Evidence for the breakdown of neurotransmitter integration pathways in schizophrenia
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Schizophrenia (SCZ) is one of the most heritable human diseases, with
heritability (or disease risk due to genetic factors) estimates ranging from 0.6
to 0.8 (1). However, individual genetic loci account for a relatively small
portion of the phenotypic variance in SCZ (2). Therefore, increasing the
sample size and application of refined statistical methods are required for
identification of genes affecting disease risk in genome wide association
studies (GWAS) . Here, we apply our recently developed covariate-modulated
local false discovery rate (cmfdr) method (3) to the current Psychiatric
Genomic Consortium (PGC) SCZ sample (4).
Consistent with the findings from the PGC paper (4), we found gene loci
spanning across multiple biological themes including the major
histocompatibility complex, axonal guidance, mitochondrial energy
metabolism, and others. Of particular interest is the presence of a large
number of genes coding for elements of different neurotransmitter systems –
glutamatergic, dopaminergic, serotonergic, GABAergic, cholinergic, opioid,
purinergic – and ion channels for all four major ions determining the
membrane potential: Na+, K+, Ca2+, and Cl-. This begs the question of whether
these hits reflect independent mechanisms, or are tied together through
common biological pathways and functions.
Evidence for coupling across many of these molecules has previously been
demonstrated by Paul Greengard and collaborators in the neostriatum,
following the discovery of the protein named DARPP-32 and its role as a
convergence node for integration of “slow” and “fast” neurotransmission (5).
Motivated by this concept, we have examined the gene loci identified by our
analysis for the presence of putative elements of this “neurotransmitter
integration network” (Fig. 1).

Fig. 2. Expanded version of Greengard’s neurotransmission integration scheme shown in Fig. 1. The genes
listed in Table 1 are shown in red. The b-arrestins/GRK pathway is not illustrated.

Covariate-modulated local false discovery rate
(cmfdr) method
• Use a priori information about relative
“enrichment” of statistical association based on
genomic annotations - the probability of
association to vary as a function of SNP category
(i.e., intron, exon, UTRs)
• Confirm through improved replication rate across
independent samples

Fig. 1. Overlap of the present results with Greengard’s neurotransmission integration
scheme. Only a subset of the identified genes is shown. Red arrows indicate inhibition;
green arrow indicates stimulation. Dashed arrows indicate "known function, but not
experimentally proven". Genes are color-coded according to the categories in Table 1.
Adapted from (5).
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Table 1. Description of the genome-wide significant loci coding for the
expanded version of Greengard et al. integration of slow and fast
neurotransmission.

DISCUSSION AND CONCLUSIONS:
• In isolation, individual hits can be viewed as supportive of the dopaminergic, glutamatergic, or calcium homeostasis hypotheses
• Taken together, they suggest an alternative model: convergence and tight communication between seemingly independent
neurotransmitter pathways
• Critical number of synergistic variants (e.g., contributing to setting the gain for neuronal excitability) may result in impaired neuronal
function and thus SCZ symptoms
• Neurodevelopmental compensatory mechanisms may converge upon a similar endpoint functional network organization

Fig. 3. Cumulative replication plot showing the average
replication rate (y-axis), defined as P < .05 in the replication
sample and the same sign in both discovery and replication
samples, for SCZ substudies, for a range of discovery P
value thresholds (x-axis). SNP, single nucleotide
polymorphism; UTR, untranslated region. From Andreassen
et al. Schizophrenia Bull (2014).

