DNA METHYLATION AND COPY NUMBER
VARIATION OF THE COMPLEMENT C4A AND CUB
AND SUSHI MULTIPLE DOMAINS 1 GENES IN
SCHIZOPHRENIA PATIENTS AND HEALTHY
CONTROLS

BY

MOHD ASYRAF BIN ABDULL JALIL

A thesis submitted in fulfillment of the requirement for the
degree of Doctor of Philosophy in Health Sciences

Kulliyyah of Medicine
International Islamic University of Malaysia

FEBRUARY 2023



ABSTRACT

Schizophrenia is a chronic and disabling mental illness with unknown cause and
incompletely understood pathogenesis. Evidence from genome-wide association studies
(GWAS) and experimental studies had suggested the role of two immune related
proteins, the complement C4, coded partly by the C4A gene, and the CUB and Sushi
Multiple Domains 1 (CSMD1). However, there was no available report on the
association between schizophrenia and DNA methylation of the C4A and CSMD1
genes. Such study is important because DNA methylation is a modifiable factor that can
affect candidate genes’ expression and therefore explain the genetic-environment
interaction in schizophrenia’s pathogenesis. Both genes also have copy number
variation (CNV) which can influence gene expression. This study aims to compare the
DNA methylation level and the copy number of C4A and CSMD1 genes between
schizophrenia patients and healthy controls, and to evaluate their relationship with
schizophrenia psychopathology. A total of 183 schizophrenia patients and 212 healthy
controls were included in this comparative cross-sectional study. DNA methylation
levels and gene copy number were determined from peripheral blood samples using
MethyLight™ analysis and droplet digital polymerase chain reaction (ddPCR)
respectively. C4 plasma levels was measured using immunoturbidimetry.
Psychopathological data of patients were measured using the Positive and Negative
Syndrome Scale (PANSS) and the Personal and Social Performance (PSP) scale.
Plasma C4 levels were found to be significantly higher in schizophrenia patients
compared to controls (p <0.001). While C4A DNA methylation levels and copy number
were both positively correlated with plasma C4 levels (p < 0.001), there was no
significant difference in the two variables between patients and controls. The DNA
methylation levels of CSMD1 were significantly lower in schizophrenia patients
compared to healthy controls (p = 0.001), but its copy number did not differ
significantly between the groups. C4A deletion and higher CSMD1 DNA methylation
levels were also associated with lesser positive symptom severity (p = 0.027). In
multivariate analysis, both CSMD1 DNA methylation levels and plasma C4 levels were
significant predictors for schizophrenia. Overall, the results suggested the potential
involvement of DNA methylation of C4A and CSMD1 in schizophrenia
pathophysiology, particularly in pathways relevant to the positive symptoms. Since
DNA methylation may be reversed, this could be a useful target in for the development
of new treatment in the future. Further studies are required to identify the underlying
mechanism for these findings.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Schizophrenia is a chronic and incapacitating mental illness, with 0.64% of the world
population being at risk of developing at some point in their life (Moreno-Kustner,
Martin, & Pastor, 2018). In 2019, there were estimated over 23.6 million people living
with schizophrenia, or around 0.31% of the world population (Global Burden of Disease
2019 Mental Disorders Collaborators, 2022). Despite the relatively low prevalence,
schizophrenia causes significant disease burden. It contributes to 12.7 million years
(1.5% of total) of life lived with disability worldwide. Economy-wise, developed
countries lost between 0.02% to 1.65% of their gross domestic product to schizophrenia
(Chong et al., 2016). Schizophrenia onset is during late teens to early adulthood, costing
patients their productive years and their futures. In Malaysia, schizophrenia was
estimated to cost around RM 428 million in economic burden in year 2015. This figure
included all treatment related cost, as well as costs due to absenteeism and
unemployment (Teoh et al., 2017). Schizophrenia patients also have lower life
expectancy than the general population (Hjorthoj, Sturup, McGrath, & Nordentoft,
2017). This could partly be because they are at higher risk of co-morbidities, substance

abuse, violence, and suicide (Subramaniam et al., 2021).

Schizophrenia has complex clinical presentations and high heterogeneity among
patients. There is a wide spectrum of signs and symptoms, usually grouped into the
positive, negative, and cognitive domains. The contrasting nature of positive and
negative symptoms suggests the involvement of different pathologies. Despite better
effectiveness and side effect profiles in the newer generations of antipsychotics, the
currently available agents do not have significant impact in treating the negative and
cognitive symptoms such as lack of motivation, reduced emotional range, memory
problems and deficit in executive functions (Haddad & Correll, 2018). While not as
prominent as the positive symptoms, the negative and cognitive symptoms are equally

as disruptive and disabling (Carbon & Correll, 2014). Therefore, it is important to





