
individuals. Currently, there are no disease-modifying 
medications capable of decelerating or arresting its 
progression, and clinical interventions are mainly 
limited to symptom management and joint replacement 
in the advanced stages5,6. Therefore, a more profound 
understanding of the molecular mechanisms 
underlying PTOA and the identification of biomarkers 
for early diagnosis and effective intervention targets 
carry substantial clinical significance.

The complement system, composed of numerous 
plasma proteins and membrane - bound proteins, is an 
integral component of the innate immune system. It 
participates in the body’s defense mechanisms and the 
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INTRODUCTION

Osteoarthritis (OA), primarily characterized by 
the progressive degradation of articular cartilage, 
synovial inflammation, subchondral bone remodeling, 
and joint dysfunction, exerts a global influence on the 
population1-3. Post-traumatic osteoarthritis (PTOA) is 
a significant subtype of OA that stems from acute joint 
injuries (e.g., meniscal tears, intra - articular fractures, 
and anterior cruciate ligament tears), constituting 
approximately 12% of all OA cases4. In contrast to 
primary OA, PTOA has an abrupt onset and a rapid 
progression, often affecting young and middle-aged 

Background: The complement system undergoes extensive activation in osteoarthritis. Nevertheless, the specific 
function of C1r, a constituent of this system, in post-traumatic osteoarthritis (PTOA) remains unclear.
Purpose: To explore the clinical value and function of C1r in PTOA.
Methods: Synovial fluid was obtained from 90 patients diagnosed with PTOA and 86 patients with knee joint 
injuries. Three specimens were randomly selected from each group for proteomic examination. The expression of 
C1r in all these specimens was determined via RT-qPCR, followed by ROC curve analysis and logistic regression 
analysis. The expression of C1r, apoptosis, and cytokine levels in chondrocytes and mouse cartilage tissues were 
detected through Western blotting/immunohistochemistry, flow cytometry/TUNEL, and ELISA.
Results: Proteomic analysis unveiled 51 proteins that exhibited down-regulation in PTOA and identified 309 up-
regulated proteins, among which C1r was included. RT-qPCR analysis of all samples indicated that C1R was 
significantly up-regulated in the PTOA cohort and demonstrated a moderate discriminatory ability between PTOA 
patients and non-PTOA individuals (AUC = 0.777). After adjustment for other confounding factors, C1R was 
determined to be potentially related to PTOA occurrence. High expression of C1R was correlated with a higher 
Kellgren-Lawrence grade and a lower Knee Injury and Osteoarthritis Outcome Score. C1r was overexpressed 
in PTOA cells and mouse cartilage tissues, and its silencing led to a reduction in apoptosis, as well as the levels 
of inflammatory factors (IL-6/IL-8) and matrix catabolic enzymes (MMP-13/ADAMTS-4) in chondrocytes and 
cartilage tissues.
Conclusion: C1r serves as a potential candidate biomarker for PTOA and warrants further in-depth exploration. In 
experimental models, targeting C1r may contribute to the mitigation of cartilage damage. 

Keywords: Fracture fixation, hardware removal, unexpected intraoperative positive cultures, low-grade infection, 
implant colonization.
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Committee of Nanjing First Hospital, Nanjing 
Medical University, and all subjects were informed 
of the research content. The study was carried out in 
full accordance with the relevant provisions of the 
Declaration of Helsinki.

Cell culture and treatment

Human chondrocytes (C-28/I2) obtained from Bluefcell 
Company (China) were cultured in high-glucose 
Dulbecco’s Modified Eagle Medium (MeilunBio, 
China) supplemented with 10% fetal bovine serum 
(Gibco, USA) and 1% penicillin/streptomycin (Solarbio, 
China) under growth conditions of 37°C and 5% CO2. 
When the cells achieved a confluence of over 90%, they 
were digested with trypsin-ethylenediaminetetraacetic 
acid (EDTA) (0.25%) (TargetMol, USA) and then sub-
cultured at a ratio of 1:2.

The C-28/I2 cells (9 × 104) were seeded into each 
well of a 6-well plate. Following cell attachment, the 
cells were subjected to a 2-hour stimulation with IL-
1β (10 ng/mL, PeproTech, China) to induce an OA cell 
model18,19. Subsequently, the cells were transfected 
with C1R small interfering RNA (siC1R, Ubigene, 
China) or its negative control (siNC) using the 
Lipofectamine 3000 transfection reagent (Invitrogen, 
USA). After 6 hours of transfection, the cells were 
further cultured in fresh growth medium for 48 hours.

PTOA mouse model

A total of 24 eight-week-old male C57BL/6J mice, 
supplied by AnipheBio (China), were acclimated for 
one week under standard rearing conditions before 
model establishment. The mice were randomly 
allocated into four groups: the sham group, the PTOA 
group, the PTOA + siNC group, and the PTOA + siC1R 
group.

After anesthesia was induced through 
intraperitoneal injection of pentobarbital sodium 
(at a dosage of 35 mg/kg, mice in the PTOA group 
underwent surgery to transect the medial meniscus-
tibial ligament of the right knee, thus inducing knee 
instability and subsequent PTOA. Mice in the sham 
group underwent open surgery without transecting the 
medial meniscus-tibial ligament.

Post-operation, a subcutaneous injection of bupren-
orphine at a dosage of 0.05 mg/kg was administered 
every 12 hours for pain management, and this 
treatment was continued for three days. In the PTOA 
+ siNC and PTOA + siC1R groups, the mice received 
intra-articular injection of siNC or siC1R (20 μL, 20 
μg) one week after the operation, and the injection 
was repeated two weeks after the operation.

regulation of inflammatory responses through various 
pathways7,8. In recent years, the role of the complement 
system in the pathogenesis of OA has attracted 
increasing attention. Research has demonstrated that 
the levels of complement components are significantly 
elevated in OA patients, and they show a positive 
correlation with the degree of cartilage degeneration 
and inflammatory markers9-14. This suggests that the 
abnormal activation of the complement system may 
be a critical factor in the pathological process of 
OA. C1r is one of the key molecules in the classical 
complement pathway and, in conjunction with 
C1q and C1s, forms the C1 complex. When C1q 
recognizes immune complexes or damage - associated 
molecular patterns, C1r is activated and then cleaves 
and activates C1s, thereby initiating the complement 
cascade15,16. A previous proteomics analysis indicated 
that synovial fluid C1r is the most significantly up-
regulated protein in OA patients, and there is a 
positive correlation between the severity of OA and 
C1r levels17. However, it remains unclear whether C1r 
is specifically dysregulated in PTOA, whether it has 
clinical utility as a biomarker, and whether it plays a 
causal role in cartilage injury.

To address these research gaps, this study 
conducted a systematic assessment of C1r expression, 
diagnostic significance, and functional mechanism 
in PTOA. In contrast to previous correlative findings 
in mixed OA cohorts, this study presents the initial 
evidence indicating that C1r serves as an independent 
risk factor and a causative agent in PTOA, thereby 
providing a potential target for early intervention.

MATERIALS AND METHODS 

Clinical participants

Synovial fluid specimens were obtained from 86 
patients with knee joint injury and 90 patients with 
PTOA during their surgical operations at our hospital. 
Three specimens were randomly selected from each 
of these two groups for proteomic analysis. PTOA 
patients were diagnosed based on relevant imaging 
examinations and clinical manifestations, and the 
severity of their condition was assessed using the 
Kellgren - Lawrence classification and the Knee Injury 
and Osteoarthritis Outcome Score (KOOS). Patients 
with incomplete clinical records or those suffering 
from other types of OA or other knee diseases were 
excluded. The demographic characteristics of these 
two groups of subjects were comparable, and no 
significant differences were found (Supplementary 
Table I). This study was approved by the Ethics 
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Eight weeks later, the mice were euthanized via 
intraperitoneal injection of pentobarbital sodium 
at a dosage of 150 mg/kg, and their knee cartilage 
tissue was collected for analysis. All animal-related 
procedures were conducted in accordance with the 
“Regulations on the Administration of Laboratory 
Animals” and were approved by the Animal Ethics 
Committee of Nanjing First Hospital, Nanjing 
Medical University.

RT-qPCR

Total ribonucleic acid (RNA) was extracted from 
synovial fluid samples using the cfRNA Easy Kit 
(Starvio, China). Meanwhile, RNA from C-28/I2 cells 
or mouse cartilage tissues was extracted by the TRIzol 
method. After reverse-transcribing the extracted RNA 
into cDNA with the AdvanceFast 1st Strand cDNA 
Synthesis Kit (YEASEN, China), gene amplification 
was performed using the Maxima SYBR Green 
qPCR premixed solution (Thermo Fisher Scientific). 
The relative gene expression was calculated using 
the 2-ΔΔCT method, with GAPDH as the internal 
reference.

Western blotting

Subsequent to cell processing, RIPA lysis buffer 
(Beyotime, China) supplemented with 1% 
phenylmethylsulfonyl fluoride (MedChemExpress, 
USA) was introduced to the cells and incubated on ice 
for 30 minutes to facilitate protein extraction. After 
centrifugation at 12,000 g for 20 minutes at 4°C, the 
supernatant (total protein solution) was collected, and 
its concentration was determined via a BCA assay 
kit (Solarbio). Forty micrograms of protein samples 
were subjected to SDS-PAGE. After the proteins were 
transferred onto the PVDF membrane, the membrane 
was blocked with 5% skimmed milk for 2 hours. 
Subsequently, it was incubated with the primary 
antibody against C1r (1:1000, Proteintech, China) or 
GAPDH (1:1500, Proteintech) at 4°C overnight. On 
the next day, following a 1.5-hour incubation of the 
membrane with the secondary antibody (1:10000, 
Proteintech, China), the protein signals were detected 
using ECL luminescent solution (Beyotime) under 
a chemiluminescence instrument, and grayscale 
analysis was performed using ImageJ software.

Cell apoptosis assay

An Annexin V-FITC/PI apoptosis detection kit 
(Elabscience, China) was utilized for the detection 
of cell apoptosis. The experimental procedure is as 
follows: After treatment, the cells were collected 

subsequent to digestion with EDTA-free trypsin. 
Subsequently, they were resuspended in 1× binding 
buffer (at a cell density of 1 × 106 cells/mL. A 100-μL 
sample of the cell suspension was transferred to a flow 
cytometry tube. Then, 5 μL of Annexin V-FITC and 
10 μL of propidium iodide were added, followed by 
a 15-minute incubation period. Next, the fluorescence 
signals were detected by means of flow cytometry 
within 1 hour. The data were analyzed using FlowJo 
software.

ELISA assay

The cell culture supernatant was acquired after 
centrifuging the cell medium at 300 g for 10 minutes. 
After the cartilage tissue was thoroughly pulverized in 
liquid nitrogen, it was homogenized with lysis buffer, 
and the supernatant was obtained after complete 
centrifugation (at 12000 g for 20 minutes. The levels 
of cytokines in the aforementioned samples were 
detected using commercial sandwich ELISA kits as 
per the instructions: human/mouse IL-6/IL-8 ELISA 
kit (Abcam, UK), human/mouse MMP-13 ELISA kit 
(Elabscience), human/mouse ADAMTS-4 ELISA kit 
(CUSABIO, China).

Immunohistochemistry

The murine cartilage tissue was fixed in 4% 
paraformaldehyde (Beyotime) for 24 hours. 
Subsequently, it was decalcified with 20% EDTA 
(MedChemExpress) for a period of two weeks. 
Thereafter, the tissue was embedded in paraffin 
and sectioned. Following the procedures of baking, 
dewaxing, and rehydration, the sections were 
incubated with the C1r primary antibody (1:100, 
Proteintech) overnight at 4°C. Subsequently, the 
sections were incubated with a secondary antibody 
(OriGene, USA) for one hour. After the sections 
were stained with 3,3’-diaminobenzidine (Sigma-
Aldrich, USA) and counterstained with hematoxylin 
(Beyotime) to highlight the cell nucleus, they were 
dehydrated with ethanol, cleared with xylene, and 
mounted with neutral resin. Finally, images were 
captured using an optical microscope and analyzed 
using ImageJ software.

TUNEL assay

The aforementioned wax-embedded section was 
affixed to a glass slide pre-coated with polylysine. 
The TUNEL assay was conducted in accordance with 
the instructions of the commercially available TUNEL 
detection kit (Epizyme, China). After deparaffinizing 
the sections with xylene and rehydrating them using 
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a gradient of ethanol, the sections were incubated 
with proteinase K (20 μg/mL) at 37°C for 20 minutes. 
After being washed three times with PBS, 50 μL of 
the TUNEL reaction mixture was added and incubated 
at 37°C for 60 minutes. Subsequently, the sections 
were counterstained with DAPI at room temperature 
for 5 minutes to label the nucleus. After mounting 
the sections with an anti-fade mounting medium 
(Beyotime), the sections were examined under a 
fluorescence microscope. The apoptosis rate was 
calculated using ImageJ software.

Statistical analysis

Data analysis and statistical graph generation were 
carried out using GraphPad 8.0 or SPSS software. 
Continuous measurement data were described by the 
mean ± standard deviation and analyzed through the 
Wilcoxon test, Student’s t test, and one-way/two-way 
analysis of variance. In contrast, categorical data were 
presented as the number (%), and the chi-square test 
was employed for analysis. A p-value less than 0.05 
was considered statistically significant. 

RESULTS

Proteomics analysis

Principal component analysis (PCA) demonstrated 
that the two sample groups could be clearly 
discriminated by the first principal component (PC1) 
(Figure 1A), indicating that inter-group disparities 
serve as the primary determinant of the total data 
variance. This validates the experimental grouping 
and exhibits favorable biological reproducibility. 
In the PTOA and CONT groups, 360 differentially 
expressed proteins were identified. Among these, in 
the PTOA cohort, 309 proteins were highly expressed 
and 51 were lowly expressed (Figure 1B), and C1r 
was one of the highly expressed proteins (Figure 
1C). GO analysis (Figure 1D) of these differentially 
expressed proteins revealed their involvement in 
biological processes such as protein stabilization/
folding, complement activation, and glycolysis. They 
are associated with cellular components, including 
extracellular exosomes, cytosol, and extracellular 
region/space, and execute molecular functions such as 
identical protein binding, RNA binding, and cadherin 

Fig. 1 — Proteomic analysis based on the synovial fluid of patients with knee joint injury (CONT) and PTOA patients. (A) Evaluation of sample 
grouping effectiveness. (B-C) Differentially expressed proteins between the two sample groups. GO (D) and KEGG (E) analysis of differentially 

expressed proteins.
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binding, etc. KEGG analysis (Figure 1E) showed that 
these proteins are enriched in signaling pathways 
such as the pentose phosphate pathway, proteasome, 
glycolysis/gluconeogenesis, pyruvate metabolism, 
complement and coagulation cascades.

High expression of C1R may be associated 
with PTOA occurrence

In comparison to non-PTOA individuals, the expression 
of C1R was significantly upregulated in the synovial 
fluid of PTOA patients (Figure 2A). Receiver operating 
characteristic (ROC) analysis based on this expression 
data indicated that C1R exhibited a moderate 
discriminatory ability between non-PTOA and PTOA 
individuals (AUC = 0.777, sensitivity = 70.0%, 
specificity = 75.6%, Figure 2B). Further multivariate 
logistic regression analysis demonstrated that C1R may 
be associated with increased risk of PTOA occurrence 
after adjusting for other clinical characteristics and 
confounding factors (odds ratio = 1.966, p = 0.007, 
Table I), suggesting that each unit increase in C1R 

expression was associated with an approximate 96.6% 
increase in the odds of having PTOA.

Based on the mean of C1R expression level, 
PTOA patients were classified into low- and high-
expression groups for further analysis. The chi-square 
test indicated that a higher proportion of patients 
with a high Kellgren-Lawrence grade was observed 
in the C1R high-expression group (Table II). The 
Wilcoxon test revealed that patients with high C1R 
expression had lower KOOS scores and higher levels 
of erythrocyte sedimentation rate (ESR) and high-
sensitivity C-reactive protein (hs-CRP) in the synovial 
fluid (Table II). These findings suggest that elevated 
C1R expression may be related to more severe PTOA 
degree and an inflammatory status.

Silencing C1R may alleviate cartilage 
damage

In an IL-1β-induced OA cell model, the expression 
of C1r was significantly upregulated. Furthermore, 
its expression was markedly inhibited subsequent to 

Fig. 2 — Clinical value assessment of C1R expression. (A) Expression of C1R in synovial fluid 
of patients with knee joint injury or PTOA. (B) ROC curve distinguishing knee joint injury and 

PTOA patients based on C1R expression levels in cartilage. ***p < 0.001.

Characteristics Odds ratio
95% confidence interval

p-value
Lower Higher

Age 0.999 0.964 1.035 0.940
Gender 0.647 0.336 1.247 0.194
BMI 1.072 0.976 1.177 0.145
Smoking 1.056 0.547 2.041 0.870
Drinking 1.151 0.597 2.221 0.674
ESR 1.087 1.018 1.161 0.013
hs-CRP 2.857 1.286 6.348 0.010
C1R 1.966 1.206 3.206 0.007
PTOA, post-traumatic osteoarthritis; CONT, patients with knee joint trauma and without osteoarthritis; BMI, body mass 
index; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive protein.

Table I. — Multiple logistic regression analysis (PTOA vs. CONT).
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are correlated with the degree of cartilage degeneration, 
and C5 deficiency exerts joint-protective effects in 
animal models12. Inhibition of complement C3 or factor 
D also decelerates the progression of OA21,22.

Despite these advancements, the role of the 
highly upstream complement component C1r, which 
initiates the classical pathway, has remained largely 
uninvestigated in PTOA. Specifically, it is unclear 
whether C1r is dysregulated in PTOA, whether it 
has clinical diagnostic or risk assessment value, and 
whether it directly contributes to cartilage damage. In 
this study, we systematically address these research 
gaps. Through proteomic screening followed by 
validation in a larger cohort, we demonstrate for the 
first time that synovial fluid C1r is significantly over-
expressed in PTOA patients and is closely associated 
with disease onset. Clinically, C1r can effectively 
distinguish PTOA patients from non-PTOA individuals 
(ROC analysis) and may be associated with an increased 
risk of PTOA in multivariate regression. Thus, beyond 
confirming the general involvement of the complement 
system in OA, this study expands the existing literature 
by identifying C1r as a previously unrecognized key 
participant specifically in PTOA and as a potential 
intervention target.

The pathogenesis of PTOA involves the 
overexpression of catabolic enzymes, the release of 
damage-associated molecular patterns, and synovial 
inflammation, which is characterized by increased 
infiltration of immune cells and elevated levels of 

transfection with small interfering RNA targeting C1r 
(siC1R) (Figure 3A). As the expression of C1r increased, 
the apoptosis rate in the OA cell model and the secretion 
levels of IL-6, IL-8, MMP-13, and ADAMTS-4 
also increased significantly. These alterations were 
concurrently reversed by siC1R transfection (Figure 
3B-C). Similarly, the expression of C1r was elevated in 
the cartilage tissues of PTOA mice and was suppressed 
following treatment with siC1R injection (Figure 
3D). Higher apoptosis rates and elevated levels of IL-
6, IL-8, MMP-13, and ADAMTS-4 were observed 
in the cartilage tissues of PTOA mice. All of these 
were reduced after siC1R treatment as a result of the 
downregulation of C1r (Figure 3E-F). 

DISCUSSION

Over the past ten years, an increasing amount of 
evidence has confirmed that the complement system 
actively participates in the pathogenesis of OA. 
Elevated levels of complement activation products, 
including C4d, C3bBbP, and sTCC, have been detected 
in the synovial fluid of patients with knee injury and 
OA, with C4d remaining at an elevated level for 
years after the injury11. Animal studies simulating 
anterior cruciate ligament injury and meniscal tear 
have revealed an increased expression of C3aR1 and 
C5aR1 in synovial cells9, and the genetic deficiency of 
C3aR1 or C5aR1 protects mice from OA induction20. 
Moreover, the levels of C3a and C5b-9 in synovial fluid 

Characteristics Total C1R expression
p-value

Low (n = 48) High (n = 42)
Age Years 45.6 ± 8.76 46.0 ± 8.43 45.2 ± 9.11 0.692

Gender
Female 39 (43.3) 20 (22.2) 19 (21.1)

0.733
Male 51 (56.7) 28 (31.1) 23 (25.6)

BMI kg/m2 21.3 ± 3.61 21.7 ± 3.40 20.9 ± 3.78 0.293

Smoking
No 50 (55.6) 27 (30.0) 23 (25.6)

0.887
Yes 40 (44.4) 21 (23.3) 19 (21.1)

Drinking
No 38 (42.2) 21 (23.3) 17 (18.9)

0.754
Yes 52 (57.8) 27 (30.0) 25 (25.8)

Kellgren-Lawrence
III 47 (52.2) 33 (36.7) 14 (15.6)

0.001
IV 43 (47.8) 15 (16.7) 28 (31.1)

KOOS Score 45.9 ± 15.72 50.2 ± 16.01 41.1 ± 13.90 0.006
ESR mm/h 23.3 ± 5.06 21.0 ± 4.66 26.0 ± 4.06 < 0.001
hs-CRP mg/L 0.82 ± 0.43 0.65 ± 0.35 1.02 ± 0.43 < 0.001
The continuous data were presented as the mean ± standard deviation, and were analyzed using the Wilcoxon test. The categorical data 
were presented in terms of number (%), and were analyzed using the chi-square test.
PTOA, post-traumatic osteoarthritis; BMI, body mass index; KOOS, knee injury and osteoarthritis outcome score; ESR, erythrocyte 
sedimentation rate; hs-CRP, high-sensitivity C-reactive protein.

Table II. — The correlation between the expression level of C1R and various clinical characteristics of PTOA patients.
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Fig. 3 — The role of C1r in PTOA-related cartilage damage. (A) The western blotting experiment was used to detect the expression of C1r 
in IL-1β-treated C-28/I2 cells and transfection efficiency of siC1R. (B) The Annexin V-FITC/PI method was used to detect C-28/I2 cell 
apoptosis rate following IL-1β treatment and siC1R transfection. (C) ELISA assay was for concentration detection of IL-6, IL-8, MMP-13, 
and ADAMTS-4 in the culture medium of C-28/I2 cells treated with IL-1β and transfected with siC1R. (D) Immunohistochemistry was used 
to detect the expression of C1r in mouse cartilage tissue. (E) The TUNEL method was for apoptosis detection in mouse cartilage tissue. (F) 

The levels of IL-6, IL-8, MMP-13, and ADAMTS-4 in mouse cartilage tissue detected via ELISA assay. ***p < 0.001.
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use C1r knockout animals or specific inhibitors, so we 
cannot definitively establish that C1r plays a causal 
role in PTOA, nor can we conclude that it is a validated 
therapeutic target. Fifth, the mechanism of action of C1r 
- whether through the complement-dependent pathway 
or the non-complement pathway (such as the Wnt/β-
Catenin pathway31) - requires further investigation. 
Fifth, the clinical significance of C1r needs to be 
further confirmed. The clinical value of C1r should be 
validated in an independent prospective cohort before 
any potential clinical application.
    

CONCLUSION

In conclusion, C1r exhibits a significant up-regulation 
in PTOA. Silencing C1r could effectively mitigate 
chondrocyte apoptosis and inflammatory responses, 
and alleviate cartilage tissue damage both in vitro 
and in vivo. C1r may serve as a potential candidate 
biomarker for the early detection of PTOA, subject to 
validation in larger, prospective cohorts. This study 
offers preliminary experimental evidence to support the 
further exploration of complement-targeting strategies, 
including those targeting C1r, for PTOA intervention.
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pro-inflammatory cytokines23-25. It is worth noting that 
patients with high C1R expression presented with higher 
Kellgren-Lawrence grades and lower KOOS scores, 
along with significantly elevated ESR and hs-CRP 
levels. This suggests that C1r may be closely associated 
with disease severity and joint inflammation. In an 
IL-1β-induced chondrocyte inflammation model, the 
expression of C1r was significantly upregulated. When 
C1r was silenced, the expression of pro-inflammatory 
factors (such as IL-6 and IL-8) and matrix catabolic 
enzymes (such as MMP-13 and ADAMTS-4) decreased 
significantly, and cell apoptosis was reduced. This 
implies that C1r may participate in the pathological 
process of PTOA by modulating inflammatory 
responses and matrix degradation. In animal models, 
an elevated expression of C1r was also observed in the 
cartilage tissue of PTOA mice. Local injection of siC1R 
effectively reduced its expression and significantly 
decreased the levels of apoptosis and inflammation in 
the cartilage tissue. These results are highly consistent 
with those obtained from in vitro experiments. During 
the progression of OA, the excessive release of IL-6, 
IL-8, TNF-α, matrix metalloproteinases (MMPs), and 
ADAMTS4/5 exacerbates synovial inflammation, 
cartilage degeneration, and even leads to the structural 
deterioration of the joint26,27. The activation of the 
complement system in joint tissues may form a vicious 
cycle by enhancing the local inflammatory response, 
inducing chondrocyte damage, and promoting the 
expression of matrix catabolic enzymes, thereby 
accelerating cartilage destruction28-30. As a key initiator 
of the classical complement pathway, the upregulation 
of C1r may amplify the complement cascade, thus 
exacerbating joint damage.

Although this study has verified the role of C1r in 
PTOA at multiple levels, certain limitations must be 
recognized. First, the proteomic discovery cohort was 
based on a relatively small number of synovial fluid 
samples, which may have introduced selection bias 
and increased the risk of false-positive findings. While 
this limitation was partly mitigated by subsequent 
validation in a larger cohort, the exploratory nature of 
the discovery phase should still be considered. Second, 
the animal model used in this study involved only a 
relatively short-term observation period following 
PTOA induction, which limits our ability to assess the 
long-term effects or chronic progression of C1r-related 
pathological changes. Third, the upstream regulatory 
mechanisms of C1r remain unclear, including whether 
it is regulated by mechanical stress, inflammatory 
factors, or feedback within the complement system. 
Fourth, causal evidence is lacking. This study did not 



C1R in post-traumatic osteoarthritis

9acta orthopaedica belgica  92|3|2026

system activation in the development of post-traumatic 
osteoarthritis after anterior cruciate ligament injury or 
meniscus tear. Front Immunol. 2023;14:1146563. doi:10.3389/
fimmu.2023.1146563.

10.	Schafer N, Grassel S. Involvement of complement 
peptides C3a and C5a in osteoarthritis pathology. Peptides. 
2022;154:170815. doi:10.1016/j.peptides.2022.170815.

11.	Struglics A, Okroj M, Sward P, Frobell R, Saxne T, Lohmander 
LS et al. The complement system is activated in synovial 
fluid from subjects with knee injury and from patients with 
osteoarthritis. Arthritis Res Ther. 2016;18(1):223. doi:10.1186/
s13075-016-1123-x.

12.	Wang Q, Rozelle AL, Lepus CM, Scanzello CR, Song JJ, 
Larsen DM et al. Identification of a central role for complement 
in osteoarthritis. Nat Med. 2011;17(12):1674-9. doi:10.1038/
nm.2543.

13.	Cheng TH, Zeng J, Dehghani A, Dimaculangan D, Zhang M, 
Maheshwari AV. Complement C3-alpha and C3-beta Levels in 
Synovial Fluid But Not in Blood Correlate With the Severity of 
Osteoarthritis Research Society International Histopathological 
Grades in Primary Knee Osteoarthritis. J Arthroplasty. 
2022;37(8):1541-8 e1. doi:10.1016/j.arth.2022.03.076.

14.	Silawal S, Wagner M, Roth D, Bertsch T, Schwarz S, 
Willauschus M et al. Complement Proteins C5/C5a, Cathepsin 
D and Prolactin in Chondrocytes: A Possible Crosstalk in the 
Pathogenesis of Osteoarthritis. Cells. 2022;11(7). doi:10.3390/
cells11071134.

15.	Ye J, Yang P, Yang Y, Xia S. Complement C1s as a 
diagnostic marker and therapeutic target: Progress and 
propective. Front Immunol. 2022;13:1015128. doi:10.3389/
fimmu.2022.1015128.

16.	Mortensen SA, Sander B, Jensen RK, Pedersen JS, Golas MM, 
Jensenius JC et al. Structure and activation of C1, the complex 
initiating the classical pathway of the complement cascade. 
Proc Natl Acad Sci U S A. 2017;114(5):986-91. doi:10.1073/
pnas.1616998114.

17.	Liao W, Li Z, Li T, Zhang Q, Zhang H, Wang X. Proteomic 
analysis of synovial fluid in osteoarthritis using SWATH‑mass 
spectrometry. Mol Med Rep. 2018;17(2):2827-36. doi:10.3892/
mmr.2017.8250.

  REFERENCES 

1.	Kong H, Zheng J, Han J, Meng X, Li X, Wang X et al. The 
crosstalk among macrophages, chondrocytes and mesenchymal 
stem cells in osteoarthritis: the role of extracellular vesicles. 
Stem Cell Res Ther. 2025;16(1):553. doi:10.1186/s13287-025-
04659-x.

2.	Wu Z, Xu L, He Y, Xu K, Chen Z, Moqbel SAA et al. 
DUSP5 suppresses interleukin-1beta-induced chondrocyte 
inflammation and ameliorates osteoarthritis in rats. Aging 
(Albany NY). 2020;12(24):26029-46. doi:10.18632/
aging.202252.

3.	Eskara H, Aman T, Unsalan O, Ender Ibac S, Kurtulmus T. Is 
Severe Knee Osteoarthritis Associated with Intertrochanteric 
Rather Than Femoral Neck Hip Fractures? Acta Orthop Belg. 
2026;92(1). doi:10.52628/92.1.15335.

4.	Hada S, Tomura J, Kim Y, Yoshida K, Kaneko H, Saita Y et al. 
Progression of medial meniscal extrusion following anterior 
cruciate ligament reconstruction correlates with graft diameter: 
a retrospective longitudinal study. BMC Musculoskelet Disord. 
2025;26(1):690. doi:10.1186/s12891-025-08950-z.

5.	Wang LJ, Zeng N, Yan ZP, Li JT, Ni GX. Post-traumatic 
osteoarthritis following ACL injury. Arthritis Res Ther. 
2020;22(1):57. doi:10.1186/s13075-020-02156-5.

6.	Khella CM, Asgarian R, Horvath JM, Rolauffs B, Hart ML. 
An Evidence-Based Systematic Review of Human Knee 
Post-Traumatic Osteoarthritis (PTOA): Timeline of Clinical 
Presentation and Disease Markers, Comparison of Knee Joint 
PTOA Models and Early Disease Implications. Int J Mol Sci. 
2021;22(4). doi:10.3390/ijms22041996.

7.	Cole MA, Gerber GF, Chaturvedi S. Complement biomarkers in 
the antiphospholipid syndrome - Approaches to quantification 
and implications for clinical management. Clin Immunol. 
2023;257:109828. doi:10.1016/j.clim.2023.109828.

8.	Shi Y, Dong H, Sun S, Wu X, Fang J, Zhao J et al. Protein-
centric omics analysis reveals circulating complements linked 
to non-viral liver diseases as potential therapeutic targets. Clin 
Mol Hepatol. 2024;30(1):80-97. doi:10.3350/cmh.2023.0343.

9.	Holers VM, Frank RM, Clauw A, Seifert J, Zuscik M, 
Asokan S et al. Potential causal role of synovial complement 

Characteristics CONT (n = 86) PTOA (n = 90) p-value
Age Years 46.2 ± 9.64 45.6 ± 8.76 0.699

Gender
Female 46 (26.1) 39 (22.2)

0.178
Male 40 (22.7) 51 (29.0)

BMI kg/m2 20.4 ± 3.39 21.3 ± 3.61 0.081

Smoking
No 48 (27.3) 50 (28.4)

0.972
Yes 38 (21.6) 40 (22.7)

Drinking
No 41 (23.3) 38 (21.6)

0.467
Yes 45 (25.6) 52 (29.5)

Kellgren-Lawrence
III - 47 (52.2)

-
IV - 43 (47.8)

KOOS Score - 45.9 ± 15.72 -
ESR mm/h 19.1 ± 4.68 23.3 ± 5.06 < 0.001
hs-CRP mg/L 0.53 ± 0.36 0.82 ± 0.43 < 0.001
The continuous data were presented as the mean ± standard deviation, and were analyzed using the Wilcoxon test. The categorical 
data were presented in terms of number (%), and were analyzed using the chi-square test.
CONT, patients with knee joint trauma and without osteoarthritis; PTOA, post-traumatic osteoarthritis; BMI, body mass index; 
KOOS, knee injury and osteoarthritis outcome score; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity C-reactive 
protein.

Supplementary Table I. — The basic characteristics of the subjects.



10	

Bo Dong, Kui Ma, Qi Dong, Guangyou Yang, Xiaofei Li, Jianchao Gui

25.	Wang F, Liu M, Wang N, Luo J. G Protein-Coupled Receptors in 
Osteoarthritis. Front Endocrinol (Lausanne). 2021;12:808835. 
doi:10.3389/fendo.2021.808835.

26.	Peng R, Yu B, Zhang L, Xue Z, Yao L, Yang Q et al. Targeted 
Inhibition of CD74(+) Macrophages by Luteolin via CEBPB/
P65 Signaling Ameliorates Osteoarthritis Progression. Adv Sci 
(Weinh). 2026;13(7):e08472. doi:10.1002/advs.202508472.

27.	Zhou Y, Ming J, Li Y, Li B, Deng M, Ma Y et al. Exosomes 
derived from miR-126-3p-overexpressing synovial fibroblasts 
suppress chondrocyte inflammation and cartilage degradation in 
a rat model of osteoarthritis. Cell Death Discov. 2021;7(1):37. 
doi:10.1038/s41420-021-00418-y.

28.	Han Z, Wang K, Ding S, Zhang M. Cross-talk of inflammation 
and cellular senescence: a new insight into the occurrence 
and progression of osteoarthritis. Bone Res. 2024;12(1):69. 
doi:10.1038/s41413-024-00375-z.

29.	Keller LE, Fortier LA, Lattermann C, Hunt ER, Zhang S, Fu 
Q et al. Complement system dysregulation in synovial fluid 
from patients with persistent inflammation following anterior 
cruciate ligament reconstruction surgery. J Cartil Jt Preserv. 
2023;3(4). doi:10.1016/j.jcjp.2023.100114.

30.	Ruths L, Hengge J, Teixeira GQ, Haffner-Luntzer M, Ignatius 
A, Riegger J. Terminal complement complex deposition on 
chondrocytes promotes premature senescence in age- and 
trauma-related osteoarthritis. Front Immunol. 2024;15:1470907. 
doi:10.3389/fimmu.2024.1470907.

31.	Li H, Li H, Raj Dahal R, Jiang Y, Lu Q, Wang S et al. CTHRC1 
inhibits the proliferation and promotes apoptosis of osteoarthritis 
chondrocytes by activating Wnt / ss-Catenin pathway. Acta 
Orthop Belg. 2026;92(1). doi:10.52628/92.1.14938.

 

18.	Han J, Zhan LN, Huang Y, Guo S, Zhou X, Kapilevich L et al. 
Moderate mechanical stress suppresses chondrocyte ferroptosis 
in osteoarthritis by regulating NF-kappaB p65/GPX4 signaling 
pathway. Sci Rep. 2024;14(1):5078. doi:10.1038/s41598-024-
55629-x.

19.	Lei Y, Wang X, Liao J, Shen J, Li Y, Cai Z et al. Shear-responsive 
boundary-lubricated hydrogels attenuate osteoarthritis. Bioact 
Mater. 2022;16:472-84. doi:10.1016/j.bioactmat.2022.02.016.

20.	Banda NK, Hyatt S, Antonioli AH, White JT, Glogowska 
M, Takahashi K et al. Role of C3a receptors, C5a receptors, 
and complement protein C6 deficiency in collagen antibody-
induced arthritis in mice. J Immunol. 2012;188(3):1469-78. 
doi:10.4049/jimmunol.1102310.

21.	Collins KH, Lenz KL, Welhaven HD, Ely E, Springer LE, 
Paradi S et al. Adipose-derived leptin and complement 
factor D mediate osteoarthritis severity and pain. Sci Adv. 
2025;11(17):eadt5915. doi:10.1126/sciadv.adt5915.

22.	Xu JX, Xu FZ, Furbish A, Braxton AM, Brumfield B, Helke 
KL et al. Inhibition of complement C3 prevents osteoarthritis 
progression in guinea pigs by blocking STAT1 activation. 
Commun Biol. 2024;7(1):370. doi:10.1038/s42003-024-
06051-6.

23.	Riegger J, Brenner RE. Pathomechanisms of Posttraumatic 
Osteoarthritis: Chondrocyte Behavior and Fate in a Precarious 
Environment. Int J Mol Sci. 2020;21(5). doi:10.3390/
ijms21051560.

24.	Khan NM, Kaiser JM, Chihab S, Eng T, Drissi H. Dimethyl 
Fumarate attenuates synovial inflammation, reduces 
nociception, and inhibits the development of post-traumatic 
osteoarthritis. Biomed Pharmacother. 2025;183:117865. 
doi:10.1016/j.biopha.2025.117865.



RELIABILITY.

PERFORMANCE.

PERSONALISED SERVICE.

At United, we specialise in high-quality knee 
and hip implants, delivering reliable and 
long-lasting clinical results.

OUR STRENGTH LIES IN
A reputation for high-quality implants
Excellent surgical outcomes
A professional and highly personalised service
Bespoke solutions and instruments

We provide surgeons and medical teams with 
first-class technical and personal support.

Kernenergiestraat 47C
2610 Wilrijk 

Belgique

Sales contact
0475 36 99 85 (Jan)
O�ce
0485 20 47 59  (Tahnee)  

EXCELLENCE IN ORTHOPAEDIC IMPLANTS

be.unitedorthopedic.com

HIGH-QUALITY 
HIP AND KNEE IMPLANTS.


