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Serum and synovial fluid levels of CSF-1 and in 2
knee osteoarthritis and its clinical significance
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Abstract

Objective To investigate the serum and synovial fluid levels of CSF-1 in patients with knee osteoarthritis (KOA) and
evaluate its clinical significance.

Methods We selected 143 patients with KOA who received treatment at our hospital from June 2021 to August
2024. Enzyme-linked immunosorbent assay (ELISA) was used to determine the levels of CSF-1, IL-6, IL-13, CRP, and
HIF-1ain the serum of all study subjects, as well as the levels of these markers in the synovial fluid of all KOA patients.
The Kellgren and Lawrence (KL) grading system was used to assess the radiographic severity of all KOA patients.
Additionally, we also collected the Visual Analog Scale (VAS) scores and the Western Ontario McMaster University
Osteoarthritis Index (WOMAC). Western blot (WB) was used to detect the expression levels of inflammatory factors in
macrophages after CSF-1 stimulation.

Results Compared to healthy volunteers, KOA patients exhibited significantly elevated levels of serum CSF-1, IL-6,
IL-1B, CRP, and HIF-1a (p < 0.05). The advanced group of KOA patients had significantly higher levels of serum and
synovial fluid CSF-1 compared to the early group. Synovial fluid CSF-1 levels were associated with inflammation and
disease severity in KOA patients. CSF-1 stimulation significantly increased the expression of CSF-1R, IL-6, TNF-q, IL-1(,
HIF-1a, and MMP-3 in macrophages. Moreover, synovial fluid and serum CSF-1, synovial fluid HIF-1a, and synovial fluid
IL-6 were identified as risk factors for advanced KOA.

Conclusion Our findings indicated that the serum and synovial fluid levels of CSF-1 were significantly increased in
KOA patients, even higher in patients with KL grade 3-4. Moreover, CSF-1 was identified as a risk factor associated
with advanced stage KOA.
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Introduction
Clinical studies have shown that the incidence of OA
is significantly increasing and developing at a younger
age. Effective prevention and control of OA is also one
of the important topics of current clinical research [1,
2, 3]. However, at present, the clinically effective treat-
ment plan for OA still needs to be further clarified [4].
The pathogenesis of osteoarthritis (OA) remains unclear,
involving a complex interplay of systemic and local fac-
tors [5]. The important pathological feature of OA is the
degradation of articular cartilage, in which chondro-
cyte apoptosis plays a key role [6, 7]. Articular cartilage,
similar to other avascular cartilaginous tissues, relies on
nutrient diffusion for maintenance and repair. Aging and
degenerative changes impair the diffusion of oxygen and
nutrients, leading to progressive cartilage degradation
and extracellular matrix loss, key features in the patho-
genesis of KOA [8]. Coupled with pressure and inflam-
mation, the extracellular matrix related to articular
cartilage tissue will also gradually decrease [9].
Colony-stimulating factor-1 (CSF-1) is one of the most
common pro-inflammatory cytokines that can contribute
to various inflammatory diseases [10]. CSF-1 is an impor-
tant signal transduction factor in the inflammatory envi-
ronment of synovial membrane in osteoarthritis, which
can induce a variety of inflammatory factors and par-
ticipate in the inflammatory response of the body [11]. A
study based on synovial fluid datasets from osteoarthritis
patients identified high expression of the CSE-1 receptor
(CSE-1R) through the computational construction and
analysis of the protein-protein interaction (PPI) network
[12]. Furthermore, research has demonstrated that tar-
geting macrophage CSF-1 to regulate macrophages can
promote the regeneration of the temporomandibular
joint, thereby serving a therapeutic role in arthritis [13].
However, no clinical studies have focused on the levels
of serum as well as synovial fluid CSF-1 in patients with
knee osteoarthritis (KOA). In order to further clarify the
clinical significance of CSF-1 in KOA patients, serum and
synovial fluid from patients with KOA were collected in
this study, and the results are reported as follows.

Data and methods

General information

We selected 143 patients with KOA who received treat-
ment at our hospital from June 2021 to August 2024.
All KOA patients were over 18 years old and diagnosed
with primary knee osteoarthritis according to the cri-
teria of the American College of Rheumatology [14].
Exclusion criteria included: (a) secondary osteoarthritis;
(b) patients who received intra-articular injections or
local blockade therapy within one week; (c) patients who
received immunotherapy or anti-inflammatory treatment
within one month; (d) patients with comorbid metabolic
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diseases such as diabetes, chronic kidney disease, or thy-
roid disease; (e) patients with severe infections, malig-
nant tumors, or cardiac, hepatic, or renal dysfunction.
In addition, we also enrolled 100 healthy volunteers who
underwent physical examinations at our hospital during
the same period as controls. Age, gender, and BMI of all
study participants were collected. The study complied
with the Helsinki Declaration, and informed consent
was obtained from all study subjects. The research was
approved by the Ethics Committee of Honghui Hospital,
Xi'an Jiaotong University.

Enzyme-linked immunosorbent assay

Prior to treatment, knee joint fluid was extracted from
KOA patients during arthroscopic examination. The
patients were positioned in a sitting position with knee
flexed at 90°, and the needle was inserted at the medial
and lateral sides below the patella. A 5 mL disposable
syringe was used to enter the joint cavity, and after aspi-
ration with no blood reflux, synovial fluid was collected.
The synovial fluid samples were collected and immedi-
ately centrifuged at 2000 g for 15 min at 4 °C to separate
the supernatant, which was stored at -70 °C for further
analysis. Hyaluronidase treatment was not applied during
sample preparation. Additionally, fasting venous blood
samples (5 mL) were collected from all study partici-
pants and stored at -70°C after centrifugation at 2000 g
for 15 min. The levels of CSF-1, IL-6, IL-1B, CRP, and
HIF-1a in the serum of all study participants, as well as
in the synovial fluid of all KOA patients were measured
using enzyme-linked immunosorbent assay (ELISA). The
analysis was performed according to the instructions
provided by the commercially available assay kits (CFS-1,
MBS705004, IL-6, MBS175877, IL-1f3, MBS175901, CRP,
MBS2505217, HIF-1a, MBS2022610, MyBioSource, Cali-
fornia, USA).

Assessment of severity in patients with KOA

The Kellgren and Lawrence (KL) grading system was used
to assess the radiographic severity of all KOA patients
[15]. The KL grades are as follows: Grade 0 represents no
changes (normal); Grade I represents mild osteophytes;
Grade II represents moderate osteophytes without joint
space narrowing; Grade III represents moderate osteo-
phytes with moderate joint space narrowing and some
sclerosis; Grade IV represents extensive osteophytes with
significant joint space narrowing and subchondral bone
sclerosis. Additionally, we also utilized the Visual Analog
Scale (VAS) [16] to evaluate the pain intensity of KOA
patients’ knee joints and the Western Ontario McMaster
University Osteoarthritis Index (WOMAC) [17] to assess
the severity of OA symptoms.
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Macrophage isolation and culture from OA synovial fluid
Synovial fluid samples were collected under aseptic con-
ditions and immediately transferred to the laboratory for
processing. Synovial fluid mononuclear cells (SFMCs)
were isolated using density gradient centrifugation with
Ficoll-Paque™ PLUS (GE Healthcare, Piscataway, NJ).
Cell debris and dead cells were removed using a dead
cell exclusion kit (Miltenyi Biotec). Macrophages were
then isolated from SFMCs using a monocyte isolation kit
(Miltenyi Biotec) according to the manufacturer’s pro-
tocol. The purity of the isolated macrophages was con-
firmed by flow cytometry using an anti-CD14 antibody,
which demonstrated a high purity of 295% CD14 + cells
(Supplementary Fig. 1). The isolated macrophages were
cultured in RPMI-1640 medium (Gibco, Thermo Fisher
Scientific, USA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin at 37 °C
with 5% CO, for subsequent experiments.

CSF-1 stimulation protocol

Macrophages were divided into two experimental groups:
a control group (no CSF-1 stimulation) and a treat-
ment group stimulated with CSF-1. In the CSE-1 group,
recombinant human CSF-1 (PeproTech, USA) was added
at a concentration of 50 ng/mL. Cells were incubated for
24 h under standard culture conditions to allow for ade-
quate stimulation.

Western blot analysis

Macrophages were harvested post-stimulation, lysed in
RIPA buffer containing protease and phosphatase inhibi-
tors (Thermo Fisher Scientific, USA). Protein concen-
trations were quantified using a BCA assay kit (Pierce,
Thermo Fisher Scientific, USA). Samples were resolved
on 10% SDS-PAGE gels and transferred to PVDF mem-
branes (Millipore, USA). Membranes were blocked with
5% BSA and probed overnight at 4 °C with primary
antibodies against CSF-1R (Abcam, USA), IL-6, TNEF-
a, IL-1B, HIF-1a, MMP-3 and GAPDH (Cell Signaling

Table 1 Demographic and clinical data of all subjects

Variable KOA patients, Healthy, p
n=143 n=100

Age,y 59 (45-73) 60 (48-71) 0358

Sex, female (%) 81 (56.6) 59 (59.0) 0.731

BMI 25744228 25.1442.30 0.077

Serum CSF-1 (pg/mL) 116.12+£16.89 79.59+6.09 <0.001

Serum IL-6 (pg/mL) 19.18+3.79 11034177 <0.001

Serum IL-18 (pg/mL) 20434250 8.83+£1.54 <0.001

Serum CRP (ng/mL) 11474217 4.70+1.17 <0.001

Serum HIF-1a (ng/mL) 3.97+0.65 2.14+0.29 <0.001

VAS scores 4.65£1.50

WOMAC 39.14+14.14

K-L 3(2-4)
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Technology, USA), diluted at 1:1000. Secondary anti-
bodies (anti-rabbit IgG, Cell Signaling Technology) were
applied, and bands were visualized using an ECL sub-
strate (Thermo Fisher Scientific, USA). Densitometric
analysis was performed using Image] software to com-
pare protein expression levels across groups.

Statistical treatment

All data used SPSS 26.0 to analysis. The comparison
between two groups with a normal distribution was con-
ducted using the Mann-Whitney test. For the compari-
son between two groups with a non-normal distribution,
the Student’s t-test was employed. The Chi-square test
was used for comparing ratios. Spearman’s rank cor-
relation was used for correlation analysis. ROC curve
analysis was used to analyze the value of blood and syno-
vial fluid CSF-1 in the diagnosis of KOA patients with
advanced stage (KL grade 3 or 4). Multivariable logistic
regression analysis was performed to identify risk factors
associated with advanced stage in KOA patients. P<0.05
regarded as a significant difference.

Results

Clinical characteristics of all participants

We first compared the demographic data and serum bio-
markers levels between KOA patients and healthy vol-
unteers. The results were shown in Table 1; Fig. 1, we
found no significant differences in age, gender, and BMI
between KOA patients and healthy volunteers. However,
compared to healthy volunteers, KOA patients exhibited
significantly elevated levels of serum CSF-1, IL-6, IL-1f,
CRP, and HIF-1a (p <0.05).

The serum and synovial fluid levels of CSF-1 in KOA
patients with different KL grade

Subsequently, we performed radiographic examinations
and assessed the KL grading in all KOA patients. Based
on previous studies [18], we categorized all KOA patients
into the advanced group (KL grade 3 or 4, n=82) and the
early group (KL grade 2, n=61). When comparing the
levels of serum and synovial fluid markers between the
two groups, we found that the advanced group of KOA
patients had significantly higher levels of serum (Fig. 2)
and synovial fluid (Fig. 3) CSF-1 compared to the early
group (p<0.05). Additionally, the synovial fluid levels of
IL-6, IL-1B, and HIF-1a were also significantly elevated
in the advanced group (p<0.05). No differences were
observed between the two groups in terms of serum lev-
els of IL-6, IL-1p, CRP, and HIF-1a.

The correlation of synovial fluid levels of CSF-1 with
cytokines and disease severity in KOA patients

We used Spearman rank correlation analysis to evalu-
ate the correlation between synovial fluid CSE-1 levels,
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Fig. 2 Serum levels of cytokines in KOA patients
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Fig. 3 Synovial fluid levels of cytokines in KOA patients

Table 2 Correlation between synovial fluid levels of CSF-1 with
cytokines and disease severity in KOA patients

Variable CSF-1in SF
Spearman’s correlation P

IL-6in SF 0.200 0.017
IL-18in SF 0.155 0.065
CRP in SF -0.070 0403
HIF-Tain SF 0.226 0.007
VAS scores 0.465 <0.001
WOMAC index 0510 <0.001

cytokine levels, and disease severity. The results were
shown in Table 2 and Fig. 4, indicating a positive corre-
lation between synovial fluid CSF-1 and cytokines IL-6.
Additionally, synovial fluid CSF-1 was positively cor-
related with KOA patients’ VAS scores, and WOMAC
index. This suggested that synovial fluid CSE-1 levels
were associated with inflammation and disease sever-
ity in KOA patients. Moreover, the Western blot analysis
revealed that CSF-1 stimulation significantly increased
the expression of CSF-1R, IL-6, TNF-a, IL-1p, HIF-1a,
and MMP-3 in macrophages compared to the control
group. These findings suggest that CSF-1 promotes an
inflammatory response in macrophages (Fig. 5).
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Diagnostic value of CSF-1 in patients with advanced KOA
To evaluate the diagnostic value of CSF-1 for advanced
KOA patients, we constructed ROC curves. The results
showed that compared to serum CSE-1, synovial fluid
CSF-1 had a better diagnostic value for advanced KOA
patients (Fig. 6). The AUC for CSF-1 in diagnosing
advanced KOA patients was 0.834, with a cutoff value of
139.74 pg/ml, a sensitivity of 75.6%, and a specificity of
75.4%.

Identification of risk factors for advanced KOA using
logistic regression analysis

To identify risk factors for advanced KOA, we performed
multivariate logistic regression analysis using the enter
method. The results showed that synovial fluid and serum
CSE-1, synovial fluid HIF-1a, and synovial fluid IL-6 were
identified as risk factors for advanced KOA (Table 3).

Discussion

At present, the main clinical feature of KOA patients is
the degenerative change of knee cartilage. Knee osteo-
arthritis (KOA) affects the cartilage, underlying bone,
and synovial tissue. Pathological changes in any part of
the tissue are an important mechanism for the initiation
of OA, and the final result is damage to articular carti-
lage [19, 20]. At present, the specific pathogenesis of the
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ROC curve of diagnostic value of CSF-1 for advanced KOA patients
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Table 3 Logistic regression of risk factors for advanced KOA

Variables Wald Odds ratio 95% Cl P
Age 0.633 0.967 0.889-1.051 0426
Sex 0.225 1.331 0.408-4.345 0.635
BMI 0.710 0.894 0.688-1.161 0.399
Serum CSF-1 8.160 1.064 1.020-1.110 0.004
Serum IL-6 0.188 1.012 0.678-1.971 0223
Serum IL-18 0.021 1.019 0.793-1.309 0.885
Serum CRP 0443 1.095 0.837-1433 0.506
Serum HIF-1a 0.022 1.071 0.430-2.668 0.882
IL-6in SF 10.768 1371 1.136-1.656 0.001
IL-13 in SF 1.735 1.089 0.959-1.237 0.188
CRPin SF 0.001 1.003 0.807-1.246 0.980
HIF-1ain SF 9.177 3.124 1.495-6.529 0.002
CSF-1in SF 19.678 1.112 1.061-1.165 <0.001

disease is still not fully understood. Clinical treatment
of OA is mainly to relieve joint pain, improve function
and artificial joint replacement, but there is still a need
to explore new therapeutic targets as well as integrated
approaches to treat KOA [20]. Our study found that the
levels of serum and synovial fluid CSF-1 were signifi-
cantly elevated in KOA patients, and these levels were
even higher in patients with KL grading 3—4.

In recent years, increasing attention has been given to
the differential expression of biomarkers in the serum
or synovial fluid of KOA patients. Chen et al. found that
the plasma level of MFG-E8 in KOA patients was signifi-
cantly lower than that in the healthy control group, and
it was inversely correlated with the radiographic sever-
ity of knee OA [21]. Udomsinprasert et al. demonstrated

that the levels of glypican-3 in the plasma and synovial
fluid of KOA patients were significantly lower than those
in the healthy control group, suggesting that glypican-3
could be a potential biomarker reflecting the severity of
knee OA [22]. Furthermore, studies have confirmed that
serum CRP and IL-6 are significantly elevated in KOA
patients and can predict the progression of the disease
[23, 24]. Our study yielded consistent results, as we also
found significantly enhanced levels of serum cytokines in
KOA patients, with IL-6 and IL-1p being even higher in
KL grade 3—-4 KOA patients. Additionally, we observed
a significant increase in the levels of serum and synovial
fluid CSF-1 and HIF-1a in KOA patients.

HIF-1a is an important regulator of cell adaptation to
hypoxic environment and a nuclear regulator of gene
transcription. Studies have shown that HIF-1a is finely
regulated by intracellular oxygen partial pressure, and
HIF-1a expression increases under tissue hypoxia [25].
When OA occurs, the hypoxia in the knee joint is more
obvious, which promotes the continuous increase of
HIF-1a expression [25]. Therefore, its important posi-
tion in the occurrence and development of OA cannot
be denied. CSF-1 is a heterodimer structure, which is
formed by the combination of glycoprotein and a-helical
bundle structure [26]. It can stimulate the growth and dif-
ferentiation of granulocytes and macrophages. Currently,
some scholars have found that CSF-1 can also stimulate
the maturation of immune cells. Meanwhile, osteoarthri-
tis is accompanied by chronic inflammation of joints, and
inflammatory cells will play a role in the erosion process
[27]. A clinical study by Menke et al. suggested that the
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serum levels of CSF-1 in lupus patients are increased
and correlated with the activity of lupus [28]. Moreover,
a study collected serum samples from KOA patients and
analyzed 92 inflammatory markers in each sample using
Proximity Extension Array (PEA) technology and discov-
ered that macrophage CSF-1 is an important indepen-
dent parameter for the intensity of patient pain [29]. Our
study confirmed these findings as we observed a positive
correlation between synovial fluid CSF-1 levels and VAS
scores and WOMAC scores in KOA patients. Addition-
ally, both serum and synovial fluid CSE-1 were identified
as risk factors for advanced-stage KOA patients.

There are certain limitations to our study that should
be acknowledged. Firstly, the sample size was relatively
small, which may limit the generalizability of our find-
ings. Secondly, our analysis only assessed a limited
number of biomarkers. Lastly, we did not investigate
the molecular mechanisms by which CSF-1 contributes
to the development of KOA. Further in-depth research
is needed to elucidate these mechanisms and provide a
more comprehensive understanding of CSF-1’s role in
KOA progression.

In conclusion, our findings indicated that the serum
and synovial fluid levels of CSF-1 were significantly
increased in KOA patients, even higher in patients with
KL grade 3—4. Moreover, CSF-1 was identified as risk fac-
tor associated with advanced stage KOA. Further investi-
gation into the role of CSF-1 in KOA might provide new
targets and a comprehensive approach to treatment in
KOA patients.
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