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Hormonal Regulation on Regucalcin mRNA Expression
in Cloned Normal Rat Kidney Proximal Tubular
Epithelial NRK52E Cells
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Abstract Regucalcin is a regulatory protein in cell signaling. This study was undertaken to determine whether
regucalcin mRNA expresses in the cloned normal rat kidney proximal tubular epithelial NRK52E cells and its expression
regulates due tohormones andcell signaling-related factors. Cellswith subconfluencywere cultured for 24, 48, or 72h in a
Dulbecco’smodified Eaglemedium supplementedwith non-essential amino acidwithout bovine serum (BS). The result of
Western blot analysis showed that regucalcin protein was present in the NRK52E cells. The expression of regucalcin
mRNA in the cells was determined using reverse transcription-polymerase chain reaction (RT-PCR). Regucalcin mRNA
expression in the NRK52E cells was significantly increased by culture with parathyroid hormone (PTH, 10�8 or 10�7 M),
aldosterone (10�8 or 10�7 M), or dexamethasone (10�8 M). The presence of 1,25-dihydroxyvitamin D3 (1,25(OH)2D3,
10�8 or 10�7 M) or calcitonin (10�9 or 10�8 M) did not have a significant effect on regucalcin mRNA levels in the cells.
Culture with dibutyryl cyclic AMP (DcAMP, 10�5 or 10�4 M) or phorbol 12-myristate 13-acetate (PMA, 10�6 M), an
activator of protein kinase C, caused a significant increase in regucalcinmRNA expression. The presence of staurosporine
(10�8 M) caused a significant decrease in regucalcin mRNA expression. Dibucaine (10�7 M), PD98059 (10�7 M), or
vanadate (10�6 or 10�5 M) did not have an effect on regucalcin mRNA levels. The present study demonstrates that
regucalcinmRNA and its protein are expressed in the cloned normal rat kidney proximal tubular epithelial NRK52E cells,
and that the expression is enhancedby hormoneswhich regulate ion transport in the proximal tubule. J. Cell. Biochem. 95:
589–597, 2005. � 2005 Wiley-Liss, Inc.
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Regucalcinwas foundasanovelCa2þ-binding
protein not including the EF-hand motif
[Yamaguchi and Yamamoto, 1978; Yamaguchi,
1992; Shimokawa and Yamaguchi, 1993]. The
gene of regucalcin is highly conserved in
vertebrate species [Misawa and Yamaguchi,
2000]. The human and rat regucalcin genes are
localized on chromosome X [Shimokawa et al.,
1995; Thiselton et al., 2002]. Regucalcin is
greatly expressed in liver and kidney cortex,
and the expression is mediated through Ca2þ-
signaling mechanism due to hormonal stimula-

tion [Yamaguchi and Isogai, 1993; Murata and
Yamaguchi, 1999]. AP-1 and NFI-A1 have been
found to be transcriptional factors for the
enhancement of regucalcin gene promoter
activity [Murata andYamaguchi, 1998;Misawa
and Yamaguchi, 2002].

Recent study has demonstrated that regucal-
cin plays a multifunctional role as a regulatory
protein on intracellular signaling process in the
cytoplasm and nucleus of cells [Yamaguchi,
2000a,b in reviews]. Regucalcin has been shown
to play a role in themaintenance of intracellular
Ca2þ homeostasis and in the inhibitory regula-
tion of various Ca2þ-dependent protein kinases,
tyrosine kinases, and protein phosphatases,
nitric oxide synthase, and in the suppression
of nuclearDNAandRNAsyntheses [Yamaguchi,
2000a,b, 2005]. Regucalcin has also been
demonstrated to have a suppressive effect on
cell proliferation, cell death, and apoptosis
induced by various factors [Misawa et al.,
2002; Izumi and Yamaguchi, 2004]. Moreover,
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regucalcin has been shown to modulate tumor-
related gene expression by binding to protein
and DNA in the nucleus of cloned rat hepatoma
H4-II-E cells [Tsurusaki et al., 2000; Tsurusaki
and Yamaguchi, 2003, 2004]. Regucalcin has
been proposed to play a physiologic role in
the maintenance of homeostasis of cellular
response for cell stimulation [Yamaguchi, 2005
in review].

Regucalcin is greatly localized in liver, and its
relatively higher levels are also found in kidney
cortex but not the medulla of rats [Shimokawa
and Yamaguchi, 1992; Yamaguchi and Kurota,
1995]. Regucalcin has been shown to play a role
in the regulation of intracellular Ca2þ home-
ostasis [Kurota and Yamaguchi, 1997a,b;
Xue et al., 2000], and this protein has an
inhibitory effect on Ca2þ-dependent protein
kinases [Kurota and Yamaguchi, 1997c], pro-
tein phosphatases [Morooka and Yamaguchi,
2002], and nitric oxide synthase [Ma and
Yamaguchi, 2003] in the cytosol and nucleus of
rat kidney cortex. Thus, regucalcin has been
shown to play an important role in the regula-
tion of cell function in kidney cortex.

This study, furthermore, was undertaken to
determine the expression of regucalcin mRNA
in the cloned normal rat kidney proximal tubu-
lar epithelial NRK52E cells in vitro. The role of
regucalcin in kidney cells in vitro has not been
yet clarified. We found that regucalcin mRNA
expression in the NRK52E cells is enhanced by
stimulation of hormones that are related to ion
transport in the kidney proximal tubular
epithelial cells in vitro.

MATERIALS AND METHODS

Chemicals

Non-essential amino acid solution, bovine
serum (BS) and penicillin–streptomycin solu-
tion (5,000 U/ml penicillin; 5,000 mg/ml strepto-
mycin) were obtained from Gibco Laboratories
(Grand Island, NY). Dulbecco’s-modified Eagle’s
medium (DMEM), parathyroid hormone (PTH;
synthetic human PTH (1–34)), 1,25-dihydrox-
yvitamin D3 (1,25(OH)2D3), D-aldosterone, dex-
amethasone, dibutyryl cyclic AMP (DcAMP),
phorbol 12-myristate 13-acetate (PMA), dibu-
caine, PD98059, and staurosporine were pur-
chased from Sigma (St. Louis, MO). S(�)-Bay K
8644 was obtained from Research Biochemicals
International (Natick, MA). Calcitonin (CT;
synthetic [Asu1,7] eel calcitonin) was supplied

through the courtesy of Asahi Chemical Indus-
try Co., Ltd. (Shizuoka, Japan). Vanadate and
other chemicals were purchased from Wako
Pure Chemical Co., Ltd. (Osaka, Japan).

Cell Culture

The cloned normal rat kidney proximal
tubular epithelial cells (NRK52E; 1� 105 cells)
[Rice et al., 2003] were maintained for 72 h in a
DMEM supplemented with 5% BS, non-essen-
tial amino acid, and 50 U/ml and 50 mg/ml
streptomycin in humidified 5% CO2/95% air at
378C to obtain subconfluent monolayers. After
culture, cells were washed three times with
phosphate-buffered saline (PBS), and the cells
were incubated for 24, 48, or 72 h in DMEM
without 5% BS in the absence or presence of
various factors. Cells were washed three times
with PBS after culture. The polled cells were
scraped into 0.5 ml of ice-cold 0.25 M sucrose,
and disrupted for 30 swith an ultrasonic device.
Scrapped cells were also homogenized in
Potter–Elvehjem homogenizer with a Teflon
pestle. The homogenates were spun at 5,500g
in a refrigerated centrifuge for 5 min to remove
nuclei and mitochondria. The 5,500g super-
natant was pooled to analyze regucalcin protein
by Western blot. Protein concentration in the
5,500g supernatant of cell homogenate was
determinedby themethod ofLowry et al. [1951].

Cell Counting

After trypsinization of each of the culture
dishes using 0.2% trypsin plus 0.02% EDTA in
Ca2þ/Mg2þ-free PBS for 2 min at 378C, cells
were collected and centrifuged in a PBS at 100g
for 5 min. The cells were resuspended on PBS
solution and stained with eosin. Cell numbers
were countedunder amicroscopeusing aHema-
cytometer plate. For each dish, we took the
average of two countings.

Western Blot Analysis

The homogenate from the cloned normal rat
kidney proximal tubular epithelial NRK52E
cells cultured with 5% BS was centrifuged for
10 min at 5,500g at 48C, and the supernatant
was used for Western blot analysis [Wessendolf
et al., 1993]. Aliquots of protein (10 mg) were
mixed with 5� Laemmli sample buffer, boiled
for 5 min, and SDS–PAGE was performed by
the method of Laemmli [1970] using 12% poly-
acrylamide resolving gel.AfterSDS–PAGE, the
proteins were then transferred onto a polyviny-
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lidene difluoride membrane at 100 mA for 3 h.
The membranes were incubated with a polyclo-
nal rabbit anti-regucalcin antibody [Yamaguchi
and Isogai, 1993], which was diluted 1:2,000 in
10 mM Tris-HCl, pH 8, containing 150 mM
NaCl, 0.1% (w/v) Tween-20 (washing buffer),
and 5% (w/v) skimmilk for 1 h. Themembranes
incubated with antibody were washed four
times with washing buffer. Then membranes
were incubated for 1 h with horse-radish
peroxidase linked anti-rabbit IgG, which was
diluted 1:5,000 with washing buffer containing
5% (w/v) skim milk, and again they were wash-
ed. Detection of the protein bands was per-
formed using an enhanced chemiluminescent
kit following themanufacture’s instruction. The
molecular size of the detecting protein was
determined by running the standard protein
molecules of known sizes in parallel.

Preparation of RNA

Total RNAs were prepared as described
previously [Chomczyshi and Sacchi, 1987]. Rat
kidney proximal tubular epithelial cells were
homogenized in buffer solution containing 4 M
guanidinium thiocyanate, 24 mM sodium
citrate (pH 7.0), 0.5% sascosyl, and isoamyl
alcohol, and the phases were separated by
centrifugation at 10,000g for 20 min at 48C.
RNA located in the aqueous phase was pre-
cipitated with isopropanol at �208C. RNA
precipitates were pelleted by centrifugation,
and the pellets were redissolved in diethylpyr-
ocarbonate-treated water.

RT-PCR Analysis

Reverse transcription-polymerase chain re-
action (RT-PCR) was performed with a TitanTM

One Tube RT-PCR kit (Roche Molecular Bio-
chemicals, Indianapolis, IN) as recommended
by the supplier to investigate the gene ex-
pression of regucalcin or glyceroaldehyde-3-
phosphate dehydrogenase (G3PDH). The pri-
mers generated based on the published rat
sequences. Primers for regucalcin cDNA were
50-(618)-AGATGAACAAATCCCAGAT-(636)-30

and50-(924)-TCACCCTGCATAGGAATAT-(906)-
30 [Misawa and Yamaguchi, 2000]. Primers for
G3PDH cDNA were 50-TGAAGGTCGGTGT-
GAACGGATTTGGC-30 (sense strand) and 50-
CATGTAGGCCATGAGGTCCACCAC-30 (anti-
sense strand) from the G3PDH Amplimer Set
(Clontech, Palo Alto, CA). RT-PCR was per-
formed by using reaction mixture (20 ml) con-

taining 2 mg of total RNAs, supplied RT-PCR
buffer, Titan enzyme mix (AMV and ExpandTM

High Fidelity), 0.2 mM deoxynucleotide tripho-
sphate, 5 mM dithiothreitol, 5 U RNase inhi-
bitor, 2.5 U Taq DNA polymerase, and 0.3 mM
primers. Samples were incubated at 508C for
30min andat 948C for 2min, and thenamplified
for 35 cycles under the following conditions;
denaturation for 30 s at 948C, annealing for 30 s
at 608C, and extension for 60 s at 688C. The
amplified PCR products were separated by
electrophoresis on a 1.5% agarose gel and
visualized by ethidium bromide staining and
quantitated using a densitometer.

Statistical Analysis

Datawere expressed as themean�SEM.The
significance of difference between the values
was estimated by Student’s t-test or by analysis
of variance (ANOVA) for comparing multiple
groups. A P value of <0.05 was considered to
indicate statistically significant difference.

RESULTS

Expression of Regucalcin in Cloned Kidney
Proximal Tubular Epithelial Cells

The cloned normal rat kidney proximal
tubular epithelial NRK52E cells were cultured
for 72 h to reach subconfluentmonolayers in the
presence of 5% BS. The results of RT-PCR
analysis showed that regucalcin mRNA was
expressed in the cloned normal rat kidney
proximal tubular epithelial cells (Fig. 1A). Also,

Fig. 1. Expression of regucalcin in the cloned normal rat kidney
proximal tubularepithelialNRK5cells.Cellswerecultured for72h in
the presence of 5% bovine serum (BS). Total RNAs (2 mg) extracted
from the cells were analyzed by reverse transcription-polymerase
chain reaction (RT-PCR) using specific primers (A). Western blot
analysis was carried out on the extracts (10 mg of the 5,500g
supernatant of cell homogenate) obtained from theNRK52Ecells (B).
The figure shows one of four experiments with separate samples.
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Western blot analysis showed that regucalcin
protein was present in the NRK52E cells
(Fig. 1B). Moreover, the cells with subcon-
fluency were cultured for 24, 48, or 72 h in the
presence or absence of 5%BS. The expression of
regucalcin mRNA in the NRK52E cells was
significantly increased by 24-h culture with 5%
BS (Fig. 2). However, its expression was
significantly decreased by 48- or 72-h culture
with 5% BS (Fig. 2). These results suggest that
regucalcin mRNA expression is regulated by
various factors (including hormones and cyto-
kines) that are present in BS.

Effect of Hormones on Regucalcin mRNA
Expression in Cloned Kidney Proximal Tubular

Epithelial Cells

The cloned normal rat kidney proximal
tubular epithelial NRK52E cells were cultured
for 72 h in the presence of 5% BS. The cells with
subconfluency were cultured for 24 or 48 h in a
medium containing either vehicle, PTH (10�8 or
10�7M), 1,25(OH)2D3 (10

�8 or 10�7M),CT (10�9

or 10�8 M), aldosterone (10�8 or 10�7 M), or
dexamethasone (10�8 or 10�7 M) in the absence
of BS. Culture with PTH (10�8 or 10�7 M) for

Fig. 2. Effect of BS on regucalcin mRNA expression in the
cloned normal rat kidney proximal tubular epithelial NRK52E
cells. Cells were cultured for 72 h in the presence of 5%BS. Cells
with subconfluency were cultured for 24, 48, or 72 h in the
presence or absence of 5% BS. Total RNAs (2 mg) extracted from
the cells were analyzed by RT-PCR using specific primers. The
figure shows one of four experiments with separate samples. The

densitometric data for regucalcin mRNA expression in the cells
cultured for 24, 48, or 72 h in the presence of BS were 144�5.0,
69�4.1, or 45� 6.9 (% of control; mean� SEM for four
experiments), respectively. The increase in regucalcin mRNA
levels seen at 24 h, or its decrease observed at 48 or 72 h was
significant (P<0.01) as compared with that of control levels.

Fig. 3. Effect of parathyroid hormone (PTH) (A), 1,25-
dihydroxyvitamin D3 (1,25(OH)2D3) (B), or calcitonin (C) on
regucalcin mRNA expression in the cloned normal rat kidney
proximal tubular epithelial NRK52E cells. After culture for 72 h
with5%BS, cellswith subconfluencywerecultured for24or48h
in a medium containing either vehicle, PTH (10�8 or 10�7 M),
1,25(OH)2D3 (10�8 or 10�7 M), or CT (10�9 or 10�8 M) in the

absence of BS. Total RNAs (2 mg) extracted from the cells were
analyzedbyRT-PCRusing specificprimers. Thefigure showsone
of four experiments with separate samples. The densitometric
data for regucalcin mRNA levels in the cells cultured for 24 or
48 h in the presence of hormone were indicated as % of control
value (mean� SEM for four experiments). *P<0.01, compared
with the control value.
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24 or 48 h caused a significant increase in
regucalcin mRNA levels in the NRK52E cells
(Fig. 3A). The presence of 1,25(OH)2D3 (10

�8 or
10�7 M) or CT (10�9 or 10�8 M) did not have a
significant effect on regucalcin mRNA expres-
sion in the cells (Fig. 3B,C).
The expression of regucalcin mRNA was

significantly increased by 24-h culture in the
presence of aldosterone (10�7 M) (Fig. 4A). This
expression was further enhanced by 48-h cul-
turewith aldosterone (10�8 or 10�7M) (Fig. 4A).
Meanwhile, culture with dexamethasone (10�8

or 10�7 M) for 24 h did not cause a significant
alteration in regucalcin mRNA levels in the
NRK52E cells (Fig. 4B). Regucalcin mRNA
expression was significantly enhanced by 48-h
culture with 10�8 M dexamethasone (Fig. 4B).

G3PDH mRNA expression in the NRK52E
cells was not significantly changed by culture
with PTH, 1,25(OH)2D3, CT, aldosterone, or
dexamethasone for 24 or 48 h (data not shown
in Figs. 3 and 4).

Effect of Cell Signaling-Related Factors on
Regucalcin mRNA Expression in Cloned Kidney

Proximal Tubular Epithelial Cells

The cloned normal rat kidney proximal
tubular epithelial NRK52E cells with subcon-
fluency were cultured for 24, 48, or 72 h in a
medium containing either vehicle, Bay K 8644
(2.5� 10�6M),DcAMP(10�5 or 10�4M), orPMA
(10�6 M) in the absence of BS. The presence of
BayK8644didnot cause a significant alteration
in regucalcin mRNA levels in the NRK52E cells
(Fig. 5). Meanwhile, regucalcin mRNA expres-
sion was significantly increased by culture with
DcAMP (10�5 or 10�4 M) or PMA (10�6 M) for
24 or 48 h (Fig. 6). G3PDH mRNA expression
was not significantly changed in the presence of
Bay K 8644, DcAMP or PMA for 24 or 48 h
(Figs. 5 and 6).

Effect of Protein Kinase and Phosphatase
Inhibitors on Regucalcin mRNA Expression in

Cloned Kidney Proximal Tubular Epithelial Cells

The cloned normal rat kidney proximal
tubular epithelial NRK52E cells with subcon-
fluencywere cultured for 24 or 48 h in amedium
containing either vehicle, dibucaine (10�7 M),
PD98059 (10�7 M), staurosporine (10�8 M), or
vanadate (10�6 or 10�5 M) with an effective
concentration for all function in the absence of
BS. Regucalcin mRNA expression in the
NRK52E cells was not significantly altered in
the presence of dibucaine for 24 or 48 h (Fig. 7).
Culture with PD98059 for 48 h caused a
significant decrease in regucalcin mRNA levels
in the cells (Fig. 7B). Staurosporine had a
remarkable suppressive effect on regucalcin
mRNA expression in the cells cultured for 24 or
48 h (Fig. 7A,B). Vanadate (10�6 or 10�5 M) did
not cause a significant change on regucalcin
mRNA levels (Fig. 8). Meanwhile, G3PDH
mRNA expression was not significantly altered
by culture with dibucaine, PD98059, stauros-
porine or vanadate (Figs. 7 and 8).

Fig. 4. Effect of aldosterone (A) or dexamethasone (B) on
regucalcin mRNA expression in the cloned normal rat kidney
proximal tubular epithelial NRK52E cells. Cells with subcon-
fluency were cultured for 24 or 48 h in a medium containing
either vehicle, aldosterone (10�8 or 10�7 M), or dexamethasone
(10�8 or 10�7 M) in the absence of BS. Total RNAs (2 mg) ex-
tracted from the cells were analyzed by RT-PCR using specific
primers. The figure shows one of four experiments with separate
samples. The densitometric data for regucalcin mRNA levels in
the cells cultured for 24 or 48 h in the presence of hormonewere
indicated as % of control (mean� SEM for four experiments).
*P< 0.01, compared with the control value.
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DISCUSSION

It has been shown that regucalcin mRNA
expression is stimulated in the kidney cortex of
rats received a single intraperitoneal admi-
nistration of calcium chloride, and that its
expression is suppressed in thyroparathyroi-
dectomized rats in vivo [Yamaguchi and

Kurota, 1995]. The specific nuclear factor has
been demonstrated to bind to the nuclear factor
1 (NF1) consensus motif TTGGC(N)6CC in the
promoter region of regucalcin gene in thekidney
cortex of rats [Misawa and Yamaguchi, 2001].
The characterization of regucalcin mRNA exp-
ression in kidney cells, however, has not been
determined yet. The present study finds that
regucalcin mRNA is expressed in the cloned
normal rat kidney proximal tubular epithelial
NRK52E cells in vitro, and that its expression is
enhanced by hormonal stimulation.

Calcium-regulating hormones including
PTH, 1,25(OH)2D3, or CT play a role in the
regulation of calcium transport in kidney pro-
ximal tubular epithelial cells [Ng et al., 1982;
Van Os, 1987]. Of these hormones, PTH has
been found to stimulate the expression of
regucalcin mRNA in the NRK52E cells. Reg-
ucalcin protein level significantly increased in
the presence of PTH (data not shown). PTH has
a stimulatory effect on the reabsorption of
calcium in kidney proximal tubule [Agus et al.,
1997]. Regucalcin has been shown to play a cell
physiologic role as an activator in the ATP-
dependent Ca2þ pumps in the basolateral

Fig. 5. Effect of Bay K 8644 on regucalcin mRNA expression in
the clonednormal rat kidneyproximal tubular epithelialNRK52E
cells.Cellswithsubconfluencywerecultured for24,48,or72h in
amediumcontainingeither vehicleorBayK8644 (2.5� 10�6M)
in the absence of BS. Total RNAs (2 mg) extracted from the cells
were analyzed by RT-PCR using specific primers. The figure

shows one of four experiments with separate samples. The
densitometric data for regucalcin mRNA levels in the cells
cultured for 24, 48, or 72 h in the presence of Bay K 8644 were
120� 5.8, 98�6.2, or 83� 7.5 (% of control; mean� SEM for
four experiments), respectively. The data were not significant as
compared with that of control levels.

Fig. 6. Effect of dibutyryl cyclic AMP (DcAMP; A) or phorbol
12-myristate 13-acetate (PMA; B) on regucalcin mRNA expres-
sion in the cloned normal rat kidney proximal tubular epithelial
NRK52E cells. Cells with subconfluency were cultured for 24 or
48 h in a medium containing either vehicle, DcAMP (10�5 or
10�4M) or PMA (10�6M) in the absence of BS. Total RNAs (2 mg)
extracted from the cells were analyzed by RT-PCR using specific
primers. The figure shows one of four experiments with separate
samples. The densitometric data for regucalcin mRNA levels in
the cells cultured for 24or 48 h in thepresenceofDcAMPor PMA
were indicated as % of control value (mean� SEM for four
experiments). *P<0.01, compared with the control value.
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membranes of rat kidney cortex [Kurota and
Yamaguchi, 1997a,b,c]. It is speculated that
regucalcin has a regulatory role in the reabsorp-
tion of calcium in kidney proximal tubule.
The expression of regucalcin mRNA in the

cloned normal rat kidney proximal tubular
epithelial NRK52E cells was enhanced by
aldosterone, which has a stimulatory effect on
the reabsorption of sodium in kidney proximal
tuble. We also recognized that regucalcin pro-
tein level was also increased by aldosterone
(data not shown). The mechanism by which
aldosterone stimulates regucalcin mRNA
expression in the NRK52E cells is unknown,
at present It is speculated, however, that the
expression may be partly mediated through
the nuclear receptor for aldosterone in the cells.
The ATP-dependent Ca2þ pump and the Naþ/
Ca2þ exchange system are constituted in the

basolateral membranes from rat kidney cortex
[Van Heeswijk et al., 1984]. It is possible that
the regulatory effect of aldosterone in kidney
proximal tubule is partly mediated through the
expression of regucalcin.

The expression of regucalcin mRNA in the
NRK52E cells was significantly stimulated by
culture with dexamethasone (10�8 M) for 48 h,
although the concentration of l0�7 M did not
have a significant effect on the expression. The
lower concentration of dexamethasone may
have an effect on regucalcin mRNA expression
in the NRK52E cells. If dexamethasone
enhances regucalcin mRNA in the NRK52E
cells, the effect of dexamethasone in kidney
proximal tubule may be partly mediated
through regucalcin.

Bay K 8644, an agonist of calcium entry,
caused a slight increase in regucalcin mRNA

Fig. 7. Effect of dibucaine, PD98059, or staurosporine (ST) on
regucalcin mRNA expression in the cloned normal rat kidney
proximal tubular epithelial NRK52E cells. Cells with subcon-
fluency were cultured for 24 or 48 h in a medium containing
either vehicle, dibucaine (10�7 M), PD98059 (10�7 M), or
staurosporine (ST; 10�8M) in theabsenceofBS.TotalRNAs (2mg)
extracted from the cells were analyzed by RT-PCR using specific
primers. The figure shows are one of four experiments with

separate samples. The densitometric data for regucalcin mRNA
levels in the cells cultured for 24 or 48 h in the presence of
dibucaine, PD98059, or staurosporine (ST) were 103�4.7,
97� 3.9, or 52� 6.7 with 24-h culture, and 115� 5.8, 80� 7.8
or 4�2.0 with 48-h culture, respectively (mean� SEM for four
experiments). The decrease for 24- or 48-h culture with
staurosporne was significant (P< 0.01) as compared with the
control value.

Fig. 8. Effect of vanadateon regucalcinmRNAexpression in the
cloned normal rat kidney proximal tubular epithelial NRK52E
cells. Cells with subconfluency were cultured for 24 or 48 h in a
medium containing either vehicle or vanadate (10�6 or 10�5 M)
in the absence of BS. Total RNAs (2 mg) extracted from the cells
were analyzed by RT-PCR using specific primers. The figure

shows one of four experiments with separate samples. The
densitometric data for regucalcin mRNA levels in the cells were
107�5.2 or 107� 4.6 with 24-h culture of vanadate (10�6 or
10�5M), and 85�8.2 or 112�6.8with 48-h culture of vanadate
(10�6 or 10�5 M), respectively. Data were not significant as
compared with the control value.
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expression, although it is not significant. It can
not exclude the possibility that an increase in
intracellular calcium level provokes regucalcin
mRNA expression in the cloned normal rat
kidney proximal tubular epithelial NRK52E
cells.

RegucalcinmRNA expressionwas found to be
stimulated by DcAMP or PMA in the cloned
normal rat kidney proximal tubular epithelial
NRK52E cells. PMA has an activatory effect on
protein kinase C [Berridge, 1984]. DcAMP may
have a role as second messenger [Rasmussen,
1970]. The expression of regucalcin mRNA in
the NRK52E cells may be partly mediated
through signaling systems that are related to
cyclic AMP or protein kinase. It has been shown
that the action of PTH is mediated through
cyclic AMP or inositol 1,4,5-trisphosphate (IP3)-
released Ca2þ and protein kinase C in cells
[Verheijen and Defize, 1997]. It is assumed that
the effect of PTH in stimulating regucalcin
mRNA expression in the NRK52E cells may be
mediated through cyclic AMP and/or Ca2þ-
dependent protein kinase C in the NRK52E
cells.

Dibucaine is an antagonist of Ca2þ/calmodu-
lin-dependent protein kinase [Vincenzi, 1982],
and PD98059 is a ERK inhibitor [Peleck et al.,
1993]. Regucalcin mRNA expression was not
significantly inhibited in the presence of dibu-
caine or PD98059 in theNRK52E cells, suggest-
ing that its expression is not mediated through
Ca2þ/calmodulin-dependent protein kinase or
protein tyrosine kinase. Meanwhile, regucalcin
mRNA expression in the NRK52E cells was
found to suppressed by staurosporine, an
inhibitor of protein kinase C [Tamaoki et al.,
1986]. This result may support the view that
regucalcinmRNAexpression is partlymediated
through cell signaling which is related to
protein kinase C in the NRK52E cells.

Vanadate is an inhibitor of protein tyrosine
phosphatase [Hunter, 1995]. Culture with
vanadate did not cause a significant alteration
in regucalcin mRNA expression in the NRK52E
cells. The expression of regucalcin mRNA may
be involved in cell signalingwhich is involved in
protein tyrosine phosphatase in the NRK52E
cells.

The expression of regucalcin mRNA in the
kidney proximal tubular NRK52E cells has
been shown to stimulate by PTH or aldosterone
in this study. In liver cells that express greatly
regucalcin, whether PTH or aldosterone en-

hances regucalcin mRNA expression is un-
known. Kidney is a target organ for PTH or
aldosterone that regulates kidney function.
Presumably, regucalcin plays a physiologic role
in the cellular regulation of PTH or aldosterone.

In conclusion, it has been demonstrated that
regucalcin mRNA expression is stimulated by
addition of PTH or aldosterone in the cloned
normal rat kidney proximal tubular epithelial
NRK52E cells in vitro.
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