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Background:

Glvcative stress is a comprehensive concept that refers to the state of excess aldehydes caused by an
unfavorable condition like hyperglvcemia: unhealthy lifestvle habits such as high-sugar and high-fat diet,
excessive alcohol consumption: and the subsequent non-enzymatic reactions that produce carbonylated
proteins and advanced glvcation end products (AGEs). AGEs are reported to be associated with several
inflammatory and metabolic discases including diabetic complications, Alzheimer's discase., arthritis,
osteoporosis, and chronic kidney disease. Osteoporosis is a metabolic disease characterized by low bone
densitv and decreased bone strength associated with excess bone resorption by osteoclasts followed by
reduced bone formation by osteoblasts. Bone is continuously remodeled by two cell types: osteoblasts and
osteoclasts to maintain bone homeostasis. Pentosidine (pent) and A~(carboxymethyl)-Ivsine (CML) has been
reported to be elevated in the serum of osteoporotic patients. Pent forms an abnormal cross-link with collagen
(col) protein which is the main structural protein of bone and thereby causes structural and functional damage
to the col, ultimately reducing bone mineralization, bone quality, and bone strength.

Materials and Methods:

Mouse macrophage RAW 264.7 cells were used for i vitro study and receptor activator of nuclear factor-
kappa B ligand (RANKL) was used to stimulate osteoclastogenesis (OS). Glucose/fructose/ribose was used
to glvcate col and col-peptide (col-pep). Commercially available standard pent was used to check the effect
of free pent on OS. A microplate reader was used to check the fluorescence intensitv of AGEs, and HPLC
analysis was performed to measure pent and intermediates formation. Osteoclastogenic differentiation was
examined by measuring tartrate-resistant acid phosphatase (TRAP) activity and TRAP staining. Cell viability
was checked by WST-8 assay or sensolvte cell viability and proliferation assay kit. Reverse-transcriptase PCR
(RT-PCR) and Westem blotting were performed to check mRNA expression and protein expression
respectively. Immunofluorescent staining was done to check the cellular morphology, multinucleated cell
formation, actin ring formation, and intracellular signaling. Ca™" influx was checked by Fluo-4 NW calcium
assay Kit.

Results:

Chapter 1: Intracellular fluorescent AGE, pent, and CML formation were found to be increased, and the
receptor for AGEs (RAGE) to be decreased with passaging. TRAP staining data revealed reduced formation
of multinucleated osteoclasts with cell passaging. Maturation marker and early osteoclastogenic marker gene
expressions were reduced with increasing passage number. In the cells of higher passage number, the F-actin
ring size was smaller than that of the lower passage number indicating reduced cell-cell fusion and osteoclast-
osteoclast fusion.

Chapter 2: In col glycation models. ribose produced the highest amount of pent followed by fructose and



glucose. All three extracellular col-AGEs stimulated RANKL-induced osteoclastogenic differentiation (OS)
independent of the amount of pent formation. Ca® influx and mRAGE expression were significantly
increased by all three groups: mMITF-E. and mltgB3 were significantly increased by Col-fru; and mNFATcl
was increased by Col-rib than the control RANKL group. Different signaling pathways were activated
depending on the glvcating agents. The formation of 3-DG. GO. and MGO varied depending on the glycating
agent used to glycate col-pep. TRAP activity was significantly stimulated by glycated col-pep without any
cell death similar to glycated col-protein. On the other hand. free pent inhibited OS significantly at higher
concentrations providing evidence of the feedback inhibition effect of free pent. Immunofluorescence data
revealed that free pent reduced p38 activation. Osteoclastogenic gene expressions were found to be lowered
by free pent.

Discussion:

Intracellular AGE formation reduced OS by reducing cell-cell fusion and inhibiting osteoclastogenic gene
expression. In contrast, extracellular collagen protein-derived AGEs and collagen peptide-denived AGEs
showed stimulatoryv effects on OS by activating different signaling pathways depending on the glvcating
agent; whereas free pentosidine significantly reduced OS. This study suggests that extracellular collagen or
collagen-peptide glveation induces OS to remove the glycated proteins or peptides and may release free pent
on the extracellular space. Then these free pent shows feedback inhibition on the OS.

Conclusion:

The findings of this study indicate that intracellular and extracellular AGEs alter OS in vitro, suggesting that
prevention of AGE formation through lifestyle habits that alleviate glvcative stress is important for bone
metabolism homeostasis.



