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ABSTRACT 

This review article discusses dimensional reconstruc- 
tion of alternative splicing that not only affects pri- 
marily the distributional dimensions of isoforms of 
various protein species but especially influences the 
nature of interactivity events between various protein 
species and also the structure of the given protein 
molecules. In such terms, disorders of differentiation 
of individual tumors and of tumor types and subtypes 
would correlate with distinctive dimensions of ex- 
pression of a limited number of genes in various 
modes of expressed selectivity programs. In particu- 
lar, the differentiation programs of normal tissues 
would correlate with combinatorial systems of splic- 
ing factors and of auxiliary factors in the develop- 
ment of patterns of gene expression. The significance 
of mis-splicing events is consonant with the wide 
range of phenotypic expression of neoplastic lesions 
and in the great variety of differentiation patterns 
and also of the variable degrees of differentiation of 
various components of a given neoplasm. The struc- 
ture of given protein isoforms resulting from alterna- 
tive splicing correlate with the sequence context of 
exons in the enhancement or inhibition of splicing 
events and would also influence pathobiologic behav- 
ior patterns of given neoplastic lesions. The develop- 
ment of abnormal cell signalling pathways and of in- 
teractivity patterns in a combinatorial way would 
directly influence the stability and trafficking dynam- 
ics of given protein molecular species in inducing an 
abundance of protein isoform production. Series of 
multi-component systems ranging from receptivity to 
consequential pathways of development of differential 
phenotype would allow for a high degree of modula- 
tory effect within systems implicating in particular 
the interactions of individual tumor cells with each 

other and with the matrix components. It is within 
the context of constitutive versus alternative splicing 
events that this review article proposes that propor- 
tional recreation of differentiation pathways pro- 
motes a self-progression of the pathobiologic proc- 
esses of a given neoplastic lesion. 
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1. INTRODUCTION 

Pre-mRNA splicing incorporates both constitutive and 
alternative modes of generation of a wide variety of pro- 
teins within the context of a variety of disorders includ- 
ing in particular developmental processes and neoplastic 
disease. More than half of all alternative splicing events 
are regulated by multiple heterogeneous nuclear ribonu- 
cleoparticle proteins [1]. Relative to developmental equi- 
libria in neogenesis, it is significant to consider the wide 
diversity of gene expression in the presence of a rela- 
tively small number of genes as a main contributor to 
molecular biology of the proteome. Dynamics of equilib- 
rium implicate various isoforms of protein molecules that 
determine cell fate or differentiation attribute as these are 
expressed in tumorigenesis. Splicing of non-functional 
transcripts of the BRAF proto-oncogene affects overall 
cellular activity and possibly induces a decrease in grow- 
th signal sensitivity in colorectal cancer [2].  

Alternative splicing may occur in the absence of mu- 
tation to given acceptor sequences that are bound to 
pre-mRNA molecules. Alternative splicing can implicate 
exon skipping and the expression of other isoforms of 
protein molecules. Such protein molecules may cons- 
titute enzymes, or the expression of pro-apoptotic or anti- 
apoptotic molecules that promote or suppress survival of 

OPEN ACCESS 

mailto:lawrence.agius@um.edu.mt
mailto:lawrence.agius@gov.mt


L. M. Agius / Open Journal of Genetics 3 (2013) 83-88 84 

cells. 
The machinery of splicing includes the multi-compo- 

nent spliceosome that binds to given sequences on the 
pre-mRNA in a manner that utilizes exonic or intronic 
enhancers or suppressors. 

2. PHENOTYPE EXPRESSION 

Phosphorylation also modulates alternative splicing by 
influencing the serine/arginine rich sequences on the SR 
molecule. 

Determination of origin of phenotype expression in 
neoplasms is a highly likely result of alternative splicing 
of mRNA in conjunction with a number of other tran- 
scriptional, post-transcriptional and post-translational 
events in the diversification of the proteome.  

Hence, it would appear that diversity of protein mole- 
cules does not arise directly due to variability of gene 
expression but is mediated by the generation of modu- 
lated mRNA molecules in alternative splicing. A mela- 
noma-specific CD44 alternative splicing pattern shows 
quantitative variability during tumor progression but a 
qualitatively stable pattern [3]. Some 60% - 70% of genes 
in the human genome undergo splicing and so the bio- 
logical significance of splicing is inherently immense. 

Neoplasia is a contributor to phenotypic variability in 
a manner that is unstable in terms of comparison with 
constitutive splicing of normal tissues or as expressed 
developmentally. Extensive changes in alternative splic- 
ing play a profound role in shaping the changes in cell 
behaviour that characterize epithelial-to-mesenchymal 
transition [4].  

Suppressors and enhancers of alternative splicing are 
influenced by various chemicals or small molecules in a 
manner that affects alternative splicing. In such terms, 
the potentiality of regulation and suppression of tumori- 
genesis is considerable and would constitute a highly 
promising approach to chemotherapeutic management of 
neoplasms in general.  

3. VASCULAR ENDOTHELIUM 

Alternative splicing of vascular endothelial growth factor 
leads to several different isoforms, which are differen- 
tially expressed in various tumor types and have distinct 
functions in tumor blood vessel formation [5]. 

In addition, the recognition of disease or tumor mark- 
ers as diagnostic markers and expressed therapeutic 
molecules constitutes potential resultant compounds in 
the management of patients with neoplasia. Osteopontin 
splice variants differentially affect clinicopathologic fea- 
tures and biology in gastric carcinoma [6].  

Another aspect of alternative splicing is the influence 
of different isoforms in the intracellular trafficking of 

protein molecules, particularly the shuttling of such 
molecules between the nucleus and the cytoplasm. Alter- 
native splicing of ribosomal S6 kinase 1 acts as a mole- 
cular switch in breast carcinoma cells, raising levels of 
oncogenic isoforms that activate mTORC1 [7].  

It is particularly with regard to such modulated effect 
that the differential effects of alternative splicing can 
assume important regulatory functionality within various 
cellular types and subtypes. Versican V2 isoform proteo- 
glycan enhances angiogenesis and also mediates up- 
regulation of fibronectin in brain tumors [8].  

The distinction of isoforms allows for the establish- 
ment of an equilibrium that quantitatively implicates 
various different isoforms of the same protein molecule. 
Enzymes in particular may respond in differential man- 
ner in cascade pathways and would therefore implicate a 
series of alternative outcomes to cell metabolic pathway 
processing. A pentaspan membrane glycoprotein pro- 
minin-1 (CD133) is a universal marker for cancer stem 
cells and splicing variants of CD133 are implicated in the 
complicated gene regulation in a context-dependent man- 
ner [9].  

The creation of differential isoforms by splicing that 
affect suppressor genes and oncogenes would potentially 
modulate carcinogenesis itself in the generation or non- 
generation of neoplasms.  

Oncogenic splicing factor SRSF1 is a critical MYC 
target by enabling this to regulate the expression of spe- 
cific protein isoforms through alternative splicing [10].  

Constitutive realization of the spliced mRNA would 
allow for prevention or suppression of tumorigenesis of a 
potentially wide variety of tumor types.  

Apoptosis depends on a balance between effects ex- 
erted by pro-apoptotic pathways and anti-apoptotic proc- 
esses, and hence such approach utilizing alternative 
splicing events could allow for the therapeutic suppres- 
sion of tumors by suppressing the life-span of the neo- 
plastic cells.  

Regulatory proteins may also be modulated therapeu- 
tically to control splicing events. The emergence of such 
modulation can be coupled to phosphorylation of protein 
molecules and also allow for protein:protein interactivity 
in the exchange of active splice site selectivity. Beta- 
catenin regulates RNA alternative splicing and stability 
possibly by binding to target RNA in cells [11].  

4. ALTERNATIVE USAGE 

Alternative usage of exons on mRNA molecules may 
regulate in particular the phosphorylation state of regu- 
latory proteins and allow for the exertion of differential 
modulatory effect and for variable concentration of 
regulatory proteins. Added to this is the flexibility of 
exonic regulatory sequences that allow for the emergence 
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of a variety of protein molecular isoforms. Malignancy- 
specific gene expression differences occur within a pluri- 
potent stem cell context [12].  

Developmental processes rely on differential tissue 
concentration of small amounts of regulatory proteins 
and this would allow for the distinctive expression of 
alternative splicing events in phenotype expression of 
differentiated cell types both in the developmental setting 
and also in neoplasia.  

Epithelial-mesenchymal transition (EMT) endows cells 
with invasive properties, inhibits apoptosis and sense- 
cence, contributes to immunosuppression and induces 
stress resistance and stem cell properties. Transforming 
growth factor-Beta induces changes in alternative splic- 
ing to initiate and maintain EMT [13].  

The use of various isoforms as preferential modes of 
expression of genes would hence contribute not only to 
the differential protein subtype determination but also to 
the constitutive versus alternative activity of the splicing 
machinery itself. The splicing factor SRSF6 up- or down- 
regulates the splicing of several tumor suppressors and 
oncogenes and is an oncoprotein that controls prolifera- 
tion and survival of lung and colon cancer cells [14]. 

5. SPECIFIC SEQUENCES 

mRNA splicing includes the inclusion of specific se- 
quences in the molecule by the spliceosome in a manner 
that may allow the utilization also of small interfering 
RNA molecules. Such an approach that employs small 
interfering RNAs would constitute a highly promising 
approach that potentially regulates the production of 
multiple different isoforms of the same protein molecule. 
Two splice variants from the Bcl-x gene via alternative 5’ 
splice site selection are proapoptotic Bcl-x (s) and an- 
tiapoptotic Bcl-x (L) [15].  

Splicing factors with rich serine/arginine sequences in 
the RS terminals cooperate with a series of combinatory 
factors that enhance or inhibit binding to the mRNA in 
selecting specific sequences in exonic splicing.  

Such combinatory interactivity holds great promise in 
the treatment of neoplasms where mutations of the ser- 
ine/arginine rich splicing factors or misplicing events 
may occur. Manipulation of alternative splicing as by 
antisense-mediated exon skipping is a unique way of 
regulating gene expression [16]. The administration of 
small molecule drugs may “mend” splicing factor path- 
ways and allow for selection of specific sequences in the 
mRNA molecules.  

Tumors may show enhanced metastatic potential or 
receptor binding abnormalities in the presence of muta- 
tions in SR sequences or in mis-splicing events. Receptor 
abnormalities may permit interactivity of tumor cells 
with matrix proteins and also interactions with adhesion 

molecules in enhancing spread of the tumor.  

6. SPLICING MODULATION 

The identity of constitutive versus alternative splicing 
events is a fundamental series of mechanisms that allows 
the differential usage of exons in addition to such phe- 
nomena as mRNA editing and post-translational path- 
ways in protein: Protein interaction. Effective approaches 
in modulating splicing therapeutically include restoring 
open reading frames, influencing alternative splicing, 
and inducing exon inclusion [17].  

Regulatory pathways are essential aspects of selective 
splicing sequence selection and can render protein mole- 
cules unstable or relatively susceptible to early molecular 
decay.  

An essential combinatory series of interactions allows 
for the emergence of alternative splicing in neoplastic 
development that can skip exons or allow, conversely, 
great flexibility in sequence binding to splicing factors 
with no essential sequence specificity in binding required. 
Polarized and growth-arrested cellular architecture cor- 
relates with absence of alternative hMENA (an actin cy- 
toskeleton regulator) isoform expression and may be of 
relevance in malignant progression to invasive cancer 
[18].  

Mutational lesions can seriously impair sequence 
binding to splicing factors in a manner that promotes 
gene expression in abnormal patterns of mis-splicing 
pathways.  

Combinatory pathways utilizing 5’ end terminal U1 
and 3’ end terminal cis and trans factors would operate in 
alternative splicing events in inducing exonic usage or 
skipping.  

7. SPLICING COMPLEMENTING 

Multiple processes can complement splicing events and 
include editing of the mRNA molecule and various post- 
translational events in inducing the production of many 
isoforms of protein molecules. Establishing the func- 
tional roles of genetic variants remains a significant chal- 
lenge in the post-genomic era [19].  

The high degree of selectivity in splicing of specific 
exons would apparently correlate with specific aspects of 
pathobiologic behavior and other attributes of neoplasms 
in a manner that promotionally advance understanding of 
progression of carcinogenesis and spread of tumor le-
sions.  

Evidence suggests that the three structurally different 
GLI1 isoforms are distinctly different in their expression 
patterns and functions in the context of gliomas [20]. 

Such an ultimate aim would allow the determination 
of earlier diagnosis, prognosis and therapeutic interven- 
tion in patients with given tumor type and sub-type. 
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8. PHOSPHORYLATION 

Control of phosphorylation at RS terminals by phos- 
phatases or topoisomerase I inhibitors would allow for 
the selectivity of splicing sequence binding to be modu- 
lated in desired modes in an attempt to inhibit tumori- 
genesis. Highly selective sequence binding holds the 
promise of a very low toxicity index in the treatment of 
such neoplastic lesions. Sodium butyrate is known to 
selectively mend sequences that otherwise give rise to 
mis-splicing events in carcinogenesis. Genes encoding 
splicing factors are among the most highly mutated in 
various haematological malignancies [21]. 

The multiple protein isoforms that may arise from 
expression of a given gene would account for a whole 
series of possible splicing events that combinatorily cor- 
relate with selectivity of exon usage or skipping.  

The distinctive nature of alternative splicing versus 
constitutive splicing depends particularly on the presence 
of regulatory proteins that are present in given tissue 
types in generally small amounts. Further modification 
of protein isoform characterization will allow for the 
selectivity required in therapeutic modulation of neo- 
plasms and their micro-environment, since alterations of 
the splicing machinery can cause the development of 
neoplasms [22].  

Long non-coding RNAs are involved in alternative 
splicing of pre-m RNA, chromatin regulation, nuclear 
organization, genomic imprinting, and dosage compensa- 
tion [23].  

An interesting aspect of splicing events is the apparent 
close correlation of constitutional development condi- 
tioning with neoplastic evolution in terms of splicing and 
mis-splicing events. The glioma-associated oncogene 
homolog 1 (GLI1) family of zinc finger transcription 
factors is the nuclear mediator of the Hedgehog pathway 
in tumor development and progression [24]. In such 
terms, an overall series of system pathways would par- 
ticularly affect interactivity with the surrounding matrix 
environment and as receptor biology leading eventually 
to metastatic spread of tumors.  

9. DESTABILIZATION 

Destabilization of protein isoforms allows for the con- 
trolled decay of protein molecules that allow for further 
conformational interference by such molecules as small 
interfering RNAs.  

Cyclical activity as phosphorylation and dephosphos- 
phorylation are recognized source for variability in activ- 
ity of splicing factors by involving the 3’ N-terminal of 
these factors in the RS sequences.  

Mis-splicing events can also introduce stop condons or 
frameshift alterations in the mRNA molecules in a man- 
ner that directly affects expression of given protein iso- 

forms.  
In such events, the patterns of gene expression would 

constitute a marker for the realization of given neo- 
plasms or other disorders such as neurological disease 
states including muscular dystrophy.  

Requirements in the operability of events would con- 
stitute a series of recognition motifs in the 3’ N-terminal 
in particular and also the specific sequences in the 5’ 
serine/arginine carboxyl terminal of splicing factors. 
Such distributional, differential pathways include the in- 
teractivity of combinatory pathways involving enhancing 
and inhibitory exonic sequences in mRNA and intronic 
sequences within given genes.  

10. TUMOR EVOLUTION 

Tumor lesions allow for the evolutionary development 
and expression of isoforms that cooperatively promote or 
inhibit gene expression within sequence contexts involv- 
ing protein isoforms.  

The emergence of a whole series of protein isoforms 
from the expression of a single specific gene would con- 
form to the establishment of lesions that specifically op- 
erate as interactivity with other tumor or parenchymal/ 
stromal cells or with matrix components.  

Both splicing regulation and epigenetic factors con- 
tribute to neoplastic progression, but the links between 
these two modes of gene-expression regulation in patho- 
genesis are poorly understood [25].  

Integrative phenomena allow for the expression of 
genes that are closely allied with abnormalities or other 
attributes of intracellular trafficking. The expression of 
protein isoforms is significantly linked with the degree of 
activity or interaction of the involved protein isoforms 
with other proteins and also with such phenomena as 
sequestration within given sites in the cells affected.  

Also, the degree of stability of protein molecular spe- 
cies is influenced by abnormal intracellular trafficking 
and affects such primary processes as cell signalling 
pathways.  

The spliceosome itself constitutes a large complex of 
splicing factors and of heterogeneous ribonucleoproteins 
and also non-ribonucleoprotein moieties in selectively 
targeting given sequences in the mRNA.  

Possible mutations in the spliceosome may also con- 
tribute to mis-splicing events and lead to or be closely 
related to neoplastic development.  

Protein:RNA and protein:protein interactions are in- 
fluenced by mis-splicing or alternative splicing patterns 
and further promote the potential realization of neoplas- 
tic progression. Several lines of evidence point to in- 
creased RNA-binding ability of polypyrimidine tract- 
binding protein-associated splicing factor and aberrant 
expression of long non-coding RNAs are related to hu- 
man neoplasia [26].  
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In general, the overall dimensions for selectivity of 
sequence binding on mRNA molecular species require 
selectivity in the choice and targeting of constitutive or 
alternative splicing events in the prevention of multiple 
disorders including neoplasia. As in the breast cancer 
transcriptome, splicing is critical for the cell to “tailor- 
make” specific functional transcripts [27].  

11. CONCLUDING REMARKS 

The dimensions of selectivity in sequence binding and in 
the institution of expression by a limited number of 
genes allow for the production of a series of protein iso- 
forms that may in turn constitute multiple molecular spe- 
cies of distinct nature and structure.  

The therapeutic modulation of lesions in splicing path- 
ways would require a high degree of sequence selectivity 
with a given sequence context in its own right. It is 
towards the performance of realization of such pheno- 
mena as cell signalling and cell receptivity that alter- 
native splicing events fundamentally can modulate and 
otherwise influence the pathobiology of tumor growth 
and spread.  

The developmental correlative systems in any given 
tissue would indicate or otherwise aid in the recognition 
of regulatory factors that influence splicing events and 
the institution of multiple possible alternative splicing 
programs as contrasted with constitutional splicing events 
perse.  
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