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Inflammation time-axis in aseptic loosening of total knee arthroplasty 


Methods
Immunohistochemistry and used antibodies
Primary antibodies were used as follows: AREG (rabbit polyclonal 1:100, Novus biologicals, Cambridge, UK), TNFR2 (rabbit polyclonal 1:100, Novus biologicals), CCL2 (rabbit polyclonal 1:500, Novus biologicals), IL8 (rabbit polyclonal 1:100, Novus biologicals), TRAP (ab49507, mouse monoclonal 1:200, Abcam, Cambridge, UK); all primary antibodies used were tested on positive control tissue specimens recommended by the manufacturer. In all cases, antigen retrieval was performed in a 10 mM sodium citrate buffer, pH 6 (120°C for 5 min) using the high-pressure histoprocessor HistosPro (Milestone, MI, USA); the EnVisionTM Dual Link System-HRP (Dako, Glostrup, Denmark) was used for antigen visualisation as described previously (1). The staining with a negative isotype control antibody (rabbit IgG, polyclonal – Isotype Control, 1:100, Abcam) was performed for all examined tissues.

Semiquantitave evaluation of immunohistochemistry
The immunohistrochemistry were calculated by semi-quantitatively using an immunohistoscore. Briefly, the percentage of strongest positive cells of each type (macrophages, giant osteoclast-like cells) in whole specimen was graded as follows: grade 0 (less than 1% of cells), grade 1 (1-30%), grade 2 (31-60%), grade 3 (more than 60%). The intensity of staining was graded as follows: grade 0 (no staining), grade 1 (weak), grade 2 (moderate), grade 3 (strong). The overall score of the expression (range 0 to 9) was obtained by multiplying the percentage by the intensity, whereas the expression with overall score i) 0 was considered as negative, ii) 1 to 3 as a weak expression, and iii) 4 to 6 as a moderate expression and iv) 7 to 9 as a strong expression. Only areas without necrosis were counted.
Table S1. List of investigated proteins. 
	Protein symbol
	Protein name

	ADM
	Adrenomedullin

	sAREG
	Amphiregulin, soluble

	sBAFF (TNFSF13B)
	B-cell activating factor, soluble

	sBTC
CA125
CA242
sCAIX
	Betacellulin
Cancer antigen 125
CA 242 tumor marker
Carbonic anhydrase 9, soluble

	CASP3
	Caspase-3

	sCathepsin D (CTSD)
	Cathepsin D, soluble

	CCL2/MCP1
	Chemokine (C-C motif) ligand 2/monocyte chemotactic protein 1 

	CCL19
	Chemokine (C-C motif) ligand 19

	CCL21
	Chemokine (C-C motif) ligand 21

	CCL24
	Chemokine (C-C motif) ligand 24 

	sCD30L (TNFSF8)
	CD30 ligand, soluble

	sCD40L (TNFSF5)
	CD40 ligand, soluble

	sCD69
CEA
	Cluster of Differentiation 69 (Early activation antigen CD69), soluble
Carcinoembryonic antigen

	CSF1 (M-CSF)
	Colony stimulating factor 1

	CXCL5
	C-X-C motif chemokine 5

	CXCL9
	Chemokine (C-X-C motif) ligand 9

	CXCL10
	C-X-C motif chemokine 10

	CXCL11
	C-X-C motif chemokine 11 

	CXCL13
	Chemokine (C-X-C motif) ligand 13 

	Cystatin B
	Cystatin B

	sE selectin (CD62E)
	E-selectin, soluble

	sEGF
	Epidermal growth factor , soluble

	sEGFR
	Epidermal growth factor receptor, soluble

	sEMMPRIN
	Extracellular matrix metalloproteinase inducer, soluble

	sEpCAM
	Epithelial cell adhesion molecule , soluble

	sEpiregulin (EPR)
EPO
sER
	Epiregulin, soluble
Erythopoietin
Estrogen receptor, soluble

	FABP4
	Fatty acid binding protein 4

	sFas (TNFRSF6)
	Fas receptor, soluble

	sFasL
	Fas ligand, soluble

	Flt3L
	FMS-like tyrosine kinase 3 ligand 

	Follistatin (FS)
	Follistatin

	Galectin 3
	Galectin-3

	GDF15
	Growth differentiation factor 15 

	GM-CSF (CSF2)
	Granulocyte-macrophage colony-stimulating factor

	sFOLR1
	Folate receptor alpha, soluble

	sHBEGF
	Heparin-binding EGF-like growth factor, soluble

	HE4
	Human Epididymis Protein 4

	sHER2/neu (ERBB2)
	Receptor tyrosine-protein kinase erbB-2, soluble

	sHER3 (ERBB3)
	Receptor tyrosine-protein kinase erbB-3, soluble

	sHER4 (ERBB4)
	Receptor tyrosine-protein kinase erbB-4, soluble

	sHGF
	Hepatocyte growth factor/scatter factor, soluble 

	sHGFR
	Hepatocyte growth factor receptor, soluble

	hGH
	Human Growth Hormone

	IFNγ
	Interferon gamma 

	IL1RA
	Interleukin-1 receptor antagonist

	IL2
	Interleukin 2

	sIL2RA
	Interleukin-2 receptor alpha chain, soluble

	IL4
	Interleukin 4

	IL6
	Interleukin 6

	sIL6R
	Interleukin 6 receptor, soluble

	IL7
	Interleukin 7

	IL8 (CXCL8)
	Interleukin 8

	IL12
	Interleukin 12

	sIL17RB
	Interleukin-17 receptor B, soluble

	KLK6
KLK11
MIA
	Kallikrein-6
Kallikrein-11
Melanoma-derived growth regulatory protein

	sMICA
	MHC class I polypeptide-related sequence A, soluble

	MDK (NEGF2)
MMP3
	Midkine; neurite growth-promoting factor 2
Matrix metalloproteinase-3 

	MPO
	Myeloperoxidase

	MYD88
	Myeloid differentiation primary response 88 

	OPG (TNFRSF11B)
	Osteoprotegerin

	sPDGFB
	Platelet-derived growth factor subunit B, soluble

	sPECAM1
	Platelet endothelial cell adhesion molecule, soluble

	PGF
	Placental growth factor 

	PRL
	Prolactin

	PRSS8
PSA
	Prostasin
Prostate-specific antigen

	REG4
	Regenerating islet-derived protein 4

	sSCF
	Stem cell factor, soluble

	sTF
	Tissue Factor, soluble

	sTGFA
	Transforming growth factor alpha, soluble 

	TGFB1 
	Transforming growth factor beta 1

	THPO
	Thrombopoietin

	sTIE2
	Receptor tyrosine kinase Tie2, soluble

	TNFα
	Tumor necrosis factor alpha 

	sTNFR1 (TNFRSF1A)
	Tumor necrosis factor receptor 1, soluble

	sTNFR2 (TNFRSF1B)
	Tumor necrosis factor receptor 2, soluble

	sTNFRSF4 (OX40)
	Tumor necrosis factor receptor superfamily member 4, soluble

	TNFSF14 (LIGHT)
	Tumor necrosis factor superfamily member 14 

	TRAP
	Tartrate-resistant acid phosphatase 

	suPAR
	Urokinase plasminogen activator receptor, soluble

	sVEGFA
	Vascular endothelial growth factor A, soluble

	sVEGFD
	Vascular endothelial growth factor D, soluble

	sVEGFR2
	Vascular endothelial growth factor receptor 2, soluble
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Table S2. Protein levels in tissue lysates from TKA patients with/without aseptic loosening (AL / non-AL) of TKA.
	

	Analyte
	Mean Linear ddCq (95% CI)
	FC
	          P
	Pcorr

	
	Non-AL
	AL
	
	
	

	sTNFR2
	8.2 (4.7-11.7)
	35.7 (21.9-49.5)
	4.47
	8.165 × 10-5
	6.70 × 10-3

	sAREG
	1.5 (1.0-2.1)
	4.4 (3.1-5.7)
	3.65
	6.600 × 10-4
	2.46 × 10-2

	IL8
	4,225 (997-7,453)
	23,758 (14,991-32,524)
	5.68
	9.390 × 10-4
	2.46 × 10-2

	CSF1
	94.8 (55.2-134.4)
	259.7 (161.5-357.9)
	2.71
	1.306 × 10-3
	2.46 × 10-2

	sFasL
	26.5 (16.7-36.2)
	51.4 (39.4-63.3)
	2.21
	1.803 × 10-3
	2.46 × 10-2

	sIL6R
	0.022 (0.010 – 0.034)
	0.067 (0.043 – 0.090)
	3.89
	1.803 × 10-3
	2.46 × 10-2

	MPO
	4.7 (2.7-6.7)
	16.0 (8.9-23.1)
	3.12
	2.436 × 10-3
	2.50 × 10-2

	TNFSF14
	21.0 (11.5-30.6)
	69.1 (37.1-101.0)
	2.84
	2.436 × 10-3
	2.50 × 10-2

	sBAFF
	8.6 (3.1-14.0)
	23.9 (14.3-33.5)
	3.85
	3.260 × 10-3
	2.97 × 10-2

	CCL2/MCP1
	11,257 (6,979-15,535)
	24,218 (16,709-31,728)
	1.68
	4.300 × 10-3
	3.53 × 10-2

	KLK6
	4.2 (2.2-6.2)
	9.8 (6.6-12.9)
	3.33
	5.620 × 10-3
	4.19 × 10-2

	IL1RA
	2,489 (1,736-3,242)
	4,519 (3,306-5,732)
	1.68
	7.253 × 10-3
	4.58 × 10-2

	suPAR
	40.0 (26.4-53.5)
	68.4 (51.5-85.3)
	2.09
	7.253 × 10-3
	4.58 × 10-2

	IFNγ
	0.038 (0.027 – 0.050)
	0.070 (0.047 – 0.093)
	1.95
	0.012
	6.43 × 10-2

	TRAP
	1,1367 (577-1,696)
	2,431 (1,606-3,256)
	2.14
	0.012
	6.43 × 10-2

	sCD30L
	33.0 (20.2-45.8)
	57.8 (42.1-73.6)
	2.26
	0.015
	6.73 × 10-2

	sIL17RB
	0.031 (0.017 – 0.045)
	0.062 (0.041 – 0.083)
	2.68
	0.015
	6.73 × 10-2

	MYD88
	8.5 (4.1-12.9)
	13.4 (9.9-16.9)
	2.17
	0.015
	6.73 × 10-2

	sCD69
	113.9 (40.3-187.6)
	240.0 (140.4-339.6)
	2.78
	0.023
	8.87 × 10-2

	IL6
	272.4 (61.6-483.1)
	1,242 (375-2,109)
	3.89
	0.023
	8.87 × 10-2

	sTNFR1
	82.7 (36.2-129.2)
	139.7 (104.4-175.1)
	2.21
	0.023
	8.87 × 10-2

	CXCL10
	2,151 (-6967-4,999)
	2,909 (1,785-4,033)
	2.67
	0.028
	9.51 × 10-2

	sMICA
	52.3 (19.6-85.1)
	103.2 (63.4-143.0)
	2.18
	0.028
	9.51 × 10-2

	PRL
	1.4 (0.7-2.2)
	3.0 (1.9-4.2)
	3.07
	0.028
	9.51 × 10-2

	sBTC
	249.3 (136.8-361.8)
	394.7 (281.2-508.1)
	2.01
	0.034
	0.100

	sTGFA
	5.3 (1.5-9.1)
	8.1 (5.8-10.5)
	2.20
	0.034
	0.100

	sTNFRSF4
	2.7 (1.4-3.9)
	4.3 (3.0-5.6)
	1.87
	0.034
	0.100

	CXCL9
	59.4 (-7.7-126.4)
	125.3 (42.1-208.4)
	3.35
	0.041
	0.100

	sE selectin
	0.8 (0.3-1.2)
	1.7 (0.9-2.4)
	3.11
	0.041
	0.100

	Galectin 3
	16.2 (8.1-24.4)
	29.9 (19.4-40.5)
	2.65
	0.041
	0.100

	PRSS8
	1.3 (0.6-2.0)
	2.5 (1.4-3.6)
	2.04
	0.041
	0.100

	THPO
	0.087 (0.047 – 0.100)
	0.200 (0.100 – 0.300)
	2.50
	0.041
	0.100

	TGFB1
	15.7 (10.0-21.5)
	28.4 (17.9-38.8)
	1.52
	0.049
	0.120

	GM-CSF
	19.6 (13.0-26.2)
	28.9 (21.1-36.8)
	1.54
	0.058
	0.140

	REG4
	8.9 (4.6-13.1)
	15.5 (10.2-20.8)
	2.19
	0.058
	0.140

	CXCL11
	2.4 (0.8-3.9)
	5.4 (2.5-8.2)
	2.76
	0.069
	0.150

	sEpiregulin
	40.5 (11.0-70.1)
	68.8 (48.6-89.1)
	3.15
	0.069
	0.150

	sTIE2
	7.3 (3.1-11.5)
	10.2 (7.2-13.1)
	1.68
	0.069
	0.150

	sVEGFD
	1.2 (0.5-1.8)
	2.2 (1.4-2.9)
	2.95
	0.069
	0.150

	sHER4
	0.3 (0.1-0.6)
	0.6 (0.4-0.9)
	3.00
	0.082
	0.160

	sPECAM1
	0.6 (0.4-0.8)
	0.9 (0.6-1.1)
	1.48
	0.082
	0.160

	sSCF
	56.5 (29.6-83.4)
	86.4 (60.1-112.7)
	1.65
	0.082
	0.160

	HE4
	61.8 (27.2-96.4)
	120.1 (72.9-167.3)
	2.54
	0.095
	0.160

	IL2
	3.7 (1.5-5.9)
	6.1 (4.2-8.1)
	2.10
	0.095
	0.160

	IL4
	0.3 (0.1-0.5)
	0.6 (0.4-0.8)
	2.25
	0.095
	0.160

	IL7
	3.5 (1.1-6.0)
	6.5 (4.4-8.6)
	3.47
	0.095
	0.160

	sTF
	407.2 (161.8-652.6)
	558.2 (402.6-713.8)
	1.94
	0.095
	0.160

	sVEGFR2
	78.4 (40.5-116.3)
	113.9 (86.0-141.8)
	1.83
	0.095
	0.160

	CCL19
	72.2 (-26.75-171.1)
	136.8 (26.7-247.0)
	1.82
	0.111
	0.170

	CXCL5
	69.4 (5.0-133.8)
	183.9 (49.8-317.9)
	4.33
	0.111
	0.170

	sEpCAM
	28.7 (4.5-52.9)
	35.2 (23.2-47.2)
	1.93
	0.111
	0.170

	sHGF
	111.0 (48.9-173.2)
	171.0 (115.1-226.8)
	1.82
	0.111
	0.170

	MDK
	50.8 (8.4-93.1)
	111.3 (58.5-164.1)
	4.97
	0.111
	0.170

	CCL24
	619 (111-1,128)
	1,124 (554-1,695)
	1.83
	0.129
	0.180

	FABP4
	16.9 (2.9-30.9)
	31.1 (14.2-48.1)
	2.12
	0.129
	0.180

	GDF15
	10.5 (5.2-15.8)
	16.4 (10.5-22.3)
	1.44
	0.129
	0.180

	TNFα
	1.4 (0.1-2.7)
	2.9 (1.7-4.0)
	4.97
	0.129
	0.180

	sHER3
	51.1 (21.8-80.4)
	81.6 (53.7-109.4)
	2.56
	0.169
	0.240

	CASP3
	155 (105-204)
	208 (145-271)
	1.57
	0.193
	0.260

	OPG
	661 (254-1,069)
	1,238 (562-1,913)
	2.55
	0.193
	0.260

	CCL21
	28.2 (4.3-52.1)
	15.5 (1.2-29.8)
	0.84
	0.219
	0.290

	sFas
	217 (2.9-431)
	225 (150-300)
	2.04
	0.247
	0.330

	sVEGFA
	936 (-328.1-2,199)
	811.5 (44.4-1,579)
	2.69
	0.277
	0.360

	sEGFR
	53.0 (0.2-105.7)
	54.3 (33.9-74.6)
	2.12
	0.310
	0.390

	sEMMPRIN
	229 (156-302)
	300 (208-392)
	1.29
	0.310
	0.390

	ADM
	16.7 (5.5-27.9)
	24.4 (10.4-38.4)
	1.73
	0.345
	0.400

	sEGF
	4.8 (2.2-7.3)
	5.7 (3.8-7.6)
	1.28
	0.345
	0.400

	Follistatin
	0.5 (0.3-0.8)
	0.4 (0.2-0.6)
	0.64
	0.345
	0.400

	IL12
	2.2 (0.8-3.6)
	2.9 (1.5-4.4)
	1.39
	0.345
	0.400

	sIL2RA
	749.7 (193.2-1,306.1)
	814.5 (539.1-1,089.8)
	1.31
	0.345
	0.400

	sPDGFB
	29.6 (11.5-47.8)
	34.4 (22.1-46.7)
	1.23
	0.345
	0.400

	sHGFR
	203.0 (85.1-321.0)
	240.4 (149.1-331.7)
	1.76
	0.464
	0.530

	Flt3L
	13.1 (4.5-21.8)
	17.5 (10.1-24.9)
	1.60
	0.508
	0.570

	sCD40L
	10.7 (1.8-19.7)
	7.1 (4.7-9.6)
	0.83
	0.602
	0.660

	PGF
	1,150.3 (373.3-1,927.2)
	1,222.2 (705.1-1,739.3)
	1.20
	0.602
	0.660

	sHBEGF
	12.5 (7.5-17.5)
	11.7 (7.0-16.4)
	   1.01
	0.754
	0.810

	sCathepsin D
	6.5 (2.9-10.0)
	7.5 (4.1-10.8)
	1.22
	0.808
	0.850

	hGH
	16.0 (5.0-27.0)
	18.9 (5.5-32.3)
	0.71
	0.808
	0.850

	CXCL13
	121.0 (7.8-234.1)
	96.3 (41.5-151.1)
	0.56
	0.917
	0.950

	sHER2/neu
	1.8 (0.4-3.3)
	1.4 (0.9-1.9)
	0.94
	0.972
	0.980

	sFOLR1
	1.0 (0.5-1.5)
	1.0 (0.6-1.4)
	0.96
	0.972
	0.980

	Cystatin B
	279.8 (141.1-418.4)
	312.1 (156.5-467.6)
	1.21
	1.000
	1.000



FC: fold change 
All the data are presented as Mean Expression Level (95% CI).
P value corr: value corrected for multiple comparisons (Benjamini-Hochberg correction)


Table S3. Correlation analysis of tissue protein levels and time from index surgery to revision surgery in TKA patients with aseptic loosening (AL) and no clinical/radiographic signs of AL (non-AL) stages.
Positive/Negative correlation: the levels of proteins in tissue lysates increases/decreases with time prosthesis implantation lifetime (time from primary to revision surgery). 

	Protein
	Spearman rank-order coefficient (rs)
	P value

	Whole cohort of TKA patients

	sTNFR2
	0.76
	6.15 x 10-5

	IL8
	0.73
	1.76 x 10-4

	TRAP
	0.65
	1.56 x 10-3

	sCD69
	0.61
	3.17 x 10-3

	MPO
	0.60
	3.70 x 10-3

	sAREG
	0.60
	4.09 x 10-3

	IL1RA
	0.59
	4.52 x 10-3

	sIL6R
	0.59
	4.68 x 10-3

	CCL2/MCP1
	0.58
	5.47 x 10-3

	TNFSF14
	0.58
	6.15 x 10-3

	IFNγ
	0.57
	6.67 x 10-3

	CSF1
	0.53
	1.26 x 10-2

	sFasL
	0.53
	1.37 x 10-2

	sIL17RB
	0.53
	1.38 x 10-2

	sBAFF
	0.50
	2.14 x 10-2

	sPECAM1
	0.47
	3.24 x 10-2

	suPAR
	0.46
	3.61 x 10-2

	Galectin 3
	0.45
	4.14 x 10-2

	CCL19
	0.45
	4.31 x 10-2

	KLK6
	0.44
	4.85 x 10-2

	CCL21
	-0.45
	4.05 x 10-2

	Without aseptic loosening (non-AL)

	sTIE2
	-0.85       
	3.42 x 10-3

	sVEGFR2
	-0.83
	5.80 x 10-3

	PGF
	-0.79
	1.19 x 10-2

	sE selectin
	-0.70
	3.47 x 10-2

	sHGF
	-0.69
	4.12 x 10-2

	Aseptic loosening (AL)

	CXCL10
	-0.67
	1.71 x 10-2

























Figure S1. Protein levels of deregulated proteins differentially expressed in tissues from TKA patients. 
Protein levels of top-deregulated proteins in pseudosynovial membrane lysates from patients with aseptic loosening (AL, yellow dots/columns) and non-aseptic loosening (non-AL, green dots/columns) stages (left panel) and its relationship with implant lifetime (middle/right panel) are presented. The y-axis represents the normalized protein expression. The x-axis represents the implant lifetime in months from index surgery. Horizontal bars indicate group means, and diagonal bars indicate the trend of protein level changes over time; error bars indicate 95% confidence interval.
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[bookmark: _GoBack]Figure S2 Fig. Correlation of the levels of sTIE2, sVEGFR2, PGF, sHGF, sE-selectin and CXCL10 proteins in tissues of TKA patients with the implant lifetime.
Green dots represent individual patients with no aseptic loosening (non-AL) and yellow dotsosts with aseptic loosening (AL). The y-axis represents the normalized protein expression. The x-axis represents the lifetime of prosthesis (from index surgery to revision surgery) in months.
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