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SchizophreniaSchizophrenia

Ch i iCharacteristic symptoms

• Two or more of the following:
– Delusions

Hallucinations– Hallucinations

– Disorganized speech (formal thought disorder)

– Grossly disorganized or catatonic behavior 

– Negative symptoms: Blunted affect, alogia, g y p , g ,
avolition

• Social or occupational dysfunction

• Significant duration: Continuous signs of the 
disturbance persist for at least six months. 

• Up to 1% of the population



Decline in cognitive function

Neurodevelopment

Dementia praecox (a "premature dementia" or 
" d ") f h"precocious madness") refers to a chronic, 
deteriorating psychotic disorder characterized by 
rapid cognitive disintegration, usually beginning in 
the late teens or early adulthood.

Emil Kraepelin (15 February 1856 – 7 October 1926) 

the late teens or early adulthood.



Schizophrenia is a complex genetic disorders

strong genetic influence with a role for 
environmental factors

Schizophrenia: 60-80% T1 diabetes: 26%
ADHD: 83-92%

Autism: 70-90% Depression: 30-40% Heart disease: 39-56%Colorectal cancer: 35%

ADHD: 83-92%





The age of arrays: genome wide associationThe age of arrays: genome-wide association



Manhattan plotManhattan plot



Copy number mutationsCopy number mutations





Neurexin 1 alpha deletions in schizophreniaNeurexin 1 alpha deletions in schizophrenia



Copy number 
variants in schizophrenia

• 22q11.2 deletion (~45 genes) 0.3%; OR~25

• 3q29 deletion (25 genes) 0.08% OR ~ 25

• 16p11.2 proximal duplication (~28 genes) 0.31% 
OR~16OR 16

• 16p11.2 distal deletion (9 genes) 0.11% OR~11

• 15q13.3 interstitial deletion (CHRNA7) 0.19% 
OR~9

7 t d li ti (VIPR2) 0 13% OR~3 7• 7qter duplication (VIPR2) 0.13% OR~3-7





Genome wide association: GWASGenome wide association: GWAS

B i Id i ti i ifi t ti f COMMON ti• Basic Idea: examination a significant proportion of COMMON genetic 
variation across the human genome, in order to to identify genetic 
associations

• Uses a large number (300,000-2 million) SNP markers spread throughout 
the genome

• Look for pair-wise associations between the genotypes at each locus and 
disease status

• A numbers game: all disorders have succeeded in finding multiple loci 
once samples size is large enough (>10,000 cases) p g g ( , )



GWAS catalogueGWAS catalogue





Psychiatric Genomics ConsortiumPsychiatric Genomics Consortium







2013: PGC Schizophrenia, second wave

25 785 C25,785 Cases 8167 PGC1

577 Pfi er Pharma

377 TOP (Norway) wave2

234 Estonia

6035 CLOZUK*

894 Ashkena i

649 Bulgarian Trios

577 Pfizer Pharma

* Including COGGS

1223 JnJ Pharma

894 Ashkenazi

4998 Sweden 1-6
1293 Irish WTCCC2

4998 Sweden 1 6
1338 Bonn wave2

28,441 Controls





Manhattan plot showing schizophrenia associations.

S Ripke et al. Nature 000, 1-7 (2014) doi:10.1038/nature13595
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Odds ratio by risk score profile.y p

S Ripke et al. Nature 000, 1-7 (2014) doi:10.1038/nature13595



Enrichment of associations in tissues and cellsEnrichment of associations in tissues and cells



Individual targets by class: unrankedIndividual targets by class: unranked
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Can GWAS identify drug targets?Can GWAS identify drug targets?

Has GWAS identified targets for drugs that have been shown to be efficacious inHas GWAS identified targets for drugs that have been shown to be efficacious in 
phase III trials or are in preclinical trials?

schizophrenia: DRD2 associationschizophrenia: DRD2 association

NS forum,
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Voltage gated calcium channel Cav1 2Voltage gated calcium channel Cav1.2
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Transporters identified by GWASTransporters identified by GWAS

– Four fundamentally different classes of membrane-bound 
transport proteins: ion channels; transporters; aquaporins; 
and ATP powered pumpsand ATP-powered pumps

• Solute carrier superfamily (SLCs):  300 members organized into 52 familiesp y ( ) g



SLCs in schizophrenia: GWAS and CNVsSLCs in schizophrenia: GWAS and CNVs

• SLC1A1

– SLC1 high affinity glutamate transporter, EAAT3

• SLC32A1 (20q11 23)• SLC32A1 (20q11.23)
– SLC32 vesicular inhibitory amino acid transporter

• SLC38A7 (16q21)

– SLC38 System A & N, sodium-coupled neutral amino acid transporter

• SLC4A10 (2q24.2)

– SLC4 Bicarbonate transporter

• SLC39A8 (4q24)

– SLC39 metal ion transporter– SLC39 metal ion transporter





Amino acid transportersAmino acid transporters



Helgi B. Schiöth, Sahar Roshanbin, Maria G.A. Hägglund, Robert Fredriksson Evolutionary origin of amino acid 
transporter families SLC32, SLC36 and SLC38 and physiological, pathological and therapeutic aspects. 
Molecular Aspects of Medicine Volume 34, Issues 2–3, April–June 2013, Pages 571–585



High affinity glutamate transporter EAAT3High affinity glutamate transporter EAAT3

i h ffi i l d l i• High affinity L-glutamate and DL-aspartate transporter; also transports cysteine.

• Expressed in the majority of neurons throughout the CNS, but is selectively 
targeted to somata and dendrites avoiding axon terminals; present on the soma 
and processes of DA neurons; not expressed in glia

• Highest concentration in the hippocampus, but total tissue content in young adult 
rat brains is about 100 times lower than that of EAAT2 

• Amphetamine modulates excitatory neurotransmission through endocytosis of the 
glutamate transporter EAAT3 in dopamine neurons

• Knockout mice have deficits in learning and memory



Vesicular GABA transporterVesicular GABA transporter

SLC32A1 (20 11 23) Th i l GABA SLC32A1 (VGAT VIAAT) i i l d i h• SLC32A1 (20q11.23) The vesicular GABA transporter SLC32A1 (VGAT, VIAAT) is involved in the 
transport of GABA and glycine, the major fast inhibitory neurotransmitters, which play a role 
in neurogenesis, neuronal migration and synaptogenesis. 

• VGAT is localised to vesicles of inhibitory terminals of GABAergic and glycinergic neurons 
(symmetric synapses). It has high affinity for GABA, and cooperates with the neuronal 
transporter GlyT2 to determine the vesicular glycinergic phenotype (Aubrey et al., 2007). p y g y g p yp ( y )

• Symptoms of schizophrenia have been postulated to arise from an imbalance in the normal 
excitatory (glutamate)/inhibitory (GABA) ratio (Cline, 2005). 

• A deficit in GABAergic inhibitory neurotransmission has been indicated by postmortem 
studies with both the synthesis and reuptake of GABA impaired in a subset of DLPFC neurons 
in schizophrenia (Lewis and Gonzales-Burgos, 2008).



N type amino acid transportersN-type amino acid transporters

S C38 ( 6 2 ) h S C38 f il f di l d i id• SLC38A7 (16q21) The SLC38 family of sodium-coupled amino acid transporters 
(SNATs) has 12 members. N-type transporters (SLC38A3, SLC38A5 and SLC38A7) 
show the highest transport for glutamine and alanine. 

• SLC38A7 (SNAT7) prefers L-glutamine but also transports other amino acids with 
polar side chains, as well as L-histidine and L-alanine. In the mouse brain SLC38A7 
is expressed in all neurons, but not in astrocytes, and is SLC38A7 is unique in being 
the first system N transporter expressed in GABAergic and also other neurons. 

• The preferred substrate and axonal localization of SLC38A7 close to the synaptic 
cleft indicates that SLC38A7 could have an important function for the reuptake and 
recycling of glutamate (Haggelund et al., 2011).



Zinc transporter ZIP8Zinc transporter ZIP8

S C39 8 ( 2 ) l k 8 i b i f i• SLC39A8 (4q24) also known as ZIP8, is a transmembrane ion transporter for iron, 
zinc and manganese as well as toxic heavy metals such as cadmium. Prepartum
maternal iron deficiency has previously been associated with offspring risk of 

hi h i (Sø t l 2011 I l t l 2008)schizophrenia (Sørensen et al., 2011; Insel et al., 2008). 

• A non-synonymous SNP (Ala391Thr) has previously been associated with 
schizophrenia (Carrera et al., 2012). Body mass index, diastolic blood pressure and 
HDL-cholesterol  is also associated with this locus, with the same SNPs as in the 
present study (van Vliet-Ostaptchouk et al., 2013). It is ubiquitously expressed.



Sodium coupled bicarbonate transporterSodium-coupled bicarbonate transporter

S C 0 (2 2 2) S l i f il di bi b b• SLC4A10 (2q24.2) Solute carrier family 4, sodium bicarbonate transporter, member 
10 is a sodium-coupled bicarbonate transporter that regulates the intracellular pH 
of neurons, the secretion of bicarbonate ions across the choroid plexus, and the 

H f th b i t ll l fl id d t ib t t th ti fpH of the brain extracellular fluid, and may contribute to the secretion of 
cerebrospinal fluid. 

• Slc4a10 is predominantly expressed in the central CNS, especially in neurons in the 
prefrontal cortex and hippocamus. Within the hippocampus, it is abundant in CA3 
pyramidal cells. 

• Mice with targeted Slc4a10 gene disruption have small brain ventricles and show 
reduced neuronal excitability (Jacobs et al., 2008). Disruption in humans is 
associated with complex partial epilepsy and mental retardation.



SERCA2 (ATP2A2)SERCA2 (ATP2A2)

2 2 ( 2 2 ) 2 2 d f h S C C 2+ (S C 2)• ATP2A2 (12q24.11) ATP2A2 encodes one of the SERCA Ca2+-ATPases (SERCA2), 
which are intracellular pumps located in the sarcoplasmic or endoplasmic reticula 
of muscle cells. 

• Mutations in ATP2A2 cause Darier-White disease, also known as keratosis 
follicularis, an autosomal dominant skin disorder (Sakuntabhai et al., 2010). These 
mutations result in constitutive ER stress with increased sensitivity to ER stressors 
and reduced intercellular adhesion strength which can be rescued by the orphan 
drug Miglustat, a pharmacological chaperone (Savignac et al., 2014). 

• Darier disease has high prevalence of mood disorders (50%), including 
schizophrenia, depression, bipolar disorder, suicidal thoughts and suicide 
attempts, suggesting a possible genetic link (Gordon-Smith et al., 2010; Tang et al., 
2010).  





SummarySummary

d b l h d f d d d• GWAS and copy number variant analysis has identified >100 independent 
genetic loci for schizophrenia

• These include many genes involved in neurodevelopment and 
neurotransmission, especially those expressed in CNS neurons, including 
synaptic proteinssynaptic proteins

• Several transporters have been identified as probable genetic risk factors p p g
for schizophrenia, especially neurotransmitter reporters for glutamate, 
glutamine and GABA

• While there are druggable targets, there is a lack of specific compounds 
and more work is needed to develop a therapeutic hypothesis.
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