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Mammalian brain development requires a meticulous spatiotemporal regulation
of gene and protein expression. The developing brain undergoes major
construction during the embryonic stage, beginning with the formation of the
neural tube that eventually gives rise to a complex nervous system. Studies
had shown that microRNAs (miRNAs) played crucial roles in spatiotemporal
regulation of the brain development. MiRNAs are small non-coding RNAs of
about 22 nucleotides that regulate gene expression through inhibition or
repression processes during post-transcriptional or translational stages. A
recent study suggested that miR-344 was neural specific during brain
development. In this study, we characterised the expression of miR-344b and
miR-344c during the development of mouse brain. Bioinformatics analysis was
employed to identify the potential downstream target genes of miR344b and
mMiR-344c. Initially, miR-344b and miR-344c were found to target a total of
1,540 and 863 genes respectively. Genes that are known to be identified by
three independent bioinformatics tools and also associated with transcription
regulation and nervous system development were selected for further
screening. The genes that fulfilled these criteria and targeted by miR344b and
miR-344c were Olig2 and Otx2 respectively. Luciferase assay was performed
to validate the target genes prediction. Overexpression plasmid was co-
transfected with a 3’'UTR plasmid and checked for luciferase protein inhibition.
However, both Olig2 and Otx2 were not suppressed by their respective
miRNAs. It may suggest that both Olig2 and Otx2 were not the direct targets of
miR-344b and miR-344c or a more complex mechanism is involved. Parallel to
bioinformatics study, in situ hybridisation analysis study showed that both miR-
344b and miR-344c were strongly expressed in the germinal layer during the
early developmental stages of mouse brain. MiR-344b was not expressed in
the brain from early postnatal until mature adult stage. Interestingly, miR-344c
remained expressed throughout the P1 brain and its expression was still
detectable in the mature adult brain although restricted to the olfactory bulb
only. Higher magnification on the expression of miR-344b and miR-344c
revealed that they were expressed in the nucleus. Stemloop RT-gPCR was



employed to further investigate the expression level of these miRNAs in the
brain and other multiple organs. The expression of miR-344b in the developing
brain was peaked at E15.5 and decreased steadily as it progressed to
adulthood. On the other hand, miR-344c showed high expression at E15.5 and
remained steady till the adult stage. Both miR-344b and miR-344c showed
highest expression in adult pancreas when comparing with the adult multiple
organs, in line with the previous study reported that miR-344 was highly
expressed in the pancreas. In conclusion, Olig2 and Otx2 were not direct
targets of miR-344b and miR-344c respectively as previously predicted.
However, this study proves that miR-344b and miR-344c were expressed in
the developing mouse brain, especially localised to the nucleus of the neuronal
cells. In addition to whole brain, miR-344b and miR-344c were highly
expressed in pancreas and lowly expressed in muscles.
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Perkembangan otak mamalia memerlukan pengawalaturan teliti ruang masa
ekspresi gen dan protein. Otak yang berkembang sebahagian besarnya
terbentuk semasa peringkat embrio, bermula daripada pembentukan tiub saraf
yang akhirnya membentuk menjadi sistem saraf yang kompleks. Kajian terkini
menunjukkan mikroRNA (miRNA) memainkan peranan penting dalam
pengawalaturan ruang masa perkembangan otak. MiRNA merupakan RNA
bukan pengekod yang kecil, terdiri daripada 22 nukleotida yang mengawal atur
ekspresi melalui proses perencatan atau penahanan semasa peringkat
pascatranskripsi atau translasi. Kajian terkini mencadangkan bahawa miR-344
adalah khusus kepada saraf semasa perkembangan otak. Dalam kajian ini,
kami mencirikan ekspresi miR-344b dan miR-344c sewaktu perkembangan
otak mencit. Analisis bioinformatik digunakan bagi mengenal pasti potensial
gen sasaran hiliran miR-344b dan miR-344c. Pada mulanya miR-344b dan
miR-344c masing-masing didapati menyasarkan sejumlah 1,540 gen dan 863
gen. Gen yang diketahui, dikenal pasti dengan tiga alat bioinformatik
berasingan, serta yang berhubung kait dengan pengawalaturan transkripsi dan
perkembangan sistem saraf dipilih bagi saringan lanjutan. Gen yang
memenuhi kriteria ini dan disasarkan oleh miR-344b dan miR-344c masing-
masing ialah Olig2 dan Otx2. Ujian lusiferase dijalankan bagi mengesahkan
penjangkaan gen sasaran. Plasmid ekspresi berlebihan ditransfeksi bersama
plasmid 3'UTR dan perencatan protein lusiferase diuji. Bagaimanapun,
ekspresi Olig2 mahupun Otx2 tidak ditahan oleh miRNA masing-masing. Ini
menandakan mungkin Olig2 mahupun Otx2 bukan sasaran langsung miR-
344b dan miR-344c atau mekanisme yang lebih rumit mungkin terlibat. Analisis
penghibridan in situ menunjukkan miR-344b dan juga miR-344c banyak
diekspresi di lapisan germa semasa peringkat perkembangan awal otak
mencit. MiR-344b tidak diekspresi di dalam otak daripada peringkat awal
pascalahir sehingga peringkat dewasa matang. Menariknya, miR-344c kekal
diekspresi di seluruh otak P1 dan ekspresi ini masih dapat dikesan di dalam
otak dewasa matang walaupun terbatas di bulba olfaktor sahaja. Magnifikasi
lebih tinggi pada ekspresi miR-344b dan miR-344c menunjukkan ekspresi di
dalam nukleus. RT-gPCR stemloop digunakan bagi menyiasat lebih lanjut



tahap ekspresi miRNA ini di dalam otak dan pelbagai organ lain. Ekspresi miR-
344b di dalam otak yang berkembang memuncak pada E15.5 dan berkurang
beransur-ansur apabila semakin dewasa. Sebaliknya, miR-344c menunjukkan
tahap ekspresi tinggi pada E15.5 dan kekal sehingga peringkat dewasa. MiR-
344b dan juga miR-344c menunjukkan tahap ekspresi paling tinggi di dalam
pankreas dewasa apabila dibandingkan dengan pelbagai organ dewasa,
sejajar dengan kajian sebelum ini yang melaporkan bahawa miR-344 banyak
diekspresi di pankreas. Kesimpulannya, Olig2 dan Otx2 masing-masing bukan
sasaran langsung miR-344b dan miR-344c seperti yang dijangka sebelum ini.
Walau bagaimanapun, kajian ini membuktikan bahawa miR-344b dan miR-
344c diekspresi di dalam otak mencit yang berkembang; khususnya ia
tertumpu di nukleus sel neuron. Di samping di seluruh otak, miR-344b dan
miR-344c banyak diekspresi di pankreas dan kurang diekspresi di otot.
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CHAPTER 1

INTRODUCTION

Mammalian brain development requires a meticulous spatiotemporal regulation
of gene and protein expression. The developing brain undergoes major
construction during foetal life, beginning with the formation of the neural tube
that eventually gives rise to the nervous system. This process involves
neurogenesis, a stage where neurone develops from neural stem/progenitor
cells, followed by neuronal migration, differentiation and speciation (Taupin and
Gage, 2002). The brain is divided into three key regions; the forebrain (cerebral
cortex), midbrain and hindbrain (cerebellum). The cerebral cortex has a diverse
functional roles, spanning from a simple motor control to a more complex
cognitive processes while the midbrain is one of the three-part structure of a
brain stem that relays information between the forebrain and hindbrain. The
third region, hindbrain, coordinates motor activity. Therefore, spatiotemporal
development of the brain is vital to determine its functionality and maturity.

MicroRNAs (miRNAs) are short regulatory, non-coding RNAs with an average
length of 20-25 nucleotides (Bartel, 2004). Lin-4 was the first miRNA
discovered in nematodes Caenorhabditis elegans (C. elegans). It was first
postulated that lin-4 played a role in C. elegans developmental stages (Lee et
al,, 1993). To date, various studies have subsequently shown that miRNA
plays a significant role in modulating gene expression at a post-transcriptional
level. MIRNA degrades or represses the expression of targeted mRNAs by
binding to the 3’ UTR of the gene (Lee et al., 1993). Recent study had shown
that miRNAs also target 5° UTR of the mRNA. Additionally, most miRNAs, like
miR-34a, that target 5’ UTR have simultaneous interaction in the 3’ UTR target
site of the mRNA, resulting in large-scale protein changes (Lee et al., 2009).
Thus, miRNA plays a crucial role in regulating cellular functions, which include
cell growth, differentiation and apoptosis. Various miRNAs have been
implicated in the development and progression of various neurological
disorders such as Alzheimer's disease (Maes et al., 2009), Parkinson’s
disease (Harraz et al., 2011) as well as in individuals with intellectual
disabilities caused by genetic factors (Siew et al., 2013).

Various studies have shown that miRNAs played a vital role in brain
development. For instance, a miRNA-array study demonstrated that miR-9 and
miR-131 played crucial roles in spatiotemporal regulation of brain development
in rat and mouse (Krichevsky et al., 2003). MiR-9 is a neural-specific miRNA
and not expressed in other tissues. It is primarily expressed in neural precursor
cells, whilst a lower expression was also observed in mature post-mitotic
neurones (Motti et al., 2012). Moreover, miR-134 is localised at the synapto-
dendritic area of the rat hippocampal neurones and regulates synaptic
development, maturation and plasticity (Schratt et al., 2006). MiR-124 is
perhaps the most abundant and well characterised brain-specific miRNA



(Lagos-Quintana et al., 2002). MiR-124 was found expressed in mature
neurones but was upregulated in differentiating neurones in an adult mouse
brain (Akerblom et al., 2012). Brain-enriched miR-124 had been known to
promote neurogenesis. It is a vital regulator in adult neurogenesis in mice by
repressing Sox9, which leads to neurone formation (Cheng et al., 2009). In
addition, miR-124 promotes neurite outgrowth by engaging in cytoskeletal
regulation during neuronal differentiation (Yu et al., 2008).

Mir-344 is a novel miRNA that was first described in 2004 (Kim et al., 2004). It
is located in chromosome 7 of the mouse (MI0014095). According to miRBase
database, it is expressed in rats and mice while no human homologues were
found to date. The miR-344 family contains 19 mature sequences (Liu et al.,
2014). It was one of the 29 miRNAs identified to inhibit adipogenesis via Wnt
signalling pathway activation (Qin et al., 2010). Subsequent study showed
miR-344 inhibited cell differentiation by targeting the Wnt/B-catenin signalling
pathway (Chen et al.,, 2014). Recently, miR-344 is an emerging miRNA
involved in the developing mouse brain (Ling et al., 2011). A study showed that
miR-344-3p was expressed in neural-specific region during mouse embryonic
development (Liu et al., 2014). Moreover, miR-344 was shown to be
downregulated in Huntington disease in mouse model (Lee et al., 2011), thus
implicating it with a potential role in motor neurone disorders.

MiR-344 family had nine known isoforms, miR-344a to miR-344i. However,
limited studies were carried out on a few of these isoforms and implicated with
roles in various pathological disorders. MiR-344a was found to be upregulated
in the myocardium of lipopolysaccharide-treated rats. It was postulated that
miR-344a was involved in endotoxin-induced myocardial injury (Ding et al.,
2015). MiR-344h was one of the miRNA identified in a study that observed
miRNA expressional alteration of a mouse hippocampus after a traumatic brain
injury (Bao et al., 2014). Another study also had showed that miR-344b, miR-
344d and miR-344h were downregulated in a neurotoxin-induced apoptosis in
mouse MN9D cell line (Li et al., 2013).

Given the significance of miR-344 family in brain development, the novel miR-
344b and miR-344c may play a crucial role in a normal physiological as well as
pathological processes in brain. These miRNAs are not fully characterised to
date. Hence, this provide an exciting opportunity to study and explore the
potential functions, roles and mechanism of their miRNA on their target genes
during brain development. This may yield valuable insights and knowledge to
enhance the ever-growing literature on the importance of miRNA in brain
development.

This study hypothesised that two miRNAs, miR-344b and miR-344c may play a
role in regulating brain development and function and both are expressed
spatiotemporally in the developing mouse brain. Therefore, the main objective
of this study is to explore the potential roles of both miR-344b and miR-344c
and to characterise their expression profile during the development of the
mouse brain.



Three specific objectives in this study are, to:

1.

2.

3.

predict downstream target genes of miR-344b and miR-344c via in
silico analysis,

validate the selected downstream targets of the miRNAs via Luciferase
assay,

investigate spatiotemporal expression of miR-344b and miR-344c at
different stages of the developing mouse brain.
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