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ABSTRACT Two alleles of the calcitonin receptor gene exist: a base mutation T->C in the third intracellular C-
terminal domain changes a proline (CCG)  to a leucine (CTG). The Codon 447  polymorphism of CTR gene was
studied in 9 normal unrelated individuals from South India. The genomic DNA was isolated, CTR gene was amplified
and the PCR products were subjected to restriction digestion. We have found that the C/T alleles show a 33.33%
indicating that the individuals are protected against calcium related disorders.

INTRODUCTION

Calcitonin is a 32 amino acid peptide hormone
produced in the C cells of mammalian thyroid
and plays an important physiological role in cal-
cium homeostasis (Copp 1992). The hormone
acts on its target cells via calcitonin receptors
(CTR) which belong to class II of G-protein cou-
pled receptors (Chen et al.1997). Lin et al. (1991)
has extensively studies that the human calcito-
nin receptor is coded by CTR gene on 7q 21.3.
Calcitonin is a hormone implicated in bone re-
sorption and acts through specific receptors
present in large numbers in the osteoclasts
(Chambers and Magnus 1982). This hormone
decreases bone resorption and is therefore used
to treat osteoporosis (Reginster  1993). Accord-
ing to Nakamura et al. (1997) there is a C/T varia-
tion at nucleotide 1340 of CTR gene which caus-
es a change in amino acid from proline to leucine
. This change occurs at 28th amino acid from the
C terminal in the cytoplasmic domain of the pro-
tein. Previously, studies have been carried out in
different populations (Chen et al. 2001). Mittal et
al. (2003) carried out studies of alleic polymor-
phisms in North Indian populations.  However,
there are no reports of allelic variations from
South Indians where populations are quite dif-
ferent. Therefore, the present study has been
carried out to determine the allelic frequency of
the CTR gene in South India.

MATERIALS AND METHODS

Blood samples were collected from 9 unrelat-
ed normal healthy individuals (people with no
significant disorder), mostly from staff and stu-

dents of our institute. The blood samples were
collected in EDTA containing vials and kept at -
20ºC until  DNA extraction. The genomic DNA
was isolated using the protocol specified in the
FBI RFLP Manual (1993).

Polymerase Chain Reaction: PCR analysis
of CTR gene polymorphism was carried out to a
total volume of 25µl, containing 2.5µl of genomic
DNA; 1 pmol of 1 µl of each primer; 1X of 2.5ìl of
Taq polymerase buffer and 1 unit of  0.4 ìl of Taq
DNA polymerase(SBL, India). The primer for the
calcitonin receptor gene polymorphism were for-
ward (5'- CTCAGTGATCACGATACTGTG-3')
and reverse (5' –ATTCAGTGGAACCAGCGT-
TGG-3')  (Masi et al. 1998).  PCR amplification
was performed in a programmable thermal cycler
PTC-100 (Peltier Thermal Cycler, MJ Research).
In context with Mittal et al.(2003) the cycling
condition was set as follows: 94ºC for 5 min, 35
cycles at 95ºC for 30s, 55ºC for 30s and 72ºC for
30s and one cycle of extension at 72ºC for 10min.

Alu I Restriction Digestion: The PCR prod-
uct was incubated with 1.5 units of Alu I (Banga-
lore Genei, India) at 37ºC for 3 hr, using the buffer
supplied by the manufacturer. The digested prod-
uct was separated  on 12% polyacrylamide gel
electrophoresis (PAGE) and photographed us-
ing Herolab, gel documentation system, Japan.
The sizes were determined using 100bp ladder
(Bangalore Genei, India).

 After electrophoresis, the gel was stained
with ethidium bromide. The restriction site is lo-
cated at the CTG codon encoding the amino acid
leucine forming a cuttable site . Codon CCG en-
coding the amino acid proline will remain intact
(228 bp). If the product was excisable, two frag-
ments of 120 and 108bp will be present. (Sam-
brook  et al. 1989)
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RESULTS

The genomic DNA of the blood samples
showed a single band. (Fig.1, 2). The PCR prod-
uct showed a single band between 200 and 300
bp. (Fig.3, 4). When the PCR products were sub-
jected to restriction digestion with Alu I two pat-

terns were observed: 228bp; 228bp,120 and 108bp
corresponding to C homozygotes and C/T het-
erozygotes respectively. C/T genotypes were

Fig. 1. Genomic DNA of blood samples 1 to 6

Fig. 2. Genomic DNA of blood samples 7 to 9

Fig. 3.  PCR products of sssamples 1 to 6. M- 1000
base pairs DNA ladder, Lanes 1-6 shows an
amplified product between 200 and 300bp.

Fig. 4.  PCR products of samples 7 to 9. M- 1000
base pairs DNA ladder, Lanes 7-9 shows an
amplified product between 200 and 300bp.
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with a decreased fracture risk in post-menopausal
women. Hence the polymorphism of these alle-
les in various populations suggests that the risk
of polygenic diseases associated with CTR vari-
ations which also vary in different populations.
In the present study, frequency of C allele is much
higher than T allele in South Indians  The Cauca-
sians have much higher frequency of T allele but
in African Americans and Hispanic, both alleles
are almost equal. The Japanese and Chinese pre-
dominantly carry C allele. In this study, the T
allele i.e., T genotype was completely absent.
The major genotype in South Indians was found
to be C/T heterozygotes with a low percentage
of C/C genotypes, which differs considerably
from the genotypes observed in different popu-
lations . In   Caucasians, T/T genotype was
present in almost 60% of individuals with C/T
and CC accounting for 36% and 4% respective-
ly. It may be noted that heterozygous C/T geno-
types are usually less than 50% in Africans and
Asians. Among Indian populations, T/T was
found to be less in North Indians but almost ab-
sent in South Indians. The C/T heterozygotes
are high when compared to other populations.

CONCLUSION

Diseases like osteoporosis and urolithiasis
are likely to result from combination of genetic
variations in several genes. In CTR gene itself,
according to Wolfe et al. (2003) 10 more poly-
morphisms have been identified but Codon 447
change brings about alteration in a key amino
acid, which may have bearing on functional role
of the receptor . So far studies of CTR with dis-
ease association are rather limited to Italians and
Asian populations. In Indian populations, espe-
cially in the North Indians the T/T allele was low
but in the South Indians it was totally absent.
Hence this difference can be a major breakthrough
to study the calcium metabolism involved disor-
ders in both the populations.
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Fig. 5. Restriction digestion of PCR products of
samples 1 to 5. M – 1000bp DNA ladder, Lane 1
shows C/T alleic variant as half of the PCR
product is cut and the other half is uncut resulting
in a mixture of 228, 120 and 108bp fragments.
Lane 2-5 shows C/C allelic variant as the PCR
product is not digested by Alu I enzyme resulting
in a 228bp fragment.

Fig. 6.  Restriction digestion of PCR products of
samples 6 to 9. M – 1000bp DNA ladder, Lanes 8-9
shows C/T alleic variant as half of the PCR
product is cut and the other half is uncut resulting
in a mixture of 228, 120 and 108bp fragments.
Lane 6-7 shows C/C allelic variant as the PCR
product is not digested by Alu I enzyme resulting
in a 228bp fragment.

observed in samples 1, 8 and 9. All the other
samples showed C genotype. Out of 9 individu-
als, C homozygotes were about 66.67% and
33.33% were C/T heterozygotes. (Fig.5, 6).

DISCUSSION

The C/T heterozygote provides protection
against osteoporosis. Studies carried out by
Taboulet et al. (1998) reveals the fact that the
calcitonin receptor polymorphism is associated
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