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SUMMARY

Methylgyoxal (MG) is reactive dicarbonyl compound was found in
high level in blood of diabetic patients. Methlyglyoxal was more
reactive compared to glucose and have toxic effect through AGEs.
Soluble Receptor for Advanced Glycation End Products (sRAGE)
act as a scavenger and decoy receptor for AGEs. This study aimed
to investigate the effect of changes intracellularly redox status on
sRAGE levels in preosteoblast MC3T3E1 exposed to MG. The
changes of redox status was obtained by blockade of superoxide
dismutase (Diethylthiocarbamoic acid/DETCA), blockade of
gluthatione peroxidase (mercapto succinate/MS), and chelating of
iron (defferoxamine/DFX). sSRAGE levels was evaluated by enzyme
linked imunnosorbent assay technique. The levels of sSRAGE in
MG-exposed group or DETCA-exposed group was significantly
increased than that in control group (P < 0.05). The levels of SRAGE
in MG+DETCA-exposed group was significantly decrease compared
with DETCA-exposed group (P < 0.05). The levels of sSRAGE was
significantly increased in MS-exposed group or MG+MS-exposed
group than that in control group, respectively (P < 0.05). Concluded
that the change of redox status by antioxidant blocker or MG
exposure would increases sSRAGE levels in preosteoblast MC3T3E1
cell line. The modulation of redox state by antioxidant blocker does
not affect SRAGE level in the presence of MG. Iron chelating does
not change the sRAGE level.
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Introduction

Methylglyoxal is formed non-enzymatically by
dephosphorylation of triose phosphates and is efficently
catabolise to D-lactate by the glyoxalase pathway. Plasma
concentrations of methylgyoxal is increase in diabetic
patients [1]. Methylglyoxal is biologically active and would
irreversible bind into protein amino acid, protein and nucleic
acid, resulting in Methylglyoxal-derived Advanced Glycation
End Products (MAGEs), as a structure that bind to AGEs
receptors (RAGE) [2]. RAGE has several soluble receptor
isoforms resulting from alternative splicing of the full length
mRNA or proteolysis of the cell-surface receptor, call as
soluble Receptor for Advanced Glycation End Products
(sRAGE) [3, 4]. An increased circulating total pool of SRAGE
reflects enhanced tissue expression of RAGE in type
2-diabetic and non-diabetic subjects [5]. In healthy human
volunteers, LPS administration leads to increased plasma
sRAGE levels [6]. The exact role of sSRAGE in plasma is
unknown, but it may differ between different variants [7].

Osteoblasts are important cells that are responsible for
bone formation. Any reduction in the number or function
of these cells to synthesize new bone matrix may result in
osteoporosis [8, 9]. The effect of methylglyoxal on mature
osteblast is mediated by apoptosis through biochemical
pathways, including c-Jun N-terminal kinase (JNK) activity,
change of mitochondria membrane, release of cytochrome C,
increase Bax/Bcl-2 ratio, and the activation of caspase 3 and
9. In vivo study showed that administration of methylglyoxal
at concentration 100-200 microgram via drinking water,
increase losses of bone mineral density of rats [10]. At the
cellular level, reactive oxygen species (ROS) may act as
second messengers in various signal transduction and elicits
a wide spectrum of responses ranging from proliferation to
growth or differentiation arrest to senescence and cell death
by activating numerous major signaling pathways. The
magnitude and duration of the stress as well as the cell type
involved are important factors in determining which pathways
are activated, and the particular outcome reflects the balance
between these pathways [11]. Increased levels of reactive
oxygen species (ROS) influence numerous cellular processes
and have been linked to development of osteoporosis, but
the molecular details of the pathogenetic effects of oxidative
stress on tissue homeostasis, such as production of SRAGE
are not well understood. To understanding the involvement of
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Figure 1. The effects of blockade SOD, GPX or iron chelating on sRAGE
levels in MC3T3E1 preosteoblast cells. SOD: superoxide dismutase; GPX:
glutathione peroxidase; DETCA: diethylthiocarbamoic acid; MS: mercapto
succinate; DFX: defferoxamine; MG: methylgyoxal; sSRAGE: Soluble Receptor
for Advanced Glycation End Products; ng/ml: nanogram/mililiter; *: p<0.05 in
comparison with control group; #: p<0.05 in comparison with MG group; *:
p<0.05 in comparison with DETCA group.
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methylgyoxal in osteoporosis, this in vitro study was aimed to
evaluate the effect of changes of intracellularly redox status
on sRAGE levels of MC3T3E1 preosteoblast cell line.

Material And Methods
Cell line

MC3T3E1 preosteoblast cell line subclone 4 was
obtained from American Type Culture Cell Collection
(ATCC). MC3T3E1 preosteoblast cell line was exposed to
MG at concentration 5 uM for 6 hours of incubation time [12].
Oxidant pathway obtained using blockade of superoxide
dismutase blockade (Diethylthiocarbamoic acid/DETCA),
blockade of gluthatione peroxidase (mercaptosuccinate/
MS), and iron chelating (defferoxamine/DFX). Control group
is MC3T3E1 preosteoblast cell line 4 without MG-exposed
and blocking/chelating exposed. We divided into four groups,
including control group, DETCA/MS/DFX-exposed group,
MG-exposed group, and MG+DETCA/MS/DFX-exposed
group.

Cell culture

We maintained cloned MC3T3-E1 osteoblast-like cells in
normal media (NM) consisting of alpha MEM medium with
10% fetal calf serum (FCS), 1% antibiotic solution and 1%
glutamine solution and subcultured the cells every 3 to 4
days. The cells were subcultured by incubating with trypsin
for five minutes and resuspending at a concentration of 3 x
105 cells/ml. For experiments, we grew the cells in the NM
above, using multi-well plates. We used at least triplicate
independent biological samples in multiple experiments for
data collection. DETCA/MS/DFX were added simultaneous
with MG exposure.

Analysis of sRAGE

The analysis of SRAGE was measured in culture medium
using commercial available kit rat/mouse soluble receptor
for advanced glycosylation end products (sSRAGE) ELISA
kit from Adipobioscience (Santa Clara, USA) with catalogue
number 5K00112-03.

Results

Table 1 showed the effect of DETCA and MS, an inhibitor
of superoxide dismutase and glutathione peroxidase on
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sRAGE expression in MC3T3E1 preosteoblast cell line.
Besides, the effects of DFX (iron chelator) also evaluated.
Levels of sRAGE was significantly increased by MG or
DETCA compared with control group (P < 0.05). The levels of
sRAGE in MG+DETCA-exposed group was not significantly
different than that of MG-exposed group (P > 0.05), but
significantly decrease compared with DETCA-exposed group
(P < 0.05). Levels of sRAGE was significantly increased in
MS-exposed group or MG+MS-exposed group than that
in control group, respectively (P < 0.05). Levels of sRAGE
from MG+MS exposed group was not significantly different
compared to MG-exposed group or MS-exposed group (P
> 0.05). The level of sSRAGE were not significantly different
between group of iron chelating (P > 0.05).

Discussion

Plasma methylglyoxal may be reaching ~0.4 mmol/l
in poorly controlled type 2 diabetic patients [13]. The
methylglyoxal concentrations utilized in our experiments
have previously been used by previous investigator [14].

Soluble RAGE (sRAGE) is pleotropic molecule as
antagonist of RAGE. sRAGE also act as scavenger receptor
for AGES [15, 16]. sSRAGE was formed by a disintegrin
and metalloproteinase-10 (ADAM10) domain via proteolitic
pathway of RAGE [17]. sRAGE only have extracellular
domain without transmembrane and cytoplasmic domain.
Previous studies showed that sSRAGE have beneficial effect.
Infusion administration of sSRAGE in diabetes mellitus rats
showed atherosclerosis reparation [18].

Most tissues express low levels of mMRAGE normally and
then up-regulate expression of this protein with injury and
disease [19]. This is first time study to measure the level
sRAGE in preosteoblast MC3T3E1 cell line. We found the
basal expression of sRAGE in preosteoblast MC3T3E1
cell line. This basal level act as decoy receptors to inhibit
negative effect from AGEs. Studies with RAGE knockout
mice that do not express sRAGE or full-length RAGE
suggest that sSRAGE acts via inhibition of RAGE-dependent
phenomena [20]. Besides, methylgyoxal exposure
significantly increases sRAGE levels. This finding indicates
that MG exposure increase proteolitic activity of RAGE as
homeostatic mechanisms. This finding provide novel proof
that preosteobalst cell have response effect into pre-AGEs
compound not only AGEs. sRAGE up-regulation to protect
against AGE-accumulation and induction of tissue damage
have been postulated [6]. SRAGE acts as an antagonist
inhibiting the RAGE dependent signalling pathways, or as a
binder of various RAGE ligands such as AGEs. sRAGE or
possibly a nonpeptide RAGE antagonist may thus become
a future therapeutic target [21]. Treatment with sRAGE
significantly attenuated the increase in neutrophil infiltration,
lung permeability, production of inflammatory cytokines,
nuclear factor (NF)-kB activation, and apoptotic cells in the
lungs [22].

We also found that blockade of superoxide dismutase or
glutathione peroxidase significantly increase sRAGE levels.
This results indicated that the accumulation superoxide
radical from superoxide dismutase blocking also increase
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proteolitic activity of RAGE. Besides, the blocking of
glutathione peroxidase produce sRAGE in similar level of with
MG exposure. This finding also revealed that the changes
intracellulary redox status will increase sRAGE levels.

The blockade of superoxide dismutase and glutathione
peroxidase concomitant with methylgyoxal exposure
also increases sRAGE level compared with control, but
have similar levels with methylgyoxal exposure only. This
finding suggested that there is antagonist mechanism that
inhibit proteolitic activity of RAGE maybe due to blocker
administration. The levels of sRAGE expression are
significantly higher in DETCA-exposed group compared
to control, MG-exposed or MG+DETCA-exposed group.
This results revealed that superoxide radical has important
role in proteolitic activities of RAGE and the presence of
MG inhibit this mechanisms. Previous studies showed that
induction of superoxide radicals by shock wave potentially
may provoke intracellular signaling transduction, which in
turn may activate angiogenic activity of bone cells. Besides,
the general concept that a family of NAD(P)H-dependent
oxidoreductases may be present in nonphagocytic cells that
function as generators of redox signal in response to various
growth factor and physical stimulation [23].

In conclusion, the change of redox status by antioxidant
blocker or MG exposure would increases sRAGE levels in
preosteoblast MC3T3E1 cell line. The modulation of redox
state by antioxidant blocker does not affect sSRAGE level
in the presence of MG. Iron chelating does not change the
sRAGE expression.
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