
Abstract. Background: Molecular genetic analyses have
demonstrated the importance of the accumulation of genomic
changes in the etiology of cancer and, additionally, have
identified valuable genetic markers for certain cancers.
Although several prognostic markers have already been
identified for breast cancer, it is clear that others remain to be
identified. Materials and Methods: Fourteen breast cancer
samples and non-cancerous counterparts were applied to
restriction landmark genomic scanning (RLGS) and 6 breast
cancer cell lines (MCF-7, MDA-MB-435, T-47D, MDA-MB-231,
SK-BR-3 and BT-20) and 9 cancer tissue samples were applied
to reverse transcriptional polymerase chain reaction (RT-PCR)
for screening of novel genetic alterations. Results: Two spots
were identified on the RLGS profiles of cancerous tissue that
differed from those of normal tissue. Nucleotide sequencing
and homology search analysis showed that these spots
represented the voltage-dependent calcium channel ·1H
subunit gene (CACNA1H gene) and a locus immediately
downstream of the growth factor receptor-binding protein 7
(GRB7) gene. Expression of the CACNA1H gene was
confirmed by RT-PCR. Conclusion: Two genes, Grb7 and
CACNA1H, were identified by RLGS. The expression of
CACNA1H in breast cancer was confirmed for the first time.

Restriction landmark genomic scanning (RLGS) is a type of
two-dimensional electrophoresis employed in the
assessment of the whole genome (1). RLGS is performed by
digesting genomic DNA with several restriction enzymes
and radiolabelling the enzyme-derived 5' protruding ends.
DNA fragments are separated by two rounds of

electrophoresis and visualized by autoradiography. An
RLGS profile typically displays over 2000 radiolabelled
restriction landmark sites that appear as spots on the
autoradiograph (1). RLGS has three principal advantages in
genome analysis. First, it allows the screening of the whole
genome in a single assay, whereas other methods, such as
PCR or Southern blotting, can detect only single genomic
changes in each assay. The appearance or disappearance of
an RLGS spot is correlated with one genomic alteration.
RLGS can detect novel genomic changes in unknown
sequences. Second, RLGS profiles are quantitative, with the
intensity of signal in any spot representative of the number
of labelled landmark enzyme sites migrating to that position
of the gel. Repetitive sequences such as rDNA fragments,
that contain the unmethylated landmark enzyme site or
increasing gene copy number, appear as enhanced spots (2).
RLGS has been successfully used for the identification of
DNA amplification in a variety of human primary
malignancies (3-7). Third, RLGS is well-suited to
investigating epigenetic changes in the tumor genome. DNA
methylation, one of the main epigenetic modifications of
DNA in mammals, is involved in tissue-specific gene
expression through, for example, X-chromosome
inactivation, genomic imprinting, immobilization of
mammalian transposons and suppression of transcriptional
noise (8, 9). Methylation is strongly associated with the
development of tumors. When RLGS is performed, high
molecular weight DNA is digested with a `landmark'
enzyme. The landmark enzyme determines the sites of the
genome that will be radioactively labelled and is, therefore,
responsible for the pattern visualized by autoradiography.
Using a methylation sensitive landmark enzyme such as
NotI or AscI, RLGS has methylation scanning abilities (10).
Only unmethylated sites can be cut and labelled, therefore
the methylated sites will not contribute to the two-
dimensional pattern seen upon autoradiography. When a
methylation-sensitive restriction enzyme is used, RLGS
becomes a very useful tool for the investigation of aberrant
methylation patterns (1). All of these advantages make
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RLGS a versatile tool for the investigation of tumor
characteristics.

In a previous study, genetic alterations in hepatocellular
carcinoma (HCC) were detected using RLGS and the
correlation between the number of changed autoradiographic
spots and post-operative recurrence of the cancer was
examined (11, 12). Here, the same approach was used to
identify a previously unknown breast cancer-related gene and
to confirm the expression of the gene in human breast cancer
cell lines and breast cancer tissue samples.

Materials and Methods

Cell lines. Six human breast cancer cell lines, MCF-7, MDA-MB-435,
T-47D, MDA-MB-231, SK-BR-3 and BT-20, were employed in this
study. With the exception of SK-BR-3, the cell lines were obtained
from the American Type Culture Collection (Manassas, VA,
USA); SK-BR-3 was obtained from the Japanese Cancer Research
Resources Bank. All cell lines were maintained in Dulbecco's
modified Eagle's medium containing 10% fetal bovine serum and
cultured at 37ÆC in a humidified atmosphere of 95% air and 5%
CO2. The medium was changed every 48 hours.

Tissue samples. Informed consent was obtained from the patients
and their nearest relatives. A total of 23 female patients with
primary breast cancer (mean age, 52 years; range, 35-72 years),
who had undergone surgery at our hospital between May 1991
and April 1999, were studied. Fourteen samples were used for
RLGS and 9 for RT-PCR. The characteristics of these patients
are shown in Tables I and II. All samples were obtained

immediately after resection and were kept frozen at –70ÆC until
DNA preparation.

DNA preparation and RLGS. High molecular weight genomic DNA
was isolated from the primary breast cancer tissue and adjacent non-
cancerous tissue (13). RLGS was performed according to the
published protocols (14). Briefly, genomic DNA was digested with
NotI and the enzyme-derived 5' protruding ends were 32P-labelled.
The radiolabelled genomic DNA was then digested with a restriction
enzyme, PvuII. The DNA fragments were electrophoretically-
separated in agarose disc gels and then subjected to a second, in situ
digestion with PstI. The resulting fragments were separated
perpendicularly in a polyacrylamide gel, and the separated DNA
fragments were visualized by autoradiography.

RLGS analysis. Analysis of the RLGS profiles was carried out by
visual inspection of the autoradiographs. Two profiles, from
cancerous and non-cancerous tissues of the same patient, were
superimposed and any differences in spot intensities were
recorded. Spots that showed no change in intensity across multiple
profiles were used as reference points to identify those spots that
did show differences in intensity. If the intensity of a spot on one
profile was greater than that of the equivalent spot on another
profile, this spot was regarded as a ‘different' or ‘changed’ spot.

Cloning. Selected spots were cloned by the restriction trapper-based
RLGS spot-cloning method (15). To facilitate cloning of the RLGS
fragments, NotI fragments were enriched from a 100 Ìg DNA
sample using a restriction trapper (AGENE, Kamakura, Japan) that
consisted of latex beads with covalently-attached double-stranded
DNA adapters having a free NotI restriction sequence at the end.
DNA samples were extracted with phenol/chloroform/isoamyl
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Table I.The characteristics of the 14 patients used for RLGS.

Number of patients (n=14)

Age
≤39 2
40-49 3
50-59 3
≥60 6

Tumor size
T1 1
T2 9
T3 4

Menopausal status
Pre  7
Post 7

ER
+ 8
– 6

No. of LN metastasis
0 7
1-3 4
4-9 3
10- 0

ER: estrogen receptor, LN: lymph node.

Table II. The characteristics of the 9 patients used for RT-PCR.

Number of patients (n=9)

Age 
≤39 0
40-49 2
50-59 3
≥60 4

Tumor size
T1 2
T2 5
T3  2

Menopausal status
Pre 2
Post 7

ER
+ 7
– 2

No. of LN metastasis
0 5
1-3 2
4-9 1
10- 1

ER: estrogen receptor, LN: lymph node.



alcohol, digested with NotI, precipitated and resuspended in double-
distilled H2O. The DNA was ligated to the NotI restriction trapper
and then centrifuged (2000 xg) to remove non-ligated DNA. The
trapper-ligated DNA was digested with PvuII, centrifuged (2000 xg)
to remove PvuII fragments and then digested with NotI. This NotI-
enriched DNA was then subjected to RLGS, except that only one-
quarter of it was labelled (and co-electrophoresed with the
remaining three-quarters of unlabelled DNA that retained
unmodified NotI ends). The NotI/PstI amplified fragment
corresponding to the spot of interest was cut from the gel, eluted
and ligated to DNA adapters with NotI and PstI ends. PCR was
then performed with adapter-specific primers (50 cycles,
respectively), and the PCR products were cloned. 

DNA sequence and homology analysis. The nucleotide sequences of
the cloned fragments were determined using dye-terminator
reaction chemistry and an ABI Prism 310® Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA). Nucleotide
sequences were analyzed using GENEWORKS® (Thebarton, SA,
Australia) software, and a homology search was carried out using
the BLAST Network Service of the National Center of
Biotechnology Information (http://www.ncbi.nlm.nih.gov/).

RT-PCR. RT-PCR analysis was performed using the LightCycler-RNA
Amplification SYBR Green I® Kit (Roche Diagnostics, Mannheim,
Germany) and Smart Cycler® System (Cepheid, CA, USA). Total
RNA was isolated from the breast cancer cell lines and from the
tissue samples by TRIzol® reagent, according to the manufacturer's
instructions. One Ìl of each RNA was subjected to RT-PCR using
primers specific for the voltage-dependent calcium channel ·1H
subunit gene (CACNA1H) (forward, 5' GTACCAGGTTGCGTCC
TTTCA 3'; reverse, 5' ACTATTTA TTCCGCTCCGCCC 3').
Optimal PCR conditions for these primers were as follows:
denaturation at 95ÆC for 20 sec, annealing at 57ÆC for 20 sec and
extension at 72ÆC for 20 sec. ‚-actin was used as a positive control.
The RT-PCR protocol contained 40 amplification cycles, after which
the final extension was carried out. The success of the RT-PCR was
confirmed by electrophoresis (100 V, 60 min).

Results

RLGS profile and spots. About 1000 clear spots on the
breast cancer RLGS profiles (Figure 1) were compared with
the corresponding spots on the profiles of their non-
cancerous counterparts (Figure 2). Two “changed” spots
were found. These were named spot A (Figures 1, 1A, 2,
2A) and spot B (Figures 1, 1B, 2, 2B). Spot A was present in
4 of the cancer tissue profiles, but was not present in any of
the non-cancerous profiles. The absence of a spot at this
location in a non-cancerous profile is shown in Figure 2 and
2A. Spot B was present in all cancerous and non-cancerous
profiles, but was present as an ‘enhanced’ spot in 4 of the
14 cancer profiles. The enhanced spot B is shown in Figure
1 and 1B, and its normal counterpart in Figure 2 and 2B.

Cloning. Spots A and B were cloned and sequenced. The spot
A NotI-PstI fragment was 340 bp in length and had 98%
homology to a region of the CACNA1H gene located at

16p13 (Figure 3A). The spot B NotI-PstI fragment was 
120 bp in length and had 98% homology to a position
immediately downstream of the Grb7 gene (Figure 3B).

Expression analysis in the breast cancer cell lines. RT-PCR,
using primers specific for the CACNA1H gene, yielded a
435-bp polypeptide product in 3 of the 6 cancer cell lines
examined (Figure 4).

Expression analysis in the breast cancer tissue samples. RT-PCR
demonstrated that the CACNA1H gene was expressed in 6 out
of the 9 breast cancer tissue samples (Figure 5).

Discussion

In this study, a breast cancer-related gene and a site, the
CACNA1H gene and a site downstream of Grb7, were
identified by RLGS. The expression of the CACNA1H gene
was confirmed in human breast cancer cell lines and breast
cancer tissue samples by RT-PCR.

Alterations in RLGS spots can indicate several types of
genomic change, such as deletion, mutation or amplification
(16). Changes in methylation patterns can also be detected
by RLGS using a methylation-sensitive restriction enzyme,
such as NotI (17). An increase in the intensity of a spot may
mean either gene amplification or demethylation of another
allele (5). Demethylation of another allele doubles the
RLGS spot intensity compared with other spots. An increase
in spot intensity by 3-fold or more indicates either gene
amplification or demethylation of a repeat sequence. In the
case of spot A, the only change was the emergence of the
spot, without  change in the spot intensity between the
cancerous and non-cancerous profiles. Since amplification
should be reflected as an increase in spot intensity, the lack
of any such change suggests that some other mechanism, for
example, mutation, deletion, or demethylation, was
responsible for the emergence of spot A. As mutation and
deletion are rare events in the NotI restriction site, whereas
demethylation is more common, then the appearance of spot
A in cancerous cells may reflect demethylation of the
CACNA1H gene. A study of the methylated CpG-island
amplification / representational difference analysis revealed
that CpG sites in both the 5' and 3' regions in CACNA1H
were hypomethylated in adult T-cell leukemia (ATL-55T)
cells compared with peripheral blood mononuclear cells
(18). Therefore, the CACNA1H gene is considered to be a
candidate oncogenic gene, perhaps regulated by methylation.

In the case of spot B, an enhanced spot was observed in 4
cancerous profiles and its intensity was 3 or more times that
of the control spot. Spot B was located at 17q12, adjacent to
the Grb7 gene; amplification of Grb7 is often found in
ErbB2-expressing breast cancer (19). Overall, the change of
spot B indicated amplification of the 17q12 region.
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Each of the spot A and B fragments had 98% homology
to their corresponding region; both had a 2% gap, equivalent
to one or two base differences, from the normal genomic
sequence (shown in Figures 3A and 3B). These gaps may be
a result of reading errors by the ABI Prism 310® Genetic
Analyzer. The amounts of cloned fragment were very small
and, under such circumstances, it is considered that reading
errors of one or two bases can occur.

There is a possibility that other DNA fragments, that do
not have a NotI site, were also present on each visualized spot.
However, there was little possibility, in this study, of cloning of
DNA fragments that did not have a NotI site because the NotI
restriction trapper method was used for cloning.

Spot A corresponded to a 340-bp fragment of the
CACNA1H gene and the expression of the gene was found
in the MCF-7, MDA-MB-435 and T-47D cell lines, and in
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Figure 1. An RLGS profile from human breast cancer tissue. Two of the spots were identified as being altered in intensity compared with normal tissue.
These spots were designated as spots A and B, respectively (arrows). Spot A was not present in the normal tissue; spot B showed enhanced intensity
compared to the control. The areas around spot A and around spot B are shown at higher magnification in 1A and 1B, respectively.



6 breast cancer samples. The rate of expression of the
CACNA1H gene in breast cancer appears to be about 60 to
70%, as expression occurred in 6 of the 9 tissue samples
examined. Spot A was observed by RLGS in approximately
29% (4 out of 14) tissue samples. The discrepancy between
the estimates of rates of expression produced by RT-PCR
and RLGS may be due to the higher sensitivity of RT-PCR.

There are some reports about the expression of the
CACNA1H gene. It was initially cloned from a human medullary
thyroid carcinoma cell line by Williams et al. (20). The
expression of the gene has also been found in neuroendocrine
tumor cells of the gastroenteropancreatic system (21). A
CACNA1H SAGE tag has been analyzed in the Cancer
Genome Anatomy Project (http://cgap.nci.nih.gov/SAGE/) and
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Figure 2. An RLGS profile from normal human mammary gland. The positions of spots A and B are indicated by arrows. Spot A was not present in the
normal tissue; spot B showed the same intensity as other, adjacent spots. The areas around spot A and around spot B are shown at higher magnification
in 2A and 2B, respectively.
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Figure 3: A: Nucleotide sequence from spot A and its genomic location. The sequence has 98% homology to a region at the 3’ end of the voltage-
dependent calcium channel ·1H subunit gene. The arrow indicates its approximate position within the gene. B: Nucleotide sequence from spot B and its
genomic location. The sequence has 98% homology to the normal sequence and is not located within a functional gene, but lies downstream of the Grb7
locus. The arrow indicates its approximate position.



the expression of tumors in the brain, ovary, breast, colon and
prostate has been found. Here, it was found that the CACNA1H
gene was expressed in human breast cancer. 

In general, voltage-dependent calcium channels mediate
the entry of calcium ions into excitable cells and are also
involved in a variety of calcium-dependent processes,
including muscle contraction, hormone or neuro-
transmitter release, gene expression, cell motility, cell
division and cell death. The relevant report concerning the
possible relationship between breast cancer and the
calcium ion channel indicated that the human breast
cancer cell line, MCF-7 (22), is sensitive to several calcium
ion channel blockers.

Chemin et al. (23) reported that the calcium ion
channel contributed to morphological and electrical
changes during neuronal differentiation, and that the
channel was involved in the onset of the differentiation
process by causing the arrest of cell proliferation and the
induction of neuritogenesis. On the other hand, Hirooka
et al. (24) found that this type of ion channel was
principally expressed in undifferentiated retinoblastoma
cells and that the activity of the channel was reduced to
very low levels following differentiation. This suggests that
expression of the channel may be associated with a higher
malignant potential of a tumor and a poorer prognosis.
Further study is required to resolve the inconsistency of
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Figure 4. RT-PCR was performed to screen for the expression of the voltage-dependent calcium channel ·1H subunit gene in the human breast cancer cell
lines, MCF-7, MDA-MB-435, T-47D, MDA-MB-231, SK-BR-3 and BT-20. Expression of the gene was identified in MCF-7, MDA-MB-435 and T-47D.

Figure 5. RT-PCR was performed to search for expression of the voltage-dependent calcium channel ·1H subunit gene in human breast cancer tissues.
Expression was identified in 6 out of the 9 tissues.



previous reports about the function of the channel and to
reveal a more detailed account of the function of the gene
in breast cancer.

In conclusion, two breast cancer-related genes, Grb7 and
CACNA1H, were identified by RLGS. The expression of
CACNA1H in human breast cancer cell lines and tissues
was confirmed for the first time. Our study showed that
RLGS remains a useful tool for the investigation of novel
genomic changes.
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