
Table S1: Information about the candidate genes selected for this study (biological system, official full name, function and citation of previous studies).  

Biological System Gene Symbol Official Full Name Function References 

Neurodevelopment DISC1 disrupted in schizophrenia 1 
Protein involved in neurite 

outgrowth and cortical 
development 

Gene originally discovered at the breakpoint of a 
balanced translocation in families with high rates 

of schizophrenia (Sachs et al., 2005). Reduced 
DISC1 levels in blood of patients with 
schizophrenia (Rampino et al., 2014). 

Antipsychotics seem to modify DISC1 expression in 
frontal cortex of mice (Chiba et al., 2006). 

Neurodevelopment NDEL1 
NudE Neurodevelopment 

Protein 1 Like 1 

Protein involved in multiple 
processes including cytoskeletal 
organization, cell signaling and 

neuron migration, outgrowth and 
maintenance 

NDEL1 protein interacts with DISC1 (Hayashi et al., 
2010) and LIS1 (Lissencephaly 1) (Bradshaw and 

Hayashi, 2017). NDEL1 expression levels are 
reduced in the dorsolateral prefrontal cortex, 

hippocampus and blood of schizophrenia patients 
(Lipska et al., 2006; Rampino et al., 2014). 

Neurodevelopment PAFAH1B1 

Platelet Activating Factor 
Acetylhydrolase 1b 

Regulatory Subunit 1 

Protein that interacts with 
microtubules and regulates the 
activity of a variety of proteins 

that are involved in their function 

Haploinsufficiency of PAFAH1B1 gene causes the 
cerebral cortical malformation lissencephaly. Its 

protein, LIS1 is a binding partner of NDEL1 
(Bradshaw and Hayashi, 2017). Reduced mRNA 

levels were observed in the dorsolateral prefrontal 
cortex and hippocampus of patients with 

schizophrenia (Lipska et al., 2006). 

Neurodevelopment AKT1 
AKT Serine/Threonine Kinase 

1 

Serine/threonine-protein kinase 
that regulates many processes 

including metabolism and 
proliferation; and, in central 

nervous system, is involved in 

AKT1 was shown to be involved in the 
dopaminergic signaling (Beaulieu et al., 2009). 

Decreased AKT1 protein and mRNA levels were 
found in postmortem brain tissue and lymphocyte-
derived cells of individuals with schizophrenia and 



neurodevelopment, synaptic 
plasticity and protein synthesis 

bipolar disorder(Emamian et al., 2004; Thiselton et 
al., 2008; van Beveren et al., 2012a). In 

antipsychotic-naive schizophrenia patients, AKT1 
was elevated in blood; and antipsychotic 

pharmacotherapy seemed to compensate it 
(Kumarasinghe et al., 2013). 

Neurodevelopment DGCR2 
DiGeorge Syndrome Critical 

Region Gene 2 

Activity-dependent adhesion 
protein that has been suggested 
to regulate critical steps of early 

corticogenesis 

DGCR2 is located at chromosome 22q11.2, a 
region that is associated with schizophrenia and 

other neurodevelopmental disorders. DGCR2 
common and rare variations are associated with 

schizophrenia (Shifman et al., 2006; Xu et al., 
2011). Its expression is increased in dorsolateral 
prefrontal cortex in patients with schizophrenia 
and in rats under treatment with antipsychotic 

drugs when compared with non-treated rats 
(Shifman et al., 2006). 

Myelination MBP Myelin Basic Protein 

Protein that is a major 
constituent of the myelin sheath 

of oligodendrocytes and Schwann 
cells in the nervous system 

MBP mRNA and protein levels are decreased in 
anterior temporal lobe, visual cortex and 

prefrontal cortex tissues from schizophrenia 
patients (Martins-de-Souza et al., 2009; Matthews 

et al., 2012; Tkachev et al., 2003) 

miRNA pathway DGCR8 

DiGeorge Syndrome Critical 
Region Gene 8, 

Microprocessor Complex 
Subuni 

Subunit of the microprocessor 
complex which mediates the 

biogenesis of microRNAs 

Single-nucleotide polymorphisms in DGCR8, 
located at chromosome 22q11.2, were associated 

to schizophrenia in Chinese population (Zhou et al., 
2013). DGCR8 mRNA is upregulated in superior 

temporal gyrus and dorsolateral prefrontal cortex 
of schizophrenia patients (Beveridge et al., 2010) 

miRNA pathway DICER1 Dicer 1, Ribonuclease III 
Protein that cleaves precursor 

RNA molecules to produce miRNA 
DICER1 single-nucleotide polymorphisms and copy-
number variations are associated to schizophrenia 



(Xu et al., 2008; Zhou et al., 2013). DICER1 levels 
are increased in the dorsolateral prefrontal cortex 

and lymphoblastoid cell lines of schizophrenia 
cases (Beveridge et al., 2010; Sanders et al., 2013; 

Santarelli et al., 2011). Valproic acid, a mood 
stabilizer used to treat bipolar disorder, induces 

DICER degradation (Zhang et al., 2013). 

miRNA pathway DROSHA Drosha Ribonuclease III 
Ribonuclease that catalyzes the 
initial processing step of miRNA 

synthesis 

DROSHA mRNA levels are upregulated in the 
dorsolateral prefrontal cortex of patients with 

schizophrenia (Beveridge et al., 2010) 

Neurotransmission COMT catechol-O-methyltransferase 

It catalyzes the transfer of a 
methyl group from S-

adenosylmethionine to 
catecholamines 

Gene located at chromosome 22q11.2, COMT 
single-nucleotide polymorphisms and copy-

number variations are associated to schizophrenia 
(Goes et al., 2015). Promoter hypomethylation-
associated overexpression of COMT in the left 
frontal lobe of patients with schizophrenia and 

bipolar disorder (Abdolmaleky et al., 2006). 
Antipsychotics altered Comt expression in rats 

frontal cortex (Fatemi et al., 2012). Blood COMT 
expression levels seem to be associated with 

psychosis-proneness (Grant et al., 2014), 
schizophrenia and response to antipsychotics (Li et 

al., 2018). 

Protein degradation UFD1 
Ubiquitin Recognition Factor 
In ER Associated Degradation 

1 

Protein within a complex that is 
necessary for the degradation of 

ubiquitinated proteins 

UFD1 is located at chromosome 22q11.2 and single 
nucleotide polymorphisms within this gene were 
associated with schizophrenia or its phenotypes 
(De Luca et al., 2001; Ota et al., 2010; Ota et al., 

2013; Xie et al., 2008). Patients with 22q11.2 
deletion syndrome show reduced expression of 



this gene in Peripheral Blood Mononuclear Cells 
(van Beveren et al., 2012b). Mouse models for this 

syndrome also show diminished expression of 
UFD1 in developing and adult brain (Meechan et 

al., 2006). 

Inflammation TNF tumor necrosis factor 

A multifunctional 
proinflammatory cytokine 

involved in the regulation of a 
wide spectrum of biological 

processes including cell 
proliferation, differentiation and 

apoptosis 

TNF protein and mRNA levels are altered in blood 
and prefrontal cortex of patients with 

schizophrenia (Freudenreich et al., 2010; Liu et al., 
2010; Miller et al., 2011; Pandey et al., 2018). 

Antipsychotics seem to modify TNF mRNA 
expression in adipocytes and TNF plasma levels 

(Pollmacher et al., 1996; Sarvari et al., 2014) 
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Supplementary Figure S1: Boxplots comparing blood DISC1 Crt (which is negatively 

correlated with gene expression) and rs3738398 (A) and rs10864693 (B) genotypes, which 

are considered as expression Quantitative Trait Loci (eQTL) of DISC1 in blood by GTEx 

project. **: post-hoc p<0.01; ***: post-hoc p<0.001; ns: non significant. 

  



 

Supplementary Figure S2: Mediation model in which a putative cause (SNP: rs3738398 or 

rs10864693) is related to a presumed effect (disorder: schizophrenia (SCZ), First-episode 

psychosis (FEP), or SCZ + FEP) via an intermediate variable (DISC1 expression).  

  



Supplementary Notes 

For 69 controls, 60 FEP and 124 CSZ, we had data on smoking. Thus, we verified if any of the 

target genes was associated with smoking status, using GLM and inserting age as covariate and 

smoking and sex as fixed factors, and none was significant (p>0.05).  

Also, for 47 controls and 48 FEP we have predicted blood cell count based on methylation 

analysis from Infinium Human Methylation 450K BeadChip. Thus, we performed a GLM analysis, 

considering each gene expression as dependent variable and age and cell count as covariates 

and sex as fixed factor, and only DICER1 and NDEL1 were significantly associated with specific 

cell types, as shown in the table below. DICER1 was not a significant gene in our analyses, and 

when we inserted Bcell Mono and Gran cells as covariates in the GLM, no significant result was 

found. In contrast, when we included Bcell as covariate in the GLM, NDEL1 remained associated 

with groups (adjusted p = 8.31×10-4). However, as we only have this cell count data for some FEP 

and controls, we cannot extrapolate to other comparisons, and we did not include this analysis 

in our main draft. 

 

Table: Adjusted p-values (for 12 comparisons) for each blood cell using general linear model. 

Gene CD8T CD4T NK Bcell Mono Gran 

AKT1 1.000 1.000 1.000 0.708 1.000 1.000 

COMT 1.000 1.000 1.000 1.000 1.000 1.000 

DGCR2 1.000 1.000 1.000 1.000 1.000 1.000 

DGCR8 1.000 1.000 1.000 1.000 1.000 1.000 

DICER1 0.084 0.12 0.096 0.012 0.036 0.048 

DISC1 1.000 1.000 1.000 1.000 1.000 1.000 

DROSHA 1.000 1.000 1.000 1.000 1.000 1.000 

MBP 1.000 0.672 1.000 0.876 0.144 0.576 

NDEL1 0.18 0.24 0.168 0.024 0.168 0.036 

PAFAH1B1 1.000 1.000 1.000 0.3 1.000 1.000 

TNF 1.000 1.000 1.000 1.000 1.000 1.000 

UFD1 1.000 1.000 1.000 1.000 1.000 1.000 

 

 

 


