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Bif-1-deficient (Bif-1 -/- ) mice showed increased trabecular bone volume
and trabecular number. Histological analyses indicated that the osteoclast numbers increased in
Bif-1 -/- mice. Consistent with the in vivo results, osteoclastogenesis induced by RANKL was
accelerated in Bif-1 -/- mice without affecting RANKL-induced activation of RANK downstream signals,

such as NF-k B and MAPKs, CD115/RANK expression in osteoclast precursors, osteoclastic
bone-resorbing activity and the survival rate. Unexpectedly, both the bone formation rate and
osteoblast surface substantially increased in Bif-1 -/- mice. Osteoblastic differentiation and
mineralization were enhanced in Bif-1 -/- mice. Finally, bone marrow cells from Bif-1 -/- mice
showed a significantly higher colony-forming efficacy, suggesting that cells from Bif-1 -/- mice had
higher clonogenicity and self-renewal activity than those from WT mice.
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The generation of Bif-1—/— mice has previously been described (Takahashi Y et al., 2013). All animal
experiments were approved by the Animal Care and Use Committee of Kyushu Dental University (approval
number: 16-031).
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The tibiae and femurs from wild-type (WT) or Bif-1-/— mice were embedded in a SCEM compound
(Section-Lab, Hiroshima, Japan) as previously described (Suzuki N et al., 2016). Five picrometer of frontal
sections of the tibiae were prepared and subsequently stained with tartrate-resistant acid phosphatase
(TRAP), a marker enzyme of osteoclasts, and counterstained with methyl green. The TRAP* multinucleated
cells (MNCs) containing more than two nuclei, located on the bone surface were counted as osteoclasts.
The bone histomorphometric analyses were performed in the secondary spongiosa of the tibias with an
image analyzing software (ImagelJ, version 1.51k; NIH, Bethesda, MD), as described previously (Suzuki N
etal., 2016).
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Bone marrow cells derived from 8-week-old WT or Bif-1—/— mice were cultured for 6 days in the presence
of M-CSF (100 ng/mL) and various concentrations of RANKL in a-minimal essential medium (a-MEM)
that contained 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 pg/mL streptomycin in 96-
well plates. After 6 days cultures, cells were fixed with 3.7% formaldehyde in PBS for 10 minutes, and
cells stained for TRAP. TRAP™ MNCs containing more than three nuclei were counted as osteoclasts under
a microscope.
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FLAG-tagged mouse Bif-1 was constructed with standard polymerase chain reaction (PCR) technique using
Takara Ex Taq (Takara Bio, Shiga, Japan) in to pcDNA3.1 vector. RAW-D cells, kindly provided from Dr.
Kukita (Kyushu University, Japan) (Watanabe T et al., 2014) were transfected with 250 ng per well and 500
ng per well plasmid DNA using 0.75 pL/well and 1.5 pL/well Lipofectamine 3000 (Thermo Fisher
Scientific, Foster City, CA), in 48well plates according to the manufacturer’s protocol, respectively.
Primary osteoblasts were transfected with 50 ng per well and 100 ng per well plasmid DNA using 0.15
pL/well and 0.3 pL per well Lipofectamine 3000, in 96-well plates.
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Total RNA was isolated from cultured osteoclasts or osteoblasts using the Relia Prep RNA miniprep system
(Promega, Madison, WI) according to the manufacturer’s protocol, and then complementary DNA was
synthesized using Applied Biosystems reverse transcription kit (Thermo Fisher Scientific). Real-time PCR
was performed described previously (Murakami A et al., 2017). The primer sequences have been described
previously (Murakami A et al., 2017, Hirata-Tsuchiya S et al., 2014).
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Osteoclasts were fixed for 15 minutes with 4% paraformaldehyde in PBS, subsequently blocked for



15minutes with 5% skim milk in PBS at room temperature, and then incubated with the anti-Bif-1 antibody
(1:100) for 30 minutes at 37°C. The cells were further incubated with Alexa Fluor 488-conjugated anti-
rabbit immunoglobulin G (IgG) (diluted 1:1000; Invitrogen, Carlsbad, CA) for 30 minutes at 37°C. After
extensive washes, cells were mounted with Immunon (Lipshaw, Pittsburgh, PA). The subcellular
localization of Bif-1 was observed under a fluorescence microscopy (BioRevo, BZ-9000; Keyence, Osaka,
Japan).
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Mouse bone marrow cells were cultured in low-cell-binding plates for 4 days. Cells were collected and
stained with an Alexa Fluor 488 anti-mouse CD115 antibody (eBioscience, SanDiego, CA) and an anti-
RANK antibody (9A725) (phycoerythrin) (Abcam, Cambridge, UK), and analyzed using a FACScalibur
flow cytometer with CellQuest software (BD Biosciences).
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The bone-resorbing activity of osteoclasts was assessed using an Osteo Assay Plate (Corning, Corning,
NY) after 6 days of culture. Cells were removed by the 5% of hypochlorous acid solution. Resorption area
was quantified by the ImagelJ software as previously described (Chen Y et al., 2016, Dou C et al., 2017).
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After 6 days cultures of osteoclasts, RANKL was removed from the culture medium and further cultured
for the indicated periods. The remaining TRAP+ MNCs were counted, and the survival rate is expressed as
a percentage of the remaining cells at the initial time point (0 hour).
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For the measurement of alkaline phosphatase (ALP) activity, the cells were fixed with an acetone/ethanol
mixture (50:50, vol/vol) and then incubated with an ALP substrate buffer (10 mg/mL p-nitrophenyl
phosphate, 0.1 M diethanol amine, and 1 mM MgCI2, pH 8.0). After 15 minutes, adding 5 M NaOH stopped
reactions and the absorbance was measured at 405 nm using a microplate reader (Bio-Rad Laboratories,
Inc, Hercules, CA). ALP staining was performed as previously described (Katagiri T et al., 1994).

W7 VHV >y FGE

The cells were fixed for 10 minutes with 3.7% formaldehyde in PBS and after extensive washes, cells were
stained for 30 minutes at room temperature with 1% alizarin red S solution. Alizarin red dye was resolved
with 10% formic acid, and the absorbance was measured at 405 nm using a microplate reader.
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Mononuclear cells from WT or Bif-1-/— mice were cultured in six-well plates with a-MEM that contained
10% FBS at a density of 2.0x104 cells per well for 7 days. The cells were further cultured with a-MEM
that contained 10% FBS, B-GP (10 mM) and A.A (50 mg/mL) together with or without BMP2 (100 ng/mL)
for 7 days. The cells were fixed for 10 minutes with 3.7% formaldehyde in PBS and then stained for ALP.
The number of colonies was counted.
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A, Mouse bone marrow cells were cultured with M-CSF
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for 3 days and then cultured with M-SCF and RANKL for  (a) (©) § Br‘é’
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control. Similar results were obtained from three
independent experiments. B, Expression of Bif-1 in ® _  Bif1 DAPI
osteoclasts was immunofluorescence stained for Bif-1. FPL B
Nuclei were visualized by DAPI. Scale bar = 100um. C,
Western blot analysis was used to determine the
expression levels of Bif-1 from bone, osteoblasts and
osteoclasts. B-Actin was used as a loading control. Similar
results were obtained from three independent
experiments.
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A, Three-dimensional (3D)-uCT A) (B)
images of the  proximal
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measured by dual-energy X-ray 0 0
absorptiometry (mean + SD, n=5).

*P<.05, **P<.01. D, Osteoclast number/bone surface (N.Oc/BS) and osteoclast surface/bone surface
(Oc.S/BS) of the proximal tibias of 14-week-old male WT (open column) and Bif-17" mice (closed column)
were measured (mean + SD, n = 5). *P<.01.

0 0

B3:Bif-177 IVATIEEMEIMRELTLS
Fourteen-week-old male WT and
Bif-17" mice were injected with 15
mg/kg calcein twice at an interval
of 6 days and euthanized 48 hours
after the second injection. A, The
calcein double labeling image of
tibiae. Scale bar = 100 pm. B,
Mineral apposition rate (MAR),
mineralized surface/bone surface (MS/BS), and bone formation rate of bone surface reference (BFR) of the
proximal tibiae of 14-week-old male WT (open column) and Bif-17" (closed column) mice were measured
(mean = SD, n=15). *P<.01.
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Bif-17~ mice have an increased
osteoclast number. A, Bone marrow  gane 25
cells from WT or Bif-17" mice were i
treated with M-CSF (100 ng/mL) for ™" . .-
3 days and then further cultured with
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M-CSF and various concentrations of ~ & % = s S
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stained with TRAP. Scale bar = 100 e
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(MMP9), and cathepsin K (CathK), and GAPDH mRNA levels were analyzed using real-time polymerase
chain reaction. Data are expressed as the mean + SD (n = 3). Similar results were obtained from three
independent experiments. *P<.01. D, Bone marrow cells from WT or Bif-17" mice were treated with M-
CSF (100 ng/mL) for 3 days and then treated with RANKL (100 ng/mL) for indicated periods. Western blot
analysis was used to determine the expression levels of IkBa, phosphorylated IkBa, phosphorylated ERK,
ERK, phosphorylated p38, p38, phosphorylated JNK, and JNK during indicated times for culture. B-Actin
was used as a loading control. Similar results were obtained from three independent experiments. E, Bone
marrow cells were cultured in the presence of M-CSF for 3 days. Cells stained with anti-RANK-
phycoerythrin (PE) and anti-CD115-Alexa 488 antibodies were analyzed using flow cytometry.
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Bif-1 affects neither the bone resorbing activity () (©)
nor survival of osteoclasts. A, Bone marrow cells
from WT or Bif-17~ mice were treated with M-
CSF (100 ng/mL) for 3 days and then further
cultured with M-CSF and RANKL (100 ng/mL)
for 3 days on Osteo Assay plates. The resorption
pits area was determined using ImageJ software.
Cells were stained for TRAP. Scale bar = 100
pm. B, The percentages of resorption areas per
TRAP" MNCs on Osteo Assay plates from WT
(open column) and Bif-1"" mice (closed column)
were scored (mean £+ SD, n = 5). Similar results
were obtained from three independent
experiments. C, The survival rates of osteoclasts
from WT (open column) and Bif-17~ mice
(closed column) after RANKL withdraw were scored (mean = SD, n = 3). Similar results were obtained
from three independent experiments. Bif-1, Bax-interacting factor; M-SCF, macrophage colony-stimulating
factor; RANKL, receptor activator of NF-«kB ligand; TRAP, tartrate-resistant acid phosphatase; WT, wild-

type
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A, Primary osteoblasts from WT and "

Bif-17" mice were treated with B-GP o 2ol
(10 mM) and A.A (50 pg/mL) for (
indicated periods. The cells were
stained for ALP activity after 2 weeks
of culture. Scale bar = 100 um. B, The
cells were fixed with an acetone-
ethanol mixture and incubated with a
substrate solution. ALP activity was
subsequently determined. Data are
expressed as the mean = SD (n = 3).
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Similar results were obtained from i Y
three independent experiments. C, BGP BMP2 2weeks  3weeks 4 weeks
Primary osteoblasts from WT and Bif- A O <@ @ (&)
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Total RNA was isolated, and then WT Bif-1+ WT B|f1 WT Bif-1+

osteocalcin and GAPDH mRNA levels were analyzed using real-time polymerase chain reaction. Data are
expressed as the mean + SD (n = 3). Similar results were obtained from three independent experiments. D,
The cells were stained with alizarin red to determine mineralization. E, Alizarin red dye was extracted with
10% formic acid, and the absorbance at 405 nm was determined with a microplate reader. Data are
expressed as the mean £ SD (n = 3). Similar results were obtained from three independent experiments.
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A, Mononuclear bone marrow adherent cells from WT or Bif-17" mice were seeded at a density of 2.0x10*
cells per well in six-well plates for 7 days. The cells were further cultured with B-GP (10 mM) and A.A (50
pg/mL) in the presence or absence of BMP2 (100 ng/mL) for 7 days. Cells were fixed with 3.7%
formaldehyde in phosphate-buffered saline for 10 minutes and then stained for ALP. Scale bar = 100 um.

B, Number of ALP* colonies was counted. (A (B)
Data are expressed as the mean = SD (n=3). BMP2 - + + )
Similar results were obtained from three PS - = + 't
independent  experiments. *P<.01. C, R % \_J‘» , 2
Osteoblasts differentiated from bone marrow wT ﬂ}_ B “é
cells in WT and Bif-17" mice were treated & 2, % & ‘:"35.&, £
with B-GP (10 mM) and A.A (50 pg/mL) for B aog #  Se i‘.‘ﬁ §
14 days. Total RNA was isolated, and then S
osteocalcin and GAPDH mRNA levels were © w2

analyzed using real-time polymerase chain
reaction. Data are expressed as the mean = SD
(n = 3). Similar results were obtained from
three independent experiments. *P<.01. ALP, 10
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