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resorption is one the most significant cellular mechanisms leading to osteolytic diseases,
including osteoporosis, periodontitis, and periprosthetic osteolysis. The main physiological
function of osteoclasts is to absorb both the hydroxyapatite mineral component and the organic
matrix of bone, generating the characteristic resorption appearance on the surface of bones.
There are relatively few osteoclasts compared to other cells in the body, especially in adult bones.
Recent studies have focused on how to obtain more mature osteoclasts in less time, which has
always been a problem. Several improvements in the isolation and culture techniques have
developed in laboratories in order to obtain more mature osteoclasts. Here, we introduce a
method that isolates bone marrow in less time and with less effort compared to the traditional
procedure, using a special and simple device. With the use of density gradient centrifugation, we
obtain large amounts of fully differentiated osteoclasts from rat bone marrow, which are
identified by classical methods.

INTRODUCTION:

Bone homeostasis is a complex physiological process that is regulated by bone-resorbing
osteoclasts and bone-forming osteoblasts®. A balance between osteoblastic and osteoclastic
activity mediated through osteoblasts and osteoclasts, respectively, is highly essential for
maintaining bone health and homeostasis, because perturbations in bone homeostasis might
lead to bone diseases, such as abnormal bone growth or loss of bone density. As unique bone-
resorption cells, osteoclasts are important in diseases related to abnormal bone destruction,
including osteoporosis, periodontitis, and periprosthetic osteolysis?3.

The development of an osteoclast culture is mainly divided into two stages. The methods
established by Boyde et al.* and Chambers et al.> composed the first stage in the 1980s. They
obtained relatively abundant osteoclasts from the bones of newborn animals, which is the rapid
remodeling period. Osteoclasts are released by fragmenting and stirring the bones in a special
medium. However, the cells obtained by this method are low in quantity and purity. The second
stage was the development of long-range cultures of osteoclast formation, using hematopoietic
lineage cells derived from bone marrow®. Cytokines, such as 1a,25-dihydroxyvitamin D3,
prostaglandin E2 (PGE-2), and parathyroid hormone (PTH), which are added into the culture
medium, act through the system of osteoblasts/stromal cells to stimulate osteoclast formation”?2,
However, the purity and quantity of osteoclasts obtained by this method cannot meet the needs
of modern molecular biology research. Then, the discovery of macrophage colony-stimulating
factor (M-CSF) and receptor activator for nuclear factor-kB ligand (RANKL) make
osteoclastogenesis easier®™!, and the method of using M-CSF and RANKL to directly stimulate
osteoclast formation is widely used around the world. However, there are still some details in
the methodology that need to be improved.

Currently, the most commonly used osteoclast culture method, as described by Marino et al.'?
and Pei et al.13, often requires the removal of the surrounding tissue around the bone and uses
a sterilized needle to flush the marrow cavity with completed media. There are some drawbacks
to this process, including the fact that (1) the removal of the surrounding tissue around the bone
requires much time and great surgical technique, (2) the bones are fragile and can lead to bone
marrow outflow, (3) the bone marrow cavity might be too tiny to flush, and (4) there is a risk of
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needle stick injury. To avoid these problems, we centrifuge the tubes containing the bones for
bone marrow instead of needle-flushing the bone marrow. Here, we introduce a stable and safe
method which isolates bone marrow in less time and with less effort compared to the traditional
procedure. Together with the use of density gradient centrifugation, we obtain large amounts of
fully differentiated osteoclasts in vitro.

PROTOCOL:

All the methods involving the animals described here are approved by the Institutional Animal
Care and Use Committee (IACUC) of Nanjing University of Chinese Medicine.

1. Setup

1.1. Prepare several longitudinally cut 1 mL pipette tips (1 cm) and several 1.5 mL microcentrifuge
tubes. Put the pipette tips and microcentrifuge tubes at 103 kPa and 121 °C for 20 min and ensure

that they are sterile.

1.2. Prepare a box of ice and several sterile dishes to preserve the isolated tissues during the
isolation procedure.

2. Preparation of culture medium

2.1. Prepare the complete culture medium. Use minimum essential medium alpha (a-MEM) that
contains a final solution of 1% of penicillin/streptomycin and 10% fetal bovine serum (FBS).

2.2. Filter the media from step 2.1 using a 0.22 um filter.

2.3. Prepare the bone marrow induction medium. For 50 mL of the solution, add 125 pL of M-
CSF at a concentration of 10,000 ng/mL (Table of Materials) to 49.875 mL of complete culture
medium (from step 2.2) to make a final solution of 25 ng/mL M-CSF.

2.4. Prepare the osteoclast induction medium. For 50 mL of the solution, add 500 pL of RANKL at
a concentration of 10,000 ng/mL (Table of Materials) to 49.5 mL of bone marrow induction
medium (from step 2.3) to make a final solution of 25 ng/mL M-CSF and 100 ng/mL RANKL.

3. Isolation of bone marrow-derived cells

3.1. Euthanasia

3.1.1. Euthanize four Sprague Dawley rats by CO; inhalation followed by cervical dislocation, and
immerse them in 75% ethanol for 1 min.

NOTE: Ensure that animals are of the same sex and of a similar age. Animals that are 2 to 3 weeks
old are recommended. Two rats are prepared for the centrifugal method, while the other two
are for the traditional method.
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3.2. Traditional method

3.2.1. Place the animals on a disinfectant board in a supine position. Make a small incision
(approximately 1 cm) at the proximal femur to peel the skin, using sterile scissors.

3.2.2. Dissect out the femurs and tibias. Cut the bilateral connection parts around the hip, knee,
and ankle joints to isolate the tibias and femurs carefully and gently. Cut off part of the tissues
around the bone; be thorough. Do not fracture the tibias and femurs during the whole process.

3.2.3. Place the cleaned bones into a dish with 5 mL of the complete culture medium. Cut off the
long bone with sterile scissors and use a 1 mL syringe needle to flush the marrow cavity carefully
with 10 mL of complete media until the marrow cavity turns white.

3.2.4. Transfer the cell suspension from step 3.2.3 to a 50 mL tube, and then, filter it with a 70
pum strainer to remove the remaining tissue.

3.2.5. Add 5 mL of red blood cell lysis buffer (Table of Materials) to the cell suspension. Incubate
the cells for 8 min on ice. Then, centrifuge the cells at 250 x g for 5 min to yield the cell pellet.

3.2.6. Aspirate off the medium and resuspend the cells in 10 mL of complete media. Count the
cells using a hemocytometer and calculate the time spent on the steps from this section (section
3.2).

3.3. Improved method

3.3.1. Place the animals on a disinfectant board in a supine position. Make a small incision
(approximately 1 cm) at the proximal femur with sterile scissors to peel the skin.

3.3.2. Dissect out the femurs and tibias. Properly cut off the part of the tissues around the bone
(no need to remove completely). Do not fracture the tibias and femurs during the whole process.

3.3.3. Rinse the tibias and femurs with 12 mL of phosphate-buffered saline (PBS) and cut them in
half. Place the snipped tibias and femurs into a 1 mL pipette tip (from step 1.1), which is then put
into a microcentrifuge tube and is centrifuged 3x at 1,000 x g for 45 s at 4 °C.

3.3.4. After centrifugation, remove the pipette tip containing the bone, and leave the bone
marrow in the tube. Add 200 pL of complete media into the microcentrifuge tube and repeat

pipetting to disintegrate the marrow thoroughly.

3.3.5. Transfer the cell suspension from step 3.3.4 to a 50 mL tube, and then, filter it with a 70
um strainer to remove the remaining tissue.

3.3.6. Count the cells using a hemocytometer, and calculate the time spent on the steps from
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this section (section 3.3).
4. Purification by density gradient centrifugation
4.1. Adjust the cell suspension from step 3.2.6 or step 3.3.5 to 2 mL with a-MEM.

4.2. Prepare one sterile silicified centrifugal tube and add 8 mL of the cell separation solution
(Table of Materials) to the tube.

4.3. Add the cell suspension from step 4.1 to the cell separation solution. Adhere the pipette tip
to the inner surface of the tube and keep a 45° to the inner surface. After adding the suspension,
a clear limit will appear between the layer of the cells and the separation solution.

NOTE: The operation requires great care and needs to be performed slowly.

4.4. Centrifuge the layered solution in a horizontal centrifuge at 500 x g for 30 min. After
centrifugation, aspirate off the cloudy second layer, which contains the target cells, from top to
bottom.

NOTE: Cancel the acceleration and deceleration of the centrifuge before centrifugation. There
are six layers after centrifugation; the first layer is the diluent layer, the second layer is the
monocytes layer, the third layer is the layer of mononuclear cells, the fourth layer is the
transparent separation liquid one layer, the fifth is the granular cell layer, and the sixth layer is
the red cell layer.

4.5. Transfer the target cells to a new tube. Add 5 mL of PBS to wash the cells 3x. After each wash,
centrifuge the target cells at 250 x g for 5 min to yield the cell pellet.

4.6. Resuspend the cell pellet with bone marrow induction medium and count the cells using a
hemocytometer. Add 5-8 mL of bone marrow induction medium from step 2.3 to obtain a final
cell solution of 300,000 cells/mL. Add 1 mL to each well of a 24-well plate.

5. Culture and differentiation
5.1. After incubating the cells at 37 °C for 24 h, gently aspirate off the medium and add 1 mL of
the osteoclast induction medium to each well. Agitate the plate gently and put it in an incubator

at 37 °C.

5.2. Change the osteoclast induction medium every 48 h. While doing so, change 0.8 mL of the
medium in the well and agitate the plate gently.

NOTE: Large, motile, and multinucleated osteoclasts should be observed in the well under an
inverted microscope, typically around days 4—6.
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6. Tartrate-resistant acid phosphatase staining

NOTE: Multinucleate osteoclasts will be present after 4—6 days if the induction (section 5) is
successful.

6.1. Prepare the fixative solution by combining 4 mL of 37% formaldehyde, 32.5 mL of acetone,
and 12.5 mL of a citrate solution. Store the fixative solution at 4 °C.

6.2. Prepare the tartrate-resistant acid phosphatase (TRAP) stain solution (Table of Materials) by
adding 50 pL of sodium nitrite, 50 pL of Fast Garnet GBC base solution, 50 pL of naphthol AS-BI
phosphate solution, 200 uL of an acetate solution, and 100 uL of a tartrate solution into 4.55 mL
of deionized water that is prewarmed to 37 °C. Then, mix gently by inversion for 1 min, and let it
stand for 2 min.

6.3. After the successful induction of osteoclasts, aspirate off the medium, and gently wash the
wells 3x with PBS.

6.4. Bring the fixative solution to room temperature (RT). Add 2 mL of fixative solution to the
wells for 30 s, and do not allow the cells to dry.

6.5. Aspirate the fixative solution, gently wash it 3x with deionized water that is prewarmed to
37 °C, and then, aspirate the water.

6.6. Add 2 mL of TRAP stain solution for 1 h at 37 °C and keep the sample in the dark.

6.7. After 1 h, aspirate the stain, and gently wash the sample with deionized water that is
prewarmed to 37 °C, and then, aspirate the water.

6.8. Counterstain the cells for 1 min in a hematoxylin solution. After staining, aspirate the
hematoxylin solution and gently wash the cells 3x with deionized water.

6.9. Image osteoclasts using brightfield microscopy, and TRAP* cells with three or more nuclei
will appear purple.

7. Bone resorption assay using toluidine blue staining
7.1. Pretreatment of the bone slices

7.1.1. Cut the fresh bovine femoral bone cortex into 2 cm-thick slices along the longitudinal axis
by microelectric saw. Then, cut and grind the slices with hard tissue grinders into 80 um.

7.1.2. Wash the slices in a beaker with deionized water and 100 Hz ultrasound for 1 h, and repeat
3x.
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7.1.3. Immerse the slices into 75% alcohol for 2 h. Then, aspirate off the alcohol and expose each
side of the slices to ultraviolet light for 1 h on a clean platform.

7.1.4. Before planting the cells, immerse the slices in the culture medium for at least 2 h.
7.2. Toluidine blue staining

7.2.1. Place the pretreated bone slices into the 24-well plate. Plant the cells as mentioned in step
4.6 and induce the cells as mentioned in section 5.

7.2.2. After the appearance of osteoclasts (after 4—-6 days), wash the slices with 1 mL of 0.25 M
ammonium hydroxide, and sonicate them 3x for 5 min each to remove the living cells to allow
the analysis of the resorption pits on the bone slices. Then, remove the ammonium hydroxide
and stain the slices with 1 mL of 1% (wt/vol) toluidine blue solution per slice for 2 min.

7.2.3. Wash the slices with PBS. Randomly select five views and perform a semiquantitative
analysis of the resorption area using an image analysis software.

8. Scanning electron microscopy

8.1. Prefix the bone slices from step 7.2.1 with 1 mL of 2.5% glutaraldehyde per slice for 2 h at
RT, and then, sonicate the slices 3x for 3 min each with 1 M ammonium hydroxide to remove the
cells and remove the ammonium hydroxide.

8.2. Wash the bone slices 3x for 12 min each with PBS.

8.3. Fix the bone slices with 1% osmic acid for 2 h at RT.

8.4. Perform ethanol gradient dehydration, with 50%, 70%, 80%, 90%, and 95% ethanol, for 15
min for every gradient, and then, replace the ethanol with isoamyl acetate for 15 min.

8.5. Coat the slices with gold palladium, and then, analyze by scanning electron microscopy.
9. Immunofluorescence staining of calcitonin receptor

NOTE: Multinucleate osteoclasts will be present after 4—6 days if the induction is successful
(section 5).

9.1. Aspirate off the medium and gently wash the well 3x with PBS.
9.2. Fix the cells for 10 min with 4% paraformaldehyde, which is precooled to 4 °C.

9.3. Add 1 mL of PBS with 0.3% nonionic surfactant per well for 30 min on ice. Then, aspirate off
the PBS with 0.3% nonionic surfactant and add 1 mL of PBS with 5% FBS per well for 30 min on
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ice.

9.4. Aspirate off the PBS and incubate the membranes with anti-calcitonin receptor (anti-CTR) at
a 1:100 dilution in PBS at 4 °C overnight.

9.5. Aspirate off the solution, and incubate the membranes with Alexa-488-conjugated anti-
rabbit IgG antibodies at a 1:1,000 dilution in PBS for 1 h at RT.

9.6. Aspirate off the solution and gently wash the cells 3x with PBS. Counterstain the nuclei with
Hoechst 33342 stain for 3 min at RT.

9.7. Aspirate off the solution, and gently wash the cells 3x with PBS. Observe the intensity of CTR
by fluorescence microscopy.

REPRESENTATIVE RESULTS:

The purpose of the protocol was to isolate and purify large numbers of osteoclast precursors
conveniently and induce osteoclasts successfully. By supplementing with M-CSF and RANKL, giant
osteoclasts were seen on days 5-6. The formation of osteoclasts was successfully identified by
TRAP staining (Figure 1A). Large and purple cells were regarded as TRAP-positive cells with
multiple nuclei (typically > three nuclei). Through this method, it was typical to obtain 800
osteoclasts, containing as many as 30 nuclei per osteoclast, in a 24-well plate (Figure 1B).
Compared to the traditional method, the improved method saved approximately 20 min in the
whole isolation progress (Figure 1C).

Using bone slices to assess the activity of bone resorption is typical in vitro method. Through
toluidine blue staining, the resorption area was visualized as light green (Figure 2A) and was
calculated. The structure and characteristics of the bone pits were clearly observed by scanning
electron microscopy (Figure 2B).

The CTR, one of the osteoclast-specific cell markers, is critical to identify osteoclasts and study
the formation of osteoclasts in bone. The positive expression of CTR clearly identifies osteoclasts
and distinguishes them from macrophage polykaryons. CTR was detected by the
immunofluorescence assays. The green color indicated the expression of CTR and the blue
indicated the nuclei (Figure 3).

FIGURE AND TABLE LEGENDS:

Figure 1: Osteoclastogenesis from bone marrow-derived cells. (A) Representative image of TRAP
staining. The brightfield micrograph at 10x magnification demonstrates multiple giant,
multinucleated osteoclasts that are TRAP-positive and were observed at 20x magnification. An
example of a nucleus within a multinucleated osteoclast is shown by the red arrow. (B) The
brightfield micrograph at 10x magnification proves that a large number of TRAP-positive
osteoclasts were present. An example of a large, multinucleated osteoclast is outlined by the red
dashed line. (C) Comparison of the time spent on the two isolation methods. All the operations
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were performed by the same group of experimenters. The data represent the means * standard
deviation. *P <0.05, n = 3.

Figure 2: Bone resorption assays by bone slices. (A) The brightfield micrograph at 4x
magnification demonstrates the bone resorption area, is stained light green by the toluidine blue
stain, and is round-, oval-, or sausage-shaped. An example of the bone resorption area is shown
by the red arrow. (B) Resorption pits observed with scanning electron microscopy at 500x
magnification.

Figure 3: Characterization of the CTR expression in the osteoclasts using immunofluorescence
staining. The panel shows a clear CTR signal around the cells. (A) CTR-positive cells. (B) Nuclei. (C)
Merged.

DISCUSSION:

The ability to obtain and study osteoclasts in vitro is a critical and fundamental skill for any
researcher wishing to study bone metabolism, which may help understand the mechanisms of
bone-absorbing diseases and develop novel therapeutic agents. The present study described a
protocol with some modifications based on previous methods.

By using pipette tips and microcentrifuge tubes to obtain bone marrow, it largely reduced the
operation time of obtaining bone marrow and the workload of laboratory personnel compared
to the traditional methods. Meantime, the method avoids the risk of bone marrow loss or needle
stick injury. In a previous study, bone marrow-derived cells were plated immediately after
isolation'?!3, Density gradient centrifugation was used to select the bone marrow monocytes
according to the differences in the settlement coefficients. In the process of density gradient
centrifugation, the addition of the cell separation media must be performed gently and carefully
along the wall, in order to make the boundaries clear. However, the technique is limited by the
function of the centrifuge and in whether it is set up with the parameters of acceleration and
deceleration. The seeding density is the key condition for the cultivation of osteoclasts. Several
times, the protocol failed due to an improper seeding density when plating the cells. Thus,
approximately 300,000 cells per 24-well plate well is recommended in this protocol. This protocol
is also appropriate for obtaining various kinds of bone marrow-derived cells in rats or other
animals (e.g., mouse, rabbit, and chicken).

The most classic method to evaluate the activity of osteoclasts is the resorption pit assay. Bovine
bone cortex is commonly used for the resorption pit assay because its sources are widely
available. With the help of a modern sectioning system, we can obtain thin bone slices more
easily. The resorption pit assay has three factors. To generate successfully a resorption pit in the
slices, the slices must be treated strictly as described for defatting in the protocol. In addition, rat
osteoclasts are activated to form resorption pits in a slightly acidic environment, and the
resorption function will essentially “shut down” when the pH goes up above 7.2%%, Thus, it is
noteworthy that opening the incubator’s door frequently during the progress of the experiments
may lead to perturbations of the pH and pCO; values, even influencing the resorption function of
the osteoclasts?®. Finally, the bone slices should remain at the bottom of the wells and should
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not be moved or float up when changing the medium, in order to avoid irritation.

The CTR is one member of the class Il subfamily of the 7-transmembrane G-protein-coupled
receptors that also contain the parathyroid hormone and secretin receptors?’. As well as TRAP
staining and the resorption pit assay, osteoclasts are identified by morphology and function, and
CTR-positive identifies osteoclasts in immunology. Now, we can also use fluorescent staining of
the actin ring and measure pyridinoline crosslinks in the supernatant to identify osteoclasts.

Although different researchers have different familiarities with experimental techniques and the
total amount of cells in bone marrow is certain, we obtained bone marrow cells in a shorter time,
relatively, and in the end, obtained large amounts of fully differentiated osteoclasts from the rat
bone marrow.
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be made available (as described at

D Open Access

Itemé%se select one of the following items:
The Author is NOT a United States government employee.
DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

L__lThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Worlk” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, hy
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

612542.6

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3 Grant of Rights in Article. in consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
loVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developad (inciuding without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works {including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author,

5. Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no hox has been checked in
item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in zll forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to transiate the Video into other languages,
create adaptations, summarias or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video tc which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. if the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in ltem 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT -

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s} name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9, Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution theraof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this 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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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JOVE from and
against any and zll claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and

animal treatment, privacy or other rules, regulations, laws,

procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmlass shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commenweazlth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions, Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Yo““‘l Mo Gt\.: Clbenq una:n.ﬂ

Department: 7 ] J
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Title: ‘
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Signature:

__Ph Fuk
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JOVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Responses to editor

Dr Xiaoyan Cao:

Thank you very much for your attention and comments on our manuscript

entitled " A protocol for the isolation, purification and differentiation of

osteoclast precursors from rat bone marrow". We have checked the

manuscript and revised the manuscript according to your comments. We

try our best to achieve the modified target. Many of the answers to the

questions are in the comments. If you have any question about this

manuscript, please don’t hesitate to let me know.

We sincerely hope this manuscript will be finally acceptable to be

published on Journal of Visualized Experiments (JOVE). Thank you very

much for all your help and looking forward to hearing from you soon.
Best regards

Sincerely

Dr. Lining Wang
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