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Abstract
Objective: To investigate mitochondrial DNA copy number (mtDNACN) and inflammatory cytokines in patients with primary osteoarthritis (OA) of the knee and healthy volunteers as well as analyze the relationships of mtDNACN and inflammatory cytokines.
Design: 204 patients with knee OA and 169 age-matched healthy volunteers were recruited and their peripheral blood was collected. The relative mtDNACN of leukocyte was assessed by real-time PCR and 10 inflammatory cytokines in their plasma were detected by multiplex immunoassay. Principle components analysis (PCA) was utilized to reveal underlying relationship of inflammatory cytokines and mtDNACN.
[bookmark: _Hlk533085754]Results: Leukocyte mtDNACN of the OA group was significantly lower than the control group (0.502 ± 0.034 vs 1.068 ± 0.036, P < 0.0001 respectively). Leukocyte mtDNACN in the control group was negatively correlated with their age (r = -0.380, P < 0.0001), whereas mtDNACN in the OA group was positively correlated with their age (r = 0.198, P < 0.001). Two inflammatory cytokines, interleukin 4 and 6 (IL-4 and IL-6), were higher in the plasma of OA patients (4.072 and 437.826 pg/mL) than the control group (2.087 and 156.740 pg/mL, P < 0.01). IL-6 level was positively correlated with mtDNACN in the OA group (r = 0.547, P = 0.0014). PCA-transformed IL-5 becomes a major factor (coefficient 0.69) in dimensional 2 and was higher in the OA group (P < 0.001) as well as negatively correlated with mtDNACN (r = -0.577, P < 0.001).
Conclusion: IL-4 and IL-6 elevation in plasma and relative mtDNACN reduction might be effective biomarkers for primary OA of the knee. IL-5 is an underlying factor responsible for decreasing relative mtDNACN of leukocyte from the patients with knee OA. 
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Introduction
Osteoarthritis (OA) is a typical degenerative articular disorder resulting in chronic joint pain and physical disability in the elderly. It has been characterized by fibrillation, sclerosis, osteophyte formation, and progressive destruction of the articular cartilage. The knee joint of human beings is a weight-bearing and structurally-complicated synovial joint with higher risk to be affected by OA. Multiple risk factors have been identified in the various stages of OA development such as gender, obesity, joint injury, senescence and genetic factors. However, the etiology and pathogenesis of OA remain poorly understood. 
Mitochondria produce energy by synthesizing adenosine triphosphate (ATP) to drive normal cellular physiological functions. Mitochondrial DNA (mtDNA) does not contain  introns and histones, so it mutates at a higher frequency than nuclear DNA.1 A greater copy content of mtDNA is one of mechanism to repair dysfunctional mitochondrion.2 It was demonstrated that the mtDNA defection expedited aging and shortened the lives of the mice.3 The mtDNACN was decreased with age in old adults after 5th decades, thus mtDNA biogenesis is important to maintain appropriate mtDNACN content for speeding down cellular aging.4,5 Approximately 15% of people older  than 60 years old manifest symptoms and signs of OA of the knee.6 Aging and aging related alterations are strong risk factors for OA occurrence and progression. 
A few inflammatory cytokines or chemokines are highly expressed in the circulation system of the elderly to preserve a low-grade systemic inflammatory condition.7-9 It has been shown that mitochondria and mtDNA content could influence low-grade systemic inflammation by various mechanisms. Rodex signal pathway, parkin and NF-κB are involved in the process to adjust mitochondrial biogenesis and functions.10 The systemic inflammation can be upgraded through weakening of the mitochondrial biogenesis of the macrophages.11 Recently, mtDNACN of leukocytes was negatively correlated with high-sensitivity C-reactive protein (hs-CRP), white blood cell count, and interleukin-6 (IL-6) in the elderly.12 Inflammatory cytokines with high expression do not only affect systemic and local condition of OA, but also are crucial in synthesizing cartilage and regulating the extracellular matrix.13-15 
 Both mtDNA content and knee OA are related to low-grade inflammatory reaction and aging progress, therefore it is necessary to investigate mtDNACN and its relationships with inflammatory mediators. The purpose of this study was to evaluate leukocyte mtDNACN and inflammatory cytokines in patients with knee OA and determine their correlations.

Methods
Study population
Our study was approved by the Institutional Review Board (IRB number 565/59) on Human Research of the Faculty of Medicine, Chulalongkorn University. The present study was conducted in compliance with the guidelines of the Declaration of Helsinki. All subjects gave written informed consent prior to their participation in this study.
204 patients with primary OA of the unilateral knee (age range 50 - 80 years) were recruited in the OA group. OA of one or both knees were identified by diagnostic criteria of the American College of Rheumatology. The participants who had other chronic inflammatory diseases, immunological abnormalities, prior knee trauma or knee surgery were excluded. 169 healthy volunteers (age range 50 - 80 years) without symptoms, signs and previous history of OA participated in the control group. 
 The severity of knee OA was categorized by Kellgren­Lawrence (KL) classification system based on radiographic examination.16 Every patient was included patient in the OA group was scored equal or greater than 2 by grade at least one of the knees. All patients were hospitalized at least one day before the knee arthroscopy or total knee replacement operation. The researchers were blinded to know which group the participant was in. Serial numbers were randomly selected for to labelling the biological samples from participants. 
Sample preparation 
A total of 5 ml of peripheral blood was drawn from each participant and transferred into coded tubes of sodium heparin (Greiner Bio-one, Chonburi, Thailand). Following this, genomic DNA was extracted using Illustra Blood Genomic Prep Mini Spin Kit (GE Healthcare, Buckinghamshire, UK). The quality and concentration of the extracted DNA was identified by using Nano Drop -1000 (NanoDrop Technologies, Wilmington, DE, USA). The genomic DNA was aliquoted and stored at −80°C until analysis. Among all participants, 12 healthy volunteers and 31 OA patients donated extra blood for multi-plex assay in plasma. Their anticoagulated blood was centrifuged at 1,000 × g for 15 min at 4°C to collect supernatant plasma. To obtain higher quality of plasma, the plasma was centrifuged again at 10,000 × g for 15 min at 4°C to remove platelets and precipitates. Eventually, the better-quality plasma was stored at −80°C until analysis. 
Measurement of leukocyte’s mtDNACN
Relative mtDNACN was determined by using quantitative real-time polymerase chain reaction (PCR) as described previously.17 DNA samples were amplified in 10 μl reactions using a Step One Plus Real Time PCR system (Applied Biosystems, Foster City, CA, USA). The primer sequences for mitochondrial NADH dehydrogenase 1 (ND1) gene were as follows: ND1 F 5’-CCCTAAAACCCGCCACATCT-3’ and R 5’-GAGCGATGGTGAGAGCTAAGGT-3’. The primer sequences for nuclear human β-haemoglobin (HGB) gene were as follows: HGB F 5’-GTGCACCTGACTCCTGAGGAGA-3’ and R 5’-CCTTGATACCAACCTGCCCAG-3’. Both reactions contained 5 μl QPCR Green Master Mixes (2x) (Biotech Rabbit, Germany), 2 μl DNA template (1.56 ng/ml) and 0.2 μl forward and reverse primers (10 μM). The thermal cycling profile for both ND1 and HGB gene started with 95°C incubation for 30 s for 1 cycle, followed by 35 cycles of 94°C for 30 s, 58°C for 30 s and 72°C for 50 s. All amplification specificity was regulated by melt curve analysis. Threshold cycle (CT) values were used to calculate the real time-PCR results. Unchanged DNA sample was used as reference which was placed in the same well position of the tray. Each sample mtDNACN was estimated by the comparative method by using fold induction 2-ΔΔCT equation.18 The ΔCT was determined by calculating the difference (ΔCT) between the average CT value of ND1 gene and that of HGB gene. The subtraction of the sample ΔCT and reference ΔCT gave us the ΔΔCT. 
Measurement of plasma inflammatory cytokines
The levels of 10 usually tested cytokines in plasma were examined by magnetic bead-based multiplex measurement on 96-well plates (Bio-Plex Precision Pro, Bio-Rad, Hercules, USA). These 10-type beads were coupled by 10 cytokines antibodies: Interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70, IL-13, Interferon (IFN)-γ and Tumor Necrosis Factor (TNF)-α. Briefly, 50 μl of the coupled beads was added into the experimental wells. After washing, 50 μl of standards, plasma of OA patients and healthy volunteers were transferred into each well with beads and incubated for 1 hr. Next, the detective antibodies were added and incubated for 30 min.  The streptavidin-phycoerythrin (streptavidin-PE) of appropriate concentration was added into each well and incubated for 10 min. Finally, the assay buffer was added to resuspend beads. Bio Plex-200 array reader (Bio-Plex 200 Multiplex System, Bio-Rad, Hercules, USA) was used to measure cytokines level in suspension.
Statistical analysis
All qualitative and quantitative variables were analyzed with software R version 4.3.2 and GraphPad Prism (GraphPad Software Inc., La Jolla, CA). Quantitative data was presented as mean ± standard error of mean (SEM). Qualitative data was presented as frequencies. The normality of the quantitative data was identified by Shapiro-Wilk test and F test was used to check for homogeneity of the variance. Student’s t test and Welch’s test were utilized for unpaired normal data based on the variance equality. Variables not normally distributed were analyzed by Wilcoxon test. Qualitative data were determined by Pearson χ2 test to examine the frequency. Linear correlations of two variables were analyzed by Pearson’s correlation for normal data and Spearman’s correlation for non-normal data. 
	To investigate the interaction of multiple cytokines with mtDNACN, and disease, all detectable cytokines were integrated into different dimensions/components by applying the principle components analysis (PCA) to reveal the potential progresses. The number of dimensions were collected from evidence of scree plot and Kaiser-Harris criterion for eigenvalues greater than one. None rotation method was used in PCA to display data feature.  Interpretation of every dimension was supported on high absolute value of eigenvalue loading coefficients. The calculation of individual dimension score of each participant was based on detectable inflammatory cytokines. Differences between the control and OA groups in each dimension were analyzed with these scores. Subsequently, the correlations of standardized mtDNACN (mean=0, standard deviation (SD) = 1) and individual score of each dimension in different groups were analyzed by simple linear model. P < 0.05 was considered to be significantly different. 
The logistic regression was used to inspect the relationship with demographic parameter. Three factors (age, gender, BMI) were attended in this analysis. Binary variable, sex, was set as 0 for male and 1 for female. Continue variables were not assigned to be any specific number. 
Results
Clinical characteristics of the participants
Demographic data of this study is displayed in Table 1. The average age of the control group was lower than that of the OA group and no significant difference was found between them (P > 0.05). The ages of both groups marched each other group. 82.35% of OA patients were females and 65.68% of healthy volunteers were females. The OA group was composed of more females (P < 0.001). Compared to the control group, the mean of body mass index (BMI) was significantly greater in the OA group (P < 0.001). The severity of the condition in the healthy volunteers was 0. The OA severity was categorified according to KL grade was: 24.51% patients in KL Grade 2, 31.37% patients in KL Grade 3 and 44.12% patients in KL Grade 4.
Lower mtDNACN was positively correlated with age in patients with knee OA
As data is presented in Figure 1, the mtDNACN mean of the OA group was significantly lower than that of the control group (0.502 ± 0.034 v.s. 1.068 ± 0.036, P < 0.0001). After adjustment by age and gender, significant difference was still found (P < 0.0001).  When samples of OA group were categorized by the OA severity, the differences between KL grade 2 or 3 or 4 and control group were significant also. But the mtDNACN difference among various KL grades of knee OA group was not found (P = 0.3277) in Figure 1. Further relationship analysis of age and mtDNACN is shown in Figure 2. In the control group, the mtDNACN was negatively correlated with the age of healthy participants (r = -0.380, P < 0.0001). Nevertheless, the mtDNACN was increased with the age in the OA group (r = 0.198, P = 0.0025). The relationships of age and mtDNACN were opposed linear correlations in different groups.  Associations between mtDNACN and gender, BMI or KL grade presented no significant differences.
Inflammatory cytokines levels alteration in plasma
Plasma from 12 healthy volunteers and 31 OA patients were used to assess the inflammatory cytokines. Compared to the control group, the levels of two cytokines, IL-4 and IL-6, were significantly greater in the OA group (P = 0.003, P < 0.001, respectively) (Table 2). The levels of IL-1β, IL-2, IL-5, IL-10, IL-12p70, IL-13, and TNF-α were higher in the OA group but their differences were not significant. Plasma IFN-γ was undetectable in the control group. In the OA group, plasma IFN-γ was detected in 4 participants. 
Correlation of the inflammatory cytokines and mtDNACN
Since paired 10 inflammatory cytokines level and mtDNACN were acquired from 43 participants, therefore, the matrix correlations analysis was applied to interpret their mutual relationships. The correlogram of the control group is shown in Figure 3A. Most of the inflammatory cytokines were positively correlated with other cytokines. Blue circles demonstrate that most of inflammatory cytokines were positively correlated with other cytokines (P < 0.05). But, mtDNACN was not associated with each cytokine studied. In the OA group (Figure 3B), only IL-6 was positively correlated with mtDNACN (r = 0.547, P = 0.0014). Blank squares represent undiscovered relationships between each cytokine and mtDNACN. The associations between IL-6 and other inflammatory cytokines were not significant, except for IL-1β which was positively correlated with IL-6 (r = 0.361, P = 0.0458) in the OA group. The other cytokines possess positive association by each other. The logistic regression model was successfully established, but no significant differences was found.
Principle components analysis (PCA) 
Eigen values of the three dimensions were greater than 1; the first dimension was associated with the largest eigenvalue of 5.47, the second dimension was 1.11 and the third was 1.06, which are presented in the scree plot (Figure 4). The amount of variance calculated for 60.8%, 12.3% and 11.7% by these three dimensions for the 9 cytokine variables, so all three cumulative dimensions account for 84.5% of the variance in the height variables (Table 3). 
 	All 9 detectable cytokines were positively correlated with the first dimension which suggested that the 9 variables worked together to produce the effects seen in OA. It was viewed that the first dimension correlated greatly with IL-13, TNF-α, IL-2, IL-10 and IL-1β whose coefficients were more than 0.90. Therefore, this dimension was a predominant measurement for these 5 cytokines. Although correlation coefficients of IL-4 and IL-12p70 were more than 0.5, they were not considered to be the main variables in the first dimension. As coefficient value was just 0.06 for IL-6, therefore this dimension could not be regarded as a measure of IL-6. Additionally, statistical differences were not found between OA and the control groups in the first dimension. Also, there were no significant correlations with standardized mtDNACN in both groups (Table 3). 
Only when coefficients of IL-5 was increased to 0.69, beyond 0.5 in the secondary dimension, 4 cytokines (IL-5, IL-4, IL-12p70 and IL-6) were then positively correlated with this dimension, and the others were not (Table 3 and Figure 5A). The mean individual scores from the OA group was higher than that from the control group in the second dimension (0.283 ± 0.209 v.s. -0.545 ± 0.061, P < 0.001). The standardized mtDNACN was negatively correlated with the individual scores in the second dimension for the OA group (r = -0.577, P < 0.001), but there was no significant correlation for the control group. 
In the third dimension, IL-6 became the only predominant factor with coefficient value of 0.94. In contrast, IL-5 was negatively correlated to this dimension with a coefficient value of 0.40 (Table 3 and Figure 5B). Other values were less than or equal to 0.11. When individual score of the control group was compared to the score of the OA group, the significance became higher with P < 0.0001. There was no significant correlation between the cytokines studied and the standardized mtDNACN for each group (Table 3). 
Discussion
The sparse studies described mtDNA content from peripheral blood leukocytes (PBL) from patients with primary OA of the knee. Our study demonstrated that leukocytes’ mtDNACN was lower in OA patients compared to healthy participants. We also identified that mtDNACN was positively correlated with age in OA patients. Since inflammatory cytokines are meaningful in OA, hence, multiplex cytokines’ levels in OA of the knee was investigated. We found that IL-4 and IL-6 concentrations were significantly higher in OA patients. Moreover, IL-6 was significantly and positively correlated with mtDNACN in patients with OA of the knee. Furthermore, results from the PCA indicated that underlying dimensions of multiple cytokines and mtDNACN affected knee OA. The OA’s mtDNACN was higher and inversely correlated to dimension 2 of which IL-5 was the major factor. IL-5 was higher in patients with OA of the knee.  In dimension 3, IL-6 was the major factor. IL-6 levels were higher in the OA group. These results may contribute to the biological characteristics of primary OA as well as cause chronic low-grade inflammation.
          The mtDNACN can disrupt the  gene expression, differentiation and migration of the normal cells.19 Mitochondria dysfunction of the peripheral leucocytes may be associated with OA development by increasing the reactive oxygen species (ROS) and apoptosis.20,21 Previous studies found that leukocytes’ mtDNA was lower in various diseases including metabolic syndrome, cancer as well as neurodegenerative diseases.22 Fang et al. reported that mtDNACN was higher in patients with OA of the knee compared to the controls. But the mtDNACN was not different among various subgroups of OA patients.23  The explanation for these conflicting findings remain obscure. Age is an influential factor for mtDNACN. In a general population investigation, Knez et al. discovered that mtDNA content and age had a non-linear relationship; the  mtDNA content of people older than 50 years decreased with their age.4 Our findings from the healthy volunteers showed that age was negatively correlated with relative mtDNACN which was consistent with that study. Because of this, we recruited healthy volunteers and knee OA patients who were 50 to 80. On the other hand, the distinct outcome may be due to the differences in the clinical setting, disease advancement, populations, ethnic groups, or assays used. 
Inflammation has been recognized as a contributor to the symptoms and progression of OA, especially in cartilage and synovium.24,25 Cytokines and mediators of local inflammatory event involves circulating blood. Numerous studies reported that several inflammation related cytokines were higher in OA blood.13,26,27 Low-grade, systemic and chronic inflammation might be a pivotal sign or factor for initiating and/or developing the disorder.28 
IL-6 is a pro-inflammatory cytokine which decreases type II collagen and increases matrix metalloproteinases.14,29 Higher concentration of IL-6 was in plasma or sera of OA patients.13,30 In a 15-year follow-up study, researchers uncovered that IL-6 was consistently upregulated in patients with radiographic OA of the knee.31 On the contrary, lower IL-6 levels could decrease the development of OA by 7 folds.32 IL-6 is also recognized as a myokine which is enlarged when the skeletal muscle contracts during the aerobic exercise process up to 100 folds compared to the baseline level; IL-6 may be acutely secreted and have anti-inflammation effect.33 Higher levels and long-term effect of IL-6 in the blood can maintain low-grade, chronic and systemic inflammation in OA patient instead of benefits of acute IL-6 production by myocytes. 
As an anti-inflammatory cytokine, IL-4 regulates macrophage action to decrease inflammation, regulate lipid accretion and inhibit a few pro-inflammatory cytokines’ expressions and increase glucose tolerance.34 Although IL-4 levels were higher in plasma of the OA group in this study and our  previous report.13 The serum IL-4 concentration was lesser in OA model of a rat study.35 This reverse result could was found from real cases of knee OA and animal model of OA and identical IL-4 epitope recognized by serum IL-4 receptor and antibodies of immunoassay. More importantly, blood IL-4 levels were changed with different stage of knee OA: IL-4 level of early knee OA (EOA) was higher than that of advanced knee OA (AOA).36 We speculated that low-grade systemic inflammation of OA induced IL-4 release into circulating blood in EOA. However, increased IL-4 promoted soluble IL-4 receptor (IL-4R) increasing to keep balance of IL-4/IL-4R system.37 The advantage of IL-4 effects can be blocked by increasing the levels of soluble IL-4 receptor which down-regulates IL-4 activity and quantity in AOA. 
Type 2 helper T cells and mast cells express IL-5 to induce eosinophils activation, adhesion, chemotaxis and release of other inflammatory cytokines and chemokines.38 Vangsness et al. reported that IL-5 of synovial fluid (SF) from the knee was higher in AOA patients according to  International Cartilage Repair Society (ICRS) Classification.39 In human genome at 5q31-33 region, six cytokine genes located and linked closely to be cytokine cluster: IL-4, IL-13, IL-5, IL-9, colony stimulating factor 2 (CSF2) and IL-3 genes.40 Thus, IL-5 level variation could be influenced by IL-4 gene expression. In fact, this assumption was proved by a report about IL-5 production could be down-regulated in  CD4+ T cells of IL-4 gene knock-out mice.41 
Our study applied  the PCA to identify patterns of complicated biological information.42 The mtDNACN was negatively correlated with CRP-related factors such as IL-6, fibrinogen, leukocytes count and Hs-CRP in the elderly.12 Although our research did not find any correlation between leukocyte mtDNACN and plasma IL-6 level in healthy volunteers, IL-6 was positively correlated with mtDNACN in elderly patients with knee OA. The impact of IL-6 for mtDNACN probably was influenced by IL-5. According to the PCA of the dimension 3, the scoring coefficient of IL-5 was negative 0.40 whereas IL-6 was positive 0.94. When IL-5 became the largest positive coefficient (0.69) in dimension 2, it was negatively correlated with leukocytes mtDNACN in the OA group. Yousefi et al revealed that, after stimulation of eotaxin, lipopolysaccharide (LPS) or complement factor 5a (C5a), IL-5 pre-treated eosinophils were capable of releasing mtDNA into extracellular area resulting in intracellular mtDNA decline. Moreover, this process was dependent on reactive oxygen species method.43
Even though the inclusion criteria confined participants’ age ranged from 50 to 80 years old, some limitations still are extant. The sampling of a single site cannot represent the general population. Systemic and local factors involved in pathological initiation and aggravation of knee OA may disturb our study.  The mtDNACN of all participants from the control and OA group have been investigated, but most participates refused to donate extra peripheral blood to assess inflammatory cytokines levels in plasma. This descriptive study encourages us to research further in vitro to strengthen our finding and discover possible mechanism. 
In conclusion, the mitochondrial degradation becomes worse in people older than 50 years. It is part of the aging process which can affect multiple organs and tissue degeneration. This process is more pronounced in patients with primary OA whose organism are in a condition of a low-grade, chronic and systemic inflammation. However, there are potential mechanisms that attempt to up-regulate mtDNACN which can prevent OA occurrence and development. Potential biomarkers for OA disease diagnosis and pathophysiology are high levels of IL-4 and IL-6. IL-5 could be an implicit cytokine to be responsible for leukocyte mtDNACN decline in primary OA of the knee.
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	Figure 1. Relative mtDNACN of blood leukocytes in the control group, OA group and OA KL grade. Relative mtDNACN of blood leukocytes of the OA group was lower than control group (P < 0.0001); leukocyte mtDNACN of KL grade 2, 3 or 4 was lower than that of control group also (P < 0.0001, respectively). Two samples Wilcoxon test (also known as Mann-Whitney test) was used to estimate P value. Relative mtDNACN of blood leukocytes was not different among KL 2, 3 and 4 in OA group (P > 0.05). Kruskal-Wallis rank sum test was used to estimate P value. *** P < 0.001, * P < 0.05
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	Figure 2. The correlation analysis for control group and OA group. The mtDNACN was negatively associated with age in control group (blue plots and regression line), but positive association was found in OA group (red plots and regression line). The linear correlation was estimated by Spearman method.
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	Figure 3. The correlational matrix of mtDNACN and 9 inflammatory cytokines (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70, IL-13 and TNF-α). A gradient legend represented coefficient of correlation r value from +1 to -1 which were colored from dark blue to dark red. Appeared circles meant their correlation was significant (P < 0.05), oppositely, blank squares meant no significance (P > 0.05). All coefficients were computed by Spearman rho rank correlation for possible pairs of variables in matrix. The correlogram of control group shown in (A) and OA group in (B). 
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	Figure 4. Scree plot of inflammatory cytokines. The eigenvalue of dimension 1, 2 and 3 were over than 1. 
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	Figure 5. Biplots show cytokines coefficient with positive or negative effect in dimensional 1, 2 and 3. Participants component scores were plotted against each other and group-dependent clusters: the PCA biplot for dimensional 1 versus 2 in (A) and dimensional 1 versus 3 in (B). 


Tables

	[bookmark: _Hlk16253904]Table 1. Basic characteristics of healthy controls and primary knee OA groups

	
	Control group
	OA group
	P value

	n
	169
	204
	

	Age (years)
	62.69 ± 0.42
	63.70 ± 0.52
	0.132

	Female/Male (%)
	111 / 58
	168 / 36
	< 0.001

	BMI (kg/m2)
	25.12 ± 0.34
	27.09 ± 0.26
	< 0.001

	KL grading
	2
	
	50
	

	
	3
	
	64
	

	
	4
	
	90
	



	Table 2. Description of ten inflammatory cytokine and statistical analysis between control group and knee OA group.

	Cytokine 
(pg/mL)
	Control group
	
	OA group
	
	95 % CI
	
	P value

	IL-1β
	20.550±1.666
	
	23.354±1.724
	
	-8.802, 3.195
	
	0.351

	IL-2
	115.492±9.592
	
	138.937±9.358
	
	-56.257, 9.367
	
	0.157

	IL-4
	2.087±0.408
	
	4.072±0.378
	
	-2.840, -0.530
	
	0.003

	IL-5
	117.155±8.996
	
	148.521±15.710
	
	-49.800, 4.820
	
	0.088

	IL-6
	156.740±12.953
	
	[bookmark: _Hlk501448335]437.826±77.224
	
	-328.160, -73.660
	
	<0.001

	IL-10
	131.324±10.341
	
	157.557±12.856
	
	-59.633, 7.167
	
	0.120

	IL-12p70
	2.817±0.501
	
	6.173±1.249
	
	-4.870, 0.240
	
	0.155

	IL-13
	24.658±2.025
	
	27.539±2.032
	
	-9.981, 4.217
	
	0.417

	IFN-γ
	NA
	
	5.385±1.061 a
	
	NA
	
	NA

	TNF-α
	8.578±0.788
	
	9.576±0.759
	
	-9.981, 4.217
	
	0.454

	a, just 4 knee OA patients IFN-γ were detectable






	Table 3. The summary of principle component analysis in dimensional 1, 2 and 3

	Dimension
	
	1
	2
	3

	
	
	
	
	

	Eigen-value
	
	5.47
	1.11
	1.06

	
	
	
	
	

	Explained Proportion 
	
	60.8%
	12.3%
	11.7%

	
	
	
	
	

	Scoring Coefficients
	IL-1β
	
	0.93
	-0.23
	0.01

	
	IL-2
	
	0.94
	-0.23
	0.02

	
	IL-4
	
	0.69
	0.46
	0.11

	
	IL-5
	
	0.40
	0.69
	-0.40

	
	IL-6
	
	0.06
	0.24
	0.94

	
	IL-10
	
	0.94
	-0.04
	0.04

	
	IL-12p70
	
	0.62
	0.42
	0.00

	
	IL-13
	
	0.95
	-0.23
	-0.03

	
	TNF-α
	
	0.95
	-0.19
	-0.02

	
	
	
	
	
	

	Comparison in 3 major dimensions
	Control group
	
	0.876±0.437
	-0.545±0.061
	-0.453±0.029

	
	OA group
	
	-0.339±0.454
	[bookmark: _Hlk499812897]0.283±0.209
	0.175±0.210

	
	P value
	
	0.128
	0.0007
	< 0.0001

	
	
	
	
	
	

	Correlation with standardized mtDNACN
	Control group
	r
	0.004
	0.008
	-0.280

	
	
	P value
	0.9893
	0.9936
	0.5272

	
	OA group
	r
	-0.086
	-0.5767
	0.1657

	
	
	P value
	0.6439
	0.0006843
	0.373


  


Supplementary
Table S1 Logistic regression analysis of various factors for knee OA
	factor
	coefficient
	OR
	95% CI
	Wald χ2 value
	P value
	assign

	gender
	-13.1989
	7.2983×10-17
	0~+∞
	-0.08
	0.9364
	M=0, F=1

	age
	-0.1246
	0.7872
	0~+∞
	-0.01
	0.9910
	—

	bmi
	1.8872
	0.0170
	0~+∞
	0.35
	0.7273
	—

	mtDNACN
	-0.6751
	0.1915
	0~+∞
	0.13
	0.9005
	—

	IL1
	0.7042
	5.7800
	0~+∞
	0.03
	0.9757
	—

	IL2
	-0.7252
	0.1961
	0~+∞
	-0.02
	0.9850
	—

	IL4
	2.3774
	0.0461
	0~+∞
	0.15
	0.8826
	—

	IL5
	-1.5147
	0.0273
	0~+∞
	-0.07
	0.9460
	—

	IL6
	2.1920
	0.0327
	0~+∞
	0.32
	0.7520
	—

	IL10
	1.2924
	0.3542
	0~+∞
	0.15
	0.8840
	—

	IL12
	0.8229
	9.3336
	0~+∞
	0.05
	0.9574
	—

	IL13
	3.2434
	0.0045
	0~+∞
	0.10
	0.9235
	—

	TNF
	-4.5830
	3.8350×10-6
	0~+∞
	-0.25
	0.8035
	—





Table S2 Logistic regression analysis adjust by gender for knee OA
	factor
	coefficient
	OR
	95% CI
	Wald χ2 value
	P value

	mtDNACN
	-0.3275
	1.0790×10-17
	0~+∞
	-1.70
	0.0887

	IL1
	0.0317
	1.3126×1012
	0~+∞
	0.11
	0.9132

	IL2
	0.1524
	5.4054×1027
	0~+∞
	0.40
	0.6856

	IL4
	0.4025
	1.5432×106
	0~+∞
	1.46
	0.1441

	IL5
	-0.1480
	1.2615×10-13
	0~+∞
	-0.82
	0.4129

	IL6
	0.3696
	1.0530×1055
	0~+∞
	1.88
	0.0607

	IL10
	-0.2772
	1.0078×105
	0~+∞
	-0.93
	0.3523

	IL12
	-0.0650
	8.5079×1015
	0~+∞
	-0.29
	0.7700

	IL13
	0.0558
	2.4130×10-4
	0~+∞
	0.18
	0.8574

	TNF
	0.0372
	1.7249×10-60
	0~+∞
	1.13
	0.2565





Table S3 Logistic regression analysis adjust by age for knee OA
	factor
	coefficient
	OR
	95% CI
	Wald χ2 value
	P value

	mtDNACN
	-0.1741
	1.8268
	0~+∞
	-1.28
	0.2010

	IL1
	0.3062
	3.6702×1013
	0~+∞
	0.83
	0.4039

	IL2
	0.2630
	0.0919
	0~+∞
	0.59
	0.5548

	IL4
	0.3074
	3.2890×106
	0~+∞
	1.09
	0.2777

	IL5
	-0.2350
	5.5506×10-10
	0~+∞
	-0.99
	0.3210

	IL6
	0.3353
	1.4877×1013
	0~+∞
	1.78
	0.0755

	IL10
	-0.2245
	1,5740×10-4
	0~+∞
	-1.00
	0.3194

	IL12
	0.0320
	7.2553×106
	0~+∞
	0.13
	0.8967

	IL13
	-0.3141
	0.1142
	0~+∞
	-0.78
	0.4353

	TNF
	0.0411
	7,180
	0~+∞
	1.17
	0.2416




Table S4 Logistic regression analysis adjust by BMI for knee OA

	factor
	coefficient
	OR
	95% CI
	Wald χ2 value
	P value

	mtDNACN
	-0.2492
	0.0631
	0~+∞
	-1.52
	0.1276

	IL1
	-0.2306
	0.1225
	0~+∞
	-0.56
	0.5749

	IL2
	-0.8372
	1.5978×10-4
	0~+∞
	-0.75
	0.4544

	IL4
	0.5691
	3.3800×103
	0~+∞
	1.10
	0.2725

	IL5
	-0.3279
	0.0540
	0~+∞
	-1.02
	0.3098

	IL6
	0.4477
	0.0280
	0~+∞
	1.56
	0.1185

	IL10
	0.2016
	0.4642
	0~+∞
	0.49
	0.6259

	IL12
	-0.0285
	0.7817
	0~+∞
	-0.12
	0.9039

	IL13
	0.891
	3.8212×106
	0~+∞
	0.83
	0.4047

	TNF
	0.0404
	5.1331×10-6
	0~+∞
	1.11
	0.2658
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