Supplementary Table Summary of the literatures on blood-based biomarkers for schizophrenia
	Ref.

	Category
	Blood type
	Study design 
	Sample size
	Research focus
	Experimental design
	Methods
	Main finding1
	Class2

	Vinogradov et al[34]
	BDNF
	Serum /Plasma
	Sz/Cn
	56/16
	Protein
	Candidate molecule approach
	ELISA
	BDNF and cognitive function (+)
	SZP

	Asevedo, et al[33]
	BDNF, Inflammation and immune function
	Serum/plasma
	Sz/Cn
	30/27
	Protein
	Candidate molecule approach
	ELISA
	BDNF (↑) and cognitive function (+); CCL-11(↑) and cognitive function (-)
	D, SZP

	Yamamori et al[44]
	BDNF
	Serum/ plasma
	Treatment resistant Sz/Cn
	22/22
	Protein
	Candidate molecule approach
	ELISA
	BDNF (=); antipsychotics dose (=); clinical symptom (=)
	-

	Skilleter et al[39]
	BDNF
	Serum/plasma
	Sz/Cn
	17/25
	Protein
	Candidate molecule approach
	ELISA
	BDNF (↑) and brain activity (+)
	D, SZP

	Ikegame et al[32]
	BDNF
	Whole blood cells
	Sz/Cn
	100/100
	DNA methylation
	Candidate molecule approach
	Bisulfite-pyrosequencing
	promoter of BDNF DNA methylation (↑)
	D

	Herberth et al[66]
	Inflammation and immune function
	Leukocyte
	First onset Sz Cn
	17/17
	Protein
	Proteomics
	Multiple reaction monitoring
	IL-18 (↑) and ENRAGE (↑) in response to T cell stimulator
	D

	Cazzullo et al[51]
	Inflammation and immune function
	Lymphocyte
	Sz/sibling/Cn
	29/31/20
	Cell counts
	Candidate molecule approach
	Flow cytometry
	T cell numbers (↑ in Sz)
	D

	Sourlingas et al[50]
	Inflammation and immune function
	Lymphocyte
	Sz/Cn
	35/13
	Enzymes activity
	Candidate molecule approach
	Radioimmunoassay
	Cycle-related histone biochemical properties (altered)
	D, NS

	Craddock et al[65]
	Inflammation and immune function
	Lymphocyte (anti-CD3 stimulated)
	Sz/Cn
	50/32
	Cell counts
	Candidate molecule approach
	Radioimmunoassay
	T cell proliferative responses to stimulation of T cell stimulator (↑)
	D

	Zhang et al[58]
	Inflammation and immune function
	Lymphocyte and PBMC 
	Sz
	109
	Cell counts
	Candidate molecule approach
	Immunoassay
	12 month treatment: CD3+ and CD4+ T calls (↑); dendritic cells (↑); superoxide dismutase (↓); T cells and Brief Psychiatric Rating Scale (-); 
	TR, SZP 

	Freudenreich et al[49]
	Inflammation and immune function
	PBMC
	Sz/Cn
	15/15
	mRNA
	Candidate molecule approach
	qPCR
	IFN- (↓); TNF- (↓); IL-2 (=); IL-10 (=)
	D

	Reale et al[62]
	Inflammation and immune function
	PBMC [lipopolysaccharides (LPS)-stimulated]
	Sz/Cn
	51/40
	Protein
	Candidate molecule approach
	ELISA
	MCP-1, MIP-1a, IL-8 and IL-18 (↑); RANTES and interferon (IFN)- (↓); After treatment: RANTES and IL-18 (↑); MCP-1 (↓)
	D, TR

	García-Bueno et al[53]
	Inflammation and immune function
	PBMC and Plasma
	First year onset Sz/Cn
	117/106
	Protein and mRNA
	Candidate molecule approach
	Multiple reaction monitoring, ELISA, and western blotting
	pro-inflammatory pathways (↑) (i.e., NFκB, IκB, iNOS and COX-2 in PBMC and homocysteine in plasma); anti-inflammatory proteins (↓) (i.e., prostaglandin 15d-PGJ2, PPAR-)
	D

	Drexhage et al[52]
	Inflammation and immune function
	PBMC and Serum
	Recent-onset-SZ/Cn
	26/26
	Protein and mRNA
	Candidate molecule approach
	Mass spectrometry and qPCR
	T cell numbers (↑)
	D

	Löffler  et al[64]
	Inflammation and immune function
	Plasma and Whole blood cells 
	Sz/Cn
	23/58
	Cell counts and protein
	Candidate molecule approach
	Flow cytometry and ELISA
	12 weeks treatment: CD34+ T cells, neutrophils, and leukocytes  (↑)
	TR

	Asevedo et al[67]
	Inflammation and immune function
	Serum/plasma
	Sz/Cn
	29/26
	Protein
	Candidate molecule approach
	Multiple reaction monitoring
	IL-2 (↓) and digit span test (+); IC (+); negative symptom (-)
	D, SZP

	de Witte et al[60]
	Inflammation and immune function
	Serum/plasma
	First onset Sz/Cn
	180/350
	Protein
	Candidate molecule approach
	Multiple reaction monitoring
	IL-1RA (↑); IL-10 (↑) and clinical symptoms (+); After 6 wk treatment: IL-1RA (↓); IL-10 (↓)
	D, SZP, TR

	Steiner et al[68]
	Inflammation and immune function
	Whole blood cells
	Sz/Cn
	26/32
	Cell counts
	Candidate molecule approach
	Flow cytometry
	S100B+ NK cell counts (↑) and perception stress (+)
	D

	Ferretjans et al[99]
	Neurochemistry
	Leukocyte
	Sz/Cn
	53/22
	Protein
	Candidate molecule approach
	Mass spectrometry
	CB2 (↓)
	D

	Ilani et al[75]
	Neurochemistry
	Lymphocyte
	Sz/Cn
	14/11
	mRNA
	Candidate molecule approach
	qPCR
	DRD3 (↑)
	D

	Kwak et al[76]
	Neurochemistry
	Lymphocyte
	Chronic Sz /drug free Sz/drug niave Sz/Cn
	44/28/15/31
	mRNA
	Candidate molecule approach
	qPCR
	In drug naive patients: DRD3 (↑) and DRD5 (↑); Increased dopamine receptor expression and psychiatric symptom (+)
	D, SZP, TR

	Perl et al[100]
	Neurochemistry
	Lymphocyte
	Sz/Cn
	34/21
	mRNA
	Candidate molecule approach
	qPCR
	A7 acetylcholine receptor (AChR) (↓)
	D

	Zvara et al[72]
	Neurochemistry
	Lymphocyte
	Sz/Cn
	13/10
	mRNA
	Microarray
	Customized GeneChip and qPCR
	DRD2 (↑)
	D

	Liu et al[74]
	Neurochemistry
	Lymphocyte
	Acute Sz/ chronic Sz/Cn
	25/27/30
	mRNA
	Candidate molecule approach
	qPCR
	DRD2 (=); DRD4 (=); DAT (↑); DRD2 and positive symptoms (+)
	SZP

	Singh et al[84]
	Neurochemistry
	Lymphocyte and platelets
	Sz 
	24
	Others
	Candidate molecule approach
	Binding assay
	6-12 wk treatment: DRD3 (↓) and 5-HT(↓)
	TR

	Liu et al[48]
	Inflammation and immune function and Neurochemistry
	PBMC
	Sz/sibling/Cn
	39/25/30
	mRNA
	Candidate molecule approach
	Semi-qPCR
	IL-1(and TNF-( (↑) and general psychopathology (+); TH (↑)
	D, SZP

	Torres et al[83]
	Neurochemistry
	PBMC
	Sz/BPF/Cn
	8/7/7
	Protein
	Candidate molecule approach
	Mass spectrometry
	DARPP-32 (↓) 
	D

	Bioque et al[98]
	Neurochemistry
	PBMC
	Sz/Cn
	95/90
	Protein
	Candidate molecule approach
	Western blotting
	CB2 (↓)
	D

	Elman et al[96]
	Neurochemistry
	Plasma
	Sz/Cn
	13/12
	Enzyme activity and Protein
	Candidate
	Radioimmunoassay and LC
	with 2-deoxyglucos treatment: HVA (↑); 5-hydroxyindoleacetic acid (↑)
	D

	Berk et al[87]
	Neurochemistry
	Platelets
	Sz/Cn
	15/15
	Others
	Candidate molecule approach
	Fluorescence spectrometry
	Intracellular calcium response to glutamate (↑)
	D

	Ritsner et al[101]
	Neurochemistry
	Platelets
	Aggressive Sz/Sz with homicidal history/nonaggressive Sz/Cn
	11/15/14/15
	Others
	Candidate molecule approach
	Binding assay
	Peripheral-type benzodiazepine receptors (PBR) and aggressive behaviors (-)
	SZP

	Elman et al[85]
	Neurochemistry
	Serum/plasma
	Sz (risperidone)/Sz (clozapine) /Cn
	8/12/6
	Enzyme activity and protein
	Candidate molecule approach
	Radioimmunoassay
	Norepinephrine, NE (↑)
	TR

	Sumiyoshi et al[81]
	Neurochemistry
	Serum/plasma
	Prodromal of Sz/Cn
	12/12
	Protein
	Candidate molecule approach
	HPLC
	HVA (↑)
	D

	Fatemi et al[94]
	Neurochemistry
	Serum/plasma
	Sz/Cn
	16/8
	Protein
	Candidate molecule approach
	Western blot
	Reelin (↑)
	D

	Arrúe et al[80]
	Neurochemistry and Metabolism
	Serum/ plasma
	Sz/BPD/Cn
	50/74/104
	Protein
	Candidate molecule approach
	Mass spectrometry
	HVA (↑); GABA (↓) 
	D

	Ohnuma et al[93]
	Neurochemistry
	Serum/plasma
	Sz
	108
	Protein
	Candidate molecule approach
	microarray platform
	Glutamate, glycine, and L- and D-serine vs cognitive batteries (=)
	-

	Uzbay et al[88]
	Neurochemistry
	Serum/plasma
	Sz/Cn
	18/19
	Protein
	Candidate molecule approach
	Mass spectrometry and ELISA
	Agmatine (↑) and PANSS score (+)
	D, SZP

	Yamamori et al[89]
	Neurochemistry
	Serum/ plasma
	Treatment resistant Sz/Cn
	22/22
	Protein
	Candidate molecule approach
	Mass spectrometry
	Before clozapine treatment: D-serine (↓), D-/L-serine ratio (↓); After clozapine treatment: D-/L-serine ratio (↑), glysine (↑), and glycine/L-serine ratio (↑)
	TR

	Gubert et al[106]
	Oxidative Stress response and metabolism
	PBMC
	Sz/BPD/Cn
	18/12/30
	Enzymes activity
	Candidate molecule approach
	TBARS assay and Oxidative stress assay
	TBARS (↑); mitochondrial complex I (↓)
	D

	Arai et al[104]
	Oxidative stress response
	Serum/plasma
	Sz/Cn
	45/61
	Enzyme activity and protein
	Candidate molecule approach
	Western blotting and spectrophotometry
	Pentosidine (↑); Vitamin B6 (↓)
	D

	Ruiz-Litago et al[103]
	Oxidative stress response
	Serum/plasma
	Sz
	49
	Enzymes activity
	Candidate molecule approach
	Oxidative stress assay
	detoxifying agents such as CAT, SOD, GPx, GSH and TAS (↓); oxidative stress such as TBARS (↑)
	D

	Owe-Larsson et al[102]
	Oxidative stress response
	Serum/ plasma
	First onset Sz/chronic Sz/Cn
	18/49/20
	Protein
	Candidate molecule approach
	ELISA
	Long term ↑of oxidative stress
	D

	Katsuta et al[107]
	Oxidative stress response
	Serum/plasma
	Sz/Cn
	53/47
	Protein
	Candidate molecule approach
	Mass spectrometry and ELISA
	Vitamin B6 (↓); association between non-linear change of vit B6 and the dosage of antipsychotics
	D, TR

	Takeda et al[105]
	Oxidative stress response
	Serum/ plasma
	Sz/Cn
	61/39
	Protein
	Candidate molecule approach
	ELISA
	Glycer-AGEs (↑); sRAGE (↓)
	D

	Mas et al[115]
	Oxidative stress response
	Whole blood cells
	Drug-naïve Sz
	12
	mRNA
	Microarray
	Human Genome U219 Array Plate
	Molecules involve in the glucose homeostasis may also be predictors for patients who develop extrapyramidal symptoms (EPS) after receiving antipsychotics
	TR

	Herberth et al[110]
	Metabolism
	PBMC and Serum
	First onset Sz/chronic Sz/Cn
	12/7/13
	Protein
	Proteomics
	Mass spectrometry
	Eight proteins involved in glycolytic pathway
	D

	Dror et al[108]
	Metabolism
	Platelets
	Acute Sz/ chronic Sz/residual Sz/Cn
	37/50/26/37
	Enzymes activity
	Candidate molecule approach
	Standard techniques by using ferricyanide
	Mitochondrial complex I (↑) and disease staging; positive symptom (+)
	D, SZP

	Huang et al[109]
	Metabolism
	RBC and Serum
	First-onset Sz/chronic Sz/Cn
	7/13/20
	Protein
	Proteomics
	2D-DIGE and ELISA
	Apo-A1 (↓)
	D

	Brunstein et al[95]
	Metabolism
	Serum/ plasma
	Sz/Cn
	26/26
	Enzymes activity
	Candidate molecule approach
	Dry chemical technique
	Adenosine deaminase activity (↑)
	D

	Mehler-Wex et al[111]
	Metabolism
	Whole blood cells
	Sz/Cn
	10/10
	mRNA
	Candidate molecule approach
	qPCR
	Mitochondrial complex I (↑)
	D 

	Taurines et al[113]
	Metabolism
	Whole blood cells
	Early onset and drug-naive Sz/ Autism/Cn
	24/16/12
	mRNA
	Candidate molecule approach
	qPCR
	Mitochondrial complex I (↑)
	D

	Shimabukuro et al[120]
	Epigenetic
	Leukocyte
	cs/cn
	210/237
	DNA methylation
	Genome-wide approach
	HPLC
	Methylated deoxycytidine (mC) content (↓)
	D

	Kinoshita et al 118]
	Epigenetic
	Leukocyte
	Sz/Cn
	24/23
	DNA methylation
	Genome-wide approach
	HumanMethylation450 BeadChip
	234 CpG sites (0.04%) sites were differentially methylated
	D

	Nishioka et al[119]
	Epigenetic
	PBMC
	Sz/Cn
	18/15
	DNA methylation
	Genome-wide approach
	Human Methylation27 BeadChip 
	603 CpG sites (2%) were differentially methylated
	D

	Aberg et al[117]
	Epigenetic
	Whole blood cells
	Sz/Cn
	759/738
	DNA methylation
	Genome-wide approach
	SOLID
	139 CpG sites (0.005%) were differently methylated
	D

	Lai et al[123]
	miRNA
	PBMC
	Sz/Cn
	30/30; 60/90
	miRNA
	Genome-wide approach
	TLDA
	hsa-miR-34a (↑), miR-449a (↑), miR-564 (↑), miR-432 (↓), miR-548d (↑), miR-572 (↑) and miR-652 (↑)
	D, SZP

	Gardiner et al[126]
	miRNA and Inflammation and immune function
	PBMC
	Sz/Cn
	112/76
	miRNA
	Genome-wide approach
	miRNA microarray
	33 miRNA (↓), 17 were on DLK1-DIO3 region (14q32)
	D

	Fan et al[127]
	miRNA
	PBMC
	Sz/Cn
	3/3; 55/28
	miRNA
	Genome-wide approach
	qPCR
	miR-1273d (↑), miR-1303 (↑), miR-21 (↑), miR-3064-5p (↑), miR-3131 (↑), miR-3687 (↑), miR-3916 (↑), miR-4428 (↑), miR-4725-3p (↑), and miR-5096 (↑)
	D

	Sun et al[125]
	miRNA
	PBMC and Serum
	Sz/Cn
	25/13
	miRNA
	Candidate molecule approach
	qPCR
	PBMC: miR-212 (↑), miR-34a (↑) and miR-30e (↑); Plasma: miR-132 (↑) , miR-195 (↑) , miR-30e (↑)  and miR-7 (↑) 
	D

	Glatt et al[13]
	Omics Studies
	Whole blood cells
	Sz/Cn
	30/24
	mRNA
	Microarray
	cDNA microarrays
	BTG1 (↓), GSK3A (↑), HLA-DRB1 (↓), HNRPA3 (↓), SELENBP1 (↑), and SFRS1 (↓)
	D

	Middleton et al[130]
	Omics studies
	Leukocyte
	Sz sib-pairs/ Bipolar sib-pair
	33/5
	mRNA
	Microarray
	U133A GeneChip
	35 genes can discriminate Sz patients from patients with bipolar disorders and controls with 95% accuracy
	D

	Bowden et al[132]
	Omics studies
	Lymphocyte
	Sz/Cn
	14/14
	mRNA
	Microarray
	GenePix Pro 3.0 and qPCR
	18 genes with brain-related functions were altered; Edg-2, EBP50, MAZ, and TNFR2 were confirmed by qPCR
	D

	Craddock et al[136]
	Omics studies
	Lymphocyte
	Sz/Cn; Monozygotic twins
	15/15;6/18;21
	Protein
	Proteomics
	Mass spectrometry and ELISA
	a-defensins (DEFA) (↑) in Sz, affected and unaffected twins
	D

	Glatt et al[134]
	Omics studies
	PBMC
	Sz/Unaffected Sib-paris/ Cn
	9/9/12
	mRNA
	Microarray
	U133A GeneChip
	Several genes related to nucleosome and histone structure were dysregulated in both individuals with Sz and their siblings
	D

	Gardiner et al[133]
	Omics studies
	PBMC
	Sz/Cn
	114/80
	mRNA
	Microarray
	HT-12_V3 beadchips
	164 genes altered expression, involved or associated with immune function and regulating the immune response. EIF2C2 (Ago 2) (↓), MEF2D (↓), EVL (↓), PI3 (↑), S100A12 (↑) and DEFA4 (↑) was confirmed by qPCR
	D

	van Beveren et al[135]
	Omics studies
	PBMC
	Recent-onset-Sz/Cn
	41/29
	mRNA
	Microarray
	U133A GeneChip
	AKT1 (↓)
	D

	Schwarz et al[140]
	Omics studies
	Serum/plasma
	First and recent onset Sz/MDD/Euthymic BPD/Cn
	250/35/32/280
	Protein
	Proteomics
	Multiple reaction monitoring
	34 serum protein analysts in a cohort of closely matched SCZ and control subjects with 60%-75% of discriminant accuracy
	D

	Li et al[138]
	Omics studies
	Serum/plasma
	Drug niave Sz/Cn
	I 10/10 II. 47/53
	Protein
	Proteomics
	Mass spectrometry
	27 serum proteins were identified for discriminating between Sz patients and healthy controls, and were found to be linked to immune responses
	D

	Al Awam et al[141]
	Omics studies
	Serum/plasma
	Sz/Cn
	26/26
	Protein
	Proteomics
	Mass spectrometry
	2-piperidinec carboxylic acid (↑); 6-deoxy-mannofuranose (↓); galactoseoxime (↓); m/z 3177 (↓) 
	D

	Ding et al[137] 
	Omics studies
	Serum/plasma
	Sz/MDD/Cn
	44/26/40
	Protein
	Proteomics
	Mass spectrometry
	91 protein peaks were different in Sz group compared with the depression and Cn
	D

	Kuzman et al[129]
	Omics studies
	Whole blood cells
	First episode and drug-naive Sz
	32/32
	mRNA
	Microarray
	U133A GeneChip
	SLC2A3 (↑) and DAAM2 (↑); zinc metallopeptidase (↓), neurolysin 1 (↓) and myosin C (↓) 
	D

	Takahashi et al[131]
	Omics studies
	Whole blood cells
	Drug-naïve Sz/Cn
	52/49
	mRNA
	Microarray
	Human Whole Genome Bioarray
	14 probes which annotated 11 gene (NRG1, NTF3, CHRNB2, CCKAR,

DAOA, DAO, L1CAM, NEUROG1, ZNF74, PRODH, and CHGA) as predictors of the diagnosis with 91.2% accuracy in the training set and 87.9% accuracy in the testing set
	D

	Nadri et al[112]
	Others
	Lymphocyte
	Sz/Cn
	18/18
	Protein, mRNA and enzyme activity
	Candidate molecule approach
	Western blotting, semi-qPCR, and kinase assay
	GSK-3a (=) and GSK-3b (=)
	-

	Yao et al[139]
	Others
	PBMC
	First-hospitalized Sz/Cn
	30/26
	mRNA
	Candidate molecule approach
	qPCR
	SELENBP1 (=); CXCL1 (↑)
	D


1The notation “↓” indicates decreased level, “↑” indicates increased level, and “=” indicates non difference between the groups; 2The biomarker classified into different class based on their features. D indicates biomarker for diagnosis in the study; TR indicates the biomarkers changes with antipsychotics treatment; SZP indicates those markers have been reported to correlate with phenotypes (i.e., clinical symptom or cognitive function); NS indicates those makers that are not specific for schizophrenia. TR: Treatment response; NS: Not specific.

