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Abstract

Normal bone mass is maintained by balanced bone formation and resorption. Myosin X (Myo010),
an unconventional MyTH4-FERM domain containing myosin, is implicated in regulating
osteoclast (OC) adhesion, podosome positioning, and differentiation in vitro. However, it lacks of
evidence for Myo010’s in vivo function. Here we show that mice with Myo10 loss of function,
Myo10™™ exhibit osteoporotic deficits, which are likely due to the increased OC genesis and
bone resorption, as bone formation is unchanged. Similar deficits are detected in OC-selective
Myo10 conditional knockout (cKO) mice, indicating a cell autonomous function of Myo10.
Further mechanistic studies suggest that Unc5b protein levels, in particularly its cell surface level,
are higher in the mutant OCs, but lower in RAW264.7 cells or HEK293 cells expressing Myo10.
Suppressing Unc5b expression in BMMs from Myo10™M mice by infection with lentivirus of
Unc5b shRNA markedly impaired RANKL induced OC genesis. Netrin-1, a ligand of Unc5b,
increased RANKL induced OC formation in BMMs from both wild type and Myo10™M mice.
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Taken together, these results suggest that Myo10 plays a negative role in OC formation likely by
inhibiting Uncbb cell surface targeting, and suppressing Netrin-1 promoted OC-genesis.
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Introduction

Bone remodeling involves dynamic balance between bone formation by osteoblasts (OB)
and bone resorption by osteoclasts (OC),(!) which is important for maintenance of normal
bone mass. Osteoclasts are differentiated from hematopoietic bone marrow macrophages
(BMMs) and activated to resorb bone by different factors, among which Receptor activator
of NF-xB ligand (RANKL) is one of the best studied.(@)

Myosin X (Myo010) is an unconventional MyTH4-FERM domain containing myosin that is
widely expressed in various tissues.(®) It acts as an actin-based molecular motor in filopodia
formation, cell migration, cell polarization, mitosis, cancer invasion and metastasis.(4-8) The
MyTH4-FERM domain mainly functions in binding to Myo10 cargo proteins such as
deleted in colorectal cancer (DCC), neogenin, integrins, N-cadherin, and BMP6 receptor
(ALK®).(3 9-11) In addition, this domain also interacts with microtubules.(!2) What’s more,
Myo10 is found to play a role in OC attachment and podosome positioning by direct linkage
of actin to the microtubule network.(3) Myo10 is also report to regulate the formation of
tunneling nanotubes.(14) But the impacts of Myo10 on bone remodeling in vivo remains
largely unknown.

Via regulating the distribution of DCC, a receptor for netrin-1, Myo10 is implicated in
netrin-1-DCC signaling and function in developing brain.(3) Netrin-1 is a secreted protein
functions in axon guidance, cell migration, morphogenesis and angiogenesis during
development.(35-17) |t can trigger attraction by binding to DCC or repulsion through binding
to Unc5 family receptors.(18: 19) Unc5 family contains Unc5a, Unc5b, Unc5c and Unc5d
receptors, and among which, Unc5b is the most abundant in OCs. In addition to mediating
axon repulsion of neuronal growth cones, functions of Unc5b include negatively regulating
vascular branching during angiogenesis, apoptosis induction, and retraction of tip cell
filopodia on endothelial growth cones. (18 20-23) Recent studies implicate Unc5b in
osteoclastogenesis. Aranzazu Mediero et. al®4) have showed that weekly injection of anti-
Netrin-1 or anti-Unc5b antibodies significantly reduce the inflammatory infiltration and the
number of TRAP-positive OCs, thus attenuating the particle-induced osteolysis. In addition,
the blockade of netrin-1 or Unc5b by monoclonal antibodies also decreases the number of
OCs, preventing bone destruction and reducing the severity of K/BxN serum transfer-
induced arthritis.(2%) The anti-OCs and bone protective effects by anti-Netrin-1 or anti-
Unc5b antibodies are also observable in a murine model of multiple myeloma.(28) Moreover,
netrin-1 and Unc5b expression are increased during OC differentiation, and blockade of
netrin-1 or Unc5b prevents OC differentiation from both murine and human precursors.(2”)
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While these observations suggest a positive role of netrin-1-Unc5b pathway in OC genesis,
the exact function of Myo10 in this pathway remains to be explored.

Here we provide evidence for Myo10 to regulate bone remodeling. Myo10 is expressed in
both OB and OC lineage cells. By micro-CT (UCT) and bone histomorphometric analyses of
a Myo10 loss of function mutant mouse line (named as Myo10™M)(also called
Myo10tmia'tmla jn previous report(28)), we observed osteoporotic deficits in Myo10™™ mice.
The osteoporotic deficits appear to be due in large to the increased OC differentiation and
bone resorption, as no significant changes was detected in bone formation. The osteoporotic
phenotypes are also detected in OC-selective Myo10 knockout mice, which are generated by
breeding floxed Myo10 (Myo010ff) with LysM-promotor driven Cre mice (Myo10-YsM-cko
mice hereafter). These results suggest a cell autonomous Myo10’s function in suppressing
OC differentiation. Further mechanistic studies indicate that Unc5b protein levels are
increased in OCs from Myo10™™ mice. Myo10™™ BMMs exhibit more cell surface
distribution of Unc5h, while expressing exogenous Myo10 reduces cell surface level of
Unc5b. The increased OC formation in Myo10™™ BMMs is abolished by suppression of
Unc5b expression. Taken together, these results suggest that Myo10 plays a negative role in
OC formation, which is likely due to its attenuation of Unc5b targeting to the cell surface
and thus inhibiting netrin-1-Unc5b signaling and function during OC genesis.

Materials and Methods

Reagents and animals

For immunoblotting analysis, the following primary antibodies were used: rabbit polyclonal
anti-Myo010 (1:500) was generated as previously described,(® rabbit monoclonal anti-Unc5h
(#13851, 1:1000) from Cell Signaling Technology, rabbit polyclonal anti-Integrin 3
(#4702, 1:1000) from Cell Signaling Technology, rabbit polyclonal anti-Flag (F7425,
1:2000) from Sigma-Aldrich, rabbit polyclonal anti-FAK (sc-557, 1:500) from Santa Cruz
Biotechnology, rabbit polyclonal anti-phospho-FAK (Tyr861) (44-626G, 1:1000) from
ThermoFisher Scientific, rabbit polyclonal anti-Src (#2108, 1:1000) from Cell Signaling
Technology, rabbit monoclonal anti-phospho-Src (Tyr416) (#04-857, 1:1000) from
Millipore. Mouse monoclonal anti-RANK (sc-374369, 1:500) from Santa Cruz
Biotechnology, mouse monoclonal anti-Integrin aVV (#611012, 1:500) from BD Biosciences,
mouse monoclonal anti-transferrin (sc-393595, 1:2000) from Santa Cruz Biotechnology,
mouse monoclonal anti-GAPDH (ab9484, 1:5000) from Abcam, mouse monoclonal anti-p-
actin (AC-15, 1:5000) from Novus Biologicals. For immunostaining analysis, the following
primary antibodies were used: rabbit polyclonal anti-Flag (F7425, 1:1000) from Sigma-
Aldrich, rabbit polyclonal anti-GFP (A-11122, 1:1000) from Invitrogen. Alexa Fluor 488-
and 555-coupled secondary antibodies against rabbit and HRP-conjugated secondary
antibodies against mouse or rabbit were purchased from Jackson ImmunoResearch
Laboratories. Nuclei were stained with 4’,6-diamidino-2-phenylindole (DAPI) (1:1000,
Roche). Alexa Fluor 488 Phalloidin (A12379) was purchased from Thermo Fisher Scientific.
Recombinant mouse netrin-1 (1109-N1) was purchased from R&D Systems.

Myo10™M (also called Myo10tM1a/tmla) mice were generated by injection of mutant
embryonic stem cells from Knockout Mouse Project (KOMP) that have an insertion of KO
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cassette located in the intron between exon 26 and 27 of the Myo10 gene. Myo10 expression
is markedly suppressed due to this insertion (Fig. 1, E and F). Myo10™M mice appeared to
express a truncated form of Myo10, containing the N-terminal head domain, but not the C-
terminal regions (e.g., MyTH4 and FERM domains), according to RT-PCR analyses (data
not shown). The Myo10™M gene was identified by PCR genotyping using four primers
below:

5 -GAAAAGGCGCATAACGATACCACG-3’,
5 -CCAACTGACCTTGGGCAAGAACAT-3’,
5 -CAGTGTAGGGTAGCGTTCCTCAG-3’,

5 -AGAGAACCGCCCATATTACACC-3").

Myo10™M mice were crossed with C57BL/6J mice for more than F6 generations. The
floxed Myo10 (Myo010ff) mice were generated by crossing Myo10™™ with FLP mice.
Myo10"f mice were then crossed with LysM-Cre mice (purchased from The Jackson
Laboratory, #004781) to generate Myo10-YSM-cko mice. All the experimental procedures
were approved by the Institutional Animal Care and Use Committees at Case Western
Reserve University (CWRU) and Augusta University in accordance with National Institutes
of Health guidelines.

B-Gal staining

uCT

B-Gal staining was carried out as described previously.(?9) In brief, frozen femur sections
and cultured BMMs or BMSCs from P15 mice were fixed with 0.5% cold glutaraldehyde for
10 min on ice and incubated in X-gal staining solution (2 mM MgCl,, 5 mM potassium
ferricyanide, 5 mM potassium ferrocyanide and 0.1% X-gal) in the dark at 37°C for 12
hours. The slides were then rinsed, mounted in Permount (Thermo Fisher Scientific) and
imaged using digital microscope (Axioplan 2; Carl Zeiss).

The microcomputed tomography (UCT) analysis was carried out as previously described.
(30.31) In brief, microarchitecture of the distal trabecular bone and midshaft cortical bone of
the femur were measured by Scanco PUCT 40 (Scanco Medical AG). Bones were placed
vertically in 12-mm-diameter scanning holders and scanned at the following settings: 12 um
resolution, 55 kVp energy, 145 pA intensity, and 200 ms integration time. For the cortical
bone, the bone was scanned at the midshaft of the bone for a scan of 25 slices. The threshold
for cortical bone was set at 329 and 3D reconstruction was performed using all the slices.
Data were obtained on bone volume (BV), total volume (TV), BV/TV, total cross-sectional
area (Tt.Ar), cortical bone area (Ct.Ar) and cortical bone area fraction (Ct.Ar/Tt.Ar). For the
trabecular bone, the scan was started at the growth plate and consisted of 211 slices. 100
slices were outlined on the inside of the cortical bone, enclosing only the trabecular bone
and marrow. The threshold for trabecular bone was set at 245 and the 3D analysis performed
on the 100 slices. Data were obtained on BV/TV, trabecular number (Tb.N), trabecular
separation (Th.Sp) and trabecular thickness (Th.Th).
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Bone histomorphometric analysis

Bone histomorphometric analysis were performed as previously described.(32 33) In brief,
mouse tibias and femurs were fixed overnight in 10% buffered formalin, decalcified in 14%
EDTA for two weeks, embedded in paraffin, sectioned and subjected to hematoxylin and
eosin (H&E), safranin O and TRAP staining analysis. Bone histomorphometric perimeters
were determined by measuring the areas situated at least 0.5 mm from the growth plate,
excluding the primary spongiosa and trabeculae connected to the cortical bone.

In vivo dynamic bone histomorphometric analysis of bone formation

In vivo dynamic bone histomorphometric analysis were carried out by intraperitoneal
injection of 10 mg/kg fluorochrome-labeled calcein green (Sigma-Aldrich) and then 50
mg/kg alizarin red (Sigma-Aldrich) (12 d interval) in 2-week-old mice. The mice were
euthanized 2 days after the second injection and femurs were fixed in 70% ethanol
overnight, embedded in methyl methacrylate, and sectioned at 7-10 um. Images were
obtained by using a 25x objective fluorescence microscope (LSM510, Carl Zeiss). The
mineral apposition rate (MAR) and bone formation rate (BFR) were calculated from
fluorochrome double-labels at the endocortical surfaces.

Measurements of serum levels of osteocalcin and deoxypyridinoline (PYD)

Mouse serum samples were collected and stored at —80°C until use. Mouse osteocalcin
ELISA kit (Biomedical Technologies, Inc.) and Metra Serum PYD RIA kit (Quidel
Corporation) were used to measure the serum osteocalcin and PYD respectively. All the
assays were carried out according to the manufacturer’s instructions. All the samples were
measured in duplicate, and values were subjected to statistical analysis.

In vitro BMSCs and OB cultures

Whole bone marrow cells were flushed from long bones of 2-month-old Myo10*/* and
Myo10™M mice and plated on 100-mm tissue culture plates in DMEM containing 10% FBS
and 1% penicillin/streptomycin (P/S). BMSCs were passed by trypsin digestion after 7 days
and plated in densities of 1 x 104 /cm? for osteogenesis differentiation in osteogenic medium
(DMEM containing 10% FBS, 1% P/S, 10 mM B-glycerophosphate, and 50 uM L-ascorbic
acid-2-phosphate). Alkaline phosphatase (ALP) staining and quantification were performed
7 and 14 days after incubation.

In vitro BMMs and OC cultures

Whole bone marrow cells were flushed from long bones of 2-month-old Myo10*/* and
Myo10™™ mice, plated on 100-mm tissue culture plates in a-MEM containing 10% FBS,
1% P/S and 10 ng/ml recombinant macrophage colony-stimulating factor (M-CSF), and
incubated at 37°C with 5% CO, overnight. Nonadherent cells were collected and subjected
to Ficoll-Hypaque gradient centrifugation for purification of BMMs. BMMs were passed
and plated in densities of 5 x 104 /cm? for osteoclastic differentiation in OC differentiation
medium (a-MEM containing 10% FBS, 1% P/S, 10 ng/ml M-CSF and 100 ng/ml
recombinant RANKL). Mature OC (multi-nucleated, large-spread cells) began to form at
day 4-5 after RANKL treatment. TRAP staining and quantification were then performed.
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Western blot analysis

Immunoblotting analysis was performed as described previously. Cells were washed twice
with ice-cold 1 X PBS and lysed with lysis buffer [50 mM Tris-HCI (pH 7.5), 150 mM
NaCl, 1% Triton X-100, 0.1% SDS, 0.5% deoxycholate, and 1 mM EDTA, supplemented
with protease inhibitors (1 ug/ml leupeptin and pepstatin, 2 ug/ml aprotinin and 1 mM
PMSF) and phosphatase inhibitors (10 mM NaF and 1 mM NazVO,)]. The lysates were
centrifuged at 14,000g for 15 min at 4°C and protein concentration was determined with
BCA protein assay kit (Thermo Fisher Scientific). Protein were resolved by 10% SDS-PAGE
gel and transferred to PVDF membranes. The membranes were blocked and immunoblotted
with indicated antibodies.

RNA isolation and Real-Time PCR analysis

Total RNA was isolated from target cells by TRIZOL extraction (Invitrogen). Quantitative
PCR was performed with Quantitect SYBR Green PCR Kit (Bio-Rad) and analyzed with
software (Option Monitor 3), according to manufacturer’s instruction. For a complete list of
primers used in this study, please refer to Table 1.

Immunofluorescence staining and confocal imaging

Cell surface

Cells were plated on coverslips, fixed with 4% paraformaldehyde (PFA) in PBS at room
temperature for 15 min, permeabilized and blocked with 0.2% Triton X-100, 10% donkey
serum in PBS at room temperature for 1 h, incubated with primary antibodies overnight at
4°C. The cells were then washed 3 times with 0.2% Triton X-100 in PBS and incubated in
Alexa Fluor secondary antibodies at room temperature for 1 h. Finally, the samples were
mounted with VECTASHIELD (vector laboratories) mounting medium and the confocal
images were taken by Zeiss LSM 800 confocal microscope. In some cases, to label the
plasma membrane, PFA fixed cells were immersed in Dil (D282, Thermo Fisher) working
solution (120 pg/ml Dil in PBS with 4% glucose) at 37°C for 5 min and then, 4°C for 15min,
which was then resolved to permeabilization and antibody incubation. For statistical
analysis, the relative fluorescent intensity of Flag-Unc5b on the plasma membrane
(colocalized with Dil) versus total or cytoplasm were quantified using ImageJ software. At
least 20 cells were measured for each group.

biotinylation

Cell surface biotinylation analysis was performed as described previously.(34) Cells were
washed with ice cold PBS (+Ca/Mg) three times, and freshly prepared PBS (+Ca/Mg)
containing 0.25 mg/ml EZ-Link™ Sulfo-NHS-SS-Biotin (Thermo Fisher Scientific) was
added. After incubation at 4°C for 45 min with gentle shake, the reaction was terminated by
addition of 10 mM Glycine. 20 min later the cells were washed three times with ice cold
PBS (+Ca/Mg), lyzed with 500 ul of lysis buffer (50 mM Tris-HCI pH 7.5, 150 mM NacCl,
1% Triton X-100, 1% NP-40 supplemented with protease inhibitors), and incubated at 4°C
for 1h on shaker. After centrifugation at 14000 rpm for 10 min at 4°C, the supernatants were
transferred to pre-chilled tubes. Immunoprecipitation was started by adding 50 ul
Streptavidin-Agarose beads (Pierce), rotating overhead at 4°C overnight. The beads were
washed three times with ice cold lysis buffer, and the biotinylated proteins were eluted with
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50 ul 1x loading buffer by boiling for 5 min. Eluates and non-biotinylated lysates were
subjected to immunoblotting.

Plasmids and transient transfection

The pTT3 Unc5B-FLAG plasmid (#72195) was purchased from Addgene. The plasmids
encoding GFP-tagged Full-length Myo10 (FL) and Headless Myo010 (HL, an isoform which
lacks the motor domain) were generated as previously described.(3 9) Flag-Netrin-1 plasmid
was generated by insertion of chicken Netrin-1 into the pFlag-CMV1 vector. HEK293T and
RAW?264.7 cells were maintained in DMEM supplemented with 10% FBS and 1% P/S.
Transfections were carried out using Lipofectamine 2000 (Invitrogen) according to
manufactures instructions. 48 hours following transfection, cells were subjected to further
analysis.

Netrin-1 conditioned medium preparation

Flag-Netrin-1 plasmid was transfected into HEK293T cells using Lipofectamine 2000
(Invitrogen) according to manufactures instructions. Eight hours following transfection,
culture medium was changed into a-MEM without serum. 24 h later, the conditioned
medium (CM) was collected, filtered and stored at —20°C.

Lentivirus packaging and infection of target cells

The control and Unc5b shRNA were inserted into the pLL3.7 lentiviral vector, which can
express GFP for identification. For lentivirus packaging, control or Unc5b shRNA along
with the psPAX2 (Addgene) and pMD2.G (Addgene) packaging plasmids were co-
transfected into HEK293T cells. 48 h and 72 h later, viral supernatants were collected,
filtered by 0.45 um filters (Millipore) and concentrated using Amicon Ultra-15 Centrifugal
Filter Device (Millipore 100K MWCO). Primary cultured BMMs were infected with the
concentrated virus for 24 h. And 72 h later after confirmation of infection efficacy, BMMs
were treated with osteoclastogenic medium for osteoclastic differentiation.

Statistical analysis

All data were expressed as mean = SD. The significance level was set at £< 0.05. Student’s
ttest was used for statistical analysis.

Results

Osteoporotic deficits in Myo10™'™M mice

To investigate functions of Myo10 in bone remodeling, we generated Myo10™™ mice which
contained LacZ knocking-in in the intron of Myo10 gene between exon 26 and 27, so that
LacZ expression is likely controlled by the Myo10 promoter (Fig. 1, A). The LacZ activity
was detected in both trabecular and cortical bones of Myo10™™ mice (P15) but not in wild
type control (Myo10*/*) littermates (Fig. 1, B). Bone marrow stromal cells (BMSCs,
precursors of OBs) and bone marrow macrophages (BMMs, precursors of OCs) from
Myo10™M mice but not Myo10*/* mice also showed positive LacZ activity (Fig. 1, C and
D), implicating Myo010’s expression in both OB and OC lineage cells. To confirm this view
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and to verify the successful generation of Myo10™M mice, Myo10 mRNA levels were
detected by RT-PCR analysis using primers targeting the 3’ terminus of Myo010 gene (Fig. 1,
F), and Myo10 protein levels were examined by Western blot analysis (Fig. 1, E). The
results showed successful deletion of the Myo10 gene expression in OB and OC lineage
cells at both mRNA and protein levels (Fig. 1, E and F). Note that the relative mRNA copy
numbers were higher in BMMs and OC than those in BMSCs and OB, complying with the
relative protein levels of Myo10.

We next tested the influence of Myo10 on bone mass. UCT analysis was carried out to
examine the femur bone mass and structures. Decreased trabecular bone volumes over total
volumes (BV/TV), trabecular bone numbers (Th.N) and trabecular thickness (Th.Th), as well
as increased trabecular separation (Th.Sp) were observed in Myo10™™ mice, compared to
that of Myo10™M littermates (Fig. 2, A-E). While cortical BV/TV, total cross-sectional area
(Tt.Ar), cortical bone area (Ct.Ar) and cortical bone area fraction (Ct.Ar/Tt.Ar) had no
significant changes (Fig. 2, F-1). Further observations by H&E staining analysis of femur
sections provided additional support for the decreased trabecular BV/TV in adult (2-month-
old) Myo10™™ mice (Fig. 2, J and K). In addition, safranin O staining analysis exhibited
similar morphology of growth plate between Myo10*/* and Myo10™™ mice (Supplement
Fig. 1), suggesting little or no effect of Myo10 on chondrocyte differentiation and function.
Taken together, Myo10 is an important regulator of bone mass.

No change of bone formation in Myo10™Mm mice

As bone mass is determined by bone formation and bone resorption, we next examined both
processes in Myo10** and Myo10™™ mice. For bone formation analysis, neonatal (2-week-
old) littermates of Myo10*/* and Myo10™M mice received two injections of calcein green
and alizarin red fluorochrome labels, separated by a 12-d interval. Both endocortical (Ec.)
(Fig. 3, A) and trabecular (Th.) (Fig. 3, B) mineral apposition rate (MAR), mineral surface /
bone surface (MS/BS), and bone formation rate (BFR) were analyzed in nondecalcified
femur sections of the injected mice. No significant difference was observed in Ec. MAR,
Th.MAR, Ec.MS/BS, Th.MS/BS, Ec.BFR and Th.BFR between Myo10*/* and Myo10™m
mice (Fig. 3, A-H). The unchanged bone formation was further confirmed by comparable
levels of serum osteocalcin (Fig. 3, 1), a bone formation marker, in the mutant mice to that of
controls. In vitro osteoblastogenesis assays of BMSCs derived from 2-month-old Myo10*/*
and Myo10™M mice also showed no significant difference of OB-differentiation detected by
alkaline phosphatase (ALP) staining (Fig. 3, J-M). Taken together, these results suggest little
or no effects of Myo10 on bone formation.

Increased bone resorption and OC formation in Myo10™™ mice

We next checked bone resorption in Myo10*/* and Myo10™™ mice. Serum levels of
deoxypyridinoline (PYD), a bone resorption marker, was higher in Myo10™™ mice than that
of littermate controls (Fig. 4, A), suggesting an increase of bone resorption. In line with this
view is TRAP staining analysis of femur sections from adult (2-month-old) Myo10*/* and
Myo10™™ mice, which also showed a significant increase in the number of TRAP* OC per
unit of bone surface (Fig. 4, B and C). We then checked whether Myo10 regulates OC
formation in vitro. BMMs from Myo10*/* and Myo10™M mice were treated with
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macrophage colony-stimulating factor (M-CSF) and RANKL for 5 days to induce OCs.
Myo010™™ cultures showed more and larger TRAP* OC (Fig. 4, D and E), and phalloidin
immunofluorescence staining of actin ring structures also showed larger OCs with more
nuclei numbers (Fig. 4, F and G). In further supporting an increased osteoclastogenesis in
Myo010™™ mice was the observation of the increased mRNA levels of TRAP, Cathepsin K,
MMP9 and Nfatcl (Fig. 4, H-K), markers of OC. Together, these results suggest a crucial
function of Myo10 in negatively regulating OC formation.

Similar osteoporotic deficit with elevated bone resorption and OC formation in OC-
selective Myo10 knockout mice

To determine whether Myo10 regulates OC formation in a cell-autonomous manner, we
generated Myo10-YSM-cko mice by crossing floxed Myo10 (Myo107f) with lysozyme
(LysM)-Cre mice which selectively express Cre in mature macrophages (precursors of OC)
(Fig. 5, A).(39) Western blot analysis confirmed the diminished protein levels of Myo10 in
BMMs and OCs but not BMSCs or OBs in Myo105YSM-cko mice (Fig. 5, B). We next
carried out uCT analysis to examine the femur bone mass and structures. Similar to the
phenotypes detected in Myo10™M mice, decreased trabecular bone volumes over total
volumes (BV/TV), trabecular bone numbers (Th.N) and trabecular thickness (Th.Th), as well
as increased trabecular separation (Th.Sp) were observed in Myo105YsM-cko mice, as
compared with that of Myo10f littermates (Fig. 5, C-G). The cortical BV/TV, total cross-
sectional area (Tt.Ar), cortical bone area (Ct.Ar) and cortical bone area fraction (Ct.Ar/
Tt.Ar) had no significant changes (Fig. 5, H-K). Further, Myo10-sM-cko mice showed
increased serum levels of PYD (Fig. 5, N) and number of TRAP* OC per unit bone surface
by TRAP staining of their femur sections (Fig. 5, L and M), demonstrating increased OC
formation and bone resorption. Concomitantly, in vitro osteoclastogenesis assay also showed
more and larger TRAP* OC in Myo10YYsM-cko mice (Fig. 5, O and PP staining of the OB
cultures (Fig. 5, Q and R). Taken together, these results suggest that Myo10 suppresses OC
formation in a cell-autonomous manner.

Increased expression of Unc5b, RANK, integrin aV and integrin B3 in OC from Myo10™m

mice

To understand how Myo10 negatively regulates OC formation, we examined expression
levels of possible Myo10 cargos involved in OC formation. Previous studies have identified
numerous Myo10 cargos, including integrin p1,10) DCC, and neogenin (a DCC family
receptor).(®) While integrin aV and B3 are highly expressed in BMMs/OCs, mediating OC
migration and formation,36-38) little DCC or neogenin was detectable in BMMs/OCs (data
not shown). Interestingly, Unc5 family netrin-1 receptors were abundant in BMMs
(Supplement Fig. 2), and numerous studies have confirmed the importance of Unc5b(24-27)
and receptor activator of NF-xB (RANK)®9-41) in OC formation. We thus examined the
expression levels of these receptors (Uncbb, RANK, integrin aV and integrin p3) in OCs
from control and Myo10™™ mice (Fig. 6, A). All these proteins (Unc5b, RANK, integrin
aV and integrin p3) were increased in OCs from Myo10™™ mice (Fig. 6, B-E), in line with
the view for an increased OC formation in Myo10™™ mice. Notice that in BMMSs without
RANKL treatment, Unc5b level was the most abundant one among different family
members, but no significant change was detected in the mutant BMMs at the mRNA level
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(Supplement Fig. 2). These observations lead us further investigating the distribution pattern
and function of Unc5b in BMMs.

Suppression of Unc5b cell surface distribution by Myo10

Cell surface protein biotinylation analysis of BMMs was firstly carried out to examine the
distribution patterns of Unc5b. The biotinylated proteins were pulled-down with streptavidin
agarose beads and subjected to Western blot with anti-Unc5b antibody. Total protein levels
of Unc5b in BMMs without RANKL treatment didn’t show significant changes (Fig. 7, A),
consistent with unchanged Uncbb mRNA level. We also found more cell surface with less
cytoplasmic levels of Unc5b in BMMs from Myo10™M mice (Fig. 7, A and B), compared to
that of Myo10*/* mice. To further study the effect of Myo10 on the subcellular localization
of Unc5b, we co-transfected the Flag-Unc5b plasmid with GFP-tagged Full length-Myo10
(FL) or Headless-Myo10 (HL, an isoform which lacks the motor domain)2) plasmid in
Raw 264.7 cells, a macrophage cell line. The GFP plasmid was used as a control. In contrast
to control, the presence of FL dramatically distracted Unc5b into the cytoplasm from the
plasma membrane (represented by Dil staining) (Fig. 7, C-E), further consolidating the
previous data (Fig. 7, A and B). Interestingly, co-transfection with HL recovered Unc5b
plasma membrane localization to some extent (Fig. 7, C-E), suggesting a requirement of the
motor domain of Myo10 in this event. Next, Flag-Unc5b combined with GFP or GFP-FL-
Myo10 plasmids were co-transfected in HEK293T cells and cell surface proteins were
biotinylated. The biotinylated proteins were then pulled-down with streptavidin agarose
beads and subjected to Western blot with anti-Flag antibody. Again, we found less cell
surface with more cytoplasmic levels of Flag-Unc5b expression in GFP-My010 co-
transfected cells (Fig. 7, F and G), compared to that of GFP co-transfected cells. Together,
these results demonstrate a role of Myo10 in suppression of Unc5b cell surface distribution.

Decreased OC formation in Myo10™™ BMMs infected with lentivirus encoding sShRNA of

Unc5b

To further establish the roles of Unc5b in Myo10 regulated OC formation, we examined the
OC formation in Myo10™™ BMM:s infected with lentiviruses expressing control or Unc5b-
shRNA. The infection efficacy was first checked by fluorescence microscope, which showed
that most of the BMMs (>80%) were infected, as represented by GFP expression 4 days
after infection (Fig. 8 A). The knockdown efficacy was further confirmed by western blot,
which showed markedly reduced protein levels of Unc5b in Myo10™™ BMMs infected with
the shUnc5b lentivirus, but not with control shRNA (Fig. 8, B and C). Next we examined the
OC formation after control or Unc5b-shRNA lentivirus infection. Concomitantly, the
increased OC formation in Myo10™™ mice was suppressed by shUnc5b lentivirus, but not
by control shRNA (Fig. 8, D and E). Taken together, these results suggested a critical role of
Unc5b in the increase of OC formation in Myo10™™ BMMs.

Increased OC formation in Myo10™™ BMMs in response to netrin-1

Since Myo10™M BMMs exhibited higher cell surface levels of Unc5b and Unc5b acts as a
receptor of netrin-1, we wondered whether netrin-1 could regulate OC formation in
Myo10*"* and Myo10™™M mice. Netrin-1 conditioned medium was harvested, whose
expression was confirmed by Western blot analysis (Supplement Fig. 3). BMMs from
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Myo010** and Myo10™M mice were exposed to 10 ng/ml of M-CSF and 100 ng/ml
recombinant RANKL in the presence of control or netrin-1 medium. Results showed that
netrin-1 treatment increased OC formation in BMMs from both Myo10*/* and Myo10™/m
mice, compared to that of control medium (Fig. 9, A-C), and the increased fold of netrin-1
treated/untreated osteoclastogenesis was higher in Myo10™M BMMs (Fig. 9, D), suggesting
that the increased cell surface distribution of Unc5b in Myo10™M BMMs might enhanced
netrin-1 response. Next we examined netrin-1-Unc5b downstream signaling pathways in
pre-OCs by western blot analysis. Results showed that the basal level of p-FAK (Tyr861) in
Myo10™M pre-OCs were higher than that of control cells, in line with the basal increase of
Unc5b and osteoclastogenesis in Myo10™M pre-OCs (Fig. 9, E and F). Upon netrin-1
treatment, even higher levels of p-FAK (Tyr861) and p-Src (Tyr416) were detected in
Myo010™M pre-OCs than those of Myo10*/* pre-OCs (Fig. 9, E-G), suggesting that
enhanced netrin-1-Unc5b signaling pathway in the mutant BMMs may lead to the increased
osteoclastogenesis. These results support a working model in which Myo10-loss in BMMs
promotes osteoclastogenesis likely by the increased cell surface level of Unc5b (Fig. 9, H).

Discussion

Maintenance of normal bone mass depends on the dynamic balance of bone formation and
bone resorption. In the present study, we showed that Myo10 loss of function in mice
(Myo10™M) decreases trabecular bone mass, which appears to be due in large to the
increased bone resorption and OC genesis. Similar phenotypes are also observed in OC-
selective Myo10 knockout mice. Unc5b expression levels are elevated in OCs from
Myo10™M mice, and Myo10™™ BMMs exhibited more cell surface distribution of Unc5b,
while Unc5b’s cell surface distribution in cells overexpressing Myo10 is reduced. Moreover,
suppression of Unc5b expression in Myo10™™ BMMs by infection with lentivirus encoding
shRNA of Unc5b markedly attenuated RANKL induced OC formation. Finally, increased
OC formation was observed in Myo10™™ BMMs in response to netrin-1. These
observations suggest that Unc5b acting as active receptors of netrin-1, increasing OC
formation that is negatively regulated by Myo10. These results thus identify Myo10 as an
important negative regulator of OC formation, bone resorption and bone remodeling.

Out study is the first to show in vivo bone phenotypes of Myo10. Previous work found out
that Myo10 and BMP6 receptor ALK6 colocalize in a BMP6-dependent fashion, and Myo10
is required for BMP6-dependent Smad activation in endothelial cells.(!1) Also BMP6 can
increase osteoblast differentiation of BMSCs through induced phosphorylation and nuclear
accumulation of Smads5.(43) But so far no research had established the role of Myo10 in
regulating osteoblast differentiation or bone formation. Although we showed unchanged
bone formation in Myo10™M mice, the cell-specific function of Myo10 in bone formation
still remains unclear, and the phenotype may due to compensatory mechanisms. Generation
of osteoblast-selective Myo10 cKO mice will contribute to clarify the cell-autonomous role
of Myo10 in bone formation. A previous study indicates that Myo10 has multiple forms and
complete KO Myo010 is semi-lethal.(28) Myo10™™ mouse characterized here was not a null,
but a hypomorphic allele, with loss of Myo10 function. As shown in Fig. 1 (F), a large
reduction, but not a complete loss of full length Myo10 expression, was observed in cells
from Myo10™™ mice by RT-PCR analysis. Besides, we have investigated the expression
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levels of Full-length Myo10 and Headless Myo10 in BMMs, and the headless Myo10 was
detected at a very low level by RT-PCR but undetectable by Western blot analysis (data not
shown). However, it remains possible that there are additional unidentified alternative
splicing forms or isoforms whose transcription starting site that skip exon 26 and exon 27
where the KO cassette is inserted. According to RT-PCR analysis of Myo10 expression
using primers at different domains (data not shown), Myo10™™ mice did express a truncated
form of Myo10, containing the N-terminal head domain, but not the C-terminal regions (e.g.,
MyTH4 and FERM domains), which are critical regions for binding to Myo10 cargos and
microtubule. This is likely due to the insertion of KO cassette that blocked the expression of
the gene after exon 26. Thus, whereas our results support the view for a loss of function of
full length Myo10 in Myo10™™ mice, it remains possible for a gain of function resulted
from a truncated Myo10 N-terminal head domain. These possibilities require further
investigation.

As for the influence of Myo010 on osteoclast formation, a previous in vitro study showed that
RNAi-mediated suppression of Myo10 led to decreased osteoclast sealing zone perimeter,
motility and resorptive capacity.(!3) However in our study, bone resorption and osteoclast
formation were all increased in Myo10™™ mice, both in vivo and in vitro. Discrepancies
between our findings and theirs may be explained by different culture protocols. In their
study, siRNAs were transfected on day 4 of osteoclast differentiation, and Myo10 mRNA
level, protein level, as well as osteoclast motility and resorptive activity were assayed 2 to 4
days post-transfection. Under our protocol, mature osteoclast formed about 4 to 5 days after
induced for differentiation, and many of them underwent apoptosis at day 6. The results they
found may not solely due to Myo10 knockdown by siRNA. Osteoclast timeline may also
contribute to the difference. Another recent study showed lentiviral knockdown of Myo010
inhibited osteoclast fusion, migration and formation of tunneling nanotubes (TNT).(14) But
there were still several discrepancies in their study. They didn’t find significant difference in
the average size of the resorption pit or the ability to adhere in osteoclast with Myo10
knockdown. Neither did they detect any changes in the MAPK signaling pathways, which is
important for the regulation of osteoclast differentiation.(4) Also no difference was found in
the expression of m-sec gene, which is crucial for TNT formation. All these discrepancies
may not reflect the actual in vivo role of Myo10 in regulating osteoclast activity. While in
our study, the increased resorption and osteoclast formation in Myo10™™ mice was further
confirmed in OC-selective Myo10 knockout mice, revealing the cell-autonomous manner of
Myo10 regulating osteoclast formation.

Although the expression level of Unc5b was increased in OCs from Myo10™™ mice, no
significant difference was observed in BMMs between Myo10*/* and Myo10™M mice. At
the same time, increased expression of Unc5b was accompanied by increased expressions of
RANK, integrin aV and integrin 3, suggesting that these changes might be the
consequence, but not the cause, of increased OC formation. Although a previous study
indicates that Myo10 participates in an amplification loop for BMP signaling,(!1) no
evidence has supported Myo10’s function in regulating transcription. Myo10 is an
unconventional MyTH4-FERM containing myosin, which mainly functions in binding to
different cargos. We thus speculate that Unc5b might act as a Myo10 cargo. While our
observations of altered Unc5b distribution in Myo10™™ BMMs and in Myo10
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overexpression conditions support this view, it needs further investigation. Also further
studies are necessary to address the effects of Unc5b lentiviral knockdown on bone mass.

Collectively, this study demonstrated an unrecognized function of Myo10 in negatively
regulating OC formation and bone remodeling. The effects were through altered cell surface
distribution of Unc5b to regulate osteoclast formation and differentiation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Characterization of the Myo10™M mice. (A) Illustration for the generation of Myo10™M
mice. (B-D) Detection of enzymatic LacZ activity in femurs of neonatal (P15) Myo10m/m
mice, but not Myo10*/* mice (B) and in purified BMSCs (C) and BMMs (D) from
Myo10™M mice, but not Myo10*/* mice. Bars, 100 ym in B, 50 pm in C and D. In C and D,
over 90% of cells (BMSCs and BMMs) were positive for LacZ activity. (E) Western blot
analysis of Myo10 protein levels in BMSCs, OB, BMMs and OC derived from Myo10*/*
and Myo10™M mice. (F) Real-Time PCR analysis of the mRNA levels of Myo10 in BMSCs,
OB, BMMs and OC derived from Myo10*/* and Myo10™M mice. The values are
normalized by GAPDH. Mean + SD values are from three different experiments. ***p
<0.001, significant difference.
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Fig. 2.

Ogteoporotic deficits in young adult Myo10™M mice. (A-1) The uCT analysis of femurs
from 2-month-old Myo10** and Myo10™™ littermates. Four different male mice of each
genotype were examined blindly. Representative images are shown in A. The 3D images
shown on the right (a, a’, b and b”) were derived from the marked corresponding regions of
the femurs shown on the left. Quantitative analysis (mean + SD, n=4) are presented in B-I.
Note that trabecular bone volumes over total volumes (BV/TV) (B), trabecular bone
numbers (Th.N) (C), trabecular separation (Th.Sp) (D) and trabecular thickness (Th.Th) (E)
were all deficient in Myo10™™ as compared to the control littermates. *p <0.05, **p <0.01,
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*** 1 <0.001, significant difference. The cortical BV/TV (F), total cross-sectional area
(Tt.Ar) (G), cortical bone area (Ct.Ar) (H) and cortical bone area fraction (Ct.Ar/Tt.Ar) (1)
in Myo10™™ mice appeared to be normal. (J and K) H&E staining analysis of femur
sections from 2-month-old Myo10*/* and Myo10™™ littermates. Representative images are
shown in J. Bars, 200 um. Quantitative analysis (mean = SD, n=6) are presented in K. ***p
<0.001, significant difference.
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Fig. 3.

No change of bone formation in Myo10™M mice. (A-H) No change of endocortical and
trabecular bone formation in Myo10™™ mice detected by dynamic histomorphometric
measurements of calcein green and alizarin red double-fluorescent-labeled femurs. Four
different male mice of each genotype were examined. Representative images of histological
sections showing calcein green and alizarin red double-fluorescent-labeling of endocortical
bone in femur mid diaphysis and trabecular bone of Myo010*/* and Myo10™™ mice are
shown in A and B, respectively. Bars, 50 um. Quantitative analysis (mean £ SD, n=4) of
endocortical as well as trabecular mineral apposition rate (Ec. MAR (C) and Th. MAR (F)),
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mineral surface / bone surface (Ec. MS/BS (D) and Th. MS/BS (G)), and bone formation
rate (Ec. BFR (E) and Th. BFR (H)) are presented. p>0.05, no significant difference. (1)
Unchanged serum levels of osteocalcin in 2-month-old Myo10*/* and Myo10™™M mice
measured by ELISA assays (see Materials and methods). The values of mean + SD from
eight different male mice of each genotype are shown. p>0.05, no significant difference. (J-
M) Unchanged in vitro OB differentiation were detected by alkaline phosphatase (ALP)
staining analysis of Myo10*/* and Myo10™M OB cultures. Representative images of ALP
staining at day 7 and 14 cultures are shown in J and L, respectively. Bars, 50 um.
Quantitative analysis of ALP activity (ALP positive area/total area, normalized to Myo10*/*
mice) at day 7 and 14 are presented in K and M (mean * SD, n=8 and n=6, respectively). p
>0.05, no significant difference.
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Fig. 4.

In?:reased bone resorption and OC formation in Myo10™M mice. (A) Measurement of serum
levels of PYD in 2-month-old Myo10*/* and Myo10™M mice by RIA assays. Six different
male mice of each genotype were measured and the values of mean = SD are shown. **p
<0.01, significant difference. (B and C) TRAP staining analysis of femur sections from 2-
month-old Myo10*"* and Myo10™™M [ittermates. Eight different male mice of each genotype
were examined. Representative images are shown in B. Images marked with black squares
were amplified and shown in the bottom. Bars, 200 um. The quantitative analysis of TRAP+
cells per unit bone surface (normalized to Myo10*/* mice) is presented in C. ***p<0.001,
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significant difference. (D-G) TRAP staining (D and E) and phalloidin immunofluorescence
staining (F and G) analysis of OC. BMMs from Myo010*/* and Myo10™M mice were treated
with 10 ng/ml M-CSF and 100 ng/ml recombinant RANKL for 5 days to induce OC.
Representative images are shown in D and F. Bars, 200 um in D, 50 um in F. Quantitative
analysis of the TRAP* multinuclei cell (MNCs) density and nuclei numbers per OC were
presented in E and G (mean = SD, n=9 in E and n=5 in G, respectively). **p <0.01, ***p
<0.001, significant difference. (H-K) Real-Time PCR analysis of the mRNA levels of TRAP
(H), Cathepsin K (1), MMP9 (J) and Nfatc1 (K) in OC cultures. The values are normalized
to GAPDH and showed in relative to Myo10*/* mice. Mean + SD values from three different
experiments were shown. *p <0.05, **p <0.01, ***p <0.001, significant difference.
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Fig. 5.
Similar osteoporotic deficit with elevated bone resorption and OC formation in OC-selective

Myo010 knockout mice. (A) Illustration of breeding strategies for generation of Myo10LYsM-
cko mice. (B) Western blot analysis of Myo10 protein levels in BMSCs, OB, BMMs and OC
derived from Myo0107f and Myo10YYsM-cko mice. (C-K) The uCT analysis of femurs from
3-month-old Myo107f and Myo10-YSM-cko littermates. Three different male mice of each
genotype were examined blindly. Representative images are shown in C. Quantitative
analysis (mean + SD, n=3) are presented in D-K. Note that trabecular bone volumes over
total volumes (BV/TV) (D), trabecular bone numbers (Tb.N) (E), trabecular separation
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(Th.Sp) (F) and trabecular thickness (Tb.Th) (G) were all deficient in Myo10-YSM-cko as
compared to the control littermates. **p <0.01, significant difference. The cortical BV/TV
(H), total cross-sectional area (Tt.Ar) (1), cortical bone area (Ct.Ar) (J) and cortical bone
area fraction (Ct.Ar/Tt.Ar) (K) in Myo10-SM-cko mice appeared to be normal. (L-M)
TRAP staining analysis of femur sections from 3-month-old Myo10ff and Myo10-YsM-cko
littermates. Representative images are shown in L. Images marked with black squares were
amplified and shown in the bottom. Bars, 200 um. Quantitative analysis (mean + SD, n=4)
of TRAP+ cells per unit bone surface (normalized to Myo10™f mice) is presented in M. ***p
<0.001, significant difference. (N) Measurement of serum levels of PYD in 3-month-old
Myo010ff and Myo10-YsM-cko mice by RIA assays. Six different male mice of each
genotype were measured and the values of mean + SD are shown. **p <0.01, significant
difference. (O and P) TRAP staining analysis of OC derived from Myo10"f and Myo10LysM-
cko mice. Representative images are shown in O. Bars, 50 um. Quantitative analysis (mean
+ SD, n=6) of the TRAP* multi-nuclei cell (MNCs) density are presented in P. ***p <0.001,
significant difference. (Q and R) ALP staining analysis of OB cultures derived from
Myo107f and Myo10LYSM-cko mice. Representative images are shown in Q. Bars, 50 um.
Quantitative analysis (mean + SD, n=6) of ALP activity (ALP positive area/total area,
normalized to Myo107f mice) are presented in R. p>0.05, no significant difference.
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Fig. 6.

Increased expression of Unc5h, RANK, integrin aV and integrin p3 in OC from Myo10™/m
mice. (A) Western blot analysis of Unc5b, RANK, integrin aVV and integrin B3 protein levels
in OC derived from Myo10*/* and Myo10™™ mice under treatment of RANKL for
indicated days. (B-E) Quantification analysis (mean = SD, n=3) of Unc5b (B), RANK (C),
integrin aV (D) and integrin B3 (E) protein levels are presented. **p <0.01, ***p <0.001,
significant difference.
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Fig. 7.

Sugppression of Unc5b cell surface distribution by Myo10. (A and B) Increased cell surface
level of Unc5b in Myo10™™ BMMs by cell surface biotinylation assay (see Materials and
Methods). Representative blots are shown in A. Quantitative analysis (mean = SD, n=3) is
presented in B. ***p <0.001, significant difference. (C-G) Decreased cell surface
distribution of Unc5b in cells overexpressing Myo10. (C) Immunofluorescence staining
analysis of exogenous Unc5b distribution in RAW264.7 cells transfected with Flag-tagged
Unc5b combined with GFP, GFP-tagged Full-length Myo10 (FL) or Headless Myo10 (HL)
plasmids. Bars, 5 um. Quantitative analysis (mean + SD, n=20) of relative fluorescent
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intensity of Flag-Unc5b on the plasma membrane versus total or cytoplasm are shown in D
and E. *p<0.05, **p <0.01, ***p <0.001, significant difference. (F) Cell surface
biotinylation analysis of HEK293T cells transfected with indicated plasmids. Representative
blots are shown. Quantitative analysis (mean £ SD, n=3) is presented in G. **p <0.01, ***p
<0.001, significant difference.

J Bone Miner Res. Author manuscript; available in PMC 2020 March 31.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wang et al. Page 28

A control ShRNA shUnc5b B Myo10mm C y
= : e < a b :
o 5 s 23
23 g X oF
&3 * E = S & 1.04
b— £ ] ] - g
= S E‘," ~ L) o8
=11} Py [+5] o o >
= =) = = = 9 e
m = g g ':2 "é z 0.5
= 8 S i g °
E

IB: Unc5b o

(=9
rm
o

no treatment
cy ‘5:.::-‘." : = " -.c. 7 1

Fig. 8.
Decreased OC formation in Myo10™™m BMM s infected with lentivirus encoding ShRNA of

Unc5b. (A) The infection efficacy of lentivirus expressing control and Unc5b-shRNA in
Myo10™™ BMMs. Representative images are shown. Bars, 50 um. (B and C) Western blot
analysis of Unc5b protein levels in BMMs infected with lentivirus expressing control or
Unc5b-shRNA. Representative blots are shown in B. Quantitative analysis (mean + SD, n=3)
is presented in C. (D and E) TRAP staining analysis of OC derived from BMMs infected
with lentivirus expressing control or Unc5b-shRNA. Representative images are shown in D.
Bars, 50 um. Quantitative analysis (mean + SD, n=6) of the TRAP* multinuclei cell (MNCs)
density are presented in E. ***p <0.001, significant difference.
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Fig. 9.

Increased OC formation in Myo10™™ BMMs in response to netrin-1. (A-D) TRAP staining
analysis of OC derived from Myo10*/* and Myo10™™ mice in the presence of control or
netrin-1 medium. Representative images are shown in A and B. Bars, 50 um. Quantitative
analysis (mean + SD, n=8) of the TRAP* multinuclei cell (MNCs) density are presented in
C and D. **p<0.01, ***p <0.001, significant difference. (E-G) Western blot analysis of
netrin-1-Unc5b downstream signaling pathways in Myo10*/* and Myo10™M pre-OCs.
BMMs from Myo10** and Myo10™™ mice were treated with 10 ng/ml M-CSF and 100
ng/ml recombinant RANKL for 2 days, and the pre-OCs were treated with 50 ng/ml
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recombinant netrin-1 for indicated time. Representative blots are shown in E. Quantitative
analysis (mean + SD, n=3) of p-FAK/Total-FAK and p-Src/Total-Src protein levels are
presented in F and G. *p <0.05, **p <0.01, ***p <0.001, significant difference. (H)
Illustration of a working model in which Myo10 negatively regulating OC formation by
attenuating Unc5b targeting to the cell surface, inhibiting netrin-1-Unc5b signaling and
function during OC genesis.

J Bone Miner Res. Author manuscript; available in PMC 2020 March 31.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Wang et al.

Table 1.

List of Real-Time PCR Primers Used in This Study

Target Forward: 5'-3" Reverse: 5°-3”

GAPDH AAGGTCATCCCAGAGCTGAA CTGCTTCACCACCTTCTTGA
Myo10 GACGCCGTGTCTGTCTACAA CACAGAGCGTGTGGTGCTAT
TRAP TACCTGTGTGGACATGACC CAGATCCATAGTGAAACCGC
Cathepsin K | TGTATAACGCCACGGCAAA GGTTCACATTATCACGGTCACA
MMP9 TCCAGTACCAAGACAAAGCCTA | TTGCACTGCACGGTTGAA
Nfatcl CAACGCCCTGACCACCGATAG GGGAAGTCAGAAGTGGGTGGA
Unc5a CGCAACTGTACCAGTGACCTCT | TTGCGGCAGTAGATGAGGACGA
Unc5b GGACAGTTACCACAACCTACGC | CTGCCATTCCAGACGTGGTAGA
Unc5c ACTCAATGGCGGCTTTCAGCCT | GGTCCAGAATTGGAGAGTTGGTC
Unc5hd CACCTGTATGGCAGCCAACATC | CGTTTCTGCCATCCTCTACCAC
Neogenin TGACATGGCGTACACCTGCATC GGCTGGTATTCTCAACACGCTC
DCC CCACCTTCCAACTGGTACACAG | GAGAGGAGGTGTCCAACTCATG
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