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Abstract

Homocysteine (Hcy) increases oxidation and inflammation; however, the mechanism of Hcy-induced bone fragility remains
unclear. Because selective estrogen modulators (SERMs) have an anti-oxidative effect, SERMs may rescue the Hcy-induced
bone fragility. We aimed to examine whether oxidative stress and pro-inflammatory cytokines such as interleukin (IL)-1f
and IL-6 are involved in the Hcy-induced apoptosis of osteocytes and whether bazedoxifene (BZA) inhibits the detrimen-
tal effects of Hcy. We used mouse osteocyte-like cell lines MLO-Y4-A2 and Ocy454. Apoptosis was examined by DNA
fragmentation ELISA and TUNEL staining, and gene expression was evaluated by real-time PCR. Hcy 5 mM significantly
increased expressions of NADPH oxidase (Nox)1, Nox2, IL-1f, and IL-6 as well as apoptosis in MLO-Y4-A2 cells. Nox
inhibitors, diphenyleneiodonium chloride and apocynin, significantly suppressed Hey-induced IL-1p and IL-6 expressions.
In contrast, an IL-1p receptor antagonist and an IL-6 receptor monoclonal antibody had no effects on Hey-induced Nox1
and Nox2 expressions, but significantly rescued Hecy-induced apoptosis. BZA (1 nM—1 uM) and 17 estradiol 100 nM sig-
nificantly rescued Hcey-induced apoptosis, while an estrogen receptor blocker ICI 182,780 reversed the effects of BZA and
178 estradiol. BZA also rescued Hey-induced apoptosis of Ocy454 cell, and ICI canceled the effect of BZD. Moreover, BZA
significantly ameliorated Hcy-induced expressions of Nox1, Nox2, IL-1f, and IL-6, and ICI canceled the effects of BZA on
their expressions. Hcy increases apoptosis through stimulating Nox 1 and Nox 2-IL-1p and IL-6 expressions in osteocyte-
like cells. BZA inhibits the detrimental effects of Hcy on osteocytes via estrogen receptor.
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Hcy Homocysteine T2DM  Type 2 diabetes mellitus
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Nox NADPH oxidase o-MEM  o-minimum essential medium
SERM  Selective estrogen receptor modulators
DPI Diphenyleneiodonium chloride
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Meurs et al. [4] reported large-scale prospective, popula-
tion-based studies showing that circulating homocysteine
levels were significantly associated with higher osteoporotic
fracture risk independently of bone mineral density (BMD)
and other potential risk factors for fracture. Therefore, the
mechanism by which patients with hyperhomocysteinemia
have higher risk of fracture is explained by deterioration of
bone quality. Indeed, a previous study showed that plasma
homocysteine levels were significantly and independently
associated with osteoporotic fracture risk in patients with
type 2 diabetes [6], that have an increased risk of fracture
despite of normal or high BMD [7-9]. However, the mecha-
nism of Hcy-induced bone fragility is not fully understood.
Previous studies showed that plasma homocysteine levels
were associated with atherosclerotic diseases by increasing
oxidative stress [10, 11] and chronic inflammation [12, 13].
Thus, we hypothesized that oxidative stress and pro-inflam-
matory cytokines might be involved in the Hcy-induced
bone fragility. We previously demonstrated that Hcy induces
apoptosis of osteoblasts and osteocytes by increasing oxida-
tive stress [14, 15]. However, it is unknown whether or not
pro-inflammatory cytokines are involved in the detrimental
effects of Hey.

Selective estrogen receptor modulators (SERMs) are used
for the treatment of postmenopausal osteoporosis. Although
the increasing effect of SERMs on BMD is lower than that
of bisphosphonate, SREMs are as effective as bisphospho-
nates for preventing vertebral fractures [16], suggesting that
SERMs might improve bone quality rather than BMD. A
major effect of SERMs on bone metabolism is considered
to be inhibition of bone resorption via suppression of osteo-
clasts activity [17, 18]. However, several studies showed that
SERMs might affect osteoblast lineage cells [15, 19, 20].
Osteocytes are the most abundant cells in bone, and they
play important roles in coordinating the functions of osteo-
blasts and osteoclasts [21]. Previous studies have shown that
estrogen withdrawal induces osteocyte apoptosis [22], and
that treatment with estrogen and SERMs preserve osteo-
cyte viability [19, 23]. We have shown that Hcy induces
apoptosis of osteocyte-like MLO-Y4-A2 cells by increasing
expressions of NADPH oxidase (Nox) 1 and Nox2, which
are dominant oxidative stress-inductive enzymes [14]. How-
ever, whether SERMs work protectively against the Hcy-
induced apoptosis of osteocytes remains unknown.

Therefore, in this study, we aimed to examine whether
pro-inflammatory cytokines such as interleukin (IL)-1f and
IL-6 are involved in the Hey-induced apoptosis of osteocyte-
like cells and whether estrogen and bazedoxifene (BZA), one
of SERMs, can rescue the Hey’s effects.

Materials and Methods
Materials

Cell culture medium and supplements were purchased from
GIBCO-BRL (Rockville, MD, USA). Hcy was purchased
from Wako Pure Chemical Industries (Osaka, Japan). We
chose 5 mM Hcy to induce apoptosis based on the previous
study [14]. BZA was kindly provided by Pfizer (New York,
NY, USA). 17 estradiol was purchased from Sigma-Aldrich
(St. Louis, MO, USA). ICI 182,780, an ER inhibitor, was
purchased from TOCRIS (Bristol, United Kingdom). IL-
1RA, a recombinant murine interleukin-1 receptor antago-
nist protein, was purchased from Prime Gene (Shanghai,
China). MR16-1, an IL-6 receptor monoclonal antibody,
was kindly provided by CHUGAI PHARMACEUTICAL
(Tokyo, Japan). The Nox inhibitors, diphenyleneiodonium
chloride (DPI) and apocynin, were purchased from Enzo
Life Sciences (New York, NY, USA) and Santa Cruz Biotech
(Santa Cruz, CA, USA), respectively. All other chemicals
were of the highest grade available commercially. BZA and
17p estradiol were dissolved in DMSO, and Hey was in dis-
tilled water.

Cell Culture

We used MLO-Y4-A2, a murine long bone-derived oste-
ocytic cell line, which was kindly provided by Dr. Kato
(Asahi Kasei Medical Corporation, Tokyo, Japan) and Dr.
Bonewald (University of Missouri, USA). As previously
described [24], the cells were cultured on type I collagen-
coated plates in a-minimum essential medium (a-MEM)
supplemented with 10% fetal bovine serum and 1% penicil-
lin—streptomycin without phenol red in 5% CO, at 37 °C.
The culture medium was modified by excluding phenol red
because it has estrogenic activity [25]. The culture medium
was changed twice weekly.

We used another mouse osteocytic cell line Ocy454 cells.
The cells also cultured on collagen-coated plates in a-MEM
supplemented with 10% fetal bovine serum at 33 °C. After
the cells were confluent, the cells cultured at 37 °C. This cell
line is currently available to examine expression of sclerostin
[26].

Quantification of Gene Expression by Real-Time PCR

SYBR Green chemistry in conjunction with real-time PCR
was used to quantify the amounts of mRNAs for Nox1, Nox2,
1I-1B, 11-6, and 36b4, a housekeeping gene, according to an
optimized protocol [27, 28]. Total RNA was isolated using
Trizol reagent (Invitrogen, San Diego, CA, USA) and further
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Fig. 1 Effects of BZA on Hcy-induced apoptosis of MLO-Y4-A2
cells. After the cells reached confluence, the cells were treated with
Hcy in the presence or absence of BZA for 48 h. Apoptosis was
analyzed by an ELISA for DNA fragments (a). The result is repre-
sentative of three different experiments. Quantification of cell count

purified by two successive phenol-chloroform extractions.
First-strand cDNA was synthesized with an oligo-dT primer
and a SuperScript-I1II cDNA synthesis kit (Invitrogen).
Sense and antisense oligonucleotide primers were designed
according to published cDNA sequences using Primer
Express (version 2.0.0, Applied Biosystems, Carlsbad, CA,
USA). The cDNA was amplified with an ABI PRISM 7000
sequence detection system (Applied Biosystems Inc.). The
cDNA-specific SYBR Green Mix was incorporated into
the PCR buffer provided in the QuantiTect SYBR PCR kit
to allow for quantitative detection of the PCR product in a
25-uL reaction volume. The temperature profile of the reac-
tion was 60 °C for 2 min, followed by 95 °C for 15 min and
40 cycles of denaturation at 94 °C for 15 s and annealing
and extension at 60 °C for 1 min. Primer sequences were as
follows: NoxI, 5'-ATGCCCCTGCTGCTCGAATA-3" and
5'-AAATTGCCCCTCCATTTCCT-3"; Nox2, 5'-ACCGCC
ATCCACACAATTG-3' and 5'-CCGATGTCAGAGAGA
GCTATTGAA-3'; 1I-1f, 5'-ACACTCCTTAGTCCTCGG
CCA-3' and 5" TGGTTTCTTGTGACCCTGAGC-3'; 1I-6,
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of TUNEL-positive cells (b). A representative picture is shown (c).
The result is representative of four different experiments. The results
are expressed as the mean + standard error of mean (SEM). **p <0.01
and ***p <0.001. Cont, control; Hcy, homocysteine (5 mM); BZA,
bazedoxifene (1-1000 nM)

5'-GTCACTTTGAGATCTACTCGGCAA-3' and 5'-TGA
CCACAGTGAGGAATGTCCA-3'; 36b4, 5'-AAGCGCGTC
CTGGCATTGTCT-3' and 5'-CCGCAGGGGCAGCAGTGG
T-3".

Assessment of Apoptotic Cell Death
Cell Death Detection ELISA

Apoptosis was assessed by using Cell Death Detection
ELISA Plus kit (Roche Molecular Biochemicals, IN, USA)
according to the manufacturer’s protocol. MLO-Y4-A2 cells
were seeded in 96-well plates at a density of 3000 cells/
well and incubated overnight at 37 °C in a-MEM. The next
day, the cells were treated with Hcy and/or other agents.
On day 2 after treatment, the cells were lysed in 200 pL
lysis buffer. After centrifugation, 20 pL of the superna-
tant was transferred to a streptavidin-coated microplate
and exposed to anti-histone antibody (biotin-labeled) and
anti-DNA antibody (peroxidase-conjugated) for 2 h at room
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Fig. 2 Effects of 17B-estradiol and BZA on apoptosis of MLO-Y4-A2 result is representative of four different experiments. The results are
and OCY454 via ER. After the cells reached confluence, they were expressed as the mean + SEM. *p <0.05 and ***p <0.001. Cont, con-
treated with indicated agents. a—d: MLO-Y4-A2 cells. e, f: OCY454 trol; Hey, homocysteine (5 mM); BZA, bazedoxifene (100 nM); E2,
cells. After 48 h, quantification of cell count of TUNEL-positive 17B-estradiol (100 nM); ICI, ICI 182,780 (100 nM)

cells (a, ¢ and e). A representative picture is shown (b, d and f). The
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Fig.3 Effects of Hcy and BZA on Noxl1, Nox2, IL-1p, and II-6
expressions in MLO-Y4-A2 cells. After the cells reached conflu-
ence, they were treated with Hcy and/or BZA for 48 h. Nox! (a),
Nox2 (b), 1I-1p (c), and 1I-6 (d) mRNA expressions were examined

temperature. Each well was washed 3 times with the incu-
bation buffer, and antibody-nucleosome complexes bound
to the microplate were determined spectrophotometrically
using 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS). The absorbance measured at 405 nm was propor-
tional to the degree of apoptosis. The results were expressed
relative to the control.

TUNEL Staining

Apoptosis of MLO-Y4-A2 cells and Ocy454 cells was also
assessed by TUNEL staining using an in situ cell death
detection kit (Roche, Germany) according to the manufac-
turer’s protocol. Briefly, the cells were incubated in cham-
ber slides. After the cells were confluent, agents such as
Hcy and BZA were added at their specified concentrations
and the cells were incubated for 48 h. Fixation, blocking,
and permeabilization were then performed according to the
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by quantitative real-time PCR. The results are expressed as the mean
fold increase over control values + SEM (n=8). *p <0.05, **p <0.01,
*#%p <0.001. Cont, control; Hey, homocysteine (5 mM); BZA, baze-
doxifene (1-1000 nM)

manufacturer’s protocol. Slides were immersed in TUNEL
reaction mixture for 60 min at 37 °C in a humidified atmos-
phere in the dark. Slides were analyzed using optical micros-
copy. The average value of TUNEL-positive cells in one
microscopic field (200 X) was used to evaluate the degree
of apoptosis. TUNEL-positive cells were counted in six or
eight randomly selected areas of TUNEL-stained slides, and
the average value was calculated.

Statistical Analysis

Results are expressed as mean + SEM. Differences between
groups were evaluated by one-way analysis of variance
(ANOVA), followed by Fisher’s protected least significant
difference test. For all statistical tests, a value of p <0.05 was
considered to indicate a statistically significant difference.
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Fig.4 Effects of BZA on Hcy-
induced Nox1, Nox2, IL-1f,
and IL-6 expressions via ER in
MLO-Y4-A2 cells. After the
cells reached confluence, they
were treated with indicated
agents for 48 h. Nox! (a),

Nox2 (b), II-14 (¢), and 1I-6 (d)
mRNA expressions were exam-
ined by quantitative real-time
PCR. The results are expressed
as the mean fold increase 0
over control values + SEM

(n=38). *p <0.05, **p <0.01,

**%p <0.001. Cont, control;

Hcy, homocysteine (5 mM);

BZA, bazedoxifene (100 nM);

ICT, ICT 182,780 (100 nM)
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Results

Effects of BZA and E2 on Hcy-Induced Apoptosis
via ER in MLO-Y4-A2 Cells and Ocy454 Cells

To confirm our previous findings [14], we examined the
effects of Hcy on cell apoptosis of MLO-Y4-A2 cells. Cell
death detection ELISA showed that incubation with Hcy
5 mM significantly increased apoptosis (p <0.001), and
that co-incubation of BZA 100-1000 nM significantly
and dose-dependently suppressed Hcy-induced apoptosis
(»<0.01 and p <0.001, respectively) (Fig. 1a). Moreover,
TUNEL staining confirmed the results by ELISA that Hcy
significantly induced apoptosis and BZA 10-1000 nM had
protective effects against Hcy-induced apoptosis in a dose-
dependent manner (p <0.001) (Fig. 1b, c).

We examined the effects of BZA on Hcy-induced apop-
tosis via ER by using an ER inhibitor ICI. TUNEL staining
showed that E2 100 nM significantly inhibited Hcy-induced
apoptosis of MLO-Y4-A2 cells (p <0.001), whereas co-
incubation with ICI 100 nM significantly canceled the anti-
apoptotic effect of E2 (p <0.001) (Fig. 2a, b). Moreover, the
suppression of Hey-induced apoptosis by BZA 100 nM was
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partly but significantly reversed by co-incubation with ICI
(p<0.05) (Fig. 2c, d).

Next, we examined the effects of Hcy, BZA, and ICI on
cell apoptosis of another osteocytic cell line, OCY454 cells.
TUNEL staining confirmed the results as same as MLO-
Y4-A2 cells. TUNEL staining showed that incubation with
Hcy 5 mM significantly increased apoptosis (p <0.001), and
that co-incubation of BZA 100 nM significantly suppressed
Hcy-induced apoptosis (p <0.001) (Fig. 2e, ). Furthermore,
ICI 100 nM significantly canceled the anti-apoptotic effect
of BZA (p <0.001) (Fig. 2e, f).

Effects of BZA on Hcy-Induced Expressions of Nox1,
Nox2, II-1B, and 1I-6 via ER in MLO-Y4-A2 Cells

Previously, we have shown that Hey-induced apoptosis is
mediated by Nox 1 and Nox 2 expressions [14]. Therefore,
we examined effects of Hcy 5 mM on /I-1§ and /-6 expres-
sions and effects of BZA on Hcy-induced NoxI, Nox2, II-
1p, and II-6 expressions. MLO-Y4-A2 cells were used for
the rest of mechanistic analyses in all results. Real-time
PCR showed that Hey significantly increased expressions
of NoxI and Nox2 (both p <0.001), and BZA 10-1000 nM
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Fig.5 Effects of Hcy on apoptosis via IL-1p signal in MLO-Y4-A2
cells. After the cells reached confluence, they were treated with Hcy
in the presence or absence of IL-1RA for 48 h. Apoptosis was ana-
lyzed by an ELISA for DNA fragments (a). The result is representa-
tive of three different experiments. Quantification of cell count of

significantly suppressed the Hcy-increased Nox/ and
Nox2 expressions in a dose-dependent manner (at least
p<0.05) (Fig. 3a, b). Moreover, Hcy significantly increased
expressions of /I-1f and II-6 (both p <0.001), and BZA
10-1000 nM significantly suppressed the Hey-increased I1-
1p and I1-6 expressions in a dose-dependent manner (at least
p<0.05) (Fig. 3c, d).

Then, we examined whether BZA decreased the Hcy-
increased Noxl, Nox2, IL-1f, and Il-6 expressions via
ER. Real-time PCR showed that Hcy 5 mM significantly
increased expressions of Nox/ and Nox2 (both p <0.001),
and co-incubation with BZA 100 nM significantly inhibited
Hcy-induced upregulation of NoxI and Nox2 (p <0.001 and
p <0.01, respectively) (Fig. 4a, b). Moreover, co-incubation
with ICI significantly canceled the inhibitory effects of BZA
on Hcy-induced upregulation of Nox I and Nox 2 expres-
sions (p <0.01 and p <0.05, respectively). Furthermore,
Hcy 5 mM significantly increased expressions of /I-1 and
11-6 (both p <0.001), and co-incubation with BZA 100 nM
significantly inhibited Hey-induced upregulation of /I-15
and 7I-6 (both p <0.001) (Fig. 4c, d). Co-incubation with
ICI significantly canceled the inhibitory effects of BZA on
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TUNEL-positive cells (b). A representative picture is shown (c). The
result is representative of four different experiments. The results are
expressed as the mean+SEM. *p<0.05, **p<0.01, ***p<0.001.
Cont, control; Hey, homocysteine (5 mM); IL-1RA, IL-1p receptor
antagonist (10-100 ng/mL)

Hcy-induced upregulation of /-1 and II-6 expressions (both
p<0.01).

Effects of Hcy on Apoptosis via IL-18 ad IL-6
Expressions in MLO-Y4-A2 Cells

To investigate whether IL-1p and IL-6 is involved in
Hcy-induced apoptosis of MLO-Y4-A2 cells, we exam-
ined whether an IL-1p receptor antagonist IL-1Ra and
an IL-6 receptor monoclonal antibody MR16-1 can
reverse the effects of Hcy on apoptosis. Cell death detec-
tion ELISA showed that IL-1Ra 10-100 ng/mL signifi-
cantly and dose-dependently inhibited the Hcy-induced
apoptosis (at least p <0.05) (Fig. 5a). TUNEL staining
confirmed the results by ELISA that IL-1Ra signifi-
cantly and dose-dependently inhibited the Hcy-induced
apoptosis (all p <0.001) (Fig. 5b, c¢). Moreover, ELISA
showed that MR16-1 0.1-10 ng/mL significantly and dose-
dependently suppressed Hey-induced apoptosis (at least
p<0.01) (Fig. 6a). TUNEL staining confirmed the results
by ELISA that MR16-1 1 and 10 ng/mL significantly and
dose-dependently inhibited the Hcy-induced apoptosis (all
p<0.001) (Fig. 6b, c).
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Fig.6 Effects of Hcy on apoptosis via IL-6 signal in MLO-Y4-A2
cells. After the cells reached confluence, they were treated with Hcy
in the presence or absence of MR16-1 for 48 h. Apoptosis was ana-
lyzed by an ELISA for DNA fragments (a). The result is representa-
tive of three different experiments. Quantification of cell count of

The Association Between Nox and Pro-inflammatory
Cytokines in Hcy-Induced Apoptosis

Finally, to investigate the association between Nox and
pro-inflammatory cytokines, we examined effects of IL-
1Ra and MR16-1 on Hcy-induced Nox1 and Nox2 expres-
sions, and effects of Nox inhibitors on Hcy-induced IL-1p
and IL-6 expressions. Real-time PCR analysis showed that
neither IL-1Ra nor MR16-1 affected the expressions of
Noxl1 (Fig. 7a, b) and Nox2 (Fig. 7c, d). In contrast, Nox
inhibitors, apocynin 0.1 mM and DPI 1.0 nM, significantly
inhibited Hcy-increased //-1f (both p <0.01) (Fig. 8a, b)
and //-6 expressions (both p <0.001) (Fig. 8c, d).

Discussion

We have previously shown that Hcy increases apoptosis
of osteocyte-like MLO-Y4-A2 cells via increasing Nox1
and Nox2 expressions [14]. In this study, Hey significantly
increased IL-1f and IL-6 expressions, and Nox inhibitors
suppressed Hey-induced IL-1p and IL-6 expressions, and
blocking IL-1f and IL-6 signals canceled the Hcy-induced
apoptosis. These findings suggest that Hcy induced apoptosis
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TUNEL-positive cells (b). A representative picture is shown (c). The
result is representative of four different experiments. The results are
expressed as the mean+SEM. **p <0.01, *** p <0.001. Cont, con-
trol; Hey, homocysteine (5 mM); MR-16-1, an IL-6 monoclonal anti-
body (0.1-10 ng/mL)

of osteocyte-like MLO-Y4-A2 cells through enhancing Nox1
and Nox2-IL-1f and IL-6 pathway. Moreover, BZA signifi-
cantly inhibits Hcy-induced Nox1, Nox2, IL-1f, and IL-6
expressions as well as apoptosis via ER in MLO-Y4-A2
cells. We also showed BZA rescued Hey-induced apoptosis
via ER in another cell line, Ocy454. These results suggest-
ing that BZA may have a protective effect on Hey-induced
abnormal bone remodeling and bone fragility.

The present study showed that Hcy promoted apoptosis
by increasing IL-1p and IL-6 expressions in MLO-Y4-A2
cells. IL-1f and IL-6 are pro-inflammatory cytokines and
participate in important signal transmission. Previous stud-
ies showed that circulating Hcy levels were positively asso-
ciated with IL-1p and IL-6 levels [12, 29]. Pro-inflammatory
cytokines are known to affect bone metabolism. It has been
shown that increased pro-inflammatory cytokines includ-
ing IL-1p and IL-6 promote osteoclast differentiation and
inhibits osteoblast maturation and function, resulting in
bone mass reduction [30]. Thaler et al. [31] showed that Hcy
dose-dependently increased IL-6 expression in osteoblastic
MC3T3-E1 cells, leading to suppression of collagen cross-
links. Zhang et al. [32] demonstrated that Hcy increased
oxidative stress and pro-inflammatory cytokines including
IL-1p expressions in osteoclastic Raw 264.7 cells. However,
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Fig.7 Effects of Hcy on the

expressions of Nox1 and Nox2
via IL-1f and IL-6 signals
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in the presence or absence of
IL-1RA or MR16-1 for 48 h.
Total RNA was collected and
the mRNA expressions of
NoxI (a, b) and Nox2 (¢, d)
were examined by quantita-
tive real-time PCR (n=4). The
results are expressed as the
mean + SEM. *#*p <0.001, n.s. 0
not significant. Cont, control;

Hcy, homocysteine (5 mM); IL-

1RA, IL-1p receptor antagonist

(100 ng/mL); MR-16-1, an IL-6

monoclonal antibody (10 ng/ C
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to our best knowledge, there are no studies on the effects of
Hcy on IL-1pP and IL-6 expressions in osteocytes thus far.
Therefore, this is the first study to show that Hcy increases
IL-1p and IL-6 expressions via increasing Nox1 and Nox?2
expressions, which result in induction of apoptosis, in oste-
ocyte-like cells.

Oxidative stress is known to be involved in osteoporosis
and bone fragility. It has been shown that excessive ROS
generation-induced oxidative stress increases apoptosis of
osteoblast and osteocyte, resulting in impaired their activ-
ity and low bone quality [33]. BZA decreased Hcy-induced
apoptosis and expressions of Nox1 and Nox2 in osteocytic
cells in this study. We have previously shown that Hcy-
induced apoptosis of MLO-Y4-A2 cells was significantly
inhibited by anti-oxidant N-acetylcysteine and Nox inhibi-
tors [14], suggesting that oxidative stress is involved in the
apoptotic effects of Hey in osteocytes. Another in vitro study
showed that H,0, induced apoptosis of MLO-Y4 cells, and
that 17p-estradiol and raloxifene, one of SERMs, rescued the
H,0,-induced apoptosis [34]. Taken together, these results
suggest that SERMs potentially rescue Hcy- and oxidative
stress-associated osteocyte dysfunction and bone fragil-
ity. Indeed, Johnell et al. [35] reported that the efficacy of
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raloxifene for preventing vertebral fracture is significantly
higher in postmenopausal women with diabetes than in those
without it. Therefore, further clinical studies are necessary to
investigate whether SERMs are useful for preventing osteo-
porotic fracture especially in subjects with hyperhomocyst-
einemia and oxidative stress.

The present study showed that BZA significantly inhib-
ited the Hey-induced pro-inflammatory cytokines such as
IL-1P and IL-6 in MLO-Y4-A2 cells. This is the first study
to show anti-inflammatory effects of SERMs in osteocytic
cells. There are few in vivo and clinical studies showing that
SERMs may have anti-inflammatory effects. In animal mod-
els of collagen-induced arthritis, BZA reduced serum IL-6
levels and protected against bone loss [36]. Raloxifene sig-
nificantly decreased circulating IL-6 levels in postmenopau-
sal women [37]. Although further studies are needed, BZA
could be useful for protecting against bone fragility caused
by Hey-induced inflammation in patients with osteoporosis.

In this study, Hey significantly increased apoptosis of
MLO-Y4-A2 cells in the absence of 17f-estradiol, whereas
co-incubation with 17p-estradiol significantly inhibited
the Hcy-induced apoptosis. Furthermore, ER inhibition
reversed the effect of 17f-estradiol. These findings suggest
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Fig.8 Effects of Hcy on the

expressions of IL-1f and IL-6
via Nox in MLO-Y4-A2 cells.
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After the cells reached conflu-
ence, they were treated with
Hcy in the presence or absence
of DPI or Apo for 48 h. Total
RNA was collected and the
mRNA expressions of /I-1f (a,
b) and 1i-6 (¢, d) were exam-
ined by quantitative real-time
PCR (n=5). The results are
expressed as the mean + SEM.
*#%p <0.001, n.s. not sig-
nificant. Cont, control; Hcy

(5 mM), homocysteine; DPI,
diphenyleneiodonium chlo-
ride (1.0 nM); Apo, apocynin
(0.1 mM)

1I-1B/36b4 (fold)

Cont  Cont

2 K

DPI

@

Hcy

11-18/36b4 (fold)

Cont Cont Hcey

Apo

Hcy

Apo

Hcy
DPI

ns.

% % %

% %%

11-6/36b4 (fold)

0

Cont Cont
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that Hcy may affect osteocytes after menopause rather than
premenopausal state. On the other hand, as 17p-estradiol,
BZA clearly ameliorated Hey-induced apoptosis; however,
co-incubation with ER inhibitor only partly reversed the
effect of BZA in two osteocyte-like cell lines. Although the
mechanism remains unclear, there are several possibilities.
BZA is generated to increase the selectivity to bone com-
pared to 17f-estradiol or raloxifene. BZA binds to not only
ERa but also ERf [38], while 17b-estradiol and raloxifene
have higher affinity for ERa than BZA. Because ICI 182,780
is a pure anti-estrogen to ERa [39], ICI may not be suitable
to block the effects of BZA. Further, the dose and incuba-
tion time of ICI may not be enough for antagonizing BZA.
Another possibility is that BZA may rescue Hcy-induced
oxidative stress other than ER signal. Mann et al. [19]
previously reported that raloxifene and related compound
LY117018 inhibited H,0,-induced apoptosis through an
estrogen receptor-independent effect. They showed that com-
pounds containing the C3-OH moiety, which is a putative
free radical scavenger, had anti-oxidative effects independent

Hcey

[—

11-6/36b4 (fold)

Hey

Apo

Hcey

J

Cont Cont Hcy

DPI Apo

of ER signal. Because BZA also has C3-OH moiety same as
other SERMs, BZA may protect osteocyte viability against
Hcy-induced oxidative stress in the ER independent path-
way. Furthermore, Jover-Menqual et al. [40] showed a dif-
ference of anti-apoptotic effects between 17p-estradiol and
BZA in acute ischemic stroke. While BZA strongly reduced
the increased p-ERK1/2 levels under ischemic condition, E2
did not. Therefore, further studies are necessary to clarify
the detailed mechanism of anti-oxidative, anti-inflammatory,
and anti-apoptotic effects of BZA.

Conclusions

The present study indicated that BZA inhibited Hcy-induced
apoptosis of osteocyte-like cells through ER signal. Hey
increased apoptosis through increasing Nox1/2-1L-1p/IL-6
expressions in osteocyte-like cell. Moreover, BZA rescued
Hcy-induced apoptosis by inhibiting the Nox1/2-IL-1p/IL-6
pathway in osteocyte-like cells. Therefore, BZA could be a
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potent therapeutic agent for preventing Hcy-induced apop-
tosis of osteocytes. To extend the present findings, further
in vivo experiments are needed in future.
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