Appendix


Independent Study of Biomarker Signature Validation

We tested our initial whole blood exon array signature against an independent dataset referred to in deJong et al., 2012 (de Jong, Boks et al. 2012) and made available under GEO dataset omnibus accession GSE38485.

In this study, deJong et al. applied a systems biology approach to genome-wide expression data from whole blood of 92 medicated and 29 antipsychotic-free schizophrenia patients and 118 healthy controls. They showed that gene expression profiling in whole blood can identify twelve large gene co-expression modules associated with schizophrenia.

We independently reanalyzed the three datasets described in Table 1 reported by deJong et. al, 2012 (de Jong, Boks et al. 2012). Dataset 1 includes schizophrenia patients on antipsychotics (n= 92) and healthy controls (n= 78). Dataset 2 consists of n = 29 antipsychotic-free schizophrenia patients and n= 40 healthy controls. The demographic information for both datasets is given in Supplementary Table 1.

Supplementary Table 1. Description of datasets from de Jong et al., 2012 (de Jong, Boks et al. 2012). 

	
	Schizophrenia dataset
	Antipsychotic-free dataset

	
	Controls
	Cases
	Controls
	Cases

	Total
	78
	92
	40
	29

	Mean age
	41 yrs
	41 yrs
	30 yrs
	31 yrs

	Gender
	31M, 47F
	66M, 26F
	27M, 13F
	21M, 8F

	Batch 1
	
	
	22
	15

	Batch 2
	78
	92
	18
	14

	Country*
	22 DK, 56 NL
	92 NL
	6 DK, 34 NL
	6 DK, 23 NL

	Expression  Array
	Illumina H-12 (16,707 genes)
	Illumina H-8 & H-12 (12,704 genes)


Two datasets are shown, schizophrenia cases and controls, and antipsychotic-free schizophrenia and control dataset. Age and gender information is given for cases and controls separately for antipsychotic free subjects in Supplementary Table 1. Gene expression data was generated in two batches (batch 1: Illumina H-8 and batch 2: Illumina H-12) and collected at different sites, information given in the fourth and fifth row). The number of expressed genes is given in the last row. *DK = Denmark and NL = The Netherlands.

Subjects in de Jong et al., 2012
Participants were recruited from three sources: i) the Department of Psychiatry of the University Medical Center Utrecht (90 controls and 113 cases), ii) Parnassia PsychoMedical Center in the The Netherlands (2 cases) and iii) the Center for Neuropsychiatric Schizophrenia Research, Psychiatric Center Glostrup, Denmark (28 controls and 6 cases). Diagnoses were determined by Standardized Psychiatric interviews either The Comprehensive Assessment of Symptoms and History (CASH) or the Composite international diagnostic interview (CIDI) by trained clinicians. Schizophrenia was defined by a DSM-IV-TR diagnosis of #295.0–295.89, and #298.9. 

Antipsychotic-free patients were not on antipsychotics during the six-month-period prior to blood sampling. Only cases with a DSM IV #295.0–295.89 and #298.9 diagnoses were included to increase clinical homogeneity. Since ethnic heterogeneity and relatedness may affect the distribution of genetic variation and consequently gene expression, de Jong et al. removed non-Caucasian subjects by principal component analysis of SNP array data.

Analysis of Expression Data
The raw microarray data is MIAME compliant and made available at gene expression omnibus (GEO) under accession GSE38485. We first quantile-normalized the raw data was to correct for overall signal intensity differences among the Illumina human gene expression arrays. Potential batch effects due to date of generation of batch, and because of the use of two different platforms (Illumina HumanRef-8 V3 arrays for batch 1 and HumanRef-12 V3 arrays) were removed by batch analysis in Partek Genomics Suite. After removal of batch effects, we then extracted the list of probesets that we have determined for a signature to be used for identification of chronic cases of schizophrenia from bipolar disorder and controls. 

Reanalysis of Illumina Dataset
In the independent analysis, we found that using 20 probesets from our signature analysis, we were able to arrive at an independent accuracy of prediction of cases from controls of 70 % - 80% ROC AUC in the deJong et al dataset. This result is important, as deJong et al., 2012 (de Jong, Boks et al. 2012) included two platforms different from the original exon array analysis that we used, a refined homogenous ethnic background, and a different whole blood RNA extraction methodology. We were able to definitively ascertain from the authors of this study which cases were free of antipsychotics, this first analysis contains both medicated (n = 92) and non-medicated cases (n = 29); thus most medicated and non-medicated cases were classified correctly, indicating that our signature is not reliant on a ‘treatment’ artifact. We included two extra probesets that mapped to the same transcripts as the exon array. Note that there are 2 probes for genes HPR, IL5RA, TRIM4.  Both probes are included in the diagnostic analysis.  No probe sets were found for gene CCDC109B.  

Supplementary Table 2. The gene expression for the following 20 probe sets for genes identified in the phase I Affymetrix Whole Blood Exon Array dataset as diagnostic for SZ vs BD vs C. The following transcripts were used from GEO dataset GSE38485.

	Column #
	Probeset ID
	Gene
	Transcript
	p (SZ vs C)

	21001
	ILMN_1766551
	CPA3
	ILMN_19388 ILMN_19388
	0.0220352

	9052
	ILMN_1694432
	CRIP2
	ILMN_29728 ILMN_29728
	0.020197

	27078
	ILMN_1805344
	DDX5
	ILMN_20253 ILMN_20253
	0.041188

	16539
	ILMN_1738383
	EEF2
	ILMN_137242 ILMN_163595
	0.00422672

	42174
	ILMN_2075065
	FADS2
	ILMN_18999 ILMN_18999
	0.337777

	9711
	ILMN_1697916
	GYLTL1B
	ILMN_23778 ILMN_23778
	0.0598434

	12343
	ILMN_1712751
	HADHA
	ILMN_19990 ILMN_172930
	0.319209

	9628
	ILMN_1697499
	HLA-DRB5
	ILMN_3178 ILMN_3178
	0.23479

	27713
	ILMN_1809212
	HPR
	ILMN_169425
	0.48257

	43600
	ILMN_2155452
	HPR
	ILMN_169425 ILMN_169425
	0.693287

	19423
	ILMN_1756455
	IL5RA
	ILMN_1894 ILMN_17920
	0.6403

	46474
	ILMN_2327812
	IL5RA
	ILMN_1894 ILMN_1894
	0.572508

	27014
	ILMN_1804929
	OXTR
	ILMN_7313 ILMN_7313
	0.299299

	3026
	ILMN_1664464
	PTGDS
	ILMN_19248 ILMN_19248
	6.55E-06

	17495
	ILMN_1744003
	SLC44A5
	ILMN_13591 ILMN_13591
	0.971099

	14712
	ILMN_1726928
	TCEA3
	ILMN_27218 ILMN_27218
	0.0850903

	44519
	ILMN_2205322
	TREML4
	ILMN_24817 ILMN_24817
	0.542362

	25033
	ILMN_1792265
	TRIM4
	ILMN_5721 ILMN_8530
	0.0626756

	46384
	ILMN_2323385
	TRIM4
	ILMN_8530 ILMN_8530
	0.938466

	47890
	ILMN_2386179
	ZMYND8
	ILMN_26803 ILMN_26803
	0.00222525



First, reproducibility of the 5 gene diagnostic (TCEA3, GYLTL1B, SLC44A5, IL5RA, DDX5) using the two probe sets for IL5RA was analyzed. The overall ROC was marginally diagnostic with AUC=0.637. However, there appeared to be good reproducibility of the diagnostic signature in males under 30 yrs of age. In the young male subgroup, the two IL5RA probe sets and the DDX5 probe set were statistically significant contributors in the logistic model. In Supplementary Table 3, are results for all subjects broken down by age and gender from the independent deJong et al., 2012 study (de Jong, Boks et al. 2012).
Supplementary Table 3. ROC characteristics of de Jong et al., 2012 study using 5 genes diagnostic (TCEA3, GYLTL1B, SLC44A5, IL5RA, DDX5) to diagnose SZ compared to C.
	Gender
	Age
	# SZ
	# C
	ROC AUC
	Sensitivity
	Specificity

	Male
	< 30
	21
	25
	0.802
	85.71
	64.00

	Female
	< 30
	10
	19
	0.684
	70.00
	68.42

	Male 
	 30
	66
	33
	0.684
	45.45
	90.91

	Female
	 30
	24
	41
	0.697
	45.83
	90.24



Next, the reproducibility of the 11 genes BP+SZ vs NC diagnostic (HPR, TREML4, ZMYND8, PTGDS, CPA3, TRIM4, SLC44A5, OXTR, HADHA, CCDC109B, EEF2) was analyzed using the two probe sets for TRIM4. Only one of the probe sets for HPR had gene expression data for all subjects so this was the one included. Again, there was no Illumina expression for CCDC109B to include. The overall ROC was marginally diagnostic with AUC=0.693. However, there appears to be good reproducibility of the diagnostic in all subgroups when stratified by age and gender. In the young (< 30) subgroup, the TREML4, PTGDS and one of the TRIM4 probe sets were statistically significant contributors in the logistic model. In Supplementary Table 4 are the results for all subjects broken down by age and gender. 
Supplementary Table 4. ROC characteristics of de Jong et al., 2012 study using gene probesets to test the reproducibility of the 11 genes BP+SZ vs NC diagnostic (HPR, TREML4, ZMYND8, PTGDS, CPA3, TRIM4, SLC44A5, OXTR, HADHA, CCDC109B, EEF2).
	Gender
	Age
	# SZ
	# C
	ROC AUC
	Sensitivity
	Specificity

	Male
	< 30
	21
	25
	0.857
	76.19
	84.00

	Female
	< 30
	10
	19
	0.916
	100.0
	78.95

	Male 
	 30
	66
	33
	0.748
	74.24
	78.79

	Female
	 30
	24
	41
	0.806
	79.17
	80.49



Finally the antipsychotic-free patients and controls were considered using Illumina SZ genes, logistic regression fit to data, subgrouped by age<30 and/or neuroleptic-free status (Supplementary Table 5). 

Supplementary Table 5. The ROC to diagnose antipsychotic-free patients and control subjects from de Jong et al., 2012 (de Jong, Boks et al. 2012) gene expression were TREML4, PTGDS, SLC44A5, GYLTL1B, HPR, TRIM4, CPA3

	Subjects
	NC N
	SZ N
	ROC AUC
	Sensitivity
	Specificity

	Neuroleptic-free Illumina Subjects
	22
	15
	0.642
	80.0%
	59.1%

	Neuroleptic-free, Age<30 Subjects
	14
	8
	0.866
	100.0%
	71.4%

	
	
	
	
	
	

	Note: used second HPR probe as first has missing data, used first TRIM4 probe as better fitting than second.
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Conclusion
The de Jong et al., 2012 (de Jong, Boks et al. 2012) results provide an independent validation of the SZ signature from our study with a high ROC shown in subjects with schizophrenia < 30 years of age and in antipsychotic-free subjects with schizophrenia <30 years of age. These results suggest that the signature can be analyzed in young patients that are medication free at the time of testing as well as patients being treated with antipsychotic medications at the time of testing. 
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