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SUMMARY

Schizophrenia  (SCZ)  is  a  severely  debilitating  psychiatric  disorder  characterized  by

positive (e.g. hallucinations), negative (e.g. emotional blunting) and cognitive symptoms

(e.g. thought disorder). This disorder is associated with many risk genes making it a highly

complex disorder to study. In the thesis I used multiple –omics approaches to investigate

SCZ for both the analysis of a rare SCZ-associated gene or the simultaneous analysis of

many common SCZ-risk genes.  The aim was to  uncover  missing links  from genes to

biology for both rare and common variants and to highlight shared mechanism that may be

key pathways for SCZ development. In addition, the thesis brought a proof of concept for

the importance of a multi-omics approach in the study of complex and polygenic disorders.

Several examples in the thesis show that combined analysis of multi-omics data can be

employed  using  in  vitro mice  primary  culture  to  gain  useful  insights  into  the  broad

complexity of SCZ biology. 

In chapter 2 I described how the combination of two –omics techniques, cellomics

and proteomics, can be used to investigate the underlying biology  of psychiatric diseases.

Cellomics  is  a  technique  that  aims  to  provide  reliable  medium-throughput  analysis  of

neuronal morphologies using automated microscopy. The chapter provides an explanation

of  the  different  steps  used  for  cellomics,  including  the  critical  ones  regarding  sample

preparation,  experimental  design  and  statistical  analysis,  and  its  advantages  and

limitations are being discussed. Through cellomics analysis we can obtain unbiased target

selection based on morphological data that can be further investigated using additional -

omics approaches, such as proteomics. Proteomics uses mass spectometry to measure

the expression of the whole proteome of a cell type or tissue. The resulting data provide an

overall  view  on  the  changes  in  protein  expression  that  can  be  used  to  highlight  key

proteins  and  the  shared  functional  pathways  involved  in  the  observed  phenotype.

Furthermore,  generation  of  protein-protein  interaction  networks  associated  with  the

morphological phenotype can be performed through proteomics data. The pathway and

network analyses resulting from a multi-omics approach can be linked back to SCZ to help



identify  and prioritize  additional  risk  genes,  e.g.  from GWAS data,  or  to  develop new

testable hypothesis of the disorder.

In Chapter 3 I employed the approach described in chapter 2 for the analysis of a

rare genetic variant associated with SCZ, the DISC1 t(1:11) balanced translocation. In this

chapter I studied how translocation in the DISC1 locus affects neuronal morphology. The

translocation might result in truncation of the DISC1 protein that produces a DISC1 loss-of-

function phenotype or it can lead to the production of fusion transcripts and proteins that

produce an aberrant gain-of-function phenotype. Two in vitro cell models were employed

to address the potential effects of the translocation: an shRNA-mediated knockdown of

DISC1  that  mimicks  the  loss-of-function  of  DISC1,  and neurons derived from a  novel

mouse model  that  mimics the human translocation and expresses the aberrant  fusion

protein. The two models show two distinct profiles: the DISC1 knockdown model shows a

significant increase in dendrite length and synapse numbers at 14 days  in vitro  (DIV14)

and  proteomics  pathway  analysis  shows  enrichment  for  ‘neuronal  projection’,  ‘neuron

development’ and ‘synapse’ gene ontology (GO) terms.  The homozygous translocation

causes cell loss as early as 7 days in vitro (DIV7) and pathway analysis from heterozygous

translocation cells show enrichment in broad ‘cytoplasm’-related GO terms. These results

suggest that neuronal connectivity properties, i.e. dendrite growth and synapse formation,

arise primarily through reduced Disc1 expression (DISC1 loss-of-function), whereas gain-

of-function mechanisms,  i.e.  the production of  aberrant  DISC1 fusion proteins,  impose

cellular stress and reduce neuronal viability in culture.

In chapter 4 I also used the combined cellomics and proteomics approach to identify

shared  biological  pathways  for  multiple  candidate  risk  genes  for  SCZ.  For  cellomics

analysis I used RNA interference (RNAi) to knockdown 41 selected SCZ-risk genes. Next,

I  performed  cluster  analysis  to  select  reliable  phenotypes  and  identify  different

morphological  profiles.  With  this  analysis  I  highlighted  three  genes,  TBR1,  TCF4 and

TOP3B,  that  share a synaptic  phenotype (early  and progressive  reduction  of  synapse

densities). Proteomics analysis on the three genes showed that when the three proteomics



datasets  were  combined  a  significant  enrichment  emerged  for  syntaxin-mediated

neurotransmitter release pathways. This study supports the idea that polygenic risk is the

result of multiple small impacts on common neuronal signaling pathways.

In chapter 5 I studied the  GRM3 genome-wide association study (GWAS) locus.

The  GWAS  loci  are  genomic  regions  in  which  the  associated  single  nucleotide

polymorphisms (SNPs) fall into linkage disequilibrium, and a challenge of these loci is the

identification of the target gene, or genes, affected by the SNPs. The GRM3 locus contains

seven  genes,  including  GRM3 that  codes  for  the  metabotropic  glutamate  receptor  3

(mGluR3)  and  metabotropic  glutamate  receptors  have  been  a  recent  target  for  SCZ

treatment.  Therefore,  in  this  chapter  I  first  characterized the  morphological  phenotype

associated with every gene in the locus to highlight potential target gene selection based

on  their  neuronal  phenotype.  Next,  a  second  aim was  to  identify  transcriptomics  and

proteomics enriched pathways specifically associated with  GRM3 knockdown. Cellomics

analysis showed a role in dendrite growth and synapse development for three genes in the

GRM3 locus:  ADAM22,  GRM3,  and  KIAA1324L.  In-depth analysis  with transcriptomics

and proteomics of  GRM3 knockdown shows evidence for enrichment  in protein binding,

enzymatic activity, transport and localization, vesicle-mediated transport, Rab regulation of

trafficking  and  glutamatergic  synaptic  transmission.  Both  proteomic  and  transcriptomic

data from GRM3 kncokdown showed an increase in expression of the RNA-binding fragile

X  mental  retardation  protein  FMRP  and  its  encoding  gene  Fmr1.  Moreover,  the

transcriptomics data further revealed an enrichment for FMRP target mRNAs. These data

hint for a functional connection between mGluR3, FMRP and synaptic dysfunctions that

may be of particular relevance in the pathogenesis of SCZ.

In Chapter 6 I focused on the impact of multi-omics approaches in SCZ research,

with  an  emphasis  on  the  results  presented in  previous chapters  and I  addressed the

advantages and limitations of multi-omics approaches for the disentanglement of complex

polygenic disorders. 


