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a b s t r a c t

Vitamin D metabolites or its less-calcemic analogs (JKF or QW) are beneficial for bone biology. We ana-
lyzed whether or not 25(OH)D3 (25), 1,25(OH)2D3 (1,25), JKF or QW regulate lipooxygenase (LO) enzymes
expression and their products hydroxyeicosatetraenoic acid (12 and 15 HETE) formation as well as reac-
tive oxygen species (ROS) production in human bone cell lines (SaOS2 and hFOB) and primary cultured
human bone cells (Obs) from males or females. All compounds except 25 increased LOs mRNA expression
steoblasts
ipoxygenase
ETE
NA synthesis

and HETE production in female or male Obs. ROS formation was induced by JKF and QW in both cell lines,
and was inhibited by different inhibitors. Baicalein (baic) an inhibitor of 12 and 15 LO activity, inhibited
partially ROS formation by JKF or QW in SaSO2 and hFOB. JKF-stimulated DNA synthesis in female Obs
was inhibited by baic but unchanged by addition of HETE or HETE with baic. These results indicate that
vitamin D increased oxidative stress in bone cells is in part via induction of LO expression and activity.
This new feature of vitamin D is probably mediated by intracellular and/or membranal receptors and its

ad to
potential hazard could le

. Introduction

Vitamin D affects skeletal cells via genomic [1,2] and non-
enomic mechanisms [3]. Adequate availability of vitamin D3 and
ts active metabolite, 1,25 is essential for skeletal health and

odulation of cell growth and differentiation of both Obs and
steoclasts [4], but it is hypercalcemic [4,5] and therefore opti-
al bone growth and prevention of osteoporosis which requires

ts adequate concentrations [6,7] needs the use of its less-calcemic
nalogs having no adverse calcemic activity. We tested structurally
odified less-calcemic analogs for their activity and found that

KF1624F2-2(JKF) and QW1624F2-2(QW) [8,9] stimulated Obs [8,9]
nd pre-treatment with them up-regulated both responsiveness
nd sensitivity to estrogens [8–10]. In the present study we ana-
yzed the expression and regulation of LOs as well as ROS formation
y these analogs. We focused on these enzymes since LO products

ere shown to induce ROS formation [11], proliferation or survival,
laying a role in promoting cell growth [12]. We hypothesized that
he growth modulating effects of vitamin D in human Obs might be
ssociated with accelerated production of LO metabolites, whose

� Special issue selected article from the 14th Vitamin D Workshop held at Brugge,
elgium on October 4–8, 2009.
∗ Corresponding author. Tel.: +972 3 697 3812; fax: +972 3 697 3421.
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potential damage due to increased lipid oxidation.
© 2010 Elsevier Ltd. All rights reserved.

putative action including effects on ROS production may explain
some of the new links between the LO system and biological activ-
ities.

2. Materials and methods

Reagents: JKF and QW were synthesized by us [13]. 12 and 15
HETE were from Biomol (Biomol International, Plymouth Meet-
ing, PA). Nitro blue tetrazolium (NBT), N-acetylcysteine (Nac) and
diphenyleneiodonium chloride (DPI) were from Sigma Chemicals
Co. (St. Louis, MO).

Cell cultures: (a) Primary human bone cells (Obs) from females
or males were prepared by us [9]. (b) Human bone cell lines: SaOS2-
and hFOB-human bone cell lines were obtained from ATCC (Man-
assas, VA, USA).

Hormonal treatment: Sub-confluent cells were treated daily with
vehicle, JKF or QW at 1 nM [9] (a) for 3 days and mRNA for 12 and
15 LO type 1 were determined [11] or (b) for 1 h with serum-free
medium, followed by the addition of vehicle or vitamin D com-
pounds at 1 nM for 10 min and HETE were extracted and assayed

[11] or (c) for 24 h with JKF or QW at 1 nM and DNA synthesis was
assayed [11].

Determination of mRNA for 12 and 15 LO by RT-PCR: RNA was
extracted and expression of 12 and 15 LO enzymes was carried out
by RT-PCR [11].

dx.doi.org/10.1016/j.jsbmb.2010.03.047
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:dalias@tasmc.health.gov.il
dx.doi.org/10.1016/j.jsbmb.2010.03.047
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Fig. 2. The effect of vitamin D analog JKF with and without baicalein or 12 or 15 H
or HETE with baicalein on DNA synthesis in female Obs. Details are given in Section
2.

Fig. 3. The effect of vitamin D analogs JKF and QW on ROS formation with baicalein
or DPI or N-Acetyl cysteine (Nac) in human bone cell lines SaOS2 and hFOB. Details
are given in Section 2.
ig. 1. The effect of vitamin D metabolites and analogs on LO mRNAs expression
nd the production of HETE in female Obs. Details are given in Section 2.

Determination of levels of 12 and 15 HETE by HPLC: Cells and
edium were extracted for HETE and analyzed by HPLC [11].
Determination of ROS formation: Cells were treated for 1 h with

ehicle or vitamin D analogs at 1 nM [9] for ROS formation using
BT colorimetric method [14].

Assessment of DNA synthesis: Twenty-two hours after hormonal
reatment, [3H] thymidine was added for 2 h and its incorporation
nto DNA was determined [11].

Statistical analysis: The significance of differences between
xperimental and control means was evaluated using Student’s
-test or ANOVA, in which n = 5–8 number of cultures.

. Results

Stimulation of LO mRNA expression and HETE formation in female
bs by vitamin D: Three daily additions of 25, 1,25, JKF or QW at
nM to female Obs, modulated the expression of mRNA for 12
nd 15 LO (Fig. 1, upper panel) and single treatment for 1 h mod-
lated the formation of 12 and 15 HETE (Fig. 1, lower panel). All
ormones stimulated all parameters; 25 stimulated only 15 H for-
ation (Fig. 1, lower panel).
The effect of JKF, 12 and 15 HETE with/without baicalein on DNA

ynthesis in female Obs: Treatment of female Obs with 1 nM JKF
or 24 h or 1 �M 12 or 15 HETE increased DNA synthesis (Fig. 2).
ETE did not affect the cellular response to JKF, but the LO activity

nhibitor baicalein (baic) inhibited JKF stimulated DNA synthesis,
ut not the response to HETE (Fig. 2).

The effect of JKF or QW with/without baicalein, DPI or Nac on ROS
ormation in SaSO2 and hFOB: Human bone cell lines SaSO2 (Fig. 3,
pper panel) and hFOB (Fig. 3, lower panel) treated for 1 h with
nM JKF or QW, increased ROS formation which was inhibited by
PI and Nac (Fig. 3).

The effect of JKF or QW with/without baicalein or DPI on DNA syn-
hesis in SaSO2: Human bone cell line SaSO2 was treated for 24 h
ith 1 nM JKF or QW, there was an increased DNA synthesis (Fig. 4),

locked completely by DPI (Fig. 4, lower panel) or baic (Fig. 4, upper
anel).

. Discussion
The effects of vitamin D on ROS formation complements our
ndings in human skeletal cells in vitro, where the hybrid flu-
rinated analogs JKF and QW stimulate cell proliferation and
embranal responses [9]. Although reports suggest that 12 and

5 HETE interact with multiple signals promoting cell replication,
Fig. 4. The effect of vitamin D analogs JKF and QW with baicalein or DPI on DNA
synthesis in human bone cell line SaOS2. Details are given in Section 2.
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heir effects are probably not redundant, since inhibition of their
roduction hinders normal cell growth in a variety of cell types
15,16]. Recent publications linked also 12/15 LO or 15 and 12 LO
platelet type) to bone density [17,18]. In this study we provide the
rst direct evidence for the expression and biological role of LOs

n bone cell biology. We found mRNA expression of three types
f LOs in cultured human bone cells and lines, i.e., the platelet
ype 12 LO, 15 LO type 1 and 15 LO type 2. Here we show that
he expression of the LOs in these cells is modulated by vitamin D

etabolites and analogs. The expression of these enzymes results
n the ability of Obs to secrete 12 and 15 HETE, the products of
Os. Moreover, the generation of HETE which is driven by vitamin

metabolites and analogs is linked to vitamin D-dependent Obs
rowth. The HETE raise local oxidative stress as was shown here
y measurements of ROS formation induced by vitamin D analogs.
ecause oxidative stress, in turn, may lead to inhibition of dif-

erentiation of bone osteoblasts-like cells [17] and acceleration of
steoclast differentiation [18], its induction may also result in the
elease of oxidizing fatty acids which unfavourably affect overall
one osteoblast/osteoclast homeostasis through enhanced oxida-
ive stress. Presently, however, these potential secondary sequels
f vitamin D-stimulated LO activities in bone remain entirely con-
ectural and are the subject of future investigation.
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