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“The male sex appears in general to suffer
somewhaf more frequently and to be
affected more severely by the dementia
praecox”

Kraepelin 1919




Incidence and prevalence of schizophrenia
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Clinical presentation
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Course of illness
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Etiology of schizophrenia




Etiology of schizophrenia
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Etiology of schizophrenia

Gene expression in brain tissue
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Lack of gene expression studies on sex differences in schizophrenia

Pu bmed .gov "sex differences" AND "schizophrenia" AND "gene expression" X m
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Male 89 90

Female 35 32
6 studies across 3 regions: Brodmann area 9, 10 and 46

« Sex by diagnosis interaction on gene expression showed 46 disease genes
only in males. No significant signal was found in females.

« No significant biological process (GO term Biological Process and KEGG
pathway databases) was found.

Qin' W, Liu C, Sodhi M, Lu H. BMC Syst Biol. 2016 Jan 11;10 Suppl 1(Suppl 1):9.
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Resources to study gene expression in the human brain

Cohort | Institution Female Male Dorsolateral Prefrontal cortex
Controls SCZ Controls SCZ (Brodmann area 9 and 4¢)

CMC MSSM 77 46 84 97
Penn 19 34 18 22
UPitt 23 13 59 41
HBCC NIMH 40 29 117 59
Total 159 122 278 219
Control:Case ratio 1.30 1.27

Male:Female ratio 1.77




Questions we would like to address

. Identify sex biased franscripts in human brain
2. Identify schizophrenia-by-sex biased transcripts
identify schizophrenia-by-sex biased molecular

pathways and co-expression modules



NIMH-HBCC t-statistic
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Sex differential expression (1)
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Sex differential expression (2)
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Sex differential expression (3)

G0O0044666: MLL3/4 complex

G0O0032452: histone demethylase activity
GO0070076: histone lysine demethylation
GO0016577: histone demethylation

GO0070410: co-SMAD binding

G0O0043186: P granule

G0O0006482: protein demethylation

GO0032451: demethylase activity

GO0009048: dosage comé)ensation by inactivation of X chromosome
00042043: neurexin family protein binding
GO0007549: dosage compensation

GO0070988: demethylation

G00032280: symmetric synapse

GO0097090: presynaptic membrane organization
GO0097104: postsynaptic membrane assembly
GO0005952: cAMP-dependent protein kinase complex
GO0060077: inhibitory synapse

GO0007158: neuron cell-cell adhesion

GO0071625: vocalization behavior

GO0003785: actin monomer binding

GO0051213: dioxygenase activity

GO0060765: regulation of androgen receptor signaling pathway
00035097: histone methyltransferase complex
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Schizophrenia-by-sex differential expression
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Schizophrenia differential expression analysis in Males and Females
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Based on the slope, the effect size on Females is 71% of the effect size in
Males (p < Te-16)




Performing co-expression analysis

Organize  franscriptome  into  co-expression
modules to identify group of genes (modules)
affected by diagnosis, sex and/or diagnosis by sex
comparison

Multiscale  Embedded  Gene - coExpression
Network Analysis (MEGENA)

Song WM, Zhang B. PLoS Comput Biol. 2015 Nov 30;11(11):e1004574.




Module perturbations across diagnosis, sex and diagnosis-by-sex analysis
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Sex differences in schizophrenia affect different molecular pathways
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Summary

1. Sex differences affect molecular pathways related to
epigenome regulation, synaptic fransmission and
hormone regulation

2. Gene expression in schizophrenia is less affected in
females compared to males

3. Co-expression analysis identifies modules related to
hormone synthesis and synapftic fransmission that are
associated with diagnosis-by-sex signatures

Overall, our analysis idenftifies robust sex differences in the
schizophrenia transcriptome analysis pointing to different molecular
pathways affected by the disease in males and females.
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