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The differentiation and activation of osteoclast cells are of great importance in bone metabolism
as osteoclasts resorb bone and activate osteoblast cells to rebuild the bone and thereby maintain
bone quality and strength. Bone quality is an important factor that is determined by the native
structure of the bone building blocks collagen (20% of bone weight), hydroxyapatite. Advanced
glycation endproducts (AGEs) in human body (bone, serum, skin, urine etc.) increases with age
and bone mineral density and bone quality decreases, resulting in high risk of big bone fracture.
AGEs, such as N°-(carboxymethyl)-lysine (CML), pentosidine are elevated in serum of
osteoporotic patients could be due to osteoclastic bone loss. Both osteoblast, osteoclast along
with their precursors possess receptor for AGEs (RAGE) and it is a multifunctional receptor
plays vital role in differentiation and inflammation. RAGE regulates osteoclastogenesis by
binding with extracellular high mobility group box 1 (HMGB1) and activates osteoclastogenic
downstream signals, thereby supports osteoclast cells to mature full functional. RAGE when
binds with AGEs in regular culture media, it triggers to several cytokines such as, tumor
necrosis factor alpha (TNF«), Interleukin 1 beta (IL-1), Interleukin 6 (IL-6) production that are
inflammatory and osteoclastogenic, too. Therefore, I investigated the effect of glycated proteins
in RANKL-induced osteoclastogenesis in RAW264.7 cells.

The receptor activator of nuclear factor kappa-B ligand (RANKL) and Macrophage
Colony-Stimulating Factor (M-CSF) are the main ligands known to induce osteoclastic
differentiation (osteoclastogenesis) pathways and survival related pathways, respectively. In the
present study, at first I examined whether both are require for in vitro osteoclastogenesis and
survival of RAW264.7 cells. I found that RANKL alone at a concentration of 100 ng/mL could
induce osteoclastogenesis by forming giant multinucleated osteoclast cells that also showed
higher Tartrate-resistant acid phosphatase (TRAP) activity than in the presence of M-CSF.
RANKL alone activated osteoclastogenic NF-kB, ERK, p-38 MAPK, NFATcl, and

anti-apoptotic Akt in RAW264.7 cells and increased both maturation as well as activation



markers such as Cathepsin-K (CTSK), V-type proton ATPase (Atp6v), TRAP, Matrix
metallopeptidase 9 (MMP-9) mRNA expression. RANKL-induced osteoclastogenesis was not
dependent on M-CSF, but was dependent on FBS, cell density, media content. This study shows
that any change among essential components can lead to inappropriate in vitro
osteoclastogenesis in RAW264.7 cells. Therefore, in rest of the experiments, I used 100 ng/mL
RANKL in aMEM containing 10% FBS and cell density at 1x10* cells/well in 96-well plate

and total 5 days of incubation.

Collagen is bone organic material that losses its native structure due to glycation stress.
Collagen native structure is crucial for maintaining bone health. HSA is an abandoned protein in
blood and thereby present in bone microenvironment. CML-HSA, pentosidine are most
abundant AGEs found in osteoporotic patients. Therefore, I selected collagen type I, II, and
HSA to investigate their effect on in vitro osteoclastogenesis. Glycated proteins were prepared
using collagen-I or collagen-II or HSA incubating with glycating agents (glucose, fructose,
glycolaldehyde, glyceraldehyde, glyoxal) in phosphate buffer (pH 7.4) and incubated at 60 °C
for 24 or 40 h depending on the protein used. After glycation, non-reacted glycating agents and
phosphate buffer were removed by ultrafiltration and used in in vitro osteoclastogenesis.
Glycated proteins significantly modulated RANKL-induced osteoclastogenesis depending on
the protein types and glycating agents; glucose and fructose derived glycated collagen-I and II
significantly increased TRAP activity, whereas glycolaldehyde, glyceraldehyde, glyoxal derived
glycated HSA and CML-HSA decreased. None of the experimental AGEs causes cell death in
osteoclastogenic media. Glycation of collagen-I increased fluorescent AGE formation, fructose
derived glycated collagen-I obtained 10 times higher fluorescent AGEs formation intensity,
however, the effect was almost same as glucose derived glycated collagen-I that showed
relatively lower fluorescence. In case of HSA, glycolaldehyde showed highest fluorescence
intensity and highest inhibition of TRAP activity. CML-HSA also showed similar inhibitory
effect demonstrated that the inhibition is due to AGEs. This data shows that glycated proteins

significantly modulate RANKL-induced osteoclastogenesis.

As functional osteoclast are important for the removal of bone parts and the activation of bone
forming osteoblast cells, and glycated-HSA inhibited osteoclastogenesis, demonstrated the
formation of malfunctioning osteoclast by glycated-HSA and thereby alter bone remodeling.
Therefore, I selected glycolaldehyde and glyceraldehyde derived glycated-HSA to investigate
their mode of action. None of the glycated-HSA reduced early osteoclastogenic TRAF6,
DC-STAMP, OC-STAMP, integrin P3 mRNA expression. Glycated-HSA inhibited
RANKL-induced late osteoclastogenesis (3~5 days) as it reduced TRAP activity of 3 days
RANKL-treated cells. However, RANKL+ HSA-AGEs treated cells rescued TRAP activity



when the media was changed with RANKL alone after 3 days.

This data shows that HSA-AGEs can alter late osteoclastogenesis. Glycated-HSA did not induce
TRAP activity in the absence of RANKL.

Secreted high mobility group box proteinl (HMGBI1) is known to binds with receptor for AGEs
(RAGE) and play an important role on osteoclastogenesis. We found that glycolaldehyde and
glyceraldehyde derived glycated-HSA inhibited RANKL-induced HMGBI1 secretion,
downregulate osteoclastogenic nuclear factor-kB (NF-kB), nuclear factor of activated T-cells

cytoplasmic 1 (NFATc1), c-Fos, calcium influx without altering RAGE expression.



