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Schizophrenia and bipolar disorder patients display a similar gene expression signature in whole 

blood that reflects elevated proportion of immature neutrophil cells with association to lipid changes.

Anja Torsvik1, 2, Hans-Richard Brattbakk1, 2, Andrea Trentani1, 2, Rita Holdhus1, 2, Christine Stansberg3, Christoffer

A. Bartz-Johannessen4, Timothy Hughes5, 6, Nils Eiel Steen5, 7, Ingrid Melle5, 7, Srdjan Djurovic1, 6, Ole A.

Andreassen5, 7, and Vidar M. Steen1, 2

Samples: Participants were recruited in the TOP study and included patients with SCZ, BD, and HC.

Sample overview is shown in Table 1. RNA was isolated from peripheral blood samples and used for

gene expression analysis. Clinical chemistry parameters in serum samples were analysed at the

Department of Medical Biochemistry, Oslo University Hospital, Oslo, Norway.

Gene expression microarray: Global gene expression analysis was performed using an Illumina

Human HT-12 beadarray at the Genomic Core Facility (GCF/NorSeq) at the University of Bergen.

Samples were discarded due to technical issues (low RNA quality, low signal etc.), design issues

(duplicate samples, follow-up samples etc.), and biological issues (blood sampling time after 11 am,

CRP > 10, and non-fasting status).

Data analysis: Data processing and statistical analyses were performed in R using the packages

Limma, sva, and corrplot. Differential gene expression was calculated with correction for age and sex

and multiple testing using the Benjamini and Hochberg False Discovery Rate.
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MAIN FINDINGS

• Immature neutrophil genes are upregulated in schizophrenia and bipolar 

disorder compared to healthy controls.

• Immature neutrophil genes are positively correlated with triglyceride and 

negatively correlated with HDL-cholesterol.
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We identified 65 genes that were differentially expressed in SCZ and 125 in BD, compared to HC.

There was a strong gene-to-gene co-expression pattern among the most differentially expressed

genes, with one cluster of upregulated genes and one cluster of downregulated genes (Figure 1).

Many of the upregulated genes are expressed by immature neutrophils during granulopoiesis (5),

adding further details to the immune findings in SCZ and BD patients. Reported immune changes in

SCZ and BD include risk of infections, comorbid autoimmune disorder, increase levels of

proinflammatory cytokines, CRP, and neutrophil count (6-8). Immature granulocyte count is a marker

of early-stage infections and has been shown to be more indicative than CRP and IL-6 for systemic

inflammatory response syndrome (9).

The immature neutrophil genes correlated positively with triglyceride and negatively with HDL-

cholesterol in both disorders (Figure 1). Changes in serum lipids and weight gain are common side-

effects of antipsychotics and increase the risk of developing metabolic syndrome (10). In addition,

about 13.2 % of untreated first episode psychosis patients have metabolic syndrome before treatment

(11). We could not find any difference in the expression of immature neutrophil genes when comparing

antipsychotic users to non-users, indicated that the elevated level of these genes are caused by other

factors than antipsychotic treatment in SCZ and BD patients.
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Schizophrenia (SCZ) and bipolar disorder (BD) share clinical characteristics, genetic susceptibility, and

overlapping immune abnormalities. Having a diagnosis of SCZ or BD is associated with 8-14 years

shorter life expectancy than the average population and an increased risk of cardiovascular disease,

respiratory diseases and infections (1–3). Gene expression analysis has indicated alterations in innate

immunity genes and an association between positive symptoms and immune pathways in peripheral

blood samples from patients with first episode psychosis (4).

Our aim was to identify patterns of differential gene expression in SCZ and BD, compared to healthy

controls (HC), based on comprehensive microarray-based transcriptome analysis of whole blood

samples and rich phenotype information, to extend the knowledge of transcriptional signatures and

disease-related biological mechanisms in psychotic disorders.

SCZ BD HC

N 327 203 189

Age 30.4 (9.6) 33.9 (11.7) 32.6 (8.7)

Sex (male) 211 (64.1) 82 (40.4) 115 (60.8)

Antipsychotic users 281 112 NA

Antipsychotic non-users 48 91 NA

Table 1: Sample overview and demographic data

This dataset constitutes the largest cohort study so far on whole blood transcriptomes from both SCZ

and BD patients. We show that the gene expression pattern has a strong signature of immature

neutrophils with association to lipid changes. Future work should further elucidate the role of

neutrophils in psychosis, antipsychotic response, and associated comorbidities with the aim to

translate findings into clinical practice.

Figure 1: Correlation matrices of the top 10 up- and downregulated genes in A) SCZ and B) BD, and markers of serum lipids. Upregulated genes are written in red, downregulated in blue, and serum lipids in green. Corresponding to the strength of Pearson correlation, a 

positive co-expression is indicated in a gradient of blue and a negative co-expression is indicated in a gradient of red. Significance level is indicated with * = p-value < 0.05, ** = p-value < 0.01 and *** = p-value = < 0.001.
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