Aβ-related Cerebrospinal Fluid Proteins in Alzheimer’s Disease Reflect Gene Expression Levels Found in The Healthy Cortex.
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Extended Data Table 1. Data-driven comparison of clustering solutions across varying numbers of clusters (k). For every value for k between 8 and 24, the table provides information on both the mean silhouette and Adjusted Rand Index (ARI) scores with respect to the identified 12-cluster solution. For silhouette, larger values are preferred, reflecting better clustering compactness, while for ARI, larger scores are desirable, measuring similarity to the specified 12-cluster solution. Therefore, for silhouette, k=20 achieves the highest score, for clustering balance between biological interpretability and structural stability.
	k
	silhouette
	ARI vs fixed

	8
	0.234
	0.913

	9
	0.231
	0.928

	10
	0.240
	0.986

	11
	0.243
	0.990

	12
	0.255
	1.000

	13
	0.258
	0.985

	14
	0.254
	0.953

	15
	0.251
	0.938

	16
	0.255
	0.934

	17
	0.253
	0.805

	18
	0.256
	0.801

	19
	0.260
	0.785

	20
	0.264
	0.778

	21
	0.261
	0.719

	22
	0.255
	0.675

	23
	0.251
	0.665

	24
	0.252
	0.614















Extended Data Table 2. Gene Ontology enrichment results for the protein signature clusters. Gene Ontology (GO) functional enrichment analysis (clusterProfiler) and GOSlim semantic clustering of significant biological processes across all protein signature clusters. Adjusted p-values correspond to Benjamini–Hochberg FDR correction.

	Cluster #
	term_id
	term_name
	adjusted_p_value
	intersections
	GO_ID
	SlimIDs
	Signature

	2
	GO:0046434
	organophosphate catabolic process
	0.009267629
	ENO2, PRDX6, UCHL1
	GO:0046434
	GO:0009056
	catabolic process

	2
	GO:0009191
	ribonucleoside diphosphate catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009191
	GO:0009056
	catabolic process

	2
	GO:0009154
	purine ribonucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009154
	GO:0009056
	catabolic process

	2
	GO:0009154
	purine ribonucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009154
	GO:1901135
	carbohydrate derivative metabolic process

	2
	GO:0009137
	purine nucleoside diphosphate catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009137
	GO:0009056
	catabolic process

	2
	GO:0009261
	ribonucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009261
	GO:0009056
	catabolic process

	2
	GO:0009261
	ribonucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009261
	GO:1901135
	carbohydrate derivative metabolic process

	2
	GO:0009134
	nucleoside diphosphate catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009134
	GO:0009056
	catabolic process

	2
	GO:0006096
	glycolytic process
	0.013978247
	ENO2, UCHL1
	GO:0006096
	GO:0005975
	carbohydrate metabolic process

	2
	GO:0006096
	glycolytic process
	0.013978247
	ENO2, UCHL1
	GO:0006096
	GO:0009056
	catabolic process

	2
	GO:0006096
	glycolytic process
	0.013978247
	ENO2, UCHL1
	GO:0006096
	GO:1901135
	carbohydrate derivative metabolic process

	2
	GO:0006195
	purine nucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0006195
	GO:0009056
	catabolic process

	2
	GO:0009181
	purine ribonucleoside diphosphate catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0009181
	GO:0009056
	catabolic process

	2
	GO:0046032
	ADP catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0046032
	GO:0009056
	catabolic process

	2
	GO:0046032
	ADP catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0046032
	GO:1901135
	carbohydrate derivative metabolic process

	2
	GO:0046031
	ADP metabolic process
	0.013978247
	ENO2, UCHL1
	GO:0046031
	GO:1901135
	carbohydrate derivative metabolic process

	2
	GO:0072526
	pyridine-containing compound catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0072526
	GO:0009056
	catabolic process

	2
	GO:0019364
	pyridine nucleotide catabolic process
	0.013978247
	ENO2, UCHL1
	GO:0019364
	GO:0009056
	catabolic process

	2
	GO:0009166
	nucleotide catabolic process
	0.015741594
	ENO2, UCHL1
	GO:0009166
	GO:0009056
	catabolic process

	4
	GO:0099537
	trans-synaptic signaling
	0.000834406
	BACE1, CALB2, NPTX1, NPTX2, 
SNCA, SNCB, SQSTM1
	GO:0099537
	GO:0023052
	signaling

	4
	GO:0099536
	synaptic signaling
	0.000834406
	BACE1, CALB2, NPTX1, NPTX2, 
SNCA, SNCB, SQSTM1
	GO:0099536
	GO:0023052
	signaling

	4
	GO:0098916
	anterograde trans-synaptic signaling
	0.000834406
	BACE1, CALB2, NPTX1, NPTX2, 
SNCA, SNCB, SQSTM1
	GO:0098916
	GO:0023052
	signaling

	4
	GO:0007268
	chemical synaptic transmission
	0.000834406
	BACE1, CALB2, NPTX1, NPTX2, 
SNCA, SNCB, SQSTM1
	GO:0007268
	GO:0023052
	signaling

	4
	GO:0042592
	homeostatic process
	0.001085236
	CALB2, CNTN2, FABP3, GOT1, 
NPTX1, SNCA, SOD1, SQSTM1, VSNL1
	GO:0042592
	GO:0042592
	homeostatic process

	4
	GO:0007267
	cell-cell signaling
	0.001403347
	BACE1, CALB2, NPTX1, NPTX2, 
SNCA, SNCB, SQSTM1, VSNL1
	GO:0007267
	GO:0023052
	signaling

	4
	GO:0048878
	chemical homeostasis
	0.002584073
	CALB2, FABP3, GOT1, NPTX1, 
SNCA, SOD1, VSNL1
	GO:0048878
	GO:0042592
	homeostatic process

	4
	GO:0023052
	signaling
	0.007097082
	BACE1, CALB2, FLT1, GOT1, IL9, 
NPTX1, NPTX2, NRGN, SNCA, SNCB, 
SOD1, SQSTM1, TAFA5, VSNL1
	GO:0023052
	GO:0023052
	signaling

	4
	GO:0051402
	neuron apoptotic process
	0.010496651
	BACE1, SNCA, SNCB, SOD1
	GO:0051402
	GO:0012501
	programmed cell death

	4
	GO:0071280
	cellular response to copper ion
	0.017151734
	BACE1, SNCA
	GO:0071280
	GO:0050896
	response to stimulus

	4
	GO:0055082
	intracellular chemical homeostasis
	0.024785113
	CALB2, NPTX1, SNCA, SOD1, VSNL1
	GO:0055082
	GO:0042592
	homeostatic process

	4
	GO:0046688
	response to copper ion
	0.030281157
	BACE1, SNCA
	GO:0046688
	GO:0050896
	response to stimulus

	5
	GO:0007267
	cell-cell signaling
	2.35001E-05
	CCL26, CRH, CX3CL1, GDF15, NPY, 
PARK7, SFRP1
	GO:0007267
	GO:0023052
	signaling

	5
	GO:0070887
	cellular response to chemical stimulus
	0.000470601
	CCL26, CRH, CX3CL1, GDF15, PARK7, 
SFRP1, VEGFD
	GO:0070887
	GO:0050896
	response to stimulus

	5
	GO:0042221
	response to chemical
	0.000492206
	CCL26, CRH, CX3CL1, GDF15, NPY, 
PARK7, SFRP1, VEGFD
	GO:0042221
	GO:0050896
	response to stimulus

	5
	GO:1901655
	cellular response to ketone
	0.001303347
	CRH, PARK7, SFRP1
	GO:1901655
	GO:0050896
	response to stimulus

	5
	GO:0050900
	leukocyte migration
	0.001303347
	CCL26, CX3CL1, GDF15, VEGFD
	GO:0050900
	GO:0002376
	immune system process

	5
	GO:0035295
	tube development
	0.0017744
	CRH, CX3CL1, NPY, SFRP1, VEGFD
	GO:0035295
	GO:0032502
	developmental process

	5
	GO:1901701
	cellular response to oxygen-containing compound
	0.002081331
	CRH, CX3CL1, GDF15, PARK7, SFRP1
	GO:1901701
	GO:0050896
	response to stimulus

	7
	GO:0009628
	response to abiotic stimulus
	0.010734758
	FGF2, HTT, RUVBL2
	GO:0009628
	GO:0050896
	response to stimulus

	7
	GO:0009612
	response to mechanical stimulus
	0.010734758
	FGF2, HTT
	GO:0009612
	GO:0050896
	response to stimulus

	7
	GO:0051209
	release of sequestered calcium ion into cytosol
	0.010734758
	FGF2, HTT
	GO:0051209
	GO:0051234
	establishment of localization

	7
	GO:0006915
	apoptotic process
	0.010734758
	FGF2, HTT, RUVBL2
	GO:0006915
	GO:0012501
	programmed cell death

	7
	GO:0060128
	corticotropin hormone secreting cell differentiation
	0.010734758
	FGF2
	GO:0060128
	GO:0032502
	developmental process

	7
	GO:0060128
	corticotropin hormone secreting cell differentiation
	0.010734758
	FGF2
	GO:0060128
	GO:0030154
	cell differentiation

	7
	GO:0060129
	thyroid-stimulating hormone-secreting cell differentiation
	0.010734758
	FGF2
	GO:0060129
	GO:0032502
	developmental process

	7
	GO:0060129
	thyroid-stimulating hormone-secreting cell differentiation
	0.010734758
	FGF2
	GO:0060129
	GO:0030154
	cell differentiation

	7
	GO:0060591
	chondroblast differentiation
	0.010734758
	FGF2
	GO:0060591
	GO:0032502
	developmental process

	7
	GO:0060591
	chondroblast differentiation
	0.010734758
	FGF2
	GO:0060591
	GO:0030154
	cell differentiation

	8
	GO:0006954
	inflammatory response
	6.03254E-15
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CD40LG, CXCL10, 
IFNG, IL10, IL13, IL1B, IL2, IL33, 
IL6, PTN, SAA1, TNF
	GO:0006954
	GO:0050896
	response to stimulus

	8
	GO:0006959
	humoral immune response
	2.63913E-14
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CXCL10, FCN2, 
IFNG, IL1B, IL6, IL7, TNF
	GO:0006959
	GO:0002376
	immune system process

	8
	GO:0006959
	humoral immune response
	2.63913E-14
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CXCL10, FCN2, 
IFNG, IL1B, IL6, IL7, TNF
	GO:0006959
	GO:0050896
	response to stimulus

	8
	GO:0006950
	response to stress
	3.13211E-14
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CD40LG, CSF2, 
CST3, CXCL10, FCN2, FOLR1, 
IFNG, IL10, IL13, IL1B, IL2, IL33, 
IL6, KLK6, PGF, PTN, REST, SAA1, 
TARDBP, TNF, VGF
	GO:0006950
	GO:0050896
	response to stimulus

	8
	GO:0050900
	leukocyte migration
	3.78054E-14
	CCL11, CCL13, CCL22, CCL3, 
CCL4, CXCL10, IL10, IL1B, IL33, 
IL6, PGF, PTN, SAA1, TNF
	GO:0050900
	GO:0002376
	immune system process

	8
	GO:0071345
	cellular response to cytokine stimulus
	5.70806E-14
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CSF2, CXCL10, 
IFNG, IL10, IL13, IL1B, IL2, 
IL33, IL6, IL7, TNF
	GO:0071345
	GO:0050896
	response to stimulus

	8
	GO:0030595
	leukocyte chemotaxis
	7.45306E-14
	CCL11, CCL13, CCL22, CCL3, 
CCL4, CXCL10, IL10, IL1B, IL6, 
PGF, PTN, SAA1
	GO:0030595
	GO:0002376
	immune system process

	8
	GO:0006952
	defense response
	1.1372E-13
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CD40LG, CST3, 
CXCL10, FCN2, IFNG, IL10, IL13, 
IL1B, IL2, IL33, IL6, PTN, SAA1, TNF, VGF
	GO:0006952
	GO:0050896
	response to stimulus

	8
	GO:0034097
	response to cytokine
	1.90606E-13
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CSF2, CXCL10, IFNG, 
IL10, IL13, IL1B, IL2, IL33, IL6, IL7, TNF
	GO:0034097
	GO:0050896
	response to stimulus

	8
	GO:1901652
	response to peptide
	2.24794E-13
	CCL11, CCL13, CCL17, CCL22, 
CCL3, CCL4, CSF2, CXCL10, IFNG, 
IL10, IL13, IL1B, IL2, IL33, IL6, IL7, TNF
	GO:1901652
	GO:0050896
	response to stimulus

	8
	GO:0007267
	cell-cell signaling
	2.17491E-12
	CCL13, CCL17, CCL22, CCL3, 
CCL4, CXCL10, IFNG, IL1B, IL2, 
IL6, IL7, NGF, PGF, PTN, REST, 
TARDBP, TNF, VGF
	GO:0007267
	GO:0023052
	signaling

	9
	GO:1990868
	response to chemokine
	0.001401071
	CCL2, CXCL1, CXCL8
	GO:1990868
	GO:0050896
	response to stimulus

	9
	GO:1990869
	cellular response to chemokine
	0.001401071
	CCL2, CXCL1, CXCL8
	GO:1990869
	GO:0050896
	response to stimulus

	9
	GO:0098657
	import into cell
	0.001401071
	ACHE, APOE, CCL2, CD63, CXCL8, GFAP
	GO:0098657
	GO:0051234
	establishment of localization

	9
	GO:0023052
	signaling
	0.001401071
	ACHE, ANXA5, APOE, CCL2, 
CD63, CHI3L1, CXCL1, CXCL8, 
GDI1, GFAP, ICAM1
	GO:0023052
	GO:0023052
	signaling

	9
	GO:0009605
	response to external stimulus
	0.001401071
	APOE, CCL2, CD63, CHI3L1, 
CHIT1, CXCL1, CXCL8, GDI1
	GO:0009605
	GO:0050896
	response to stimulus

	9
	GO:1901072
	glucosamine-containing compound catabolic process
	0.001401071
	CHI3L1, CHIT1
	GO:1901072
	GO:1901135
	carbohydrate derivative metabolic process

	9
	GO:1901072
	glucosamine-containing compound catabolic process
	0.001401071
	CHI3L1, CHIT1
	GO:1901072
	GO:0009056
	catabolic process

	9
	GO:0006030
	chitin metabolic process
	0.001401071
	CHI3L1, CHIT1
	GO:0006030
	GO:1901135
	carbohydrate derivative metabolic process

	9
	GO:0006032
	chitin catabolic process
	0.001401071
	CHI3L1, CHIT1
	GO:0006032
	GO:1901135
	carbohydrate derivative metabolic process

	9
	GO:0006032
	chitin catabolic process
	0.001401071
	CHI3L1, CHIT1
	GO:0006032
	GO:0009056
	catabolic process

	9
	GO:0006898
	receptor-mediated endocytosis
	0.001401071
	ACHE, APOE, CD63, CXCL8
	GO:0006898
	GO:0051234
	establishment of localization

	9
	GO:0006897
	endocytosis
	0.001521801
	ACHE, APOE, CCL2, CD63, CXCL8
	GO:0006897
	GO:0051234
	establishment of localization

	9
	GO:0046348
	amino sugar catabolic process
	0.001521801
	CHI3L1, CHIT1
	GO:0046348
	GO:1901135
	carbohydrate derivative metabolic process

	9
	GO:0046348
	amino sugar catabolic process
	0.001521801
	CHI3L1, CHIT1
	GO:0046348
	GO:0009056
	catabolic process



	Factor
	Odds Ratio
	95% CI Lower
	95% CI Upper

	CS_cluster_1
	10.427
	5.219
	20.832

	CS_cluster_2
	2.406
	1.542
	3.755

	CS_cluster_3
	1.245
	0.915
	1.696

	CS_cluster_4
	1.151
	0.803
	1.648

	CS_cluster_5
	0.828
	0.552
	1.24

	CS_cluster_6
	0.139
	0.08
	0.243

	CS_cluster_7
	0.891
	0.62
	1.28

	CS_cluster_8
	0.765
	0.431
	1.36

	CS_cluster_9
	1.364
	0.876
	2.124

	CS_cluster_10
	1.037
	0.768
	1.399

	CS_cluster_11
	1.531
	1.117
	2.099

	CS_cluster_12
	3.974
	2.583
	6.112









Extended Data Table 3. Forrest plot analysis with odds ratio and upper and lower confidence interval (CI) belonged to each composite scores (CS) cluster in relation to Aβ positivity.



Extended Data Table 4. Inter-correlation of each composite scores cluster (CSC).
	Cluster #
	CSC 1
	CSC 2
	CSC 3
	CSC 4
	CSC 5
	CSC 6
	CSC 7
	CSC 8
	CSC 9
	CSC 10
	CSC 11
	CSC 12
	Aβ

	CSC 1
	1.00
	0.65
	0.45
	0.65
	0.30
	-0.37
	0.13
	0.31
	0.61
	0.06
	0.10
	0.63
	0.65

	CSC 2
	0.65
	1.00
	0.81
	0.52
	0.10
	-0.13
	0.36
	0.33
	0.57
	0.02
	-0.02
	0.43
	0.34

	CSC 3
	0.45
	0.81
	1.00
	0.51
	0.22
	0.11
	0.32
	0.34
	0.52
	-0.02
	-0.06
	0.29
	0.15

	CSC 4
	0.65
	0.52
	0.51
	1.00
	0.71
	0.32
	0.31
	0.62
	0.87
	0.16
	-0.17
	0.29
	0.07

	CSC 5
	0.30
	0.10
	0.22
	0.71
	1.00
	0.32
	0.39
	0.73
	0.73
	0.22
	-0.12
	0.09
	0.01

	CSC 6
	-0.37
	-0.13
	0.11
	0.32
	0.32
	1.00
	0.08
	0.23
	0.19
	0.06
	-0.33
	-0.45
	-0.63

	CSC 7
	0.13
	0.36
	0.32
	0.31
	0.39
	0.08
	1.00
	0.55
	0.44
	-0.03
	-0.18
	0.06
	0.03

	CSC 8
	0.31
	0.33
	0.34
	0.62
	0.73
	0.23
	0.55
	1.00
	0.79
	0.14
	-0.23
	0.21
	0.03

	CSC 9
	0.61
	0.57
	0.52
	0.87
	0.73
	0.19
	0.44
	0.79
	1.00
	0.20
	-0.16
	0.36
	0.18

	CSC 10
	0.06
	0.02
	-0.02
	0.16
	0.22
	0.06
	-0.03
	0.14
	0.20
	1.00
	0.00
	0.07
	0.05

	CSC 11
	0.10
	-0.02
	-0.06
	-0.17
	-0.12
	-0.33
	-0.18
	-0.23
	-0.16
	0.00
	1.00
	0.07
	0.18

	CSC 12
	0.63
	0.43
	0.29
	0.29
	0.09
	-0.45
	0.06
	0.21
	0.36
	0.07
	0.07
	1.00
	0.53

	Aβ
	0.65
	0.34
	0.15
	0.07
	0.01
	-0.63
	0.03
	0.03
	0.18
	0.05
	0.18
	0.53
	1.00




