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KEYWORDS Abstract Osteoblast cell injury is a type of degenerative disorder characterized by osteolysis.
Levan polysaccharide; Levan polysaccharide is an active component of Erwinia herbicola, which shows potential anti-
Osteoblast cells; inflammatory and antioxidant properties. However, the protective effects of levan on lipopolysac-
Inflammation; charide (LPS)-induced inflammatory and oxidative stress injury in osteoblast cells as an in vitro
Oxidative stress; model of osteolysis remain largely unknown. The present study aimed to explore the functions of
Signaling levan in LPS-triggered inflammation and oxidative stress in osteoblast cells (MC3T3-E1). The pro-

tective effects of levan on LPS-induced inflammatory and oxidative stress responses in MC3T3-E1
cells were assessed by quantification of superoxide dismutase (SOD) and catalase (CAT) activity as
well as enzyme-linked immunosorbent assay (ELISA) for determination of interleukin-6 (IL-6) and
tumor necrosis factor-o (TNF-a). Also, the key signaling pathway of ChemR23 was determined by
qPCR analysis. Results showed that levan significantly alleviated LPS-induced deactivation of SOD
and CAT activity. Levan also downregulated the expression of 1L-6, TNF-a, and ChemR23 at
mRNA level. These findings indicated that levan may protect MC3T3-El cells against
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LPS-triggered oxidative stress, and inflammation via regulation of ChemR23. This data may pro-
vide a potential basis for further clinical investigation of levan in the prevention and treatment of
LPS-triggered bone resorption and osteolysis.

© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Pathogenic stimuli can irreversibly damage vital molecules
such as nucleic acids, proteins, lipids, and lipoproteins and
lead to cell dysfunction by induction of oxidative stress,
inflammation, and apoptosis (Rani et al., 2016; Redlich and
Smolen, 2012; Mollazadeh et al., 2015; Wauquier et al.,
2009). It has been indicated that several mechanisms are
involved in the deleterious effects of oxidative stress and
inflammation on metabolic bone disease. For example, it has
been indicated that production of reactive oxygen species
(ROS) increases the induction of apoptosis and autophagy in
osteoblast (MC3T3-El) cells (Liu et al., 2018). Also, it has
been shown that high glucose and corresponding oxidative
stress and inflammation triggers autophagy of MC3T3-E1 cells
(Wang et al., 2016). Furthermore, it has been suggested that
induced apoptosis in osteoblast cells can be regulated by miti-
gating mitochondrial dysfunction and ROS-mediated oxida-
tive stress and inflammation (Sun et al., 2019).

Antioxidants are able to protect biological systems against
ROS-induced cell injury. Some microbial strains and medicinal
plants contain high amounts of antioxidants that can be effec-
tive in human health (Swain and Rautray, 2021). Polysaccha-
rides with microbial and plant origin are important and useful
compounds with potential biomedical properties (Song et al.,
2020; Rjeibi et al., 2020). For example, it has been shown that
Lycium barbarum polysaccharide can show protective effects
against induced oxidative stress and inflammation in PC12
cells (Gao et al., 2015) and osteoblast cells (MC3T3-El) by
regulating miR-200b-3p/Chrdl1/PPARY signaling pathway
(Jing et al., 2020). Furthermore, it has been indicated that
polysaccharides from different sources can show protective
effects against oxidative stress-induced cell mortality
(Alencar et al., 2019; Olasehinde et al., 2020; Jayawardena
et al., 2020).

Levan [a (2 — 6)-B-D-fructan] is produced by a wide range
of bacterial strains and plant species which shows several
potential physicochemical characteristics including high
hydrophilicity, promising adhesiveness, and outstanding bio-
compatibility (Gonzalez-Garcinufio et al., 2018). It has been
also employed as a drug carrier in the form of nano-
formulated structure to promote drug bioavailability (De
Siqueira et al., 2020). Levan has been also reported to show
antiviral (Gamal et al., 2020), antitumor (Queiroz et al.,
2017), and antioxidant functions (Bouallegue et al., 2020).

On the other hand, the chemerin/CMKLRI1 signaling path-
way has been reported to play a key role in the adipogenesis
and osteoblastogenesis of bone marrow stem cells
(Muruganandan et al., 2010). It has been also reported that
Resolvin E1 and chemokine-like receptor 1 can regulate bone
preservation (Gao et al., 2013) under inflammatory conditions
(El Kholy et al., 2018).

Although the biological activity of levan against some dis-
eases have been reported, the exact mechanism by which levan
induces its protective effects against expression of inflamma-
tory mediators and oxidative stress through ChemR23 has
not been fully explored. Therefore, the main objective and nov-
elty of this study was to examine the protective effects of levan
polysaccharide against lipopolysaccharide (LPS)-induced
inflammation as a model and delineate its mechanism of
action.

2. Materials and methods

2.1. Materials

Levan from Erwinia herbicola, MTT [3-(4, 5-Dimethylthiazol-
2-yl)-2, 5-Diphenyltetrazolium Bromide] and lipopolysaccha-
ride (LPS) were obtained from Sigma-Aldrich (Shanghai,
China). All cellular culture materials were purchased from
Gibco Co. (Shanghai, China).

2.2. Methods

2.2.1. Cell culture and treatment

The osteoblast-like cells, MC3T3-El, obtained from the cell
bank of the Chinese Academy of Sciences (Shanghai,
China), were cultured in the complete medium of o-MEM
containing 10% FBS in a humidified incubator with 5%
CO, at 37 °C and 1% antibiotics. After reaching 70-0%
confluency, the cells were cultured in differentiation medium
(a-MEM) supplemented with 10 B-glycerol phosphate
(mmol/L), L-ascorbic acid (50 mg/L), and dexamethasone
(10 mmol/L) either alone or with different concentrations
of LPS (0, 2, 5, 10, 20 and 50 pg/mL) or levan (0, 10, 50,
100, 500 and 1000 pg/mL) or left untreated (control) as
the negative control for 72 h.

2.2.2. Cell viability assay

The viability of MC3T3-El cells was examined by the MTT
assay. Briefly, after treating the cells with LPS or levan
(72 h), followed by removal of the culture median, MTT was
added and the cells were incubated for another 4 h. The absor-
bance was then read at 570 nm after adding DMSO for 5 min
employing a Microplate Reader (Bio-Rad, USA).

2.2.3. Superoxide dismutase (SOD) and catalase (CAT)
activity assays

After treatment and homogenization of the MC3T3-E1 cells, a
fixed protein concentration was collected and the relative
caspase-3, caspase-9, SOD, and CAT assays were carried out
by relevant assay kits (Abcam, Shanghai, China) using a
Microplate Reader (Bio-Rad, USA).
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2.2.4. Enzyme-linked immunosorbent assay (ELISA) for
determination of interleukin-6 (1L-6) and tumor necrosis factor-
o (TNF-a)

After treatment and homogenization of the MC3T3-E1 cells, a
fixed protein concentration was collected and the relative
quantities of interleukin-6 (IL-6) and tumor necrosis factor-
o (TNF-a) were determined by ELISA kit (Abcam, Shanghai,
China).

2.2.5. Quantitative polymerase chain reaction (qPCR)

After treatment of the cells, the total RNA was extracted
(TRIzol, Invitrogen), followed by doing reverse transcription
(Transcriptor First Strand ¢cDNA Synthesis Kit, Roche,
USA). gPCR was then done with a One Step SYBR® master
mix Kit (TaKaRa). The relative expression was then reported
by using the 272" method. The primers sequences are sum-
marized in Table 1.

2.3. Statistical analysis

The data were presented as the mean + standard deviation
(SD) of five experiments and P-values were calculated with
one-way analysis of variance (ANOVA) using SPSS software.

3. Results

3.1. MTT assay

The alterations in the cell viability on treatment with LPS and
levan in MC3T3-El cells at various concentrations at 72 h are
shown in Fig. la and Fig. 1b, respectively. The cell viability

was enhanced after treatment with LPS concentrations from
0 to 10 pg/mL, revealing a peak at 10 pg/mL (Fig. 1a). The
effect of LPS on the cell viability was reduced at concentra-
tions over 10 pg/mL (Fig. 1a). As the maximum value of the
cell viability for LPS against MC3T3-E1 cells was detected at
10 pg/mL, this concentration was chosen to be the potential
LPS concentration for MC3T3-El cells (Fig. la). It was also
found that the cell viability increased as the levan concentra-
tion was increased, demonstrating a peak and reducing after
50 pg/mL at 72 h (Fig. 1b). In fact, the enhancement in the cell
viability mitigated at levan concentrations higher than 50 pg/
mL at 72 h, a levan concentration of 50 pg/mL was chosen
for studying its protective effects against LPS-triggered inflam-
mation and oxidative stress in MC3T3-El cells.

3.2. SOD and CAT activity assay

The SOD and CAT activity was assessed to explore the oxida-
tive stress stimulated by LPS and the antioxidant properties of
levan. The data indicated that levan can significantly increase
the SOD (Fig. 2a) and CAT (Fig. 2b) activity in MC3T3-E1
cells (P < 0.05) at 72 h. Afterwards it was observed that incu-
bation of cells with LPS resulted in significant reduction of
both SOD (Fig. 2a) and CAT (Fig. 2b) activity in MC3T3-
El cells (***P < 0.001), whereas treatment of the cells with
levan resulted in the significant recovery of SOD and CAT
activity at 72 h.

3.3. IL-6 and TNF-o protein level assay

The protein levels of IL-6 and TNF-a were assessed to examine
the inflammatory response triggered by LPS and the anti-

Table 1 Primers used for qPCR.

Primer Forward Reverse

ChemR23 5-ATGGAGTACGACGCTTACAACG-3' 5-GGTGGCGATGACAATCACCA-3
TNF-o 5'-CGAGTCTGGGCAGGTCTACTTT-3' 5'-AAGCTGTAGGCCCCAGTGAGTT-3

IL-6 5'-TGATGGATGCTTCCAAACTG-3'

5'-GAGCATTGGAAGTTGGGGTAYS -

B-actin 5-TCCTCCTGAGCGCAAGTAC-3 5-CCTGCTTGCTGATCCACATCT-3'
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Fig. 1 (a) The exploration of viability of MC3T3-E1 cells with increasing concentrations of lipopolysaccharide (LPS) for 72 h. (b) The

exploration of viability of cells with increasing concentrations of levan for 72 h. Data are as the mean = SD, (n = 5). *P < 0.05,

*kp < 0.01, #**P < 0.001 relative to control (0) group.
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Fig.2 (a) The investigation of SOD activity in MC3T3-EI cells. (b) The investigation of CAT activity in MC3T3-El cells. The cells were

incubated either with levan (50 pg/mL) for 72 h or LPS (10 pg/mL) for 72 h or treated with levan and LPS for 72 h. Data are as the
mean + SD, (n = 5). *P < 0.05, **P < 0.01, ***P < 0.001 relative to control group, 3P < 0.01 relative to LPS-treated group.

inflammatory effects of levan. The results displayed that incu-
bation of cells with LPS caused a profound enhancement in
protein levels of IL-6 (Fig. 3a) and TNF-a (Fig. 3b) in
MC3T3-E1 cells (***P < 0.001), whereas treatment of the cells
with levan caused the significant reduction of IL-6 and TNF-o
at protein level at 72 h.

3.4. ¢PCR assay

The mRNA expression levels of IL-16, TNF-a, and ChemR23
were assessed in MC3T3-El cells at 72 h. It was seen that incu-
bation of cells with LPS for 72 h led to a significant increase in
the mRNA expression levels of IL-16 (Fig. 4a), TNF-a
(Fig. 4b), and ChemR23 (Fig. 4c), whereas the treatment of
the cells with levan mitigated the LPS-induced upregulation
of these genes at 72 h.

4. Discussion

In the present study, we revealed that levan mitigates LPS-
stimulated inflammation and oxidative stress in osteoblast
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Fig. 3

cells, as evidenced by decrease in the levels of pro-
inflammatory cytokines and increase in the SOD and CAT
activity. We also found that the ChemR23 expression at
mRNA was enhanced after incubation of osteoblast cells with
LPS which was mitigated by levan, suggesting that levan might
trigger a protective impact by interacting with this receptor. In
summary, these data indicated that levan can be a potential
polysaccharide that exerts protective effects against LPS-
induced osteoblast cells injury by preventing inflammatory
feedback and increasing the rate of SOD and CAT in osteo-
blast cells.

It has been reported that inflammation and oxidative stress
result in bone loss (Braun and Schett, 2012). LPS has been
used as a potential agent to induce oxidative stress and inflam-
mation in osteoblast cells in vitro (Guo et al., 2014; Guo et al.,
2015)

Levan has been shown to have potential antioxidant and
anti-inflammatory activities (Abdel-Fattah et al., 2012;
Srikanth et al., 2015).

Therefore, it was highly recommended to reveal the func-
tional activities of levan in osteoblast cell injury.
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(a) The protein level of 1L-6 in MC3T3-E1 cells. (b) The protein level of TNF-o in MC3T3-E1 cells. The cells were incubated

either with levan (50 pg/mL) for 72 h or LPS (10 pg/mL) for 72 h or treated with levan and LPS for 72 h. Data are as the mean + SD,
(n = 5). #**P < 0.001 relative to control group, P < 0.05, P < 0.001 relative to LPS-treated group.
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(a) The mRNA expression of IL-6 mRNA. (b) The mRNA expression level of TNF-a. (c) The mRNA expression level of

ChemR23. The cells were incubated either with levan (50 pg/mL) for 72 h or LPS (10 pg/mL) for 72 h or treated with levan and LPS for
72 h. Data are as the mean + SD, (n = 5). ***P < 0.001 relative to control group, P < 0.05, P < 0.01, ##P < 0.001 relative to LPS-

treated group.

Inflammatory cytokines lead to the inflammatory response
against different stimuli. The levels of pro-inflammatory
cytokines have been reported to be increased in the osteoblast
cells in response to LPS (Guo et al., 2014; He et al., 2018). The
inflammatory cytokines are believed to trigger bone resorp-
tion. Additionally, the neutralization of the cytokines resulted
in the inhibition of the inflammatory feedback (Zhang et al.,
2020). In the present study, incubation of osteoblast cells with
LPS resulted in an increased mRNA and protein levels of 1L-6
and TNF-a accompanied by a significant reduction in SOD
and CAT activity, which were regulated by levan treatment.
Therefore, levan may protect osteoblast cells from inflamma-
tory injury by suppressing oxidative stress.

In fact, osteoblast cell inflammation is a crucial factor during
osteolysis, and prevention of inflammation can play a key role in
the bone resorption (Guo et al., 2018). We found that levan
treatment protected osteoblast cells against inflammation
through mitigation of the expression of pro-inflammatory medi-
ators. Indeed, we used ELISA and qPCR analyses to explore
LPS-induced inflammation in osteoblast cells. Our data showed
that the LPS-induced expression of inflammatory cytokines was
decreased by levan treatment. These data indicated that levan
significantly protects osteoblast cells against LPS-induced bone
destruction and osteolysis.

In addition, the overexpression of the ChemR23 by LPS
was inhibited in the presence of levan, which contributed to

the protective influence of levan against osteoblast cell injury.
It has been well-documented that osteoblast cells express
ChemR23 receptor (Zhao et al., 2021; Muruganandan et al.,
2010; Gao et al., 2013; El Kholy et al., 2018).

It has been also shown that some bioactive materials,
including levan in the form of organic thin films can regulate
the osteoblast cell signaling response which can be extended
to study potential bioactive interfaces for tissue engineering
(Axente et al., 2014).

Our data that levan can decrease the ChemR23 at mRNA
level, assessed under inflammatory condition is, to the best
of our knowledge, a novel outcome.

5. Conclusion

In conclusion, our results showed that levan protects the osteo-
blast cells from inflammation and oxidative stress induced by
LPS. The mechanism was probably associated with the inhibi-
tion of ChemR23 and TNF-o/IL-6 inflammatory signaling
pathways and modulation of oxidative stress. These outcomes
suggested that levan might be a promising lipid mediator for
the treatment of osteolysis. This study was the beginning of
the process to determine the efficacy of levan to treat osteo-
porosis and in the future studies, the potential application of
levan in vivo and to treat people with osteoporosis can be fur-
ther explored in detail.
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