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INTRODUCTION

Macrophages change their physiology in response to en-
vironmental changes that may give incremental changes 
in the cell population. The established pathway of mac-
rophages activation is through the pathway of Interferon-
¥-dependent activation by T helper 1. Macrophages func-
tion as human’s immune system that eradicates infectious 
agents, cancer cells and maintaining tissue homeostasis.1 

Macrophage colony-stimulating factor (MSCF) is one of 
the primary cytokines in osteoclast genesis for the prolif-
eration and differentiation of osteoclast precursors.2 MCSF 
is differentiated into TRAP, which indicated positive os-
teoclast.3

The osteoclast is defined as cells that developed from mac-
rophages hematopoietic lineage; conforms to the bone 
matrix and degrade acid as well as lytic enzymes into the 
extracellular compartment.4,5 Furthermore, osteoclast is an 
important factor in bone remodelling to regulate and func-
tion normally throughout human life. The disproportion of 
bone remodelling may cause several skeletal muscle dis-
eases such as osteoporosis, periodontal disease, rheumatoid 
arthritis, myeloma and metastatic cancers.6,7,8 The knowledge 
of the stimulation and activation of osteoclast cell is required 
to unfold the process in bone metabolism and remodelling to 
formulate therapeutic agents for these diseases.7 In addition, 
Lorenzo (2017) stated that physiological and pathophysi-
ological effects of TNF related cytokines, such as RANKL 
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ABSTRACT
Introduction: Osteoclasts are defined as bone-resorbing cells which have an important function in skeletal development as well 
as in bone remodelling in the adult stage. Two significant cytokines stimulate the differentiation of osteoclasts from cells of the 
monocyte/macrophage; the monocyte/macrophage colony-stimulating factor (M-CSF) and receptor activation of NF-κB ligand 
(RANKL). For osteoclast precursors to proliferate, MCSF needs to bind to its receptor c-Fms which activates the signalling path-
way required. Furthermore, RANKL which is the elementary differentiation factor of osteoclast stimulates the process through 
the gene expression control by activating its receptor. 
Aims: This study aims to demonstrate osteoclastogenesis using RAW264.7 line cell in vitro and identify the alterations in gene 
expression of the progenitor cells that typify osteoclast cells. 
Methodology: The study was conducted using hematopoietic precursor cells to examine the cellular differentiation into osteo-
clast under the control of RANKL. Furthermore, microarrays were used to accurately analyze the expression of the genes of 
interest by exhibiting the gene expressions changes and expected regulations of osteoclasts marker genes such as Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), Tartrate-resistant acid phosphate (TRAP) and c-FMS. 
Results: We have identified that the upregulation of TRAP mRNA expression indicated the differentiation of osteoclast cells in 
the progenitor cells were induced by RANKL. 
Conclusion: The presence of Macrophage Colony-Stimulating Factor (MCSF) stimulates the differentiation of osteoclast pro-
genitors into osteoclasts in the presence of RANKL.
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on bone mass and how it initiates osteoclast genesis, are also 
important to appreciate. 

RANKL and polypeptide growth factor CSF-1 (MCSF) 
are required to induce the expression of osteoclast; includ-
ing Tartrate-resistant Acid Phosphate (TRAP), Cathepsin K 
(CATK), Calcitonin receptor.8 When activated by RANKL, 
the progenitor cells are subject to make structural alterations 
to reabsorb bone.9 Lytic enzymes TRAP and pro CATK are 
then exported into the reabsorption region.10 This process de-
teriorates the underlying bone and the degraded products are 
subsequently processed within the osteoclast and discharged 
into the circulation system.11

In the present study, we propose a method to investigate 
cell differentiation of macrophages into osteoclasts by in-
ducing RANKL and MCSF and subsequently analyze the 
gene expression patterns during in vitro differentiation of 
RAW264.7 cell line. The results will determine whether 
RANKL and MSCF as primary cytokines can upregulate the 
genes expression of the encoding receptor of osteoclast such 
as TRAP. 

MATERIALS AND METHODS

Harvesting the RAW264.7 cells.  To culture the mouse my-
eloid/macrophage tumour cell line, RAW264.7, a 5 ml of the 
culture medium in the dish of RAW264.7 cells were gently 
squirted over the entire inside bottom of the dish to dislodge 
the cells. This procedure was repeated several times until the 
hazy layer of the cells was dislodged and suspended in the 
medium. The cell suspension was span at 1000 rpm for 5 
minutes at room temperature. The supernatant was discarded 
and another 10 ml of complete medium was added to the cell 
pellet to suspend the cell again.

Cell differentiation was performed by incubation in complete 
medium with RANKL (R) for 1 and 7 days (R1, R7; respec-
tively) and without RANKL (U) for 1 day and 7 days (U1 
and U7; respectively). The culture medium was replaced on 
day 3 and 6 of treatment. In addition, other cell cultures were 
prepared for differentiation by incubating cell suspension in 
the tissue culture incubator (95% air/5% CO2); these cells 
were harvested on the next day for Ribonucleic acid (RNA) 
preparation. 

Meanwhile, the remaining volume in tubes U (without 
RANKL) and R (with RANKL) was used to set up separate 
cultures for cell staining on the next two days. 

Cell fixation, staining and phenotypic analysis. Both the cell 
cultures prepared were used.  Cell fixation was achieved by 
using cell fixative and must be performed in a fume hood by 
gently adding 0.5 mL of cell fixative per well and leave in the 
fume hood for 30 seconds only and proceed with the prepa-
ration of diazotized Tartrate-Resistant Acid Phosphatase 

(TRAP) stain. A light microscope was used to examine the 
phenotype of the stained cells.

Cell lysis and RNA extraction. Using Aurum™ Total RNA 
Mini Kit, the procedure was conducted according to the 
manufacturer’s protocol. 

Digestion of genomic DNA. The purified RNA acquired was 
treated with RNase-free DNase I to degrade any genomic 
DNA remaining in the sample.

First-strand cDNA synthesis. To reverse transcribe the 
mRNA in the samples in obtaining the first-strand cDNA 
was done using an INVITROGEN SuperScript III First-
Strand Synthesis SuperMix-for-RT-PCR kit. This included 
RNase H digestion of the RNA strand in the cDNA/RNA du-
plex.

RT-PCR analysis. This assayed the expression level of three 
genes: (i) glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH), (ii) tartrate-resistant acid phosphatase (TRAP), and (iii) 
Fms.

Agarose gel electrophoresis. The electrophoresis was 
run with 80 voltages for approximately 45 minutes on a 1.5% 
TAE agarose gel. 

RESULTS AND DISCUSSION

Cell fixation, staining and phenotypic analysis
The cell size and population analysis in the untreated cells 
with RANKL (U1 and U7) showed relatively below the range 
of cell incubated with RANKL for 7 days (R7). Although 
R1 cell was treated with RANKL, the treatment was only 
for 1 day and therefore, the result is similar to the RANKL 
untreated cells. TRAP staining positive cells were apparent 
in the 7 days of RANKL treatment (R7). The multinucleated 
cells were exhibited by R7, as expected due to the cell sizes 
of R7 which were larger and hence indicated that it had more 
nuclei (Fig 1,2,3 and Table 1). 

Figure 1: The light microscopic images show the cell popu-
lation and cell morphological difference of which was not in-
duced by RANKL even after incubated for 7 days (U7). 
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Table 1: The phenotypic changes of harvested 
RAW264.7 cells untreated with RANKL for 1 day (U1) 
and 7 days (U7) and treated with 20 µl of RANKL for 1 
day (R1) and 7 days (R7)

U1 U7 R1 R7

Cell Size Small cell 
size

Small cell 
size

Small cell 
size

Large cell 
size

Cell Number (s) Low Low Low High

TRAP Staining Negative Negative Negative Positive 
(Dark 
Pink 
colour)

Multinucleated 
cells

No No No Yes

*U1 = incubation of cells without RANKL treatment for 1 day
*U7= incubation of cells without RANKL treatment for 7 days
*R1= incubation of cells with RANKL treatment for 1 day
*R7= incubation of cells with RANKL treatment for 7 days

Figure 2: Culture cell induced by 20 µl of RANKL for 7 days 
(R7). This also represented the TRAP staining activity and the 
multinucleated cell. 

Figure 3: The agarose electrophoresis of the cDNA product.

Using gene expression changes to monitor 
macrophage and osteoclast differentiation
After extracting RNA, the next step was the RT-PCR proce-
dure to see the gene expression of macrophages and osteo-
clast cell differentiation induced by RANKL. The RT-PCR 

assay was used to analyse the expression of Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH), Tartrate-resistant 
acid phosphate (TRAP) and c-FMS, which were prepared 
into 12 tubes and loaded in a certain order.  

The result of agarose gel electrophoresis of the PCR products 
shown in Fig 3 showed relatively precise expected amplifi-
cations from the genes. It can be seen that the lanes of con-
trol (GAPDH) were evenly and constantly expressed while 
TRAP and c-FMS lanes were also expressed but in different 
intensity. This means that RANKL were able to induce the 
expression of TRAP mRNA.

DISCUSSION

MCSF (Macrophage Colony Stimulating Factor) is expressed 
constitutively in the bone microenvironment in response to 
the incremental change of PTH and inflammatory molecules 
such TNF or RANKL.12, In this study, osteoclast cells were 
differentiated in vitro using murine stem cell bone marrow. 
Due to the presence of MCSF, macrophages were differenti-
ated and RANKL activated TRAP which is the marker for 
osteoclast. Consequently, the mononucleosis progenitor cells 
altered the motif of their gene expression. These occurred by 
cells migrating and fusing and thus formed cells with multi-
ple nuclear. As cells continue fusing, the cells get larger and 
become multinucleated. On day 7 of incubation (Fig 2), it 
had reached sufficient time for the RANKL concentration, 
the huge circular-shaped cells continue to fused into large 
cytoplasmic masses, therefore the cells density continue to 
increase.13

GAPDH
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as a comparison to gene expressions data due to its 
constitutively expressed gene or as referred to as a “house-
keeping” gene.14 It is also asserted that although several other 
“housekeeping” genes might be expressed differently be-
tween body tissues, it is proven that GAPDH can be used as 
the internal control for the normalisation in gene expression 
data, particularly during apoptosis. As housekeeping genes, 
a constant level of expression in the tissue is supposedly pre-
served. This is depicted in the result in both Fig 3 which in 
the lane 2, 3, 4, and 5 the stains were amplified in a stabi-
lized manner. Therefore, these amplifications are not related 
to whether osteoclasts are associated with this effect or not, 
but GAPDH is used as the internal control.

TRAP
TRAP is a cytochemical marker of osteoclasts and its bio-
chemical concentration in serum can be used to analyze oste-
oclast function and levels of bone resorption because TRAP 
is secreted in large amount by osteoclasts.15 Based on the 
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ground of this, lane 6, 7, 8 and 9 (Fig 3) there were gene ex-
pressions on these, however, they are expressed in a different 
degree. Lane 6 and 7 (Fig 3) were untreated RANKL cells 
on day 1 and day 7 (U1 and U7), therefore, the gene expres-
sion of TRAP was not as much as in lane 8 and 9 (R1 and 
R7) which were treated with RANKL. The overexpression in 
lane 8 and 9 are most likely due to the existence of RANKL. 

C-FMS
C-FMS is a precursor for the mature and late stage of osteo-
clastogenesis.16 As shown in Fig 3, although lane 10 until 13 
were expressed, it can be seen that lane 13 which is RANKL 
induced for 7 days exhibited a more vivid stain, which indi-
cated a greater expression. 

CONCLUSIONS

RANKL were able to activate the expression of TRAP 
mRNA. TRAP is a cytochemical marker of osteoclasts; 
therefore, the positive assay in the culture cell of day 7 treat-
ment with RANKL emphasizes the cellular differentiation of 
osteoclasts cells. Thus, the presence of Macrophage Colony-
Stimulating Factor (MCSF) may stimulate the differentiation 
of osteoclast progenitors into osteoclasts in the presence of 
RANKL.
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