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Ciliary neurotrophic factor (CNTF) has recently 
been found to share receptor components with, and to 
be structurally related to, a family of broadly acting 
cytokines, including interleukin-6, leukemia inhibi- 
tory factor, and oncostatin M. However, the CNTF re- 
ceptor complex also includes a CNTF-specific compo- 
nent known as CNTF receptor (Y (CNTFRcU). Here we 
describe the molecular cloning of the human and 
mouse genes encoding CNTFR. We report that the hu- 
man and mouse genes have an identical intron-exon 
structure that correlates well with the domain struc- 
ture of CNTFRcU. That is, the signal peptide and the 
immunoglobulin-like domain are each encoded by sin- 
gle exons, the cytokine receptor-like domain is distrib- 
uted among 4 exons, and the C-terminal glycosyl phos- 
phatidylinositol recognition domain is encoded by the 
final coding exon. The position of the introns within 
the cytokine receptor-like domain corresponds to 
those found in other members of the cytokine receptor 
superfamily. Confirming a recent study using radia- 
tion hybrids, we have also mapped the human CNTFR 
gene to chromosome band 9p13 and the mouse gene to 
a syntenic region of chromosome 4. 0 1995 Academic 
Press, Inc. 

INTRODUCTION 

Ciliary neurotrophic factor (CNTF) was initially dis- 
covered, and named, for its ability to maintain the sur- 
vival of neurons isolated from the ciliary ganglion of 
embryonic chicks (Adler et al., 1979). CNTF is now 
known to have a variety of additional actions, most of 
which are limited to cells of the nervous system (Ip et 
al., 1992). CNTF utilizes a three-component receptor 

Sequence data from this article have been deposited with the 
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complex to mediate these actions (Stahl and Yanco- 
poulos, 1993). Despite the fact that these actions are 
largely limited to cells of the nervous system, CNTF 
shares two of its receptor components with (Davis et 
al., 1993a; Ip et al., 1992; Stahl and Yancopoulos, 1993) 
and is structurally related to (Bazan, 1991), a family 
of broadly acting cytokines that includes interleukin-6 
(IL-6), leukemia inhibitory factor (LIF), and oncostatin 
M (OSM). In addition to the shared receptor compo- 
nents, CNTF also requires a third receptor component 
known as CNTF receptor (Y (CNTFRa) (Davis et al., 
1991; Stahl and Yancopoulos, 1993). CNTFRCX is almost 
exclusively expressed by cells in the nervous system, 
largely limiting CNTF actions to these cells (Davis et 
al., 1991; Ip et al., 1993; Stahl and Yancopoulos, 1993). 
Thus, CNTFRa is the one CNTF receptor component 
that uniquely identifies cells responsive to CNTF. In- 
terestingly, IL-6 also requires a specific cx receptor com- 
ponent (ILGRCU) that similarly defines cells responsive 
to IL-6 (Kishimoto et al., 1992). CNTFRCX and IL6Ra 
are structurally related, and each contains an initial 
immunoglobulin-like domain followed by a cytokine re- 
ceptor-like domain (Davis et al., 1991). While IL6Ra is 
a transmembrane protein containing a small intracy- 
toplasmic domain (Kishimoto et al., 19921, CNTFRa is 
linked to the surface by a glycosylphosphatidylinositol 
(GPI) linkage (Davis et al., 1991). Remarkably, neither 
IL6Ra nor CNTFRry needs to be bound to the cell sur- 
face to mediate their actions-soluble forms of both 
proteins normally exist and are able to confer respon- 
siveness to the appropriate cytokine in cells lacking the 
cx components (Davis et al., 1993b; Kishimoto et al., 
1992). In fact, both ILGRcr and CNTFRCX are related to 
one of the two subunits of a heterodimeric cytokine, 
natural killer cell stimulatory factor (NKSF) or in- 
terleukin-12 (IL-121, whose other subunit resembles 
the cytokines themselves (Ip and Yancopoulos, 1992). 
These findings have led to the realization that CNTFRCK 
and IL6Ra simply serve to bind their cognate cytokines 
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initially and then allow them to interact with, and acti- 
vate, their signal transducing “/3” receptor components 
(Stahl and Yancopoulos, 1993). 

Here we have used cDNA probes to obtain genomic 
clones spanning the entire CNTFR gene in humans, 
which encompasses over 35 kb. We have identified, and 
partially or fully sequenced, 9 introns in this gene. A 
similar analysis of mouse genomic clones reveals an 
identical distribution of all introns. This distribution 
of introns divides the CNTFR gene into exons that cor- 
relate well with the domain structure of the CNTFR 
protein. We have used one of the human genomic clones 
to map the location of the human CNTFR gene to chro- 
mosome band 9p13, confirming a recent study using 
radiation hybrids (Donaldson et al., 1993). The chromo- 
somal position of the Cntfr gene was also mapped in 
mouse and found to be located on a syntenic region of 
chromosome 4. 

MATERIALS AND METHODS 

Genonic cloning. Three cDNA probes were used to isolate geno- 
mic clones spanning the human and mouse CNTFR genes. Probe 
5UT corresponded to the 5’ untranslated sequence (spanning nucleo- 
tides 154 to 248 of the human CNTFR cDNA as described by Davis 
et al., 1991). Probe A corresponded to the first half of the CNTFR 
coding region (spanning nucleotides 267 to 673 of the human 
CNTFRa cDNA as described by Davis et al., 1991) and probe B to 
the second half of the CNTFR coding region (spanning nucleotides 
866 to 1212 of the human CNTF cDNA as described by Davis et al., 
19911. Probe 5UT was used to isolate lambda phage clone h3, and 
probes A and B were used to isolate clones X1.1, X3.2, and h10.2. 
Fragments corresponding to all three probes were amplified from a 
plasmid containing the entire human CNTFR cDNA as a template, 
using a PCR kit (Perkin-Elmer) as recommended by the manufac- 
turers. The following primers were used for the amplification: probe 
A, 5’-GCTGCTCCTGTCCCGTG-3’ and 5’-ATGTAGGTGGGGGTG- 
GGC-3’; probe B, 5’-ATTGTGAAGCCTGATCCTC-3’ and 5’-CCG- 
CAGCCAGGGCCTCCG-3’; and probe 5UT, 5’-ACTCTAGCCTTG- 
TGACCT-3’ and 5’-CACACACCAAGCACATCA-3’. 

After amplification, the reactions were electrophoresed in agarose 
gels, and the agarose containing the appropriate fragments was ex- 
cised and used directly as template for subsequent radiolabeling re- 
actions. Radiolabeling was performed using a standard PCR reaction 
(Perkin-Elmer) on 15 ng of DNA template except that 5 nmol each 
of dATP, dGTP, and dTTP and 0.2 &!i of [cy-32P1dCTP (DuPont 3000 
Ci/mmol) were added to the reaction mixture and then subjected to 
7 cycles of PCR. Unincorporated label was separated from the probes 
on a G50 NICK column (Pharmacia). 

Library screening. A human placental genomic library (Clontech, 
Cat. No. HL1067J, average insert size 15 kb in the vector A EMBL- 
3) was plated according to manufacturer specifications in NM 538 
bacterial cells. Two million plaques were transferred to Magna nylon 
(Micron Separations, Inc.) filters and hybridized in phosphate buffer 
containing 0.5 M sodium phosphate, pH 7.2, 7% sodium dodecyl sul- 
fate (SDS), 1% crystalline BSA, 1 mM EDTA, 40 pg/ml denaturated 
salmon sperm DNA, and about 1 x lo6 cpmml of the various probes. 
After hybridization for 12 h at 6O”C, the filters were washed twice 
at room temperature in 2~ SSC (30 mM sodium citrate, 0.3 M NaCl), 
0.1% SDS and then at 55°C in 2~ SSC for 20 min and exposed to 
Kodak X-OMAT AR film. Positive plaques were isolated and purified 
by rescreening as above. Purified positive plaques were suspended 
in 500 pl SM (100 mM NaCl, 10 m&f MgS04 x 7Hz0, 50 mM Tris- 
HCl, pH 7.5, 0.01% gelatin). Two hundred fifty microliters of phage 
suspension was mixed with 1 ml saturated NM538 culture, incubated 
for 20 min at 37”C, and then inoculated into 250 ml LB containing 
10 mM MgS04, 0.2% maltose. The cultures were incubated until cell 
lysis (7-8 hl at 37°C. The phage lysates were used for phage DNA 

purification by the Qiagen (Charlestown, CA) procedure according 
to the manufacturer’s recommendations. About 50- 100 pg of phage 
DNA was obtained from 250 ml of cultures. 

Similarly, a BALB/c mouse liver genomic DNA library (Clontech 
Cat. No. ML1030J, average insert size 15 kb in the vector A EMBL- 
31 was plated and hybridized to probes A and B to obtain mouse 
Cntfr genomic clones. 

Zntron mapping. The positions of the introns in the CNTFR gene 
was determined by direct DNA sequencing of the genomic A phages 
using the ABI 373 DNA sequencer (Applied Biosystems, Inc., Foster 
City, CA). One microgram of phage DNA was sequenced using the 
Tuq DyeDeoxy Terminator Cycle Sequencing kit (Applied Biosystems) 
according to the manufacturer’s procedures. Sequencing primers were 
based on the human CNTFR cDNA sequence. The approximate 
lengths of introns longer than 1.5 kb were determined by a combina- 
tion of direct DNA sequencing, PCR, restriction analysis, and South- 
ern blot hybridizations essentially as described (Sambrook et al., 
1989). Partial sequence of intron I was determined by manual se- 
quencing. The CNTFR sequences have been submitted to GenBank. 

Fluorescence in situ chromosomal hybridization. Human meta- 
phase cells were prepared from phytohemagglutinin-stimulated 
blood lymphocytes. Clone A3.2 (Fig. 1) was used to prepare a fluores- 
cence-labeled CNTFR probe. The procedure used for fluorescence in 
situ hybridization is a modification (Rowley et al., 1990) of the method 
described by Lichter et al., (1988). Biotin-labeled probes were pre- 
pared by nick-translation using biotin-11-dUTP (Enzo Diagnostics). 
Hybridization was detected with fluorescein isothiocyanate (FITC)- 
conjugated avidin (Vector Laboratories), and chromosomes were 
identified by staining with 4,6-diamidino-2-phenylindole-dihydro- 
chloride (DAPI). 

Interspecific backcross mapping. Interspecific backcross progeny 
was generated by mating (C57BL/6J x Mus spretus) Fl females and 
C57BL!6J males (Copeland and Jenkins, 1991). A total of 205 N2 
progeny were obtained; a random subset of these N2 mice were used 
to map the Cntfr locus (see text for details). DNA isolation, restriction 
enzyme digestion, agarose gel electrophoresis, and Southern blot 
transfer were performed essentially as described (Jenkins et al., 
1982). All blots were prepared with Zetabind nylon membrane (AMF- 
Cuno) and then hybridized to a rat Cntfr probe. This probe was 
prepared from a 1.5-kb EcoRI fragment of the rat CNTFRcv cDNA 
isolated from an adult rat brain cDNA library (Ip et al., 1993) and 
radiolabeled with [a-32P1dCTP using a nick-translation labeling kit 
(Boehringer Mannheim). Washing was performed to a final strin- 
gency of 0.2~ SSPE (IX SSPE = 10 m&f sodium phosphate, pH 7.0, 
180 mM NaCl, and 1 mM EDTA), 0.1% SDS, 65°C. Fragments of 8.0, 
4.7, 3.6, and 1 kb were detected in SphI-digested C57BL/6J DNA, 
and fragments of 8.0, 5.5, 4.2, and 3.6 kb were detected in SphI- 
digested M. spretus DNA. The invariant 8.0-kb fragment and the 
5.5-kb M. spretus-specific SphI fragment were very light in intensity 
and not visible in all samples. When present, the 5.5-kb fragment 
cosegregated with the 4.2-kb M. spretus-specific RFLP. A description 
of the probes and RFLPs for the Yamaguchi sarcoma viral (u-yes-I)- 
related oncogene homologue (Lyn), Moloney murine sarcoma viral 
(u-mos) oncogene homologue (Mos), glycoprotein hormone a polypep- 
tide (Cgu, formerly known as Tsha), major urinary protein 1 (Mupl), 
and hexabrachion (also known as tenacin, Hxb) loci has been reported 
previously (Ceci et al., 1989; Yokohama et al., 1993). Recombination 
distances were calculated as described (Green, 1981) using the com- 
puter program Spretus Madness. Gene order was determined by min- 
imizing the number of recombination events required to explain the 
allele distribution patterns. 

RESULTS 

Genomic Organization of Human and Mouse 
CNTFRa Genes 

By screening a human placental genomic DNA li- 
brary with the various CNTFRa cDNA probes de- 
scribed under Materials and Methods, we obtained four 
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L hCNTFR (9aa)CRSNTYPKGSYCSW(17aa)I('laa)C( 9aa)C(3laa)FDEFTIlVKPKDPENWARPVPSNPRRLEVTW(3Oaa)I (22aa)VAAK---DNEIGTWSDWS(22aa) 
mIL4R (lOaa)CFSDY-IRTSTC~(25aa)I(3aa)C(llaa)C(28aa)FSPSGNIVKPLAPDNLTLHTNV--SDEWLLTPP(28aa) I (29aa)VRVRS--QILTGTWSEWS(41aa) 
mEPOR (13aa)CFTQR-LEDLVCFPr(l9aa)l(6aa)C(15aa)C(29aa)IHINEVlVLLDAPAGLLAEE-GSHWLRPP(29aa)I (24~) VRARMAEPSFSGFWSAWS(9aa) 
hGRHR (lOaa)CRSPE-RETFSCHW(23aa)I(9aa)C(10aa)C(27aa)FSVDEIIVQPDPPIALNWTLL~~IQ~W(Z6aa)I(28aa)VRSKQR---NSGNYGEFS(l4aa) 
hTFR (llaa)WKST--NFKTILEW(l4aa)I(9aa)C( 6aa)C(43aa)FTPYLEITNLGQPTIQSFEQV---GTKVNVTV (38aa)I(23aa)VQAVIPSR-TVNRKSTDS(14aa) 

FIG. 1. Structure of the human and mouse CNTFR gene. (A) The mouse genomic clones XmL4.1 and AmIIIA.8 and human genomic 
clones X3, -1.1, -3.2, and -10.2 of the CNTFR are shown relative to each other. The positions of the exons are marked by vertical bars. 
(B) The long horizontal bar represents the human CNTFRol cDNA. Boxes labeled 1 to 10 correspond to exons 1 to 10, and introns are 
indicated by roman numerals (see Fig. 2); shaded boxes indicate untranslated exons, and boxes indicating positions of the 5UT, A, and B 
probes are depicted. The up-pointing arrows indicate the correspondence between exons in the lambda clones and the CNTFRol cDNA, 
while the down-pointing arrows indicate the correspondence between intron positions in the cDNA and the sequence of other cytokine 
receptors. (C) The intron positions (indicated by the arrow tips) in the amino acid sequence of the cytokine receptor-like domains of the 
human CNTFRo (hCNTF21, the mouse interleukin-4 receptor (mIL4R1, the mouse erythopoietin receptor (mEPOR1, the human growth 
hormone receptor (hGRHR), and the human tissue factor receptor (hTFR) are indicated. Boldface letters indicate highly conserved residues. 

human genomic clones spanning the entire CNTFh 
cDNA (Fig. 1A). Clone X3 was obtained with the 5UT 
probe corresponding to the 5’ untranslated region of 
the cDNA, clone Al. 1 hybridized only to probe A, which 
comprised the first half of the coding region, while clone 
X10.2 hybridized only to probe B, which comprised the 
second half of the coding region; clone X3.2 hybridized 
to both probes A and B (Fig. 1A). These clones were 
analyzed by direct DNA sequencing to determine the 
presence and position of introns. Using this technique, 
we were able to identify 9 introns (designated I to IX) 
in the human CNTFR gene (Figs. 1 and 2). Introns V, 
VI, VIII, and IX were fully sequenced. Introns I, II, 
III, and VII were partially sequenced and their lengths 
estimated by a combination of restriction enzyme diges- 
tion, PCR analysis, and oligonucleotide hybridization 
on Southern blots (data not shown). Based on these 
analyses, we estimate that the human CNTFR gene 
spans a region of at least 35 kb (see Fig. 2). 

We also obtained genomic clones for the mouse Cntfr 
gene, as described under Materials and Methods. Two 
clones, XmIA.1 and AmIIIA.8, that hybridized to the A 
and B probes were obtained (Fig. 1A); clones hybridiz- 
ing to the 5UT probe were not isolated. Using analyses 
similar to those described above for the human gene, 

we found 8 introns in the mouse gene inserted in posi- 
tions corresponding exactly to introns II to IX of the 
human gene. Thus, clone hmIA.1 contains exons 3 to 
7, and clone XmIIIA.8 contains exons 5 to 10 of the 
mouse Cntfr gene. 

Chromosomal Localization of the Human CNTFR 
Gene 

To determine the chromosomal localization of the hu- 
man CNTFR gene, we performed fluorescence in situ 
hybridization to normal human metaphase chromo- 
somes using a biotin-labeled human CNTFR probe de- 
rived from the X3.2 genomic clone. Hybridization with 
the CNTFR probe resulted in specific labeling only of 
chromosome 9 (Fig. 3). Specific labeling of 9p13 was 
observed on one (0 cells), two (2 cells), three (7 cells), 
or all four (16 cells) chromatids of the chromosome 9 
homologues in 25 cells examined. Similar results were 
obtained in two additional hybridization experiments 
using this probe as well as a probe derived from human 
genomic clone X1.1. Thus, in agreement with recently 
published data using radiation hybrids (Donaldson et 
al., 1993), the CNTFR gene is localized to chromosome 
9p13. 
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GCGGCOGCAGCGGAGGCOGCG~TCCAOCCOOCOCOOCOCCGGC 
GGGCGGTGCTAGCTCCGCOCTCCCTOCCTCOCTCGCTOCCGGCG 

-112[Intron I -8 
CGAAGCCCGGGTGGCCCGAGGGCGCGlgtgagt~CCtgCggCggagt..l>5.0 kb)..tgt 

c mtron 11 
accctttgcccatctaglACTCTAGCCTTOTCACCTCATCTTOCCCCCTTGGT~TGG~GTC 
CTGAAGAGTTGGTCTGGAGGAGGAGGACATTGATGTO 
-l[Intron II -_) + rntron 111 

GAG[gtaggntg"~ggggnccagt..(zS.O kb)..cccccBccccggtttctcccaaca(ll 
ATG GCT GCT CCT GTC CC0 TOG GCC TGC TGT GCT GTG CTT GCC GCC GCC 
M A A P V P" A C C A V L A A A 

SS[Intron III -+ 
GCC GCA GTT GTC TAC GCC CAG AGA CAC AGT CCA CA0 GIgtgagcgtcacgg 
AAVVYAQRHSPQ 

c mtron III1 
gdgCCgCCtgCt..l4.2kb)..gaccctgtgcccCcaccccccacaglAG GCA CCC CAT 

E A P H 
GTG CAG TAC GAG CGC CTG GGC TCT GAC GTG ACA CTG CCA TOT GGG ACA 
" Q Y E R L G S D V T L P C G T 

GCA AAC TOG OAT GCT GCG GTG AC0 TOO CGG GTA AAT GGG ACA GAC CTG 
ANWDAAVTWRVNCTDL 

GCC CCT GAC CTG CTC MC GGC TCT CAG CTG GTG CTC CAT GGC CTG GAA 
APDLLNGSQLVLHGLE 

CTG GGC CAC AGT GGC CTC TAC GCC TGC TTC CAC CGT GAC TCC TGG CAC 
LGHSGLYACPHRDSW" 

319[1ntr0n IV + 
CT0 CGC CAC CAA GTC CTG CTG CAT GTG GGC T[gtgagtgttgcccccacccct 
L R H Q V L L H V G 

+ Intro* IV1 
Catc..~>13kbJ..ctgaCcatactgtcctcLCCCCCCagl~ CC0 CC0 COG GAG CCT 

L P P R E P 
GTG CTC AGC TGC CGC TCC AX ACT TAC CCC AAG GGC TTC TAC TGC AGC 
VLSCRSNTYPKGFYCS 

TGG CAT CTG CCC ACC CCC ACC TAC ATT CCC AAC ACC TTC AAT GTG ACT 
WHLPTPTYIPNTFNVT 

43SlInteon v + 
GTG CTG[gtgaggagctgcgcctgtgaggggggtggagccgtgacctgtgacctctccccga 
v L 
tCCC~CCBCg~tgCECtCtgt~g~t~~~=~~g=~=tg~~ttggg~ttg*=~tt 

+ 
tCCtCBLCCtCtgCCCCICCtg~~~~ttglt0ttcgtaac~gtg~~tgggt~t~~~~t~ 
Intrmvl 
tccccaglCAT GGC TCC AM AT-T ATG GTC TGT GAG AAG GAC CCA GCC CTC 

HGSKIMVCEKDPAL 
MG AAC CGC TGC CAC ATT CGC TAC An: CAC CTG TTC TCC ACC ATC AAG 
KNRCHIRYIHLFSTIK 

TAC AAG GTC TCC ATA AGT OTC AGC AAT GCC CTG GGC CAC AAT GCC ACA 
YKVSISVSNALGHNAT 

604[Intron VI + 
GCT ATC ACC TTT GAC GAG TTC ACC ATT Glgtacgtgtggcggttgggggggacc 
A I T F D E F T I 

-201 
-138 

-61 
-4 

48 

96 

144 

192 

240 

288 

336 

384 

432 

480 

528 

575 

agtgt.?.gtaatgaagctatgtctcctgaacaglTG MO CCT OAT CCT CCA GAA 
VKPDPPE 

AAT GTG GTA GCC CGG CCA GTG CCC AGC MC CCT CGC COG CM GAG GTG 
NVVARPVPSNPRRLBV 

ACG TGG CAD ACC CCC TCG ACC TOG CCT GAC CCT GAG TCT 'XT CCT CTC 
T W Q T P S T W P D P E S F P L 

AA0 TTC TTT CTG CGC TAC CGA CCC CTC ATC CTG GAC CAG TGG CAG CAT 

&trFon &* : 
R Y R P L I L D Q" Q Ii> 

+ Intro" VII] 
[gtgagtgccctgcccggccaasatc..l3.3kbl..cccccaccccatggtctggctgcagl 
GTG GAG CTG TCC GAC GGC ACA GCA CAC ACC ATC ACA OAT GCC TAC GCC 
VELSDGTAHTITDAYA 

GGG AAG GAG TAC ATT ATC CAG GTG GCA GCC AA0 GAC AAT GAG ATT GGG 
GKEYIIQVAAKDNEIG 

ACA TGG MT GAC TGG AK- GTA GCC GCC CAC GCT ACG CCC TOO ACT GAG 
TWSDWSVAAHATPWTE 

949[1ntton VIII -I 
GM CCG CGA CAC CTC ACC AC0 GAG GCC CA0 GCl’ GCG Glgtgagcttgctcc 
EPRHLTTEAQAA 

CgCCCCtdCCtCCtggCtttgCfptCCtgt~~tgt~ 
CCtgCtgCCtCC~gCCtCtg~t~~~gggggt~g~~~~~=tt~tg=~tgt~tgt=~~~~t~=tg 
CCattCCtggtCCttgCt~tctggacatccttggtaggggtc~ttgggtgg~gg 
ggtt*tCtgtg~gCCttggg~~*C*gg~t~tg~Ctg~tggg*g~gg~~gt~~~~ 
gtCtgatgClggddgCagddtggt~tgt~t~~tg*g~~~C~~g~t=tgg~tggg 

c 1ntron VIII1 
aCCCdgcCCtggCcttgccctgagtttCccCcatgttccccag]AG ACC ACG ACC 

E T T T 

624 

672 

720 

769 

El6 

864 

912 

960 

AGC ACC ACC AGC TCC CTG GCA CCC CCA CCT ACC ACG MO ATC TOT GAC 1008 
STTSSLAPPPTTKICD 

CCT GGG GAG CTG GGC AGC GGC GGG GGA CCC TCG GCA CCC TTC TTG OTC 1056 
PGELGSGGGPSAPFLV 

AGC GTC CCC ATC ACT CTG GCC CTG GCT GCC GCT GCC GCC ACT GCC AGC 1004 
SVPITLALAAAAATAS 

1olSlIntron IX + 
AGTCTCTTGATCTG[gtaggttgagtgaggctgggtggcagagg 
s L L I * 

ccctpcctpfctMcagiAOCCCGGCACCCCATGAGGACAT~~AGCAC~GCAGAffiAGCA 1063 
GGAGGCCGGAGCTGAGCCTGCAGACCCCGGTTTCTATTTTGCACACOGGCAGGAGGACCTTTT 
GCATTCTCTTCAGACACMGTGGAGACCCCGGCGffiCCCGGGCCTGCCGCCCCCCAGCCC 
TGCCGCACCAAGCT 1303 

FIG. 2. CNTFR partial genomic sequence. The sequence of the human CNTFR gene is shown, with the exact positions of the introns 
indicated; partial or complete sequence of each intron is provided, as indicated. The numbers refer to the cDNA nucleotide sequence. 

Chromosomal Localization of the Mouse Cntfr Gene 

The mouse chromosomal location of the Cntfr locus 
was determined by interspecific backcross analysis us- 
ing progeny derived from mating of [(C57BL/6J x M. 
spretus)F1 X C57BL/6J] mice. This interspecific back- 
cross mapping has been typed for over 1600 loci that 
are well distributed among all of the autosomes as well 
as the X chromosome (Copeland and Jenkins, 1991). 
C57BU6J and M. spretus DNAs were digested with 
several enzymes and analyzed by Southern blot hybrid- 
ization for informative restriction fragment length 
polymorphism (RFLPs) using a rat CNTFRa probe (see 
Materials and Methods). The 4.2-kb M. spretus-specific 
Sph IRFLP (see Materials and Methods) was used to 
follow the segregation of the Cntfr locus in backcross 
mice. The mapping results indicated that Cntfr is lo- 
cated in the proximal region of mouse chromosome 4 
linked to Lyn, Mos, Cga, Mup-, and Hxb. Although 109 
mice were analyzed for every marker and are shown 
in the segregation analysis (Fig. 4), up to 122 mice were 
typed for some markers. Each locus was analyzed in 
pair-wise combinations for recombination frequencies 
using the additional data. The ratios of the total num- 
ber of mice exhibiting recombinant chromosomes to the 

total number of mice analyzed for each pair of loci and 
the most likely order are centromere-Lyn-0/122- 
Mos-g/122-Cga-2/111-Cntfr-15/111-Mupl-4/119- 
Hxb. The recombination frequencies (expressed as ge- 
netic distances in centimorgans + the standard error) 
are (Lyn, Mos)-7.4 I? 2.4-Cga-1.8 t 1.3-Cntfr-13.5 
+ 3.2-Mupl-3.4 5 1.6-Hxb. The fact that no recombi- 
nation between Lyn and Mos was observed in 122 mice 
typed in common suggests that the 2 loci are within 
2.4 CM (upper 95% confidence limit). 

DISCUSSION 

CNTFR Gene Structure 

We have determined the structure of the CNTFR 
gene in both humans and mice. In humans the CNTFR 
gene contains 10 exons separated by 9 introns, and it 
spans a minimum of 35 kb (Fig. 1A). The positions of 
the exons and introns appear to be well conserved in 
the mouse gene, and the exonic structure conforms well 
to the previously reported domain structure of 
CNTFRa. The first two exons contain the 5’ untrans- 
lated regions of the cDNA, while the third exon con- 
tains the signal peptide. The fourth exon contains the 



STRUCTURE OF THE CNTFR GENE 161 

FIG. 3. Position of the human CNTFR locus on chromosome 9. In situ hybridization of a biotin-labeled CNTFR probe to human metaphase 
cells from phytohemagglutinin-stimulated peripheral blood lymphocytes. (a) Counterstained with DAPI. The chromosome 9 homologues 
are identified with arrows; specific labeling was observed at 9p13. (b) Detection of the probe with FITC-conjugated avidin. (cl Partial 
karyotype of a chromosome 9 homologue illustrating specific labeling at 9p13 (arrowhead). 

immunoglobulin-like domain, and the fifth through 
eight exons encode the cytokine receptor-like domain; 
other cytokine receptor domains are similarly encoded 
by four exons (see below). The ninth exon encodes the 
hydrophobic GPI-recognition sequence at the end of the 
CNTFRCZ protein, while the tenth exon contains 3 ’ un- 
translated sequence. Intron IX is inserted between nu- 
cleotide positions 2 and 3 of the CNTFRa stop codon. 
Due to the presence of stop codons within intron IX, 
failure to splice out this intron would result in a protein 
containing one extra amino acid (tryptophan). The 
presence of an extra amino acid at the carboxyl end of 
CNTFRa! is likely to be of minor consequence, although 
it is possible that the extra amino acid may affect pro- 
cessing of the GPI linkage or its subcellular localiza- 
tion. It is also possible that alternative tenth exons are 
used, resulting in insertion of even more additional 
protein sequence at the carboxyl end of CNTFRa. 

Conservation of the Intron-Exon Structure of the 
Cytokine Receptor-like Domain 

The gene structures of four other receptors con- 
taining cytokine receptor-like (CRL) domains have 
been reported. These include the mouse erythropoietin 
receptor (Kuramochi et al., 19901, the mouse interleu- 
kin-4 receptor (Wrighton et al., 1991), the human 
growth hormone receptor (Godowski et al., 19891, and 
the tissue factor receptor (Mackman et al., 1989). Inter- 

estingly, the presence and positions of introns in the 
CRL domains of these genes precisely correspond to 
those that we define here for the CNTFR gene (introns 
IV to VIII, see Fig. lC), dividing the CRL domain into 
previously defined subdomains (Bazan, 1990). The CRL 
domains seem to consist of two fibronectin-like subdo- 
mains separated by a hinge region, with each subdo- 
main composed of seven conserved P-strands (Bazan, 
1990). We find that introns conveniently subdivide the 
CNTFRa CRL coding region in the same way as that 
previously noted for the introns in the growth hormone 
and tissue factor receptors (Bazan, 1990). Thus, the 
CRL domain is bordered by introns on either side and 
bisected by an intron in the hinge region subdividing 
the CRL domain into its fibronectin-like subdomains. 
Furthermore, each individual subdomain is further 
interrupted by an intron between the fourth and fifth 
p strands. In particular, the previously defined Cl- 
Xg.1,,-C2-X-C-W-XZs_32-C3-X10_15-C4 motif con- 
served among CRL domains is contained within the 
first fibronectin-like subdomain (Bazan, 19901, and the 
intron is contained within this subdomain, in all cases 
lying within a variable region of 26 to 32 unconserved 
amino acids that immediately follow a highly conserved 
tryptophan residue; interestingly, cysteines Cl and C2 
probably form a disulfide bond, as do cysteines C3 and 
C4. The intron within the hinge region that separates 
the two fibronectin-like subdomains is highly con- 
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FIG. 4. Position of the mouse Cntfr locus on chromosome 4. Cntfi 
was placed on mouse chromosome 4 by interspecific backcross analy- 
sis. (Top) The segregation patterns of Cntfr and flanking genes in 
109 backcross animals that were typed for all loci. For individual 
pairs of loci, more than 109 animals were typed (see text). Each 
column represents the chromosome identified in the backcross prog- 
eny that was inherited from the (C57BL6J x M. spretus)Fl parent. 
The black boxes represent the presence of a C57BL&l allele, and 
the white boxes represent the presence of a M. spretus allele. The 
number of offpring inheriting each type of chromosome is listed at 
the bottom of each column. (Bottom) A partial chromosome 4 linkage 
map showing the location of Cntfr in relation to linked genes. Recom- 
bination distances between loci in centimorgans are to the left of the 
chromosome, and the positions of loci in human chromosomes, where 
known, are to the right. References for the map positions of most 
human loci can be obtained from the GDB (Genome Data Base), a 
computerized database of human linkage information maintained 
by The William H. Welsh Medical Library of The Johns Hopkins 
University (Baltimore, MD). 

served, falling within the first position of the valine 
codon (GVTG) present in the motif VXXXXP for all 
the CRLs. The intron at the C-terminus of the second 
fibronectin-like subdomain is located between 9 and 
41 amino acids downstream of the highly conserved 
WSXWS motif. 

The striking conservation of the intron-exon struc- 
tures of the genes encoding for CRL domain structures 
is certainly consistent with the notion that they all 
evolved from a common ancestor and that they bind to 
their factors in similar ways (Bazan, 1990). Further- 
more, the additional exon encoding the Ig domain found 
in the CNTFR gene, which precedes the exons encoding 
for the CRL, is consistent with the notion that diversi- 

fication of receptors occurs by the addition or reshuf- 
fling of exons, which serve as building blocks (Bazan, 
1990). 

CNTFR Is Located on Chromosome Band 9~13 in 
Humans and on Chromosome 4 in Mice 

By using fluorescence in situ hybridization, we have 
localized the human CNTFR gene to chromosome 9p13. 
The mouse Cntfr locus has been assigned to a region 
of mouse chromosome 4 that shares homology with hu- 
man chromosomes 6, 8, and 9, the latter homology be- 
ing consistent with our assignment of the human gene 
to chromosome 9. We have compared our interspecific 
mouse backcross map of chromosome 4 with a recent 
composite mouse linkage map compiled by M. T. Davis- 
son, T. H. Roderick, A. L. Hillyard, and D. P. Doolitle 
and provided from GBASE, a computerized database 
maintained at The Jackson Laboratory (Bar Harbor, 
ME). These studies indicate that the two maps are gen- 
erally colinear and that Cntfr has been placed in a 
region that lacks mouse mutations with a phenotype 
consistent with an alteration in the Cntfr locus (data 
not shown). However, the cloning and structural char- 
acterization of the gene for Cntfr, as described here, 
has allowed the design of constructs that have recently 
been used to disrupt the Cntfr gene in mice (T. D. De- 
Chiara and G. D. Yancopoulos, in preparation), re- 
sulting in a dramatic phenotype that will surely allow 
better understanding of the role of this receptor and 
its ligand(s) in uiuo. 
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