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Abstracts 

Background: Some cytokines such as IL-1β, TNF-α, VEGF, IL-6, IL-15, IL-17, IL-18, IL-4, IL-10, and IL-13 had been found in the 

knee joint and demonstrated the correlation to knee injuries and clinical symptoms. Paint is the most important symptom in 

OA. However, the causes and correlative factors of paint in OA are still not clear. 

 

The main aim: To study the determination IL-1b, IL-6, IL8, and IL4 in serum and synovial fluid in the knee of osteoarthritis 

patients at the early stages and their relationship to pain level. 

 

Materials and Methods: A cross-sectional descriptive study was conducted in 35 knee osteoarthritis patients with knee effusion 

from April 2018 to July 2019 in Military Hospital 103. The serum and synovial fluid were used to determine the cytokines level 

and to estimate the correlation between them and some clinical features. 
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Results: There were no significant differences between the cytokines levels in terms of age, gender, pain level as the visual 

analog scale score, and the duration of disease except IL4 in synovial fluid were differences between the visual analog scale 

score group and osteoarthritis stages. The interleukin levels in synovial fluid had a high correlation to each other. There was no 

significant correlation between their levels in the serum. 

 

Conclusion: In synovial fluid, only the IL4 concentration was significantly different between osteoarthritis stage and pain level 

groups. 

 

Keywords: cytokine, interleukin, osteoarthritis, knee, pain level, synovial fluid. 

1. Introduction 

Osteoarthritis (OA) appears in hip and knee might mainly cause pain and hard exercise. Those effects on 

many people quality and associate to premature mortality [1]. One more important thing should be said: 

osteoarthritis is a disease with a severe course and large term for rehabilitation, and one of all becomes 

the restoration of the gait [2]. 

The Global Burden of Disease study in 2017 showed that approximately 263 million people 

(equivalent to 63.7 % population) had OA of the knee [3]. In the joint tissue, the damage and 

regeneration are two parallel processing. Although the radiographic images were the criteria for OA 

diagnosis, the changes in joint tissues appeared for a long time before. Images could not reflect the 

biochemical changes happening in the joints. Even though OA is regarded as a non-inflammatory system 

disease, many inflammatory cytokines had important roles in the OA process such as IL-1β, TNF-α, VEGF, 

IL-6, IL-15, IL-17, IL-18, IL-4, IL-10, and IL-13 [4-11]. These cytokines had been found in the knee joint and 

demonstrated the correlation to knee injuries and clinical symptoms. Paint is the most important 

symptom in OA. However, the causes and correlative factors of paint in OA are still not clearly [12-13]. 

Evaluation of these cytokines could show not only their relationship in OA pathology more clearly but 

also their correlation to some features. 

 

2. Materials and Methods 

The cross-sectional study was conducted in 35 patients who had been diagnosed OA of the knee with 

effusion at the Military Hospital 103, Hanoi, Vietnam, from April 2018 to July 2019. OA patients were 

diagnosed by the American College of Rheumatology criteria for the diagnosis of knee osteoarthritis12. 

Research participants have not included patients having history of trauma, diseases of rheumatoid 

arthritis, previous joint infection, crystal deposition arthritis, enteropathic arthritis, hemophilic 
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arthropathy, systemic inflammatory or autoimmune disorders, malignant disease, advanced renal 

disease, Diabetes Mellitus, histories of corticosteroids medication, or refused to participate in the study 

(Table 1). 

 

2.1. Pain level 

The level of pain was evaluated on a visual analog scale (VAS). This scale appeared on a two-sided ruler. 

One side was divided from 0 to 100 (equivalent to 100 mm). The other side was marked at both ends of 

the line corresponding to the straight line on the front: painless corresponds to the number 0; the most 

pain level imaginable is 100. When evaluating the pain level, the patient could only see the back (no 

number) and self-assess the pain level, drag the ruler to the degree of pain self-assessment. The 

physician would refer to the number on the front of the ruler to determine the degree of pain from 0 to 

10. 

Pain measurement using a VAS scale: 

0 – 10 : No pain 

10 – 40 : Mild pain 

40 – 70 : Moderate pain 

70 – 100 : Severe pain 

 

2.2. Osteoarthritis stage 

This classification was proposed by Kellgren and Lawrence in 1957, and later accepted by the World 

Health Organization (WHO) in 1961 as the radiological definition of OA for the purpose of 

epidemiological studies. 

Disease severity in patients with OA of knee was determined from radiographs. Five OA grade divisions 

(0-4) were assigned based on radiographic analysis. 

+ Grade 0: No radiographic features of OA are present. 

+ Grade 1: Doubtful joint space narrow (JSN) and possible osteophytic lipping. 

+ Grade 2: Definite osteophytes and possible JSN on anteroposterior weight-bearing radiograph. 

+ Grade 3: Multiple osteophytes, definite JSN, sclerosis, possible bony deformity 

+ Grade 4: Large osteophytes, marked JSN, severe sclerosis and definite bony deformity. 

All the relevant information was provided in supplementary data. 

https://radiopaedia.org/articles/world-health-organisation-who?lang=us
https://radiopaedia.org/articles/world-health-organisation-who?lang=us
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2.3. Samples collections 

Blood was collected from patients in the morning. After centrifugation, serum was collected and stored 

at -80oC for subsequent analysis.  

Synovial fluid (SF) was aspirated from the knee joint by FNA (Fine Needle Aspiration) via 

ultrasound method. The SF could only be collected from the patients who had feeling of heaviness, 

puffier look in the knee joint due to ethical reasons. About 2 ml of SF was collected into an Heparin tube, 

then centrifured about 4000 prm, and stored at -80oC for measurement. Time from sampling until 

placed in the freezer ranged from 2 to 4 hours. 

 

2.4. Multiplex arrays 

The reagent used in this study was Human 13-Plex Human ProcartaPlex™ Panel 2, Platinum 

(Thermofiser, USA). All serums and SF were used to determined four cytokines IL-1β, IL-4, IL-6 and IL-8 

according to the manufacture’s instruction. The reagents were based on the sandwich immunology 

principle.  

 

2.5. Ethical statement 

This study was approved by the Ethical Committees of Vietnam Military Medical University (Reference 

No.110/2018/IRB-VMMU). All patients provided written informed consent, and this study was 

conducted in accordance with the Declaration of Helsinki. 

 

2.6. Statistics 

The data were analyzed in Microsoft Excel 2013 and Spss 20.0. Quantitative characteristics were 

presented in mean, standard division, median. Means of two groups were compared by independent 

sample t test. The correlation among the variables was accessed by Pearson correlation test. The results 

were considered to be significant at p<0.05. 

 

3. Results 

3.1. Cytokine levels in serum and synovial fluid 

The IL-1β levels in serum and SF were 1.34 ± 5.31 pg/ml  and 0.76 ± 2.44 pg/ml respectively. The IL-8 

levels in serum and synovial fluid were 19.2 ± 44.5 pg/ml and 82.63 ± 234.78 pg/ml respectively. The IL-6 

concentration in serum and SF was 4.43 ± 3.97 pg/ml and 609.54 ± 929.26 pg/ml respectively. The IL-4 
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level in serum and SF were 3.24 ± 8.61 pg/ml and 5.82 ± 12.19 pg/ml respectively. Only IL-6 levels in 

serum and SF were different significantly with p< 0.05. (Figure 1) 

The IL-4 concentration in SF between two VAS score groups (mild and moderate levels) and 

between two stages (stage 2 and 3) were different (p significantly). No significant differences of others 

cytokine levels between duration of disease, BMI groups, pain level groups as VAS score, OA stages 

(Table 2) 

In the synovial fluid, IL-8, IL-6 and IL-1β correlated to each other (p significantly) except IL-4 

were not correlation to three cytokines. In serum, they had significant high correlation to each other 

(Table 3). 

 

4. Discussion 

In our study, the level of cytokines that had bad effects and protective effects on cartilage were 

determined at the same time in both serum and synovial fluid. In the serum, the concentration of all 

cytokines was not increased significantly. Many researches with similar results had suggested that 

osteoarthritis had not been a classic arthritis pathology [10,14,15]. In normal people, the joint is a virtual 

space containing a layer of synovial fluid. In synovial fluid, there is Hyaluronic acid (HA) and some 

substances permeated from the synovial membrane capillary to act as a lubricant and nourish cartilage. 

In contrast, in patients with osteoarthritis, HA was lower and less effective in terms of lubrication. This 

had made the damage of cartilage more severe, broken cartilage structure and appeared foreign objects 

in the joint, thereby stimulated inflammatory response. Synovitis might be the result of either an acute 

"flare" of inflammation or chronic inflammation. Inflammation is usually a secondary result, possibly 

from the accumulation of degradation products of cartilage tissue in the joint [15-18]. In OA patients 

with inflammatory response, clinical manifested some of the following symptoms: joint swelling, 

effusion and stiffness. OA was not considered a classic arthritis disease, because there were no 

neutrophilic granulocytes in synovial fluid, and there was no manifestation of systemic inflammation 

[15,17,19]. However, synovitis was still common in both the early and late stages of OA. Pre-

inflammatory cytokines had been observed in osteoarthritis diseases at an early stage, and synovitis was 

common in the later stages of osteoarthritis, with involvement of activated T lymphocytes infiltrate into 

the synovial membrane of the joint. It seems that the levels of the catabolic enzymes and the 

inflammatory mediators (such as prostaglandin and nitric oxide in synovial fluid and the tissues of 
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degenerated joints) were positively correlated with the concentration of cytokines like IL-1, IL-6 

[11,16,20]. 

The level of these cytokines had a strong correlation to each other in SF. Although SF was not an 

inflammation fluid, there was the amount of cytokines that participated in the balance of cartilage 

degradation and synthesis. Each of them had its role in the OA processing. Interleukin-1 (IL-1) was 

released by the fibroblast and macrophage-like cells of the synovium in response to cartilage 

breakdown. IL-1 is a key cytokine in direct others cytokines in anti-inflammatory. IL-1β induced the 

expression of MMPs, aggrecanases, active plasminogen factors and other pro-inflammatory cytokines 

such as IL-6, IL-8, leukemia inhibitory factors, IL-17, IL-18 and chemokines. IL-1 stimulated producing 

more nitric oxide, cyclooxygenase 2 (COX-2), and prostaglandin E2, which contributed to articular 

inflammation and cartilage destruction. In pathophysiology of OA, IL-1β and TNF-α were considered 

conductor cytokines, they determine the concentration of other cytokines in this process [6,8,18,21-24]. 

Many pro-inflammatory cytokines derived from articular cartilage cells such as IL-6 induced the 

production of protein hydrolyzate enzymes and promoting the progression of osteoarthritis. IL-6 caused 

inflammation and inhibited regeneration articular cartilage. The production of  IL-6 in joint tissues was 

affected by the response to IL-1β and TNF - α and was carried out primarily by cartilage, osteoblasts, 

macrophages, lipo cells [14,25-26]. Meanwhile, IL-4 reduced inflammation and enhanced cartilage 

regeneration. IL8 was produced most by macrophages and had two primary functions. It induced 

macrophage migration and promoted angiogenesis [26-27]. In our results, only IL-4 level in serum and SF 

were significant different between groups of VAS score and OA stage. That means the role of IL-4 in 

reduction knee paint and protection the cartilage. Our results were similar to others [7,26,28]. 

Understanding the relationship between cytokines and clinical factors plays an important role in 

detecting and preventing the progression of osteoarthritis [14,18,29]. 

IL-1β and IL-6 had the promoting role in the inflammatory and destroying cartilage. In our study 

and many others, their concentration increased at the early stage [30-32]. Although the correlation 

between pain level (measured by VAS score) and interleukin levels was not demonstrated in this study, 

some research had shown a weak to moderate correlation between them [26]. There was no significant 

correlation between interleukin levels to the age, gender, OA stage. These results were similar to others 

[7,10,26,28]. 

The first limitation of this study was the cross-sectional design and concentration qualify only. 

Therefore, the relationship between these interleukins and their role in the disease could not be 
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clarified and demonstrated. And secondly, the number of patients was not in all 4 stages of diseases. 

Our study only included patients in stage 2 and 3. So this was not enough information on the earlier and 

late stage. The third limitation was the causes and risks of OA that had not been clear. So, that the 

relationship between the fluid appearance in knee joints and the interleukin levels was not found. 

Furthermore, our study could not prove the part of each cytokine in a general pathway that reflected 

the relationship between them in disease process.  

 

5. Conclusions 

The IL-1β, IL-4, IL-6 and IL-8 had a strict correlation to each other in the synovial fluid in OA patients. In 

synovial fluid, the IL4 concentration were significantly different between OA stage and pain level groups. 

 

5.1. Clinical significance 

✓ The cytokines had a strict correlation to the knee effusion in OA. Many cytokines had a 

protective role and the others had to destroy the role of cartilage. 

✓ The levels of four cytokines in both serum and SF in the same OA patients who had knee 

effusion. 

✓ In the synovial fluid in OA patients, the IL-1β, IL-6, and IL-8 had a strict correlation to each other 

except IL-4 did not correlate with other cytokines. IL-4 in SF was significantly different between 

OA stage and pain level groups. 
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Tables 

Table 1. The characteristic of the patients in the study 

Variables Patients number, n=35 

Count Percentage 

Gender, n (%) 

Male 11 31.42 

Female 24 68.58 

The patients’ age 

≤ 60 11 31.43 

61 – 70 14 40.0 

> 70 10 28.57 

Disease duration 

≥ 60 months 7 20.0 

< 60 months 28 80.0 

Body Mass Index 

< 25 16 45.71 

≥ 25 19 54.29 

Visual analog scale score 

No pain 0 0 

Mild 14 40 

Moderate 21 80 

Severy 0 0 

Osteoarthritis grade based on radiography 

Grade 0 0 0 

Grade 1 1 2.86 

Grade 2 25 (71.43)  

Grade 3 9 (25.71)  

Grade 4 0  
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Table 2. The level of cytokines in synovial fluid 

  eIL-4 eIL-6 eIL-1β eIL-8 p 

Disease 

duration 

≥ 60 

months 
6.11 ± 11.04 

448.94 ± 

724.25 
1.64 ± 3.53 

27.53 ± 

36.05 
pall >0.05a 

< 60 

months 
5.77 ± 12.54 

2021.91 ± 

6347.08 

11.41 ± 

49.83 

765.18 ± 

2264.59 

VAS score 

groups 

Mild 7.39  ± 13.86 
182.05 ± 

417.72 
0.04  ± 0.01 5.96  ± 8.21 

p1= 0.035b 

pall >0.05 
Moderate 1.03 ± 0.39 

2356.28  ± 

6776.37 

13.47  ± 

53.39 

886.13  ± 

2415.61 

BMI 

groups 

< 25 6.19  ± 13.39 
2111.17  ± 

6826.50 

12.67  ± 

53.51 

816.44  ± 

2424.71 
pall >0.05 

≥ 25 5.82  ± 12.18 
882.13  ± 

924.23 
1.17  ± 2.77 

59.23  ± 

54.69 

OA stages 

Stage 2 7.34 ± 13.88 
2230.69 ± 

6800.31 

13.28 ± 

53.43 

787.23 ± 

2416.36 p2 = 0.035c 

pall >0.05 
Stage 3 1.43 ± 0.51 

544.86 ± 

856.70 
0.61 ± 1.33 

291.66 ± 

656.54 

 

Note 

VAS – visual analog scale; 

eIL-4 : synovial fluid  IL-4 ; eIL-6 : synovial fluid  IL-6 ; eIL-8 : synovial fluid  IL-8 ; eIL-1β : synovial fluid  IL-

1β ; 

apall : p value for cytokines concentration between groups. 

bp1 : IL-4 in SF of mild VAS score group vs moderate VAS score group;  

cp2: IL-4 in SF of stage 2 vs stage 3;  

 

Table 3: The correlation between OA stage, VAS score and concentration of four interleukins in serum and 

synovial fluid 

 VAS sIL-4 eIL-4 sIL-6 eIL-6 sIL-1β eIL-1β sIL-8 eIL-8 
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core 

OA 

stage 

0.114 -0.115 -0.171 -0.082 -0.097 -0.109 -0.097 -0.068 -0.076 

VAS 

score 

 0.211 0.168 0.213 0.319 0.245 0.287 0.209 0.332 

sIL-4   -0.087 0.951† 0.077 0.791† -0.053 0.949† -0.048 

eIL-4    -0.067 -0.005 0.000 -0.034 -0.072 0.014 

sIl-6     0.088 0.833† -0.038 0.999† -0.026 

eIL-6      0.039 0.966† 0.083 0.732† 

sIL-1β       -0.062 0.833† -0.061 

eIL-1β        -0.041 0.851† 

sIL-8         -0.031 

 

Notes: 

OA – osteoarthritis; 

VAS - visual analog scale; 

 

 †Correlation was significant with p < 0.001 (2-tailed). †† Correlation was significant with p<0.05 (2-

tailed).  

( OA : osteoarthritis ; sIL-4: serum IL-4; sIL-6: serum IL-6 ; sIL-8 : serum IL-8 ; sIL-1β : serum IL-1β ; eIL-4 : 

synovial fluid  IL-4 ; eIL-6 : synovial fluid  IL-6 ; eIL-8 : synovial fluid  IL-8 ; eIL-1β : synovial fluid  IL-1 β).  

The interleukin levels did not correlate to disease stage and VAS score. In synovial  fluid, the 

concentration of IL-1β, IL-8 and IL-6 had high correlation to each others. In the serum, all four 

interleukin level correlated highly to each other. 
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Figure 1. The level of IL-4, IL-6, IL-1β, IL-8 in serum and synovial fluid 

 

The level of IL-6 in serum and synovial fluid had significant difference (p< 0.05). The level of the others in 

serum and synovial fluid were not different significantly. 

(sIL-4: serum IL-4; sIL-6: serum IL-6 ; sIL-8 : serum IL-8 ; sIL-1β : serum IL-1β ; eIL-4 : synovial fluid  IL-4 ; 

eIL-6 : synovial fluid  IL-6 ; eIL-8 : synovial fluid  IL-8 ; eIL-1β : synovial fluid IL-1 β). 


