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Abstract

Introduction: Angiotensin Il (Ang Il) not only regulates systemic blood pres-
sure through a vasoconstrictive effect, but also promotes bone resorption.
We recently reported that Ang 1l (1076 M) stimulated the production of matrix
metalloproteinases via the AT, receptor in osteoblastic ROS17/2.8 cells, but
suppressed alkaline phosphatase activity. However, the roles of Ang Il in
osteoblastic differentiation and the function of osteogenesis in osteoblasts
are unclear. Therefore, we examined the effect of Ang Il on the expression
of osteogenesis-related transcription factors and extracellular matrix (ECM)
proteins, as well as mineralized nodule formation in ROS17/2.8 cells.
Material and methods: ROS17/2.8 cells were cultured with 0 (control) or
107° M Ang Il in the presence or absence of the AT, receptor blocker losartan.
Mineralized nodule formation was detected by Alizarin Red staining. Gene
and protein expression levels of transcription factors and ECM proteins were
determined using real-time PCR and Western blotting, respectively.

Results: Runx2, Msx2, and osteocalcin expression significantly decreased
with Ang Il compared to the control, whereas AJ18 expression significantly
increased. Osterix, DIx5, type | collagen, bone sialoprotein, and osteopon-
tin expression was unaffected. Mineralized nodule formation and calcium
content in mineralized nodules decreased with Ang Il. Losartan blocked sup-
pressive or stimulatory effects of Ang Il on Runx2, Msx2, osteocalcin, and
AJ18 expression.

Conclusions: These results suggest that Ang Il suppresses osteoblastic dif-
ferentiation by altering the expression of osteogenesis-related transcription
factors via the AT, receptor and the function of osteogenesis in ROS17/2.8
cells.

Key words: angiotensin, transcription factors, extracellular matrix proteins,
osteoblast.

AMS




Angiotensin Il suppresses osteoblastic differentiation and mineralized nodule formation via AT, receptor in R0S17/2.8 cells

Introduction

Bone is continuously destroyed and reformed
in vertebrates in a stringently regulated equilib-
rium between osteoblastic bone formation and
osteoclastic bone resorption, which maintains
optimal bone mass and calcium homeostasis [1].
Osteoblasts perform a central role in bone for-
mation via high alkaline phosphatase (ALPase)
activity and the production of extracellular ma-
trix (ECM) proteins, such as type | collagen, bone
sialoprotein (BSP), osteopontin (OPN), and osteo-
calcin (OCN) [2-5]. Osteoblastic differentiation
is controlled by multiple transcription factors at
various stages of osteoblast development [6]. Two
transcription factors, Runx2 and Osterix, are es-
sential for osteoblastic differentiation during both
intramembranous and endochondral bone forma-
tion [7-9]. Alterations in the function of various
non-bone-specific transcription factors such as
Msx2 and DIx5 have also been shown to affect
osteoblastic differentiation [10-13]. In contrast,
the novel zinc-finger transcription factor AJ18 has
been reported to regulate osteoblastic differenti-
ation [14].

Angiotensin Il (Ang Il) plays a major role in the
maintenance of extracellular fluid volume and
blood pressure. Ang Il becomes activated via the
seven transmembrane G protein-coupled recep-
tors [15], Ang Il type 1 (AT,) and type 2 (AT,) recep-
tors. Ang Il is involved in osteoporosis, a systemic
skeletal disease characterized by low bone mass
and micro-architectural deterioration of bone tis-
sue [16, 17]. Ang Il promotes bone resorption via
osteoclast AT, receptors [18-21]. In addition, both
animal and in vitro studies have indicated that Ang
Il may be related to osteoclast activation through
cytokines and/or receptor activator of nuclear fac-
tor xB ligand (RANKL) production by osteoblasts
[19-22]. We recently reported that Ang Il stimu-
lated the degradation process occurring during
ECM turnover in osteoids through an increase
in the production of matrix metalloproteinase
(MMP)-3 and -13 via the AT, receptor in osteoblas-
tic ROS17/2.8 cells [23]. These findings suggest
that Ang Il induces not only osteoclast activation,
but also the attachment of osteoclasts to the bone
surface. However, the role of Ang Il in osteoblastic
differentiation through osteogenesis-related tran-
scription factors and the function of osteogenesis
in osteoblasts are unclear.

In the present study, we examined the effect of
Ang Il on the expression of osteogenesis-related
transcription factors, such as Runx2, Osterix, Msx2,
DIx5, AJ18, and ECM proteins including type | col-
lagen, BSP OPN, and OCN in ROS17/2.8 cells. Addi-
tionally, the effects of Ang Il on mineralized nodule
formation by the cells and calcium content in min-
eralized nodules were examined.

Material and methods
Cell culture

The rat osteosarcoma cell line ROS17/2.8 was
used in the present study as model osteoblasts.
Cells were maintained in a-minimal essential
medium (a-MEM; Gibco-BRL, Rockville, MD, USA)
containing 10% (v/v) heat-inactivated fetal bo-
vine serum (FBS; HyClone Laboratories, Logan, UT,
USA) and 1% (v/v) penicillin/streptomycin (Sig-
ma-Aldrich, St. Louis, MO, USA) at 37°C in a hu-
midified atmosphere of 95% air and 5% CO,,. Cells
were seeded onto 6-well microplates at a density
of 5.0 x 10°cells/cm? and cultured in a-MEM with
0 or 10 M Ang Il (Sigma-Aldrich) in the presence
or absence of the AT, receptor blocker losartan
(5 uM; LKT Laboratories, Shenzhen, Longgang,
China) for up to 7 days. Culture medium was
changed every second or third day. The concentra-
tions of Ang Il and losartan were chosen based on
our previous study [23].

Real-time PCR

Total RNA was isolated at the indicated time
points using an RNeasy Mini Kit (Qiagen, Va-
lencia, CA, USA). The mRNA was converted into
complementary DNA (cDNA) using an RNA PCR
kit (PrimScript; Takara Bio, Shiga, Japan). The re-
sulting cDNA mixture was diluted 1 : 2 in sterile,
distilled water, and 2 ul of the diluted cDNA was
subjected to real-time polymerase chain reaction
(PCR) analysis using SYBR Green I. The reactions
were performed in 25 pl of SYBR premixed Ex Tag
solution (Takara Bio) containing 10 uM sense and
antisense primers (Table I). Primers were designed
using Primer3 software (Whitehead Institute for
Biomedical Research, Cambridge, MA, USA). The
PCR assays were performed using a Smart Cycler
(Cepheid, Sunnyvale, CA, USA) and analyzed us-
ing the instrument’s software. The protocol for
Runx2, Osterix, Msx2, DIx5, AJ18, type | collagen,
BSPE OPN, and OCN PCRs consisted of 40 cycles at
95°C for 5 s and 60°C for 30 s. All real-time PCR ex-
periments were performed in triplicate; the speci-
ficity of each product was verified through melting
curve analysis. Calculated gene expression levels
were normalized to the levels of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

SDS-PAGE and Western blotting

Cells were lysed with extraction buffer contain-
ing 0.05% Triton X-100, 10 mM B-mercaptoetha-
nol, 0.5 mM phenylmethylsulfony! fluoride, 0.5 mM
ethylenediaminetetraacetic acid, and 25 mM Tris-
HCl (pH 7.4). Cell membranes were disrupted by
sonication, and the samples were clarified by
centrifugation. Supernatants containing 20 pug
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Table I. PCR primers used in the experiments

Target Forward primer Reverse primer Genbank acc No.
Runx2 5’-CGCATTCCTCATCCCAGTAT-3’ 5’-GCCTGGGGTCTGTAATCTGA-3’ NM_053470
Osterix 5’-AAGGCAGTTGGCAATAGTGG-3’ 5’-CCGCTCTAGCTCCTGACAGT-3’ AY_177399.1
DIx5 5’-GCGCTCAACCCATACCAGT-3’ 5’-ACTCGGGACTCGGTTGTAGG-3’ NM_005221
Msx2 5’-TCACCACGTCCCAGCTTCTAG-3’ 5’-AGCTTTTCCAGTTGCGCCTCC-3’ NM_012982
AJ18 5’-GTGATTGGCAAGCTGCAGAA-3’ 5’-TAGCAGCCCACGAGATGGTC-3’ AJ_833597
Type | collagen  5’-GCTGAGGGCAACAGCAGCAGATTC-3"  5’-GATGTCCAGAGGTGCAATGTCAA-3’ NM_053356.1
BSP 5’-TGTGGAATGGTGCTACGGTCTC-3’ 5’-CCTTCAATGACGCACCTGGA-3’ RA_029413
OPN 5’-TCCTGCGGCAAGCATTCTC-3’ 5’-CTGCCAAACTCAGCCACTTTCA-3’ M_14656.1
OCN 5’-GGTGCAGACCTAGCAGACACCA-3’ 5’-AGGTAGCGCCGGAGTCTCTATTCA-3’ M_25490
GAPDH 5’-ATGGTGGTGAAGACGCCAGTA-3’ 5’-GGCACAGTCAAGGCTGAGAATG-3’ NM_017008

of intracellular protein were dissolved in 10 ul of
sample buffer containing 1% sodium dodecyl sul-
fate (SDS), 2 M urea, 15 mg/ml dithiothreitol, and
bromophenol blue, and then heated at 95°C for
5 min prior to loading. The proteins were resolved
by 4-20% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) with a discontinuous Tris-glycine buf-
fer system [24], transferred to a polyvinylidene
fluoride membrane using a semidry transfer ap-
paratus, and probed with the indicated antibodies.
Polyclonal or monoclonal IgG primary antibodies,
including goat anti-Runx2, goat anti-Msx2, goat
anti-OCN, mouse anti-B-tubulin (Santa Cruz Bio-
technology, Santa Cruz, CA, USA), and mouse an-
ti-AJ18, which was provided by Professor Naoto
Suzuki at the Nihon University School of Dentistry
[25], were used with the appropriate biotin-con-
jugated donkey anti-goat 1gG (Chemicon Inter-
national, Temecula, CA, USA) or goat anti-mouse
IgG (Zymed, San Francisco, CA, USA) secondary
antibodies. B-Tubulin was used as an internal stan-
dard. The membranes were labeled with streptavi-
din-horseradish peroxidase (streptavidin-HRP) and
visualized using a commercial chemiluminescence
kit (Amersham Life Sciences, Little Chalfont, Buck-
inghamshire, UK). Differences in protein expres-
sion were quantified by using a GS-800 calibrated
imaging densitometer and Quantity One software
(Bio-Rad Laboratories, Richmond, Calif, USA).

Mineralized nodule formation and calcium
and protein measurements

Cells were plated in 24-well tissue culture plates
at a density of 5.0 x 10° cells/cm? and cultured
in a-MEM with 50 mM B-glycerophosphate and
50 pg/ml ascorbic acid in the presence or absence
of 10 M Ang Il for 7 days. Culture medium was
changed every second or third day. The condition of
the cells and nodule formation were checked rou-
tinely by phase-contrast microscopy (Nikon, Tokyo,
Japan). Mineralized nodules were detected by Aliz-
arin Red staining (Wako Fine Chemical Industries,
Osaka, Japan), as described previously [26-28].

Cells were plated in 6-well tissue culture plates
at the same cell density and cultured in the afore-
mentioned condition for 7 days. At the indicated
time points, the medium was discarded, 300 ul
0.5 M HCl was added to each well, and the cells
were incubated overnight to decalcify the miner-
alized nodules. The calcium content was deter-
mined quantitatively using the Calcium E-Test Kit
(Wako Fine Chemical Industries). Protein content
was determined quantitatively using the protein
assay solution (Bio-Rad Laboratories, Hercules, CA,
USA) after evaporation of HCl from the samples.

Statistical analysis

Each value is reported as the mean * standard
deviation (SD). Significant differences were de-
termined using a one-way analysis of variance
(ANOVA) followed by Tukey’s multiple comparison
test using GraphPad Prism software (ver. 5.0 San
Diego, CA, USA). Differences with a p value < 0.05
were considered statistically significant.

Results

Effect of Ang Il on transcription factor
expression

In both the presence and absence of 10° M
Ang Il, mRNA expression levels of Runx2, Osterix,
DIx5, and Msx2 were highest on day 3 of culture,
whereas the expression level of AJ18 was lowest
on day 3. In the presence of 10 M Ang Il, mRNA
expression levels of Runx2 and Msx2 decreased
significantly by 0.58- and 0.75-fold, respectively,
compared to the control (Figures 1 A, D) on day 5.
In contrast, the expression levels of AJ18 on day
5 and Runx2 on day 7 increased significantly by
1.5- and 1.7-fold, respectively, compared to the
control (Figures 1 A, E). The expression levels of
Osterix and DIx5 were not affected in the pres-
ence of Ang Il during the 7-day culture period
(Figures 1 B, Q).

The Ang Il-induced change in Runx2, Msx2, and
AJ18 mRNA expression on day 5 correlated with
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protein expression. Protein expression levels of
Runx2 and Msx2 decreased in cells cultured with
10° M Ang Il, whereas the AJ18 expression level
increased (Figure 2).

Effect of Ang Il on mineralized nodule
formation

Inboththe presence and absence of 10 MAngll,
the intensity of Alizarin Red staining in mineral-
ized nodules increased gradually until day 7 of
culture (Figure 3 A). The intensity on day 5 was
slightly suppressed in the presence of 10 M Ang I
compared to the control. The calcium content on

Each bar indicates the mean + SD from three independent
experiments. “p < 0.01, 'p < 0.05 (Ang Il treatment vs.
control).

day 3 was not affected by the addition of 10° M
Ang I, whereas that on day 5 significantly de-
creased 0.74-fold in the presence of Ang Il com-
pared to the control (Figure 3 B). The calcium con-
tent on day 7 decreased slightly in the presence of
Ang Il compared to the control, but a significant
difference was not observed.

Effect of Ang Il on ECM expression

In both the presence and absence of 10 M
Ang Il, the mRNA expression level of type | col-
lagen was highest on day 3 of culture, where-
as the expression levels of BSP, OPN, and OCN
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Figure 2. Effect of Ang Il on Runx2, Msx2, and AJ18 protein expression levels. ROS17/2.8 cells were cultured with
0 (control) or 10° M Ang Il for 5 days, and the protein expression levels of Runx2 (A), Msx2 (B), and AJ18 (C) were

examined with Western blotting

were highest on day 5 (Figures 4 A-D). In the
presence of 10 M Ang I, the mRNA expression
level of OCN decreased significantly 0.71-fold
compared to the control on day 5 of culture;
the expression level was not affected on days 3
and 7 (Figure 4 D). The expression levels of type
| collagen, BSR and OPN were not affected by
the addition of Ang Il during the 7-day culture
period (Figure 4 A-C).

The Ang ll-induced change in OCN mRNA ex-
pression on day 5 correlated with protein ex-
pression. The OCN protein expression levels also

decreased in cells cultured with 10 M Ang Il com-
pared to the control on day 5 (Figure 5).

Effect of losartan on Ang ll-induced change
in Runx2, Msx2, AJ18, and OCN mRNA
expression

Losartan (an AT, receptor blocker) completely
blocked the suppressive effects of 10 M Ang Il on
Runx2, Msx2, and OCN mRNA expression on day 5
of culture (Figures 6 A, B, D). Losartan also blocked
the stimulatory effects of 10° M Ang Il on AJ18
mRNA expression on day 5 (Figure 6 C).
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Discussion

Based on previous studies reporting that Ang |l
suppresses ALPase activity and mineralized nodule
formation in rat calvarial osteoblasts, Ang Il has
been considered to suppress osteoblastic differen-
tiation [29, 30]. To the best of our knowledge, no
studies had examined the effects of Ang Il on the
expression of osteogenesis-related transcription
factors in osteoblasts. Recently, we reported that
ALPase activity decreased when ROS17/2.8 cells
were stimulated with 10 M Ang Il during the
growth stage until confluence [23]. Therefore, we
investigated the effects of Ang Il on osteoblastic
differentiation by examining the expression of
osteogenesis-related transcription factors using
ROS17/2.3 cells as osteoblasts. Previous studies in-
dicated that ROS17/2.8 cells are typical osteoblasts;
the cells had high ALPase activities and formed
mineralized nodules in culture for 7 days [26-28].

In the present study, the expression of Runx2
and Msx2 decreased significantly in the presence
of 10 M Ang Il compared to the control, where-
as AJ18 expression increased significantly. In ad-
dition, Ang Il suppressed mineralized nodule for-
mation by ROS17/2.8 cells. Runx2 is essential for
osteoblast differentiation of mesenchymal stem
cells. Furthermore, mesenchymal stem cells dif-
ferentiate into mature osteoblasts, which express
high levels of OCN [31]. In the present study, Runx2
expression, as well as OCN expression, decreased
in the presence of 10° M Ang Il in ROS17/2.8 cells.

Msx2 plays an important role in regulating
bone development. Liu et al. [11] suggested that
overexpression of Msx2 transiently inhibits os-
teoblast differentiation, resulting in an increase in
the osteoblast pool and ultimately in an increase
in bone growth. Moreover, other studies have
demonstrated that Msx2 promotes osteoblast
differentiation and/or proliferation [32, 33]. Our
present results also indicated that the function
of Msx2 is to promote osteoblastic differentia-
tion. Osterix, which contains a three zinc-finger
motif, is a second transcription factor essential
for osteoblast differentiation [9]. DIX5 expression
is correlated with osteoblast differentiation, and
maximal DIx5 expression occurs during the final
stages of in vitro osteoblast differentiation, sug-
gesting that DIx5 may be involved in the matu-
ration of the bone cell phenotype [34]. AJ18 may
downregulate osteoblast differentiation by bind-
ing to osteoblast-specific element 2 and modulate
transactivation by Runx2 [14, 25]. In light of these
findings, the results of the present study suggest
that 10 M Ang Il suppresses osteoblastic differ-
entiation by decreasing Runx2 and Msx2 expres-
sion, and increasing AJ18 expression.

Hagiwara et al. [29] previously reported that
Ang Il suppressed mineralized nodule formation

A Control Ang Il
R\ o ’/U\\ ’/k
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N
/_’/\_ N f\lh' A\ ~

Day 5

Day7 =

*%*

0.5
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3 5 7
Days in culture

00 (control) B Ang 11 10 M

Figure 3. Effect of Ang Il on mineralized nodule for-
mation. ROS17/2.8 cells were cultured with O (con-
trol) or 10 M Ang Il for up to 7 days. Mineralized
nodule formation (A) was examined by Alizarin Red
staining on days 3, 5, and 7 of culture, and the cal-
cium content in mineralized nodules (B) was deter-
mined using a calcium assay kit

Each bar indicates the mean + SD from three independent
experiments. “p < 0.01 (Ang Il treatment vs. control).

and mRNA expression of OCN in rat calvarial os-
teoblasts on day 14 of culture. Their previous re-
portisinaccordance with our present results using
ROS17/2.8 cells. We think that Ang Il suppressed
osteocalcin expression when its expression was
highest in both our present study and the previ-
ous study by Hagiwara et al. However, they did not
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ROS17/2.8 cells were cultured with 0 (control) or 10° M

Ang Il for 5 days, and the protein expression level of OCN were examined with Western blot analysis

examine the effects of Ang Il on the expression of
other ECM proteins such as BSR OPN, and type |
collagen. In the present study, we examined the
effect of Ang Il on the expression of these ECM
proteins to clarify the mechanism by which Ang II
suppresses mineralized nodule formation. As
a result, OCN expression decreased with the addi-

tion of Ang Il; in contrast, type | collagen, BSE and
OPN expression was not affected. Non-collage-
nous matrix proteins are believed to be import-
ant in the organization of the collagen matrix and
regulating the formation and growth of hydroxy-
apatite crystals [3-5, 35]. As described above, we
clarified that Ang Il suppressed ALPase activity in
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Figure 6. Effect of losartan on Runx2, Msx2, AJ18, and osteocalcin mRNA expression. ROS17/2.8 cells were cultured
with O (control) or 10 M Ang Il in the presence or absence of the AT, receptor blocker (losartan) for 5 days. mRNA
expression levels of Runx2 (A), Msx2 (B), AJ18 (C), and OCN (D) were determined using real-time PCR

Each bar indicates the mean + SD from three independent experiments. 'p < 0.05.

ROS17/2.8 cells [23]. ALPase, which hydrolyzes
the ester bond of organic phosphate compounds
under alkaline conditions, plays an important role
in bone calcification as well as ECM proteins. Not
only does the enzyme hydrolyze substances that
inhibit calcification, such as pyrophosphate and
adenosine triphosphate (ATP), it is also indis-
pensable for producing the increased phosphate
concentration required for hydroxyapatite crys-
tallization [2]. These findings indicate that Ang II
suppresses mineralized nodule formation by de-
creasing ALPase activity and OCN expression in
osteoblasts. Animal and epidemiological evidence
suggests that high blood pressure is associated
with abnormalities of calcium metabolism, lead-
ingto an increase in calcium loss, thereby increas-
ing the risk of osteoporosis [36, 37]. Moreover,
there are previous studies indicating that Ang |l
induced osteoclastic bone resorption, and antihy-
pertensive drugs, such as angiotensin-converting
enzyme inhibitors and angiotensin Il receptor
blockers, increased bone mass [18, 19, 38, 39].
These previous findings and our present results
indicated that Ang Il might play a role in osteo-

porosis by not only activating osteoclastic bone
resorption [40], but also suppressing osteoblastic
matrix calcification.

In the present study, the calcium content in
mineralized nodules on days 5 and 7 of culture de-
creased in the presence of Ang Il compared to the
control. However, a significant difference was not
observed on day 7. Thus, the suppressive effect of
Ang Il on nodule calcification was attenuated on
day 7 rather than day 5. This phenomenon con-
formed to the effects of Ang Il on Msx2, AJ18, and
OCN expression. Significantly decreased expres-
sion of Msx2 and OCN, and significantly increased
AJ18 expression, were observed on day 5 but
not day 7 of culture. In contrast, mRNA expres-
sion of Runx2 increased significantly in Ang IlI-
treated cells compared with untreated control
cells on day 7. This phenomenon may be inde-
pendent of the direct effect of Ang Il, because our
previous study using ROS17/2.8 cells indicated
that the expression of AT, and AT, receptors mark-
edly decreased on day 7 of culture compared with
days 3 and 5 [23]. Growth factors, such as bone
morphogenetic protein 2 and fibroblast growth
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factor 2 (FGF2), and inflammatory cytokines, such
as interleukin (IL)-1B and IL-6, induce Runx2 ex-
pression [41-45]. Moreover, in vitro studies have
reported that Ang Il induces the production of IL-6
and FGF2 in mouse calvarial osteoblast [46] and
skeletal muscle cells [47], respectively. In the pres-
ent study, we did not examine the effects of Ang |
on the expression of growth factors and cyto-
kines in ROS17/2.8 cells. However, Ang Il may in-
duce cytokines including IL-6 and/or growth fac-
tors such as FGF2 in the early culture period, and
the autocrine action of these factors might be
related to increasing Runx2 expression during the
late culture period. Based on the present results
of mineralized nodule formation, nodule calcium
content, and ECM protein expression, we believe
that upregulation of Runx2 in the late culture pe-
riod is not crucial for the function of osteogenesis
in ROS17/2.8 cells.

Previous studies have indicated that Ang II
induces RANKL and MMP expression via AT, re-
ceptors [19, 23]. In the present study, losartan,
an AT, receptor blocker, completely inhibited the
decreasing expression of Runx2, Msx2, and OCN,
and the increasing expression of AJ18 in Ang
[I-treated cells. Moreover, another previous study
[29] reported that the suppressive effect of Ang Il
on ALPase activity and OCN expression was atten-
uated by an AT, receptor blocker, but not an AT,
receptor blocker in rat calvarial osteoblasts. These
findings suggest that Ang Il binds to the AT, recep-
tor and alters ALPase activity and Runx2, Msx2,
AJ18, and OCN expression in osteoblasts.

In conclusion, Ang Il suppresses osteoblastic
differentiation through decreasing Runx2 and
Msx2 expression and increasing AJ18 expression
via the AT receptor in ROS17/2.8 cells. In addition,
Ang Il suppresses mineralized nodule formation
by decreasing ALPase activity and OCN production
via AT receptors in ROS17/2.8 cells.
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