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The LEC rat is an authentic model of human Wilson’s disease (WD) with an autosomal recessively
inherited hepatitis. We investigated linkage between the hepatitis gene (/£s5) and the rat retinoblas-
toma gene (RB), that is closely linked to the WI) gene in humans, to see whether or not the As gene
is located on the syntenic region of WD and is the counterpart of the WD gene. Pelymerase chain
reaction-single strand conformation polymorphism analysis with backcross progenies from LEC and
TM strains showed that the recombination rate between these two loci was 55.6%, demonstrating that
the Ats and RB genes are not linked to each other. These data indicate that the Azs gene is not the
counterpart of the WD gene and that the human syntenic region on which the WD locus and human

RB gene are located, is not conserved in the rat genome.
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The LEC rat was established as a mutant strain that
develops fulminant hepatitis and severe jaundice at
around 4 months of age.”} About half of the animals die
within a week after the onset of jaundice and in all sur-
vivors hepatocellular carcinoma spontaneously appears
after 12 to 18 months.” As biochemical features of
this rat model, it has been reported that copper accu-
mulates in the liver, and that there is a Jow level of
ceruloplasmin in the serum and a high level of copper in
the urine.>® These symptoms are quite similar to those
of Wilson’s disease (WD) which is also a recessively in-
herited disease controlled by a single gene.”® Because the
hepatitis in the LEC rat is also controlled by a single
autosomal recessive gene, named his,'? efforts have been
made to map this locus and to clarify the syntenic relation-
ship between Afs in the rat and WD in man. Bowcock et
al. reported that the WD locus is located in chromosomal
region 13ql4-q21, which is in the proximal region at 9.4
centimorgans distance from the red cell enzyme esterase
D (ESD) and at 4.4 centimorgans distance from the
retinoblastoma gene locus (RB).'" Because deficiency of
serum ceruloplasmin is a characteristic biochemical ab-
normality of WD, it is tempting to speculate that the
ceruloplasmin gene could be the gene responsible for WD
in humans and for hts in the LEC rat. However, the
human ceruloplasmin gene has been mapped to chromo-
some 3, but not chromosome 13, by somatic cell hybrid
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analysis and precisely to 3q25 by in situ hybridization,'?
indicating that the WD gene is not identical to the
ceruloplasmin gene. Recently, a genetic study also demon-
strated that the ceruloplasmin gene is not responsible for
the LEC phenotype (Ats gene) in the rat.'*! These results
lead us to speculate that the LEC rat could be an animal
model of human WD, and the Ats gene the rat counter-
part of the human WD gene. In the comparative map of
human, mouse and rat genomes, the syntenic region
of human chromosome 13 including the region of WD
is partially located on mouse chromosome 14 and rat
chromosome 15.°%'® In this study, we investigated ge-
netic linkage between the /s gene and the rat RB gene
and examined whether or not the Afs gene is located in the
rat syntenic region of WD to test this speculation,

A comparative map has been presented of the relative
locations of the RB and ESD genes located on chromo-
somes 13, 14, and 15 in the human, mouse' and rat,'*'®
respectively. From this map, the hts locus is presumed to
be located close to the RB gene on chromosome 15, if the
hts gene is the rat homologue to the human WD gene.
To detect the linkage of the RB gene to the hts locus,
polymerase chain reaction (PCR) was employed to am-
plify the rat RB gene using RB2957A and RB2957B
primers. However, because the PCR product of rat RB
from TM and LEC genomic DNA produced a single
band (123 bp) and did not show polymorphism, we tried
single strand conformation polymorphism (SSCP) elec-
trophoresis of PCR. products to distinguish the TM and
LEC alleles, resulting in the separation of these alleles, as
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Fig. 1. Comparison of the strain distribution pattern revealed by PCR-SSCP analysis in exon 27 at the retinoblastoma gene
between TM and LEC. lane a, LEC; lane b, TM; lenes 3—46, backeross progeny (hts phenotype). DNAs were extracted from
the livers of backcross progenies. To amplify the 3’ untranslated region of RB exon 27,"Y a set of primers, RB2957A
(5’ ATAAAATGTGCAGGTACAAGCT3’) and RB2957B (5 AATGGCATGATC TGCACAAGATT3'), was synthesized on a
DNA synthesizer (MilliGene/Biosearch). Amplification of the RB exon 27 sequence yields a 123 bp product. PCR-SSCP was
carried out as described by Orita er al?" with minor modifications. The target sequences in the RB gene were amplified by PCR
in 25 gl of solution containing 2.5 gl of PCR buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl;, 0.01% gelatin), 10
¢ M dATP, dGTP and dTTP respectively, 1 M dCTP, 1 1 of [a-*P]dCTP (6000 Ci/mmol, 10 mCi/ml, Amersham), 1 #M of
each primer, 0.1 gl of genomic sample DNA, and 0.125 unit of AmpliTag DNA polymerase (Perkin-Elmer Cetus). The reaction
was started by denaturing at 95°C for 5 min, and 35 reaction cycles were run in a Thermal Cycler (MJ Research). A single
cycle consisted of three reactions, i.e., denaturation at 94°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for 1
min, Then 3 pl of reaction mixture was mixed with 27 pl of formamide dye (959% formamide, 10 mM EDTA, 0.05%
bromphenol blue and 0.05% xylene cyanol), Samples were heated to 80°C for 5 min, and immediately applied to 10%
polyacrylamide gel without glycerol. Electrophoresis was performed at a constant power of 30 W for 6 h with the apparatus
enclosed by a water jacket circulating water at 10°C. The gel was dried on filter paper and exposed to X-ray film at —80°C for
3-12 h using an intensifying screen (Quantalll; DuPont).

shown in Fig. 1. We confirmed that multiple bands were
derived from a single band by SSCP analysis of the
PCR-product, which was eluted from a slice of gel con-
taining a single band. Then PCR-SSCP assay was applied
to 48 backcross progenies between LEC and TM for
linkage analysis. Independently, the phenotype of hts was
assayed by measurement of the serum ceruloplasmin
oxidase activity and histopathology using these backcross
progenies killed at 20-25 weeks of age. Eighteen pro-
genies showed low levels of enzyme activity and suffered
from fulminant hepatitis at about 4 months of age. The
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resulting strain distribution pattern of the RB gene re-
vealed by PCR-SSCP and the LEC phenotype are shown
in Table 1. The recombination rate between hts and rat
RB was 55.6%, indicating that Ats and RB genes are not
linked to each other (¥2=0.36, P>0.05). Although
it could be expected that the rat RB gene is linked to the
hts locus if the human WD gene is the counterpart of
the hits locus in the LEC rat under conditions in which
the synteny is conserved in rats and humans, the result
was contrary to our expectation, Possible explanations
are as follows. First, the hts gene as a counterpart of



Table I. Distribution of hts Phenotype and RB

Genetic Linkage of Rat RB and kts Loci

Number of backcross progenies
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T and L indicate inheritance of the TM allele and the LEC allele, respectively. The F1 progenies were obtained from
mating LEC and TM rats, and further backcross progenies of F1 and LEC homozygote were made to analyze segregation
or cosegregation between the RB gene and hts locus. The hts phenotype (hepatitis) was assayed by the measurement of the
serum level of ceruloplasmin'™ and histopathology using backeross progenies killed at 20 to 25 weeks of age. Statistical

comparisons were made by using the x? test.

human WD is located on a different chromosome or the
region on chromosome 15 is far from the RB gene. In
this case, the syntenic region would not be conserved in
humans and rats, different from the case in humans and
mice. Second, the ks gene is not the counterpart of the
WD gene.

The number of DNA markers known today is very
small in rats compared with humans and mice, especially
those on chromosome 15.'" Therefore, it is necessary to
find more markers and analyze the polymorphism. In the
case of the RB locus, it was difficult to find polymorphism
among rat strains, because polymorphisms are usually
rare in exons but frequent in introns. However, SSCP
analysis has made it possible to detect even one nucleo-
tide substitution. Alternatively, restriction landmark
genomic scanning (RLGS) is expected to be able to
identify a large number of landmarks,'®
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