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Abstract

Aims: Osteoarthritis (OA) represents the prevailing form of degenerative joint pathology. Recent
investigations have revealed a heightened expression of interleukin 26 (IL-26) in various inflammatory arthritic
conditions, including OA. However, the specific impacts and functions of IL-26 on osteoblasts (OBs) within the
context of OA remain inadequately elucidated. This study aims to clarify the effects and underlying mechanisms
of IL-26 by examining its influence on osteoblasts isolated from OA patients and a murine osteoblast cell line.

Methods: Human primary osteoblasts and mouse pre-osteoblast cells were subjected to treatment with
B-glycerophosphate or concurrent treatment with IL-26 to observe the effects on osteoblast differentiation.
The differentiation of osteoblasts was assessed through the expression of relevant genes using reverse
transcription-polymerase chain reaction (RT-PCR). Key molecular mechanisms of downstream signaling
pathways were examined through immunoblotting assays.

Results: Our results reveal that IL-26 mitigates osteoblast differentiation and reduces the expression of the
marker alkaline phosphatase. Furthermore, the NF-kB downstream OB proliferated marker iNOS and
inhibition OB differentiated marker LCN2 messenger RNA are up-regulated in IL-26 treated group. Also,
phosphorylation and nuclear translocation of NF-kB p65 occur following IL-26 stimulation. Additionally, IL-26
enhances the downstream transcription factor cyclooxygenase-2 (COX2), a major player associated with
iNOS. STAT1, the canonical receptor signaling pathway of IL-26 is activated.

Conclusion: In summary, our findings substantiate the role of IL-26 in osteoarthritis and identify it as a
potential therapeutic target for intervention in osteoarthritic pathology.
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Introduction

Osteoarthritis (OA) represents a prevalent and
debilitating joint disorder characterized by progres-
sive articular cartilage degeneration, subchondral
bone remodeling, and synovial inflammation [1]. The
pathogenesis of osteoarthritis (OA) includes a
complex network of pro-inflammatory mediators and
cytokines in the synovial fluid that exacerbate joint
damage and promote degeneration through immune

and inflammatory pathways [2].

Bone degeneration and destruction in
osteoarthritis ~ (OA)  result from  impaired
bone-forming cells and overactive bone-absorbing
cells. Several growth factors, such as bone
morphogenic protein (BMP), transforming growth
factor B (TGFp), and parathyroid hormone (PTH),
play a crucial role in promoting the development of
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stem cells into precursor osteoblasts [3]. Previous
studies have reported that growth factors and
Wingless (Wnt) signaling pathways are crucial for
osteoblast differentiation and function [4, 5]. In
addition to producing RANKL and MCSF to promote
osteoclast differentiation, osteoblasts also produce
osteoprotegerin (OPG), a negative regulator of
osteoclast differentiation [6]. OPG influences
osteoclast destruction through the mutual regulation
of RANK/RANKL/OPG, mediating osteogenesis,
osteoclast maturation, and bone resorption [7, §].
Furthermore, osteoblasts have be proven to possess
the properties of inflammatory cells, attracting white
blood cells by producing IL-8 or CCL2, and thereby
generating a more serious local inflammatory
response [9].

Interleukin-26 (IL-26) is a member of the
interleukin-10 cytokine family, playing a crucial role
in immune response modulation [10]. Although mice
lack the IL-26 protein, previous research indicates that
those possessing the IL-26-related receptors, IL-20RA
and IL-10RB, show development comparable to that
of the human system [11, 12]. While the exact
functions of IL-26 are still under investigation,
emerging research suggests its involvement in the
defense against microbial infections and the
regulation of inflammatory cascades [13]. A recent
study revealed that IL-26 is broadly expressed in the
serum and synovial fluid of patients with multiple
types of arthritis, including OA [14]. In the context of
bone remodeling, previous studies found that IL-26
suppresses macrophage from osteoclastogenesis and
promotes macrophages toward the M1 proinflam-
matory phenotype [15, 16]. However, the direct role of
IL-26 in bone formation in OA is still unknown.
Therefore, our purpose is to clarify the functions of
IL-26 cytokine in osteoblast differentiation to better
understand the pathogenesis of OA.

Materials and methods

Cell line and reagents

The murine osteoblast cell line 7F2 was
purchased from the Food Industry Research and
Development Institute (FIRDI, Taiwan) and
maintained as company description. Human IL-26
recombinant  protein was  purchased from
MyBiosource (San Diego, USA). a-Tubulin,
cyclooxygenase2 (COX-2), TATA-binding protein
(TBP), Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), Phosphorylated and non-phosphorylated
STAT1, STAT3, and NF-xB p65 were obtained from
Cell Signaling Technology (USA). The IL-6 ELISA kit
was purchased from BioLegend (San Diego, USA). All
other reagents were purchased from Sigma Chemical

Co. (USA).

Isolation and culture of primary human
pre-osteoblast cell (HOB)

Bone sample specimens were obtained from
patients with OA who wunderwent total knee
replacement (TKR) in our institution (N = 20, Male: 6,
Female: 14, mean age, 74.1 years; range 61-91 year).
Specimens were minced into small pieces then
incubated in antimicrobial solution containing 500
IU/mL of penicillin, 500 mg/mL of streptomycin, and
25 mg/mL of fungizone (Sigma-Aldrich) for 2-4
hours at room temperature, then washed with PBS
vigorously to remove fat composition. Following the
bone fragments were maintained in McCoy's 5A
medium (Gibco, USA) supplemented with 10% FBS
and 1x P/S (penicillin and streptomycin) at 37 °C in a
humidified atmosphere of 5% CO; for 2 weeks until
the primary pre-osteoblast released from the bone
fragment. The culture mediums were replaced every
2-3 days.

Osteoblast differentiation

For osteoblast differentiation, 7F2 cells were
seeded at 1x10* cells per well, and HOB cells were
seeded at 1x105 cells per well in a 24-well plate. They
were then stimulated with differentiation medium
containing 5 mM [B-glycerophosphate plus 50 pg/mL
ascorbic acid (Sigma-Aldrich) concurrent with or
without IL-26 (60 ng/ml) for 7 or 14 days [17]. The
culture media were replaced every 2-3 days.
Experimental groups were divided into four; N:
untreated normal 7F2 or HOB cells; IL-26: cells treated
with 60ng/ml IL-26; DbGP: cells treated with
differentiation medium as a positive control for
differentiation; and bGP+ IL-26: cells treated with
both differentiation medium and IL-26.

Real-time quantitative PCR

Total RNA from 7F2 and HOB cells was
extracted using the NucleoSpin RNA Kit (Macherey-
Nagel, Germany), following the manufacturer's
instructions. One microgram of the purified RNA was
converted to cDNA with the SensiFAST™ cDNA
Synthesis Kit (Bioline, Meridian Bioscience). Gene
expression markers were analyzed on the LightCycler
480 II platform, in a 20 pl reaction volume, using a
96-well white plate sealed with adhesive film (Roche,
Germany). The resulting data were processed with
LightCycler 480 software wusing the Relative
Quantification mode, where values were normalized
to GAPDH and calibrated against N groups. GAPDH
was chosen as the internal control because it was
found to be stable under our experimental conditions.
PCR product specificity was verified by melt curve
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analysis, and gene expression was quantified relative
to GAPDH using the 2"-AACt method. The thermal
cycling protocol included an initial 15-minute step at
95 °C, followed by 40 cycles of 30 seconds at 95 °C, 30
seconds at 60 °C, and 1 minute at 72 °C, with a final
10-minute extension at 72 °C. The PCR primer
sequences are provided in Table 1.

Table 1. Primer used for quantitative real-time PCR.

Genes Nucleotide sequences Reference

m/h-GAPDH Forward GTGAGGCCGGTGCTGAGTATGT
Reverse ACAGTCTTCTGGGTGGCAGTGAT  [52]

m-osteocalcin Forward TGACAAAGCCTTCATGTCCAAG [53]

(BGLAP) Reverse ACAGGGAGGATCAAGTCCC

m-RUNX2 Forward GGAACCAAGAAGGCACAGAC  [54]
Reverse TGGATGGGGATGTCATCTGG

m-osteopontin ~ Forward CTGGCTGAATTCTGAGGGACT [55]

(Spp1) Reverse TTCTGTGGCGCAAGGAGATT

m-ALP Forward CCAACTCTTTTGTGCCAGAGA [56]
Reverse GGCTACATTGGTGTTGAGCTTTT

m-LCN2 Forward CCAGTTCGCCATGGTATTTT (57]
Reverse CACACTCACCACCCATTCAG

m-OPG Forward AAAGCACCCTGTAGAAAACA 58]
Reverse CCGTTTTATCCTCTCTACACTC

m-iNOS Forward CTTTGCCACGGACGAGAC [59]
Reverse TCATTGTACTCTGAGGGCTGA C

m-RANKL Forward AGCCATTTGCACACCTCAC [60]
Reverse CGTGGTACCAAGAGGACAGAGT

h-osteocalcin Forward CACCGAGACACCATGAGAGC [61]

(BGLAP) Reverse CTGCTTGGACACAAAGGCTGC

h-RUNX2 Forward GCGGTGCAAACTTTCTCCAG [62]

Reverse TGCTTGCAGCCTTAAATGACTC

h-osteopontin Forward AACGCCGACCAAGGAAAAC

(Spp1) Reverse AGCTTCTGGGGACAATGCC

h-ALP Forward GGGTCAGCTCCACCACAA [63]
Reverse GGCATTGGTGTTGTACGTCTT

h-LCN2 Forward TTCCCTGTCCCAATCGACCA [64]
Reverse TTTAGCAGACAAGGTGGGGC

h-OPG Forward GAAGGGCGCTACCTTGAGAT [65]
Reverse GCAAACTGTATTTCGCTCTGG

h-iNOS Forward TCTCAAGGCACAGGTCTCTTC [66]
Reverse GTTCTTCACTGTGGGGCTTG

h-RANKL Forward GTTCGTGGCCCTCCTGG

Reverse GATCCATCTGCGCTCTGAAA

Immunoblotting analysis

The cell cytoplasmic and nuclear extracts were
separated according to the study by Peng et al. [15].
Total protein was lysed by RIPA lysis buffer (GE
healthcare), vortex and incubated on ice for 10
minutes subsequently centrifuged for 20 minutes at
14,000 rpm at 4°C. The equal amounts of protein were
loaded into SDS-PAGE and immunoblotted by using
specific antibodies for COX-2 NF-xB p65,
phospho-NF-xB p65, STAT1, phospho-STAT1, STAT3,
phospho-STAT3, a-tubulin, TBP, and GAPDH. All
antibody dilution ratios were prepared according to
the manufacturer's instructions, at 1:1000 for Western

blotting. Phosphorylated proteins were probed first,
then  stripped and  reprobed  with the
non-phosphorylated form.

Alkaline phosphatase (ALP) and Alizarin red S
staining (ARS)

After differentiation, 7F2 and HOB cells were
fixed with fixation buffer (65:25:8 acetone/ citrate
solution/10% formalin) for 15 min then staining with
ALP staining kit (Sigma-Aldrich 86R-1KT) or 2%
Alizarin red S (Sigma-Aldrich) according to the
manufacture. After staining, the cells were washed
with water and imaged by microscope.

MTT assay

The murine and human cells (5%103/well) were
seeded in a 96-well plate with medium supplemented
with 10% FBS and treated with various concentrations
of IL-26 or IgG. IgG was used as a non-stimulating
protein control in equal amounts. After 24 hours, the
cells were treated with 05 mg/ml of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl- tetrazolium
bromide (MTT) for 2 hours at 37°C. Cells were
solubilized in 100 ul of DMSO then determined at 570
nm in an ELISA plate reader.

Hematoxylin and eosin (H&E) staining and
Immunofluorescence Staining

The morphology of bone specimens was
examined using H&E-stained paraffin sections. For
immunofluorescence staining, paraffin sections on
coverslips were preserved in 10% formalin. After
blocking nonspecific binding with 1% BSA in 0.1%
Triton X-100, the sections were stained using a 1: 200
dilution of IL-26 (ab224198) primary antibody and a
1:200 dilution of goat anti-rabbit Alexa Fluor® 488
(011-540-003) secondary  antibody (Jackson
ImmunoResearch Laboratories Inc.). DAPI is used as a
nuclear stain to visualize and quantify the location of
cell nuclei. Image was performed with an Olympus
SPOT Imaging System.

Statistical analysis

Data were shown as means + standard deviation
and analyzed by one-way ANOVA and Newman-
Keuls multiple comparisons in posttest with Prism
software. p<0.05 was considered as statistically
significant.

Results

The expression of IL-26 in the joints of
osteoarthritis patients

To determine the location where IL-26 would be
expressed in the joint of osteoarthritis. Bone samples
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sliced were observed by immunofluorescence staining
of IL-26. The results showed that IL-26 was expressed
on the bone surface and in bone inner cells in the
inflammatory area more than in the non-
inflammatory area, suggesting involvement with
osteoblast and osteocyte cells (Fig. 1A, 1B). Thus, we
used a murine osteoblast cell line, 7F2, and isolated
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human osteoblast cells (HOB), then treated the cells
with different concentrations of IL-26 for 24 hours to
measure cell viability by MTT. Our results showed
that there was no effect on the viability of 7F2 and
HOB cells when the IL-26 concentration was below
120 ng/ml (Fig. 1C, 1D).
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Figure 1. IL-26 levels in osteoarthritis patients and impact on osteoblast cell viability. (A) Bone sample specimens were obtained from patients with osteoarthritis
(OA). A Histological examination was performed by HE stains. IHC staining was used to detect the expression of IL-26 (Green) in bone tissue. DAPI (Blue) was used for nuclear
staining. (B) The immunofluorescent intensity on the bone surface per unit area was quantified using Image] software. (C) Mouse 7F2 pre-osteoblasts, (D) HOB was planted in
96-well plates and cultured with the specified concentrations of IL-26 or IgG control group for 24 hours. Add MTT (500 pg/ml) solution and incubate for 1 hour and measure the
absorbance at 570 nm. All experiments were repeated at least three times, and the data represent the mean * standard deviation. HOB: human osteoblast cells. *P<0.05

compared to the dose 0 ng/ml group.
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Effects of IL-26 on osteoblast differentiation
and bone mineralization

The OA in bone degeneration and destruction
may result from an impairment of bone-forming cells
and an overactivity of bone-absorbing cells. Based on
previous research, it is known that IL-26 suppresses
bone-absorbing osteoclast (OC) formation [15]. Here,
we aim to clarify the direct effect of IL-26 on the
bone-forming osteoblasts. We used the osteoblast
differentiation model of 7F2 and HOB to test IL-26
function alone or in combination with osteoblast

bGP

C N bGP

D N bGP

14 days

differentiation medium. Alkaline phosphatase (ALP),
a marker of osteoblast differentiation, was stained on
days 7 and 14 to analyze ALP activity [18]. Our results
showed that IL-26, when concurrently treated with
osteoblast differentiation medium, inhibited ALP
activity, but it had no effect when treated alone (Fig.
2A, 2B). Another marker of bone function, bone
mineralization, was also used to assess osteoblast
differentiation [17]. After differentiation, IL-26
showed no effect on mineralization in the combined
group (Fig. 2C, 2D).

bGP + IL-26

1

IL-26 60 ng/ml
'.\:,"gﬂ EE
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bGP + IL-26

IL-26 60 ng/ml

Figure 2. Effect of IL-26 on osteoblast differentiation. (A, C) 7F2 pre-osteoblasts and (B, D) HOB were differentiated using osteoblast differentiation medium (50 pg/ml
ascorbic acid and 5 mM bGP) in the presence or absence of IL-26 60 ng/ml. (A, B) Alkaline phosphatase ALP staining and (C, D) alizarin red staining ARS were performed at 7,
14 or 21 days after differentiation medium stimulation. (bGP: B-glycerophosphate; bGP+IL-26: B-glycerophosphate+IL-26) ALP: Alkaline phosphatase assay.
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Effects of IL-26 on gene expression in
osteoblast differentiation

To further examine the suppressive effect of
IL-26 on osteoblast differentiation, we evaluated the
mRNA levels of related osteoblast markers after IL-26
treatment. We analyzed the expression of osteogenic
marker genes, including  bone gamma-
carboxyglutamic acid-containing protein (BGLAP/
Osteocalcin), which regulates bone turnover and bone
mineralization, and runt-related transcription factor 2
(RUNX2), an important transcription factor involved
in osteoblast differentiation during bone formation
[19]. Additionally, osteopontin (Sppl) plays a crucial
role in bone formation and resorption [20], while bone
sialoprotein (BSP) is the main non-collagen
extracellular protein in bone components [21]. Our
results showed that in murine 7F2 osteoblasts,
Sppl(63%), RUNX2 (38%), and ALP (60%) were
significantly inhibited by IL-26 on day 5 (Fig. 3B-D). In
HOB-differentiated cells, IL-26 downregulated
BGLAP expression by approximately 50% only at the
late stage (days 3 and 5) (Fig. 3E), with no significant
changes observed in RUNX2, Sppl, and ALP (Fig.
3F-H).

Effects of IL-26 on bone remodeling
communication in osteoblast differentiation

To further elucidate the regulatory mechanisms
governing communication in bone remodeling, we
delved into the molecular dynamics of key factors.
Lipocalin 2 (LCN2) was found to play a crucial role in
various physiological conditions, exerting a negative
regulatory effect on bone formation [22, 23]. Inducible
nitric oxide synthase (iNOS) activation, a common
marker, is associated with localized osteolysis [24].
OPG and Receptor Activator of Nuclear Factor
Kappa-B Ligand (RANKL) are key factors in bone
resorption, with the RANKL/OPG ratio determining
bone mass and integrity [25]. Our results showed a
significant increase in LCN2 mRNA expression, with
a 13-fold rise in 7F2 cells and a 123-fold rise in HOB
cells six hours after IL-26 treatment (Fig. 4A, 4E),
while RANKL expression increased only in 7F2 (Fig.
4D). Moreover, earlier research has indicated elevated
concentrations of interleukin-6 (IL-6) in the synovial
fluid of patients with end-stage OA [26]. IL-6 stands
out as one of the most prominently elevated cytokines
implicated in the inflammatory response associated
with OA [27]. We further analyzed the condition
medium after treated IL-26 to HOB. The result
showed significantly upregulated of IL-6 expression,
with an approximately 45-fold increase following
IL-26 treatment (Fig. 5).

Effects of IL-26 on nuclear translocation and
activation of STATI1, COX-2, and NF-kB
during osteoblast differentiation

In previous work, Hor et al. demonstrated that
STAT1 and STAT3 play a critical role, being activated
by IL-26 in colon cancer carcinoma [28]. Therefore, we
aimed to investigate whether IL-26 affects STAT1 and
STAT3 in osteoblast cells during osteogenesis. Our
results revealed that only STAT1 was activated and
phosphorylated in HOB cells, with approximately a
2-fold increase at 4 hours and an 8-fold increase at 8
hours following IL-26 stimulation, compared to the
bGP-alone group (Fig. 6A). Furthermore, NF-xB is a
well-known upstream activator of COX-2, iNOS,
LCN2, and RANKL [22, 23]. The results showed that
IL-26 stimulation significantly upregulated the
expression of COX-2, resulting in an 11.4-fold increase
at 4 hours and a 29.2-fold increase at 8 hours
compared to the bGP-alone group (Fig. 6B).
Subsequently, we analyzed whether NF-xB was
activated and translocated to the nucleus after the
administration of bGP and IL-26. Our results
indicated a 2-fold increase in the phosphorylation and
nuclear translocation of NF-xB during IL-26
stimulation of osteoblastogenesis (Fig. 6C).

Discussion

In this research, we are trailblazing in
discovering that IL-26 is directly expressed in
inflammatory osteogenic cells, leading to the
inhibition of osteoblastogenesis. Past research on
IL-26 focused on its role in inflammation and immune
responses as well as immune cells [29, 30]. IL-26
expressed on macrophage and promoted macrophage
from IL-9 expressing M1 subtype [31]. Moreover,
IL-26 plays a critical role in the first-line immune
defense, such as neutralizing microbes, and is
involved in respiratory, mucosal, and gut immunity
[13, 32, 33]. IL-26 also expressed on fibroblast and
myofibroblast [34]. All available evidence indicates
that IL-26 functions as a responsive element to foreign
pathogens, playing a role in the initiation of first-line
immune inflammation and regulation. Here, we
discovered that IL-26 can be expressed on osteogenic
cells and regulate the differentiation of pathogenic
osteoblasts.

Several pieces of evidence indicate that the
dysregulation of osteoblasts plays a crucial role in the
pathogenesis of osteoarthritis. Low OPG and high
RANKL produced by osteoblasts lead to the
activation of osteoclastogenesis in the early stage of
the disease [35].
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Figure 3. Effect of IL-26 on mRNA expression during 7F2 and HOB osteoblast differentiation. (A-D) 7F2 pre-osteoblasts and (E-H) HOB were differentiated using
osteoblast differentiation medium (50 pg/ml ascorbic acid and 5 mM bGP) in the presence or absence of IL-26 60 ng/ml. Collect RNA on the Ist, 3rd or 5th day after
differentiation stimulation, extract all the RNA and take | pg to transcribe into cDNA, and use the cDNA as a template to add mouse and human specific primers for real-time
quantitative polymerase chain reaction, detection osteoblast differentiation gene markers BGLAP, RUNX2, Spp1, and ALP. The experiment was repeated at least three times, and
the data represent the mean * standard deviation. (*P<0.05, *¥P<0.01, ***P<0.001).
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Figure 4. Effects of IL-26 on the expressions of LCN2, OPG, iNOS and RANKL in 7F2 osteoblasts and HOB cells. (A-D) 7F2 pre-osteoblasts and (E-H) HOB
were differentiated using osteoblast differentiation medium in the presence or absence of IL-26 60 ng/ml. RNA extraction was performed at 3 and 6 hours after differentiation
stimulation, following the previously described method. Real-time quantitative polymerase chain reaction (QPCR) was carried out using mouse and human-specific primers for
LCN2, OPG, iNOS, and RANKL genes. The experiment was repeated at least three times, and the data represent the mean # standard deviation. (*P<0.05, **P<0.01,
*#*P<0.001).
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However, the RANKL/OPG ratio decreases in
the moderate OA stage, promoting bone sclerosis.
Our results showed that the murine 7F2 cell line
exhibits higher RANKL expression, possibly due to
osteoblast stimulation, similar to the early OA stage.
Human osteoblasts were all derived from patients in
the moderate or late stage, with high OPG sensitivity
[36]. Previous work report that osteoblast expresses
the IL-20 receptor and transduce suppressive effect in
osteoblastogenesis [37]. The downstream molecular
mechanism of IL-20R1, also a recognized shared
receptor of IL-26, involves the activation of STATS3,
inducing osteoblasts to produce RANKL and thereby
promoting osteoclastogenesis [38]. Our findings
reveal that IL-26 enhances RANKL mRNA expression
in murine 7F2 cells. Interestingly, IL-26 stimulates the
underlying mechanisms more dramatically in
activating STAT1 than STAT3 in suppression of
osteoblast formation, distinguishing it from IL-20.
Additionally, Kawane et al. state that RUNX2 is a
crucial regulator of osteoblast differentiation,
controlling precursor cell proliferation via fibroblast
growth factor receptors Fgfr2 and Fgfrd [39].
Heterozygous mutations in the RUNX2 gene were
previously linked to Cleidocranial dysplasia [40].
Mice lacking the RUNX2 gene exhibit delayed bone
development and impaired intramembranous and
endochondral ossification [41]. Our results show that
IL-26 partially inhibits RUNX2 expression in murine
osteoblast. Although there is no significant difference
in RUNX2 and RANKL gene expression in human
HOB, this may be due to inherited induced gene
tolerance and the fact that all patients were from the
aging moderate or later OA stage in humans.

Heftdal et al. reported that IL-26 enhances
osteoblast mineralization in spondyloarthritis [34],
which contrasts with our findings. Interestingly, key
differences include: first, cell source, our primary
osteoblasts were derived from aging osteoarthritis
patients, not commercial samples. Second, incubation
time, we analyzed the full-time course of gene
expression, not just the mineralization in terminal
day; and third, absence of vitamin D supplementation
during differentiation to study gene expression in
both mice and humans. This decision is relevant, as
BGLAP, also known as osteocalcin, is a protein
produced by osteoblasts that plays a crucial role in
bone metabolism, with its functions differing
significantly between mice and humans. Vitamin D
promotes BGLAP expression in human and rat
osteoblasts but suppresses its expression in murine
osteoblasts [42, 43]. Moreover, mice exhibit
differences in Bglap isoform expression, which is
influenced by factors such as vitamin K and calcium,
and they respond substantially to mechanical loading

[44, 45]. Human BGLAP has a more complex
regulatory profile and a higher level of carboxylation
[46, 47]. While both species associate osteocalcin with
energy metabolism, its effects are more pronounced in
humans. These discrepancies underscore the
importance of exercising caution when applying
findings from mouse models to human health,
particularly in studies of osteoporosis and metabolic
diseases, as the role and regulation of osteocalcin may
differ dramatically between species.

Prior research has demonstrated that LCN2, a
participant in the innate immune system's germ-
fighting mechanism, plays a regulatory role in
maintaining bone balance [22, 48, 49]. The
overexpression of LCN2 through transient
transfection in primary osteoblasts leads to the
suppression of RUNX2 and ALP genes, along with
hindering osteoblast differentiation [50]. Additionally,
LCN2 diminishes RANKL-induced IxBa
phosphorylation, p65 nuclear import capacity, NF-xB,
and NFATcl transcriptional activity for osteoclast
differentiation, suggesting potential implications of
LCN2 in osteoclast suppressive function. [51]. Our
results show that IL-26 significantly increases LCN2

expression, accompanied by the inhibition of
osteoblast formation. Combined with previous
findings, IL-26 has been shown to suppress

osteoclastogenesis. IL-26 may play an essential role in
reducing the bone turnover rate in inflammatory bone
homeostasis, and the wunderlying molecular
mechanisms may be transduced by the iNOS, COX2,
STAT1, and NF-xB pathways. Despite the absence of
IL-26 protein in mice, there has been limited
cross-species research on osteoblast differentiation.
Regarding the regulation of osteoblast differentiation,
the human primary cultured HOB cells and the mouse
7F2 cell line show some differences. Nevertheless, we
found that IL-26 plays a role in controlling osteoblast
activity and maintaining bone homeostasis.

In conclusion, we have presented new evidence
indicating that IL-26 is directly expressed by
osteogenic  cells,  autonomously  suppresses
osteoblastogenesis and regulates osteoblast-related
genes. Our findings support the notion that IL-26
induces osteoblast suppression through signaling
pathways involving STAT1, COX2, and NF-xB.
Furthermore, IL-26-stimulated osteoblasts enhance
the emergency immune response by inducing the
expression of inducible iNOS and the
proinflammatory cytokine IL-6, thereby regulating
the immune system. In summary, our findings
decipher the crucial role of IL-26 in the regulation of
osteoblast cells and bone homeostasis, suggesting that
IL-26 could be a potential therapeutic target for
inflammatory bone diseases such as OA.
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