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SUMMARY: 33 
This protocol includes dissection of murine long bones and bone marrow isolation, to generate 34 
bone marrow macrophages and produce osteoclasts using macrophage colony stimulating 35 
factor (M-CSF) and receptor activator of nuclear factor Kappa-B ligand (RANKL) or tumor 36 
necrosis factor alpha (TNF-α) and their arrest by anti-c-fms antibody, M-CSF receptor. 37 
 38 
ABSTRACT:  39 
Bone remodeling is a complex process and it involves periods of deposition and resorption. 40 
Bone resorption is a process by which bone is broken down by osteoclasts in response to 41 
different stimuli. Osteoclast precursors differentiate into multinuclear osteoclasts in response 42 
to macrophage colony stimulating factor (M-CSF) and receptor activator of nuclear factor 43 
Kappa-B ligand (RANKL). Under pathologic conditions, the cytokine profile is different and 44 
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involves a mixture of inflammatory cytokines. Tumor necrosis factor alpha (TNF-α) is one of the 45 
most important cytokines as it is found in large amounts in areas involved with inflammatory 46 
osteolysis. The purpose of this protocol is to provide a method by which murine bone marrow is 47 
isolated to generate osteoclasts through induction with M-CSF and either RANKL or TNF-α 48 
which will be subsequently inhibited by increasing doses of anti-c-fms antibody, the receptor 49 
for M-CSF. This experiment highlights the therapeutic value of anti-c-fms antibody in diseases 50 
of inflammatory bone resorption.  51 
 52 
INTRODUCTION:  53 
Osteoclasts are highly specialized cells, and they differentiate from hematopoietic stem cells 54 
through the fusion of multiple osteoclast precursors. They are essential for healthy bone 55 
remodeling and contribute to pathologic bone resorption associated with inflammatory 56 
osteolytic diseases such as rheumatoid arthritis and periodontal disease1. 57 
 58 
Osteoclastogenesis and osteoclast function are mediated by two key factors; macrophage 59 
colony stimulating factor (M-CSF) and receptor activator of nuclear factor kappa-B ligand 60 
(RANKL). Both M-CSF and RANKL are important for osteoclast differentiation2. Another factor 61 
which has been shown to induce osteoclast formation from bone marrow macrophages in vitro 62 
is tumor necrosis factor alpha (TNF-α)3-5. TNF-α mediated osteoclast formation has been shown 63 
to be critical for osteolysis in destructive bone diseases such as rheumatoid arthritis6, 64 
periodontal disease7, and postmenopausal osteoporosis8.  65 
 66 
C-fms is the membrane receptor of M-CSF and mediates its action. The role of c-fms is well 67 
documented in the literature as it was demonstrated that the administration of an antibody 68 
against c-fms (anti-c-fms antibody) completely arrested osteoclastogenesis in an arthritis model 69 
as well as in TNF-α induced bone erosions while osteoclastogenesis distant from the inflamed 70 
joint was still robust9. Administration of anti-c-fms antibody inhibited osteoclast formation and 71 
bone resorption induced by lipopolysaccharide (LPS) in mouse calvariae10 as well as in LPS-72 
induced  periodontitis model11. Moreover, anti-c-fms antibody inhibited mechanical stress-73 
induced root resorption during orthodontic tooth movement12, as well as orthodontic tooth 74 
movement and bone resorption associated with orthodontic tooth movement13. 75 
 76 
M-CSF has been reported to have other functions which are essential to the host immune 77 
response. The absence of M-CSF in op/op mice with bacterial pneumonia lead to the increase of 78 
bacterial burden and bacterial dissemination to the liver with hepatic necrosis14. Therefore, M-79 
CSF is important for immunological response in the protection from infection.  80 
 81 
This study demonstrates the effect of anti-c-fms antibody on M-CSF and RANKL or TNF-α 82 
induced osteoclast formation in vitro and M-CSF induced proliferation of osteoclast precursors. 83 
This protocol demonstrates the isolation of murine bone marrow cells from long bones, and the 84 
steps to generate bone marrow macrophages (BMM) which are regarded as osteoclast 85 
precursors and to induce the differentiation of BMM into multinuclear osteoclasts by two 86 
methods; either RANKL or TNF-α. The protocol also compares the arrest of osteoclastogenesis 87 



   

   

 

in both methods using anti-c-fms antibody. 88 
 89 
The process by which bone marrow is extracted and subsequently used to generate osteoclast 90 
precursors is reliable in producing large quantities of pure osteoclast cultures which can be 91 
used in multiple downstream applications such as drug testing. The use of either RANKL or TNF-92 
α to induce osteoclastogenesis in this protocol distinguishes osteoclastogenesis as a physiologic 93 
process (RANKL) from osteoclastogenesis as a pathologic process (TNF-α), which in turn 94 
provides two alternative procedures to guide the decision of which one is superior in terms of 95 
the reagents to be used in downstream applications. This protocol also provides a method by 96 
which we can determine a suitable concentration of anti-c-fms antibody that can be safely used 97 
for later studies involved in bone resorption and osteolytic diseases.  98 
 99 
PROTOCOL:  100 
All animal procedures and animal care were performed according to Tohoku University rules 101 
and regulations.  102 
 103 
1. Murine Hindlimb Dissection and Handling 104 
 105 
1.1. Before dissection, fill a plate with approximately 50 mL of α-MEM and place it on ice. 106 
This will serve as a collection container until the dissection of all bones is complete. For this and 107 
subsequent experiments, use α-MEM containing 10% fetal bovine serum (FBS), 100 IU/mL 108 
penicillin G, and 100 μg/mL streptomycin. 109 
 110 
1.2. Euthanize C57Bl/6J mouse by inhalation of an overdose of 5% isoflurane. 111 
 112 
1.3. Fix the mouse in a supine position using pins pierced through the palms and feet and    113 
spray thoroughly with 70% ethanol. 114 
 115 
1.4. Make a skin incision using sterile surgical scissors and tweezers at the level of the hip 116 
and extend it down to the feet exposing the muscles. 117 
 118 
1.5. Cut the tendon attaching the quadriceps muscle and the tendon attaching the hamstring 119 
muscle to the bone. Peel away the muscles exposing both hip and knee joints. Locating these 120 
tendons will ease freeing both muscles from their attachments without leaving soft tissue tags. 121 
Do not cut into the bone.  122 
 123 
1.6. Position the scissors between the head of the femur and the joint space and cut into it 124 
freeing the femur but keeping the bone intact. This will enable detachment of the bones 125 
without the risk of exposing the bone marrow.   126 
 127 
1.7.  Similarly cut away the muscles attaching to the tibia. Cut the tibia free from its 128 
attachment at the ankle joint keeping the bone intact to avoid contamination.  129 
 130 



   

   

 

1.8. Scrape any remaining soft tissue from the femur and tibia using the scissors blades and 131 
kimwipe and place it in a plate with α-MEM placed on ice.  132 
 133 
2. Murine Hindlimb Bone Marrow Isolation  134 
 135 
2.1. Fill a 30 G needle syringe with α-MEM. 136 
 137 
2.2. Disconnect the tibia and femur away from the knee joint. 138 
 139 
2.3. Cut the ends of the long bone from both sides using scissors. 140 
 141 
2.4. Hold the bone from the shaft using tweezers, insert the needle into the marrow space of 142 
the bone and slowly flush the content of the marrow into a 6 cm culture dish. The bone will 143 
appear white, indicating the extraction of all bone marrow content. Repeat for all bones. 144 
 145 
2.5. Strain the bone marrow extract using a 40 μm nylon cell strainer into a 50 mL conical 146 
centrifuge tube and centrifuge at 300 x g for 5 min.  147 
 148 
2.6. Discard the supernatant, wash with 5 mL of α-MEM, and centrifuge at 300 x g for 5 min. 149 
Repeat wash for a total of 2 times. 150 
 151 
2.7.  Resuspend the pellet in 10 mL of α-MEM and perform a cell count using a 152 
hemocytometer as follows: 153 
      154 
2.7.1. Make a 1:1 dilution of cell suspension by adding 10 μL of cell suspension to 10 μL of 0.4% 155 
trypan blue in a 1.5 mL tube and pipette once.   156 
 157 
2.7.2. Cover the hemocytometer chamber with a slide cover and transfer the dye suspension to 158 
the hemocytometer. It is important not to overfill or underfill the chamber and allow the 159 
suspension to fill the chamber by capillary action. 160 
         161 
2.7.3. Place the hemocytometer on a microscope stage. Using 10X objective, focus on the 162 
center square. Count all cells bound by 3 lines. To make sure that cells are not counted twice, 163 
count the upper and right corners of each square. Dead cells will appear dark blue, these are 164 
excluded from the count.  165 
 166 
2.8. Depending on the downstream application, seed the cells into an appropriate culture 167 
vessel. For this particular experiment, follow section 3.  168 
 169 
3. Generation of BMM 170 
  171 
3.1. Seed 1x10⁷ cells/10 mL in a 10 cm culture dish including M-CSF. The final concentration 172 
of M-CSF is 100 ng/mL of culture medium. Incubate the culture at 37 °C, 5% CO₂ for 3 days. 173 



   

   

 

 174 
3.2. After 3 days, remove the culture medium, wash the cells vigorously with 10 mL of 175 
phosphate buffered saline (PBS) twice to remove non-adherent cells, add 5 mL of room 176 
temperature 0.02% trypsin-EDTA in PBS and incubate at 37 °C, 5% CO₂ for 5 min. 177 

 178 

3.3. Detach the cells by thorough pipetting. Make sure that the cells have been detached by 179 
observing the culture under a microscope (the cells should appear rounded and floating in 180 
media). If the cells remain attached, repeat pipetting thoroughly to detach them. When the 181 
cells have been detached, add 5 mL of α-MEM to inactivate the reaction. 182 

 183 

3.4. Collect the cells into a 50 mL conical tube and centrifuge at 300 x g for 5 min. Discard 184 
the supernatant, and wash with 5 mL of α-MEM. 185 

 186 

3.5. Centrifuge at 300 x g for 5 min and resuspend the pellet in 10 mL of α-MEM. 187 
 188 

3.6. Perform a cell count as previously described in step 2.7.1. 189 
 190 

3.7. Seed 1x10⁶ cells/10 mL in a 10 cm culture dish including M-CSF. The final concentration 191 
of M-CSF is 100 ng/mL of culture medium. Incubate the culture at 37 °C, 5% CO₂ for 3 days. 192 
 193 
4. Generation of Osteoclasts from BMM as Osteoclast Precursors 194 

 195 

4.1. After 3 days, harvest the attached cells which represent BMM as osteoclast precursors, 196 
follwoing steps 3.2-3.7. 197 
  198 
4.2. Seed BMM at 5x10⁴ cells/200 μL of α-MEM in a 96 well plate. Add RANKL for a final 199 
concentration of 50 ng/mL or TNF-α for a final concentration of 100 ng/mL. Add M-CSF for a 200 
final concentration of 100 ng/mL to each well. 201 

 202 

4.3. Add anti-c-fms antibody (final concentrations of 0, 1, 10, 100, 1000 ng/mL) to each well.  203 
 204 

4.4. Incubate at 37 °C, 5% CO₂ for 4 days. Change media every other day for 4 days.  205 
 206 
5. Tartrate-resistant Acid Phosphatase (TRAP) Stain 207 

 208 

5.1. After 4 days of incubation, gently aspirate the culture medium of each well. Wash each 209 
well once with 200 μL of room temperature 1x PBS. 210 
 211 
5.2. Add 200 μL of 10% formalin to each well for fixation and incubate for 1 h at room 212 
temperature. Aspirate the formalin and wash each well 3 times with deionized water. 213 

 214 

5.3. Add 200 μL of 0.2% Triton X-100 in PBS to each well for permeabilization and incubate 215 
for 1 h at room temperature. Aspirate the Triton X-100 and wash each well 3 times with 216 



   

   

 

deionized water.  217 
 218 

5.4. Add 200 μL of TRAP stain solution to each well. Visualize the stain under the 219 
microscope. It will take from 10-30 min for the stain to develop properly. 220 

 221 

5.5. Aspirate the stain and wash each well with deionized water 3 times, and air dry. Keep at 222 
room temperature to use in further observation.  223 
 224 
6. Proliferation Assay  225 

 226 
6.1. Seed BMM as osteoclast precursors at 5x103 cells/200 μL of α-MEM in a 96 well plate. 227 
Add M-CSF for a final concentration of 100 ng/mL to each well.  228 
 229 
6.2. Add anti-c-fms antibody (final concentrations of 0, 1, 10, 100, 1000 ng/mL) and incubate 230 
at 37 °C, 5% CO₂ for 3 days without medium change.  231 

 232 

6.3. After 3 days, wash the cells with 1x PBS. Add 100 μL of α-MEM to each well. 233 
 234 

6.4. Add 10 μL of cell counting kit solution and incubate at 37 °C, 5% CO₂ for 2 h and 235 
determine the absorbance of each well at 450 nm using a microplate reader.  236 
  237 
REPRESENTATIVE RESULTS:  238 
The purpose of this protocol is to evaluate the effect of anti-c-fms antibody on osteoclast 239 
formation in the presence of RANKL or TNF-α, and to determine the effect of M-CSF on 240 
osteoclast precursors proliferation. In this protocol, we have provided a reliable process by 241 
which large quantities of pure osteoclast cultures are generated. We have also provided a way 242 
to test anti-c-fms antibody suitable concentration for inhibiting osteoclast formation under 243 
different culture conditions.  244 
 245 
The osteoclast formation in M-CSF+RANKL culture with anti-c-fms antibody is shown in Figure 246 
1. At 1, 10 ng/mL anti-c-fms antibody, there was no significant decrease in the number of 247 
osteoclasts compared to control (0 ng/mL). While at 100, 1000 ng anti-c-fms antibody, there 248 
was a significant decrease in the number of osteoclasts compared to control.  249 
 250 
The osteoclast formation in M-CSF+TNF-α culture with anti-c-fms antibody is shown in Figure 2. 251 
At 1 ng/mL anti-c-fms antibody, there was no significant decrease in the number of osteoclasts 252 
compared to control (0 ng/mL). While at 10, 100, 1000 ng/mL anti-c-fms antibody, there was a 253 
significant decrease in the number of osteoclasts compared to control.  254 
 255 
Osteoclast precursors culture with M-CSF+anti-c-fms antibody is shown in Figure 3. At 1, 10, 256 
100 ng/mL, there was no significant decrease in the number of osteoclast precursors compared 257 
to control (0 ng/mL), while at 1000 ng/mL, there was a significant decrease in the number of 258 
osteoclast precursors compared to control. This indicates that a concentration as high as 1000 259 



   

   

 

ng/mL is needed to inhibit proliferation of osteoclast precursors significantly.   260 
 261 
These results provide information about the robust nature of RANKL in producing osteoclasts 262 
while a concentration of 50 ng/mL of RANKL was used, and a concentration of 100 ng/mL of 263 
TNF-α was needed to obtain the same number of osteoclasts. Both of these methods are 264 
suitable for osteoclast generation but the decision of which is superior depends on the 265 
downstream application in the context of the reagents to be used later. As the results indicate, 266 
using RANKL is not the equivalent of using TNF-α to generate osteoclasts.  267 
 268 
In this protocol, we used anti-c-fms antibody to inhibit osteoclastogenesis, and by looking at the 269 
results, we find that a concentration of 100 ng/mL of anti-c-fms antibody was needed to 270 
produce significant decrease in osteoclast number in RANKL wells. A concentration of 1000 271 
ng/mL of anti-c-fms antibody was needed to inhibit osteoclast precursor proliferation in MCSF 272 
proliferation assay, while a concentration of only 10 ng/mL of anti-c-fms antibody was needed 273 
to produce significant decrease in osteoclast number in TNF-α wells.  274 
 275 
FIGURE AND TABLE LEGENDS:  276 
Figure 1: Effect of anti-c-fms antibody on RANKL-induced osteoclast formation. Microscopic 277 
observation of osteoclast precursors that were treated with M-CSF, RANKL and various dose of 278 
anti-c-fms antibody (0, 1, 10, 100 and 1000 ng/mL) for 4 days. Cells were fixed and stained with 279 
TRAP staining. Number of TRAP-positive cells cultured with M-CSF, RANKL and various 280 
concentrations of anti-c-fms antibody (0, 1, 10, 100 and 1000 ng/mL) for 4 days. Cells were 281 
fixed and stained with TRAP staining. The number of TRAP-positive cells was assessed. Results 282 
were expressed as mean ± S.D. of four cultures. Statistical differences were detected by using 283 
Scheffe’s tests (n = 4; *p < 0.01). Scale bars = 200 μm. 284 
 285 
Figure 2: Effect of anti-c-fms antibody on TNF-α-induced osteoclast formation. Microscopic 286 
observation of osteoclast precursors that were treated with M-CSF, TNF-α and various dose of 287 
anti-c-fms antibody (0, 1, 10, 100 and 1000 ng/mL) for 4 days. Cells were fixed and stained with 288 
TRAP staining. Number of TRAP-positive cells cultured with M-CSF, TNF-α and various 289 
concentrations of anti-c-fms antibody (0, 1, 10, 100 and 1000 ng/mL) for 4 days. Cells were 290 
fixed and stained with TRAP staining. The number of TRAP-positive cells was assessed. Results 291 
were expressed as meanv ± S.D. of four cultures. Statistical differences were detected by using 292 
Scheffe’s tests (n = 4; *p < 0.01). Scale bars = 200 μm. 293 
  294 
Figure 3: Effect of anti-c-fms antibody on proliferation of osteoclast precursor. Cell viability of 295 
osteoclast precursors that were treated with M-CSF and various dose of anti-c-fms antibody (0, 296 
1, 10, 100 and 1000 ng/mL) for 3 days. Cell counting kit-8 was used to measure viability. Data 297 
are presented as a percentage to compare the relative activity of the wells containing M-298 
CSF+anti-c-fms versus the wells containing M-CSF alone and expressed as mean ± S.D. of four 299 
cultures. Statistical differences were detected by using Scheffe’s tests (n = 4; *p < 0.01).  300 
 301 
 302 



   

   

 

DISCUSSION:  303 
In this study, we investigated the effect of anti-c-fms antibody on RANKL-induced osteoclast 304 
formation, TNF-α-induced osteoclast formation and M-CSF-induced osteoclast precursor 305 
proliferation. We found that the effective amount of anti-c-fms antibody for the inhibition of 306 
osteoclastogenesis among RANKL-induced osteoclast formation, TNF-α induced osteoclast 307 
formation and M-CSF-induced proliferation of osteoclast precursors is different.  308 
 309 
RANKL mediates osteoclastogenesis in the presence of M-CSF in vitro, and RANK-null mice 310 
experience severe osteopetrosis due to the failure of osteoclasts to develop15, thus RANKL is an 311 
obligatory cytokine for osteoclastogenesis and has an important regulatory role in bone 312 
homeostasis. Therefore, if RANKL-induced osteoclast formation can be controlled, the decrease 313 
in bone mass can be controlled. However, if excessive suppression occurs, bone homeostasis 314 
will not be maintained. In this experiment, we show that anti-c-fms antibody needs to be at 315 
high concentration 100 ng/mL to be able to decrease osteoclast formation induced by RANKL.  316 
 317 
TNF-α mediated osteoclast formation has been shown to be critical for osteolysis in destructive 318 
bone diseases such as rheumatoid arthritis6, periodontal disease7, and postmenopausal 319 
osteoporosis8 and here we show that anti-c-fms antibody can easily inhibit osteoclast formation 320 
mediated by TNF-α at a low concentration of 10 ng/mL. The result suggests that a low 321 
concentration of anti-c-fms antibody could be of therapeutic value to decrease the process of 322 
osteoclastogenesis in pathologic conditions but would have minimal effect on 323 
osteoclastogenesis in normal conditions. 324 
 325 
M-CSF is a key factor for osteoclast formation as the op/op mice which lack Csf1 the gene 326 
coding for M-CSF show an osteopetrotic phenotype due to complete lack of osteoclasts16. M-327 
CSF also promotes the survival of osteoclast precursors2. M-CSF levels are increased in the 328 
serum of patients with rheumatoid arthritis who have severe ankylosing spondylitis17 and in the 329 
synovial fluid around loose joint prosthesis18. TNF-α increases the number of osteoclast 330 
precursors in vivo as a result of inducing M-CSF gene expression in stromal cells9. In the light of 331 
these data we can conclude that M-CSF is an important mediator of inflammation due to the 332 
impact of TNF-α on stromal cells which causes an increase in M-CSF production from these 333 
cells.  334 
 335 
It has been reported that M-CSF plays an important role in host immune response such as 336 
antimicrobial functions of both lung and liver mononuclear phagocytes during pneumonia14. 337 
Therefore, if excessive suppression of M-CSF occurs, there is a possibility that the immune 338 
response will decrease. In this experiment, we showed that a very high concentration of anti-c-339 
fms antibody (1000 ng/mL) was needed to inhibit osteoclast precursors survival and 340 
proliferation mediated by M-CSF. These results taken side by side suggest that anti-c-fms 341 
antibody may work as a therapeutic to arrest osteoclastogenesis in TNF-α induced osteolytic 342 
diseases at low concentration, at the same time this concentration will spare osteoclast 343 
formation induced by RANKL and M-CSF which will allow for bone remodeling to occur.  344 
 345 



   

   

 

Critical steps in the protocol have to be performed carefully to ensure the success of the 346 
experiment. In the beginning of the protocol while dissecting, it is important to avoid cutting 347 
into the bone to avoid contamination of the bone marrow. In the process of extracting bone 348 
marrow, to ensure that all bone marrow have been extracted, the flushing procedure should be 349 
repeated per needed until all bone marrow have been extracted, which will provide a high yield 350 
of cells. This protocol can be utilized in multiple downstream applications, such as reagent 351 
testing, and it also provides a way by which the concentration of anti-c-fms antibody can be 352 
tested avoiding false interpretation of the results. As we showed, the concentration of anti-c-353 
fms antibody which was needed to inhibit osteoclast formation is not equal among the 354 
methods by which osteoclasts were obtained (RANKL or TNF-α), thus any results obtained with 355 
regard to the concentration of anti-c-fms have to be carefully examined in future experiments.     356 
 357 
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Name of Material/ Equipment Company Catalog Number

Anti-c-Fms antibody

TNF-α

RANKL PEPROTECH 315-11

M-CSF

α-MEM Wako

Fetal Bovine Serum Biowest s1820-500

Culture dish Corning 

96-well plate Thermofischer Scientific

Cell counting kit-8 Dojindo, Kumamoto, Japan

Microplate reader
Sunrise REMOTE; Tekan Japan, Kawasaki, 

Japan

Cell strainer Corning 

Centrifuge tube  Corning 

Triton X-100 Wako
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Comments/Description

AFS98, a rat monoclonal, antimurine, c-Fms antibody (IgG2a)

Recombinant murine TNF-α prepared in our laboratory. TNF-α cDNA fragment cloned by RT-

PCR and cloned into a pGEX-6P-I (Amersham Biosciences, Piscataway, NJ) to generate a GST-

fusion protein. GST-TNF-α was expressed in Escherichia coli BL21 cells cells (Stratagene, La 

Jolla, CA). The cells were lysed under nondenaturing conditions and GST-TNF-α was purified 

over a glutathione-Sepharose column. GST was cleaved off by PreScission Protease 

(Amersham Biosciences) by manufacturer’s directions and was removed by a glutathione-

Sepharose column.
Recombinant Murine sRANK Ligand, Source: E.coli

Recombinant human M-CSF. 1/10 vol of CMG14–12 cell line culture supernatant at 5X10⁶

cells in a 10-cm suspension culture dish.

with L-Glutamine and phenol red 

Fetal Bovine Serum French Origin 

100 mm x 20 mm style dish

Nun clon Delta surface

40 μm Nylon

50 mL CentriStar cap 

Polyoxyethylene (10) Octyphenyl ether 
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Item 2: P一ease se一ect one of the followlng items:

瓦The Author is NOT a Un-ted States government employee

□ TheAuthor is a United States government employee and the Matenals were prepared in紬

course of his or herduties as a Unrted States government employee,
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J The Author is a Unlted States governmentemployee butthe Materials were NOT prepared in廿℃

course ofhlS Or herduties as a Unlted States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used ln lhlS ArtlCle and Vldeo

LICenSe Agreement. the fo"owlng terms Shall have the

fo"owlng meanlngS "Agreement" means thlS Arttcle and

Vldeo LICenSe Agreement, bArticJe" means the article

speclfled on the last page of thFS Agreement, InCludlng any

assoclated matenals such as texls. figures, tables. artwork,

abstracts, or summarleS COntalned thereln, "Author

means the author who IS a SlgnatOry tO thlS A9reement.
"CotlectiveWorknmeansawork. suchasapenodlCaFISSue,

anthologyorencyclopedla. lnWhlChthe Matenals lnthelr

entlrety ln unmOd桐ed form, alongwith a numberofother

contrlbutl0nS, COnStltUtlng Separate and lndependent

works Fnthemselves, areassembled Into a CO"ectlVeWhole,
UCRC License" means the CreatNe Commons Attnbut10n-

Non Commerclal-No DerlVS 3 0 UnpoTted Agreernent. the

terms and condlt10nS Of whICh can be found at●

http 〝creatlVeCOmmOnS Org/llCenSeSJby-nc-

ndl3 0Jlegalcode. ⊥Derivatiye Workp means a work based

upon the Materials or upon the Materlals and other pTe-

exIStlng works, such as atranslat10n. mUSICal arrangement.

dramatIZatl0n, fictionalization, motion pICture VerSIOn.

Sound recording. art reproduct10n, abridgment,

condensation. Orany otherfoml ln Whlch the MatenaFs may

be recast. transformed , or adapted , " l nstitutjonカmeans

the I nStitution. I ISted on the last page Ofth isAgreement. by

whlCh the Authorwas employed at the time ofthe creatIOn

of the Matenals, "Jove" means MyJove Corporatl0n. a

Massachusetts corporat10n and the publ ESherofThe Journa I

of VISuaIIZed ExperEmentS. uMaterials" means the ArtlCle

and/OrtheVideo, "Parties" meanstheAuthorandJoVE,
"Video"meansanyvldeo(S)madebytheAuthor. aloneor

in conjunction with any other panleS. Or by JoVE or ltS

affiliatesoragents, l nd lVIdually or I n CO"aboration wlth the

Authororany oth er parlleS. lnCOrPOrating allorany port10n

of the Artic一e. and ln WhlCh the Author may or may not

appear

2　　　Background. The Author. who IS the authoTOfthe

Artlcle. ln Order to ensure the dlSSemlnat10n and protectl0n

oftheArLrde. desJreStO havetheJoVE publishthe ArLICle

and create and什ansmll vldeos based on the ArtlCle ln

furtherance of such 90als. the PanleSdeslre to memonallZe

ln thIS Agreement the respectlVe nghts of each Pa～ In and

to the ArtrcJe and the Vrdeo

3　　　Grantof Rights in Article. ln conslderat10n OfJoVE

agreelng tO PUbIISh the Article. the Author hereby grants to

JoVE. subJeCttO Sections 4 and 7 below, the exc一usive.

royalty-free. perpetual (forthefu" term ofcopynght in the

Article. lnCJudlng any extensions thereto) lICenSe (a) to

pubIISh, reproduce. dlStrlbute. dlSPlay and store the ArtlCle

in a" forms, formats and medfa whether now known or

herea冊er developed (l nCI uding withou川mitat暮On in prlnt,

d19ital and electronIC form) throughout the world. (b) to

translate the Arlicle lntO Other languages. create

adaptat10nS. SummaneSOreXtraCtSOftheArtlCle orother

DenvatIVe Works (lnCIuding, wlthout llmltatEOn, the VIdeo)

Or CollectNe Works based on aH orany porL10n Ofthe ArtlCle

and exercise all of the nghts set forth in (a) above n such

transFat10nS. adaptat10nS, SummarleS. extracts. DerlVative

Works orCollectlVe Works and(C)to IICenSeOthersto do any

ora" of the above The foregolng nghts may be exercised in

a" media and formats. whether now known or herea允er

devrsed, and includethenghtto makesuch modlfICatIOnS

as are technrはIly necessary to exercISe the nghts ln Other

media and formats lf the "Open Access" box has been

checked m Itom 1 above. JoVE and theAuthor hereby g悶nt

tothepublica" such rlghtslntheArticZeasprovlded in. but

subJeCttO aM llmitatjonsand requirements setforLh ln. the

CRC License
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4　　　Reterltion of Rights in Article. Notwithstandlng

the exclusNe I lcense granted to JoVE I n Section 3 above, the

Author shall. wlth respect to the ArtJCle, retain the non-

exclusIVe nght to use all or part of the Artide forthe non-

commercial purpose ofgivJng lectures, PreSentatlOnS Or

teaching classes, and to post a copy of the ArtICIe on the

Jnstitut10n's website orthe Author's personal website, ln

each case provlded that a link to the Article on the JoVE

webslte is provided and notICe OfJoVE's copyright in the

AnlCle lS lnCluded. All non-copyright intellectual prope托y

nghts in and to the ArtlCIe, such as patent nghts, sha"

remaln Wlth theAuthor

5.　　GrantofRights in Video lStandard Access･ ThlS

Section 5 appIIeS lfthe "Standard Accessm box has been

checked ln ltem 1 above orlfno box has been checked ln

Item 1 above ln conslderatlon of JoVE agreelng tO Produce,

display or otherwISe assist with the Vldeo. the Author

hereby acknow一edges and ag rees that. SubJeCt tO Section 7

below. JoVE ES and sha" be the sole and exclusIVe owner Of

aH rlghts of any nature. lnCludlng. WIthout llmltatlOn, aLJ

copyrlghts, ln and to the Vldeo Tothe extentthat. by law.

the Author is deemed. now or at anytlme ln the future. to

haveanyrlghtsofanynature lnOrtOtheVldeo. theAuthor

hereby dlSClalmS a" such rlghts and transfers all such rlghts

to JoVE

6　　　Grant of Rights in Video - Open AcceSS･ ThlS

Section6appl-esonly lf the uOpenAccess" box hasbeen

checked ln [tem 1 above ln conslderatIOn OfJoVE agreelng

to produce. display or otherwISe aSSISt WJth the Vldeo, the

Author hereby grants to JoVE, SubJeCt tO Section 7 below.

the exclusIVe. rOyal吋-free. perpetua一 (for the full term of

copynght ln theArticle. InCludlng any eXtenSl0nSthereto)

JICenSe (a) to publish, reproduce, dIStrlbute, dISPIay and

store the VIdeo fn all forms. formats and medla whether

now known or hereafter developed (InCludlng WIthout

llmltation ln Print, dE9Ital and electronlC form) throughout

theworld. (b) to translatethe Vldeo lntO Other languages.

create adaptat10nS. SU mmarleS Or extracts OIthe Vldeo or

other DenvatIVe Works or ColrectNe Works based on all or

any portion of the VIdeo and exercISe all of the rights set

forth ln (a) above ln such tranSlatlOnS. adaptat10nS.

summaries. extracts, DerlVatlVe Works or Co"ectlVe Works

and (C) to IICenSeOthers to do any ora" of the above The

foregolng nghts may be exeTCISed ln all medEa and formats.

whether now known or hereafter devlSed , and include the

right to make such modlficatIOnS aS are teChnically

necessaryto exercISe the nghts ln Other medla and formats

ForanyVldeotowhlChthisSection6 ESaPPllcable, JoVE and

theAuthor hereby grantto the pubIICa" such nghts in the

VIdeo as provlded in. but subJeCt tO a" Iimltations and

requirements set forth Jn, the CFiC License

7　　　Govern ment Enl Ployees. lfthe Authons a U nlted

States government employee and the ArtlCle was prepared

ln the00urse of RES Or her dutleS aS a Unlted States

governmentemployee. as Indicated in ltelT1 2 above, and

any of the llCenSeS Or 9rantS granted by the Author

hereunderexceedthescopeofthe 17 U S C 403. thenthe

nghtsgranted hereundersha" be limltedtothe maximum
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rlghts permltted under such statute ln such case. aH

provisions contalned hereln that are not ln conflict with

such statute shall remain in full force and effect, and all

provisions contalned herein that do so conflict sha" be

deemed to be amended so as to provide to JoVE the

maximum rights permlSSIble wlthln such statute

8.　　Protectjon of the Work. The Author(S) authonze

JoVEtotake steps ln theAuthor(S) name and orlthelrbehalf

lf JoVE belleVeS some thlrd pany could be infringingor

mlght Infringe the copyright ofeitherthe Author's AltICle

and/or Video.

9　　　Likenes8. Priyacy , Personal i吋. The Author hereby

grants JoVE the rlght to use the Authors name, voice,

rlkeness. pJCture. Photograph. Image. b10graPhy and

perfomlanCe ln any Way, COmmerClal or otherwise, ln

con ned10nWth the Materia一s and the sale. promot10n and

distrlbutH)n thereof The Author hereby walVeS any and all

rlghts he orshe may have. relatlng tO hlS Or her appearance

in the Video or otherwISe relatlng tO the Materlals. under

all appllCable prlVaCy, llkeness, perSonallty OrSImllar laws

1 0 Author Warranties. The Author representsand

wa汀antS that the ArlicleHs or191nal. that lt has notbeen

publlShed, that the copyrlght lntereSt lS OWned by the

Author (or. ifmoretha n one author ts I ISted atthe beginnLng

ofthlS Agreement. by such authors colrectlVely) and has not

been asstgned. licensed. OrotherwISe transferred to any

other pa～ The Author represents and waTrantSthatthe

author(S) llSted at the top ofthLS Agreement are the only

authors of the Materials lf more than one author lS llSted

atthetopofthISAgreementand lfanysuchauthorhas not

entered Into a Separate ArLicZe and Vtdeo Llcense

Ag reementwlth JoVE relating to the Matenals. theAuthor

represents and warrants that the Author has been

authonzed by each of the other such authors to execute thls

Agreementon hlSOrherbehalfand to bZnd hlm Orherwlth

respectto the terms ofthlS Agreement as if each of them

had been a pa～ hereto as an Author The Authorwarrants

that the use, reproduction, dIStrLbut10n. PUbrlC Or PnVate

performance or display, and/or modlficat10n OfaH or any

port10n Of the Materlals does not and w‖ not v10late.

InfrJnge and/or misapproprlate the patent. trademark,

lntellectual property orother ri⊆巾ts of any thlrd pa叶. The

Author represents and warrants that lt has and will

contlnue tO COmPlywlth aH government. lnStltut10naf and

other regulations, lnCludlng, Without llmitation a"

instltutIOnal, laboratory. hospltal, ethlCaI, human and

animal treatment, prlVaCy. and all other rules. regulatlOnS,

laws. procedures or guldeEIneS. aPPIICable to the Matenals.

and that all research rnvolvlng human and anlmal subjects

has been approved by the Author'S relevant instltutional

revleW board.

ll.　JoVE Discretion. lf the Author requests the

assistanceofJoVE in producing theVideo lntheAuthor's

facllrty. the Author sha ll ensu re that the presence of JoVE

emp一oyees. a9enls or lndependent contractors IS ln

a∝ordance wlth the relevant regulations of the Authorls

lnStitutIOn lf more than one author is rlSted at the

beginnlng of thlS Agreement, JoVE may. in its sole

612542,6　For questions, please contact us at submissions@jove.com or +1 ,617 945･9051･
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dlSCretIOn, elect not take any actlOn With respect to the

ArLICle until such tlme aS lt has recerved complete, executed

ArLlde and Vldeo License Agreements from each such

author JoVE reserves the nght, in its absolute and sole

dlSCret10n and without giving any reason therefore, to

accept ordecIEne any work submitted to JoVE JoVE and Its

employees. agents and lndependentcontractors shall have

full. unfettered access to the facilltleS Ofthe Author or of

the Author's lnStltution as necessary to make the Vldeo,

whether actually published or not. JoVE has sole discret10n

as to the method of making and publlShlng the Materials,

Including. Wlthoul limltation. to aH decISions regardlng

editlng, llghtJng. filming. tlmlng Of pubIICatl0n, lf any.

length, quallty, content and the llke

12　　lndemnification. TheAuthoragreesto lndemnlfy

JoVE and/Or Its Successors and asslgnS from and agalnst any

and all clalmS. costs. and expenses. InCludlng attOrney's

fees, aTISng Out Of any breach of any warranty or other

representatIOnS COntained hereln The Author funher

agrees to indemnlfy and hold harm一ess JoVE from and

agalnSt any and all clalmS. Costs, and expenses. lnCludlng

attorney's fees. resu ltlng from the breach by the Author of

any representat10n Or Warranty COntalned herem or from

allegatlOnS O日nStanCeS Of vlolat10n Of lnte=ectual property

rlghts, damagetotheAuthofsortheAuthor's tnstltutl0n's

facillt(eS, fraud. llbel, defamatl0n. research, equIPment,

experlmentS. PrOPeny damage. personal InJury, VlOlatl0nS

of lnStltutIOnal. laboratory, hospltal, ethlCal. humanand

anlmal treatment. prlVaCy Or Other rules. regulatl0nS, laws.

procedures or guldellneS, llablllt(eS and other losses or

damages related in anywayto the submlSs10n Ofwork to

JoVE, maklng Ofvldeos by JoVE. Or publlCat10n ln JoVE or

elsewhere byJoVE TheAuthorshall be responslblefor. and

shall hold JoVE hamless from. damages caused by lack of

stenlIZat10nJack of cleanllneSS Or by contamlnatlOn due to

the rnaking ofa vldeo by JoVE ltS employees. agents or

independent contractors A" stenllZatlOn. Cleanliness or

decontamination procedures sha" be solely the

responsl billty Ofthe Author and shall be undertaken at the

Author's expense. A" indemnifications provlded herein

shall lnCIudeJoVE's attorney'sfeesand costs related tosald

losses or damages. Such lndemnificatIOn and ho一ding

harmless shalHnClude such Posses ordamages lnCurred by,

or ln COnneCtIOn With. acts or omISS10nS Of JoVE. ltS

em pJoyees, agents or independent contractors･

1 3　　　Fees. To cover th e cost incurred for publlCat10n ,

JoVE must recelve payment before productlon and

publiはt10n the Materials. Payment LS due in 21 days of

lWOice Should the Matenals not be publlShed due to an

edltOnal or produclton decision, these funds wlll be

returned to the Author. Withdrawal by the Author of any

submitted MaterlatS after final peer revleW approval wlH

result ln a US$1.200 fee to cover pre-ProductlOn expenses

lnCUrred by JoVE lf payment lS not reCelVed by the

compJetl0n Of fllming, productIOn and publlCatl0n Ofthe

Matenals w‖ be suspended untl) payment is recelVed

14　　Transfer, Governing Law. ThISAgreement may be

assl9ned byJoVE and sha" lnuretOthe benefits ofanyof

JoVFs successors and asslgneeS ThlS Agreement Sha‖ be

governed and construed by the lnternaHaws of the
Commonwealth of Massachusetts wthout gNlng e付ect to

anyconflldoflaw provISl0n thereunder ThlS Agreement

may be executed ln COUnterPartS. each ofwhlCh sha" be

deemed an orlglnal, but alJ of which together shall be

deemed to me one and the same agreement A slgned copy

of this Agreement delJVered by facslmlle, e-mall or other

means of electromc tTanSmISS10n Sha" be deemed to have

the same legal effect as deEIVery Of an onglnal slgned copy

of thls Agreement

AslgnedcopyofthISdocumentmustbesentwltha" newsubmlSSIOnS OnlyoneAgreementlSrequlred persubmisslOn
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Departm e nt:

lnstitution:

Tit一e:
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HidekiKitaura ��

DiVisionofOrthodonticsandDentofacialOrthopedics,Depal,tmentOfTran Medicine �6ﾆ�F柳��ﾂ�

TohokuUniversityGraduateSchoolofDentistry,SendaiJapan ��
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27 November 2018 

 

Dear Editor of Journal of Visualized Experiments: 

 

 Thank you very much for your decision letter, dated November 23, 2018, regarding 

manuscript, JoVE59089 "Effect of anti-c-fms antibody on osteoclast formation and 

proliferation of osteoclast precursor in vitro". The following are our answers to the 

editor’s comments: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure 

that there are no spelling or grammar issues. 

We reviewed the manuscript and corrected any grammar or spelling issues.   

 

2. The Summary is over the 50 word limit. 

We adjusted the summary to the 50 word limit.  

 

3. Please use h, min, s for time units. 

We changed the text as necessary.  

 

4. Step 1.2: Please write this step in the imperative tense. Please specify the dose of 

isoflurane. Is anesthesia or euthanasia performed? Please specify. 

We made necessary changes and included isoflurane dose.  

 

5. 3.1: How much M-CSF is added? Is 100ng/mL the concentration of M-CSF? Or does 

it mean adding 100 ng of M-CSF per 1 mL of cell suspension? 

We made the necessary changes to the text and specified the doses and amounts.  

The final concentration of M-CSF is 100 ng/mL of culture medium.  

 

6. 3.7: How much M-CSF is added? 

We added the amount of M-CSF in the text. 

 

7. 4.2: How much RANKL or TNF-α is added? 

We added the amount of RANKL and TNF-α in the text.   

 

8. 6.1: How much M-CSF is added? 

We added the amount of M-CSF in the text.   
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