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Natriuretic peptides comprise a family of three structurally related peptides; atrial natriuretic peptide
(ANP), brain natriuretic peptide (BNP), and C-type natriuretic peptide (CNP). The present study was
performed to investigate the effect of ANP on the proliferation and activity of ROS17/2.8 and HOS cells
which are well-characterized osteoblastic cell lines. ANP dose-dependently decreased the number of
ROS17/2.8 and HOS cells after 48-hour treatment. ANP generally increased the alkaline phosphatase
activity of ROS17/2.8 and HOS cells after 48 hr treatment, regardless of the fact that basal activity of
alkaline phosphatase was much lower in HOS cells compared to that of ROS17/1.8 cells. ANP increased
the NBT reduction by ROS17/2.8 and HOS cells. ANP showed the variable but no significant effect on
the nitric oxide production by ROS17/2.8 and HOS cells. ROS17/2.8 and HOS cells produced and secreted
gelatinase into culture medium, and this enzyme was thought to be the gelatinase A type with the molecular
weight determination. The gelatinase activity produced by ROS17/2.8 cells was increased by the treatment
of ANP. However, the enzyme activity was not affected by ANP treatment in the HOS cell culture. In
summary, ANP decreased the proliferation and increased the alkaline phosphatase activity and NBT

reduction of osteoblasts. These results indicate that ANP is one of the important regulators of bone
metabolism.
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INTRODUCTION

Atrial natriuretic factor was discovered by the
pioneering work of DeBold et al (1981). In their
works, supernatants of atrial homogenates, when
injected into rats, caused a potent natriuresis and
diuresis. The factor involved was found to be a
peptide hormone synthesized, stored, and released by
mammalian atrial cardiocytes. Natriuretic peptides
comprise a family of three structurally related pep-
tides; atrial natriuretic peptide (ANP), brain natriuretic
peptide (BNP), and C-type natriuretic peptide (CNP)
(Rosenzweig & Seidman, 1991; Samson, 1992). ANP
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and BNP act as cardiac hormones that are produced
predominantly by atrium and ventricle, respectively
(Mukoyama et al, 1991; Tamura et al, 1994). CNP
occurs in a wide variety of tissues, where it acts as
a neuropeptide as well as a local regulator (Komatsu
et al, 1991; Vollmar et al, 1993). These natriuretic
peptides can elicit vasorelaxing, natriuretic and diu-
retic responses (Brenner et al, 1990). Recently, these
peptides were reported to be the potent regulators of
cell growth (Appel, 1992; Hagiwara et al, 1994).
It is well recognized that natriuretic peptide recep-
tors are expressed not only in the cardiovascular tis-
sues, but in a variety of extracardiovascular tissues,
suggesting that natriuretic peptides play important
roles outside the cardiovascular system as well (Chin-
kers & Garbers, 1991). There are several reports that
provided an incentive for investigating a possible role
for natriuretic peptides in bone metabolism. In fact,
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avian chondroprogenitor cells and fetal rat bone cul-
tures bear receptors for ANP (Pines & Hurwitz, 1988,
1989; Vargas et al, 1989). Specific, high affinity
binding sites for ANP have also been identified in
stromal cells derived from mouse bone marrow (Agui
et al, 1992) and in osteoblast-rich cells prepared from
neonatal rat calvaria as well as in clonal osteogenic
sarcoma cells (UMR 106-01) which have an osteobla-
stic phenotype (Fletcher et al, 1986).

Previous studies using primary cultures of osteo-
blast-like cells and chondrocytes and osteoclast-con-
taining bone marrow cultures revealed that natriuretic
peptides can regulate the proliferation and differen-
tiation of osteoblasts, chondrocytes, and osteoclasts
(Holliday et al, 1995; Suda et al, 1996; Hagiwara et
al, 1996). Several reports suggest a physiological
significance of natriuretic peptides in the process of
endochondral ossification (Suda et al, 1998; Yasoda
et al, 1998). Hagiwara et al (1996) demonstrated that
continuous culture of osteoblast-like cells from new-
born rat calvariae in the presence of natriuretic pep-
tides resulted in stimulation of bone formation as well
as activation of alkaline phosphatase. Moreover, ANP
has been shown to partially inhibit PGE,-stimulated
bone resorption without effect on basal or PTH-
stimulated resorption in fetal rat bone organ cultures
(Vargas et al, 1989). All these results suggest that
natriuretic peptides could affect bone remodeling, but
the physiological role of natriuretic peptides in this
process has not been fully understood. This study was
performed to explore the possible role of ANP in the
regulation of osteoblast proliferation and activity.

METHODS

Cell culture

Two well-characterized osteoblastic cell line, ROS
17/2.8 and HOS, were used in this study. ROS17/2.8
cell line was derived from rat osteosarcoma and
cultured with Dulbecco’s modified Eagle medium
(DMEM, BioWhittaker) containing 10% fetal bovine
serum (FBS, Gibco). HOS cell line was derived from
human osteosarcoma and cultured with F-12 medium
(Gibco) containing 5% FBS.

Cell proliferation assay

Osteoblastic cells were plated in 24-well plate (2 X

10* cells/well) and cultured for 48 hours with DMEM
containing 10% FBS or F-12 media containing 5%
FBS. Media was replaced with fresh media or media
containing various concentrations of ANP (10"~
1077 M, Sigma) and cultured for additional 48 hours.
After culture, adherent cells were detached by try-
psinization and resuspended in FBS-containing media.
Cell suspension was mixed with equal volume of
0.4% trypan blue solution in phosphate buffered sa-
line and cells were counted and scored for dye
exclusion in a hemocytometer under the light micro-
scope.

Alkaline phosphatase assay

Alkaline phosphatase activity of osteoblastic cells
was determined in ROS17/2.8 and HOS cultures after
treatment with ANP. Osteoblastic cells were plated at
a density of 2x 10" cells/well in 24-well plate and
cultured for 48 hours. When the cells reached about
70% confluence, media was changed with various
concentrations of ANP. After 2 days of culture, media
was discarded and enzymes were extracted with 0.1%
Triton X-100/saline. Enzyme activity was measured
by spectrophotometer using p-nitrophenyl phosphate
(pNPP, 100 mM, Sigma) as a substrate. Protein con-
centration of each sample was measured using a
commercial kit (BCA Protein Assay Kit, Pierce). The
enzyme activity was calculated as nmol or gmole
substrate cleaved/min/mg protein.

Nitro blue tetrazolium (NBT) reduction assay

To determine the production of superoxide by
osteoblastic cells, NBT reduction assay was petfor-
med. Osteoblastic cells were grown to confluence in
96-well plates and media was replaced with fresh
media containing various concentrations of ANP.
After 2 days of culture, 20 pxl of NBT solution
(Grade II1, 10 mg/ml, Sigma) was added to each well.
After 2-hour incubation, media was discarded, and the
formazan products formed during the culture were
solubilized by adding 200 x1 of 0.04 N HCl/isopro-
panol. Absorbance was read at 562 nm on a micro-
plate absorbance reader (SLT 400 SFC, Austria). Data
are expressed as percent absorbance of the cultured
control [100 X (absorbance of treated wells/absorbance
of control well}].
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Nitrite assay

Osteoblastic cells were grown in 96-well plates and
incubated with media containing various concen-
trations of ANP for 48 hours. Cell culture conditioned
medium samples were assayed for nitrite, a stable end
product of NO, using the Griess reaction (Green et
al, 1982). Briefly, 100 ul of Griess reagent con-
sisting of 1% sulphanilamide and 1% N-1-naphthy-
lethylenediamine dihydrochloride in 2% phosphoric
acid was mixed with 100 zl of conditioned medium.
Absorbance was then measured at 530 nm with a
microplate reader (SLT 400 SFC, Austria).

Type IV collagenase/gelatinase activity (zymogram)

Cells were grown to confluence in 24-well culture
plate. ‘Media was replaced with serum-free media
containing various concentrations of ANP and cul-
tured for additional 48 hours. After culture, con-
ditioned media was concentrated about 5-fold with a
30,000 molecular weight cut-off device (Centricon,
Amicon). Gelatin-degrading activity was assessed by
SDS-PAGE with a zymogram gel containing 0.1%
gelatin (NOVEX) using a mini-gel apparatus. After
electrophoresis, the enzyme was renatured by soaking
the gel in renaturing buffer (2.5% Triton X-100) for
30 min at room temperature and then in developing
buffer (50 mM Tris-HCl, pH 8.3, 0.2 M NaCl, 6.7
mM CaCl,, and 0.02% Brij 35) for 30 min. After
overnight incubation at 37°C in fresh developing
buffer, the gel was stained with 0.5% Coomassie blue

Table 1. Effect of ANP on the proliferation of ROS17/2.8
and HOS cells

Cell number (x 107%

Treatment

ROS17/2.8 HOS
Control 35.4+1.37 419+1.62
ANP 10" M 31.14+1.29 37.91+1.56
ANP 107" M 29.4+1.98 39.31+5.28
ANP 10°° M 292+ 1.77** 3741144
ANP 10 * M 25.6 1 1.80%* 339+ 1.17%*
ANP 10’ M 25.6+1.62%* 36.6+1.63*

ROS17/2.8 and HOS cells were cultured in the presence
or absence of ANP for 48 hours. Values are Mean*+ S.E.
(n=8). *P <0.05, **P <0.01, significantly different from
control.

R250 and destained in 10% methanol/10% acetic
acid. Enzyme activity appeared as a clear band in a
dark blue background. Molecular weight standards
were run on the same gels.

RESULTS
Cell proliferation

Cell number was calculated after culture with ANP
for 48 hours. ANP, at the concentration range of 10"
~10""7 M, decreased the number of ROS17/2.8 cells
and statistically significant decrease was shown at 10°
~10"7 M ANP treatment. Total number of HOS cells
was also decrcased by ANP treatment. However,
maximum decrease was observed at the 10°° M ANP
(Table 1).

Alkaline phosphatase activity

Alkaline phosphatase activity, one of the well-
known osteoblast phenotype marker, was increased by
ANP treatment. ANP increased the alkaline phospha-
tase activity of ROS17/2.8 cells and the maximum
increase was shown in 10" M ANP treatment. Basal
activity of alkaline phosphatase was very low in HOS
cells compared to ROS17/2.8 cells. However, ANP
also increased the alkaline phosphatase activity in
HOS cell culture by 17% (Table 2).

Table 2. Effect of ANP on alkaline phosphatase activity
of ROS17/2.8 and HOS cells

ALP activity

Treatment
ROS17/2.8 HOS

Control 1.69+0.05 29.8+1.19
ANP 10°° M 1.65+0.08 30.3+0.83
ANP 10°° M 1.74+0.15 32.3+0.88
ANP 1078 M 2.03+0.27* 32.3+0.90
ANP 10" M 1.82+0.30 35.441.31%*
ANP 107* M 202+0.36 34.8 +0.95%*

ROS17/2.8 and HOS cells were cultured in the presence
or absence of ANP for 48 hours. The enzyme activity was
calculated as « mole or nmole substrate cleaved/min/mg
protein in ROS17/2.8 and HOS cells respectively. Values
are Mean+S.E. (n=8). *P<0.05, **P<0.01, signifi-
cantly different from control.
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Table 3. Effect of ANP on the superoxide production in
the ROS17/2.8 and HOS cell culture

Table 4. Effect of ANP on the nitric oxide production
from the ROS17/2.8 and HOS cell culture

Absorbance (ODsso)

Absorbance (ODs30)

Treatment Treatment
ROS17/2.8 HOS ROS17/2.8 HOS

Control 0.147+0.001 0.150+0.001 Control 0.017 £0.002 0.050+0.001
ANP 107" M 0.158+0.001 0.149+0.001 ANP 107" M 0.028 £0.004 0.066+0.003
ANP 107" M 0.158+0.002 0.151+0.002 ANP 107 M 0.018 £0.001 0.049+0.002
ANP 10°° M 0.190+0.002*%*  0.169+0.002** ANP 10°° M 0.019£0.001 0.039+0.002
ANP 107* M 0.192+0.002**  0.171+0.002** ANP 107 ¥ M 0.022 +0.004 0.0360.001
ANP 1077 M 0.177£0.001**  0.176 £0.001** ANP 107’ M 0.019+0.002 0.047+0.002

ROS17/2.8 and HOS cells were cultured in the presence
or absence of ANP for 48 hours. After dissolution of
formazan granule, each well of the culture plate was read
using a microplate reader at 550 nm. Values are ODsso
and expressed as Mean % S.E. (n=10). **P <0.01, signifi-
cantly different from control.

Superoxide production

NBT reduction due to superoxide production by
ROS17/2.8 and HOS cells was measured after culture
with ANP. Table 3 shows that ANP increased the
NBT reduction by ROS17/2.8 cells and statistically
significant increase was observed at 10°~100" M
ANP treatment. The maximum stimulatory effect of
ANP was found to be 31% at the 10°° M ANP.
Similarly, ANP increased the NBT reduction by HOS
cells. However, the maximum stimulatory effect was
lower than that of ROS17/2.8 cells.

Nitric oxide production

Nitrite level in conditioned media was measured by
the spectrophotometric measurement. ANP showed
the variable effect on the nitric oxide production by
ROS17/2.8 and HOS cells (Table 4). However, basal
amount of nitric oxide produced by these cells was
very low, and the changes of NBT reduction by the
treatment with ANP was negligible.

Type IV collagenase/gelatinase activity

Gelatinase, produced by osteoblastic cells and sec-
reted into the culture medium, was detected with
substrate gel electrophoresis (zymography). As shown
in Fig. 1, one gelatinase band which had an apparent
molecular weight of 65~68 KDa was detected. Al-

ROS17/2.8 and HOS cells were cultured in the presence
or absence of ANP for 48 hours. Values are Mean+S.E.
(n=10).

1 2 3 4 5 6 1 2 3 4 5 6

205K —
118K —

69K —

43K —

32K -

Fig. 1. Zymogram of concentrated conditioned media
obtained from ROS17/2.8 (A) and HOS (B) cell culture.
Concentrated conditioned media after culture with various
concentrations of ANP was resolved in 10% zymogram
gel containing 1 mg/ml gelatin. Numeral are molecular
weight standard. Lane 1, control ; Lane 2-6, ANP 10_“,
107", 107°, 107° and 1077 M.

though it is not conclusive that this enzyme activity
represents a 72 KDa type IV collagenase (gelatinase
A), the enzyme activity was increased by the addition
of ANP in the ROS17/2.8 cell culture. However, the
enzyme activity was not affected by ANP treatment
in the HOS cell culture (Fig. 1).

DISCUSSION

The control mechanism that allow for coordinated
bone growth are poorly understood, but probably in-
volve many systemic and local regulators. These in-
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clude parathyroid hormone, 1,25-dihydroxy vitamin
Dj;, growth factors and cytokines as well as others yet
unknown (Thompson et al, 1987; Antoz et al, 1989;
Stashenko et al, 1989).

In this experiment, it was found that ANP inhibited
the proliferation of ROS17/2.8 and HOS cells which
retain much of the osteoblastic phenotype. ANP, at
the concentration of 10~ ''~10"" M, dose-dependently
decreased the cell number of ROS17/2.8 cells after
48-hr treatment. ANP also inhibited the cell pro-
liferation of HOS cells (Table 1). Pines and Hurwitz
(1988) reported that ANP inhibited cell proliferation
and PTH-stimulated [*H]-thymidine incorporation into
DNA of avian chondroprogenitor cells. In primary
osteoblastic cells exposed to natriuretic peptides, a
dose-dependent reduction in the rate of DNA synthe-
sis was observed (Hagiwara et al, 1996). Our results
are in accordance with these reports and ANP seems
to have a antimitotic effect on the various kinds of
cell types including osteoblasts (Appel, 1992). How-
ever, Suda et al (1996) reported that CNP dose-
dependently decreased DNA synthesis of MC3T3-E1
cells, while ANP had little effects. This was due to
the difference of osteoblastic cells used for the experi-
ments.

ROS17/2.8 and HOS cells are widely used osteo-
blastic cell line, but they show a number of pheno-
typic differences. ROS17/2.8 cells exhibit high alka-
line phosphatase activity and rapidly forms minera-
lized nodules in vitro (Majeska et al, 1985; Simmons
& Grynpas, 1990), while HOS cells express relati-
vely high levels of integrin subunits. In this study,
basal level of alkaline phosphatase of ROS17/2.8 cells
is higher than that of HOS cells. ANP increased the
alkaline phosphatase activity of ROS17/2.8 cells and
the maximal increase was shown in 10°° M ANP
treatment. ANP also increased the alkaline phospha-
tase activity in HOS cells cultures and statistically
significant increase was shown in 10~ % and 1077 M
ANP treatment (Table 2). These results are in accor-
dance with the report that ANP increased the alkaline
phosphatase activity and the expression of mRNA of
alkaline phosphatase and osteocalcin in primary
osteoblastic cells (Hagiwara et al, 1996). Stein et al
(1990) provided a model demonstrating the relation-
ship between proliferation and differentiation during
the development of rat osteoblasts. They proposed
that cell proliferation is inhibited before events asso-
ciated with differentiation of osteoblasts, such as
increases in the rates of expression of genes for alka-

line phosphatase and osteocalcin. Our results suggest
the possibility that ANP may be a local regulator
which inhibits cell proliferation while stimulates dif-
ferentiation of osteoblasts.

To explore the effect of ANP on the superoxide
production by osteoblastic cells, we performed the
NBT reduction assay after treatment of ROS17/2.8
and HOS cells for 48-hrs. In control culture, we have
observed that osteoblastic cells reduced yellow NBT
dye to an insoluble formazan. NBT reduction was in-
creased by treatment of ROS17/2.8 and HOS cells
with ANP (Table 3). It has been known that ANP can
modulate the phagocytosis and respiratory burst in
murine macrophages. Vollmar et al (1997) reported
that ANP increased the ingestion of opsonized fluo-
rescent latex particles and enhanced the reactive oxy-
gen production. Our results are in accordance with
this report. However, there is little available infor-
mation on the role of superoxide produced by osteo-
blasts in bone metabolism.

Recent studies have demonstrated that osteoblast
produces NO in response to proinflammatory cyto-
kines stimulation. This indicated that NO may play
a role in the regulation of activity of osteoblasts and
osteoclasts. There are many reports that ANP inhibits
nitric oxide synthesis in different cells (McLay et al,
1995; Vollmar & Schulz, 1995; Kiemer & Vollmar,
1997). In this experiment, we studied the effect of
ANP on the nitric oxide production by osteoblastic
cells. As shown in Table 4, it was found that osteo-
blastic cells produced the nitric oxide. Howevet, the
basal level before cytokine stimulation was very low.
ANP had variable but not significant effect on the
nitric oxide production by osteoblastic cells.

Bone resorption involves the removal of both the
mineral and organic matrix components of bone.
However, the mechanism for degradation of collagen,
the major structural protein of bone, remains contro-
versial. Cystein proteinase, particularly cathepsins,
and metalloproteinases such as interstitial collagenase
(MMP-1) are capable of degrading native type I
collagen (Wooley, 1984; Delaisse et al, 1991). An-
other member of the metalloproteinase family, type
IV collagenase (gelatinase), is produced by bone cells
(Lorenzo et al, 1992). Although the actual role for
gelatinase in the bone remodeling process is unk-
nown, it is believed to contribute to the final degra-
dation of collagen. In our study, osteoblastic cells
produced and secreted gelatinase, which had the mo-
lecular weight of 65~68 kDa, into the medium dur-
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ing culture (Fig. 1). Because of proteolytic activation
of latent gelatinase and shifting molecular weights of
activated forms in concentrated conditioned media
samples, it was not possible to conclude that this
enzyme represented gelatinase A or gelatinase B by
the zymogram method. Recent Western blot analysis
with specific anti-gelatinase A and B antisera indi-
cated that the main activity produced by osteoblast is
gelatinase A (data not shown). Importantly, gelatinase
activity is increased by the treatment of ANP in
ROS17/2.8 cells. The gelatinase activity with the
same molecular weight as the ROS17/2.8 culture was
observed in HOS cell culture medium. However, this
enzyme activity did not change after treatment of
ANP (Fig. 1). These results indicate that ANP decrea-
ses -the proliferation of osteoblast, while the activity
of osteoblast is increased by ANP. Although the
precise mechanism of ANP remains to be elucidated,
ANP seems to be one of the important regulators of
bone metabolism.
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