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Abstract. Osteoimmunology is a field that focuses on the
interactions between the skeletal and immune systems, and
has become a focus of research over the years. The role of
interleukin (IL)‑17F, a proinflammatory cytokine, in bone
regeneration and its signal transduction are not completely
understood. The aim of the present study was to evaluate the
function of IL‑17F and the possible mechanisms underlying
IL‑17F in osteoblasts in vitro. Osteoblasts derived from
newborn rats were treated with various concentrations of
IL‑17F. The pro‑osteogenic effects of IL‑17F were assessed at
the cellular and molecular level. The results demonstrated that
IL‑17F promoted osteoblast proliferation, differentiation and
mineralization. Reverse transcription‑quantitative PCR and
western blotting indicated that IL‑17F treatment upregulated
osteogenesis‑related factors, including bone morphogenetic
protein‑2, Runt‑related transcription factor‑2 (Runx2) and
Osterix, and downregulated Noggin compared with the
control group. Subsequently, whether the IL‑17F receptors,
IL‑17 receptor (IL‑17R) A and IL‑17RC, served a role in the
effects of IL‑17F on osteoblasts was investigated. The mRNA
expression levels of IL‑17RA and IL‑17RC were upregulated
in IL‑17F‑treated osteoblasts compared with control osteo‑
blasts. Furthermore, U0126, a MAPK/ERK1/2 inhibitor, was
utilized to investigate the mechanisms underlying IL‑17F. The
results indicated that compared with the control group, IL‑17F
increased the protein expression of phosphorylated‑ERK1/2,
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Runx2 and Osterix, whereas U0126 reversed IL‑17F‑mediated
effects. Collectively, the results of the present study
suggested that IL‑17F promoted osteoblastic osteogenesis
via the MAPK/ERK1/2‑mediated signaling pathway. IL‑17F
promoted osteogenesis, including proliferation, differentiation
and mineralization activity, indicating that IL‑17F may serve
as a potential therapeutic target for osteoblast‑mediated bone
loss disease.
Introduction
Osteoimmunology, a field that focuses on the interaction between
the skeletal and immune systems, proposes that an imbalance
between pro‑ and anti‑inflammatory cytokines may serve as
the mechanism underlying osteogenesis (1). A wide repertoire
of cytokines secreted by T cells, some pre‑osteogenic and
some antiosteogenic, are closely associated with bone metabo‑
lism (1). Interleukin (IL)‑17 is a family of cytokines released
by CD4+ T cells (2). Numerous studies have demonstrated the
role of IL‑17 in bone diseases, including spondyloarthropa‑
thies, rheumatoid arthritis and ankylosing spondylitis (3‑5).
IL‑17 has also been reported to promote osteoblast differen‑
tiation, bone regeneration and remodeling in mice (6). The
IL‑17 family comprises six members, from IL‑17A to IL‑17F.
IL‑17A and IL‑17F are dominant proinflammatory cytokines,
exhibiting the highest degree of sequence homology (7,8).
IL‑17A enhances bone regeneration and induces the osteogenic
differentiation of human mesenchymal stem cells (9,10). IL‑17F
family members have been identiﬁed as important regulators of
bone regeneration during the early phase of fracture repair (11).
IL‑17F treatment promotes MC3T3‑E1 cell differentiation and
maturation (12,13), and increases the expression of osteoblast
bone markers (11). Therefore, the aforementioned studies
suggested a novel association between T‑cells and osteoblast
biology, highlighting IL‑17F as a key element. In the present
study, osteoblasts derived from newborn rats were employed to
examine the potential role of IL‑17F in osteoblastic osteogen‑
esis, including proliferation, differentiation and mineralization
activity in vitro.
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The activation of bone morphogenetic protein‑2 (BMP‑2)
signaling is a critical regulator of osteogenesis (14). BMP‑2
is one of the most potent cytokines that promotes mesen‑
chymal cell differentiation into osteoblasts in vitro and
induces bone formation in vivo (15,16). Noggin, an extracel‑
lular BMP antagonist, limits BMP‑2 action and is induced
by BMP‑2 (17). The imbalance between BMP‑2 and Noggin
can cause abnormal bone metabolism (18). Runt‑related tran‑
scription factor‑2 (Runx2) and Osterix, essential transcription
factors for osteogenesis, are BMP‑2‑regulated targets (19). It
was hypothesized that IL‑17F influences the aforementioned
factors, thus affecting osteogenesis. Therefore, in the present
study, the expression levels of BMP‑2, Runx2, Osterix and
Noggin were detected following IL‑17F treatment.
IL‑17 receptor (IL‑17R) is expressed in almost every cell
type, acting on diverse tissues throughout the body (20). IL‑17R
consists of five subunits, from IL‑17RA to IL‑17RE (21,22).
IL‑17A and IL‑17F exist as homodimers or heterodimers to bind
IL‑17RA and IL‑17RC receptor complexes, activating down‑
stream IL‑17 receptor intracellular signaling (20). IL‑17F signal
transduction has been observed in non‑osteoblasts, such as
immune cells, epithelial cell, astrocytes and fibroblasts (20,23).
The ligand‑receptor interaction mediates tumor necrosis factor
receptor‑associated factor 6 ubiquitination, resulting in the
phosphorylation of downstream kinases, including ERK1/2,
which is a member of the MAPK family, ultimately inducing
IL‑17F target gene expression (24). MAPK/ERK1/2 serves
a crucial role in numerous cellular responses, including cell
proliferation, differentiation and survival (25,26). The present
study aimed to determine whether IL‑17F affected osteoblast
osteogenesis via the MAPK/ERK1/2 signaling pathway and to
determine which type of IL‑17R was involved in the process.
Materials and methods
Osteoblast isolation, culture and identification. All animal
experimental protocols were approved by the Medical Ethics
Committee of Jinan Central Hospital Affiliated to Shandong
University, Shandong, China (approval no. GG2016‑006‑02).
Calvarias were obtained from 8 Wistar rats (age, <24 h; weight,
5‑8 g; 4 male and 4 female) procured from the Laboratory
Animal Center of Shandong University, Shandong, China
following sacrifice by cervical dislocation. Osteoblasts were
isolated using trypsin (Jinan Fowler Biotechnology Co., Ltd.),
type II collagenase (Suzhou BioTOP Technical Service Co.,
Ltd.) and the improved tissue‑culture method (27). Osteoblasts
were incubated in 5% CO2 at 37˚C with 100% relative humidity.
Osteoblasts were purified by the differential adhesion
method (28). Cell morphology and proliferation were assessed
using an inverted phase contrast microscope. Osteoblasts were
identified by alkaline phosphatase (ALP) staining using a
cALP stain kit (Nanjing Jiancheng Bioengineering Institute),
according to the manufacturer's protocol. Briefly, cells were
fixed for 3 min at 25˚C and rinsed with distilled water.
Following this, matrix liquid (provided in the cALP stain kit)
was added and cells were kept in the dark at 37˚C for 15 min.
Cells were then stained with staining reagent for 5 min at 25 ˚C,
rinsed with distilled water for 30 sec at 25˚C, re‑stained 30 sec
at 25˚C and rinsed with distilled water for 30 sec at 25˚C,
in accordance with kit instructions. Images were captured

at a magnification of x200 under a light microscope. After
staining, 100 osteoblasts and all ALP‑positive‑osteoblasts
was counted. The ALP‑positive rate was then calculated by
assessing ALP‑positive‑osteoblasts/100 osteoblasts. Purified
osteoblasts (4th generation) were used for subsequent experi‑
ments.
Prior to IL‑17F treatment, osteoblasts were seeded
into a 96‑well plate at 4x10 4/well for the MTT analysis
and ALP activity assay, or into a 6‑well plate at 2x105/
well for RT‑qPCR and western blotting at 37˚C for 24 h.
Subsequently, cells were serum starved at 37˚C for 24 h in
serum‑free DMEM (Jinan Fowler Biotechnology Co., Ltd.)
for synchronization. Osteoblasts were randomly divided
into the control and treatment groups. Groups were treated
with 0, 1, 10, 20, 50 or 100 ng/ml of IL‑17F (R&D Systems,
Inc.) in low glucose (1 g/l) DMEM supplemented with 10%
FBS (Jinan Fowler Biotechnology Co., Ltd.). MTT analysis.
Osteoblasts (4x104/well) in a 96‑well plate were incubated with
0, 1, 10, 20, 50 or 100 ng/ml IL‑17F at 37˚C for 1, 3 or 5 days.
Subsequently, 120 µl MTT working fluid was added to each
well at 37˚C for 4 h. DMSO was added to dissolve the purple
formazan. The optical density (OD) of each well was measured
at a wavelength of 570 nm using a microplate reader and was
calculated as follows: OD=(ODtreated‑ODzero)/(ODcontrol‑ODzero).
ALP activity assay. Osteoblasts (4x104/well) in a 96‑well plate
were treated with 0, 20, 50 or 100 ng/ml IL‑17F at 37˚C for
1, 3 or 5 days. Subsequently, the cell supernatant was centrifu‑
gated at 1,600 x g for 10 min at 25˚C and ALP activity was
detected using an ALP activity assay kit (Nanjing Jiancheng
Bioengineering Institute), according to the manufacturer's
protocol. The OD at a wavelength of 520 nm was determined
utilizing a microplate reader and ALP activity was calculated as
follows: ALP activity=(ODtest‑ODcontrol)/(ODstandard value‑ODcontrol)
x0.02 mg/ml x100 ml.
Alizarin red staining. Osteoblasts (5x105/ml) were inoculated
at 37˚C for 24 h in culture dishes prior to treatment with
0 or 100 ng/ml IL‑17F. The medium was changed every 3 days.
After 10 days, mineralized nodules were detected. Osteoblasts
were rinsed twice with cold PBS buffer, fixed with 95%
ethanol at 25˚C for 10 min and incubated with 0.1% Alizarin
Red dye (Beyotime Biotechnology) at 37˚C for 30 min at
pH 4.3. Subsequently, stained cells were observed under light
microscope and a magnification of x100. Untreated cells were
used as controls.
Reverse transcription‑quantitative PCR (RT‑qPCR).
Osteoblasts (2x105/well) in a 6‑well plate were treated with
0, 1, 10, 20, 50 or 100 ng/ml IL‑17F for 1, 3 or 5 days at 37˚C.
Osteoblast RNA was extracted using the TRIzol® Plus kit (Jinan
Fowler Biotechnology Co., Ltd.), according to the manufactur‑
er's protocol. Total RNA was reverse transcripted into cDNA
using the cDNA Synthesis kit (Jinan Fowler Biotechnology
Co., Ltd.) for 15 min at 37˚C and 5 min at 98˚C. Following
this, the transcription levels were determined using a RT‑PCR
with SYBR‑Green PCR kit (Jinan Fowler Biotechnology Co.,
Ltd.) according to the manufacturer's protocol utilizing the
LightCycler 2.0 Real‑Time PCR system (Roche Molecular
Systems, Inc.). The thermocycling conditions were as
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Table I. Primers used for reverse transcription‑quantitative PCR.
Gene
IL‑17A
IL‑17C
BMP‑2
Noggin
Runx2
Osterix
β‑actin

Sequence (5'‑3')
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:

TCATAAGCGGTGGCGGTTCTC
AGTCATCTTCATCTCCGTGTCCTC
CCTAGTGTTGCCTCCACGAGAG
TCCCAGGTCATCATCATTCCACAG
GATGTCACCCCGGCTGTGATGCG
GGGATGTCCTTTACCGTCGTGGCC
TCGCCCTGGTGGTGGTCCTGG
GCAGCGAGCGCAGCAGCGTCT
CATGGCCGGGAATGATGAG
TGTGAAGACCGTTATGGTCAAAGTG
GGATGGCGTCCTCTCTGCTT
TGTATGGCTTCTTTGTGCCTCCT
GTGGGCCGCTCTAGGCACCA
CGGTTGGCCTTAGGGTTCAGGGGG

IL, interleukin; BMP‑2, bone morphogenetic protein‑2; Runx2,
Runt‑related transcription factor‑2; F, forward; R, reverse.

follows: 95˚C for 30 sec; followed by 40 cycles of 95˚C for
15 sec, 60˚C for 10 sec and 72˚C for 30 sec. The expression
levels of the following genes were measured via qPCR:
IL‑17RA, IL‑17RC, BMP‑2, Noggin, Runx2 and Osterix. The
sequences of the primers used for qPCR are listed in Table I.
Arithmetic formulae (2‑∆∆Cq method) was used to determine
relative changes in gene expression over the internal control,
β‑actin (29).
Wester n blot t ing. Osteoblasts were t reated wit h
0, 1, 10, 20, 50 or 100 ng/ml IL‑17F for 3 days at 37˚C.
Osteoblasts were rinsed with ice‑cold PBS, collected, lysed
with lysis buffer (Beyotime Institute of Biotechnology) and
centrifuged at 16,000 x g for 15 min at 4˚C. Total protein
was quantified using a BCA kit (Beyotime Institute of
Biotechnology) according to the manufacturer's protocol.
Protein (20 µg) from each sample were then separated on 10%
SDS‑PAGE gel and transferred to a PVDF membrane. The
membrane was blocked with 5% BSA in Tris‑buffered saline
containing 0.1% Tween‑20 for 90 min at 37˚C. Following
blocking, the membranes were incubated with primary anti‑
bodies targeted against: IL‑17RA (cat. no. ab180904; 1:1,000;
Abcam), ERK1/2 (cat. no. ab17942; 1:1,000; Abcam), phosphor‑
ylated (p)‑ERK1/2 (cat. no. ab17942; 1:1,000; Abcam), BMP‑2
(cat. no. ab14933; 1:1,000; Abcam), Runx2(cat. no. ab23981;
1:500; Abcam), Osterix (cat. no. ab22552; 1:500; Abcam)
and Noggin (cat. no. ab16054; 1:1,000; Abcam) overnight
at 4˚C. Subsequently, the membranes were incubated with
appropriate IRDye 800CW‑conjugated secondary antibodies
(cat. no. ab253031; 1:4,000; Abcam) for 2 h at 37˚C. Protein
bands were visualized using an ECL kit (Gibco; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Antibody‑specific binding intensity was detected using an
Odyssey luminescence apparatus (LI‑COR Biosciences). The
obtained bands were quantified using Quantity One software

3

(version 25.0; Bio‑Rad Laboratories, Inc.) and ratios of the
protein of interest and β‑actin were calculated to determine
changes in protein levels.
Osteoblasts were cultured for 3 days at 37˚C with the
following treatments: i) No treatment; ii) 100 ng/ml IL‑17F
treatment; or iii) 100 ng/ml IL‑17F + 10 µM U0126 (Beyotime
Institute of Biotechnology) treatment (specific MAPK/ERK1/2
inhibitor). Subsequently, phosphorylated (p)‑ERK1/2, Runx2
and Osterix protein expression levels were assessed via
western blotting, according to the aforementioned protocol.
Statistical analysis. Experiments were performed in trip‑
licate. Statistical analyses were conducted using SPSS
software (version 19.0; IBM Corp.). Data are presented as
the mean ± standard deviation. Comparisons among multiple
groups were analyzed using two‑way (Figs. 2, 3 and 4A‑D)
or one‑way (Figs. 4F and 5) ANOVA followed by Tukey's
(equal variance assumed) or Dunnett's T3 (equal variance not
assumed) post hoc tests. P<0.05 was considered to indicate a
statistically significant difference.
Results
Calvarial osteoblast cell isolation, culture and identification.
The characteristics and proliferation of the adherent cells was
in accordance with the features of osteoblasts (Fig. 1). The
ALP staining results demonstrated that the positive cells,
which were osteoblasts, exhibited numerous black dye precipi‑
tates. ALP staining was not quantified. The ALP‑positive rate
of osteoblasts derived from the trypsin and type II collagenase
method and the improved tissue‑culture method was >95%.
IL‑17F promotes osteoblast proliferation. To assess the
direct effects of IL‑17F on osteoblast proliferation, rat osteo‑
blasts were treated with various concentrations of IL‑17F
(1, 10, 20, 50 or 100 ng/ml) for 1, 3 or 5 days (Fig. 2A). The
MTT assay results demonstrated that osteoblast proliferation
was increased by 20, 50 and 100 ng/ml IL‑17F in a dose‑ and
time‑dependent manner compared with the control group.
Furthermore, the maximal positive effect of IL‑17F on cell
proliferation was observed with a concentration of 100 ng/ml
on day 5. By contrast, treatment with 1 and 10 ng/ml IL‑17F
had no significant effect on osteoblast proliferation compared
with the control group.
IL‑17F promotes osteoblast ALP activity. ALP activity is a
key marker in the early stage of osteoblast differentiation (30).
To investigate whether IL‑17F promoted osteoblast ALP
activity, cells were treated with 20, 50 or 100 ng/ml IL‑17F for
1, 3 or 5 days (Fig. 2B). ALP activity was only significantly
increased in the 100 ng/ml IL‑17F group compared with the
control group at each time point. However, treatment with
20 and 50 ng/ml IL‑17F had no significant effect on ALP
activity compared with the control group.
IL‑17F promotes osteoblast mineralization activity. The
effects of IL‑17F on mineralization activity were examined
by measuring mineral nodule formation. The results demon‑
strated that the number of mineralized nodules was markedly
increased following treatment with 100 ng/ml IL‑17F compared

4

ZHANG et al: IL-17F PROMOTES OSTEOGENESIS VIA THE MAPK/ERK1/2 SIGNALING PATHWAY

Figure 1. Calvaria‑derived rat osteoblast culture and identification. (A) Primary osteoblasts were derived via the trypsin and type II collagenase method, and (B) the
improved tissue‑culture method. (C) Following alkaline phosphatase staining, black precipitations were observed in the cytoplasm and endonuclei of osteoblasts.

with the control group, as evidenced by orange patches/blocks
(Fig. 2C and D).
IL‑17F treatment increases IL‑17RA and IL‑17RC mRNA
expression levels. To determine whether IL‑17F receptors
participated in IL‑17F‑mediated promotion of osteogenesis,
the mRNA expression levels of IL‑17RA and IL‑17RC were
determined via RT‑qPCR (Fig. 3). At each time point, IL‑17RA
mRNA expression levels were significantly increased in
the 20, 50 and 100 ng/ml IL‑17F groups compared with
the control group. However, IL‑17RC mRNA expression
levels were only significantly increased in the 100 ng/ml
IL‑17F group compared with the control group. Therefore,
the results suggested that IL‑17RA was associated with
the IL‑17F‑mediated promotion of osteogenesis with low
concentrations of IL‑17F (20 and 50 ng/ml); however, at a
high concentration (100 ng/ml), IL‑17F interacted with both
IL‑17RA and IL‑17RC.
IL‑17F upregulates BMP‑2/Runx2/Osterix mRNA expres‑
sion and downregulates Noggin mRNA expression. The
mRNA expression levels of BMP‑2, Runx2, Osterix and
Noggin were examined to determine the effects of IL‑17F
on osteoblasts. Because osteoblast proliferation and differ‑
entiation demonstrated no significant increase or decrease in
1 and 10 ng/ml IL‑17F groups, Runx 2 and Osterix mRNA
expression levels were not detected in these two groups. IL‑17F
(20, 50 and 100 ng/ml) significantly increased BMP‑2 mRNA
expression levels on days 1, 3 and 5 compared with the control
group, particularly in the 100 ng/ml IL‑17F group (Fig. 4A).
As an antagonist to BMP‑2, Noggin mRNA expression levels
displayed an opposite trend to BMP‑2 in response to IL‑17F
treatment (Fig. 4D). The results indicated that compared with
the control group, the mRNA expression levels of Runx2 and
Osterix were significantly increased in a dose‑dependent
manner in the 20, 50 and 100 ng/ml IL‑17F groups, with peak
expression levels observed on day 3 (Fig. 4B and C).
IL‑17F promotes BMP‑2/Runx2/Osterix protein expression
and downregulates Noggin protein expression. To further
determine the effects of IL‑17F on BMP‑2, Runx2, Osterix
and Noggin, western blotting analysis was conducted on
day 3 to measure protein expression levels (Fig. 4E and F).

Following treatment with 50 or 100 ng/ml IL‑17F, the protein
expression levels of BMP‑2, Runx2 and Osterix were signifi‑
cantly increased, whereas Noggin expression levels were
significantly decreased compared with the control group.
IL‑17F‑induced alterations in protein expression were consis‑
tent with IL‑17F‑induced alterations in mRNA expression.
By contrast, treatment with 1, 10 or 20 ng/ml IL‑17F had
no significant effect on BMP‑2, Runx2, Osterix and Noggin
protein expression levels compared with the control group.
IL‑17F‑induced p‑ERK1/2, Runx2 and Osterix protein
expression is inhibited by U0126. To further verify whether
p‑ERK1/2 served a role in IL‑17F‑mediated osteoblasto‑
genesis, a specific MAPK/ERK1/2 inhibitor (U0126) was
used (Fig. 5). Following treatment with 100 ng/ml IL‑17F
for 3 days, p‑ERK, p‑ERK1/2, Runx2 and Osterix expres‑
sion levels were significantly increased compared with the
control group. Co‑treatment with U0126 significantly reversed
IL‑17F‑induced protein expression. However, no significant
differences were observed in the expression of p‑ERK, Runx2
and Osterix between the control group and IL‑17F+U0126
groups.
Discussion
The IL‑17F cytokine was reported for the first time in 2001
and is expressed in Th17, natural killer, monocytes and
T‑cells (31,32). IL‑17F is involved in numerous inflamma‑
tory and autoimmune settings, such as rheumatoid arthritis,
asthma, psoriasis, systemic lupus erythematosus and
cancer (33‑37). IL‑17F has attracted increasing attention in
bone disease research (38). The results of the present study
suggested that IL‑17F exerted a pro‑osteogenic effect on
calvaria‑derived rat osteoblasts. Compared with the control
group, osteoblast proliferation was significantly increased
in a dose‑ and time‑dependent manner following treatment
with 20, 50 or 100 ng/ml IL‑17F. Treatment with 100 ng/ml
IL‑17F significantly promoted osteoblast ALP activity and
mineralized nodule expression compared with the control
group, which represented the capacity of differentiation and
mineralization.
BMP‑2 is one the most widely studied BMPs with the
most potent bone inductive activity and has been reported
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Figure 2. IL‑17F promotes rat osteoblast proliferation, differentiation and mineralization activity. (A) IL‑17F promotes osteoblast proliferation in a dose‑ and
time‑dependent manner. (B) IL‑17F (100 ng/ml) promoted osteoblast ALP activity, reaching a maximal effect at day 3. (C) Few mineral nodules were observed
in the control group, (D) whereas numerous mineral nodules were observed in the IL‑17F (100 ng/ml) group. Mineralized nodules are indicated by black
arrows. *P<0.05 vs. control; #P<0.05 vs. 20 ng/ml IL‑17F; ∆ P<0.05 vs. 50 ng/ml IL‑17F. IL‑17F, interleukin‑17F; ALP, alkaline phosphatase.

Figure 3. IL‑17F increases IL‑17RA and IL‑17RC mRNA expression levels in rat osteoblasts. (A) IL‑17RA and (B) IL‑17RC expression levels in
20, 50 and 100 ng/ml IL‑17F‑treated osteoblasts. *P<0.05 vs. control; #P<0.05 vs. 20 ng/ml IL‑17F; ∆ P<0.05 vs. 50 ng/ml IL‑17F. IL‑17F, interleukin‑17F;
IL‑17R, interleukin‑17 receptor.

to induce osteogenic differentiation in vitro (39,40) and
bone formation in vivo (41). The BMP‑2 signaling pathway
is a vital positive modulator of bone homeostasis (42,43).
BMP‑2 binding to its receptors regulates target genes, such
as Runx2 and Osterix (44). In the present study, compared
with the control group, BMP‑2, Runx2 and Osterix mRNA
expression levels were increased by IL‑17F treatment in rat
osteoblasts, with expression levels peaking at a concentra‑
tion of 100 ng/ml on day 3, which was consistent with ALP
activity. The promoting effect of IL‑17F was also observed
at the protein level. Therefore, the results indicated that
promoting effects of IL‑17F on osteoblasts occurred via
stimulation of BMP‑2, Runx2 and Osterix signaling pathway
expression.

Noggin, an extracellular BMP antagonist, specifically
blocks BMP/BMP receptor interaction, inhibits the phos‑
phorylation of downstream targets and suppresses the activity
of osteoblasts (45,46). Yunan et al (47) demonstrated that
there may be a negative feedback regulation of Noggin in the
BMP signaling pathway in vitro. In the present study, IL‑17F
treatment upregulated BMP‑2 expression and downregulated
Noggin expression in osteoblasts compared with the control
group.
In the current study, IL‑17RA and IL‑17RC served differ‑
ential roles relative to low and high concentrations of IL‑17F.
Following treatment with 20 or 50 ng/ml IL‑17F, IL‑17RA
was increased compared with the control group. However,
when osteoblasts were treated with 100 ng/ml IL‑17F, both

6

ZHANG et al: IL-17F PROMOTES OSTEOGENESIS VIA THE MAPK/ERK1/2 SIGNALING PATHWAY

Figure 4. IL‑17F upregulates BMP‑2, Runx2 and Osterix expression levels and downregulates Noggin expression levels. (A) BMP‑2, (B) Runx2, (C) Osterix
and (D) Noggin mRNA expression levels in IL‑17F‑treated osteoblasts. Protein expression levels of IL‑17RA, BMP‑2, Runx2, Osterix and Noggin were deter‑
mined by (E) western blotting and (F) semi‑quantified. *P<0.05 vs. control; #P<0.05 vs. 20 ng/ml IL‑17F; ∆ P<0.05 vs. 50 ng/ml IL‑17F. IL‑17, interleukin‑17;
BMP‑2, bone morphogenetic protein‑2; Runx2, Runt‑related transcription factor‑2; IL‑17R, interleukin‑17 receptor.

Figure 5. IL‑17F increases p‑ERK1/2, Runx2 and Osterix expression levels, but U0126 reverses IL‑17F‑induced expression. Protein expression levels
were (A) determined by western blotting and (B) semi‑quantified. *P<0.05 vs. control; #P<0.05 vs. IL‑17F. IL‑17F, interleukin‑17F; p, phosphorylated;
Runx2, Runt‑related transcription factor‑2.
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IL‑17RA and IL‑17RC expression levels were increased
compared with the control group. The peak mRNA expres‑
sion levels of IL‑17RA and IL‑17RC mRNA were observed
on day 3 following IL‑17F treatment, which was not consistent
with the proliferation assay results, but was in accordance
with BMP‑2/Runx2/Osterix mRNA expression and ALP
activity. The expression of IL‑17RC displayed a similar trend
to ALP activity regarding time and dose. Therefore, the results
suggested that IL‑17F bound to different receptors at different
time periods. The different requirements of IL‑17RA and
IL‑17RC in combination with IL‑17F observed in the present
study corroborated the significance of precise ligand‑receptor
interaction in osteoblasts.
MAPK/ERK1/2 has been reported to regulate the cell
proliferation, differentiation and apoptosis (26,27). The signif‑
icance of the MAPK/ERK1/2 signaling pathway in IL‑17F
was verified by performing western blotting. The expression
levels of Runx2 and Osterix were higher in osteoblasts in
100 ng/ml IL‑17F‑treated osteoblasts on day 3 compared with
the control group. When the MAPK/ERK1/2 inhibitor, U0126,
was employed, IL‑17F‑induced upregulation of p‑ERK1/2,
Runx2 and Osterix was reversed. However, U0126 had no
significant effect on Runx2 and Osterix expression compared
with the control group. The results indicated that activation of
the MAPK/ERK1/2 signaling pathway was essential for the
effects of IL‑17F on osteoblasts.
In conclusion, the results of the present study demon‑
strated that IL‑17F promoted osteogenesis, including
proliferation, differentiation and mineralization activity. The
pro‑osteogenic effects were associated with the upregulation
of BMP‑2/Runx2/Osterix expression and the downregulation
of Noggin expression. The IL‑17 receptors, IL‑17RA and
IL‑17RC, were involved in the process. IL‑17F promoted
osteoblastic osteogenesis via the MAPK/ERK1/2‑mediated
signaling pathway. Therefore, IL‑17F may serve as a thera‑
peutic target for metabolic bone diseases.
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