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Structural Comparison and Chromosomal
Localization of the Human and Mouse IL-13
Genes'
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Assruact  The genomic structure of the recently descnbed cytokine IL 13 has been determined for both human and
mouse genes The nucleotide sequence of a 4 6-kb DNA segment of the human gene 1s described The human IL 13
gene (/L13) occurs as a single copy in the haplold genome and maps to human chromosome 5 A 4 3-kb DONA
fragment of the mouse IL 13 gene (1/13) has been sequenced and found to occur as a single copy mapping to mouse
chromosome 11 Intrachromosomal mapping studies revealed that both genes contatn four exons and three introns
and show a high degree of sequence identity throughout their length Potential recogmition sequences for tran

scription factors that are present in the 5’ flanking region and are conserved between both genes include IFN-
responsive elements, binding sites for AP-1, AP 2 and AP-3, an NF IL 6 site, and a TATA like sequence Both genes
map to chromosomal locations adjacent to genes encoding other cytokines, including IL-3, GM-CSF, IL-5 and IL-4

suggesting that IL-13 ts another member of this cytokine gene family that may have arisen by gene duplication
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uman IL-13* and mouse 1L-13 are recently de-

scnbed cytokines produced by sctivated Th2

cells in human and mouse (1-3) [L.-13 s secreted
as a mainly unglycosylated protein with a A4, of 10,000 (3)
Initial effarts to characterize ity biologic role have revealed
interachon with monocytes and B cells Human IL-13
causes human monocytes (o differentiate The cells become
dendntic and up-regulate their surface expression of MHC
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class 11 Ag and the low-affimty receptor for IgE (CD23 or
FeeRE) (3) In sddition, IL-13 elicits human B cell pro-
lhiferation simlar to that induced by IL-4 TL-13 also reg
ulates Ig secretion by human B cells requuinng costimuls-
tory signals provided by the presence of T cellh This
regulation regults 1n an increase in the secretion of IgG
accompamed by & reduction m IgA secretion (3) Sigmyfi
cantly IL-13 can also induce IgE secretion by human B
cells a process previously atinbutable only to IL-4 (4)
In tus paper we report the complete DNA sequences of
the human and mouse genes for IL-13 as well as their
chromosomal locations Both the geves contamed four ex-
ons which account for their entire cDNA sequences, and
are located on human chromosome 5 and mouse chromo-
some 11 respecnively They were further jocahized to re-

* Asbreviations used in this paper  £L73, human IL-13 gune H1), mouse tL-13
gove, i3, meuse IL-3 gene, 5, mouse IL-5 gene: #4, mouse R4 gam, B4,
huavan IL4 gene: A3, human IL-5 gene CMOSF uman granulocyte mac
rophage-colony simulating fackor pane GM-CSF granulocyte macsophage-
colany Rimulating facior FCR, polymersse chain maction.
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FIGURE 1 Schematic representation
and partial restnction map of the human
(A} and mouse (B) /L13 (1i13) genes B
represent exons 1 10 4 ) wndicate un-
translated sequences. Restriction frag B
ments that were subcloned are indicated
by bars below the dlagnm Regwons be-
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tween the armows were sequenced com- ot
pletely E, EcoRl B BamHi Bg Bglt H

Hmdll X, Xhol '
1kb

gons of these chromosomes where a cluster of genes en
coding other immune and hemopotetic factors, includmg
IL-3, GM-CSPF IL-5 and IL-4, have previously been
mapped We also identified certain shared sequences in the
5' noncoding regions of the /LI3 and /)3 genes which
may contnibute to the control of therr expression
Matenals and Methods

Isolatron and DNA sequence analysis of IL 13
genomic clones

The human JL!3 gene was 150]ated by plague hybridization
from a human genomic library prepared in the EMBL
SPS/T7 A vector (Clontech, Palo Alto, CA). Hybndization
was performed with a 32P Isbeled 380-bp fragment of the
human cDNA (3) produced by PCR uamg the pnmers 5'-
ACCCAGAACCAGAAGGCTCCG and 5° TCAGTTGA-
ACCGTCCCTCGCG (algonucleotides were synthasizad
using ABI resgents on a Model 394 DNA/RNA syntheszer
Applied Bioeystems Inc , Foster City CA) Hybadization
was overmught at 42°C in 6 X SSPE (1 X SSPE = 150 mM
NaCl 10 mM NaH,PO,, and 1 mM EDTA pH 74) 20%
formarmude, and 0 1% SDS with 0 1 mg/ml tRNA The
filters were then washed three times st room temperature
with 0 1 SSPE und 005% SDS Positive plaques were
resnalyzed by resinchan cnzyme digestion and Southern
blot analyms using the IL13 cDNA fragmeat and labeled
oligonucleotides corresponding to 5’, muddle and 3 regions
of the human cDNA as probes (5) Posiively hybndizing
BamHI fragments were subcloned into pUC21 (Boshnnger
Mnannheim, Indianapohs, IN) and M13 mpl8 and -19, and
both strands were sequenced using internal pnmers and the
M13 umversal primers (Sequenase 2 0 kit, United States
Buologicals, Cleveland, OH) Figure 1A

The mouse 1113 gene was 1solated by colony hybrichza-
tion from a mouse genomuc (BALB/c) library prepared m
the cosmud vector pWE1S (Clontech, Palo Ao CA) Col
ony hybruhization was performed with & 32P-laboled 400-bp
Ps1l/Pvull DNA fragment, derived from the mouse cDNA
(1) Posinve clones were venfied by restncnon enzyme
digeation followed by Southern blot analyss, using labeled
ohgonucleotides comesponding to the 5' muddle and 3’

| 1

L it
®
.

regions of the mouse cDNA as probes, by standard pro-
cedures (5) Genomsc DNA frmgments produced by restric
tion enzyme digestion with HendTll or Sgill, and 1dentified
as hybridizing with the mouse cDNA and the ohigonucle-
otdes were subcloned into pUC2! and sequenced on both
strands using internal pmers and the M13 umversal pnm-
e (Fig 1) The 707-bp HindIll {fregment was wolated by
PCR from the parent cosmud, using flanking pnmers Ths
fragment was then subcloned into pUC21 and sequenced on
both strands (Fig 13)

The sequences were pssembled and analyzed using In
telhgenenca (Intellgenetica, Mountun View CA) and
GCG (Genencs Computer Group Inc. Madison, WI) soft
ware

Localizatvon of the human IL13 gene

A mapping panel conmsting of 14 Chinese hamaier mouse
or rat X human hybnd cell ines was used to assign the /L1 3
gens to human chromosomes (6). PCR was performed wath
template DNA from the panel usmg pamers (5'-CTGG-
GCTCGCTGAAGGGAAGCTGGCTG and 5' CAAAG
AGGTCAGCACTUTGAGTAGAACGC) that directly am
phfied a 285-bp DNA fragment of the sequence between
exons 3 end 4 A 02 ug quantity of genortuc DNA was
amphfied by PCR usmg the following conditions. a pre
lnunary incubation at 95°C for 5 mun followed by 28 cy
tles of 94°C 1 mun, 58°C 1 mun 72°C 1 min and a final
reacton at 72°C for 7 mmn

The chromosomal Jocation of the IL73 gene was further
defined by fluorescence 1n situ ybndizatvon as described
(7). Bnefly a 7 5 kb-fragment of human IL]3 genomic
DNA was labeled with hiotin-11-dUTP by nick translation
{Bochnnger Mannheim kit) The labeled probe DNA, -
gether with human placental and salmon sperm DNA as
compettor was then hybridized to pretrested and dena
tured human lymphocyte metaphase chromosomes After
washing the shdes were treated with avidin/FITC (Vector
Labaratones, Burlingame, CA) and the signal amplified
using rotinylated goat anu-avidin D antibody and a second
incubation with avidin/FITC (Vector Laboratorics) The
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chrumosomes ware countersimned with propidium wdde,
Twenty metaphase chromosames were analyzed usng flu
orescence microscopy with a filier combination specific for
FITC and proprdsum 1odide. Signals were counted s spe-
aific only when the fluorescence was seen lying 1n parallel
on both chromanda of s chromosome

Localzation of the mouse //13 gene

PCR pnmens (5’ -GOCGGGATGGGCATTOCACGTGTG
and 5 -GGACGCCAAGGTCAAGAACAGTTG) that di-
rectly amplified 2 265 bp DNA fragment of the sequences
between mouse 1173 exons 3 and 4 were used to screen DNA
from s panel conaisting of 14 Chincse hamster or rat X
mouse hybnd cell ines A 0.2 pg quantity of genomic DNA
was arephfied by PCR under the same conditons as m the
human gene mapping expsnment

Interspecific backcross mapping

Interspecafic backcross progeny were generaied by mating
(C57BL/6J X Mus spretus)F, femalas and CS7BL/SJ males
a5 described (3) A total of 205 N2 mice were used 10 map
the /i/3 locus DNA 1solation, restniction enzyme chgestion
agarose gel electrophoreny, Southern blot transfer and by
bridization were performed essentially as described (9). All
blots were prepared with Zetabind membrane (AMF-Cuno,
Menden, CT) The probe was a ¥P-labeled 1.4-kb BamHI
fragment of the mouse JI/3 cDNA (1) Washing was per
formed o a final stnngency of 0.1 10 O 5 X SSCP 0.1%
SDS, 65°C BamHI digesuon of C57BL/6) DNA produced
fragments of 6.6 and SO kb M sprefs DNA yelded &
10.5-kb fragment. Scal digestion of CS7BL/GI DNA pro-
duced 1 5 2-kh fragmem M spretus DNA yielded & 12-kb
fragment, EcoRV digesnon of C37BL/6J DNA produced a
6.4-kb fragment M sprrius DNA yiclded a 7 8 kb frag-
ment The presence or sheence of the M sprenus-specific
fragments was followed in backcross mice, data from the
three mapping expenments were combuned. A descnption
of the probes snd RFLP for /i3 myosin H chaun skeietal
muscle (Myhs) and transformation-related protein 33
(77p53) have been reported previously (10) The adrenerpc
receptor ap (Adral) locus has not been reported previoualy
for this imerspecific backcroas. The probe was & ~2-kh
fragment of the hamater adrenergic receptor a; cDNA (11)
and detected 68 kb and 57-kb fragments in BamHI
digested CS7BL/6J DNA and 14 0 and 5 7 kb fragments 1n
BamHI digesied M spresus DNA. In addivon, Hincll di-
geston produced 82- 33- and 2.2 kb C57BLAJ DNA
fragments and fragments of 8.2 and 4 9 kb from M sprerus
DNA Tue M spretus-specific RFLP were followed and the
data from the two different enzymes combmed Recorabn-
nauon cistances were calculated as described using che
computer program SPRETUS MADNESS (12) Gene order
was determuined by minimuzing the number of recombana-
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STRUCTURE OF THE HUMAN AND MOUSE IL 13 GENES

tion events requured 10 explam the allele distnbution per-
terns

Results
Human IL13 gene structure

A dugrammatc representstion of the IL]3 gene and re-
stnchon fragments that were 1solated for sequence snalyus
are shown 1n Figure 14 The complete nucleotide sequence
of a 4 6-kb region contmnng all the coding sequences u
shown 1n Figure 2 The human /L13 gene conmsts of four
exons and three introns Although the transcription wnihia-
tion site has not been determuned, our longest cDNA ox
tends from poxtion 732 (Fig 2) into a region containg at
least two potential cap sites (Table I). Exon ] (extends o
potition 503) encodes 44 amino acid resdues and contuns
the 5'-untransisted regron Exom 2 (posthon 1960--2013)
and exon ] (position 2266--2370) encade 1§ and 35 amino
acid readues, respectively Exon 4 (posstuan 2717-3651)
encodes the C terminal 35 ressduves of buman IL-13 and
comtuns the }' untranslated regron The length of introns |
2 and 3 arc 1053 bp, 251 bp, and 345 bp, respectuvely In
common with other cytokine genes, the wiron-exon junc-
tions do not interrupt amuno acid codons (13). The exwstence
of the two difforent /LI3 cDNAS that have been olated (3)
1 oxplained by the presence of an alternative 3’ -sphoe/
acceptor site present at the 5 -end of exan 4 that results in
the presence or sheence of the nuclectides encoding »
glutammne residue at this position (Fig- 2).

Assignment of the human /L13 gene to
chromosome 5

Genomic DNA from a mappng panel of rodent X human
hybnd cell imes was analyzed by PCR using pamers that
specifically amplified humen JL]3 sequeoces The ex
pected 285-bp PCR product was obtmned only from a ge-
nomuc 7L13 clone snd from total ruman DNA, or DNA
from hybnd cell lines that had retaned human chromosome
5 No specific amplification was seen from the DNA of
Chunese hamstey mouse 3T3 or rat 7777 cells under our
PCR conditions Ay shown in Table 11 all human chromeo-
somes were excluded by thus panel except chromosoroe 5
which showed no discordance The DNA from one hybnd
cell lne wrth deletiom of the chromosome 5q13-ter region
falled to be amplified by PCR indicating that the /113 gene
15 located on the long arm of human chromoscme 5 Flu
orescence in sitn hybndizatton using /L73 genomxc DNA
a3 a probe venfied tus conclusion A specific fluorescent
ugnal on both chramatsds of at least one chromnosome 5 was
scen 1n 1S of 20 analyzed metaphase cells Both chramo-
some § homologues carned speaific label 1o 11 metzphase
cells The /L13locus was assigned to band q31 an the long
erm of chromosome 3 based on an R bandiag petiern pro-
duced by the iacorparation of BrDu after synchromzation
and counterstaiung with propidium lodide (Fig. 3)
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AGAGCECAAICCACAAICCACCCAOCC TATICA TOCIC IO CTCAA TCC T TCC T TOOC ACTGUOCC TCATUGCAC T TTTOT TOAL CACOTTC NTTOC
KatAlalsuLsulaurhrThervalllasl

OO T C T GO T TOCC T O C MO T PaC C IO C TC T ACAOCCCTCMENAGC TCAT TAAGAOC TOGTC AMCATC ACCCAQAACCAG
alauThrCysLaudlyGlyFheAlaferProdlyProValProProfarthrilalauirgdluleul leGl cGluleyValAsnI leThsGlnAsndln

AACCTAACTOTCOOCT MG CACOTCCTAGC TR TUAGOCT T CCAGIGTOGG TRA T TCOCAAIA TUAITC N TOAGCMIGC TAOGOCTEATCC TAAGATGC

TOGCAICATOOTATOGACCATCAACCT
AlaProleuCysiandlyfecMat ValTrpier IlaAsnia

GACAGCTOGCATOOTAACGACC T T GOGTOCAGGEAGUA TO0OOCARMIGC TE CAGOC C T TGaAC TTATC T TC rCTAAICCTCCC TTCCATGOL TAGCAT
UThrAlaGlyMat

TOCARGCAM C T T CARL TG T T O T CCTCCOG CCA T AA T C T CC T TCCCOCCCALCACCCAQAC TCACCTUCHCC AGGC ATC TCANCCCCATCTT

CCTGCAOA TEACARAAGIC AC TS OO AN MO C TGACCCC TOO0TOTCCCCTCCC CAC M TAC TUTUC AGCCCTOGARTCCCTGATC MACGTGTC
TyrCysAlaAlalesuGluferLeullaAsnvalbe

AOCTOC AUTUCCATCAAGAMACCT AAMIGATUC TAAGCOGRTTC TGECCOC A AMNITC TC MIC TONGOT AMIOC ATCCCCCACCCTE FCACADCOCAC
rGlyCyallierilalledlulysThralnArgiiet LayberdlyPalysProiislyaVal Sarnladly

CCTCTTTATCCTaCANC: ACATTTAAAGAAACTT

AQCACTTTTOLAGCTTOCATCTCOGAGAC ACCARMATCGAGGTOOCCCAGT T TOTAAAGGACCTOC TC T,
QlnFhaSarSerlaulisValArghspTizLyw ILeGluValh' aClnPhaVallysAspleuleuleultislaulysLysleu

TCATTATTTOCACAIACACGACCTCAC T ATTOMET TCCAOATTCATTITICTITCTOATGTC
PFhoArgGludlyArgMsAsn *

AAMANTOTCTTAIOTAGGCOMGAACOAGOGTT ACOOAIGOTTAAART TCCTT MC T TAGALC TEAICC TUTUC TOCCOUTCTTC AGCC TAGCCOACT TCA
AGCCTOGTOOACCTCC TCTOTCCAGOGE CC TOANCTCOTTGEAC CCACGOA TGACATCTOOC TACACCOTTCCCCTGE
CCTAGAGCACACTOTAGCATT.

TTCOOOAACACTCTOOCTCCTCRCACT
TOGACCCAAGGOTTC, ARTAMITACTOTUTACAGARTTCTOCTACCTEACT

COGOTCCTOMA0C TCOOAGCCTCATOCGAGUCAGOTTC MAGAGANGOOC AGAACADCOOC TCL TOTCTOCCAUCCAGCAGCCAGC TCTCNICCAACCAG

TAATTTATTOTTTTTCCTCGTATT TAMAT AT TARATATGTTAOCAAAGADTT AAT ATATAGAMIGG T ACCTTOACAC TOQUKGALGGGAC M TOAACAA

CTTOTTTCATTOACTATCAAAC TGAMICC AGARMEAM T TOUTGACAGATADOCC TOA T TOTAT I TOTCTT TCAT TTTOGCC T TOGOGACACTOCTCT
ACAQCGAGGETAGOOTAC MITGACCTGAGCTGA

ATGCAAGCTADC TCCCGADGTTOGROACATONCT TAAMIGAAOCCCCACCTTC TATCTGL TGCACC,

GTTCAAMGAGOOCATCA

TTATTORIICTTATYY
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FIGURE 2 DNA sequence of the human /L13 gene The amino acid sequences encoded by the gene are indicated and the
putative TATA box and polyadenylation signal (AATAAA) are shown i bold. The nuclectides at the beginning and end of the
5 and 3’ untransiated sequences are underiined This sequence has been deposited in the GenBank database under accession

number L13029

Munne /13 gene structure

The mouse /113 gene also consists of four exons and three
introns. Although the cap site(s) for the Ji73 RNA has not
been determined our longest cDNA extends from pomtion
725 (Fig 4) in a region containing several potential cap
sites (Table I) The first 47 N wermunal amino sed residves

and the 3' untransiated region are communed 1 exon 1 {ex-
tends to position 934). Exon 2 (poution 2193-2245) and
exon 3 (poution 2823-2926) encods 18 and 35 amino acud
residucs respectively Exon 4 (posinon 3240-4073) en
codes the C-termunal 31 amuno acul residues of mouse
IL-13 and contuns the 3'-untransiawed region The length
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FIGURE 3 Chromnsuomal mapping
of human IL | 3 by flucrescence 1n siu
hybridizaton A human metaphase
cull shown in the figun was stamed
with bustinfavidin/FITC using an 113
genomic [ragment as a probe Double
chromatid sign1ls (velffow dols) are
present un both chromosome 5 ho-
molapues Larmows)

of itrons 1| 2 and 3 are 1258 bp, 576 bp, and 311 bp
respeetively The iniron-exon junctions do not interrupt
amino acid codons (Fig 4)

Assignment of the {113 gene to mouse
chromosome 11

Genomic DNA from « panel of Chinese hamster or rat X
mouse cell ines was analyzed by PCR using pnmers that
spevifically amplhificd /11 3 sequences bul did nol amphfy
hamsiter or rat penomic DNA The nusults are depitted
Table [l The presence of un /713 signad from cell hybnds
Lontaiming mouse chromosome |1 wus in complete con
cordance AN other mobse chromousomes wire excluded by
Jf least 23% of discordant hybnds

The chromosomal location of the /1 T locus was {urther
deternmmned by inerspecific backeross anolvars using prog
en derived from matings of [(CSTBL/GF X M spretus)F,
X C57BLJ6J) mice This interspecific. buckeross mapping
panel has been typed for over 1100 lou that are well dis
mbuted among ull the nutosomes us well as the X chro-
mosome (8) DNA fnm C57BLAG and M spretis micy wus
dhgested with several enyvmes and analvzed by Southern
blot hybndrzation for informativi. RFLP usng the imouse
IL 13cDNAprobe The 105 kb BaimHI 12 (1 kb Senl and
78 kb EcoRV M spretus-specific RFLP (Mutenals und
Meihods) were used 1o follow the segregntion of the I 1
locus backeross nuce The mapping results ichenred that
113 13 located 1n the middle of mouse thromosome 11
hinked 10 Adral H3 Miiis ond Trp53 Although 95 mice
were analyzed for every morker ax shown i the segrepa
tion anolysis (Mg $1 up to |44 mice were tvped for some
pairs of markers Ench lowus was analyz.d in piurwise com
binations for recombinution frequencies using the udds
tional data The ratios of the wowl number of mice extubiting
recombinamt chromasomes ta the intal number of mice an

STRUCTURE OF THE HUMAN AND MOUSE 1L 13 GENES

alyzed for each pair of loc1 and the most hkely gene order
are centromere Adral 87123 HI-O106-11 3-5/107 Mvhs
77144 TrpS3 The recombimation frequencies expressed in
cM =SEan Adrul 652 22 [I13 HI-4T7 = 2.0-Myhs
49 % | 8 Trpd3 Thw luck of reconbinatton between /7
and 17 110 106 mne suggests that the twe loct are within
28 M of each other (95% confidence limait

Passible trinscriptional regulatory sequence molis in
the human and mouse IL 13 genes

TATAA sequences ( TATA box) arc located at posiions 697~
701 and 7B6~790 n the /LI and 1113 yenes respectively
{(Figs 2and 4) The polyadeny 1stion sequence of the human
IL-13 gene 12 locuted between positions 40531060 and
between positions 1633-3638 1n the /13 genc Other ree

ogmzable sequence moufs that are conserved in the 3'

flanking regions of both the /LI and /) ? genes include
putauve binding sites for AP 1 AP 2 und AP 3 NF IL-6
IFN responsive elements und PU | [Table | (14)] In od

diuon the /113 gere contuns repeated PEA3 hinding sitex
[Table 1 (141}

Homaology between the /LI 3 gene and the /113 gene

Althouph the /LI 3 and /113 genes displuy a hagh degree of
sequence identity throughout their entire length they alzo
vontwn more di fined regioni of homology that may prove
imporiant for the ironscriptional cantrol of these genes A
region of 76% homeologv siarting at positions 330 and 270
in mouse and human respectively and extending o 774
(113 and TAY(ILI3) exists nthe region § af the imuiation
ATG of each gene Companson of the /{13 and IT /3 intron
sequinces alvo wentified a high depred of sequence iden

uty Intron 1 contams a 1716-bp region of 67% sequence

39
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ARMICTOCTTCAM ADGET AACE A AACCCACCACCCT ACCCE AOCCCAC A T TCT ACAGC TCCCTOR T TC T TCACTGOC TC TOOGC TTCATGOCOC
MatAlaL

TCTGGUTAAC TOC M U TOC T C T T T IO T T O TG T T OB O COCCCCANOCOCOGTOCCARGA T CTOTC TC TC TCCCTCTUALCCCTTAMGGAOCT
sUTrpValThrAlaValLguAlaLeuhlaCyslauOlyolyLasuAlaAlaProClyProval ProhrgisrvValierLaurrolauThrLaulyaGlule

TATTOAGGAGCTGAGC AAC ATCACAC AAGACCAQOTGAGTAGC AC ACACAGCOCC TTCCOOORAG A TCA TAAGCAGUC TOGCTC TAGGCC TG TUTGAG
ullefluGluLauBarisn] lqTheGLlnAspiln

OTOCAMGOCANCATOG TATGGA T TEGAC CTOGC CRC TANCINAAT AACGAACC TG CC TOALGKIGA T TOICUOC OO TTAT TOOC TO T TGIC TITTT
uCysAsnlyBarMat valTrpiscValAspLauAlaAlaClydly

TTCTCTAMCCOCACTCATOTAGC TAGAGC T T TCCAAACAACC TTCAGAGN T ACOCATCCC T AGAA T T CCGCUCT T T AGAOT T TCAGOCAONGACTTTA
AGCCTGGACTATAAT TOTAAGT TT T IGGC TAGCC TANGC T AC MIAMINTATCC TGO CTCACAGAANGC AMCTOAAMAMGCARR

AAMCCTTCCTAATOC TATGACCC T TAACTACAST TCC TCATOC TUTOOTOACCCCAMCAGAAAC TTUTTTOGTTOCTACTT

CATARC TOTACTTT TOC TOC T T ICC TACTTCAT AATGTARATAT TAT ATOCAMIATUTOC TCCTCAQGOCTAGAGACCCACMIGCYCAMIAACCATTGLTC
AGOCTCC T T ACCACCOU T AL CTACT TOOCCAT T TCAACOOCCTTCC TO TG TCCYGADTCACGCC TAAL

AGCCCTGOATTCCC TGACC AMCATCTCCAAT TGCAA TUCCATC TACAOGACTC AGAGGATAT TOCATGED
FhaCysValAlalsuispSerLauThrisalleSerAsnCysAsallaIlety rArgThrGlakrgI laLouiisdly

CTCTUT AACCOC AMIGCCC CC AC™ ACCE TAASIC CTCG TC T ACCCC TGAAC CCACTO CTOC T AGC COGTATCGEC ATTCCACCTCTOCOTCCAGCC AMICA
LeuCysAsnArglyshlaProTheThe

GOCGOTCCAC TGTOAC ADCAGGGATOC AGAC T TAGAGCOTTACASTOCC TOCHTCANGGGC TOCCARCC T TACC TAMCC TCOTATTCACAGTTOTAAAG
TAGAGGC AGAOCCAMIAANICCACCTGRCAGGGACTT TTUOT AGC ATCETANIOGCC TCTCCC TRGAAMICCCC TGO TGAATOCCAACTOTTCTIGACCT TG

GOUTCCCTCTAATGGATGIGC T TCTC TOCCUT TTC AC AGTTC TCCAGCL TCCOCARTACC AAAATCGAMIT AGCC CACT TT ATAM AAMACTGCTCAGET
ValSerSerLeuProhspThriyelledluValAlalisPhall eThriysLouLeuSerT

ACALAARMIC AL TET TTCGCCADGCOCCCTTC T AN T ARGALMALCC AT CC TGO AT TCAGC T GOALTCATTTTCCTTTC TCACATCT MAACTTIO
yrThrLysglnLsuPheArgHisGlyProPhe

TOCCTCAGC T POOCCTCADCCTGCACTOCC TOCC T
ACALCCCCACOOC ACECOCACCCCCOCOOCCOCA!

TCCCATCCCT. ACACADGOCA
ACTAARGE AGOCAGC A  TTOAGC AL AT T T T T TUA T T T AT T T AT T A TG TG TUTO T TAT TTAAA TOATTC TG TCAGTATCCOOOTOUGGACA TGN
ASCATTAARGCATTAOGCTC IO TCCCTUGC AATATTACTOT AT ACATAMC AC MICTACCTCACTOT ADCET

ADCAACCAOCCC TCAGCCATGARNT |

FIGURE 4. DNA sequence of the mouse /13 gene The amino acid sequences encoded by the gene are indicated and the
putative TATA box and polyadenylatron signal (AATAAA) are shown in bold. The nucleotdes at the beginning and end of the
5' and 3 -untranslated sequences are underiined This sequence has been deposited in the GenBank database under accession

number L13028

wdentity berween /173 (pomtion 1476-2192) and IL13 (po-
siuons 1182-1959) A 100-bp regron of §7% sequence 1den-
tty was also found in intron 2 betwean 113 positions 2247-
2347 und JL13 posiuons 2014-2115 Furthermore, intron
3 contuned a 288-bp regron of high sequence identity
(67%) between 1113 (positions 2944-3232) and IL13 (po-
sinons 2400-2712) Comparson of the #1/3 and ILI3 se-

quences following the translanon stop codon showed an
overell dennity of 70%

We have deterrmned the sequences of both the JLI3 and
1113 genes. Both loci contain 4 exons which compnse the
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Table | Table it
Potential transcriptional control sequences focated in the Cormelation of human IL13 sequences with human
5'flanking regiom of IL13 and 1113 geves clvomasomnes In radent % human somatic ceil hybrids
Racegnition Poaltion Possibls Human Sigml/Chromosome
Sequanca it 17 Significanca Chommome e 4= <+~ <A % Discondence

TATAA 686-691 697-702  TATA bax 1 2 5 4 3 50
CTGGATCT 100-10? IFN-y Inducibitay 2 2 5 3 2 42
CTTTACTC 194201 3 4 2 1 6 53
CAGGAGCCT 378-385 436443 4 4 5 2 2 n
CTGGAACT 436441 5 ¢ 8 0 o 0
CTGGAAAC 523-530 & 3 k] 2 4 50
CTGGAATT  494-501 7 2 3 4 3 58
CTCGACCC  531-518 8 & 5 0 3 n
CTTTATGC 573-580 9 1 5 3 3 50
CTGGATIT 585-592 589-596 10 2 6 4 2 £
AAGTGA 187-192 IFN & Inducibiliy n 5 k] o 4 n
AAAGGA 299-304 12 3 4 3 4 50

331-33 13 5 4 1 3 n
AAGCGA 308-313 14 5 ) 1 ? 57
TGAGTAA 613619 625-631 AP-1 binding site 15 5 2 1 (] 50
CCOCAAGCC  706-713 I 4 5 2 2 k]
GCCAGOCC 743-750  AP-2 binding sie 17 4 6 2 2 »
TGTGOTTT 623-630 635-642 AP-3 binding site 18 4 4 2 4 43
CAGCCT 724-719 735-740  Cap siies 19 4 3 1 4 42
CAATCC T44-749 20 4 [ 1 1 17
CACCCC 745~750 )| 5 ? 1 5 50
CAGTTC 752-757 22 7 1 0 5 39
CAGCTC 760-765 X 2 1 2 3 63
T AAG NF-IL6 recognition sits Symbok Idicate the presenca (+) or skmence (=) of tee NL-13 PCR
TG"\"ATSMAT 153-267 chumosome. The mddu&hml—l’ :L' of the 4/~ and

301-306 PEA3hindingproteln /s ctsevestiom. | Brhamm et fhe 4/~

recognition

305-310

313-318

»7-322 buman and mouse (15 [6) These proteins have a common
CGAGCAA  163-170 ;fg'_;?; PU box four a-helix bundle structure (17) and, with the exception

entre coding region of each gene The spatial disinbution
of the exons 1s sinular m both genes and the intron-exon
boundariea do not disrupe amuno acid codons 1n esther locus
Two forms of the human 1L.-13 protein have been identified,
which although diffenng st a mngle amino acid residve
(glutanune 98) display identical biologic activity (3) In
this stody we have found that the codon encoding Gin 98
1s at the 5 -end of exon 4 and that ita incorporation or ab-
sence 18 probably the result of atternative sphicing No al
ternafive splicang has been idenbfled in the mouse gene
The IL13 and /173 cDNA soquences bave 66% sequence
identuty and ahignment of the two genomic sequenced
shows that exunsive idontity also exists in the 5'- and 3’
flanking regions as well as throughout the introns

The IL!3 gene has been mapped to chromosome 5q31
and the /{13 gene has been localized to a rogion on mouse
chromosome 11 that has known conserved synieny with
human 5q and 17p (Fig 5) It 18 noteworthy thae the /L13
and /i13 genes localize to regons of these chromosomes
where genas for other immunoregulatory and hemopoetic
growth factors have been mapped This gene cluster -
cludes genes for IL-3 GM-CSF IL-4 and IL-5 in both

nwon-exon structure with the J/LJ3 and /177 genes con-
sstmg of four exons and three mntons (13) Studies using
pulscd-field gol clectrophoresis have estimated that the Ji4
and /i5 genes are ~110-180 kb apart (15) Physical linkage
analyms has also shown that the IL5 snd /L4 genes are 8
minmm of 600 kb from the closely linked /L3 and
GMCSF genes (16) Duning the course of ths present study
others have descnbed the 1solaton of cDNA by hybnd-
1zation 10 4 yeast artsficial chromosome contaming a 425-kb
human genomec sequence contarrung the 724 and JLS genes
One of the cDNAs isclated was that of JL13, whuch mapped
upstream and probably within 50 kb of the JLA locus (18)
The close proxirmuty and mmular structure of these genes has
led to the suggestion that they have evolved by ancient gene
duplicanon It has also been suggested that this linkage may
provide a mechanism for controlling the coondinate expres-
sion of these genes (19)

The 113 and 7113 gones show a relstively Ingh degree
of mucleotide wentity 1n theyr 3'-flankang regions and con-
tain a number of conserved transcriphon factor consensus
sequences that may be important for regulating the expres-
son of these goncs. Many of these putstive cu-acting mo-
txfy are assocuated wath transcription factors that are rapudly
mnduced 1n inflammatory responses, a feature i keeping
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Table I
Correlation of mouse 1113 squences with mouse chromasames
in rodent @ mouse somatic cell hybrids
Mouse Signal\Chromosome
Chromosome . 4" - ¢ % Discordencs
1 1 4 1 7 &2
2 [1] 2 2 10 86
k| 0 6 2 6 57
4 a 5 2 L] 54
5 0 & 2 3 46
& 1 5 1 5 50
7 0 k) F 9 79
B 0 6 2 [ 57
9 1 7 1 4 46
10 1 7 1 4 39
n 2 12 0 0 [}
12 1 5 1 7 57
13 2 B 0 3 23
14 o ] F ] 4 43
15 0 3 2 9 79
16 0 5 2 & 62
17 1 3 1 9 N
18 1] 7 2 4 46
19 a K 2 L] 77
X 0 3 2 ] 77
Symbolk Indicwin the presence (+) or absence () of the mil-13} FCR fag-
[ =]

mem as relsted 1o the {+} or shsence |-} of a particular mowse

of discondant observations i the sum of the 4/~ and

|

with the induction of IL.-13 w activaied T cells Although
regions of mgnificant nucleotide sequence homology have
been identified between the /L4 end /L2 geoes (19) and
betwoen the IL3 and GMCSF genes (20) alignment of the
IL13 and 1113 genes with other cytokane genes showed no
significant nucleotide sequence homology Furthermore,
despue the fact that JL.-13 15 also produced by Th2 cells the
sequences presented here do not contawn the 11-bp mouf
found to be impartant for the regulation of /L4 transcription
@1)

When the arno acid sequences of the IL4 and IL-13
proteins are ahigaed they display ~30% homology through
out therr lengths and are able to cross-compete for receptor
binding on certain cell types, suggesting that IL~13 and IL-4
have shared receptor components (S Zurawska and G
Zurawski manuscnpt in preparstion) In addition the align
ment of the IL4 and 1L-13 proteans showed a comncidence
of ther intron/exan boundanes a feature that has also been
noted 1n other members of thus gene famuly (13) The re-
latedness of IL-13 and I1.-4 13 also reflected 1n their biclogic
properties, which include the regulation of IgE synthesis
(22) the mductuon of human B cell prohferation (23), and
the induction of macrophage-hke dendritic cell morphol
ogy (24) with associated CD23 expression on human mono-
cyws (25) Studes are currently in progress to determine
the levels of IL-4 and 1L-13 mRNA produced upon T cell
ecuvston, and prehiminary data mdicate that 11.-13 15 pro-
duced for more extended poniods than IL-4 after activanon
(R de Waal Malefyt manuscript in preparation) We are also

am
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FIGURE 5 13 maps In the central reglon of mouse chro-
mosome 11 The segregation patterns of /13 and flanking
genes m 95 backerossed animals that were typed for all loci
are shown at the rop. For Indrvidual paims of locl up to 144
ammals were typed Each column represents the chromo-
some Identifled [n the backcrossed progeny that was inher
ed from the (C57BL/6) X M spretusiF, parent. The I rep-
resent the presence of a C5781/6) allele and (] represent the
presence of a M sprefus allele The number of offspring
Inherlting each type of chromosome 15 listed at the bottomn
each column A partial chromosome 11 linkage map showing
the locaton of 113 in relation 10 linked genes s shown at the
boiton Recombination distances between locy in ¢M are
shown to the left of the chromosome and the positions of loci
in human chromosomes, where known are shown to the

nght

in the process of determinung the levels of IL-13 message
produced by the T cells of mice in which the Ji4 gene has
been disrupted by homologous recombinaton (26) These
14 -/- do not produce detectable levels of curculatory IgE
afier nematode infecnion, and therefore may prove yseful in
determunng the 1n vivo function of 11.-13 Although it has
not yet been asceruuned that IL-13 mduces IgE secreuon
by mouse B cells, 1t 15 possible that disruption of the [id
locus may also influence the expression of receptors for
IL-13 or the production of IL-13 The cloning and sequenc
ing of the 1113 locus should enable manpulation of the /13
Eene m vivo, facalitanng the estabhshment of m vivo mod-
els for the study of TL-13 function

The clustenng of the genes encodng IL-3 GM-CSF
IL-5 TL-4, and IL-13 10 the same region of chromosomes
Sand 1) 10 buman and mouse respectively suggests thet
the /L3 gene 18 another member of a cytokine gene farmly
that has probably arisen by gene duplication These shared
ongins would explain certn of the conserved functional
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charactenstics that exist between members of tus gene
cluster This region of human chromosome § 18 known to
be deleted 1n patients with 5q syndrome, a genetic disorder
that results in the development of myeloud Jeukenuas (18)
The relative importance of the genes within this gene family
to the appearance of leukermuas remamns unknown, but
IL-13 must now also be taken 1nto consideration It is also
inieresting to apeculate what other cytokine genes remain
to be found i1n this region of the genome
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Abstract Interleukin (IL)-13 plays a key role in the T-
helper 2 type immune response In domestic ammal
species no sequence information 15 availlable for the
IL13 gene Here we report the 1solation and sequenc-
ing of the cattle /L3 gene Since a heterologous cDNA
probe failed to hybndize to cattle genomic DNA the
gene was 1dentified by a positional sequencing ap-
proach In human and mousc both cytokines are lo-
cated within a region of about 30 kilobases (kb) There-
forc the region upstream of thc cattle /L4 gene has
been scquenced by a shotgun approach The cattle
ILI3 gene was found to be located about 20 kb up
stream of fL4 i a head-to-tmil oncntatton The
exon-intron structure and the promoter region 15 well
conserved across species The alignment of the /L13 se-
quences from different species allowed the wdentifica-
tion of highly conserved amino acid positions and tran-
scniptional elements Two conserved amino acid posi-
tions (gluy;, and proy) are most probably homologous
to the interleukin-4 signalhng residues One of the po
tential binding siles for transcniption factors 15 located
at position -197 to -189 and w» closely related to the P
elements of the /L4 promoter Nevertheless, the overall
identity of the promoter sequences of /113 and /L4 1s
low Therefore we conclude that both cytokines use
diverse regulatory clements Therc 1s evidence that IL-
13 but not IL-14 18 the key mediator in allergic asth
ma Furthermorc IL-13 13 mvolved in resistance to
some infecons Therefore 1L-13 15 of interest for dis
case association studies in domestic ammals

The nucleotids sequence data reported in thu paper have been
submutted to the EMBL nucleotide sequence database and have
been assigned the accession number AJ132441
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Interleukin (I1L)-13 was imtially reported by Brown and
co-workers (1989) as a transcript preferentially ex

pressed by mouse T—cell clones The cDNA, onginally
called p600, 158 abundantly expressed by the cells of the
T-helper 2 (Ty2) subsct, but was not expressed by the
Tl subset Other ILI3 cDNA sequences are also
available including those from human and rat (Lakkis
and Cruet 1993, McKenzie et al 1993a Minty et al
1993, Morgan et al 1992) IL 13 exerts multple effects
on mouse and human cells in vitro It induces the s0-
type awitch towards the production of IgG, and IgE n
human B cells (Punnonen et al 1993) the prolferation
of B cells (Cocks et al 1993), and promotes human
macrophage fusion i vitro (DeFife et al 1997) IL-13
shares many biological properties with IL-4 Both cyto-
kines have the ability to induce and amphfy Tx2-type
immune responses and to promote IgE formauon even
though IL-4 scems to be the dominant IgE synthesis

inducing cytokine (e g, Punnoncn ct al 1993 1997)

Nevertheless, although the effects overlap significantly

some functions within the immune response seem to be
unique to each cytokine For example 1n contrast to
IL4, IL-13 leads to an increase of interferon-y produc

tion by human natural killer cells (Minty et al 1993)

The overlap 1n biological properties 18 reflected in the
sharing of a receptor component (Hilton et al 1996,
Lefort et al 1995, Zurawsk: et al 1995) Both receptors
use the Janus kinase/signal transducer and activator of
transcnption (JAK / STAT) pathway and activate
STATS6 (Lin et al 1995) IL-13 secems to play an impor

tant role 1n tnggenng an effective immune response ex

peling parasiuc worms 1in mice Furthcrmore it has
becn demonstrated n two recent pubhications that IL-
13, but not IL4, 15 the key medtor 1n the expression
of mouse asthma (Grinig ct al 1998, Wills-Karp et al



1998) Due 1o their biological properties and functions
IL-13 and 1L4 are of therapeutic interest, since both
cytokines may be aetiologically involved n atopic dis
eases For example, many antiallergic drugs inhibit the
release of IL-13 and IL-4 from basophil leucocytes that
arc responsible for the propagation of some allergie
diseases (Gibbs et al 1998)

The human IL13 gene 15 located on human Chromo-
some 5 (HSASq23-31) together with other growth fac-
tors such as IL4, ILS, IL]3 and the granulocyte/mac-
rophage-stimulating factor (GM-CSF) The human
IL13 gene 15 located 12 5 kilobases (kb) upstream of
the /L4 genc (Smurnov et al 1995) Due to the impor-
tant functuion within the utnmune response, the genomic
regon contamng /L4 and JL13 1 a candidate for the
study of the genetic component of autoimmune dis-
eascs and of rcmstance to certain infections Linkage
analysis has mapped asthma related phenotypes to the
cytokine gene cluster on HSAS5q23 31 For example the
IgE level and the bronchial hyper-responsivencss
(BHR) are associated with microsatelhtes from HSAS
in asthma patients (CSGA 1997 Marsh et al 1994,
Meyers et al 1994 Postma ct al 1995) In the mousc
an increase In the Ty2-lype 1mmune response was
shown to be associated with resistance to cerism para
sitic infections (e g, Else et al 1994)

To our knowledge no sequence information for ILI13
1s available 1n domestic ammals The am of this study
was to clone and scquence the genomic region contain
g the cattle /L13 gene This sequence imformation will
be the basis for the development of polymorphic mark-
ers for disease association studies as well as in—depth
charactenization of the regulatory elements and the de-
duced amino acid sequence

Material and mothods

Screening of a cattle cosmid Itbrary and restriction mapping

A cattle Super Cos 1 coamid hbrary was screened using & mouse
IL13 und a cattle /L4 cDNA (Brown et al 1989) as descnbed
(Bunkamp ot al 1995) A restniction map of the wolated coamid
clone designated 16B was obtamed by single and double digests
as well as partial digestions of the cosmid insert unng the enzy-
mesBam HI Eco Rl Hin dIll Pst1 and Xba I {New England
Biolabs, GmbH Schwalbach CGermany) Single fragments were
Wentufied by subsequent hybnduation with subclone probes as
well as oligonucieotide probes hybrichzing to exon 4 of /LI3 var-
wous aimple repetitive sequences, and T3 and T7 bactenophage
promolers as descnbod (Buitkamp et al 1995)

Subcloning, plasmud preparation, and sequencing

Random subclones were generated by cloning Sau JA fragments
from the cosrmid mto the Bam HI cloning site enher of a phagem
il vector (Bluescnpt I KS* Stratageno GmbH Hewlelberg,
Germany) or of pZEr0-1 (Zsro Background Cloning Kit Version
A Invitrogen Corporation Leck The Netherlands) Subcloning
of umque Bam HI Eco RI Hin dIlI or Pst | DNA fragments, or
the preparation of delotion clones was dono by the DEAE cellu
losc method (Sambrook et al 1989) Eluted fragments were I1

A
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gated to pZEr(-1 digested with tho appropnate enzyme according
to the recommendations of the manufacturer Fregments were se-
1uenned using double-stranded plasmid DNA enther with [o-

S|dCTP using the chain terrnation method (random Sau 3A
subclones Sanger ct al 1977) or on an automated fluorescence-
based system (Applied Biosystems 377) using cycle sequencing
with standard FS DyeDeoxy Terminator chemastry (Perkun Elm
er Apphed Biosysterns Foster City Calif ) For sequencing of in
serts propagated in pZEr0-1 two pnmers were specifically de-
signed to obian optrmal sequence reactions (M13RevZ-5 GAC
GTT GTA AAA CGA CGG CCA GTG3 SpSZ-5 AAG
CTA TTT AGG TGA CACTAT AG 3 ) The following pnmers
wearc usod for completion of the sequence. IL7-5 -CCC AGT
TCT TAA AAG ACC TGC-3* TUMB3-5 CTT TCCTIT ATG
CGA CAC TGG3 TuM84-5 TTC AGA TCT AGT TGG
CAA ATG-3 TUMSS-S TGT CAG CCA GTG TCA CCT GC-
3 TUMBSS -CCA GAT ATC AAG ACA CAG GGC3
TUMB?-5 GGG CAT TAA GAA ATC CCT GGC-3" TUM9-
5 -CCT GTT TGA ATT TTG TAT CCA GAG C-3 TUM9-
5’ AAT AAG AGC GCC ATG GAG CCa

Seguence data analyses

The sequence dats were amembled and analyzed usng the Ge
neties Computer Group {GCG) package (Wwmconsin Package
Version 91 Maduson Wis) Ahgnment of scquences and calcula
tion of similantics were carned out with the VOSTORG package
(V50 Zharkikh et al 1991)

Cloning and sequencing of the cattle 1L13 gene

To wsolate the cattle 7/L13 gene, a mouse IL13 cDNA
was hybnidized to a cattle cosmid hibrary This hybnd-
zation revealed no clear signal (nor did a Southern blot
of cattlc gecnomic DNA, data not shown) Therefore an
alternative approach (1e¢ random sequencing of the
‘IL13 candidate’ region}, was used to identily the cattle
IL13 gene In mouse and human, /1.13 1 located less
than 20kb upstream of the genc encoding /L4 The
corresponding region was 1solated from a cosmd clone
known to contain the cattle /L4 gene (Buitkamp et al
1995} Thirtcen random Sau 3A subclones from this
cosmid were scquenced from one end One msert
showed 77 5% similanty to 140 base pairs (bp) of exon
4 of the human ILI3 gene (accession number L13029)
Using the cattle sequence as a starting point, /L/3-con
taining fragments were subcloned and sequenced from
both ends The whole 7L13 15 covered by an 18 kb Bam
HI subclone To obtain overlapping sequence informa-
tion for all exons of the cattle /L13 gene the Bam HI
plasmud was sequenced with additional pnmers (IL7
TUMS3, TUMB4, TUMSS TUMB6 TUMS7 TUM9S
TUM99)

Cattle I1L13 gene structure and localization
An overview of the exon intron structure of the cattle

IL13 gene and the complete sequence of a 3.5kb re-
gion containing all of the coding sequence 18 shown in
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Fig. 1 Nucleotide and denved 657 ggptpectgaatctgactggatctticastggegacetgygaatetgasattcoacagtocttoccacactggggeasacs
amino acad sequence of the -577 gogaaccagatgggttatstgacatgescatcacteottotittacaotgtttgasttttgtatccagageasgoatigttc

497
417
337
257
177

ttggtastgtaacegaactgttocaakgaansantaastcoctocagattcocacatotgatagactgtgatcagagoacty
tctotooagoatttotggtgacccansagggetctycogacaggagctgggtgagracteyctasssgtactpgagttoca
getggeatagttgacatcgggctgooetepgggtect CtoAL LEABDCCLgUAgT ARGt ECAt CCATACLOgARACEYT
cotagaccetteeagb At AAgtCCACARGARRECARALECEEEOCEt EALgogacactggattttecacaaagtanna
ttaagatgagtasagatgtggttigtagatagtgrecgicasascagagaccagagtatguggegtcaccacttgggect

cattle IL13 gene The TATA
bax 18 indicated 1n bold- the
transcription start site (indi
cated by capual letters) s pre

sumed to be at the pomtion

- BagtocCt aaggcCACAMIACACICAGCTTAMGCCAGCCTATICHTCTUCTCCTCARTTTCTTCCT
analogous to the mouse /LI3 7 T aCTC St T TSR TUA T O FTATC T T TOFTOCCTONCTONCTAARS
sequence (McKenze ot al

M ALLTLTAVYIVLICTPOGO  GLTTEP—s
§4 CCIOTACCTTCIUCTACAGCCCTCARGOAGCTCATTGAAGAGCTOOT TAATATCACCCAGRACCAGAAG tgagtgeoty
P VP BE AT ALIKTETLTIT@RRETLVYUYX¥XYTITOGQDNXNOGOQHL:EK
tgggecaggatcecagetotgegogtgcaggygtgagpapat cCtcaMpAMARgcCctgAggactgeasggtgagtcty
getttgagugagaggagecaggggtgasgtgoageagtatggatggaccoatgasggaatatggcagagccoccagegac
cacctgeteoccrgguctggecctgectgecatggtoagetectgeteagtggttttggaacogaggaragangagaaga
getgguacctcotagaattattttggeatttgecaactagatctyaacaceataatggagocattattoacagontotia
gttaagoccattocttatggaageatecatgagtggggtoagttotttttoccoagtggtgacygoccacactttotgane
actataatgtgecaggeecatttetggggettacatottatascatogotgecancoacotcasgagacaggtacgata
ccooattttattgacatcagtgegpttaaatgacasasagtcageattcansgecagtactoggtgaocacoagagtgoccaty
tetgaactgoageatooccaatteagasggeasgetgtttctagactagactcccateaccteccatcagactggectgn
ccaccotgcoectgggecttocctgoaggecccctgtoagecagtgtcaccegeccteccactatggetctggoasgetic
acacaaggetgtoecttactggttgtggeactcagtatttctocteteagttotangcocectggucagtgggtctoogeta
ctgtgoagagtggasaatgaagctcgggancactgasggtcccaggtctycagtoctyygaacgect gtggggectgate
ectgtggaggectggectyagncoctgasageactcagetogetgtectttgeteccteagUTUCCOCTUTAOCARTONCA
vV P L C N @B
GCATEITUTOGAGCCTCAACCTGACGAGCAICATUgt gaggaccCcooalcAC t guggagacacgtocagRgctacagee
M VW 8 L ¥ L T A8 8 N
ctetgaggtogtgioctgugoctcactcacacaactgoogggt tocaagoangrtttaagagecactctoctgeccectoat
astctgytetoceccaccaccoagacctgtctocgeogggecgoteagttococtocctocctacagactcactgaacgtge
tgoctgactooctggtgtticeccooaccecconcagTACTUTOCAICOCTOGACTCCCTUATCAGCATC TCCARC TOCA
¥ ¢CA AMLDBSL I S I 8 NCB
GTGTCATCCAAAGOACCARGAAGATGCTGAATGCACTCTOTCCTCACAAGCCCTCAGCTARMAY Caaggaacocctghcac
¥ I QR TEKEI KMULUNAMLTOCDPHIELE?PUZBAHK
tctgacctogeacacagectotgecagecctaagetascectggggageccgagagoatttgagacatgtgtcccacasa
1584 goggtgggcccactgtggeagesgagacatggctitgggatttccarsacatgguettgggygotcccaactoctaccty
1664 agetteattecagtccoacatctgtassatgtgggtgagagoagtacccaccteatgggpactitrgtgaagastgaacoca
1744 gctggtgagtggaaagooooctgatggatgergategtectoactorggegtcocaccaacatgetggectctitgoctty
AgCAGETTTCCASTAALTACOTCOAMIACACCAARKT TUAMITAGCCCAGTTCTT.

1993b) the N terrmnus (serine
at amino acid position 21) 15
indicated by an arrow at the
positton analogous to the first
ammo acd of the mature hu
man IL-~13 (hsIL-13 expressed
in Chinese hamster ovary
cells Minty et al 1993) The
Q at amino acid pomtion 102
which could be encoded by al
ternative usage of the sphee
site 18 given in parentheses
The Barz HI site at the begin
ning of the sequoncs (ind1
cated by double underilning)
corresponds to the cosrmud
vector msert border The 5
AUUUA motifs in the 3 end
are underlined
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ans
464
S44
&24
704
T84
ada
944
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1104

1104
1264
1344

1424

1504

1824 © 'AAMAGACCTGCTCAGACATTCAM
Q) v 8 8§ E Y VAR DT KTITGEEVAOQTYP?PILEKDIDILULU® RTMHAZGSR
GATCOTTTTTCOCAATOAAAGATTCAACTGALACa tganssgctageat tattatctgocagaggeagatcctgaccateot
I YVFRHNTEURT F¥MN?*
asgttgcagakttatttttorttoagatgtcagaaatitottggagagactassggegagt tagggagayaggatasgat
gtocottagottagacttgagectgegetgecttecttgageetacccaacttoagotgecctgtgtettgatatotogga
ctcagcccagoaggtotcotccatcraguaatccgagetogjtggacasgggtggacctigeccoacatgacctocecte
ctoasancaangtgtagtgtttattasscacctagtogaggasacacctgotttaCACAggOICAACTGRYGCARARAYC
accccaggeacattccttottogoecttattipttattgtgtgttptctaanonattgttttgtctytactagogttagy
agggactgttactgocassacttggaguoarggoottgettggasaacttggpgctocageacttanageagroggeatt
asgasatecctggoastasattecttgttttgrassacttettgotacctccactassacttoctgotagtoactagggte
ctggggccaaggcaagggacaggagagagageeagagtagecactortgtoctgatageceageagtgggecctcagecaaa
tagktEgttatttttoctagtaittasagttasgtattaanatatgttatcanagagttastantatatagaagtctage
acactgcatatggtgtgegtggactyaguupggutcactasgasactgttteattgactttatcangetgasagotaas
atassaatgatgacaagagacctgatggtgttegoattttattttggectttrgoggatactggecctgtgttcttaanan
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Fig 1 The transcription start site as well as the poten-
tial polyadenylation signal were inferred by companson
with the human and mouse data Cattle /L/3 1s located
about 20 kb upstream of /L4 i1n a head-to-tail onenta-
uon The onentation of the gene was deduced from the
restriction map Cattle JL13 consists of 4 exons, 201, 51,
105, and 959 bp 1n length with exon 1 carrying the 5’
untranslated region (about 70 nucleotides) and encod-
ing the first 47 amino acids As in other lymphokine
genes, all splice sites arc located between codons At
the 5 end of exon 4, two potential sphce sites (at posi
tions 1893-94 and 1897-98 respectively, sec Figs 1 and
2) exist Thercfore as in human, cattle 1L-13 (btlL-13)
possibly occurs 1n two forms Alternauve sphcing
would lead to an nsertion of glutamine at amino acid
position 98 The bt/LI13 pene, together with /L4, was
mapped to BTA4q23-31 by fluorescence in suu hybnd

1zation of cosmud 16B to cattle chromosomes as de
scnibed previously (Buitkamp ct al 1995)

The patative cattie IL13 proteln

The putative IL-13 amino acid sequence was aligned to
the sequences of other species (Fig 2) The atomic
structure of 1IL-13 has not been defined but two models
have been proposed using the structural mformation of
other members of the family of helical cytokines [e g.,
IL4 or growth hormone (Bamborough et al 1994)]
The predicted helices A B C, and D are indicated 1n
Fig 2 (according to PDB entry 3itr Abola et al 1997)
The four predicted a-helical regions arc shorter than
those of IL-4 Whereas helices A and B of 1L-13 appear
to be highly conserved between the species, helices C
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Fig.2 Alignment of the deduced 1113 as sequences of Bos tauns
(i) Homo saplens (hs) Mus musculus (mm) andRattus norvegi-
ciis {m) Amino sad positions are numbered according to the
hsiL13 sequence Amino aad sequences were extracted from the
EMBL database [accession numbers P35225 (hs) P20109 (mum)
P42203 (rm)] - leader peptide cleavage site > < - exon boun
danes # - binding ressduex, * - mgnaling residues 8§ - post-
tion vaned in a mutemn of the human IL-13 as described by Zu
rawsk) and co-workers (1994)

and D show a lower degree of similanty However, am-
ino acids at some of the positons of all hehees are 1den-
tical to those of other hehical cytokines For example
the leu;;y and the arg;3; of IL-13 correspond to the
leu;;y and the arg,s; of human IL-4 respectively

Putative transcription regulatory sequence elements

The ahgnment of the 5' region of the cattle human, and
mouse sequences 15 shown m Fig 3 The cattle IL-13
promoter contamns the classical TATAA sequence lo-
catcd about 24 nucleotidcs upstream of the putative
transcriptional 1mmtiation (the Cap site) at posihon 70
(scc also Fig. 1) but no CCAAT box SRE or HSE cle
ments Several upstream promoter elements were 1den
tified by searching the Transfac database (Heinemeyer
et al 1998) Some of these are conserved between cat-
tle, mouse and human One of the potential binding
mics for factors known to be mvolved n interleukin
genc transcription 15 located at position -197 to 189
and 15 closely related to the P elements of the IL-4 pro-
moter The P elcments are functionally most important
for the expression of IL-4 in the mouse (Abe et al
1992) and highly conserved across different species
(Buttkamp et al 1995) Two CREB sites are found
closc to the TATAA sequence (one highly conserved
at -100 to -85, the other at 117 to -106) Highly con-
served IFN IE, AP-3 and GAGA 3 sites are indicated
in Fig 3 Within the 3 untranslated region, several
AUUUA monfs occur From other interlenking these
motifs are known 0 enhance expression by stabilizing
the RNA (Richter et al 1990)
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Companison of the cattie IL13 gene with the ILI13
genes of other species

The IL13-IL4 gencs are highly conserved with respect
to chromosomal locaton, genomic orgamzation and
exon-intron structure As 1n mous¢c and human, both
cattle cytokine genes are arranged in a head to-tail
fashion within a region of about 35kb Similanties to
other transcnibed /L/3 sequences are summarnized mn
Table 1 The cattle sequence 18 most similar to the hu-
man sequence, whereas the mousc and rat sequences
arc more divergent All mtrons are very similar n
length in all species (intron 1 15 09-1 2 kb, intron 2 15
025-055 kb intron 3 15 0 31-0 35 kb 1n length), but the
mouse introns tend to be the longest The wntronic se
quences of cattle and human /L3 can be easly aligned
and show similanties of 704, 66 5, and 6§99% for ;n
trons 1,2 and 3 respectively (data not shown) In con
trast the alignment to mouse introns 1 and 2 1s not pos
sible The third intron of the mouse and cattle /L13 can
be aligned showing 62 1% 1dentity The 1dentity within
the first 700 bp of the 5' region 15 78 5% for the cattle
and the human and 64 7% for the cattle and the mousc
scquence (sce also Fig 3)

Previous work on 1L-13 has focused on the human,
mousc and rat systems 1L-13 rases 8 lot of mtercst
since 1t 18 involved in atopy Together with IL-4 this
cytokine plays an important role mn the Ty2 (humoral)
immune response and IgE up-regulation These mecha-
nisms are especially important in the :mmune response
to the infection with some macroparasites Infections
with macroparasites are widespread in the ruminants
and cause severe losses (including sub clinical econom
ic losses) to farmers and breeders In this work we de-
termined the sequence of the cattle /L13 gene as a
starting point for the development of polymorphic
markers and functional studies of this cytokine in the
ruminants

The cattle /LI3 gene was identified and sequenced
directly by its comparative physical location (positional
scquencing) This was successful due to the hughly con-
scrved genomic organization of the /L4 family gene
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Fig. 3 Sequence shgnment of the cattle (b)) human (hy} and
mouse (mm}) ILI3 5 untransiated and Banking region The num

benng 1s according to the cattle sequence (soc Fig. 1) The human
and mouse sequences were extracled from the EMBL database
|accesmon numbers U10307 (As) L13028 (mm)] residues showing
sequence differences from other human sequences (U31120
L.13029) are underined

cluster Furthermore the /L13 gene 15 relatvely com
pact Under these circumstances this approach could be
applied to the identification of other genes when heter
ologous probes are not available or fail to give a hy
bridisation signal

The alignment of the /Li3 sequences to different
species show a number of highly conserved regions
The receptor binding or signalling sites of IL13 have
not yet been determined but can be presumed by com-
panson with the well-investigated IL-4/IL-4-receptor
sysiem {Kruse et al 1993) According to the alignment

Table 1 Inter-species companson of transeribed /LI gene se
quences The percentage identity of nucleotide sequences are v
en o the nght of the diagonal and the deduced amino acid se
quences are given to the lefi of the diagonal

nt wdentity
Cattle Human Mouse Rat
(1] Cattle - B09%5% 7054%  7057%
identity Human 7099% - 7260% 7552%
Mouse 5793% 6535% - 86.61%
Rat S7T14% 6220% 723 -

by Bamborough and co-workers (1994) the human 1L-4
(hsIL-4) binding residues glup and argas correspond to
biIL-13 residues gluy, and progs (indicated in Fig 2)
The glutamic acid at (br1L-13) position 31 15 conserved
between IL-3 and IL-4 across all species The proline at
position 94 1s replaced by alanine in mouse and rat IL-
13 and a valine 1n human [L-13 These amino acids can
be substituted with 95% confidence without changing
the properties of the protein (Bordo and Argos 1991)
The AsIL-4 signalling residues are arg;z;, lyriz, and
ser;as The arg;s; corresponds to brlL-13 argix; and 13
conserved 1 IL-13 but 15 replaced by a lysine 1n some
of the 1L4 proteins This 15 also a conservative amino
acid exchange The tyrosine at position 124 (signalling
site, Fig 2) seems to be crucial in the signalling process
since a substitution with aspartic acid at that position
leads to an IL-4/IL-13 antagomist (Aversa et al 1993)
Two positions have been shown to be important by
generating mutant protems (cytokine muteins) of hu-
man IL-13 (Zurawsk: and Zurawsk: 1994) The first 15
position 31 (glutamic acid) corresponding to the first
binding residue 1n 1L4 (see above) The second 15 posi-
tion 84 (Fig. 2), corresponding to ergs; 1n the mature
hsIL-13 At that posiion a lysine occurs n the cattle
IL-13 sequence Since an cxchange of lysine to an ar-
gmne should not change the properties of the protein
(Bordo and Argos 1991), both positions are ghly con-
served across the species The avalability of homolo-
gous sequences allows the idenufication of highly con
served amino acid positions This information could be
used to identfy candidate residucs for the design of
muteins Cytokine-based diagnostic and therapeutic ap-



proaches arc the subject of intensive investigation and
are covered by an increaging number of patents Since
the production and testing of muteins with respect to
antagomstic or agomistic activity 18 & time-consuming
procedure such mmformation could be valuable for fu
ture pharmacological research

There are very few functonal studies concermng the
IL-13 transcniptional elements The existence of a P-
element like sequence has been proposed by Dolganov
and co workers (1996) They showed that this element
binds the transcriphion mmitiator protein NF-ATp in v
tro n human T cells As shown 1n Fig 3, a conserved
AP-1 site probably constituting a NF-ATp/AP 1 com-
posite binding site exists This composite site would be
required for the formation of a complex of NF-ATp
and proteins of the Fos and Jun-famuly (components of
the AP-1 transcnption factor) proteins (Miner and Ya-
mamoto 1991) A number of further potential binding
sites had been 1dentified However, the importance of
these binding mtes remains to be shown Elements
known to be functionally important are highly con-
served upstream from IL-4 1n cattle, human, mouse,
and rat (Butkamp ct al 1995) When companng the
IL-13 5’ region across species the degree of identity 15
quite high but not as high as for the IL-4 gene which
has 90% identity between cattle and human There are
a number of short highly conserved sequence stretches
These blocks are pnme candidates 1n the search for ad
ditional regulatory factors A stnlang feature 1s the ex-
pansion of a punne-nich stretch in the mouse IL-13 and
IL-4 5 regions at position -472 and posihon 211 re-
spectively (Fig. 3) Intron 3 1s conserved between all
three species In this intron a number of potential tran
scriptional elements are identified For example several
conserved binding sites for the Ikaros gene 2 (/K 2 )
product exist. This gene encodes & zinc finger DNA-
binding protemn that 18 expressed 1n a lymphocyte re-
stnicted fashion and can strongly stimulate transcrip-
tion Therefore mntron 3 smmlar to intron 1 in the
mouse IL-4 (Henkel et al 1992) could contribute to
the regulation of 11.-13

The major regulating elements are usually expected
to e within the first few 100 bp of the upstream region
For example, in the /L4 promoter the first 97 bp are
sufficient for transcnption after s vifro simulation of
the mouse Ty2 clone D 10, even though about 3 kb
have to be present for the entire 1 vivo tissue specific-
ity and inducible cxpression (Todd et al 1993) Fur-
thermore the first 300 bp are sufficient to meciate the
transcriptional specificity of IL-4 1n Ty2 (v8 Tul) cells
(Bruhn et al 1993) It has been speculated that the tan-
dem arrangement could be functionally related to the
co-expression of these cytokines (Dolganov et al 1996
Smumov et al 1995) However the regulatory se-
quences for IL-13 look quite different from those for
IL-4 For example, no CS1 or CS2 sites, suspected to
mediate T2 transcriptional speaificity of IL4 (Bruhn
et al 1993), are present in the IL-13 region This find-
ing 15 inconsistent with functional co-expression but

)

m

supporis clonally diverse (1e, functionally indepen
dent) expression of both cytokines as shown by Es
sayan and co-workers (1996) 1L-4 and IL-13 are closely
related by function, locahzation, and genomic structure
Both have muluple overlapping functions but their reg
ulatory elements seem to be quite distinct
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Asthma and stopy show spidemiciogical association
and are biologically linked by T-helper type 2 (T,2)
cytokine-driven inflammatory mechanisms. iL.-4 oper-
ates through the IL-4 receptor (IL-4R, a heterodimar of
L-4Ra and either y or IL-13Ra1) and IL-13 operaiss
through IL-13R (s heterodimer of IL-4Rx and IL-13Ret)
to promote IgE synthesls and IgE-based mucosal
inflammation which typify atopy Recsnt animal model
data sugpgest that IL-13 s a ceniral cytokine In
promoting asthma, through the stimulstion of
bronchisl epithelilal mucus secrstion and amooth
muacie hypsrreactivity We Investigated the role of
common genetic varlants of IL-13 and IL-13Rod In
human asthma, considering IgE lavels. A novel varlant
of human IL-13, Gin110Arg, on chromosome 5qd1,
associzted with asthma rather than IgE levels in case—
control populations from Britain and Japan [peak odda
ratio (OR) = 231, 85% C1 1.33-4.00], the variant also
predictad asthma and higher serum IL-13 levels In &
genersl, Japansss pasd|atric population. inmunohlisto-
chemistry demonstrated that both subunits of IL-13R
are prominently sxpressed In bronchial epithellum and
smooth muscie from asthmatic subjects Detalled
molecular modsiling ansiyses indicats that residue 110

of IL-13, the sits of tha charge-modifying varianis Arg
and Gin, la Important in the Intemal constitution of the
ligand and crucial in ligand-recepior Iinteraction A
non-coding variant of IL-13Ra1, A1388G, on chromo-
some Xq13, associatad primarily with high IgE bvels
(OR = 3.38 in mailea, 110 In fomales) rather than
asthma Thue, ceriain varianta of IL-13 eignaliing are
likely to be Important promoters of human asthma,
detalied functionsl analysis of their actions Is neaded

INTRODUCTION

Atopy 1s a commean onmune disorder charctenzed by mised IgE
levels It is a key predisposition to bronchial asthma between 3
and 20 years of age (1,2). Bronclual hyper-responsiveness (BHR)

bronchospaste response o specific snd non
specific substances, represeats a physiological hallmark of asthma
induced by T-helper type 2 (T;2) cytolanes such as IL4, 5 -9
10 and 13 (1,2). The stuxhes on Ty2 cytokines in relation to
asthma, however have focused on 1L-4 and IL-5 Ths 15 due 1o
the crucial mle of these two cytokines ;m genersucn of T2
responses in & vanely of emmal models [L-4 1s exsennal for the
maturation of nalve T cells wwards T,2 cells, and the production
of IgE (23), whereas [L-5 regulates achvabion and ussue
recrutmnent of eosmophuls (4) However a vanety of studies have
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shown that L4 and IL-5 glone and in combnnation cannot fully
account for the development of asthma (5.6) 10 BALB/c mice,
BHR to methacholne 1s mediated by T cells, but 18 independent of
IL4 end IL-5 Other molocules must be mvolved m the
development of BHR, and hence ssthma,

IL-13 18 a 12 kDa protein product and shares several
profiles with L4 (1.2), ncluding IgE producton, CD2Z3 and
MHC cless 11 expression mbubitson of antibody-dependent cell-
medialed cytotouicity with downregulaton of IgG type I receptor
(FcyRI), and suppression of type I interferon  Although L4 and
IL-13 possess many similar bwological activities (1,2), IL-13
shows some umque activities. Unlike IL-4-deficsent mice, IL-13
null mce fal (0 generatr goblet cells, responaible for mucus
ovaproduction In ssthma, ful 1o recover basic IgE levels after
sumulation with IL4 and fal 1o expel helmmtha (7). IL-13
operates through IL-13R & heterodimer of IL-4Rex and TL-13Ral
chuns (1-3) Trnagenic mice with the promoter of the Clara cell
10 kDu protein (OC10) dnving 1L.-13 expression selectively in the
lungs exhiit BHR 0 methacholine in addihon to bronchuel
eosinophil prominence, emithelial cell hyperplasia, mucus cell
metaplamug, hyperproduction of mucus, deposiion of Charcot-
Leyden-like crystals and subepithelal airway fibrosis (8) these
festures are tymcal of T,2 inflammanon-induced asthmanc
aurways Thess findings suggest that IL-13 1s cucial for allergen-
induced BHR 1n expenmental arumals, and may be relevant to
human asthma (9 10) Sigruficantly higher [L-13 levels have been
found m asthmatic patients with and without atopy (11 12), One
report has relsted a polymorplusm witfun the promoter region of
IL-13 with ellerpic asthma in a Dutch population (13)

Here we repont a vanant of the human IL-13 gene, Ginl 10Arg,
which specifically sssocistes with both allergic and non-gllergic
asthma 1n case-control studies 1 both Brnosh and Japanese
subjects Our computer modelling suggests that residue 110 18
relevant to the intemnal constirhon of the ligand, and 15 bikely w0
play a cuclal role m bgand-receptor nterachon Umnng
mmunohistochemucal techmiques we show that functwonal IL-13R
15 specifically expressed on eonchual smooth muacle and
epithelium m human asthmabic airwsys. Theae findings point to
the 1m; of [L-13 1n homan esthma. In contrast, we show
that & vanant of IL-13Ral A1398G on chromosome Xql3 (14)
associztes prmanly with lugh IgE levels in the British subjecis, &
result that parallels our previous findings for vanants of IL-4Rat in
Jupanese (15 16) and German (17) subjects. Thus, certain vanants
of IL-13 may promoie the development of atopy with hugh TgE
levels, and asthma of diverse types across different ethnic groups

RESULTS

Genetic amsociation stady of an IL-13 variant in
case-contrul populations

A nngle-strand conformation polymorphum (SSCP) malyss
among >200 atopic subjects wdenufied different

patterns 1 exon 4 of IL-13 (Fig 1A) subsequent direct
sequencing idenhfied an A4464G vanant (18) (Fig 1B)indicating
replacement of Arg by Glu at position 110 of the mature protein
Despite mtensive screeming we could not find any further
common vanans 'We wenl on (o test for a genstic assocshon
between Ginl 10Arg and clinrcal asthma and IgE levels in two
populations (Table 1) The genotype frequencies were concordamt
with Hardy—Wemnberg equilibnum No sigmificant differences n
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Figure | Detection of tw Olni 10Arg warlem of IL-11. {(A) SSCP gal for IL-13
a4 Lows1 33,6 10xnd 12, wildtype tnans 4, 9 mnd 13, reucant; leaes 2,7
md |] hetemeygom. DNA markers were run n the keft-tund e, (B) Sequence
of the wild-aype (iap) snd yumam (botiom) alleies of IL-13 eson 4. The sTow
indicates the G to A change.

genotype frequencies were seen betwecn two control populations
Py =092, Py, =0.08 in & Briish population, and P, = 0.90,
Py = 0.10 1n 2 Japanese populaton. In a case-coniral study of
Bnish subjects, the Ginl 10 significantly azsocisied with ssthma,
especially chrons: unrermiung asthma. In » second case-control
study of Japanese sulyects Ginl 10 associated wath atopsc [odds
rabo (OR) = 1 85 95% CI 1.05-3 24, P = (.033] and also non-

X
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Thble 1 Odds ratwo (959 CT) for IL-13 and s receptor genes, TL-4R and IL-13RA1 by asthma, iotal seromn IgE. ASE and stopy In the Japaness and the British populstions

113 IL-4Ra IL-13Ral

Ginl10Asg DeS0Vy1 ArgsS1Gln Al1398G

%Gin  OR (95% C1) Pvahe  %QefMe OR(95ECN) Pulm ®Ag(+) ORISCN Pvalue BAA OR(SKCI) Pvaloe

Japanese
Controb 43 180 20 400
Atope wthma (] 1.85(1.05-3.24) om3 o 442 (1 57-6.69) <0001 320 166(088-213) Ol Bo 1.35 (0.76-241) 0304
Nos-atopc ssthena [ 1] 177(1.01-310) 0.047 180 1.00 1.00 no 112(058-217) 0737 360 119(0.67-110) ass
Asthmancs €23 1B1(111-293) ao13 s 1.52 (0.68-2.98) <151 280 138(Q.77-278) 03264 M5 127(0.77-2.08) [ kL]
Low acrum IgB 363 176 35 s
High serum 138 @02 110(0.72-190) aso8 1S 3.09(198-491) <00001 23S 128(081-2) 0288 124 118(0.72-1 93) 0516
ASE(-) 5.7 182 06 389
ASE (+) 6.2 159(1.00-25)) aon n J17(198-5.0n <0000 280 126004232y 0319 I} 1.29 (0.80-208) 0298
Non-siome 523 170 13 40.1
Atopes 646  1.66(101-25D 0.047 24 7.04 (2.08-5.88) <0001 288 15909130 0093 M9 128 (0.80-2.08) .33
Britsh

Conrols 267 us 413 40
Alopc asthma 400 183(113-299) 0014 nos 112 (0.81-2 34) 0624 355 0.78(049-124) 0342 120 322(126-833) 0018
Noa-saionacs DS ni »2 42
Amhrmics s 2140028-)60) 0.003 M3 111 (0.68-1 82) 0770 324 0.73(04S-117) 02% 105 270 (0.98-7 14) aes3
Severe aathmatics 415 231 (133-4.00) 0.003 363 139 (W74-213) a4st s 0.78 (0.47-1.30) 0409 100 250 (0.87-739) agso
Low myum [gE 23 313 n? 36
High sarum 138 149 (092-242) 0.100 363 125 (0.30-1.47) 0366 91 106(0.66-1.68) 0902 135 284(1 LI-138) a1
ASE(-) X0 32 »2 43
ASE(4) a3y 127107210 0.351 M9 1.05 (0.29-1 26) 0.858 375 a62¢(0®-1.01) 0ol 100 232 (0.85-6.43) 0122
Nom-stopc Iz 02 352 40
Ay 363 152(0.90-2.58) als n3 123 (0.73-2.04) 0515 %3 0B2(050-134) D520 100 263 (0.07-7.69) ain

*OR in feronles w 1 10 (95% C1:0.81-2.81 Figher's exactiest P =(0.765), in males w 339 (95% Cl | .04-935, Fisher's exact test, P = 0.013 (ses tex1)
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Figure 2, Ribhon disgrams of the [L-13 compuer modsl (A) The effect of replscement st pontion 110 on the Internal comtituton of the [1-13 Bgand. (Laft) Wild-type,
Asg |10, {righs) cutant, (Fin] 10. The blue and pink portis represcots o-helices or B-shoets, respectively, Numbering bs based on the manuee pepride, {(B-2) Modelmg of
IL-13 in relation 1o lis recoptors, [L-4Ro and I1.-13Ra | chamns. Two model (1 or 2) we shown: the differences hetoemn the two depend on whether the IL-13 belx AC
Interfaces with IL-4Ra {modd 1 (B and C)] ar IL-13Ral [model 2 (D sad B)] B-sheets are shown In blua, sad o-helices in red. (B) R130 of tw IL-13 o prediced o
mernet with loop BC of the [L-4Ro {magenia). (C) Clase-up of the imerschior: R110 faces H131 of TL4Ra (D) R110 is predicted in Inkeract with lonp CR af the [L-
13Ral (mageats), (E} Closs-up of 1he snersction: R 110 faces E28Y of IL-13Rex] Nots that backbone stoma of VZ70 are also shown

wiopic (intrmasc ) ssthma (OR = 177 95% CI 101-310, P=0017) There was no associanon hetween Ginl 10 and serum
P =0,04T7); the overall OR for asthma was | 81 @5%Cl1111-293 1gE levels 1n esther population
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Table 1. Simple factonsl ANOVA mnalyss for genetic variants 1 the development of
wsthma and mopy in the British nnd the Japmmese populstuan

Thenotype Oenotic facior Variant | F value (df = 2)
Briush Pvale Japsnese P valus
ANhma L4 —590C/T 0311 0600 0490 068
13 Ginli0Arg 4133 0017 4303 0026
IL4Ra Ne30Val 2511 0083 2614 007%
ArgSSIGin 1121 032 09 034
IL-13Ral  AIJ9EG 21704 0089 1134 0313
Atopy (I3E levels) [L4 -S90C/T 0229 0795 Q748 0473
IL-13 Olnl10Arg 0935 039 1494 0206
IL4Ra DeS0Vel 0362 06597 S272 0.006
AgSSIGl 1242 0290 0206 D814
IL-13Ral  AINSO 4388 QOIS OB  DAT

W Gund no Imimge dumxpalibrium between the /14 (—-390C/T) and the /L-13 {Ginl 10Arg)
varumis In cither the British (¢ = A/SH w —0.43) or the Japmnese (t 2 ASE w —1 39) populnion.

Genetic association study of the IL.-13 varlant In a general
population in relation to serum IL-13 levels

To test the relanonship between the Ginl10Arg of IL-I3 and
serum IL-13 levels we conducted a population-besed survey of
genotype frequencies among Japanese schoolchildren aged
between 12 and 13 yearz (19) A siguficantly ugher frequency of
the Ginl10 allale was seen emong asthmatic children than that
among non-asthmatic subjects Those homozygous for Glnl10
had significently lugher levels of serum IL-)3 than those
homozygous for Argl 10.

Genetie association study of an IL-13Ratl variant in
case-control populations

We bave searched for nngle nucleotde polymorpiusms (SNPs)
by SSCP n the coding region of /L-J3RA 1 on the X chromosome
(14) all three SNPs discovered were silent and only one of them,
Al1398G wus relatvely common (20) This vanant showed
marginal association with hugh IgB levels (OR = 2.88, 95% (1
111-786,P=0.021 Fc=0{06)but not with asthma in tho Bnush
populahion no association was scen with either hugh IgE levels or
asthma m the Japanese population (Table 1) Since male sulyects
are hemuzygous at JL-/3RA] we calculated adjusted OR by sex
In the Jupanese population, there was no sigmficant difference mn
OR (1.66 versus 121) between male and female subjects for
atopy In the Briush populsion OR was 3.39 (Fisher s exact test,
P = 0.015) 1n males and ] 10 in female (Fisher 5 exact test,
P =0 680) for atopy

Genetic interaction among variants of IL-4 and IL-13
signalling

To tost whether vananta of /L and IL-/3 and of therr receptor
genes, IL4R or IL-13RA1 mght wnteract n the development of
asthma and stopy we conducted ammple factonal analyss of
vanance (ANOVA) there was no sgruficant gensie interaction
between these vanants of hgand and receptors in the development
of asthma or topy :n exther the Briush ar the Japenese populations
(Tuble 2) In the development of asthma, the Ginl 10 vanant of JL-
1315 8 sigmificant factar m both populations atopy sssociales with

either an [L-f3RA} vanant in the Bnush populston or an /LR
vanant m the Jspanese populaton (1516) m our German
population, atopy 15 also manly rclated 10 /L4R vanants
(OR=0.36, P = 00042 for the combmnation with Pro478 and

Arg331) (1)

Computer modelling of IL-13 and itz receplor

To address the nologwcal actvity of the Ginf |0 vanant of [L-13
malecular modelling was conducted on the basis of sequence
ahgmment between 1L~4 end IL-13 (20) Firstly the modelling
suggested that the replacement of Arg with Gin et posuon 110
may allow Argl0 to become closer to Ginl 10 with electrostatic
interacion withm JL-13 mself (Fig. 2A) this may result n
subsequent change: of electrostanc potential around ghitame acids
al pomizons 1] and 14, end the former is believed to be 1mportant
for [L-13 banding to the receptor on the bans of TL-4 homology
20

Further molecular modelling focused on the interaction of [L-13
with IL-4Rc and IL-13Rxl and was conducted on the basis of
mulbple ahgnmem of cywkine receptors (Fig 2B-B). Two
alternative models (model 1 Fig. 2B model 2, Fig. 2D) showed
that Arg! 10 15 hikely to have direct interaction wath one or other of
the component receptor chains, Closer inspection of Argll0 n
model | showed that this ressdue was localed in proxumity
Husl3l of IL4Ra (Fig 2C). As both resxdues are posively
charged, thus predicted a repulsive interacnon A Ginl 10 mutant
would abalsh thes expulsion and thus enhance receptor binding of
IL-13 with consequent upregulation of IL-13 aignalling 1n model
2, Argl10 les close to Glu287 and Vai270 of IL-13Ral
implying an attractive interaction (Fig. 2E) A Ginl10 mutant
would lead to reduced binding In the hght of the association of
Ginl 10 with asthma, model | may be more plausible. However
model 2 remana ioteresting since such a mutshon mght lead 1o an
aliernative binding mode or induce reversal of model 2 binding
mode to a model | binding mode, In either case computer
modelling strongly suggests that Argl10 15 directly mvolved 1n
interactions with s receptor and that charge changing vanants
(Arg, Gin) are likely to display dilferent biologacal properties.

)
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Figere 3, Alkallne

of n buzmman fung probed with en-11.-13Rex] entibody (A snd B) or e IL-4Ra sntlhody (C w0d D) (A and C) Sisning In pormal

phosphalsse salmng
bronchiolus Bar, 220 um In (A), 100 pm m (C) (B snd D) Sinkung In esthmatic bronchioiua, Barms, 25pm.

Imaunchmsiochemics) asmay with bronchlal spetimens

Only nn murine studies has the exsence of IL-13R been
demonsirated n arways (1,2). Therefore, we conducted
immunohistochemistry on pulmonary specimens from nomal
controls and asthmabic subjects, uning monocional antibodses to
both [L-13Ral and IL4Rax (Fig. 3A-G). Both components were
present prominently m smooth muscle cells and epithelial cells of
the bronchus, but not 1n fibsoblasis (Fig. 3A-D) Withm alveolnr
nssuc neither epithelml cells nor pulmonary macrophages
showed either component (Fig. 3A-E) Specificity of ngnal was
confirmed by demonstmtion thal the signal was not elicted by the
treszrmezt without the pnmary antibody (Fig 3) Thus the dew
suggest that functional IL-13R 13 specifically expressed in
eputhehal and muscle cells of the human bronchus.

DISCUSSION

Our data suggest an important role for genetic vanants of 1L-13 in
the development of asthma, independently of TL~4, 1n humans,
Many groups have identified linkage of both asthma and IgH
levels to chromosome Sq31 (21,22) where /L4 IL-13 and IL-5
cluser iy localized. Although IL-4 & crucl for the de

of T,2 cells (1-3) and hence lugh IgE levels (23-26), IL-4 may
nct be a sufficent inducer for asthma uself No functional

polymorphusm 1n /L-5 has been wienufied m relsbon 1o either
asthma (27) or cosmoplula (28).

We have uentfied a novel coding vanant of the hanan /Z-/3
Ginl10Arg that essociates with gsthma n both Britsh end
Japanese populatons. Our computer modellng suggests that Gin
at posiion 110 impacts on ligand—receptor mteraction through
enhanced charge attraction to IL-13R This 1 tum may enhance
mgnalling, but detaled functional stuches are now needed  test
this The genetic sssociation of /L-/3 with asthma across different
ethruc populations, which 15 mdependent of IL4 suppoarts the
candidacy of /L-/3 s 8 mayor locus for asthma on chromosome
5931 Morrover we found s genetc associstion of the Glnl 10Arg
vanant of IL-/3 with both miopic and non-stopx (intnnsic)
asthma—a finding concordant wath chmacal reports on the
sigmficant elevation of TL-13 levels in both types of asthmanc
subject (11 12) These findings extend the observanon of
association between a promoter polymorpiusm of IL-13 and
allergic asthma in & Dutch population (13) and support the
conontion that JL-13 may be a key promoter of bronciual asthma
i humans

‘There 18 strong evidence that IL-13 18 crucial for the induction
of an asthma-like phenotype in amimal models, independent of
L4 310) but whch a dependent on IL-4Ro, a common
component of IL4R snd IL-13JR T cell-deficent mice are
capable of inducing an asthma-like phenotype on sdministranon
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Figura 3. (E-O) Withou (left} end with (rght) ami-IL- 13| mooocionsl snibody salaing. (1) Broncinl eqaterium (F) BSMC: (G) alveniar smee. AC, el veolar call:

BEC, bromchial emthehal celle, BSMC bronchial smooth mscle cells

of IL-13 (9), suggestng that 1L-13 may opemir through
mechanisms other than those: that are classically implheated 1 Tj2

cell-induced immune reacttons (10) One possible explanation 1
that IL-13R u predommantly expressed in bronchial tissues, and
tut higher production of IL-13 in high nsk genotypes mduces
hypertrophic  change of the bronchwal smooth muscle,

subepithelinl fibroms and goblet cell hyperplasia through IL-13R
To inveshgale this poambility we stained agrway specimens from
narmal controls and asthrmatic subjects wath and [L-13Ral and
ant [L4Ro monocional antiboches. Tn asthmane auways m
contrast to alveolar tssue, both components of IL-13R are
significantly expressed. To date, two types of specific IL-13

4
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unut have been idennfied IL-13Rue] (29) and I1.-13R0
(30) IL-13Ro2 13 considered to be & decoy receptor (31,32)
whereas the heterodumer consesting of IL-13Rax ] and IL-4Rex acta
aa the fimctional receptor for bumen TL-13 (1,2) Human IL-4Rox
15 constitutively expressed 1 arrway emthelial cells (33,34) and 18
cssenhal for mucus producton (7-9) Although human 1IL-4
induces goblet cell ryperplasia in vivo (35), T, 2 cells denved from
TL-4-null mce cannot activate goblet cells even after tramafectuon
into IL-4Ro-null nuce, suggesting that, in the ahsence of IL~4, IL-
13 may be critical for goblet cell actvity through IL-13R 1
arways (7-9) Also, IL-13 transgemic muce show BHR to
methacholine and subepithelial fibrosis, whereas IL-4
mice do not (8) The mnmunohistochermcal findings 1n human
lung specimens suggest that funchonal IL-I3R 18 expressed in
bronchial tissues 1n asthmanc subjects, and support the dea that
TL-13 may play a key role in the development of ssthma,

IL-13 and IL-4 have overiapping effector profiles (1--3). This
overlap 18 probshly due to shared uze of IL-4Roy, end the IL-
13Ral chans in the mulumerc meceptor complex (1-3)
Chromosome 16p] 1 2/12, where the 1L-4Ra gene 15 encoded, has
also been shown to be hinked to atopy (36) We have previously
uentified 8 common extracellular vanant, De50Val of the IL-
4R, which associates strongly wath alopic asthma in the Japanese
but not mn the Briish population (Teble 1) (15 16) Furthamare,
we showed that I1eS0 strongly and specifically assocuted with
atopie rather than intnnsx or non-atopic asthma. 1t upregulated
cellular IgE syntheus when tested by transfecthion into B cell lmes.
Anather cytoplssmic vanant of [L-4Ro, ArgS51Gln sssociates
withatopy {17) 1n our German on this venant was in tight
Imkage disequilibrumm wath Pro4785er and the latter may change
the structure of the receptor leachng to alirred phosphorylation
patterns of signal molecules, and hence lower IgE levels (17)

We now show that & vanant of IL-J3RA ] on the X chromosome
(14) showed associahon with IgE levels, but not with asthma, in
Briish male subjects mgmificantly the OR for lugh IgE levels
was 3 38 1n males, but 1 10 m femnalos This 18 the first mdxcation
of X hnked mhentance of an stopic mumnune disorder with high
IgE levels, and further Miustrates the heterogenety of ils genetic
bass It may also, 1n part, explan the previously noled
transmusston of atopy through non-affected mothers (37 38) The
functional role of this vana remamns uninown it may be in
linkage chsaquilibrium with so far umdennfied polymorplusms 1n
the regulating or codmg parts of /L-I3RAI or vanants of IL-
13RA2 (30) clese by on the X chromosome (14) Further stuches
are needed to clanfy these points.

In conclusion, we have ideatfied a novel coding vanant of the
human 7L-13 Ginl10Arg, on chromosome 5q31 where genome-
wide searches have wdennfied hnkage to asthma (23.24)
Ginll0Arg shows assocutwon with clinical ssthma across
different ethnic populations, mcluding atopic (high IgE levels)
and non-stopic asthma (Table 1) 1t associates with higher serum
IL-13 levels Immunohistochernical techniques revealad that both
components of TL-13R arc present in epithell and smooth
muscle cells of the human bronchus m asthma. Molecular
modelling points to modification of ligand-—receptor minrsction by
Gin) 10Arg substutution with increased altracthion
We therefore propose that Olnl10Arg 1I1-13 the product of
effector cells in ashmatics smooth muscle hyper
reactvity and mucus hyper-secretion through IL-13R 11 bumen
bronch and thus promotes climcal asthme. Our observations and
conclusions ane conustant with the observed central role of IL-13

n expenmental agthma mm ammal models (910) detaled
functional analyses on the vanant are now requered. In contrast,
we have found that hugh IgE levels associates with venants of 1L.-
4Ro or IL-13Ra]l wath restnchon amongst different ethnic
groups (Table 1) A muluvensate analyss shows that the
associahons are mdependent among the vanants of IL-4, IL-13
IL-4Roee and IL-13Rax] (Table 2) The implication of vanants of
TL-4 and I1-13 signalling wn the development of asthma and a1opy
1n humans provides a focus for considenng novel therapeutic and
preventive strategies

MATERIALS AND METHODS

Populations studied and phenotypes

Three disinet populations were studied, compnung s total of 890
subjects o whom uniform otz were apphed for astignment ae
chmcal asthma or atopy (1) the Bntsh caso—coatrol group
mecluded 150 young adult subjects with climcul asthma and atopy
and 150 healthry controls, all from the Oxford region (39) (1) the
Japanese case—control group included 100 young adults wath
chimcal asthma and stopy 100 adults with chimcal asthma but no
aopy (non-atopic or wtrninsic asthma) and 100 young adults
atendmga wellman chnic as controls all drawn from the Omaka
region (40) () a geneml childhood Japanese population of 290
schoolchildren frren Walayama Prefechure who showed negative
tubercubn resporues at 6 and 12 yeam old of whom 46.8%
showed atopy and 13.4% climical asthma (19) All the asthmshc
subjects had specalut physicen-csgnosed asthma with
() recurrent breathlessness and chest lghtnes requnng on-
going treatment  (n) physician-documented wheeze; and
() documented labile arrflow cbstruction with vanability n
senal peak expirgtory flow rates >30% There were no heavy
smokers (>20 cigarcties/day) among the subjects. Allergen
specific IgE (ASE) was detected by the CAP ELISA system
(Pharmacia, Uppaals, Sweden) and the cntena for a posiive titre
were s used previously (39,40) A ngh IgE bue (CAP system)
was tmken as >2 SD above published norma] values (3940)
Atopy was defined as hugh IgE levels by the presence of a hugh
concentration of total serum IgE, or a positive ASE agunst one or
more nghly punfied acro-allergens

SSCP anclysls and direct sequencing

SSCP analynis for human IL-13 and JL-13Rxx]1 was done as
follows. searchung for polymarphiams 1n the four exons of IL-13
we used the following pnmers. 5’ AAG CTG CCA CAA GAC
GCC AA ¥ and § GCC TGC TCA TGA CCT CAT CT-3 for
exon | §”-GCA CTC TGC TCA CTG TCA CT 3 and 5 AAG
ATG GGG CTG AGA TGC CT 3 for exon 2, 5-CAC AAA
AGQ CAG CTGCCC AA ¥ and 5'-G0T GGA CACACA CCA
TGQ AT 3 for exon 3 and 5 TGG CGT TCT ACT CAC GTG
CT ¥ and §-CAG CAC AGG CTG AGG TCT AA ¥ forexon 4.
The annealing temperaiure was 60°C 1 all cases. Pnmers for the
IL-13 regron were 5-0CA ACA TAG TGA GAC
CCC AT 3 and 5°-GCT ATG GOA ATT TGG OQA GT 3. ¥
TAA GAG ACT GGT TCA TCG AA 3 and 5’ TTA AT TCCA
GCG GCA OQGC AA-3 and 5'-GGG CAQ CAT TGC AAA
TGC CA 3 and ¥-0AT TGA GGA GCG GAT GCA TA-Y
These combinations of primers covered 739 bp of sequence
upstream from the ATG codon The annealing temperature for the



first set was 63°C, whoreas that for the latier two was 55°C. When
searchmg for polymorplupms i the IL-13Ral seven sets of
pruners were wed for SSCP- § TCC GAG GOG AGA GGC
TGC AT-3 and 5-CALC TGG GAC CCC ACT TOC AG 3
(60°C) 5°-GTA TTT TAG TCA TTT TGG OG-3 and 5-AQT
TAG TGT OGG GAC TGG TA ¥ (60°C) 5-GCA CAA CTT
GAG CTA CAT GA 1 and 5 TT CAC AGC QGA AGT TAA
AGG 3 (60°C) 5° AAA ATT AAA CCATCCTTC AA 3 and
T-GGA OCA TGA AAC AAG ATG TA 3 (50°C) 5 TGA
GAA TCC AGA ATT TGA GA 3 and 5’ TAA TCT TGA GCC
TTT TTA GG-¥ (45°C) 5§ TCA TCG TCG CAG GTG CAA
TC-3 and 5 AAT GGA GAA TGG GAA GAA TC-3 (50°C)
and 5’ TCA GTG ATG GAG ATA ATT TA 3’ and 5° ATA
AGA TTA ACT CCA CCA CT 3 (55°C) The mmnealmg
emperature 15 shown in parembeses, The amplified products were
rolved on non-denmunng polyacrylamude gels under four
different condinona 10% polyacrylarmide gd coramnmg Dor 10%
glycerol at 10 or 20°C for 2 h The gels were visualized by siver
®mnmg. Sequencing was conducted with the big-dye yystem
{Applied Biosystens, Wamngton, UK) usmg dawnstream
pruners for IL-13 and IL-1IRx] and the image was visualzed m
the commercial POP-6 gel using an autometed sequencer (ABI
Prism 310 Genetic Analyser)

Serum IL 13 assay

Serum IL-13 was immuncassayed 1n the Mitsubnsiv Kagajos BCL
aboraiones by means of & commercial kit (19) To limut curcadan
varation In c praduction, blood samples were obtuned
between 0900 and 1000 h The mummal detectable level was

3 | pg/ml

Genotyping

DNA sampies were extracted using the IsoQuick kat (Microprobe,
Garden Grove, IL). For genotyping Ginl10Arg of IL-13 FCR
primers were: 5° TGG COT TCT ACT CACGTGCT 3 and 5
TTT CGA AGT TTC AGT AGT AC-3' (underiined bases were
nulaled 10 incarporte 2 restricuon nee). Amplified products were
digested with Sorl st 25°C, For genotyping IL-13Ral pnmen
were: 5 TCA TG ATG GAG ATA ATT TA-3 and 3 TGA
GCT GCC TGT TTA TAA AT 3 Amplification prodicts were
digested with Msel Genaypng lle50Val and Arg551Gin of the
IL-4Rax (16) —590C/T promoter of the 1L-4 (41) wes as described
clsewhere.

Computer modelling

To assess the effect of neplacement st posibon 1 10 on the itzmal
consuution of 1L-13 ligand the modelling was conducted usng
e Homology module of the grepinc program Inwgin 98
(Biosym, 1998)on o Silicon Graphuic OCTANE workatstion The
co-ordmate of 2.25 A crysal structure of IL-4 (Protein Duts Bank
accesuon no. Irchb) wan used as a template for homology
modelling of IL-13 The Ginl 10Arg vartant of the I..-13 was buik
up using the Biopolymer module an the basis of IL-13 model
structure. The two complete sructures were further mammized by
hesting to 300 K equihbreuon for 1 ps 200 steps of seepest
gadent mumznon and 10 000 steps of conjugee gradient
ruumuEation ta opamize the hydrogen bands, 1on pexy and
hydrophobic interactions. The muumzahon was performed by
the Duscover 3 program with the CVFF forcefickd
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To wnvestigate mteracuon between Ligand and receptors, the
three-dimensional structures of IL-4Ra and TL-13Ral were
genemnted by apphicaton of restraint- and structure-based
bomology modelling techmques (42) The extracellular part of IL-
4R consisis of two cywkine receptor domamna. In conirest, IL-
13Ral has sn sddonal fibronectin type 171 dommn of iis N
ermunus. The sharter extaceliular sequence of IL-4Ra and
companson wrth the structures of the humen growth harmone
(hWGH) and tha EPOR (erythropoetin recepux) complexes
ncheate that, 11 the complex mcluding IL-4Rai TL-13 must bind
to dommns 2 and 3 of IL-13Raxl These two dommns also show
the cytolane recepror-specsfic cystane/tryptophan/proline patemn.
The structures of hGHR (43), EPOR (44) and gp] 30 (45) served
as templates for the modelling. The crystal structure of 1L-4 bound
to IL-4Rcx has been published recently (46), but the co-ondinates
have not been released yet However the informauon pven sbowt
loop conformanon resihe exposire and inler-protesn oremaLOR
was taken 1nm accoutt for modelling of IL-4Ra and the complex
For IL-13 an earirer was considered (47) The models
were refined by sl mimmuzation (5000 steps) short molecular
dynamucs (40 pe) and final mummzaton umng the Amber
forcefield Functional IL-13R 13 compased of IL-4Ra and IL-
13Raxl (1-3) Cument knowledge sbout the standard structures
of Class I cytolone receptor complexes sugges:s that there are two
faces on & cytnlnne wteracting with 118 Iwo recepior chains. One
face 1s made vp of remdues predominantly iocaied on helices A
and C of the cytniane and wteracts with one of the receptor chams,
‘The other face conmats of umuo acuds n the two long loops (Toops
AB md C1) and belix D of the cytokine. As it was oot known
whether the AC face of IL-13 mnteracts 1n the coraplex with IL-
13Rat] or IL-4Ra. two models were built In madel | the AC face
interacts with [L-4Rex (Fig. 2B and C), while imteracung with IL-
13Ret] 1n model 2 (Fig 2D and E).

Immunchistechemical asmy

Monoclonal antibodaes to human IL-13R! were established
using the extracellpinr dommn of IL-13Rct] ax nanpen One was
demgnated as UULS and u an [gG2a 1eotype. We immaunostained
human B cells, DND39 cells and human IL-13Ra | transfected
DND39 cells wath UULS It has been confirmed that DND39cells
do not express mRNA of human IL-13Rol The tranafectants
showed strong stuning, whereas parental cells did not give nse 1o
any mgnal These results confirmed that UU LS5 recognizes human
IL-13Ral specfically 1n immunohistochemuty Monoclonal
antbody 10 human [L-4Rax was purchased from Genzyme
(Cambndge MA). Fresh human hung tissues were obtamed and
embedded 1n pamffin from patients underpoing surgeyy informed
consent was obtziand. Asthmanc speamani were obtained from
autnpsy lungs. The sectuons were probed with UULS by the
alkaline phosphatase method Specificity of signal was confirmed
by demonstranon thet; (1) the mgnal was nct chowed by the
treatrnent without the pnmary antibody and (1) adding excess IL-
13Rxl or IL4Ra tn the reaction dunimshed the mgnal.

Statistics

Conungency table analyms, ORs 95% Cls and mgmficance
values wese caleulated by computenzed methods (SPSS program
v8) If the number 1q the colwan was <10, Fisher & sxact method
was used. Probanluy values were corrected for muluple
companson by mutuplying the P values by the wumber of loct

%
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compared (Bonferrom comecuon) ANOVA and muluvanale
analyses were also porformed using this progmm two- three-,
four and five-way step nterachions were tested. Linkage
disequilibrium was calculmed as described (48)

Sequence duinbase

Soquences used here for madelling were danved from the databsse
a DDBJEMBL/GenBank 1L-13 (acceasion nos U10307 LOG8O0L

L13029), IL-4 (M23442), IL4Rox (X52425), IL-13Ra] (UG2858),
IL-13Ro2 (X95302), EPOR (M34986, M60459) OHR (M28466),
gp130 (M57230). Note that numbenngs in this text 13 on the bass of
mature pephides  Protean mumbermg 18 based on the

(hitp=/fwrwrw peymx.coukicytwebitargeta/index html ).
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LA SECRETARIA GENERAL AD-HOC
HACE SABER

Que esta Superintandancia profind Resolucién No 12322 de 30-ABR-2007 Que el contenido de la parte resolutiva es como sigue E)
Superintendents de Indusiria y Comercio

RESUELVE

ARTICULO PRIMERO Negar el priviegio de patente ds invencién para la sofickud
correspondiants a8 “VACUNA que entd en necional en virlud dal Treisdo de
Cooperacidn en Materia de Patentes (PCT).

ARTICULO SEGUNDO mmmmdmmhmmw
4 Ia doctora Alicla Lioreda Ricaurte o a quien haga sus veces, en su calkdad de
representants legal de Glaxo Group Limiad  entgéndole copla de la misma, advirtidndole
qua contra olla proceds el recurso de reposicidn interpuesio ante & Superintendente do
industria y Comercio al momento ds la notificacién o dentro de los 5 dias hdbilsa siguienios
adla

NOTIFIQUESE Y CUMPLASE
Dada en Bogotd D.C. alos .Sﬂm on

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
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Para notificar a los Interesados se fila o E on luger vislble al piblico en la SUPERINTE IA JDE INDUSTRIA Y
COMERCIO por o término de (10) diez dias & partir de las 8 00 a.m de hoy

Secretaria General Ad-Hoc 15-MAY-2007, Este edicio se desflja hoy 20-MAY-2007 a las 4 30 p
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