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RANKL-induced schlafen2 is a positive regulator of osteoclastogenesis
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Osteoclasts are hematopoietic lineage derived-multinucleated cells that resorb bone. Their activity in balance
with that of osteoblast is essential for bone homeostasis. Receptor activator of NF-«B ligand (RANKL) is
known as an essential cytokine for the osteoclastogenesis, and c-Jun signaling in cooperation with NFAT
family is crucial for RANKL-regulated osteoclastogenesis. We show here that schlafen2 (SIfn2), a member of a
new family of growth regulatory genes involved in thymocyte development, is critical for osteoclastogenesis.
RANKL selectively induces SIfn2 expression in osteoclast precursors via Rac1 signaling pathway. Targeted
inhibition of SIfn2 by small interfering RNAs (siRNAs) markedly inhibits the formation of osteoclasts by
diminishing the activation of c-Jun and the expression of c-Jun and NFATc1. In contrast, the overexpression of
SIfn2 markedly increased phosphorylation and transactivation of c-Jun by RANKL. Together, these results
indicate that Slfn2 has an essential role in osteoclastogenesis, functioning upstream of c-Jun and NFATc1.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Bone remodeling is controlled by the balanced action of osteo-
blastic bone formation and osteoclastic bone resorption [1]. Osteo-
clasts differentiate from cells of the monocyte/macrophage lineage
to become multinuclear, tartrate-resistant acid phosphatase (TRAP)-
positive cells capable of resorbing bone [2]. A key factor respon-
sible for initiating this differentiation process is a receptor activator
of NF-kB (RANK) ligand (RANKL; also known as TRANCE/OPGL/ODF),
a member of the tumor necrosis factor superfamily, expressed in
stromal cells/osteoblasts and activated T cells [3]. The binding of
RANKL to the cell surface receptor called RANK, expressed in osteo-
clast precursors, leads to recruitment of TNF receptor-associated factor
(TRAF)s thereby causing the activation of NF-kB [4], mitogen-activated
protein kinases (MAPKs) [5], and Src kinase [6]. During the dif-
ferentiation process of macrophages/monocytes to osteoclasts with
bone-resorbing activity, transcription factors such as c-Fos, NF-«B,
MITF, NFATc1, and CREB play critical and specific roles [3,7-9]. All of
these transcription factors function downstream of RANKL or M-CSF
signaling, and there are genetic evidences that each of them is in-
volved at distinct steps of osteoclast differentiation [10-14]. From a
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study utilizing mice carrying a mutant of c-Jun phosphorylation sites
(JunAA/JunAA) and mice lacking JNK1 (Jnk17/7), it was recently
reported that c-Jun is also essential for efficient osteoclastogenesis
in bone marrow-derived monocyte/macrophages (BMMs) [15]. More-
over, osteoclastogenic activities of NFATc1 were regulated by c-Jun
activity [16].

To characterize proteins that are upregulated by RANKL and play
essential roles for osteoclast differentiation, two-dimensional electro-
phoresis (2-DE) and MALDI-TOF analysis were performed, and
schlafen2 (SIfn2) was identified as one of the proteins highly induced
by RANKL. The Slfn family has originally been discovered in the
context of the development of the immune system [17]. Members of
the Slfn protein family have been implicated in the regulation of cell
differentiation [18]. However, the nature of their involvement in bone
remodeling, wherein RANKL-induced osteoclast differentiation plays a
central role, is yet unknown. Here, we show for the first time that Slfn2
is critically involved in the osteoclastogenesis through increasing c-
Jun activation and NFATc1 expression.

2. Materials and methods
2.1. Cell culture and reagents

RAW264.7 monocyte/macrophage cell line was maintained at
37 °C in 5% CO, atmosphere in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS). RAW264.7
cells stably transfected with a ¢cDNA encoding a dominant nega-
tive mutant of Racl, RacN17 (RAW-RacN17) and 293-RANK cells
expressing RANK by tetracycline induction were previously described
[19-21]. Recombinant M-CSF was purchased from R & D Systems.
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Fig. 1. Identification of Slfn2 by proteomics analysis. (A) BMMs were incubated with or without RANKL (100 ng/ml) in the presence of M-CSF (20 ng/ml) for 3 days. These cells were
stained for TRAP as described in Experimental procedures. Bar, 100 um. (B) Cells as in (A) were lysed and cellular proteins were resolved by 2-DE. The gels were silver-stained and
scanned. The protein spot indicated by arrow was subjected to trypsin digestion and mass spectrometry was performed using MALDI-TOF. (C) The protein spot indicated by arrow in
(B) was identified as Slfn2. *, Accession number in ‘Genelnfo Identifier’ sequence identification number; **, Theoretical Mr (Da) and pI; ***, Sequence coverage % (Mass data). (D) The
increased expression of Slfn2 in RANKL-stimulated cells was confirmed by Western blotting. Whole cell lysates (50 pg each) were immunoblotted with anti-Slfn2 Ab and reprobed

with anti-actin Ab.

Soluble RANKL was from Peprotech. A synthetic Slfn2 peptide
corresponding to the EKDRKKMKNSHLRKC was conjugated to keyhole
limpet hemocyanin (KLH) and immunized to rabbits using a standard
protocol. The antibody (Ab) was affinity purified from pooled
antiserum. Monoclonal antibodies (mAbs) specific for myc and HA
epitopes were from BIOMOL Research Laboratories and Roche
Diagnosis, respectively, and polyclonal antibodies specific for c-Jun,
phosphorylated c-Jun, and NFATc1 were from Santa Cruz Biotech-
nology. All Abs against MAP kinases and phospho-IkB were from

A B

Cell Signaling. All other chemicals and Flag epitope (M2) were from
Sigma-Aldrich.

2.2. Plasmids

The c-Jun (pFA-Jun) pathway-specific transactivators and the
GAL4 UAS-containing luciferase reporter (pFR-Luc) plasmid were
from Stratagene. Retroviral vectors, pMX-IRES-EGFP was provided by
Dr. T. Kitamura (University of Tokyo, Tokyo) and pCIN-4-Slfn2 [17] was
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Fig. 2. Expression of SlIfn2 by RANKL during osteoclast differentiation. (A) RT-PCR analysis on the time course of SIfn2 and TRAP induction in BMMs following RANKL (100 ng/ml) and
M-CSF (20 ng/ml) treatment for the indicated times. (B) BMMs were stimulated with RANKL and M-CSF as the indicated periods. The cells were immunostained by anti-Slfn2 Ab. The
nuclei were stained with DAPI. Bar, 50 um. (C) Expression of SIfn2 protein in RAW264.7 and RAW-RacN17 cells stimulated with RANKL for the indicated periods. Whole cell lysates
(50 pg each) were immunoblotted with anti-SIfn2 Ab and reprobed with anti-actin Ab. Characterization of RAW-RacN17 cells (lower panel). Immunoblotting confirmed the stable

expression of HA-tagged RacN17 protein in RAW-RacN17 cells.
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