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Conserved Mechanism of Negative Gene Regulation by Extracellular Calcium
Parathyroid Hormone Gene versus Atrial Natriuretic Polypeptide Gene

Tomoki Okazaki,* Katsuyuki Ando, Tetsuya Igarashi, Etsuro Ogata, and Toshiro Fujita
4th Department of Internal Medicine, University of Tokyo School of Medicine, Tokyo 112, Japan

Abstract

Wefound that a negative calcium-responsive element (nCaRE)
originally reported in the human parathyroid hormone gene is
conserved among several genes. The results of the present
study show that expression of one of the genes, the rat atrial
natriuretic polypeptide gene, was negatively regulated in the
heart by extracellular calcium by using an in vivo infusion sys-
tem. Moreover, transfection of the cultured cells revealed that
this DNAelement conferred negative regulation by extracellu-
lar calcium on the reporter gene. It is suggested that there is a
gene family whose expression is negatively regulated by extra-
cellular calcium through this conserved DNAmotif, nCaRE.
(J. Clin. Invest. 1992.89:1268-1273.) Key words: negative cal-
cium-responsive element * in vivo infusion system * transfection
* gene family* nuclear protein

Introduction

Recently, the mechanisms of gene regulation have been exten-
sively clarified. For example, steroid hormone receptors, AP- 1
and cyclic AMP-response element binding protein have been
identified (1-3). Almost all of the mechanisms stimulate gene
transcription via formation of the specific DNA-protein com-
plexes. On the other hand, the mechanisms of negative gene
regulation or suppression of gene expression are not so well
understood, with a few exceptions such as the glucocorticoid
hormone receptor, which has been recently reported to sup-
press expression of some of its target genes through binding
AP-1 (4).

Wepreviously reported that expression of the parathyroid
hormone (PTH)' gene is negatively regulated by extracellular
calcium (5) as well as by 1,25-dihydroxyvitamin D3 (6). We
found that the 684-bp upstream region of the human PTHgene
contains DNAelements that are necessary to mediate negative
regulation by 1,25-dihydroxyvitamin D3 (6). In this region,
however, there is no DNAsequence homologous to the re-
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1. Abbreviations used in this paper: BHK, baby hamster kidney; CAT,
chloramphenicol acetyltransferase; (h)PTH, human parathyroid hor-
mone; nCaRE, negative calcium-responsive element; (r)ANP, rat atrial
natriuretic polypeptide; Tk, thymidine kinase.

cently identified vitamin D-responsive element (7, 8) or the
AP-l binding site. On the other hand, we recently identified a
DNAelement that is required for negative regulation of the
PTH gene expression by extracellular calcium (9)?2 This ele-
ment, negative calcium-responsive element (nCaRE), which is
located at the -3.5 kbp upstream region, consists of a 15-bp
palindrome with thymidine clusters ahead of it (10).

Because we found that a nuclear protein that specifically
binds the nCaRE in the human PTHgene (nCaRE-PTH) ex-
ists in a wide variety of cell types (9),2 we assumed that there are
other genes whose expressions are negatively regulated by ex-
tracellular calcium through the analogous sequence to the
nCaRE. Then, we searched for the DNAsequence homologous
to the nCaRE-PTHby using the EMBLgene bank. As a result,
we found that five genes have DNAsequences that are identical
or very homologous to the nCaRE-PTH in their 5'-flanking
regions.

In the present study, moreover, we examined the effect of
extracellular calcium on expression of one of these genes, the
rat atrial natriuretic polypeptide (rANP) gene, in the heart. As
expected, the present study showed that expression of the
rANP gene is clearly negatively regulated by extracellular cal-
cium. Transfection of the cultured cells with a reporter gene
containing an rANP's DNAelement that is homologous to the
nCaRE(nCaRE-ANP) suggested that this DNAalso functions
as a negative calcium-responsive DNAelement. Then, we pro-
pose here that there is a gene family whose expression is nega-
tively regulated by extracellular calcium through binding of the
nCaREto a commonputative nuclear protein(s).

Methods

Homology search by computer analysis. Using the core of the human
parathyroid hormone (hPTH) gene's nCaRE, TGAGACAGGGTCTCA
(9, 10), we searched for the DNAsequences that have 2 14 identical
bases out of 15 bases of the nCaREin the EMBLgene bank. In Fig. 1,
only the genes that share such sequences in the 5'-flanking region are
listed.

Animals and in vivo infusion experiments. Male Wistar rats (7-9 wk
old) were used. The femoral vein was cannulated for continuous infu-
sion for 48 h. The contents of infused solutions are as follows (5):
calcium-free solution, 20 mMNaCl, 5 mMMgCl2, 2.5 mMKC1, and
222 mMglucose; calcium-containing solution, the same composition
as in calcium-free solution but containing 40 mMCaCd2. The infusions
were carried out at a speed of 2.4 ml/h (calcium load, 96 Mmol/h). By
using a similar condition, we previously showed that expression of the
rat PTHgene was negatively regulated by extracellular calcium (5). 48
h after infusion, blood samples; heart, including both atrium and ven-
tricle; and kidneys were obtained from an individual rat of each condi-
tion for the subsequent experiments. Plasma volume of the individual
rat was calculated by the method described in reference 10. The

2. Okazaki, T., T. Igarashi, and E. Ogata. A negative calcium-respon-
sive element in the human parathyroid hormone gene. Submitted for
publication.
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method for measuring heart rates or blood pressure is described in
reference 1 1.

Analysis of RNA. Total RNAwas extracted from the heart or the
kidneys of the rat of each condition using guanidinium-cesium chlo-
ride method (12). In Northern blot analysis, 15 tig of total RNAof the
heart or the kidneys from the individual rat was loaded on a 1.5%
agarose, 2.2 Mformaldehyde denaturing gel and then transferred onto
a nylon membrane filter. Prehybridization and hybridization were per-
formed at 420C under the standard condition (6). The filter was washed
at 650C three times with l X SSCfor a total of 2 h. The nick-translated
probe (5 X 108 cpm/Mg) used in the experiments was derived from a
698-bp KpnI fragment of the rat renin cDNA(13) or a 368-bp HincII-
Stul fragment of the rANP cDNA(14). The actin probe was described
in reference 6.

Synthetic oligonucleotides and plasmid constructions. Oligonucleo-
tides corresponding to the nCaRE in the hPTHgene and in the rANP
gene were made by a DNAsynthesizer (type 8770; Biosearch, San Ra-
fael, CA). Synthetic complementary oligonucleotides were subse-
quently annealed and used for ligation to construct chimeric plasmids
(1). Composition of each oligonucleotide is as follows.

Oligo nCaRE-PTH
(GATCC)TTTTTGAGACAGGGTCTCACTCTG(T)

(G)AAAAACTCTGTCCCAGAGTGAGAC(AGATC)
Oligo nCaRE-ANP

(GATCC)TTTTGGAGACAGGGTCTCATATAG(T)
(G)AAAACCTCTGTCCCAGAGTATATC(AGATC)

Oligo nCaRE-ANPmut
(GATCC)TTTTGATGCCAGGGCATCATATAG(T)

(G)AAAACTACGGTCCCGTAGTATATC(AGATC)

Bases in the parentheses are BamHI and XbaI cohesive ends to facili-
tate subsequent ligations to a BamHI-XbaI larger fragment of PUT-
KAT1 (10, 15). The mutated sequences in oligo nCaRE-ANPmut are
underlined.

Transfection and chloramphenicol acetyltransferase (CAT) assay.
Baby hamster kidney (BHK) cells were grown in (DME) supplemented
with 10% FCS. 2 Mg of each CATplasmid was introduced into BHK
cells by the DEAE-dextran method (16). After transfection, cells were
equally split into three dishes to avoid difference in transfectional effi-
ciency among dishes. 6 h later, cells were attached to the plate, and
media were changed to DMEwith three different concentrations of
extracellular calcium by adding EGTA. 40 h later, cells were harvested
and the subsequent CATassays were performed with 300 Mgof cellular
protein (9, 10). Average CATactivities were calculated and represented
as mean±SEMafter five separate transfections using 14C scintillation
counting (9). ACATactivity driven by PUTKAT1(15) in the presence
of 2.0 mMextracellular calcium is arbitrarily represented as 100.

Gel retardation assay. The methods for obtaining crude nuclear
extracts (from BHKcells or from the rat heart) or for the gel retardation
assay was described in reference 9. An oligonucleotide nCaRE-PTHor
nCaRE-ANPwas used as a probe after end-labeling by [y-32P]ATP and
T4 polynucleotide kinase. 6Mgof nuclear protein as well as 2Mgg of poly
(dI)-(dC) were used in each assay. BHKnuclear extracts were prepared
from the cells grown in 10% FCS-supplemented calcium-free DME
(Gibco Laboratories, Grand Island, NY) in which CaCl2 was added to
maintain the cells with three different extracellular calcium concentra-
tions (0.2, 1.5, and 3.0 mM) for 48 h and each of the extracts was
incubated with the 32P-end-labeled nCaRE-ANP (see Fig. 5, lanes
10-12).

Results

Fig. 1 shows the genes that, in the 5'-flanking regions, have 14
identical DNAbases out of 15 bases of the palindromic DNA
sequence of nCaRE2 in the human PTHgene (TGAGACAGG-
GTCTCA). We have found that three genes have identical
DNAsequences and two genes have very homologous (14/15)

DNAones in their 5'-flanking regions. Very interestingly, not
only the palindromic portion but also thymidine clusters or
thymidine-rich sequences ahead of it are very well conserved
among them, suggesting that these thymidines also play an im-
portant regulatory role.2 So far, expression of these genes has
not been reported to be negatively regulated by extracellular
calcium as is seen in the PTHgene. However, some investiga-
tors demonstrated that secretion of rANP was suppressed by
extracellular calcium (17), though the effect of extracellular
calcium on its transcription as well as on its secretion is still
controversial (17-19).

To examine the possibility that expression of the rANP
gene is suppressed by extracellular calcium in heart, we used
the in vivo rat infusion system (5). Using this system (5), we
previously showed that expression of the rat PTHgene is nega-
tively regulated by extracellular calcium in the parathyroid
gland. By Northern blot analyses, we compared the level of
ANPmRNAobtained from the rat heart infused with calcium-
free solution to that obtained from the rat heart infused with
calcium-containing solution. These solutions were infused for
48 h. During this period, plasma volume of the Ca-free rat
(4.5±0.4 ml/ 100 g body wt) was not significantly different from
that of the Ca-plus rat (4.6±0.1 ml/100 g body wt) (10). Mean
blood pressure or heart rate in conscious rats measured by the
method described in reference 11 did not significantly differ
between these two groups either (data not shown). These obser-
vations potentiate the validity of our analyses, because we can
attribute the difference in the levels of rANP mRNA, if any, to
the difference in the level of extracellular calcium (see below).
As shown in Fig. 2, the level of rANP mRNAfrom the heart of
the calcium-infused rats (serum calcium level was 12.5-12.6
mg/dl) was markedly lower compared with that from the rats
without calcium (serum calcium level was 9.6-9.8 mg/dl). On
the other hand, the level of actin mRNAdid not significantly
differ between the two with and without calcium.

Because secretion of renin is also known to be suppressed
by extracellular calcium (20), we also studied the effect of cal-
cium on the level of renin mRNAin the rat kidney. As shown
in Fig. 3, the increase in extracellular calcium did not affect the
level of renin mRNAin the rat kidney. In a computer search,
we found that the rat renin gene does not have DNAsequences
> 80% homologous to the nCaRE, including thymidine clus-
ters (data not shown).

Wenext synthesized a short DNAsequence corresponding
to the putative nCaREin the rANP gene (nCaRE-ANP) as well
as a DNAsequence where five bases are mutated (nCaRE-
ANPmut). The nCaRE-ANPhas one base different from the
palindromic portion of the hPTH gene's nCaRE (T to G, see
Fig. 1) and similar thymidine clusters ahead of it. Each of these
DNAsequences was ligated to the upstream portion of the
herpes viral thymidine kinase (Tk) gene promoter-CAT plas-
mid (15)2 and introduced into BHKcells. As shown in Fig. 4,
reduction of extracellular calcium concentrations from 2.0 to
1.0 mMsignificantly elevated CATactivity driven by the plas-
mid containing nCaRE-ANPas much as threefold to - 30%of
the CAT activity elicited by the parental PUTKAT1. Similar
results were obtained using the hPTHgene's nCaRE(nCaRE-
PTH) Tk promoter-CAT plasmid.2 On the other hand, CAT
activities driven by the parental PUTKAT1 that has mutated
or by no nCaRE-ANP were not affected by the same proce-
dure. Although we have used a rather higher amount of the
cellular protein (300 Mg) to clearly show the difference in CAT
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nC aRE TGAGACAGGGTCTCA

Huian parathyroid horione (flH)

louse iyeloperoxidase L & H chains

Hunan Msynthase beta subunit

-3.5kb

TTTUT7T TTUTT7TTTGDMMACTSAZGE
-748

7TgT7A7TgMTUATTTTGXaGtGCMAT9CTGTGTCM
-1935

TATTTTTTTTTgTgT7TTTTTMTG~aGMCACACRTMA

Hunan endogenous retrovirus-like
sequence (HuERS-PI-2) 5'-LTR

Rat vasopressin

Rat atrial natriuretic polypeptide
(AMP)

-590

-2

TTTTTTTIAA^GTTQAACTGCGCTG

Figure 1. Computer search for the genes that contain DNAsequences homologous to the nCaREof the hPTHgene in their 5'-flanking regions.
On the top, a DNAsequence of the nCaRE in the hPTH gene (9)2 is shown. The upper four genes contain an identical 15-bp palindromic
sequence indicated by arrows. The lower two genes share 14 identical bases within the 15-bp palindrome. In the rat vasopressin gene, the first
thymidine is converted to cytosine, and in the rANP gene, it is converted to guanine.

activities created by these plasmids, a smaller amount of the
protein (100 jtg) obtained from the cells transfected with the
parental PUTKAT1 (in this condition, conversion rate from
the substrate chloramphenicol to its acetylated form was

- 10% compared with that of 20% shown in Fig. 4) created
CAT activities unaffected by extracellular calcium (data not
shown).

These results suggest that elevated extracellular calcium,
but not secondary changes of the circulating level of PTH or
calcitonin, specifically suppressed the level of ANPmRNAin
the heart, probably at least in part through the nCaRE-ANP.

To show that a nuclear protein in the rat heart cell binds the
nCaRE-ANP, gel retardation assays were performed. As
shown in Fig. 5, the interaction between a rat heart nuclear
protein and the nCaRE-ANP created two bands that were
competed out by a 80-fold molar excess of this oligonucleotide
(lanes 2 and 3). The sequence-specificity of this binding was
further confirmed when we used a BHKnuclear protein in the
assay; as shown in lanes 4-9, not only the nCaRE-ANPbut
also nCaRE-PTH competed the binding of the nCaRE-ANP,
whereas the nCaRE-ANPmut did not. Compared with the up-
per band, the lower band was less efficiently competed by the
nCaREs (lanes 4-8). This might be due to the smaller amount
of the competitors used (20-fold in lanes 6 and 8 vs. 80-fold in
lane 3) or might reflect different amounts of the nuclear protein
specifically binding to the nCaRE-ANPbetween BHKand the
rat heart cells (see Discussion). Moreover, a combination of a

BHKnuclear protein and the nCaRE-PTH, as well as that of a
rat heart nuclear protein and the nCaRE-ANP, generated these
two protein-DNA complexes at similar migration positions,
strongly suggesting that the nuclear proteins involved are iden-
tical. Further, when a nuclear protein was obtained from BHK
cells grown in conditions with three different extracellular cal-
cium concentrations, the nuclear protein from the higher ex-
tracellular calcium condition exhibited a stronger binding to
the nCaRE-ANP (Fig. 5, lanes 10-12). Taken together, nega-
tive gene regulation of the rANP gene by extracellular calcium
may well be mediated, at least in part, through an increased
and sequence-specific binding of the nCaRE-ANPto a nuclear
protein in the presence of higher extracellular calcium concen-
tration, as is the case with the regulation of the hPTH gene.2

Discussion

In this report, we have shown that an nCaREoriginally found
in the hPTHgene2 is actually distributed among the upstream
regions of several genes. Expression of one of these genes, the
rANP gene, was shown to be negatively regulated by extracellu-
lar calcium as is seen in the PTHgene. The nCaREconsists of a
1 5-bp palindrome with three asymmetrical bases, AGG, in the
middle of it. In a previous report,2 we showed that this 1 5-bp
palindrome plus thymidine-rich sequences are important for
the negative regulation of expression of the hPTHgene by ex-
tracellular calcium. This contention is supported by our find-
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(1) (2)

28S-

18S-

- m -~ m
-Ca±Ca

Ca(mg/dl) 9.6 12.6

-Ca±Ca

9.8 12.5

Figure 2. Negative regulation of the rANP gene bye
cium. The results of two separate experiments are shi
total RNAobtained from the heart of the individual
calcium-free solution [left lanes of (1) and (2)] and wit
tamning, solution (right lanes) are compared by North(
The levels of ANPand actin mRNAare separately s'
bottom, serum total calcium concentrations of the r.
dition are indicated.

ing in Fig. 1 that not only the palindromic portion but also the
thymidine clusters ahead of it are very well conserved among
these genes. The important role of the palindrome as well as the
flanking sequences in gene regulation were previously shown in
the case of binding of AP- 1 or cyclic AMP-response element
binding protein (2, 2 1). Indeed, gel retardation assay (Fig. 5)
reveals that both the nCaRE-ANPand nCaRE-PTH yield two
specific protein-DNA complexes, which might imply mono-
mer and dimer/multimer formation. When we use a smaller
amount of the nuclear protein we are able to observe only the
lower band (data not shown; see reference 9). Therefore, the
upper band (Fig. 5), which presumably reflects a dimer/mul-
timer complex generated subsequently after a monomer is
formed, may be competed more easily by the nCaRE-ANP.
This hypothesis may explain why the lower band in Fig. 5 (espe-
cially in lanes 6 and 8) is less efficiently competed by the
nCaRE-ANPcompared with the upper band. Such interpreta-
tion is based on the observation that the nCaREs share a palin-
dromic structure that is well known to facilitate dimer/mul-
timer protein-DNA complex formation, but the detailed mech-
anism of the binding remains to be elucidated. On the other
hand, the T clusters or T-rich sequences observed in the
nCaRE have not been recognized in any cis-acting DNAele-
ments so far. Presumably, these T clusters are important either
to loop out the intervening DNAsequences for an nCaRE-
binding protein(s) to directly act on the basic transcription ap-
paratus such as a TATAbox-binding factor (22) or to facilitate
access of transcriptional apparatus to the palindromic portion
to which the nuclear protein(s) actually binds. Moreover, con-

servation of the center sequence, AGG, among these genes sug-
gests that these three bases are also important for its function.

Wepreviously showed that negative regulation of gene ex-
pression by extracellular calcium is caused by the sequence-
specific and increased binding of the nCaRE(-PTH) to a nu-
clear protein(s) using gel retardation assays, 2 which was simi-
larly reproduced in this paper. Although the minimal sequence
requirement for such DNA-protein binding is not identified, a
mutation of the first thymidine to guanine does not affect such
binding (Fig. 5). Expression of other genes shown in Fig. 1

ANP ~might also be regulated by extracellular calcium, although the
~~ ANP ~physiological significance is unclear so far, even in the case of

the ANPgene. Wehave recently obtained data showing that rat
vasopressin gene expression in the brain is also suppressed by
extracellular calcium by using similar experimental strategy
(manuscript in preparation). One plausible speculation for the

Atn
nCaRE's role especially in the ANPor vasopressin gene is that

- Actin ~the intracellular signal transduction system functioning at the
upstream of nCaRE-binding protein in the cells expressing
these genes might be activated not only by extracellular cal-
cium but also by other physiological extracellular stimuli such
as tension or osmolality. Actually, there have been many re-

xtracellular cal ports describing a close relationship between these stimuli and
own.1 ~g of extracellular calcium (23, 24).atoinfue with

o

Suppression of the rANP gene by extracellular calcium is
th calcium-con- mediated at least in part by the nCaRE-ANPbecause the bind-
Drn blot analysis. ing pattern of the oligonucleotides to the nuclear protein corre-
;hown. At the lates quite well to the pattern of extracellular calcium-me-
ats of each con- diated gene regulation conferred by such oligonucleotides. In

other words, CAT activities driven only by the plasmid con-
taining the oligonucleotides that specifically bind to a nuclear

28S-

18S -Reni

-Ca ±Ca

Ca(mg/dl) 9.6 12.6
Figure 3. The level of the rat renin mRNAin kidneys. 15,gg of total
RNAfrom the kidneys of the individual rat was analyzed. The ex-
perimental condition was the same as the one shown in the left part
of Fig. 2.
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protein were increased when extracellular calcium concentra-
tion was decreased. However, it did not reach the level elicited
by a parental plasmid where no nCaRE was included (PUT-
KAT1). Such incomplete recovery of the CATactivity was also
recognized when we used the nCaRE-PTH-PUTKATl previ-
ously.2 Even when we used 0.2 mMextracellular calcium ad-
justed by adding CaCl2 to the Ca-free DME, CAT activity
driven by these plasmids remained at the same level as that in
the presence of 1.0 mMextracellular calcium (data not shown).
The reasons for these observations might be twofold. First, in
our plasmid, the distance between the nCaRE and the pro-
moter region necessary for basal transcription might be too
close to elicit physiological extracellular calcium-mediated
transcriptional regulation. The nCaRE-PTH and the nCaRE-
ANPnormally exist in a far upstream region from their own
transcriptional start site, respectively (Fig. 1). The plasmid in
our previous report2 containing the nCaRE-PTH linked to the
hPTH promoter- (but not the Tk promoter-) CATgene pro-
duced the CATactivity almost equal to that generated by the
parental PTH-CAT plasmid containing no nCaRE-PTH in
1.0 mMextracellular calcium concentration. In that case, the
distance between nCaREand the hPTHpromoter is - 650 bp,
in contrast to a distance of - 50 bp between nCaRE-ANPand
Tk promoter in our present construct. Presumably, a smaller
distance between the nCaRE and the promoter region would
yield stronger suppression of the CATactivity by extracellular
calcium. Second, the basic transcriptional apparatus function-
ing at the Tk promoter region might interact more tightly with
the nCaRE-binding protein than the apparatus functioning at
the PTHpromoter region, leading to weaker reactivation of the
CAT activity even in the presence of lower extracellular cal-
cium. Both possibilities remain to be elucidated. Further, we
cannot rule out the possibility that not only the nCaRE-ANP
but also another DNAelement(s) is required for full suppres-
sion of the rANP gene expression by extracellular calcium.
This issue will be clarified more extensively by using the rANP
promoter instead of the Tk promoter, which is currently under
investigation in our laboratory.

n(..'aRl ANI' TK TK n("aRlAN Pmut-TK
ift4a

go AV 4 W

2tt ??T
Ca(m M%) 2.0) 1.5 (0 2.0) 1.5 1.(0 2 5. 1.0}
CAT
activity

12 22 30 100 107 94 85 96 95
2 4 5 10 4 6 3 4 4

Figure 4. CATassays in BHKcells transfected with the reporter genes
containing the nCaRE-ANP, nCaRE-ANPmut, or no nCaRE. After
transfection of the cells by the DEAE-dextran method, cells were split
into three dishes to avoid differences in transfectional efficiency
among the dishes. The concentrations of extracellular calcium were
manipulated by adding three different concentrations of EGTAto
DMEcontaining 10% FCS.2 The concentrations of extracellular cal-
cium in each condition are shown. Average CATactivities after five
independent transfections are shown in each condition as
mean±SEM. The mean CATactivity driven by the parental PUT-
KATI is arbitrarily represented as 100. In this figure, one of the typi-
cal results is shown.

Probe nCaREI nCaREANP
FrH

Extract BHK Lrat heart- B BHKBHK

Competitor - nCaRE _ LnCaREJ LnCaREJnCaRE_ _ -
gox 5x 20x 5X 20x mut

2OX

Figure 5. Gel retardation assays using nuclear extract from BHKcells
and the rat heart. The nCaRE-PTH (lane 1) or the nCaRE-ANP
(lanes 2-12) was used as a probe. A 5-fold (lanes 5 and 7), 20-fold
(lanes 6 and 8), and 80-fold (lane 3) molar excess of the nonradiola-
beled nCaRE-ANPwas added as a competitor. In lanes 10-12, BHK
nuclear extracts were obtained from the cells grown in DMEcon-
taining 0.2 mM(lane 10), 1.5 mM(lane 11), and 3.0 mM(lane 12)
extracellular calcium. In lanes I and 4-10, extracellular calcium con-
centration was 2.0 mM.

Wehave not examined the possibility that the homologous
sequence to the nCaRE is seen in the PTH or ANPgene of
other species. Although DNAsequences of many genes have
been completely identified, including their upstream portions,
such identification may not cover the far upstream region
where the nCaREmay usually be located (Fig. 1).

The membrane machineries that sense the level of extracel-
lular calcium or intracellular signals followed by changes of
extracellular calcium leading to transcriptional suppression by
extracellular calcium have not been identified in this study. In
many cells, including atrial and ventricular, changes in the
level of extracellular calcium are never supposed to alter the
level of intracellular calcium, which is in good agreement with
the observations that the level of intracellular calcium is by far
less abundant compared with the level of extracellular calcium
(25). In this regard, parathyroid cells are one of few exceptions,
in that changes of the level of extracellular calcium easily alter
the level of intracellular calcium (26). This might suggest that
the intracellular signal for extracellular calcium-mediated
transcriptional suppression is intracellular calcium, because
the first example of this kind of regulation was seen in the PTH
gene, which is exclusively expressed in the parathyroid cells.
However, the results of this study contradict this notion be-
cause negative regulation of the rANP gene was seen in the
heart cells. Wepreviously showed that an nCaRE-binding pro-
tein(s) is actually distributed among various types of cells (9,
10). As shown in Fig. 5, the rat heart cells also possess this
protein, which binds to the nCaRE-ANPin a sequence-speci-
fic and extracellular calcium-dependent manner as the
nCaRE-PTH-binding nuclear protein does (9).3 Presumably,
the signal transduction machinery activated by changes of ex-
tracellular calcium is also widely distributed among many cell
types.
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