
 

 

Introduction 
 
Osteoclasts are giant, multinucleated cells of 
hemopoietic lineage that are unique in their 
ability to resorb bone.  Osteoclast differentiation 
requires the stimulation of precursors by macro-
phage colony-stimulating factor (M-CSF) as well 
as the binding of receptor activator of NF-κB 
ligand (RANKL) to its receptor RANK on the cell 
surface [1-3]. Osteoclast biology is an active 
area of investigation in which research prom-
ises to have important implications for many 
aspects of human disease, ranging from osteo-
porosis to metastatic cancer.  Many studies of 
osteoclast biology have relied on the generation 
of osteoclasts from primary murine cells, proto-

cols for which have been described [4].  Al-
though studies employing murine cells have 
yielded much valuable information, we suggest 
that studies based on human cells will more 
readily translate into clinical benefits.  However, 
the generation of osteoclasts from human cells 
can be more challenging than that from murine 
cells.  In general, protocols for the generation of 
human osteoclasts in vitro rely on the isolation 
of peripheral blood mononuclear cells (PBMCs) 
to serve as precursors.  The protocols described 
by Nardelli et al. and Susa et al. are perhaps 
typical of this approach [5, 6].  Other investiga-
tors have described the generation of osteo-
clasts from peritoneal macrophages [7], cord 
blood [8], and bone marrow [8-12].  Even 
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among protocols that employ bone marrow 
cells, variations exist with respect to the specific 
cell populations employed, the supplements 
required, and the timeframe needed.  Typically, 
these protocols involve isolating mononuclear 
cells from fresh bone marrow by density gradi-
ent centrifugation and the subsequent plating of 
these cells in tissue culture flasks or plates.  
The entirety of these cells is then cultured under 
osteoclastogenic conditions [7-15].  In some 
cases, after an initial incubation period in tissue 
culture flasks, nonadherent cells are discarded 
and only the adherent cells are kept in culture 
[16, 17].  Because the adherent cell population 
includes bone marrow stromal cells, these cul-
tures are in fact co-cultures, and can be supple-
mented with 1,25-dihydroxyvitamin D3 alone [9, 
10, 16], or in combination with M-CSF, which 
increases the efficiency of the yield [12, 18], 
and dexamethasone [7, 13].  In other reports, 
nonadherent cells are harvested to serve as 
osteoclast precursors, following a 24-hour incu-
bation in tissue culture flasks [8, 19].  These 
cultures are supplemented with RANKL alone 
[19] or M-CSF and RANKL [8].  In some studies, 
immunomagnetic cell separation is used to iso-
late specific cell populations, such as CD14+ or 
CD34+ [6, 15] or to remove unwanted popula-
tions (CD3+, CD19+) [8].  Co-cultures of human 
bone marrow mononuclear cells and rodent 
stromal cell lines have also been described [7, 
14, 15].  It is clear, in consideration of the 
above, that human osteoclasts may be gener-
ated in vitro by a diverse array of strategies. 
 
The variety of protocols detailed above may con-
found attempts to generalize observations 
made in a particular study.  Thus, a standard-
ized protocol for osteoclast generation would be 
desirable.  An ideal protocol would involve rela-
tively simple procedures, require few supple-
ments, and necessitate a comparatively short 
amount of time to complete.  Furthermore, it 
would rely on easily obtainable source material 
that could be used to establish a stock from 
which many future experiments could be de-
rived.  Here, we describe a simplified system for 
the in vitro generation of human osteoclasts 
that satisfies the above requirements. 
 
Materials and methods 
 
Preparation of cells 
 
Human bone marrow macrophages were pre-
pared from fresh human bone marrow, pur-

chased from Lonza (Lonza Walkersville, Walk-
ersville, MD).  Upon arrival, the marrow was di-
luted with an equal volume of 20% (v/v) di-
methyl sulfoxide (Fisher Scientific, Pittsburgh, 
PA) in FBS and frozen in 2 ml aliquots at -80 °C 
overnight, before being stored in liquid nitrogen.  
Prior to use, aliquots were thawed at 37 ºC and 
washed twice in 20 ml α‑MEM followed by cen-
trifugation at 400 x g for 5 min.  Cells were then 
resuspended in 10 ml α‑MEM and layered over 
8 ml lymphocyte separation medium (density 
1.077 g/ml; Mediatech, Manassas, VA) in a 
50 ml conical tube before being centrifuged for 
25 min at 16 °C.  Following centrifugation, the 
white cell layer at the interface was harvested 
and washed twice as above.  The cells were 
resuspended in a final volume of 10 ml α‑MEM 
containing 10 % FBS (v/v), supplemented with 
35 ng/ml recombinant human M‑CSF (R & D 
Systems, Inc., Minneapolis, MN) and cultured 
overnight in a 75‑cm2 tissue culture flask.  The 
following day, nonadherent cells were harvested 
and transferred to a 100 mm suspension plate.  
The medium was replaced with fresh medium 
containing 35 ng/ml human M‑CSF every three 
days until the cells were used for experiments. 
 
Osteoclastogenesis 
 
Bone marrow macrophages were prepared from 
cryopreserved marrow and cultured for five days 
in a suspension plate, at which point both sus-
pended and adherent cell populations existed.  
Suspended cells were harvested with the cul-
ture medium, while adherent cells were de-
tached with 0.02% EDTA in PBS and incubated 
for 10 min at 37 ºC.  A 24-well tissue culture 
plate was seeded with cells from either adher-
ent or nonadherent populations, or a 1:1 mix-
ture of both, at a total of 1 x 105 cells per well.  
The cells were then cultured in medium contain-
ing 10 ng/ml M‑CSF and 10, 50 or 100 ng/ml 
human RANKL.  After plating cells, 1 ml of me-
dium (with supplements) was added on day two, 
as the cells had not yet become firmly attached 
to the plate.  The medium was completely re-
moved and replaced with fresh osteoclastogenic 
medium every 3 days thereafter.  On day 10, 
the cells were stained for tartrate-resistant acid 
phosphatase (TRAP) with a leukocyte acid phos-
phatase kit (387-A; Sigma-Aldrich, St. Louis, 
MO).  
  
Osteoclasts were also generated in medium 
supplemented with recombinant murine RANKL, 
which was prepared as previously described 



Generation of human osteoclasts in vitro  

 
 
185                                                                                                   Int J Biochem Mol Biol 2011:2(2):183-189 

[20].  Cryopreserved cells were prepared for 
culture as above and grown in suspension 
plates for 14 days, at which point the adherent 
population was predominant.  Adherent cells 
were detached with 0.02% EDTA as before, and 
a 48-well tissue culture plate was seeded with 
1.7 x 104 cells per well.  Cells were cultured with 
12 ng/ml M‑CSF and 100 ng/ml recombinant 
murine RANKL. Cells were stained for TRAP at 
day 11. 
 
Resorption and microscopy 
 
Cryopreserved cells were thawed and prepared 
for culture as above.  After one day in suspen-
sion culture, 2 x 105 cells were placed into each 
well of a 24-well plate containing sterile, devital-
ized slices of bovine cortical bone measuring 
approximately 1 cm2.  Cultures were maintained 
with 10 ng/ml M‑CSF and 100 ng/ml murine 
RANKL.  Control wells received M‑CSF but no 
RANKL.  Cells were then cultured as above 
(fresh medium every 3 days).  Bone slices were 
removed from culture on day 18, to be assayed 
for the formation of resorption pits.  The slices 
were rinsed with water and then incubated for 
10 min at room temperature with 0.25 M am-
monium hydroxide.  Slices were then rinsed with 
water, and cells were removed by mechanical 
agitation. Bone slices were then subjected to 
scanning electron microscopy (SEM) using a 
Philips 515 SEM (Materials Engineering Depart-
ment, University of Alabama at Birmingham). 
 
Results 
 
Osteoclast formation 
 
We intended to establish a stock for future ex-
periments and thus wished to verify that human 
osteoclasts could be generated from cryopre-
served bone marrow in this expedited protocol.  
Freshly harvested bone marrow was obtained 
from a commercial source, immediately aliquot-
ted, and stored in liquid nitrogen.  Samples 
were subsequently thawed, and an overnight 
incubation in tissue culture flasks was used to 
remove stromal cells from the population, as 
only cells that remained nonadherent after this 
period were utilized for osteoclastogenesis.  
These cells were then cultured in suspension 
dishes and maintained in the presence of 
35 ng/ml human M-CSF to enrich the culture for 
pre-osteoclasts, until they were employed in 
osteoclastogenesis experiments.  Under these 

conditions, we observed a gradual shift in phe-
notype as the cells, initially small, rounded, and 
nonadherent, began to weakly attach to the 
plate after several days, eventually becoming 
enlarged, flattened, and firmly adherent.  We 
assayed the cells for osteoclastogenic potential 
after allowing pre-osteoclast enrichment for five 
days in culture, at which point both adherent 
and suspension populations of cells were pre-
sent.  Both populations of cells were seeded in 
24-well plates and maintained with 10 ng/ml M-
CSF and 10, 50 or 100 ng/ml human RANKL.  
Under these conditions, we observed osteoclas-
togenesis within 7-8 days.  In contrast, cells 
cultured without RANKL did not form osteo-
clasts.  The plates were stained for TRAP on day 
10 to confirm the presence of mature osteo-
clasts in wells seeded with nonadherent cells 
(Figure 1).  We observed more efficient osteo-
clast formation in medium supplemented with 
50 ng/ml RANKL versus medium supplemented 
with 10 ng/ml, while increasing the concentra-

Figure 1. Human osteoclasts can be generated from 
nonadherent, cryopreserved bone marrow macro-
phages in a simplified protocol. Human bone marrow 
macrophages were isolated from whole bone marrow 
following cryopreservation. Cells that remained 
nonadherent after 5 days in suspension culture were 
cultivated in the presence of 10 ng/ml recombinant 
human M-CSF and varying concentrations of recom-
binant human RANKL, as indicated. Large, multinu-
cleated cells became visible after 8 days, and cul-
tures were stained for the presence of TRAP after 10 
days.  Shown are representative micrographs at 40X 
(left column) and 100X (right column). 
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tion to 100 ng/ml did not further increase the 
osteoclast yield.  We observed similar osteoclas-
togenic potential from both the adherent precur-
sor cells and a 1:1 mixture of adherent and 
nonadherent cells (Figure 2), therefore all sub-
sequent experiments relied on both populations 
in aggregate. 
 
For economic reasons, we wished to employ 
medium supplemented with murine RANKL for 
future experiments.  Therefore, we first wished 
to confirm that murine RANKL would support 
osteoclastogenesis in our simplified protocol.  
Osteoclast precursors, which had been main-
tained for two weeks in culture, were seeded 
into 48-well plates.  Cells were cultured in me-
dium containing 100 ng/ml murine RANKL and 
12 ng/ml human M-CSF.  Osteoclastogenesis 
was observed within 7-8 days, as in cultures 
maintained with human RANKL.  The cells were 
stained for TRAP at day 11 and photographed 
(Figure 3).  No qualitative differences from cells 
cultured with human RANKL were observed.   
 
Bone resorption 
 
In order to confirm that the osteoclasts pro-

duced by our simplified protocol were func-
tional, we employed these cells in a bone re-
sorption assay.  A 24-well plate containing slices 
of devitalized bovine cortical bone was seeded 
with 2 x 105 osteoclast precursor cells.  Cultures 
were maintained in osteoclastogenic medium 
for 18 days.  In areas of the wells adjacent to 
the bone slices, we observed osteoclast forma-
tion within 7-8 days, in accordance with our pre-
vious experiments.  As expected, these cells 
were not observed in control wells cultured with-
out RANKL.  In order to verify that these osteo-
clasts were functionally active, we analyzed the 
bone slices harvested from these cultures on 
day 18 by SEM.  As indicated in Figure 4, resorp-
tion pits were observed on slices from cells cul-
tured in the presence of RANKL, but not those 
from control cultures that lacked RANKL.  
Hence, the osteoclasts generated in our system 
were fully functional in their ability to resorb 
bone. 

Figure 2. Human osteoclasts can be generated from 
both adherent and mixed adherent/nonadherent 
precursors. Adherent (left column) or a 1:1 mixture 
(right column) of adherent and nonadherent bone 
marrow macrophages were harvested after 5 days in 
suspension culture and seeded in a tissue culture 
plate.  Cells were grown in the presence of 10 ng/ml 
recombinant human M-CSF and 50 ng/ml recombi-
nant human RANKL for 10 days.  Shown are cells 
stained for the presence of TRAP at magnifications of 
40X (top row) and 100X (bottom row). 

Figure 3. Murine RANKL supports the generation of 
human osteoclasts from cryopreserved bone marrow 
in a simplified protocol. Human bone marrow macro-
phages were isolated from whole bone marrow fol-
lowing cryopreservation, and were cultured in the 
presence of 100 ng/ml recombinant murine RANKL 
and 12 ng/ml recombinant human M-CSF. Large, 
multinucleated cells became visible after 8 days and 
were stained for the presence of TRAP on day 10. 
Shown are representative micrographs at 40X and 
100X magnification. 
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Discussion 
 
We have described a simplified system by which 
human osteoclasts may be generated in vitro 
from bone marrow macrophages.  These cells 
were obtained from a commercial source and 
immediately cryopreserved.  Upon thawing, 
mononuclear cells were isolated by density gra-
dient centrifugation and then plated in tissue 
culture flasks for 24 hours.  Subsequently, 
nonadherent cells were harvested and plated in 
medium containing recombinant RANKL and 
M‑CSF.  Under these conditions, osteoclast for-
mation was observed within 7 days and con-
firmed by TRAP staining.  The resorptive capabil-
ity of these cells was confirmed by SEM in simi-
lar experiments in which cells had been plated 
on slices of bovine cortical bone. 
 
Whereas PBMCs are more commonly used for 
human osteoclastogenesis experiments, we 
elected to use whole bone marrow as the 
source material for our system.  The use of bone 
marrow macrophages is desirable from an eco-
nomical standpoint, as whole bone marrow of-
fers a greater number of cells on a per-dollar 
basis than PBMCs or bone marrow-sourced sub-

populations that are also commercially avail-
able.  A study by Schilling et al. showed that 
bone marrow contains more osteoclast precur-
sors per ml than does peripheral blood [17].  
Moreover, bone marrow cells may represent a 
more authentic precursor population than 
PBMCs.  While other investigators have also 
reported osteoclastogenesis from bone marrow 
cultures, these protocols typically require 3-4 
weeks for osteoclast formation [7, 9-12, 19].  As 
we have confirmed here, less time is required if 
cultures are supplemented with M‑CSF and 
RANKL [8].  These protocols rely on the entire 
mononuclear fraction of bone marrow cells or, 
in some cases, only the cells that remain adher-
ent after an initial incubation period.  In con-
trast, our experiments utilized only the nonad-
herent cells, which can be considered a more 
pure osteoclast precursor population, as the 
bone marrow stromal cells are no longer pre-
sent.  Flanagan and Massey as well as Li et al. 
have also reported osteoclastogenesis from this 
population of cells [8, 19].  Lader et al. sug-
gested that osteoclasts generated in co-cultures 
more closely resemble true osteoclasts, as 
those generated in the absence of stromal cells 
express more macrophage-associated integrins 
[14].  However, these experiments utilized 
PBMCs as precursors rather than bone marrow 
cells, and were co-cultured with rodent stromal 
cell lines.  Whether the same phenomenon is 
true of bone marrow-derived osteoclasts has 
not been determined.  Thus, we attempted to 
establish physiologically relevant co-cultures 
that would support osteoclastogenesis without 
the addition of recombinant RANKL.  Bone mar-
row macrophages were co-cultured with bone 
marrow stromal cells or commercially available 
primary osteoblasts under a variety of experi-
mental conditions, but osteoclast differentiation 
was not observed in these cultures.  However, 
Atkins et al. demonstrated that primary human 
osteoblasts induce osteoclastogenesis from 
PBMCs or bone marrow macrophages, using a 
defined, serum-free medium but not in serum-
containing medium [15]. 
 
All of the experiments described here were con-
ducted on cells that had been cryopreserved.  
This finding confirms similar observations in 
studies conducted on cryopreserved cells 
sourced from both PBMCs [6] and bone marrow 
[8].  The establishment of a cryopreserved stock 
of cells, along with the ability of these cells to 
expand in vitro, allows entire sets of assays to 
be conducted on cells from a single source.  In 

Figure 4. Human osteoclasts generated from cryopre-
served bone marrow in a simplified protocol exhibit 
resorptive capability. Human osteoclasts were gener-
ated on slices of devitalized bovine cortical bone.  Pre
-osteoclasts were cultured in the presence of 10 ng/
ml recombinant human M-CSF and 100 ng/ml recom-
binant murine RANKL (right column) or without 
RANKL (left column) as a control.  After 18 days, 
bone slices were subjected to SEM, which revealed 
the presence of resorption pits in RANKL-containing 
wells.  Shown are representative micrographs at both 
101X and 406X magnification. 
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this way, investigators can assay the effects of 
various compounds on osteoclastogenesis while 
controlling for differences among individuals.  
This is important, as it is likely that age, gender, 
race, and other donor-specific factors may influ-
ence the osteoclastogenic potential of a particu-
lar bone marrow sample.  Conversely, it would 
be possible to investigate the effects of these 
factors on osteoclastogenesis by compiling a 
library of cells sourced from different donors 
and assaying their osteoclastogenic efficiency in 
parallel.  While it is possible that the osteoclas-
togenic potential of the cells is reduced by cryo-
preservation, to our knowledge, this question 
has not been directly investigated. 
 
Particular attention was paid during this study 
to an economical use of cells.  Consequently, 
we relied on relatively low cell densities, ranging 
from 1.7 x 104 to 1 x 105 cells/cm2, for our ex-
periments.  Cell densities in other protocols em-
ploying bone marrow are typically several fold 
higher, ranging from as low as approximately 
6 x 104 cells/cm2 [8] to 3 x 105 [8, 12, 19] or 
5 x 105 cells/cm2 [9, 11].  Schilling et al., in 
experiments with precursors sourced from buffy 
coat, demonstrated that the efficiency of osteo-
clast differentiation increases with increasing 
cell density, until a threshold is reached [17].  
However, the number of osteoclasts formed at 
the most efficient density (107 cells/ml) was 
less than an order of magnitude higher than 
that at the least efficient density (104 cells/ml).  
We sought to balance osteoclast formation with 
an efficient use of cells.  The most advanta-
geous density may vary with the needs of indi-
vidual investigators. 
 
There are several methods for the generation of 
human osteoclasts in vitro, each of which may 
have certain advantages or disadvantages.  We 
have combined the most advantageous aspects 
of other protocols into one simplified approach.  
This protocol offers the following advantages: 
an economical source of cells, a simple set-up, 
a limited number of required medium supple-
ments, and a shortened time frame.  We offer 
this system as a simplified process which can 
be easily adopted by laboratories lacking prior 
experience with osteoclast culture. 
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