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Yingjie Mao1, Xu Huang2, Juan Zhao1
The Affiliated Hospital of Stomatology, Medical College of Zhejiang University, Hangzhou, China; 2The First Affiliated Hospital of Medical College of Zhejiang University, Hangzhou, China
1

Received May 22, 2017; Accepted December 13, 2017; Epub January 15, 2018; Published January 30, 2018
Abstract: Par3 and RGS3 have been reported to bind to ephrinB ligands. In this research, it was studied whether
they were the potential PDZ-domain proteins involved in the downstream of ephrinB2 during the osteoclast differentiation in vitro. Western blot analysis and immunofluorescence staining revealed that Par3 and RGS3 were prominently expressed during RANKL-induced osteoclast differentiation of RAW264.7 cells. In order to study the effects of
reverse signaling on the expression levels of PDZ-domain proteins, soluble EphB4-Fc protein was used to stimulate
ephrinB2. Western blot analysis and real-time RT-PCR results showed that the protein and mRNA expression level
of Par3 in the EphB4-Fc treated group was higher than that in the Fc treated group. However, the protein and mRNA
expression level of RGS3 in the EphB4-Fc treated group was lower. Although the expression levels of ephrinB2 and
RGS3 were consistent with the expression change of c-Jun/c-Fos/Nfatc1 complex, co-immunoprecipitation results
showed that there were no direct interactions between ephrinB2 and endogenously expressed Par3 and RGS3 in
the RANKL-induced osteoclasts of RAW264.7 cells in vitro. In summary, we demonstrated that both Par3 and RGS3
were expressed during RANKL-induced osteoclast differentiation of RAW264.7 cells, and ephrinB2 reverse signaling
regulated the expression levels of Par3 and RGS3 diversely.
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Introduction
Since the cloning of the first Eph gene more
than 20 years ago and the identification of
ligands for Eph receptors (ephrins) a few years
later, these molecules are increasingly understood to play important roles in disease and
development. The Eph receptors make up the
largest subgroup of the receptor tyrosine
kinase family and interact with their ephrin
ligands. Fourteen Eph receptors (EphA1-A8,
EphA10 and EphB1-B4, EphB6) and eight ephrin ligands (ephrinA1-A5 and ephrinB1-B3) have
been identified to date [1, 2]. An important
characteristic of interactions between Eph
receptors and ephrin ligands is the bidirectional signaling, due to activation of signaling pathways in both the receptor-expressing and the
ligand-expressing cells [3, 4]. Activation of the
EphB receptors by the ephrinB ligands is designated as “forward signaling”. Conversely, activation of the ephrinB ligands by the EphB

receptors is referred to “reverse signaling”. The
intracellular domain of ephrinB ligands, particularly the last 33 C-terminal amino acids, is highly conserved and contains multiple tyrosine
residues, and the C-terminal YKV motif is a
binding site for PDZ (postsynaptic density protein, disks large, zona occludens) domain-containing proteins [5].
EphB receptors and ephrinB ligands are implicated in a wide array of developmental processes such as cardiovascular and skeletal development, tissue patterning, and axon guidance [6].
However, EphB/ephrinB bidirectional signaling
in bone remodeling has not been detailedly
reported yet until by Zhao et al. [5]. The process
of bone remodeling involves complex coupling
between osteoclastic bone resorption and
osteoblastic bone formation [7]. The loss of this
coupling and the consequent disruption of bone
remodeling are associated with changes in
bone mass [8-10]. The data of Zhao et al.
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showed that the reverse inhibitory effect in
osteoclasts was dependent on the cytoplasmic
domain of ephrinB2, while the C-terminal YKV
motif was critical for signal transduction, indicating that downstream PDZ-domain proteins
were involved [5]. Our previous study results
demonstrated that both syntenin and Pick1
(PDZ-domain proteins) are expressed during
RANKL-induced osteoclast differentiation of
RAW264.7 cells, and EphB4/ephrinB2 reverse
signaling regulates the expression levels of syntenin and Pick1 in the different patterns [11].
These data help to preliminarily explore the
potential PDZ-domain proteins involved in the
downstream of ephrinB2 during the osteoclast
differentiation of RAW264.7 cells in vitro.
Recently, Par3 [12, 13] and RGS3 [14] (PDZdomain proteins) have been reported to bind to
ephrinB ligands. However, there are no data
relating to whether ephrinB ligands, located on
the membrane of osteoclasts, regulate the
molecular biology change of Par3 and RGS3,
following activation by EphB receptors.
This pilot study was designed to confirm Par3
and RGS3 were expressed by western blot
analysis and immunofluorescence staining during RANKL-induced osteoclast differentiation of
RAW264.7 cells, used as osteoclast precursors. Preclustered soluble EphB4-Fc protein as
reverse signaling activated factors was used to
stimulate ephrinB2, in order to study the effects
of reverse signaling on the expression levels of
Par3 and RGS3 proteins by western blot analysis, real-time RT-PCR and co-immunoprecipitation. These data was furtherly used to explore
the potential PDZ-domain proteins involved in
the downstream of ephrinB2 during the osteoclast differentiation in vitro.
Material and methods
Materials
All medium components were purchased from
GIBCO (Invitrogen Corp., Carlsbad, CA). The
RNA extraction reagent TRIZOL was from
Invitrogen Life Technologies (Carlsbad, CA). The
leukocyte acid phosphatase kit was No.387
from Sigma Chemical Co. (St. Louis, MO). The
goat anti-human IgG-Fcg fragment-specific
antibody and the human IgG-Fc fragment were
from Jackson ImmunoResearch Laboratories,
Inc. (West Grove, PA). Recombinant murine
sRANKL and recombinant murine EphB4-Fc
chimera were obtained from R&D Systems, Inc.
(Minneapolis, MN). Goat polyclonal antibodies
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against ephrinB2 (H-83), goat polyclonal antibodies against RGS3 (H-300) and rabbit polyclonal antibody against beta-actin were from
Santa Cruz Biotechnology (Santa Cruz, CA).
Rabbit polyclonal antibodies against Par3 (07330) were from Upstate Biotech, Inc.
(Charlottesville, VA). TRITC-conjugated rabbit
anti-goat and goat anti-rabbit IgG (H+L) antibodies were from Pepro Tech, Inc. (Rocky Hill,
NJ). The PrimeScript™ RT reagent kit and SYBR®
Premix Ex Taq™ kit were from TaKaRa
Biotechnology Co., Ltd. (Dalian, China). Protein
A+G agarose was from Beyotime Biotech
(Haimen, China).
Cell cultures
The RAW264.7 mouse monocyte/macrophage
cell line was purchased from American Type
Culture Collection (ATCC: TIB-71). RAW264.7
cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% heatinactivated fetal bovine serum (FBS). All media
were supplemented with 2 mM glutamine, 100
IU/ml penicillin, and 100 µg/ml streptomycin
(Sigma). Incubations were performed at 37°C
with 5% CO2 in humidified air. During the research of RANKL-induced osteoclast differentiation, RAW264.7 cells groups were divided into
RANKL+ group seeded in the media with 10%
FBS and 25 ng/ml RANKL, and RANKL- group
seeded in the media without RANKL.
TRAP staining
RAW264.7 cells were seeded at a concentration of 0.5, 1.0, 1.5 and 2.0×104 cells/well into
a 24-well culture plate (Corning) with pre-set
sterilized slides. These media were phenol redfree α-MEM supplemented with 10% FBS and
25 ng/ml RANKL and replaced every other day.
After four days of culture, the cells were subjected to tartrate-resistant acid phosphatase
(TRAP) staining by a leukocyte acid phosphatase kit according to the manufacturer’s
instructions. After the TRAP reaction, the slides
were evaluated microscopically under a ×4
objective magnitude on an Olympus IX71
Inverted Research Microscope.
Quantitative real-time RT-PCR
RAW264.7 cells were seeded at an appropriated concentration into a 6-well culture plate
(Corning). These media were phenol red-free
α-MEM supplemented with 10% FBS and 25
ng/ml RANKL with the addition of 2 μg/ml preInt J Clin Exp Med 2018;11(1):89-98
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Table 1. Primer for real-time RT-PCR
Name
Sequence (5’~3’)
EphrinB2 Sense: 5’-TCTGTGTGGAAGTACTGTTGGGGACTTT-3’
Antisense: 5’-TGTACCAGCTTCTAGCTCTGGACGTCTT-3’
Par3
Sense: 5’-TTTAGCAGGCAAATCCCAGGAG-3’
Antisense: 5’-GCATCTGGCTTGGTTCAGCA-3’
RGS3
Sense: 5’-CGGACCTGCTGCTGTTCACTAA-3’
Antisense: 5’-CCAGGTACAGCACACAGAATTTCAA-3’
Nfatc1
Sense: 5’-TGCTCCTCCTCCTGCTGCTC-3’
Antisense: 5’-CGTCTTCCACCTCCACGTCG-3’
C-Fos
Sense: 5’-TCCGTCTCTAGTGCCAACTT-3’
Antisense: 5’-CGCTTGGAGTGTATCTGTCA-3’
C-Jun
Sense: 5’-ACTCGGACCTTCTCACGTCG-3’
Antisense: 5’-TAGACCGGAGGCTCACTGTG-3’
Beta-actin Sense: 5’-AGGAGCAATGATCTTGATCTT-3’
Antisense: 5’-TGCCAACACAGTGCTGTCT-3’

clustered EphB4-Fc or Fc fragments. Before
application to the cultured cells, EphB4-Fc or
Fc fragments were preclustered with antihuman Fc antibody at a 1:10 molar ratio at 4°C
for 1 h. The media were replaced every other
day. After four days of culture, total RNA was
extracted using TRIZOL according to the manufacturer’s instructions. Isolated total RNA was
eluted in RNase-free water and stored at -80°C
until use. cDNA reverse transcription was performed using the PrimeScript™ RT reagent kit
and quantitative real-time RT-PCR was performed using the SYBR Premix Ex Taq™ kit
according to the manufacturer’s instructions.
The following primers were used (Table 1).
The PCR was performed with a 4-min initial
denaturation at 95°C, followed by 40 cycles of
30 s of denaturation at 95°C, 30 s of annealing
at 60°C, and 1 min of extension at 72°C by the
Bio-Rad CFX96 system. Beta-actin was used as
an internal control to normalize the expression
of target genes. The data obtained from three
independent experiments were used to analyze
the relative gene expression by the 2-ΔΔCt
method.
Immunofluorescence staining
RAW264.7 cells cultured on coverslips under
the described conditions were fixed with methanol for 30 min, washed in PBS, permeabilized
with 0.2% Triton X-100 in PBS for 5 min, washed
in PBS, and blocked with 5% bovine serum
albumin (BSA) in PBS for 1-2 h at room temperature. After blocking, the cells were incubated
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overnight at 4°C with the specific primary antibodies at a 1:50 dilution in a
1% BSA solution. Staining was completed with the corresponding secondary
antibodies at 1:200 dilutions in a 1%
BSA solution. Then, the coverslips were
mounted on slides and examined under
a Nikon Eclipse 80i fluorescence
microscope.
Western blot analysis

The cells collected from the described
osteoclastogenic cultures were lysed in
ice-cold lysis buffer (50 mM Tris (pH
7.4), 150 mM NaCl, 1% NP-40, 2.5 mM
sodium pyrophosphate, 1 mM EDTA, 1%
Na3VO4, 0.5 μg/ml leupeptin, sodium
fluoride, 1 mM phenylmethane sulfonyl fluoride
(PMSF)). Following centrifugation at 12000
g/m for 5 min at 4°C, the supernatants were
collected, and the protein concentrations were
measured by a BCA kit (Pierce). Equal amounts
of proteins (30 mg/lane) were run on 8-12%
SDS-PAGE gels and electrophoretically transferred onto PVDF membrane (Sigma). After
blocking, the proteins of interest on the membranes were probed with specific primary antibodies followed by the corresponding secondary antibodies. Beta-actin was used as an
internal standard for protein concentration and
integrity. Bound antibodies were visualized by
the enhanced chemiluminescence substrate
(Beyotime). The bands of the western blots
were quantitated by densitometry and normalized with actin using Bandscan software.
Protein expression is expressed as a percentage of the normal control.
Co-immunoprecipitation
The cells collected from the described osteoclastogenic cultures were lysed as described
above. After centrifugation, the collected supernatants were incubated with goat polyclonal
antibodies against ephrinB2 (diluted 1:50) at
4°C overnight. Next, protein A+G agarose
beads were added to the mixture, and the mixture was incubated at 4°C for 3 h with mixing.
After centrifugation at 12000 g/m for 5 min at
4°C, the beads with the bound proteins were
washed five times with lysis buffer. The released
proteins were resuspended in 1× electrophoresis sample buffer and were analyzed by western blot analysis as described above.
Int J Clin Exp Med 2018;11(1):89-98
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Figure 1. The effect of the seeding cell density on the RANKL-induced osteoclast differentiation of RAW264.7 cells. A. TRAP staining of undifferentiated osteoclasts derived from RANKL-stimulated RAW264.7 cells, magnified by 100×. B. TRAP staining of differentiated osteoclasts derived from
RANKL-stimulated RAW264.7 cells, magnified by 100×. Red arrows added
were used to point out where the differentiated osteoclasts located in. C.
RAW264.7 cells were seeded at a concentration of 0.5, 1.0, 1.5 and 2.0×104
cells/well into 24-well culture plates. After four days of conditional culture,
the number of TRAP-positive MNCs was significantly higher in the group of
1.0×104 cells/well than the other groups. Bars represent means ± SDs. All
data are representative of three independent experiments. 1.0×104 cells/
well group versus 0.5 and 2.0×104 cells/well groups (*P<0.01). D. TRAP
staining of differentiated osteoclasts after four days of conditional culture
at a concentration of 0.5, 1.0, 1.5 and 2.0×104 RAW264.7 cells/well into
24-well culture plates.

Statistical analysis
The results are expressed as means ± SDs
from triplicate independent experiments. Data
were statistically analyzed using one-way analysis of variance followed by Turkey’s post hoc
test or un-paired Student’s t-tests, and statistical significance was set at P values less than
0.05.
Results
The proliferation and differentiation effects of
the seeding cell density on the RANKL-induced
osteoclast differentiation of RAW264.7 cells
It has been shown that the number of cells
seeded into the wells at the beginning of the
culture (the seeding cell density) is an important factor determining the number of osteoclasts that develop from osteoclast precursor
cells. At lower densities osteoclastogenesis is
probably limited by the low numbers of precursors, but higher cell densities appear to active-
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ly inhibit osteoclast development and favour the apoptosis of established spread
cells. In addition, it is shown
that cell density has a strong
influence on the morphology
of osteoclasts, and appears to
be a determining factor in the
motility and fusion of osteoclasts. In order to get the optimum density for osteoclast
development, RAW264.7 cells
were seeded at a concentration of 0.5, 1.0, 1.5 and
2.0×104 cells/well into 24-well
culture plates. After four days
of conditional culture, TRAP
staining was performed (Figure 1A), and multinucleated
(with three or more nuclei)
TRAP-positive cells (MNCs)
appeared dark red and were
counted as differentiated osteoclasts. Figure 1B showed
that the number of TRAPpositive MNCs was significantly higher in the group of
1.0×104 cells/well than that of
the other groups.

The protein and mRNA expressions of Par3
and RGS3 during RANKL-induced osteoclast
differentiation of RAW264.7 cells
The protein and mRNA expression of Par3 and
RGS3 have been investigated in a number of
cell lines and tissues. However, there are no
data demonstrating the expression of them on
the undifferentiated or differentiated osteoclasts. Western blot analysis and immunofluorescence staining were used to investigate
whether Par3 and RGS3 were prominently
expressed during RANKL-induced osteoclast
differentiation. RAW264.7 cells cultured in the
presence of RANKL for four days were designated as the RANKL+ group (marked in the figures), while the cells cultured in the absence of
RANKL were designated as the RANKL- group.
Fortunately, both of Par3 and RGS3 were detect
in the RANKL+ group. Western blot analysis
showed that the band for Par3 and RGS3 in the
RANKL+ group was stronger than that in the
RANKL- group (Figures 2A, 3A), in accordance
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Figure 2. The expression of Par3 during RANKL-induced osteoclast differentiation of RAW264.7 cells. A. Immunoblot analysis of Par3 protein after
osteoclast differentiation of RAW264.7 cells in the presence or absence of
RANKL for four days. Actin served as a loading control. B. Immunofluorescence of Par3 in RAW264.7 cells in the presence or absence of RANKL for
four days, magnified by 100×.

Figure 3. The expression of RGS3 during RANKL-induced osteoclast differentiation of RAW264.7 cells. A. Analysis of RGS3 protein after osteoclast
differentiation of RAW264.7 cells in the presence or absence of RANKL for
four days. Actin served as a loading control. B. Immunofluorescence of RGS3
in RAW264.7 cells in the presence or absence of RANKL for four days, magnified by 100×.

tigate whether ephrinB2 was
prominently expressed in RANKL-induced osteoclast differentiation of RAW264.7 cells,
western blot analysis and realtime RT-PCR were used to
examine the protein and
mRNA expression of ephrinB2.
The results showed that the
protein expression of ephrinB2 was detected in the
RANKL+ group (Figure 4A) and
the mRNA expression level of
ephrinB2 was significantly higher in the RANKL+ group compared with the RANKL- group
(Figure 4B).
EphrinB2 reverse signaling
regulates the expression
levels of Par3 and RGS3 in
RANKL-stimulated RAW264.7
cells

In this study, we used western
blot analysis and real-time
RT-PCR to examine whether
EphB4/ephrinB2 reverse signaling regulated the protein
and mRNA expression levels
of Par3 and RGS3 in RANKLstimulated RAW264.7 cells.
Preclustered soluble EphB4Fc or Fc fragments were added
Figure 4. The expression of ephrinB2 was prominently elevated after osteoto the RANKL-induced osteoclast differentiation of RAW264.7 cells in the presence of RANKL for four
clastogenic cultures. After
days, compared with undifferentiated RAW264.7 cells cultured in the abfour days of conditional culsence of RANKL. A. Immunoblot analysis of ephrinB2 protein. Actin served as
a loading control. B. Real-time RT-PCR analysis of ephrinB2 gene expression.
ture, western blot analysis
Beta-actin was used as an internal control to normalize the expression of the
and real-time RT-PCR results
target genes. Bars represent means ± SDs. All data are representative of
showed that the protein and
three different experiments. RANKL+ group versus RANKL- group (P<0.01).
mRNA expression level of
Par3 in the EphB4-Fc treated
with the immunofluorescence staining results
group was higher than that in the Fc treated
(Figures 2B, 3B). These data demonstrated
group (Figure 5A, 5B). However, the protein and
that Par3 and RGS3 were prominently
mRNA expression level of RGS3 in the EphB4expressed during RANKL-induced osteoclast
Fc treated group was lower than that in the Fc
differentiation of RAW264.7 cells.
treated group (Figure 6A, 6B).
The protein and mRNA expression of ephrinB2
during RANKL-induced osteoclast differentiation of RAW264.7 cells

EphrinB2 signaling suppresses the expression
of c-Fos, c-Jun and Nfatc1 in RANKL-stimulated
RAW264.7 cells

EphrinB2 can be induced during osteoclast differentiation through the c-Fos-NFATc1 transcriptional cascade in wild-type cells. To inves-

The c-Jun/c-Fos and Nfatc1, downstream of the
RANKL/RANK system, have been identified as
the most strongly induced transcription factor
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tion factors was reduced in
the EphB4-Fc treated group
compared with the Fc treated
group (Figure 7).
Par3 and RGS3 have not
been proved to be the potential binding partners for the
PDZ binding site of ephrinB2

Figure 5. The effect of ephrinB2 reverse signaling on the expressions of Par3
in RANKL-stimulated RAW264.7 cells. A. Immunoblot analysis of Par3 proteins in the EphB4-Fc treated group compared with the Fc treated or the untreated blank control groups. Actin protein expression served as an internal
control and was used to normalize the protein band intensity. The bar represents the relative Par3 protein level(percent of control group). EphB4 group
versus Fc group (*P>0.05). B. Real-time RT-PCR analysis of Par3 mRNA expression in the EphB4-Fc treated group compared with the Fc treated or the
untreated blank control group. Beta-actin was used as an internal control to
normalize the expression of target genes. Bars represent means ± SDs. All
data are representative of three independent experiments. EphB4 group vs
Fc group and control group (*P<0.01).

To investigate whether ephrinB2 ligands associate with
Par3 and RGS3, we immunoprecipitated ephrinB2 proteins from the cell lysis buffer
with a goat polyclonal antibody, and the precipitate was
assayed by immunoblotting.
As shown in Figure 8, both
Par3 and RGS3 did not show
the expected size coprecipitated with ephrinB2. These
data indicated there were no
direct interactions between
ephrinB2 and endogenously
expressed Par3 and RGS3 in
the RANKL-induced osteoclasts.
Discussion

Recently, the family of Eph
receptors and their interacting
proteins ephrin ligands have
been added to the list of factors that influence osteoblasts
and osteoclasts. The reverse
inhibitory effect on the differFigure 6. The effect of EphB4/ephrinB2 reverse signaling on the expresentiation of osteoclasts is
sions of RGS3 in RANKL-stimulated RAW264.7 cells. A. Immunoblot analysis
of RGS3 proteins in the EphB4-Fc treated group compared with the Fc treatdependent on the cytoplasmic
ed or the untreated blank control groups. Actin protein expression served as
domain of ephrinB2, and the
an internal control and was used to normalize the protein band intensity. The
C-terminal YKV motif, a bindbar represents the relative RGS3 protein levels (percent of control group).
ing site for PDZ domain-conEphB4 group versus Fc group and control group (*P<0.01). B. Real-time RTtaining proteins, which is critiPCR analysis of RGS3 mRNA expression in the EphB4-Fc treated group compared with the Fc treated or the untreated blank control group. Beta-actin
cal for the reverse signaling.
was used as an internal control to normalize the expression of target genes.
However, there is little reBars represent means ± SDs. All data are representative of three indepensearch focusing on the effect
dent experiments. EphB4 group vs Fc group and control group (*P<0.01).
of ephrinB2 intracellular reverse signaling on the molecugene for osteoclast differentiation. In this study,
lar biology change of PDZ-domain proteins durwe used real-time RT-PCR to examine whether
ing osteoclast differentiation. In this study, we
ephrinB2 reverse signaling modulates these
demonstrate that both Par3 and RGS3 are
critical transcription factors at the mRNA level
expressed during RANKL-induced osteoclast
in RANKL-induced RAW264.7 cells. The results
differentiation of RAW264.7 cells, and ephshowed that the mRNA level of these transcriprinB2 reverse signaling regulates the expres94
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lial cell polarity and maintain
[20, 21]. Moreover, Par3 also
has Par6/αPKC-independent
functions [22]. Par3 contains
a conserved N-terminal domain, three central PDZ domains, and the C-terminal
region containing multiple protein, thought to be potential
Figure 7. Effect of ephrinB reverse signaling on the expression of c-Fos, c-Jun
binging molecules to the
and Nfatc1 during RANKL-induced osteoclast differentiation of RAW264.7
C-terminal YKV motif of ephcells. A. Real-time RT-PCR analysis of c-Fos and Nfatc1 gene expression.
rinB2 [12]. RGS proteins inBeta-actin was used as an internal control to normalize the expression of tarcluding PDZ domain can
get genes. Bars represent means ± SDs. All data are representative of three
independent experiments. EphB4 group versus Fc group and control group
enhance the intrinsic GTPase
(*P<0.01, **P<0.01). B. Real-time RT-PCR analysis of c-Jun and Nfatc1
activity of α subunits of the
gene expression. Beta-actin was used as an internal control to normalize
heterotrimeric G protein comthe expression of target genes. Bars represent means ± SDs. All data are
plex of G protein-coupled
representative of three independent experiments. EphB4 group versus Fc
receptors (GPCRs), and also
group and control group (*P<0.01, **P<0.01).
critical for the skeletal system
by regulating various signaling
pathways [23, 24]. RGS3, belonged to B/R4 subfamily,
have reported to mediate signaling by the ephrinB cytoplasmic tail, in a manner dependent on both PDZ and RGS
Figure 8. Identification of potential PDZ-domain proteins as binding partdomains but not by tyrosine
ners for the PDZ binding site of ephrinB2. We immunoprecipitated ephrinB2
phosphorylation in a Xenopus
protein from the cell lysis buffer with a goat polyclonal antibody against ephrinB2 (1:50) and assayed for coimmunoprecipitated PDZ-domain proteins
embryo deadhesion assay
by immunoblotting. A. Par3 (150 kDa) did not show the expected size co[14, 25]. Based on the above
precipitated with ephrinB2. B. RGS (80 kDa) did not show the expected size
results and cited works, it
coprecipitated with ephrinB2.
seems reasonable to propose
that Par3 and RGS3 may be
sion levels of Par3 and RGS3 in different
involved in the binding with ephrinB2 during the
patterns.
RANKL-induced osteoclast differentiation of
RAW264.7 cells in vitro.
PDZ domains are well-characterized proteinprotein interaction modules, and can be found
The first step of our study was to prove that
in most organisms from bacteria to vertebrates.
Par3 and RGS3 were expressed during osteoThe important function of PDZ domains is to
clast differentiation. In order to get standard
regulate subcellular targeting of proteins, espeexperimental reagents and ensure reproduccially membrane proteins, and also to serve as
ible and reliable results, RAW264.7 macroprotein scaffolds for assembly of multimeric
phage cell line was used as osteoclast precurprotein complexes. Par3 [15, 16] and RGS3
sors because they can be induced to stably
[14, 17, 18] (with PDZ domains that are linked
differentiate into osteoclast-like cells by using
to a functional unit) have been reported to bind
RANKL with or without M-CSF, and RAW264.7
to ephrinB ligands, were chose representatively
cell-derived osteoclasts perform similarly to prifor investigation. Par proteins are among the
mary osteoclasts isolated from bones in confirst set of proteins that were identified to play
ventional assays for osteoclast function [26].
critical roles in cell polarity. Among the Par proFortunately, both of Par3 and RGS3 were detect
teins, Par3 is the PDZ domain-containing scafin the RANKL+ group. Western blot analysis
fold protein [19], which is the key component of
showed that the bands for Par3 and RGS3 were
evolutionary conservative Par3/Par-6/αPKC
stronger in the RANKL+ group, in accordance
complex, responsible for the control of epithewith the immunofluorescence staining results
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(Figures 2, 3). These data demonstrate that
Par3 and RGS3 are prominently expressed during RANKL-induced osteoclast differentiation of
RAW264.7 cells. We suggest that Par3 and
RGS3 may play some important roles in the
process of the osteoclast differentiation.
Secondly, ephrinB2 was also observed to be
prominently expressed in RANKL-induced
osteoclast differentiation of RAW264.7 cells
(Figure 4). Given the C-terminal YKV motif in the
intracellular domain of ephrinB ligands, it was
predicted by Zhao et al. that EphB4/ephrinB2
intracellular reverse inhibitory signal mediated
via interaction with PDZ domain proteins but
not by tyrosine phosphorylation [5, 27]. In order
to investigate the effects of reverse signaling
on the molecular biology change of PDZ-domain
proteins, soluble EphB4-Fc was used to stimulate ephrinB2 because EphB4 exclusively interacts with ephrinB2 [28, 29]. Western blot analysis and real-time RT-PCR results showed that
the protein and mRNA expression level of Par3
in the EphB4-Fc treated group was higher than
that in the Fc treated group (Figure 5). However,
the protein and mRNA expression level of RGS3
in the EphB4-Fc treated group was lower
(Figure 6). This indicated that after binding of
EphB4, the downstream signal of ephrinB2 regulated the expression level of Par3 and RGS3
in the different ways. However, we need to
explain why ephrinB2 reverse signaling leads to
the opposite expression results of the intracellular Par3 and RGS3? Lee et al. claimed that
loss of ephrinB1 likely resulted in tight junction
disruption due to increased availability of Par-6,
which then forms non-functional tight junction
complexes, similar to over-expression of Par-6
[16, 30]. Daar et al. furtherly analysed why loss
of ephrinB1 resulted in more accessible Par-6,
leading to disrupt tight junction formation [31].
What’s more, in the Par complex, Par3 was
found to associate with the Par6/αPKC heterodimer via the PDZ-PDZ domain interaction and
ephrinB1 associates with the Par polarity complex (Par3/Par6/αPKC) protein. Because ephrinB1 and ephrinB2 share a high degree of
identity [32, 33], our results suggested that an
in vitro interaction and negative feedback existed between ephrinB2 and the Par3 protein indirectly. However, positive feedback existed
between ephrinB2 and RGS3 protein. The
results showed that expression level of RGS3
was significantly higher in the RANKL+ group
compared with the RANKL- group, and down96

regulated after soluble EphB4-Fc added to the
culture, which was in accordance with the
expression change of ephrinB2 and TRAP,
cathepsin K, and calcitonin receptor, wellknown markers of osteoclast differentiation
[34]. RGS proteins are thought to participate in
the development of skeletal system, including
Wnt, parathyroid hormone (PTH), and calciumsensing receptor (CaSR) pathways and Ca2+
signaling, which are also important in the coupling between osteoblasts and osteoclasts
[35]. Thus, we suggested that RGS3 was more
likely to be involved in the downstream of ephrinB2 during RANKL-induced osteoclast differentiation of the RAW264.7 cell line.
Next question would be whether there was any
potential relationship between the ephrinB2/
Par3 (or RGS3) complex and the c-Jun/c-Fos/
Nfatc1 complex, which is downstream of the
RANKL/RANK system crucial for osteoclast differentiation. The Nfatc1 gene has been identified as the most strongly induced transcription
factor gene after RANKL-induced osteoclast
differentiation in RAW264.7 cells [10, 36].
Ikeda and Matsuo et al. proposed that the partnership between c-Jun/c-Fos and the NFAT family was crucial for osteoclast differentiation [37,
38]. Regarding of the importance of these transcription factors in the downstream pathways
of RANKL-RANK signaling, we investigated
whether the ephrinB2/Par3 (or RGS3) complex
had any effect on the c-Jun/c-Fos/Nfatc1 complex. Interestingly, the mRNA levels of c-Jun,
c-Fos and Nfatc1 were inhibited in the EphB4Fc treated group during RANKL-induced osteoclast differentiation of RAW264.7 cells compared with the Fc treated group (Figure 7).
These results were consistent with the expression change of RGS3, but the opposite of Par3,
during the RANKL-induced osteoclast differentiation of RAW264.7 cells by the ephrinB2
reverse signaling mentioned above.
Finally, we attempted to verify whether Par3
and RGS3 are the candidate PDZ-domain proteins downstream of ephrinB2 during RANKLinduced osteoclast differentiation of the
RAW264.7 cell line. However, to our surprise,
co-immunoprecipitation results showed that
there were no direct interactions between ephrinB2 and endogenously expressed Par3 and
RGS3 in the RANKL-induced osteoclasts of
RAW264.7 cells in vitro (Figure 8), which was
not in accordance with the reviews above,
Int J Clin Exp Med 2018;11(1):89-98
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especially for the RGS3 protein [39-41],
because of different tissues and cell lines. Par3
was more likely to be recruited to the PDZ binding site of ephrinB2 indirectly while activated by
EphB4 in the RANKL-induced osteoclastogenesis of RAW264.7 cells [16, 30, 31].
In summary, we demonstrated that both Par3
and RGS3 were expressed during RANKLinduced osteoclast differentiation of RAW264.7
cells. Since ephrinB2 was prominently expressed during RANKL-induced osteoclast differentiation, we chose clustered EphB4-Fc
receptor as reverse signaling activated factors.
After binding of EphB4, the downstream signal
of ephrinB2 inhibited RANKL-induced osteoclast differentiation of RAW264.7 cells and
regulated the expression level of Par3 and
RGS3 in the different ways. It should be noted
that this study has provided only biochemical
proof for the interaction of RGS3 and ephrinB2,
but Par3 may be more likely to be involved in
the cell-cell tight junctions, not in the downstream of ephrinB2 reverse signaling during the
osteoclast differentiation. However, we will perform gain-of-function and loss-of-function
experiments to reveal the biological significance and the molecular mechanisms of RGS3
in ephrinB2 reverse signaling. These data help
to furtherly explore the potential PDZ-domain
proteins involved in the downstream of ephrinB2 during the osteoclast differentiation of
RAW264.7 cells in vitro, and present an optional drug target for the oral bone diseases.
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