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ABSTRACT

Introduction: Cytokines have been gaining great focus due to their role in enhancing osseointegration as well as
their potential in bone reconstruction. Osseointegration often faces complications in its compatibility with the
implant due to rejection by the recipients own immune system. Therefore, extensive studies are being carried
out to enhance osteoblast development to minimize such complication. The aim of this study was to determine
the effect of different concentrations of Interleukin 6 (IL-6) and Interleukin 17a (IL-17A) in the proliferation and
differentiation of murine and human osteoblasts. Methods: Various concentrations (5, 10, 25 and 50 ng/ml) of
riL-6 and rIL-17A were tested on both murine osteoblast (MC3T3-E1) and human feotal osteoblast (hFOB) cell
lines using [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium] (MTS)
and alkaline phosphatise (ALP) assays. MTS was carried out at 24, 48, 72, 96 and 120 hours while ALP assay
was done on day 1, 3, 7, 10 and 14. Results: MC3T3-E1 cells showed steadier proliferation and differentiation
compared to hFOB. Both cell lines expressed responses in dose-dependent manner. The concentration of 10ng
for IL-6 and IL-17A in the case of MC3T3-E1 cell line was found to be the most suitable for further studies.

Conclusion: IL-6 and IL-17A enhance proliferation and ALP activity of both MC3T3-E1 and hFOB cell lines.
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INTRODUCTION

Osteoblasts influence the initiation and mineralization
of bone at early stage of development followed by
bone remodelling. Osteoblasts also regulate osteoclast
differentiation and resorption.' It typically modulates
the activities or mechanisms involved via cytokine
secretion.? Aberration in the mechanism involves
may disrupt intercellular communication between
cells, leading to many bone related diseases such
as rheumatoid arthritis, osteoporosis, osteopetrosis
and Paget’s disease.? Thus a controlled and balanced
regulation of osteoblast formation and identification
of its specified role in osteogenesis may help as basis
strategies in preventing such conditions. Identifying
the enhancing precursor such as appropriate signalling
messenger towards the osteoblast formation is also
essential to overcome bone disruption.*
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Cytokines play a vital role in the interaction
between cells, where they stimulate the activities of
different tissues and cell types. They act as chemical
communicators between cells by producing signals as
messengers for cells to trigger appropriate response.®
Cytokines are also capable of modulating immune
response where they act as pro-inflammatory or anti-
inflammatory agent.® Lately, cytokines have been
identified as the key mediator in the proliferation and
differentiation of osteoblast precursors.” Interestingly,
the same cytokines which play a vital role in bone
formation might also be involved in bone resorption
under certain circumstances.? Studies indicated that
increased levels of selected cytokines may lead to the
activation of bone resorption.® In some cases, although
cytokines enhance bone cell proliferation, they exhibit
negative effects on mature osteoblast function.

IL-6 is one of the dynamic potent activator cytokine
which has received a great deal of focus in the field
of cell signalling and immunogenic pathways.' This
multifunctional cytokine is secreted by T-cells and
macrophages. Besides their distinct role in gene
activation, IL-6 regulates the proliferation and
differentiation of cells and tissues.™ Hence, various
studies have proven that IL-6 has the tendency to act
as either enhancer or inhibitor influencing osteoblast
activity depending on the condition. Under certain
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circumstances, it is involved in RANK signalling
pathways to stimulate osteoblast proliferation and
differentiation.’? According to Shaama," IL-6 triggers
osteoclastogenesis in the presence of other precursors.
It is also proven that the IL-6 is secreted by osteoblasts
when stimulated by other cytokines that initiates
osteoclast formation. Therefore, IL-6 is capable of
indirectly functioning as a potent osteoclast stimulator
and the activity of IL-6 may depend on the influence of
various parameters and the materials applied.’

IL-17 is a cytokine distinguished by its key role in
tissue inflammation and immunologic reaction.™
Unlike other cytokines, it is produced by memory T-cells
and is a well known pro-inflammatory cytokine.™ IL-17
receptors are present in osteoblasts and the cytokines
plays a crucial role in bone metabolism.' Studies have
also indicated that IL-17 is a bone acting cytokine."
Although IL-17 is predicted to be more favourable for
bone disruption, it has also been proven as a protective
precursor in bone loss. IL-17 may therefore be
potentially useful in overcoming bone complication.
IL-17 could act as a retroactive mechanism which could
modify bone resorption into bone formation phase.™
Therefore, additional studies on the modulatory
properties of IL-6 and IL-17 are needed to understand
bone metabolism and osteoblasts formation.

The aim of this study was to gauge the effects of
the two cytokines, IL-6 and IL-17A on osteoblast
proliferation and differentiation using the murine
osteoblast cell lines (MC3T3-E1) and human foetal
osteoblast (hFOB 1.19).

MATERIALS AND METHODS

Cell culture preparation

Murine osteoblast (MC3T3-E1) and human foetal
osteoblast (hFOB1.19) cell lines were cultured under
sterile conditions in a controlled 37°C temperature and
5% CO, humidified atmosphere. The MC3T3-E1 and hFOB
were cultured in Dulbeccos Modified Eagles Medium
(DMEM) (GIBCO, UK) and Alpha minimum essential
medium (a-MEM) (Nacalai Tesque, Japan) respectively.
These cultures were supplemented with 10% heat-
inactivated foetal bovine serum (GIBCO, UK) and 1%
penicillin/streptomycin antibiotics. The medium was
changed every 3 days. After harvesting and washing,
the cells were exposed to different concentrations (5,
10, 25 and 50 ng/ml) of cytokines, rIL-6 and rIL-17A.

Cell counting

Upon confluence, the cells were detached using Tryp-
sin trypLE express (GIBCO, Denmark). Cell number
and cell viability were determined by Trypan blue
assay. The cells were stained with 0.4% Trypan blue
solution (Sigma-Aldrich, UK) and then transferred to a
disposable Countess™ cell counting chamber slide
and counted by Countess® Automated Cell Counter
(Invitrogen Corp, USA).

Cell proliferation assay
Proliferation of viable cells was estimated by [3-(4,5-di-
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methylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium] MTS assay (Promega,
CellTiter 96® aqueous non-radioactive cell prolifera-
tion assay). Approximately 5000 cells were seeded
into each well in 100ul culture media. Then, various
concentrations of rlL-6 and rIL-17A (5, 10, 25 and 50
ng/ml) were added into each well respectively. The
samples were prepared in quadruplicates along with
a control group consisting of growth media alone. The
cells were incubated for 24, 48, 72, 96 and 120 hours
respectively. During the selective incubation period,
MTS (Promega, USA) was added to each well. After 4
hours of incubation in 5% CO, incubator, the absorbance
of each solution was measured at the wavelength of
490 nm by ELISA plate reader (SunRise, Tecan, Austria).
Proliferation Index was calculated by dividing the OD
value of each sample by the OD value of the control
and multiplying the result with 100.

Alkaline phosphatase assay

Activity of cells was measured by alkaline
phosphatase (ALP) activity assay by quantifying the
releaseof p-nitrophenol.Precisely, 100plof culturemedia
was transferred into a 96-well plate (in quadruplicates)
and 5000 cells were seeded into each well and
incubated at 37°C in 5% CO,. The cells were
incubated for 14 days. The analysis of ALP assay was
performed atday 1, 3, 7, 10 and 14. During the selected
incubation periods, the samples were washed with
PBS and Triton X-100 (0.5%; Sigma) was added to each
well to lyse the cells. Following two freeze-thaw
cycles at 80°C at 15 minutes interval to homogenize the
cells, 15ul of ALP substrate solution (Randox, UK) was
added into each well and incubated for 1 hour in 5% CO,
incubator. Finally, 1M NaOH stop solution was added to
stop the reaction and the absorbance of each solution
was measured at 405 nm by ELISA plate reader.

Statistical analysis

The various concentrations of IL-6 and IL-17A tested
on both MC3T3-E1 and hFOB were analysed using One-
way ANOVA with post hoc Bonferroni procedures were
used for multiple comparisons by IBM SPSS software
version 20.0. All statistical analyses were performed
at the significance level of p< 0.05. The assumptions
of normality, homogeneity of variances and compound
symmetry were checked and fulfilled.

RESULTS

Analysis of cell proliferation

The analysis of cell proliferation in both MC3T3-E1 and
hFOB treated with various concentrations (5, 10, 25
and 50 ng/ml) of IL-6 and IL-17A respectively after 24,
48, 72, 96 and 120 hours incubation is shown in Figure
1 (a-d). The percentage of cell proliferation showed
less difference among the studied concentrations
of IL-6 and L-17A. Interestingly, all treated groups
showed a higher percentage of cell viability (>100%)
compared to the control group, indicating that there
was no cytotoxicity effect by cytokines. Both cytokines
promoted the cell proliferation in a dose dependent



manner when compared to the control group.
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Figure 1. Effects of various concentrations of IL-6 and IL-17A on MC3T3-E1 and hFOB cell line for a period of
5 days. (a) Proliferation assay of IL-6 on MC3T3-E1 cell line. (b) Proliferation assay of IL-17A on MC3T3-E1 cell
line. (c) Proliferation assay of IL-6 on hFOB cell line. (d) Proliferation assay of IL-17A on hFOB cell line. Cells
with media alone were used as a control. The data presented as mean + S.D. of quadruplicate cultures. *p <0.05
indicates significant difference from the control and #p <0.05 indicates significant difference within the treated
groups.

Analysis of alkaline phosphatase activity

The effect of ALP activity due to IL-6 and IL-17A on the MC3T3-E1 and hFOB cell lines was observed. The cells
were treated with various concentrations (5, 10, 25 and 50 ng/ml) of IL-6 and IL-17A respectively. ALP activity
was observed on day 1, 3, 7, 10 and 14 as shown in Figure 2 (a-d). The ALP assay showed that the cells treated
with cytokines secreted higher level of ALP compared to control group. The level of ALP activity was increased
in dose dependent manner in both the groups. Day 14 showed higher ALP activity than day 1, 3, 7 and 10.
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Figure 2. Effects of IL-6 and IL-17A on MC3T3-E1 and hFOB cell line for 14 days period. (a) ALP assay of IL-6 on
MC3T3-E1 cell line. (b) ALP assay of IL-17A on MC3T3-E1 cell line. (c) ALP assay of IL-6 on hFOB cell line. (d) ALP
assay of IL-17A on hFOB cell line. ALP activity was measured during the early proliferation period day 1, 3, 7
and during osteoblastic differentiation period day 10, 14. Cells with media alone were used as control. The data
presented as mean = S.D. of quadruplicate cultures. *p <0.05 indicates significant difference from the control
and #p <0.05 indicates significant difference within the treated groups.

DISCUSSION

The role of IL-6 and IL-17A in regulating osteoblast
cell proliferation and differentiation has not been well
understood in the past. Our study demonstrated the
effects of various concentrations of IL-6 and IL-17A
cytokines on proliferation (MTS assay) and osteoblast
differentiation (ALP assay). Both cytokines enhanced
the proliferation and differentiation and is expected
to be involved in mineralization of osteoblast.

Using MTS assay we showed that MC3T3-E1 and hFOB
proliferated at a significantly higher level in the
presence of IL-6 and IL-17A cytokines. The highest
treated concentration of 50 ng/ml showed a high
viability percentage compared with other treated
groups. This study indicated that treatments with IL-6
or IL-17A were not cytotoxic to cells either at low or
high concentrations. Therefore, all the concentrations
50 ng/ml, 25 ng/ml, 10 ng/ml and 5 ng/ml of cytokines
tested in this study do not exhibit any cytotoxic effect
on both the cell lines.

Alkaline phosphatase (ALP) is a multifunctional
enzyme that hydrolyzes phosphate substrate to
enhance calcium formation which forms the bone
mineral.® It is often used as an important mark-
er for osteoblast activity which is released during
bone formation. During osteogenic differentiation,
ALP is involved in the differentiation pathway by
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expressing matrix-associated proteins which is
released during bone mineralization.?' In this study,
high levels of ALP were released by both cytokine
treated MC3T3-E1 and hFOB cell lines compared to
untreated control suggesting that these cytokines were
effective regulators for bone formation (Figure 2).

IL-6 is a pro-inflammatory and anti-inflammatory
cytokine produced by T cells and macrophages. It
regulates inflammation, immune responses and bone
homeostasis.?? It is believed to influence both
osteoblast and osteoclast differentiation based on
many findings via RANK signalling pathway'2. In this
study, it was found that IL-6 promoted differentiation
of both the cell lines. Conversely, IL-17A also plays
a major role in bone remodelling and unlike IL-6, it
is more favourable towards osteoclastogenesis in in
vivo studies.?® This study proved that IL-17 is involved
in the proliferation and differentiation of osteoblast
cells in vitro under controlled condition. Both IL-6
and IL-17A cytokines is cell compatible and stimulates
osteoblast differentiation and mineralization. The
level of ALP activity was increased in a dose dependent
manner for both groups, indicating that these
cytokines presented osteogenic properties and
promoted mineralization of tissue formation. hFOB
treated plates, at day 10 and 14 showed higher ALP
activity than day 1, 3 and 7. This could indicate a



pattern resembling the bone mineralization activity,
where ALP secretion gradually increases in the treated
groups.? Interestingly, day 14 expressed a relatively
higher ALP activity than others. The peak in ALP
activity generally denotes the initiation stage of bone
mineralization. In this case, such rapid increased
pattern in ALP activity was recorded on day 14 which
supports osteogenic induction and evidently the
mineralization on the samples.? In contrast, treated
MC3T3-E1 group showed a gradual increase from day 1
to day 14, as day 14 recorded the optimal ALP activity
validating mineralization initiation. High proliferation
was expressed by all the concentrations of cytokines
compared to untreated groups overall in this study.
Hence, for MC3T3-E1 10 ng/ml for IL-6 and IL-17A is
found suitable for further studies as no significant
difference was observed among 10 ng/ml, 25 ng/ml
and 50 ng/ml concentrations tested.

CONCLUSIONS

The efficacy of IL-6 and IL-17A cytokines to
trigger response towards osteoblast proliferation,
differentiation and indirect involvement in
mineralization can be interpreted from the findings.
It is apparent that these cytokines do not cause any
cytotoxicity to the MC3T3-E1 and hFOB cells. The
differences in various concentration levels and their
activity towards the proliferation and differentiation
have less effect overall in this study. However,
application of cytokines as growth inducer in bone
formation is highly promising and has the tendency to
enhance osseointegration. Thus, there are possibilities
for these cytokines to be an excellent regulator for
orthopaedic and dental applications in cell adhesion
and bone growth. Further studies on its effects in
merging or incorporating biomaterial into bone, is
necessary to firmly establish the utilization of cytokines
to achieve more functions for bone studies.
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