK 8§

CAGAATGGAAATCIGCAGAGGCCTCCGCAGTCACCTAATCACTCTCCTCCTCTTCCTGTTCCATTCAGAGACGATCTGCCGACCCTCTGGGAGAAAATCC

AGTGGGGCAGGGTGGCAGACGCCTAGCTTGGGTGAG

S K M ¢ A F R
AGCAAGATGCAAGCCTTCAGGTAAGGCTACCCCAAGGAGGAGAAGGTCGAGGGTGGATCAGCTGCAGACTGGARACATATCACAGCTGCCAGGGCTGCCAG

GCCAGAGGGCCTGAGAACTGGGTTTGGGCTGGAGAGGATGTCCATTATTCAAGAAAGAGGCTGTTACATGCATGGGCTTCAGGACTTGTGTTTCAARATA
TCCCAGATGTGGATAGTGCGACCGGAGGGCTGTCTTACTTTCCCAGAGACTCAGGAACCCAGTGAGTAATAGATGCATGCCAAGGAGTGGGACTGCGATT
CAGGCCTAGTTGAATGTGCTGACAGAGAAGCAGAGAGGGGCACCAGGGGCACAGCCCGAAGGCCCAGACTGATATGGGCARGGCCTGTCTGTGCTGACAT
GTCGGAGGGTCCCACTCTCCAGGGACCTTGGTTTCCCCGTCTGTGACATCTGTGACATGAGAGTCACGATAACTCCTTGTGTGCCTTACAGGGTTGTTGT
GAAAATTAAATGCACAGATAATAGCGTAACAGTATTCCGTGCATTGTARAGAGCCTGRAAAACCATTATGATTTGAARATGGAATCGGCTTTGTGAGACCA
TCACTATTGTAAAGATGTGATGCTGATAGAAATGACAGGACTGCTTGTGCATGCCCTCTGCAGTGTGACATTCCAGCAGTGARATCATGTTGGGGTGACT

Figure 2. Nucleotide and amino-acid sequence of the interleukin-1 receptor antagonist gene (continued overleaf).
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The sequence is presented from the Sall cloning sites (—5989) to +6576 of the downstream sequence, where the start of the cDNA is
+1. Vertical arrows indicate the start and end of the published cDNA sequence® and the intron—exon boundaries. The polyadenylation
site and a possible alternative polyadenylation site are overlined. The direct repeats in intron 2 are double underlined and their boundaries
are indicated by arrowheads. The three Alu sequences are underlined and the two inverted repeats are underlined by arrows. The
TATA-box is boxed and potential AP1, C/EBP, SP1, E4TF1 and NF-kB sites are highlighted in stippled boxes. The single letter amino-acid

code is used to illustrate the coding sequences of exons 1 to 4.



TCTCCCCCACTCTIGACCTTTATGTTTIGTCTGGGCCGAGGCTGCARGTCGGGCTCTGTGGGTGTATGAGTGACAAGTCTCTCCCTTCCAGATATGGGGACT
GTCTGCTTCCCTAGGTTGCCTCTCCCTGCTCTGATCAGCTAGAAGCTCCAGGAGATCCTCCTGGAGGCCCCAGCAGGTGATGTTTATCCCTCCAGACTGA
GGCTAAATCTAGARACTAGGATAATCACARACAGGCCAATGCTGCCATATGCARAGCACTTITGGTTTGCCTGGCCACCCCTCGTCGAGCATGTGGGCTCT
TCAGAGCACCTGATGAGGTGGGTACAGTTAGCCACACTTCACAGGTGAAGAGGTGAGGCACAGGTCCCAGGTCAGGCTGGCCGGAGCTCTGTTTATTACG
TCTCACAGCTTTGAGTCCTGCTCTCAACCAGAGAGGCCCTTTACCAAGAAGAAAGGATTGGGACCCAGAATCAGGTCACTGGCTGAGGTAGAGAGGAAGC
CGGGTTGTTCCCARGGGTAGCTGCTCCTGCAGGACTCTCAGCAGGTCACCAGCTAATGGAGGAAAGGCTCTAGGGARAGACCCTTCTGGTCTCAGACTCA
GAGCGAGTTAGCTGCAAGGTGTTCCGTCTCTTGARACTTCTACCTAGGTGCTATGGTAGCCACTAGTCTCAGGTGGCTATTTAAATTTATACTTARATGA
ATGAAAATAGAAGAAARTTTARAATCCAGACCCTTGGTCACACTATCCACATTTARAGAGGTCAATAGCCACATGTGGTTAGTGGCCACCCTATTGGGCA
GTGCAGCTACAGAACATTTTTGCATCCCAGRAAGTTCTTTTGGATGTTGCTGCTCTACAGCATGCTTTGCTGARACAGAAGTGCCTTCCCTGGGAATCTC
AGATGGGAAGCAAGTAAGGAGGGGAGTCAAATGTGGGCTCACTGCTCACCAGCTGTGAGGGTTGGGCCTGCCTCTTAACCATTGTCAGCCTCAGTCTTCT
CATCCATGCATGCCGTGGGTATACTARAATACTATACCCCTGGARGAGCTGGATGCAAATTTGACARGTTCTGGGGGACACAGGAAGGTGCCARAGCACAA

Exon 2
I W D V N ¢ K T F Y L R N N Q L
GGCTGGGCACATGGTGGCTGTGCACTACAGCTGAGTCCTTTTCCTTTTCAGAATCTGGGATGTTARACCAGAAGACCTTCTATCTGAGGAACRACCAACTA

vV A G Y L 9 6 P NV N L E
GTTGCTGGATACTTGCAAGGACCAAATGTCAATTTAGAAGGTGAGTGGTTGCCAGGAARGCCAATGTATCTGGGCATCACGTCACTTTGCCCGTCTGTCT

GCAGCAGCATGGCCTGCCTGCACAAACCCTAGGTGCAATGTCCTAATCCTTGTTGGGTCTTITGTATTCAAGTTTGAAGCTGGGAGGGCCTGGCTACTGAA
GGGCACATATGAGGGTAGCCTGAAGAGGGTGTGGAGAGGTAGAGTCTAGGTCAGAGGTCAGTGCCTATAGGCAAGTGGTCCCAGGGCCACAGCTGGGAAG
GGCAAATACCAGAAGGCAAGGTTGACCATTCCCTTCCTCAAGTGCCTATTAAGGCTCCATGTTCCTATGTTGTTCAAACCCTAACTCAATCCCARATTAA
TCCACCATGTATAAGGTTGAGCTATGTCTCTTATTCCTGGACACCATACTCAGCCATATCTGGTCCACACATTAACAGCTGGATGACCTTGAAGAAGCTT
CACCCACTCTGTTCCTCAGCTTTCCCTTCAGTGGGATGATATCAACTGGACAACAGGATGTGCGATTCTTTTAGTTCCAGCCTTCCAGGATGTTTTCACT
CCCCTGTTTGTTGTTGTAGGATGGTATTACCTCCACCTTCCCACCTTCCCTATGCCCTGGTTCTGTCTCCTGTGCCTCGCTCTGARAGTGGATGAGACCT
ACAATTCCTGTCCTGGTAGTTCTCCTAATGAACACACTGARGCACGAGGARGCTGAGATTTTTGTTGCTACATGAGAGCATGGAGGCCTCTTAGGGAGAG
AGGAGGTTCAGAGACTCCTAGGCTCCTGGTGGAGCCCCACTCATGGCCTTGTTCATTTTCCCTGCCCCTCAGCAACACTCCTATTGACCTGGAGCACAGG

Y ) ¥
TATCCTGGGGAAAGTGAGGGAAATATGGACATCACATGGAACAACATCCAGGAGACTCAGGCCTCTAGGAGTAACTGGGTAGTGTGCATCCTGGGGAAAG

Y
TGAGGGAAATATGGACATCACATGGAACAACATCCAGGAGACTCAGGCCTCTAGGAGTAACTGGGTAGTGTGCATCCTGGGGARAAGTGAGGGAAATATGG

Y
ACATCACATGGAACARCATCCAGGAGACTCAGGCCTCTAGGAGTAACTGGGTAGTGTGCATCCTGGGGAARAGTGAGCGAAATATGGACATCACATGGAAC
Y
AACATCCAGGAGACTCAGGCCTCTAGGAGTAACTGGGTAGTGTGCTTGGTTTAATCTTCTATTTACCTGCAGACCAGGARGATGAGACCTCTCTGCCCTT

CTGACCTCGGGATTTTAGTTTTGTGGGGACCAGGGGAGATAGAARAATACCCGGGGTCTCTTCATTATTGCTGCTTCCTCTTCTATTARCCTGACCCTCC
Exon 3

‘ E K I p vv P I E P B A L FL 6 I HG GG K M Cc L 8 ¢ V K

CCTCTGTTCTTCCCCA??AAAGATAGATGTGGTACCCATTGAGCCTCATGCTCTGTTCTTGGGAATCCATGGAGGGAAGATGTGCCTGTCCTGTGTCAAG

S 6 D ETRUL 9 L E*
TCTGGTGATGAGACCAGACTCCAGCTGGAGGTARARACATGCTTTGGATCTCARATCACCCCAARACCCAGTGGCTTGARACAACCAAAATTTTTTCTTA

TGATTCTGTGGGTTGACCAGGATTAGCTGGGTAGTTCTGTTCCATGTGGTGGAACATGCTGGGGTCACTTTGGAAGCTGCATTCAGCAGAGTGCCAGGCT
TGCGCTGGGCATCCAAGGTGGTCCCTCATCCTCCAGGCTCTCTTTCCATGTGATCTCTCAGTGTTTAAGAGTTAGTTGGAGCTTCCTTACAGCATGGCGG
CTGACTTCCAAAAGGGATTATTCCAARAAGAGCCTCAACATGCAGGCGCTTATTATGACTTCTGCTTGCATCATCCTATTGGCCAARGCCAGTCACGTGG
CTAAGTCTAGCCCCCTGTGAGAGGAGACTGCATAAGAGTGTGAACACCAGGAGACACGGTCACTGGGGGCCACCACTGTAACCATCTACCACAGGACCTG
AATCTCTGTGTGCTACTCCCTTGCTCAAGGGCCCCCCTACCCACGCAGACCTGCTGTCTTCTAGCARAGCCCATCCTCAGGACCTTTCTCTTCCAATCCT
TATTGACTCAAATTGATTAGTTGGTGCTCCACCCAGAGCCCTGTGCTCCTTTATCTCATGTAATGTTAATGGGTTTCCCAGCCCTGGGARAACATGGCTT
TGTCTCAGGGGCTTGCTGGATGCAACCTTAACCTCAATGTGAGTGGCCATACTGTGGCACTGTCCCATCCCTCACCAGGGACACTGTTCTGGAGGGTGAC
TGCCTGTTCTGTGAGGAGTGGGGATGGCTAGGACATTGCATGGAACACACCACCACCCCATCTTCTCAGAGCTCAAACCCTGACAGAACACCAGCTCCAC
AGGCCTTGGCTTCTGCTGATGGTGCCGTGTATTTACCAGACTTAGTGGTCCAAGGCCAGAGTGGCAGATTTCCCAAAGTCARGGTGTGACAGTGGGACAG
CCTCTTTGTGTCTTTGCTGTCCTAAGAARCCTGGGCCAGGCCAGGCGCAGTGGCTCACGCCTTGTAATCCCAGCACTTTGAGAGGCCAAGGTGGGCAGAT
CACGAGGTCAGGAGTTTGAGACCAGCCTGGCCAACATTGGTGARACCCTGTCTCTATTAAAAATAGAAAACATTAGACAGGTGTGGTGGTGCATGCCTGT
AATCCCAGCTACTCAGGAGGCTGAGGCAGGAGAATCGCTTGARCCCAGGAGGTGGAGGTTGCAGTGAGCCGAGATTGTECCACTGCACTCCAGCCTAGGT
GACAGAGCAAGACTCCGTCTCGGGAAAATTAATTAATAAATAAATAAACCTAGGTCCCAGAGTCCCACAGAATGGCAGACAGGAGCACCTGGGGGCTTTT
AGGGTATGGCATTTCCCCTGTACTAACTCTGGGCTGTCCAGAGGGCCAT?TCATGGCGTGGAGTGGAGAGGGAGGCAGCACAGGACTTCCTAGGCCTCAG
Exon 4

A VvV N I T DL 8 E N R K QQ D K R F A F I R S D 8
CTCTCACCTGCCCATCTTTTGATTTCCAGfCAGTTAACATCACTGACCTGAGCGAGAACAGAAAGCAGGACAAGCGCTTCGCCT’I‘CATCCGC'I.’CAGACAG

G P T T $ F E S A A CUP G W F L ¢C T A MEA ATUDUGQUP YV S L TNMMU®PD
TGGCCCCACCACCAGTTTIGAGTCTGCCGCCTGCCCCGGTTIGGTTCCTCTIGCACAGCGATGGAAGCTGACCAGCCCGTCAGCCTCACCAATATGCCTGAC

E ¢ vV M v T K F Y F Q E D E End
GAAGGCGTCATGGTCACCAAATTCTACTICCAGGAGGACGAGTAGTACTGCCCAGGCCTIGCCTGTTCCCATTCTITGCATGGCAAGGACTGCAGGGACTGC

CAGTCCCCCTGCCCCAGGGCTCCCGGCTATGGGGGCACTGAGGACCAGCCATTGAGGGGTGGACCCTCAGAAGGCGTCACAACARCCTGGTCACAGGACT
CTGCCICCTCTTCAACTGACCAGCCTCCATGCTGCCTCCAGAATGGTCITTCTAATGTGIGAATCAGAGCACAGCAGCCCCTGCACAAAGCCCTTCCATG
TCGCCTCTGCATTICAGGATCAAACCCCGACCACCTGCCCARCCTGCTCTCCTCTTGCCACTGCCTCTTCCTCCCTICATTCCACCTTCCCATGCCCTGGAT
CCATCAGGCCACTTGATGACCCCCAACCAAGTGGCTCCCACACCCTGTTTTACAAAAAAGAAARGACCAGTCCATGAGGGAGGTITTTAAGGGTTITGTGG
AAAATGAAAATTAGGATTTICATGATITTITTTTITTCAGTCCCCGTGAAGGAGAGCCCTICATTIGGAGATTATGTTCTTITCGGGGAGAGGCTGAGGACTT
AAAATATTCCTGCATTTGTGAAATGATGGTGAAAGTAAGTGGTAGCTTTTCCCTTCTTTTTCTTCTTTTTTTGTGATGTCCCAACTTGTAAAAATTAAAA
GTTATGGTACTATGTTAGCCCCATARTTITT I TTTTCCTTTTARARCACTTCCATAATCTGGACTCCTCTGTCCAGECACTGCTGCCCAGCCTCCAAGCT
CCATCTCCACTCCAGATTITTTACAGCTGCCTIGCAGTACTTTACCTCCTATCAGAAGTTTICTCAGCTCCCARGGCTCIGAGCARATGTIGGCTCCIGGGGE
TTCTTTCTTCCTCTGCTGAAGGAATARATTGCTCCTTGACATTGTAGAGCTTCTGGCACTTGGAGACTTGTATGARAGATGGCTGTGCCTCTGCCTGTCT
CCCCACCAGGCTGGGAGCTICTGCAGAGCAGGAAACATGACTCGTATATIGTICTCAGGTCCCTGCAGGGCCAAGCACCTAGCCTCGCTCTIGGCAGGTACTC
AGCGAATGAATGCTGTATATGITGGGTGCAAAGTTCCCTACTTCCTGTIGACTTICAGCTCTIGTITTACAATAAAATCTIGAARATGCCTATATTGTTGACT

ATGTCCTTGGCCTITGACAGGCTTTGGGTATAGAGTGCTGAGGAAACTGAAAGACCAATGTGTCTTTCTTACCCCAGAGGCTGGCGCCTGGCCTCTTCTCT
GAGAGTTCTTTTCTTCCTTCAGCCTCACTCTCCCTGGATAACATGAGAGCARATCTCTCTGCGGGG
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C/EBP sites (—461 and —5083) and single SP1
(—1564), NF-«B (—2034), AP2 (—5684) and E4TF1
(—3668) sites within the S5'-upstream sequence.
Interestingly, phorbol esters, which activate both the
AP1 binding Fos-Jun complex and NF-kB, are one
of the few known activators of IL-lra gene
expression. No other full consensus sequences to
common transcription factor binding sites were
identified. Inspection of the 3'-untranslated sequence
revealed a second (+6136) possible consensus
polyadenylation site 244 bp upstream to the first
polyadenylation -site (+6380) though there is no
evidence for an alternative 3’-end using the second
signal. Similar to the human IL-1a and IL-1B genes,
our clone for the IL-1ra gene contains three Alu-type
sequences, two are present in the 5'-upstream
sequence from —4761 to —4457 and another from
—1814 to —1510 and one is in the third intron from
+4549 to +4858.

Matrix homology analysis within the IL-1ra gene
sequence revealed an 86 bp sequence (see Fig. 2)
repeated perfectly four times as a tandem repeat
within intron 2. Polymorphism is known to exist
within the second intron, resulting in three alleles
varying in the size of the intron (Al, A2 and A3)
as determined by polymerase chain reaction and
agarose gel electrophoresis.’® Our sequence data
allow us to determine a precise size for intron 2 of
1377 bp, which lies between the sizes determined for
the more predominant A2 and A3 alleles. The
functional significance of this polymorphism is as yet
unknown. We have also detected an 87% homologous
inverted repeat of 195 bp in the 5'-upstream sequence
from —2381 to —2186 and from —1510 to —1316.

Recently, it has been shown that epithelial cells
express an intracellular form of the IL-1ra which is
predicted to arise from the use of an alternative
transcriptional start site and a splicing event which
replaces the first exon. This rearrangement removes
the amino-terminal leader sequence of the protein,
consequently blocking secretion via the normal route
and resulting in intracellular accumulation.” Although
we have sequenced 6 kb of upstream sequence, we
have not found the alternative transcription start site
and predicted DNA sequence which is specific for
this intracellular form of the IL-1ra. Consequently,
it appears that the alternative start site used for the
epithelial IL-1ra transcript is greater than 6 kb
upstream from the start site of the monocyte IL-1ra
transcript.

The human interleukin-1a and JL-1 genés have
been mapped to the same region of chromosome 2,
2q13-21.1%20 Furthermore, both type I and II human

IL-1 receptors also map to an overlapping region of

the same chromosome, 2q12-22 and 2ql2, respect-
ively.?1-22 We therefore mapped the chromosomal
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location of human IL-lra by in-situ fluorescence
hybridization (Fig. 3). Simultaneous visualization of
banded chromosomes and the biotinylated probe
accurately mapped the IL-1ra to chromosome 2q13—
14.1, that is, the same region as IL-la, IL-1B and
both IL-1 receptors. Chromosomal linkage of ligands
and their receptors is very unusual, and the possibility
of a functional significance for a cluster of interleukin-
1 related genes is intriguing. However, the IL-1
receptor/ligand linkage is not conserved in the mouse
since IL-1a and IL-1B map to a different chromosome
to the receptors. Nevertheless, it remains possible
that there is a degree of coordinate expression for
human IL.-1 related receptor and ligand genes that
requires proximity of the genes.

MATERIALS AND METHODS

Screening of the Human Genomic Library

The complete IL-lra cDNA (British Biotechnology
Limited) was removed from the pUCI18 vector sequence
by EcoRI and BamHI cleavage and isolated by low melting
point agarose gel electrophoresis. Gel embedded IL-1ra
cDNA was labelled with [a-?P]CTP using standard
Multiprime procedures (Amersham International). The
probe was used to screen a human genomic DNA library
kindly provided by Dr M.F. Ho (Institute of Molecular
Medicine, Oxford) by plaque hybridization. The library
was constructed from a partial Mbol digest of human
genomic DNA ligated into the EMBL 3 lambda vector.?
Hybridization was carried out at 55°C in 5 X SSC, 0.5%

Figure 3. Fluorescence in situ hybridization of the interleukin-1
receptor antagonist to human chromosomes.

Arrows indicate hybridization of IL-Ira probe to chromosome
bands 2q13-14.1.
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SDS, 5 x Denhardt’s solution and 20 pg/ml denatured
salmon sperm DNA. Filters were washed at 55°C in 2 X
SSC, 0.1% SDS. Following three rounds of hybridization,
DNA from individual positive plaques was prepared from
plate lysates using polyethylene glycol precipitation of
phage particles followed by phenol-chloroform extraction.

Restriction Enzyme Mapping, Subcloning and
Sequencing

Phage DNA was digested with a variety of restriction
enzymes. Restriction fragments were resolved on 0.8%
agarose gels, and subsequently denatured in alkali followed
by transfer to Nylon membranes (Hybond N, Amersham
International) and fixation under ultraviolet light using a
Stratalinker (Stratagene). Southern blots were probed using
the IL-Ira ¢DNA sequence described above. DNA
fragments for subcloning were electroeluted and cloned
into Bluescript (Stratagene) or pGEM vectors (Promega).
Double-stranded, ‘mini-prep’ DNA from subclones was
sequenced by dideoxy chain termination (Sequenase,
United States Biochemical) after annealing of commercial
or in-house synthesized oligonucleotide primers to alkali-
denatured plasmids.?* Oligonucleotides were synthesized
on an Applied Biosystems Model 392 oligonucleotide
synthesizer using standard phosphoramidite chemistry.
Sequences were compiled, aligned and analysed with a
DNAStar digitzer and software (DNAstar Inc.), and further
computer analyses were performed using Microgenie DNA
analysis software (Beckman Inc.). All other standard DNA
manipulations were performed as previously described.?

Fluorescence in-situ Hybridization

Peripheral blood lymphocytes were grown for 72 h, 200
pg/ml bromodeoxyuridine (BrdU) was added and the
lymphocytes left for a further 16-17 h after which the
samples were washed and medium containing thymidine
(2.5 pg/ml) added. The cells were harvested 5 hours later
and slides prepared and stored at —20°C. Prior to
denaturation, the slides were baked at 65°C for 2-3 h.
IL-ira DNA was nick-transcribed and biotinylated (BRL,
Bionick), purified through a Sephadex G50 column and
then precipitated. Hybridization and detection were
modifications of published procedures.?® Labelled probe
(120 ng) was mixed with 3 pg Cot 1 DNA (BRL). After
denaturation, preincubated probe was placed on a
denatured slide and incubated at 37°C for 40 h. Slides were
washed, dehydrated and biotin signal detection carried out
by incubation for 30 min, at 37°C with 2 pg/ml Texas
red-conjugated avidin DCS (Vector Labs) in 4 X SSC,
0.05% Tween 20, 5% low-fat milk (Marvel) pH 7.0
(SSCTM). The signal was then amplified by incubation
with biotinylated anti-avidin (Vector Labs; 5 pg/ml in
SSCTM), and a second round of Texas red-conjugated
avidin DCS (2 pg/ml in SSCTM). Incorporation of BrdU
was detected by incubation in 100 pg/ml FITC-conjugated
mouse monoclonal anti-BrdU antibody (Boehringer
Mannhein) in SSCTM at 37°C for 30 min. Slides were then
washed, dehydrated and mounted in Citifluor (Citifluor
Ltd, London; UK) containing 0.06 pg/ml 4, 6-diamidino-2-
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phenylindole (DAPI). Texas red signals on FITC-banded
chromosomes were visualized simultaneously using a dual-
band pass filter (Omega). Photographs were taken in
Fujicolor HG400 film with a Zeiss Axiophot Photomicros-
cope.

Acknowledgements

We thank Drs A.P. Monaco and M.F. Ho of the
Human Genetics Laboratory, IMM, ICRF, Oxford,
for the use of their human genomic library.

Note Added in Proof

The nucleotide sequence data recorded in this
paper will appear in the EMBL, GenBank and DDBJ
Nucleotide Sequence Databases under the accession
number X645320

REFERENCES

1. Goodwin RG, Anderson D, Jerzy R, Davis T, Brannan
CI, Copeland NG, Jenkins NA, Smith CA (1991) Molecular
cloning and expression of the type 1 and type 2 murine receptors
for tumor necrosis factor. Mol Cell Biol 11:3020-3026.

2. Mosley B, Beckmann MP, March CJ, Idzerda RL, Gimpel
SD, VandenBos T, Friend D, Alpert A, Anderson D, Jackson J,
Wignall JM, Smith C, Gallis B, Sims JE, Urdal D, Widmer MB,
Cosman D, Park LS (1989) The murine interleukin-4 receptor:
cloning and characterization of secreted and membrane bound
forms. Cell 59:335-348.

3. Goodwin RG, Friend D, Ziegler SF, Jerzy R, Falk BA,
Gimpel S, Cosman D, Dower SK, March CJ, Namen AE, Park
LS (1990) Cloning of the human and murine interleukin-7
receptors: demonstration of soluble form and homology to a new
receptor superfamily. Cell 60:941-951.

4. Hannum CH, Wilcox CJ, Arend WP, Joslin FG, Dripps
DJ, Heimdal PL, Armes LG, Sommer A, Eisenberg SP, Thompson
RC (1990) Interleukin-1 receptor antagonist activity of a human
interleukin-1 inhibitor. Nature 343:336-340.

5. Eisenberg SP, Evans RJ, Arend WP, Verderber E, Brewer
MT, Hannum CH, Thompson RC (1990) Primary structure and
functional expression from complementary DNA of a human
interleukin-1 receptor antagonist. Nature 343:341-346.

6. Carter DB, Deibel MR, Dunn CJ, Tomich C-SC, Laborde
AL, Slightom JL, Berger AE, Bienkowski MJ, Sun FF, McEwan
RN, Harris PKW, Yem AW, Waszak GA, Chosay JG, Sieu LC,
Hardee MM, Zurcher-Neely HA, Reardon IM, Heinrickson RL,
Truesdell SE; Shelly JA, Eessalu TE, Taylor BM, Tracey DE
(1990) Purification, cloning, expression and biological character-
isation of an interleukin-1 receptor antagonmist protein. Nature
344:633-638.

7. Haskill S, Martin G, Van Le L, Morris J, Peace A, Bigler
CF, Jaffe GJ, Hammerberg C, Sporn SA, Fong S, Arend WP,
Ralph P (1991) ¢cDNA cloning of an intracellular form of the
human interleukin 1 receptor antagonist associated with
epithelium. Proc Natl Acad Sci USA 88:3681-3685.

8. Dripps DJ, Bradhuber BJ, Thompson RC, Eisenberg SP
(1991) Interleukin-1 (IL-1) receptor antagonist binds to the 80-
kDA IL-1 receptor but does not indicate IL-1 signal transduction.
J Biol Chem 266:10331-10336.

9. Granowitz EV, Clark BD, Mancilla J & Dinarello CA
(1991) Interleukin-1 receptor antagonist competitively inhibits the
binding of interleukin-1 to the type II interleukin-1 receptor. J
Biol Chem 266:14147-14150.



10. Dripps DJ, Verderber E, Ng RK, Thompson RC,
Eisenberg SP {1991) Interleukin-1 receptor antagonist binds to the
type II interleukin-1 receptor on B cells and neutrophils. J Biol
Chem 266:20311-20315.

11. Arend WP, Coll BP (1991) Interaction of recombinant
monocyte-derived  interleukin 1 receptor antagonist with
rheumatoid synovial cells. Cytokine 3:407-413.

12. Dinarello CA, Thompson RC (1991) Blocking IL-1:
interleukin 1 receptor antagonist in vivo and in vitro. Immunol
Today 12:404-410.

13. Arend WP, Smith MF, Janson RW, Joslin FG (1991)
IL-1 receptor antagonist and IL-18 production in human monocytes
are regulated differently. J Immunol 147:1530~1536.

14. Arend WP, Joslin FG, Thompson RC, Hannum CH
(1989) An IL-1 inhibitor from human monocytes. Production and
characterisation of biological properties. J Immunol 143:1851-
1858.

15. Bienkowski MJ, Eessalu TE, Berger AE, Truesdell SE,
Shelly JA, Laborde AL, Zurcher-Neely HA, Reardon IM,
Heinrikson RL, Chosay JG, Tracey DE (1990) Purification and
characterization of interleukin 1 receptor level antagonist proteins
from THP-1 cells. J Biol Chem 265:14505-14511.

16. Roux-Lombard P, Modoux C, Dayer J-M (1989)
Production of interleukin-1 (IL-1) and a specific IL-1 inhibitor
during human monocyte-macrophage differentiation: influence of
GM-CSF. Cytokine 1:45-51.

17. Eisenberg SP, Brewer MT, Verderber E, Heimdal P,
Brandhuber B, Thompson RC (1991) Interleukin 1 receptor
antagonist is a member of the interleukin 1 gene family: evolution
of a cytokine control mechanism. Proc Natl Acad Sci USA 88:5232-
5236.

18. Steinkasserer A, Koelble K, Sim RB (1991) Length
variation within intron 2 of the human IL-1 receptor antagonist
protein gene (ILIRN). Nucl Acid Res 19:5095.

Cloning of the IL-1 receptor antagonist gene / 89

19. Lafage M, Maroc N, Dubreuil P, de Waal-Malefijt R,
Pebusque MJ, Carcassonne Y, Mannoni P (1989) The human
interleukin-1 alpha gene is located on the long arm of chromosome
2 at band q13. Blood 73:104-107.

20. Webb AC, Collins KL, Auron PE, Eddy RL, Nakai H,
Byers MG, Haley LL, Henry WM, Shows TB (1986) Interleukin-1
gene (IL-1) assigned to long arm of chromosome 2. Lymphokine
Res 5:77-85.

21. Copeland NG, Silan CM, Kingsley DM, Jenkins NA,
Cannizzaro LA, Croce CM, Huebner K, Sims JE (1991)
Chromosomal location of murine and human IL-1 receptor genes.
Genomics 9:44-50.

22. McMaahan CJ, Slack JL, Mosley B, Cosman D, Lupton
SD, Brunton LL, Grubin CE, Wignall JM, Jenkins NA, Brannan
CI, Copeland NG, Huebner K, Croce CM, Cannizzarro LA,
Benjamin D, Dower SK, Spriggs MK, Sims JE (1991) A novel
IL-1 receptor, cloned from B cells by mammalian expression, is
expressed in many cell types. EMBO T 10:2821-2832.

23. Ho MF, Monaco AP, Blonden LAJ, van Ommen JB,
Affara MA, Ferguson-Smith MA, Lehrach H (1992) Fine mapping
of the McLeod locus (XK) to a 150-380 kb region in Xp21. Am
J Hum Genet: in press.

24. Wong WM, Au DMY, Lam VMS, Tam JWO, Cheng
LYL (1990) A simplified and improved method for the efficient
double stranded sequencing of mini-prep plasmid DNA. Nucl Acid
Res 18:5573. .

25. Sambrook J, Fritsch EF, Maniatis T (1989) Molecular
Cloning, a Laboratory Manual, second edition. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor.

26. Williams SV, Jones TA, Cotterell S, Zehetner G, Varesco
L, Ward T, Thomas H, Lawson PA, Solomon E, Bodmer WF,
Frishauf A-M, Sheer D (1991) Fine mapping of probes in the
adenomatous polyposis coli region of chromosome 5 by in-situ
hybridisation. Genes Chrom Cancer 3:382-389.



