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Abstract

Old age and Cx43 deletion in osteocytes are associated with increased osteocyte apoptosis and
osteoclastogenesis. We previously demonstrated that apoptotic osteocytes release elevated
concentrations of the pro-inflammatory cytokine, high mobility group box1 protein (HMGBL1) and
apoptotic osteocyte conditioned media (CM) promotes osteoclast differentiation. Further,
prevention of osteocyte apoptosis blocks osteoclast differentiation and attenuates the extracellular
release of HMGB1 and RANKL. Moreover, sequestration of HMGBL, in turn, reduces RANKL
production/release by MLO-Y4 osteocytic cells silenced for Cx43 (Cx434€f), highlighting the
possibility that HMGB1 promotes apoptotic osteocyte-induced osteoclastogenesis. However, the
role of HMGB1 signaling in osteocytes has not been well studied. Further, the mechanisms
underlying its release and the receptor(s) responsible for its actions is not clear. We now report that
a neutralizing HMGBL1 antibody reduces osteoclast formation in RANKL/MCSF treated bone
marrow cells (BMC). In bone marrow macrophages (BMMs), TLR4 inhibition with LPS-RS, but
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not RAGE inhibition with Azeliragon attenuated osteoclast differentiation. Further, inhibition of
RAGE but not of TLR4 in osteoclast precursors reduced osteoclast number, suggesting that
HGMBL1 produced by osteoclasts directly effects differentiation by activating TLR4 in BMMs and
RAGE in pre-osteoclasts. Our findings also suggest that increased osteoclastogenesis induced by
apoptotic osteocytes CM is not mediated through HMGB1/RAGE activation and that direct
HMGBI actions in osteocytes stimulate pro-osteoclastogenic signal release from Cx43def
osteocytes. Based on these findings, we propose that HMGBL exerts dual effects on osteoclasts,
directly by inducing differentiation through TLR4 and RAGE activation and indirectly by
increasing pro-osteoclastogenic cytokine secretion from osteocytes.
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1. Introduction

Over the last decade the interconnected bidirectional link between the skeleton and immune
system has been extensively demonstrated, leading to creation of the osteoimmunology field
(Mori, D’Amelio, Faccio, & Brunetti, 2013; Terashima & Takayanagi, 2018). In particular,
numerous studies have reported that inflammatory conditions increase the risk of developing
osteoporosis (Lin et al., 2017; Souza & Lerner, 2013) Consistent with this, emerging
evidence suggests that inflammatory cytokines function as local regulators of bone cell
function under physiological conditions and in disease states (Souza & Lerner, 2013; Zhou
& Xiong, 2011).

In particular, cytokines and growth factors produced and released by osteocytes control
osteoblast and osteoclast differentiation and activity, thereby regulating bone remodeling. It
has long been proposed that maintenance of osteocyte viability is a key process by which
osteocytes control bone remodeling (Bonewald, 2011). Osteocyte viability is reduced in
conditions of increased bone fragility (Aguirre et al., 2006; Charoonpatrapong et al., 2006a;
Kousteni et al., 2001; Tomkinson, Reeve, Shaw, & Noble, 1997; Weinstein, Jilka, Parfitt, &
Manolagas, 1998), and, conversely, agents that preserve bone strength prevent osteocyte
apoptosis (Jilka et al., 1999; Kousteni et al., 2001; Plotkin et al., 2008; Plotkin et al., 1999).
Moreover, osteocyte apoptosis and the prevalence of empty lacunae are increased in old
mice and humans (Almeida et al., 2007; Qiu, Rao, Palnitkar, & Parfitt, 2002).

In previous work, we demonstrated that deletion of the gap junction protein, connexin (Cx)
43 from osteocytes increases osteocyte apoptosis and leads to the accumulation of
osteoclasts on the adjacent bone surfaces (Bivi, Condon, et al., 2012). Consistent with these
findings, Cx43-deficient mice exhibit a skeletal phenotype resembling that of bones from old
mice and humans, with bone marrow cavity widening, periosteal expansion, and defective
bone material properties (Bivi, Condon, et al., 2012; Bivi, Nelson, et al., 2012). Further,
more osteoclasts developed from bone marrow cells (BMCs) cultured in the presence of
MLO-Y4 osteocytic cells silenced for Cx43 (Cx43%f), or treated with conditioned media
(CM) from Cx439%f cells, compared to scramble (scr) control cells (Davis et al., 2017).
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Consistent with this, Cx43%€f osteocytic cells undergo accelerated apoptosis and release
increased concentrations of soluble (s)RANKL and high mobility group box 1 (HMGB1),
which promote osteoclast resorption (Davis et al., 2017).

The pro-inflammatory cytokine HMGBL1 is a multifunctional redox sensitive protein
expressed and released by most cell types including bone cells (osteoclasts, osteoblasts,
osteocytes), which exerts various cellular compartment-specific functions
(Charoonpatrapong et al., 2006b). Additionally, following its extracellular secretion,
HMGB1 operates as a damage associated molecular pattern (DAMP) protein, and mediates a
variety of cellular processes by interacting with two receptors, the receptor for advanced
glycation end products (RAGE) and the toll-like receptor 4 (TLR4) (Scaffidi, Misteli, &
Bianchi, 2002).

In bone cells, HMGBL signaling has been shown to modulate key cellular processes
including differentiation, proliferation, apoptosis, and autophagy, and subsequently regulate
bone tissue homeostasis, turnover, and repair (Charoonpatrapong et al., 2006a; Davis et al.,
2017; Feng et al., 2016; Meng et al., 2008; Taniguchi et al., 2007; Yang et al., 2008; Zhou et
al., 2008). For example, in mesenchymal stem cells (MSCs) and osteoblasts, HMGB1
signaling stimulates the release of cytokines and osteogenic MSC differentiation (Feng et al.,
2016; Li, Yu, & Yang, 2015). Consistent with these findings, HMGB1 has beneficial effects
on bone repair and promotes facture healing (Hurtgen et al., 2017; Palumbo et al., 2004;
Taniguchi et al., 2007). In osteoclasts, HMGB1-RAGE signaling regulates RANKL-induced
osteoclast differentiation and activity (Zhou et al., 2008). Further, epidermal growth factor-
mediated HMGB1 release induces RANK expression via CD68 in patients with autoimmune
disease, suggesting that extracellular HMGB1 promotes osteoclast differentiation in human
diseases (Hou, Luan, & Ren, 2018). In osteocytes, aside from the reports by our groups
(Davis et al., 2017; Yang et al., 2008), showing that HMGBL1 is secreted from dying
osteocytes, the role of HMGBL signaling in osteocytes has not been well studied. Further,
the mechanisms underlying its release and the receptor(s) responsible for its actions is not
clear.

In the current study, we assessed the effects of HMGB1 signaling in osteoclasts and
osteocytes. Further, we tested whether RAGE signaling in osteoclasts regulates the
stimulatory effects of apoptotic osteocytes on osteoclastogenesis. Overall our results suggest
that, in osteoclasts, direct HMGBL1 actions affect early stages of osteoclast differentiation
through TLR4 activation in bone marrow macrophages (BMMs), followed by RAGE
activation in pre-osteoclasts. Further, in osteocytes, direct HMGBL1 actions stimulate pro-
osteoclastogenic signal release from Cx439€f osteocytes. These findings demonstrate that
HMGB1 exerts dual effects on bone cells, stimulating osteoclast differentiation through
RAGE and TLR4 activation in osteoclasts and inducing pro-osteoclastogenic cytokine
secretion from osteocytes. Thus, direct actions of HMGBL1 signaling in osteoclasts and
osteocytes, rather than indirect effects of apoptotic osteocyte-derived extracellular HMGB1
appear to underlie the stimulatory effects of apoptotic osteocytes on osteoclasts.
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2. Materials and Methods

2.1. Cell culture

MLO-Y4 osteocytic cells stably silenced for Cx43 (Cx43%f) or scramble ShRNA controls
were produced using lentivial ShRNA transfection, as previously published (Davis et al.,
2017; Plotkin, Vyas, Gortazar, Manolagas, & Bellido, 2006). 2 x 10% cells/cm? MLO-Y4
osteocytic cells were seeded on collagen-coated 48-well plates and and cultured for 12
hours. RAGE-deficient non-adherent BMCs were isolated from two global RAGE knockout
mouse models. BMCs isolated from global RAGE knockout mice, previous reported by
Philip et al. (Philip et al., 2010), were co-cultured with MLO-Y4 osteocytic cells.
Additionally, BMCs were isolated from RAGE knockout mice generated by CRISPR/Cas9
as detailed in the supplemental information (Suppl. Fig. 1). The efficiency of the knock out
was determined in genomic DNA by PCR and in lung lysates by Western blotting (Suppl.
Fig. 2). BMCs were cultured with conditioned media from ex vivo long bone cultures of
young and old female C57BL/6 mice.

2.2. RNA extraction and real-time PCR (qPCR)

RNA was isolated and purified using TRIzol, as published (Davis et al., 2017). Briefly, a
high-capacity cDNA kit was used to perform reverse transcription and then Gene Expression
Assay Mix TagMan Universal Master Mix with an ABI 7900HT real-time PCR system was
used to perform gPCR. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as
the house-keeping gene. Primers and probes were already available at the vendor site, or
designed with the Assay Design Center (Roche Applied Science, Indianapolis, IN, USA).

2.3. HMGB1 receptor inhibitors

The small molecular RAGE inhibitor, Azeliragon (DC Chemicals, cat.# DC8338) and LPS-
RS ultrapure (InvivoGen, cat.# tlrl-prslps) were used at a concentration of 100ng/mL to
inhibit RAGE and TLR4, respectively.

2.4. In vitro HMGB1 neutralization

Following overnight culture, Cx43 or scramble control silenced MLO-Y4 osteocytic cells
were exposed to 0.5ug/ml non-immune (ni) rabbit 1gG or neutralizing rabbit anti-HMGB1
antibodies for 24h and CM was collected then concentrated 4x using centricon, as published
(Davis et al., 2017). For cultures with immunoglobulins, CM was cultured with 10ul/ml
Protein A agarose (Sigma-Aldrich, cat.#11134515001) overnight to remove the
immunoglobulins. 1gG-depleted CM was then collected, 1M HEPES was added and CM was
stored at —20°C until used for the osteoclastogenesis assays.

2.5. Exvivo bone organ cultures

Long bones were isolated from young (4-month-old) and old (21-month-old) female
C57BL/6 mice obtained from National Institute on Aging (NI1A). BMCs were flushed out
with a-minimal essential medium (MEM). Osteocyte-enriched marrow-flushed long bones
were then cultured ex vivo in a-MEM containing 10% FBS and 1% penicillin/streptomycin
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(P/S) for 48h. Conditioned media was collected 1M HEPES was added and stored at —20°C
until used for the osteoclastogenesis assays.

2.6. Osteoclastogenesis assays: HMGB1 receptor inhibitor treatment

BMCs were collected from wildtype C57BL/6 mice and cultured for 48h with a.-MEM
supplemented with 10% FBS and 1% P/S (Davis et al., 2017). Next, non-adherent BMCs
were collected and seeded at a density of 2x104 cells/cm? on 96-well plates and cultured
with sub-optimal levels of RANKL (40 ng/ml) and M-CSF (20 ng/ml). Inhibitors of the
HMGB1 receptors RAGE (Azeliragon) or TLR4 (LPS-RS) were added at 100ng/ml in
BMMs (added during day 1-3) and pre-osteoclasts (added during day 3-5).

2.7. Osteoclastogenesis assays: in co-culture and with osteocytic conditioned medium

BMCs were collected from wildtype C57BL/6 mice and cultured for 48h with a-MEM
supplemented with 10% FBS and 1% P/S (Davis et al., 2017). Next, non-adherent BMCs,
wildtype or RAGE-deficient, were collected and 2x104 cells/cm2 were plated on 96-well
plates and exposed to conditioned media collected from scramble control and Cx43-deficient
MLO-Y4 osteocytic cells or ex vivo cultures of osteocyte-enriched marrow-flushed long
bones isolated from 4- and 21-month old female C57BL/6 mice. RANKL (80 ng/ml) and M-
CSF (20 ng/ml) were added to facilitate osteoclast differentiation and media was changed at
day 3. For the co-culturing assays BMCs were isolated from C57BL/6 mice and cultured for
24-48 h. Non-adherent BMCs (2x10° cells/cm?) were seeded onto Cx43 and scramble
control silenced MLO-Y4 osteocytic cells and treated with 10nM 1.25(0OH)2 vitamin D3 and
1M PGE2. Medium was changed every 2 days for 5 days, as previously published
(Miyazaki, Neff, Tanaka, Horne, & Baron, 2003). Cells were stained using a commercially
available TRAPase kit (Sigma-Aldrich) and mature osteoclasts with = 3 or more nuclei were
quantified. A Zeiss Axiovert 35 microscope with a digital camera was used to obtain images.

2.8. Statistical analysis

Data were analyzed with SigmaPlot (Systat Software Inc., San Jose, CA, USA). All results
are presented as the mean * standard deviation. Differences were assessed using two-way
ANOVA, and Tukey Method for post-hoc analysis or Student’s t-test, as appropriate.
Differences of p<0.05 were regarded as significant.

3. Results

3.1. Inhibition of HMGB1 and its receptors alters osteoclast differentiation.

Consistent with previous reports (Zhou et al., 2008), direct inhibition of HMGB1 signaling
during the process of osteoclast differentiation with anti-HMGBL1 neutralizing antibodies
reduced the number of mature osteoclasts generated /7 vitro from non-adherent BMCs
compared to cells treated with control rabbit IgG antibodies (Fig. 1A). Therefore, we tested
effects of the HMGBL1 receptors, RAGE and TLR4, on different stages of the osteoclast
differentiation process. For this, the inhibitors for the receptors were supplemented at early
stages of differentiation (day 1-3), later in differentiation (day 3-5), or throughout the
experiment (day 1-5) (Fig. 1B). We found that in osteoclasts precursors, inhibition of TLR4,
but not RAGE, reduced osteoclast number; whereas, in later stages of differentiation, RAGE,
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but not TLR4 inhibition, decreased osteoclast formation (Fig. 1C). Further, when added
throughout differentiation (day 1-5), osteoclast number was reduced by the individual
inhibitors and additively suppressed with a combination of both Azeliragon and LPS-RS.
Taken together, these data stress the critical function of HMGBL signaling at different stages
of the osteoclast maturation process, and suggest that HGMB1 produced by osteoclasts has
direct effects on differentiation via TLR4 activation in BMMs and RAGE activation in pre-
osteoclasts.

3.2. Apoptotic osteocyte induced increases in osteoclast differentiation are not mediated
through RAGE-signaling in osteoclasts.

Consistent with our previous findings that conditioned media from apoptotic Cx43def MLO-
Y4 osteocytic cells induces osteoclastogenesis (Davis et al., 2017), more osteoclasts were
produced when conditioned media from osteocyte-enriched long bone cultures of old (21-
mo) compared to young (4-mo) mice was added to wildtype BMCs; an effect that was
attenuated by pre-treatment with the apoptosis inhibitor, DEVD-CHO (Fig. 2A and B).

Based on our previous findings that apoptotic osteocytes release elevated levels of HMGBL,
we next evaluated whether RAGE signaling in osteoclasts facilitates the stimulatory effects
of apoptotic osteocyte conditioned media on osteoclastogenesis. Similar to previous reports
(Souza & Lerner, 2013; Zhou & Xiong, 2011), both genetic and pharmacological RAGE
inhibition in BMCs decreased osteoclast number (Fig 2C-E). However, despite the inhibitory
effects of RAGE inhibition in osteoclasts with control media, the addition of conditioned
media from old bones to BMCs from wildtype or global RAGE-knockout mice enhanced
osteoclast number by 1.3- and 1.7-fold, respectively, vs. conditioned media from young
bones (Fig. 2C). Moreover, co-culturing Cx43%€f osteocytic cells with wildtype or RAGE-
knockout BMCs increased osteoclast number 2- and 4-fold, respectively compared to cells
co-cultured with scramble control osteocytic cells (Fig. 2D). Additionally, Cx43%f
conditioned media induced 1.6-fold more osteoclasts than conditioned media from scramble
control osteocytic cells, when cultured with or without the small-molecule RAGE inhibitor,
Azeliragon (Fig. 2E). Taken together, our findings suggest that even though RAGE
deficiency/inhibition reduces osteoclast differentiation, apoptotic osteocyte conditioned
media-induced increases in osteoclastogenesis are not mediated through HMGB1/RAGE
activation in osteoclasts.

3.3 Autocrine actions of apoptotic osteocyte-derived HMGB1 in osteocytes, rather than
direct signaling in osteoclasts promotes osteoclastogenesis.

We next tested whether HMGBL1 released by osteocytes has autocrine effects on the
osteocytic cells and/or mediates the effect of the osteocytic cells on osteoclasts. We first
cultured MLO-Y4 osteocytic cells silenced for Cx43 or scramble controls with an anti-
HMGB1 antibody to block the autocrine effects of secreted HMGB1 on osteocytes. The
conditioned media was collected and then anti-HMGBL1 antibody was removed by
immunoprecipitation. Alternatively, conditioned media from MLO-Y4 cells was
immunodepleted with an anti-HMGBL1 antibody after collection. Both conditioned media
preparations were then used in osteoclastogenesis assays. We found that conditioned media
prepared from MLO-Y4 cells that had been cultured in HMGB1-deficient conditions yielded
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fewer osteoclasts than control media (Fig. 3A). Conversely, and consistent with the results
included in Fig. 2, immunodepletion of HMGB1 from Cx43%f CM after collecting the
media, did not prevent osteoclast formation (Fig. 3B). Together, these data suggest that
direct HMGBL1 actions in osteocytes stimulates osteoclast differentiation.

4. Discussion

Numerous reports have shown that inflammatory cytokines function as local signals that
influence bone cell function under both physiological and pathological conditions (Bidwell,
Yang, & Robling, 2008; Karsenty & Mera, 2017). In particular, HMGB1 has been shown to
be involved in mediating various cellular processes in bone (Charoonpatrapong et al.,
2006b). In the current study, we demonstrate that HMGB1 exerts effects on both osteocytes
and osteoclasts, altering osteoclast differentiation (Fig. 4).

Our current findings provide additional evidence that HMGBL1 receptor signaling regulates
osteoclastogenesis. As predicted by Zhou et. at., our findings demonstrate that during
osteoclast differentiation TLR4 is required for early HMGBL1 signaling, whereas RAGE is
required for later HMGB1 signaling (Zhou et al., 2008). These studies showed that HMGB1-
TLR4 signaling is required for early osteoclast differentiation stages including ERK and NF-
xB activation, whereas, HMGB1-RAGE signaling is required for integrin signaling and
proper actin ring formation during later osteoclast differentiation signaling events.

Based on our previous findings that apoptotic osteocytes release elevated levels of
extracellular HMGBL, we next tested whether RAGE signaling in osteoclasts mediates the
stimulatory effects of apoptotic osteocyte conditioned media on osteoclastogenesis.
However, while osteoclastogenesis was decreased with RAGE deficiency, neither genetic nor
pharmacological RAGE inhibition blocked the apoptotic osteocyte-induced increases in
osteoclastogenesis. Taken together, these pieces of evidence suggest that apoptotic
osteocytes do not increase osteoclastogenesis by directly activating RAGE signaling in
osteoclasts.

In support of this notion, we also found that while HMGB1 immunodepletion from Cx43d€f
conditioned media did not inhibit osteoclast formation, treatment of Cx439f osteocytes with
HMGBL neutralizing antibody followed by HMGB1 immunodepletion, prevented osteoclast
differentiation stimulated by Cx439%f conditioned media, suggesting direct HMGB1 actions
in osteocytes, rather than indirect actions on osteoclasts, stimulates osteoclast differentiation
induced by apoptotic osteocytes. This idea is consistent with our previously published
findings showing that HMGB1 neutralizing antibody treatment in Cx43%f osteocytes
attenuates the release of the pro-osteoclastogenic cytokine RANKL from Cx439€f osteocytes
(Davis et al., 2017).

Additionally, other inflammatory cytokines known to activate RAGE have also been shown
to have similar effects on cell viability and cytokine production/release in osteoblasts and
osteocytes (Kim et al., 2017; Yoshida, Flegler, Kozlov, & Stern, 2009). For example, MLO-
Y4 osteocytic cell apoptosis is stimulated by advanced glycation end products (AGES)
(Notsu et al., 2017) and promote pro-inflammatory cytokine release (IL-6, TNFa, RANKL,

J Cell Biochem. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis et al.

Page 8

VEGFA) from both osteoblasts and osteocytes (Chen et al., 2017; Tanaka, Yamaguchi,
Kanazawa, & Sugimoto, 2015; Yang et al., 2008), which may subsequently increase
osteoclastogenesis. Further, high levels of AGEs in bone are associated with increased
osteoclast activity in humans, despite a lack of effect of AGEs on osteoclast activity /n vitro
(Dong, Qin, Xu, & Wang, 2011). In addition, S100A9, another ligand for RAGE, has similar
effects on cell viability and cytokine secretion in osteoblasts and osteocytes (Davis et al.,
2017; Kim et al., 2017; Yoshida et al., 2009). Specifically, SI00A9 treatment in osteoblasts
stimulates RAGE expression and promotes cytokine release; and S100A9-treated osteoblast
CM increases osteoclast differentiation/activity, whereas when added directly to osteoclasts
S100A9 inhibits osteoclastogenesis (Yoshida et al., 2009).

Overall, these data suggest that in bone HMGBL1 signaling in osteocytes stimulates pro-
inflammatory cytokine release, which subsequently induces osteoclastogenesis. Future
studies will be carried out aiming to elucidate the specific effects of HMGB1 signaling in
osteocytes and identify the receptor responsible for these effects.

In summary, our findings demonstrate that HMGB1 directly promotes osteoclastogenesis
through RAGE and TLR4 stimulation in osteoclasts, and increases pro-osteoclastogenic
cytokine release from apoptotic osteocytes (Fig. 4). Thus, direct actions of HMGB1
signaling in osteoclasts and osteocytes, rather than indirect effects of apoptotic osteocyte-
derived extracellular HMGB1 appear to underlie the stimulatory effects of apoptotic
osteocytes on osteoclasts.

Supplementary Material
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Figure 1. Inhibition of HM GB1 and itsreceptors alters osteoclast differentiation in a stage-
dependent manner.

(A) Non-adherent BMCs treated with rabbit 1gG control or anti-HMGB1 antibodies. Bars
represent mean + S.D. (n=6). *p<0.05 vs vehicle rabbit IgG control treated cells by t-test.
Representative osteoclast images are shown. (B) Illustration of the experimental design
testing the effects of inhibitor treatment at different stages of osteoclast differentiation and
(C) osteoclast numbers reported as fold changes. Inhibitors or vehicle were added to BMMs
(day 1-3) or pre-osteoclasts (day 3-5) HMGBL1 receptor inhibitor- (Azeliragon and LPS-Rs)
treated non-adherent BMCs at different stages of differentiation. *p<0.05 vs vehicle control
treated non-adherent BMCs by one-way ANOVA. Bars represent mean + S.D. (n=6).
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Figure 2. Apoptotic osteocyte induced increasesin osteoclast differentiation are not mediated
through RAGE signaling in osteoclasts.

(A) Scheme illustrating experimental design. (B) Non-adherent BMCs treated with
conditioned media (CM) collected from ex vivo osteocyte-enriched bone cultures of young
(4-month-old) and old (21-month-old) female mice treated with vehicle or DEVD-CHO.
*p<0.05 vs young bone culture CM-treated osteoclasts by two-way ANOVA, n=6. (C-E)
Osteoclast differentiation was induced in non-adherent BMCs (C) Wildtype and RAGE-
deficient BMCs treated with CM from ex vivo osteocyte-enriched bone cultures of young
and old female mice. Bars represent mean + S.D. *p<0.05 versus young bone culture CM-
treated osteoclasts by two-way ANOVA, n=6. (D) Wildtype and RAGE-deficient BMCs co-
cultured with scramble or Cx439€f MLO-Y4 osteocytic cells. Bars represent mean + S.D.
*p<0.05 versus osteoclasts co-cultured with scramble MLO-Y4 cells by two-way ANOVA,
n=6. (n=6). (E) Wildtype BMCs treated with CM from scramble or Cx43%f MLO-Y4
osteocytic cells in the presence of vehicle or Azeliragon (100ng/mL). Bars represent mean +
S.D. *p<0.05 versus scramble CM treated osteoclasts precursors +/— Azeliragon by two-way
ANOVA, n=6.
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Figure 3. Direct actions of apoptotic osteocyte-derived HMGBL1 in osteocytes, rather than
indirect signaling in osteoclasts promotes osteoclastogenesis.

Mature osteoclasts generated /7 vitro from non-adherent BMCs treated with conditioned
media from (A) scramble and Cx43-deficient MLO-Y4 osteocytic cells or (B) conditioned
media from scramble and Cx43%f MLO-Y4 osteocytic cells treated with rabbit 1gG or anti-
HMGB1 neutralizing antibodies, then removed by immunoprecipitation. Bars represent
mean * S.D. *p<0.05 versus scramble cells, #<0.05 versus corresponding IgG-treated cells
by two-way ANOVA, n=4,
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Figure 4. Schematic Summary.
Dual effects exerted by HMGBL1 on bone cells, resulting in increased osteoclastogenesis,

directly by promoting osteoclast differentiation via activation of TLR4 and RAGE in
osteoclasts and indirectly by increasing the release of pro-osteoclastogenic cytokine from
osteocytes.
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