Sex-specific associations of kynurenic acid with neopterin in Alzheimer’s disease: Supplementary material
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Supplementary methods 

Biochemical analysis of interferon-γ induced protein 10 (IP-10)
For all CU controls (n = 105) and a subset of the AD patients (n = 187), CSF levels of interferon-γ induced protein 10 (IP-10) were analysed together with eight other cytokines using a custom-made nine-plex kit (Cat No. 12014058, Bio-Rad Laboratories, Hercules, CA) containing eotaxin-1, granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-6, IL-7, IL-8, IP-10, monocyte chemoattractant protein 1 (MCP-1), macrophage inflammatory protein (MIP)-1α, and MIP-1β. Briefly, a solution of 10% bovine serum albumin (Cat No. A5403-50G, lot SLBL9495V, Sigma Aldrich, St. Louis, MO) in PBS (pH 7.4, Gibco Cat No. 10010–015, lot 2062123, Thermo Fisher Scientific, Waltham, MA) was added to the CSF samples to a concentration of 0.5% before vortexing. Samples were centrifuged at 10 000×g for 10 min at 4 °C and 50 μL of the supernatant was loaded onto the assay plate. Cytokine levels were measured on a Luminex IS 200 instrument (Bio-Rad). 


Supplementary tables 
Supplementary Table S1. The effects of sex × IP-10 on tryptophan, KP metabolites and the KA/QA ratio
	A. Whole cohort
	

	 
	Trp
	Kyn
	KA
	AA
	3-HK
	Pic
	QA
	KA/QA 

	Diagnoses 
	-0.05
	-0.13
	0.16*
	-0.45*
	0.01
	0.31*
	-0.21*
	0.24*

	Age
	0.09
	0.30*
	0.29*
	0.12
	0.15
	0.03
	0.42*
	0.17

	Sex
	0.16
	0.14
	0.01
	-0.8
	0.06
	0.21*
	0.18*
	-0.04

	APOE ɛ4 genotype
	0.00
	-0.07
	-0.06
	0.06
	-0.02
	-0.04
	-0.01
	-0.04

	Amyloid-β42 
	-0.06
	0.02
	-0.06
	0.07
	-0.04
	-0.02
	-0.03
	-0.06

	P-tau181
	-0.02
	-0.06
	0.16*
	0.09
	0.01
	-0.01
	-0.01
	0.17

	IP-10
	0.00
	0.37*
	0.34*
	0.14
	0.11
	-0.12
	0.32*
	0.26*

	IP-10 x sex
	0.07
	-0.04
	-0.17
	-0.07
	-0.04
	0.16
	-0.02
	-0.18

	Adjusted R2 
	0.03
	0.24
	0.22
	0.13
	0.01
	0.10
	0.37
	0.16

	B. AD
	
	
	
	
	
	
	
	 

	 
	Trp
	Kyn
	KA
	AA
	3-HK
	Pic
	QA
	KA/QA 

	Age
	-0.04
	0.20*
	0.28*
	0.12
	0.19*
	0.01
	0.38*
	0.18

	Sex
	0.12*
	0.21*
	0.08
	-0.08
	-0.00
	0.25*
	0.26*
	0.00

	Amyloid-β42 
	0.09
	-0.05
	-0.02
	-0.10
	0.05
	-0.07
	0.02
	-0.03

	P-tau181 
	0.07
	-0.07
	0.21*
	-0.06
	0.00
	-0.03
	-0.02
	0.24*

	IP-10
	0.06
	0.47*
	0.36*
	0.19
	0.06
	-0.10
	0.41*
	0.22

	IP-10 x sex
	-0.15
	-0.17
	-0.23*
	-0.07
	-0.01
	0.04
	-0.10
	-0.19

	Adjusted R2 
	0.00
	0.22
	0.23
	0.03
	0.01
	0.05
	0.36
	0.12

	C. CU 
	
	
	
	
	
	
	
	 

	 
	Trp
	Kyn
	KA
	AA
	3-HK
	Pic
	QA
	KA/QA 

	Age
	0.35*
	0.40*
	0.30*
	0.19
	0.08
	-0.01
	0.44
	0.18

	Sex 
	0.29*
	0.16
	0.02
	-0.13
	0.19
	0.24
	0.17
	-0.04

	Amyloid-β42 
	0.04
	-0.17
	0.20
	0.00
	0.03
	0.09
	0.00
	0.20

	P-tau181
	-0.24
	-0.03
	0.08
	-0.11
	-0.02
	-0.02
	0.00
	0.09

	IP-10
	-0.27
	0.24
	0.28
	0.09
	0.07
	-0.08
	0.25
	0.26

	IP-10 x sex
	0.29
	0.08
	-0.13
	-0.12
	0.08
	0.31
	0.00
	-0.20

	Adjusted R2 
	0.17
	0.26
	0.17
	-0.01
	-0.00
	0.02
	0.28
	0.07


*P < .01.  significant associations in bold. Standardized β-coefficients are presented. Diagnoses: CU controls = 0, AD = 1; APOE ɛ4 genotype: neg = 0, pos = 1; Whole cohort (A): Amyloid-β42 and P-tau181 dichotomized according to laboratory-specific cut-off values: normal = 1, pathological = 2; AD patients (B) and CU controls (C): Amyloid-β42 and P-tau181 as continuous variables. Abbreviations: 3-HK: 3-hydroxykynurenine; AA: anthranilic acid; AD: Alzheimer’s disease; APOE: apolipoprotein E; CU: cognitively unimpaired; IP-10: interferon-γ induced protein 10. KA: kynurenic acid; Kyn: kynurenine; Pic: picolinic acid; Trp: trypthophan; QA: quinolinic acid 

Supplementary Table S2. Interaction effects between sex and baseline CSF KP metabolites on clinical progression in AD
	
	Tryptophan
	Kynurenine
	Anthranilic acid
	3-HK
	Picolinic acid
	Quinolinic acid

	Age
	0.01 (-0.03; 0.06)
	0.02 (-0.03; 0.06)
	0.01 (-0.04; 0.06)
	0.01 (-0.03; 0.06)
	0.01 (-0.03; 0.06)
	0.02 (-0.02; 0.07)

	Metabolite
	-0.32 (-0.72; 0.09)
	-0.25 (-0.61; 0.12)
	0.17 (-0.16; 0.50)
	-0.35 (-0.72; 0.03)
	-0.11 (-0.57; 0.36)
	-0.47 (-0.82; -0.12)*

	Time
	1.74 (1.48; 2.00)*
	1.73 (1.47; 1.99)*
	1.74 (1.48; 2.01)*
	1.74 (1.49; 2.01)*
	1.75 (1.48; 2.02)*
	1.73 (1.47; 1.99)*

	Metabolite × time
	-0.03 (-0.32; 0.25)
	-0.24 (-0.50; 0.02)
	0.01 (-0.23; 0.24)
	-0.05 (-0.31; 0.22)
	0.00 (-0.31; 0.32)
	-0.16 (-0.39; 0.08)

	Sex
	0.06 (-0.52; 0.64)
	0.01 (-0.57; 0.60)
	0.10 (-0.47; 0.68)
	-0.00 (-0.56; 0.56)
	0.16 (-0.44; 0.75)
	-0.03 (-0.61; 0.54)

	Sex × metabolite
	0.48 (-0.09; 1.05)
	0.44 (-0.11; 0.99)
	0.20 (-0.38; 0.68)
	1.10 (0.58; 1.63)*
	-0.23 (-0.85; 0.38)
	0.82 (0.30; 1.34)*

	Sex × time
	-0.32 (-0.73; 0.09)
	-0.31 (-0.71; 0.10)
	-0.34 (-0.75; 0.07)
	-0.30 (-0.70; 0.10)
	-0.38 (-0.79; 0.04)
	-0.29 (-0.69; 0.12)

	Sex × metabolite × time 
	0.04 (-0.36; 0.44)
	0.18 (-0.23; 0.59)
	0.05 (-0.52; 0.06)
	0.18 (-0.56; 0.20)
	0.19 (-0.24; 0.62)
	0.02 (-0.37; 0.41)


Linear mixed models assessing the interaction between sex and baseline CSF kynurenine metabolites on clinical progression (change in CDR-SB over time) in the AD patients. Random effects included time from baseline and intercept. Significant effects (P < 0.01) are noted with an * and grey background. Abbreviations: 3-HK: 3-hydroxykynurenine; CDR-SB: clinical dementia rating sum of boxes; KA: kynurenic acid; KP: kynurenine pathway; QA, Quinolinic acid

