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Calcr, a brain-specific imprinted mouse calcitonin receptor gene
in the imprinted cluster of the proximal region of chromosome 6
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Abstract Expressed sequence tags (ESTs) in the human
chromosome 7q21-q31 region were recently used to
screen for allelic expression bias in monochromosomal
hybrids retaining a paternal or maternal human chro-
mosome 7. Six candidate imprinted genes were identi-
fied. In this study, we investigated parent-of-origin-
specific expression profiles of their mouse homologues in
the proximal region of chromosome 6. An imprinting
analysis, using F1 mice from reciprocal crosses between
the B6 and JF strains, demonstrated that the mouse
calcitonin receptor gene (Calcr) was expressed prefer-
entially from the maternal allele in brain, whereas no
allelic bias was detected in other tissues. Our results in-
dicate that Calcr is imprinted in a tissue-specific manner,
with a predominant expression from the maternal allele
in the brain.

Keywords Genomic imprinting Æ Parent-of-origin-
specific expression Æ Tissue-specific Æ Calcitonin
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Introduction

Genomic imprinting is an epigenetic mechanism in
mammals, which leads to non-equivalent expression
from the maternal and paternal genomes. Approxi-
mately 40 imprinted genes have been identified that may
play an important role in the early development, and
disrupted imprinting manifests as disorders involving
developmental abnormalities, congenital diseases,

malignant tumors and abnormal behavior (Tilghman
1999; Reik and Walter 2001). Most imprinted genes are
clustered in chromosomal domains, which is utilized for
systematic screening of novel imprinted genes. To de-
velop an in vitro assay system for the investigation of
imprinted loci in humans, we have previously estab-
lished the human monochromosomal hybrids that con-
tain a human chromosome of defined parental origin,
via microcell-mediated chromosome transfer (Kugoh
et al. 1999; Inoue et al. 2001). This in vitro assay system
led to the identification of novel imprinted genes by
screening for ESTs that show parent-of-origin-specific
expression profiles within the well-documented im-
printing clusters (Mitsuya et al. 1999; Meguro et al.
2001). Using hybrids with a paternal or maternal human
chromosome 7, we have recently determined the allelic
expression profiles of 76 ESTs mapped to human chro-
mosome 7q21-q31. Seven genes/transcripts including
PEG10 that was previously reported to be imprinted,
were identified as candidate imprinted genes and one
candidate, DLX5, was confirmed to be expressed pref-
erentially from the maternal allele in normal human
lymphoblasts (Okita et al. 2003). In this study, we in-
vestigated the allelic expression profiles of the mouse
genes homologous to the human transcripts that showed
parent-of-origin-specific expression in monochromoso-
mal hybrids, using normal tissues from the reciprocal F1
crosses of B6 and JF mice. We demonstrated here
that the mouse calcitonin receptor gene (Calcr) was
imprinted specifically in the brain, with predominant
expression of the maternal allele.

Materials and methods

Mouse homologues of the selected human genes were identified
using the UniGene and BLAST programs on the NCBI server
(http://www.ncbi.nlm.nih.gov/). The mouse strains C57BL/6 J (B6)
and JF1 (JF) were used to screen for nucleotide polymorphisms.
Genomic DNA was amplified by PCR using primers which were
generated to sequence in the 5¢ or 3¢ untranslated regions of these
genes. PCR products were purified using a QIAquick column
(Qiagen, Chatsworth, CA) and directly sequenced from both
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directions using a Thermo Sequenase Cycle Sequencing Kit
(Amersham Biosciences, Piscataway, NJ) on a LI-COR DNA se-
quencer 4200 (LI-COR, Lincoln, NE). Total RNA was extracted
from adult and day-15.5 embryo tissues of (B6·JF)F1 and
(JF·B6)F1 using the single-step acid guanidinium isothiocyanate
procedure. RNA was treated with RNase-free DNase I (Wako
Nippon Gene, Tokyo, Japan) before the reverse transcription re-
action. First strand cDNA synthesis was carried out with an oligo
(dT)15 primer (Roche Diagnostics Corporation, Indianapolis, IN)
and with or without M-MLV reverse transcriptase (Invitrogen
Corp, Carlsbad, CA). For expression analysis of Calcr, the fol-
lowing oligonucleotides were used: 5¢-AGCAACTGTGG-
ACCTTGGAT-3¢ and 5¢-GCGTTTCCCACAATTTAGGT-3¢.
The cDNA template was amplified by PCR with Taq polymerase
(Roche Molecular Systems, Branchburg, NJ). PCR products were
digested with MnlI (New England Biolabs, Beverly, MA).

Results and discussion

Six human genes/transcripts were identified as candi-
date imprinted genes by screening for ESTs which were
located on the human chromosome 7q21-q31 region
using mouse A9 hybrids retaining a single paternal or
maternal human chromosome 7. Mouse homologues
were identified for four of these candidates, by
searching the GeneBank database. All mapped to
proximal mouse chromosome 6, which is the syntenic
region to the human chromosome 7q21-q31 imprinted
cluster (Fig. 1). To investigate their allelic expression
profiles, we sought to identify transcribed sequence
polymorphisms between B6 and JF mice. Direct
sequencing of PCR products that were amplified from
the 5¢ or 3¢ untranslated regions (UTR) of these genes
identified a single nucleotide polymorphism (SNP) in
the 3¢ UTR of the Calcr gene. SNPs were not identified
in the remaining three candidates. The SNP of Calcr
produced an MnlI restriction site on the JF allele but
not on the B6 allele. Calcr expression was detected by
RT-PCR at high levels in adult brain, lung and kidney
and a lower level in muscle, and was also detected in
day-15.5 whole embryo and brain tissues (Fig. 2). We
performed the restriction analysis on PCR products
from these tissues. In the (JF·B6)F1 adult mouse,
Calcr transcripts were derived preferentially from the
maternal JF allele in the brain, whereas Calcr showed
no allelic bias in other tissues (Fig. 3). Likewise,
predominantly maternal expression was observed only
in the adult brain tissue from (B6·JF)F1 mice (Fig. 3).
This maternal expression of Calcr was confirmed also
in day-15.5 embryo brain tissue (Fig. 3). Hence, we
conclude that mouse Calcr is imprinted and expressed
preferentially from the maternal allele only in the brain
and expressed biallelically in other tissues.

Expression of human CALCR was detected in A9 hy-
brids with a maternal human chromosome 7 (Okita et al.
2003). Despite the repetition of RT-PCR, mouse Calcr
expression was not detected in adult fibroblasts. In the
previous study, PEG3was paternally expressed in human
brain, but not detected in human fibroblasts (Maegawa
et al. 2001).However, expression ofPEG3was detected by
RT-PCR inmouseA9 hybrids containing a paternal allele

of human chromosome 19 derived from fibroblasts.
DLX5wasmaternally expressed inmouseA9 hybrids, but
not detected in human fibroblasts (Okita et al. 2003). The
reason of this phenomenon is unclear. However, it is
possible that the expression was enhanced in mouse A9
cells, uncovering the allelic bias. Thus, mouse A9 cells are

Fig. 1 Imprinted genes on mouse chromosome 6. Paternally (P) or
maternally (M) expressed genes were previously identified in
mouse. Asterisks show four mouse homologues of the differentially
expressed transcripts identified as candidate imprinted genes by
screening of human monochromosomal hybrids. The candidate
genes were expressed only from a maternal (m) or a paternal (p)
chromosome in A9 hybrids

Fig. 2 Tissue-specific expression of Calcr. Total RNA from adult
mouse brain, thymus, heart, lung, liver, intestine, spleen, pancreas,
kidney, and muscle and day-15.5 (E15.5) whole embryo and brain
were analyzed by RT-PCR using Calcr specific primers. Glyceral-
dehyde-3-phosphate dehydrogenase (Gapdh) was used as a control.
The PCR cycle numbers used were 35 and 32 for Calcr and Gapdh,
respectively. The expected PCR product size is shown on the right
of each panel
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useful for detecting novel imprinting genes even if they are
tissue-specific.

The proximal region of mouse chromosome 6 that
has a syntenic homology to the human chromosome
7q21-q31 region was presented as a new imprinted
cluster. Four imprinted genes have previously been iso-
lated from this region in human and mouse (Piras et al.
2000; Ono et al. 2001; Mizuno et al. 2002; Okita et al.
2003). Calcr was localized close to these genes, indicat-
ing that it was a new member of this imprinted cluster
(Fig. 1). Calcr was classified as a member of the seven
transmembrane domain G protein-coupled receptor
superfamily. Calcitonin, a 32-amino-acid peptide hor-
mone, binds to Calcr and regulates Ca2+ concentrations
by inhibiting osteoclastic bone reabsorption and
increasing Ca2+ excretion from the kidney (Pondel
2000). Calcr has been demonstrated in a variety of tis-
sues not directly involved in the regulation of Ca2+

homeostasis. Especially, expression of Calcr has been
observed in the brain, suggesting that it has distinct
functions also in the central nervous system (CNS)
(Fischer et al. 1981). In the CNS, calcitonin is thought to
enhance the secretion of anterior pituitary hormones
and inhibit appetite and gastric acid secretion (Pondel
2000). Recently, Nakamoto et al. reported that calcito-
nin acts to produce antinociceptive effects in mice
(Nakamoto et al. 1999). They also demonstrated that
Calcr was expressed in various brain regions that are
known to play important roles in pain modulation, and
was expressed intensely in serotonergic pathways during
the analgesic effects of calcitonin (Nakamoto et al.
2000). Interestingly, biochemical abnormalities in the
serotonin system have been associated with autistic
disorders (Andres 2002). The long arm of human chro-
mosome 7 is the locus that is linked to autism (Lamb
et al. 2000). In addition, an autistic disorder family with
inversion in the chromosome 7 candidate region showed
a parent-of-origin-specific effect (Ashley-Koch et al.
1999). Therefore, it is possible that the brain-specific

imprinting of Calcr may be involved in pain modulation
or in etiologies of autism. The Calcr cDNA cloning
studies have revealed the existence of multiple isoforms
derived from alternative splicing of transcripts (Yamin
et al. 1994; Anusaksathien et al. 2001). These isoforms
are functionally distinct and are likely to be tissue- or
species-specific. The tissue-specific imprinted expression
of Calcr may be regulated in an isoform-specific manner
by utilization of an alternate promoter. The generation
of targeted mutations in mice could enable the analysis
of the role and mechanisms of the regulation of brain-
specific imprinting of Calcr in the CNS.
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