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The nuclear synthesis of mature messenger RNA (mRNA) from
precursor mRNA (pre-mRNA), the primary transcript generated
from the genomic DNA, is initiated by the recruitment of specific
spicing regulators via adaptor complexes and assembly of a pre-
spliceosome on the target nascent pre-mRNA. It requires a coordinated
cotranscriptional and posttranscriptional pre-mRNA processing and
splicing for noncoding intron removal along with a concerted action
of several transcription factors and RNA polymerase II elongation
complex. Canonical splicing of pre-mRNAs usually involves 2 trans-
esterification reactions mediated by a catalytically active spliceosome,
the major element of the splicing machinery, that undergoes a dynamic
multistep assembly, rearrangement and catalytic site remodeling for
its activation [1-3]. Spliceosome as an evolutionarily conserved unique
mixed protein/RNA enzyme is a macromolecular ribonucleoprotein
(RNP) complex that displays a dramatic structural and compositional
dynamics with massive remodeling of its RNP subunits. Spliceosome
contains as its major building blocks at distinct stages of its stepwise
assembly varying combinations of uridine-rich small nuclear RNP
particles (snRNPs) U1, U2, U5, and U4/U6 as well as several non-snRNP
proteins [1-3]. It has been shown that the spliceosome rearrangements
and exon ligation incorporate proofreading steps to ensure a high of
fidelity in splicing catalysis [4].

While during constitutive splicing the target exons are recognized
by the splicing machinery and included in the mature mRNA, exons
are not always recognized and sometimes excluded in the mature
mRNA during the splicing modes known as alternative splicing,
including exon skipping, intron retention, alternative splice-site
activation, and mutually exclusive splicing. Alternative pre-mRNA
splicing is a mechanism by which varying isoforms of mature mRNAs
(and thus multiple protein isoforms) are generated from the same gene
[5-7]. Alternative splicing events and their regulators can be identified
transcriptome-wide with high resolution diagnostic assay platforms,
including splice-sensitive high-density microarrays/alternative splicing
microarray profiling, exon junction microarrays, deep-transcriptome
sequencing and high-throughput DNA sequencing [8,9]. Deep
sequencing studies have revealed that more than 90% of human genes
undergo alternative splicing [5-9]. Alternative splicing provides the
foundation for the proteomic complexity and it is intimately linked to
lineage specification and differentiation of mammalian cells. An average
of 7-10 mRNAs are generated from each pre-mRNA and in human
cells, more than 100,000 proteins are generated from approximately
20,000 open reading frames [1].

Alternative splicing is regulated by (i) both intron- or exon-
associated conserved short cis-acting RNA sequence elements known
as by splicing enhancers (intronic splicing enhancers, ISE and exonic
splicing enhancers, ESE) and silencers (intronic splicing silencers,
ISS and exonic splicing silencers, ESS) that modulate the splice site
use via binding to transacting regulatory proteins (repressors and
activators), (ii) the pre-mRNA secondary structure affected by multiple
factors including intronic and exonic mutations, (iii) the rate of RNA
synthesis and elongation of RNA polymerase II, (iv) expression

levels and function of splicing factors, (v) nucleosome positioning
and density at alternative splice sites, as well as (vi) epigenetically by
chromatin structure and histone modifications well as expression levels
of chromating remodeling complexes such as the ATPase-dependent
SWI/SNF subunit of BRM [6-8]. Among the transacting regulators, the
serine/arginine-rich “SR” proteins generally promote the recruitment
of the splicing machinery to the splice sites, whereas the heterogeneous
nuclear RNP (hnRNP) particle proteins (e.g hnRNPAI and
polypyrimidine tract binding protein/PTB) act as splicing repressors
by reducing the efficiency of splice junction recognition. Non-coding
RNAs affect chromatin structure and may participate in regulation of
alternative splicing.

Corruption of the alternative splicing mechanism has been
implicated in the pathogenesis of various debilitating pediatric illnesses,
including retinitis pigmentosa causing blindness, Frasier syndrome
causing urogenital disorders and gonad developmental defects, cystic
fibrosis, spinal muscular atrophy, infant leukemia, and pediatric acute
lymphoblastic leukemia (ALL), the most common form of childhood
cancer [10-17]. Aberrant splicing appears to be particularly common
in ALL and involves several regulatory genes that determine the fate
of leukemia cells exposed to chemotherapy or radiation therapy [12-
17]. The most commonly observed aberrations involve the chromatin
remodeling protein IKAROS [13,14] and the inhibitory lymphoid
lineage signaling molecule CD22 [12].

Recent discoveries regarding the molecular regulatory mechanisms
governing RNA processing, alternative splicing, and pleiotropic
functional profiles of splicing proteins may provide the foundation
for therapeutic innovation against difficult to treat diseases associated
with aberrant RNA processing or inappropriately amplified expression
of specific gene products. For example, spliceosome mediated RNA
transsplicing can potentially replace an aberrant transcript with a
wildtype sequence [7,18]. The trans-splicing process is induced by
engineered ‘RNA trans-splicing molecules’, which target a selected
pre-mRNA to be reprogrammed via two complementary binding
domains. The unique ability of UlsnRNP bound to the last exon to
promote mRNA degradation can be used to design gene silencing
strategies using synthetic bifunctional oligonucleotides known as Ul
adaptors that contain a target domain complementary to a site in the
target gene’s last exon and a Ul domain for recruitment of UlsnRNP
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via base-pair interaction with the Ul small nuclear RNA component
[7,19]. It has been shown that tethering of Ul snRNP to the target
pre-mRNA using Ul adaptors inhibits poly(A)-tail addition and
promotes degradation [19]. Advances in the nanotechnology field
provide a unique opportunity to selectively deliver appropriately
designed antisense oligonucleotides or chimeric molecules for exon-
specific splicing enhancement to therapy-refractory leukemia cells
by using multifunctional nanoparticles made of biodegradable block
copolymers of polyethyleneglycol and cationic polycarbonate [20].
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