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Abstract

Schizophrenia i1s a psychiatric disorder characterized by
hallucinations, delusions, and irregular body movements.
While researchers have identified several genes associated
with the disease, environmental influences contribute to the
onset of symptomology. To better understand these
Interactions, Maternal Immune Activation (MIA) model in mice
was compared to an existing clinical data-set. Offspring of MIA
mice demonstrate a normal phenotype until being challenged
In adulthood when they display a schizophrenic-like disorder
and hyper-susceptibility to hallucinogens. A meta-analysis of
existing data can reveal possible clusters of importance within
protein interaction networks. Additionally, RNA-Seq data can
demonstrate the shared alternative transcriptional start sites in
genes of significance. ldentification of these unique isoforms
can lead the way to verification by gPCR and provide insights
Into precise pharmacologic therapeutic interventions.

Introduction

Schizophrenia i1s a severe mental disorder caused by genetic
and environmental factors, such as maternal environmental
and emotional distress. With the advent of Next-Generation
Sequencing technigues and the exponential increase in
available genetic data, research can provide novel insights into
the etiology of biological mental disorders such as
schizophrenia.

Researchers Wu et al. used RNA-Seq analysis of post-mortem
tissue samples to illuminate how genetic risk factors can
predispose the organism to neuropathological development.
The sequence data came from the superior temporal gyri of
nine healthy and nine schizophrenic males of various ages. In
all, the researchers found altered expression of more than
1000 genes in the schizophrenic subjects as compared to their
unaffected counterparts. This demonstrated the powerful effect
of alternative splicing on the pathophysiology of schizophrenia.

Environmental factors are also significant contributors to the
onset of schizophrenia. Maternal distress, both environmental
and emotional, has been demonstrated to increase risk of
prenatal predisposition for the development of schizophrenia.
In the lab, Maternal Immune Activated mice (MIA) are used to
examine the role of developmental factors in schizophrenia.
MIA mice are the offspring of mothers who have undergone
psychological conditioning prior to conception. They display a
normal phenotype until challenged in adulthood, which causes
them to exhibit neurological symptoms similar to schizophrenia
and hyper-sensitive to hallucinogens.

Our research compared the sequencing results from MIA mice
with those obtained from the work of Wu et al. Our goal was to
examine alternative splicing events and networks of
alternatively expressed genes in schizophrenia neuropathology
to gain new insight into its etiology and potential treatment.

Methods

Human Schizophrenia data acquired from Wu et al. (2012).
Murine Maternal Immune Activation using maternal stress
samples were procured through dissection of frontal cortices
of adult mice. Total RNA was isolated using Agilent
Absolutely RNA mini kit. Depletion of rRNA and enrichment
of polyA RNA performed using lllumina Truseq. Pair-end
reads performed on an lllumina Hiseq and analyzed using
Tophat via DNASubway
(http://dnasubway.iplantcollaborative.org). Data from both
sets were processed into up-regulated and down-regulated
genes. Network analysis was performed through importing
Interactions from IntAct (http://www.ebli.ac.uk/intact/) via
Cytoscape. Networks were trimmed by limiting interactions
to first neighbors (undirected). Gene Set Enrichement was
performed in Cytoscpe using JEPPETTO plug-in to reveal
enriched pathways shared between human and mouse
models. Isoform analysis is being compared based on the
Interaction network with validation by quantitative PCR.
Primers for target validation are being generated through
use of Primer-BLAST to illustrate concordant expression and
verification of isoforms.

Protein Interaction Network of Down-
regulated Genes in Schizophrenia

Abrineurin === oL
— “JUNB

—
7
MAP2 V-jun avian sarcoma virus 17
/ 11
NEh Suppressor of AP-1 regulated by IFN
COP1

HLA-DR-associated protein Il
/ \[/ & i

FRA1 termination factor 4
e —
/ \ TTTTTT 7 onFes2 /
UND

BTI
EMK2 LAsIL (N0
N
g ////// [ TN NN s
7
WA || e 7 MSTPOS CAGH32 RPS17 Ay28 \\
77 M FAI

/ GAMT
CASP10 | ZNFass

J
SLC4A10

A protein interaction network was created from Wu et al.
Schizophrenia data. White nodes represent interactants
not found on the list of differentially expressed genes.
Ellipses indicate no significance while diamonds,
hexagons and octagons indicate increasingly low p-
values. Intensity of Red corresponds to up-regulation
while Green nodes are down-regulated. This network Is
made of the down-regulated genes and Indicate
Interactions with up-regulated genes. These interacting
genes reveal an enhanced significance due to the
connectedness in the disease.

Protein Interaction Network of Up-
regulated Genes in Schizophrenia
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*YWHAH contains a 7 bp repeat sequence in its 5' UTR, and changes
In the number of this repeat has been associated with early-onset
schizophrenia

*BAG family molecular chaperone regulator 3 involved in autophagy
*MLF2 - myeloid leukemia factor 2 involved in migration

*GSG2 - germ cell associated 2 (haspin) involved in cell cycle
cessation

*pyruvate kinase muscle isozyme (PKM) involved in cells with high
nucleic acid synthesis

*FGF1 is mitogenic and involved in cell survival

*Hist2H3a is histone protein and involved in epigenetics

*KIF1C is a kinesin like protein involved in intracellular transport

Protein Interaction Network of

Differentially Spliced Isoforms

A protein interaction network of differential isoforms reveal a
central hub of interaction. Within these networks, tight
connectedness demonstrate significance for the disease and
elucidate target genes and isoforms that require validation.
Through validation of these isoforms, continued biochemical
analysis could reveal the origin of behavioral deficits. The
netorks illustrated here correspond to the merger of huma
Schizophrenic patients and the murine stress MIA samples.

Protein interaction networks and novel isoforms iIn

Schizophrenia and concordance in a murine model
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Gene Set Enriched Pathways
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Gene Set Enrichment Analysis was performed on the
human samples to seek out specific pathways of
Interest. These pathways supplemented the protein
Interaction network while complimenting known
Involvement of neurotransmitter pathways. These
pathways were found to be common with those In
MIA.

GO Analysis of Alternative Isoforms

Description corrp
cellular membrane organization 0.00010124
membrane organization 0.00010124
cellular process 0.00011791
membrane invagination 0.00042774
endocytosis 0.00042774
heuron apoptosis 0.0047868
cellular component organization 0.0047868
neuron death 0.0058372
vesicle-mediated transport 0.0088876
macromolecule metabolic process 0.010862
mitochondrion organization 0.013284
phosphorylation 0.014213
cellular macromolecule metabolic process 0.015872
nuclear envelope organization 0.033482
surfactant homeostasis 0.033482
chemical homeostasis within a tissue 0.033482
mitochondrial respiratory chain complex | 0.037355
NADH dehydrogenase complex assembly 0.037355
cellular metabolic process 0.044608
induction of apoptosis by intracellular signals  0.047816

positive regulation of endothelial cell migration 0.047816

Significant Gene Ontology terms found amongst
the alternatively spliced isoforms reveal potential
validation target networks.

Conclusions

A re-analysis of an existing clinical data-set and
comparison of a murine model of a disease demonstrate
concordance and validity of the animal model. Through a
series of network analyses; protein interaction, Gene Set
Enrichment, isoform analysis and Gene Ontology,
reduction of gene lists offer direction towards important
targets for therapeutic action. Following the identification
of central nodes within networks and concordance with
enrichment anlyses, , primers for qPCR verification can
be designed. Additionally, identification of the splice
Isoforms discovered through RNA-Seq offer the
opportunity to further study the effects on protein
Interaction networks following gPCR validation. Sub-
cloning/Expression  of verified targets  provide
opportunities to continue exploration through in vitro
studies.
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