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Abstract: Cardiovascular disease is the leading cause of death amongst diabetic individuals. Ather-
osclerosis is the prominent driver of diabetic vascular complications, which is triggered by the det-
rimental effects of hyperglycemia and oxidative stress on the vasculature. Research has extensively 
shown diabetes to result in the malfunction of the endothelium, the main component of blood ves-
sels, causing severe vascular complications. The pathogenic mechanism in which diabetes induces 
vascular dysfunction, however, remains largely unclear. Alternative splicing of protein coding pre-
mRNAs is an essential regulatory mechanism of gene expression and is accepted to be intertwined 
with cellular physiology. Recently, a role for alternative splicing has arisen within vascular health, 
with aberrant mis-splicing having a critical role in disease development, including in atherosclero-
sis. This review focuses on the current knowledge of alternative splicing and the roles of alterna-
tively spliced isoforms within the vasculature, with a particular focus on disease states. Further-
more, we explore the recent elucidation of the alternatively spliced QKI gene within vascular cell 
physiology and the onset of diabetic vasculopathy. Potential therapeutic strategies to restore aber-
rant splicing are also discussed. 

Keywords: alternative splicing; cardiovascular disease; diabetic vasculopathy; atherosclerosis; 
isoforms; quaking; QKI; therapeutic strategies 
 

1. Introduction 
Alternative splicing, the removal of introns followed by specific exon ligation prior 

to mRNA translation, allows for a single gene to coordinate the synthesis of a multitude 
of protein isoforms, all of which can vary in both their structural and functional charac-
teristics. It is proposed that over 95% of human genes will undergo a form of alternative 
splicing [1]. Consequently, alternative splicing is an extensive source of diversity for both 
coding and non-coding RNAs; diversity that is greatly needed to achieve the higher de-
gree of complexity, regarding gene expression, observed in humans. Furthermore, alter-
native splicing is a crucial regulatory mechanism of gene expression whether it be in a 
developmental, tissue-specific, or signal transduction manner. Aberrant alternative splic-
ing, also known as mis-splicing, however, has been revealed to result in the disruption of 
normal cellular function and subsequently the onset of an array of human diseases in-
cluding cardiovascular diseases, where the onset of diabetes has frequently been reported 
to be the result of abnormal transcripts [2,3]. Approaches to correct dysfunctional alterna-
tive splicing through targeting the pre-mRNA, the splicing factors, or the proteins them-
selves therefore hold great potential to become attractive therapeutic strategies to mitigate 
a range of disease phenotypes. 

As we extensively discussed previously [4], endothelial cell dysfunction is a critical 
mediator of cardiovascular events, including diabetic cardiovascular complications. Car-
diovascular diseases are consequently the leading cause of mortality amongst diabetic in-
dividuals, with several reports stating that cardiovascular disease death rates can reach 
up to 2–4 times higher amongst people with diabetes than without [5–7]. Typically, 
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endothelial cells are vital to vascular health due to their roles in biological pathways such 
as blood vessel formation, regulating vascular tone and growth, preventing thrombosis, 
maintaining hemostatic balance, and as regulating coagulant mechanisms [8,9]. Dysfunc-
tion, however, as exhibited in diabetes, results in endothelial cells with disturbed vascular 
tone, enhanced monocyte adhesion, delayed replication and excessive cell death, in-
creased permeability, aberrant angiogenesis, reduced nitric oxide bioavailability and an 
increase in oxidative stress and reactive oxygen species [10–14]. Consequently, studies 
have shown endothelial cell dysfunction to be a prime instigator of atherosclerosis onset 
and progression. Atherosclerosis refers to the process of atherogenesis, the build-up of 
plaques on the inner lining of arterial walls [15]. These plaques, composed of substances 
found within the blood such as fat, cholesterol, and calcium, can harden overtime result-
ing in the narrowing of arteries and consequently the restriction of blood flow. Moreover, 
these plaques are also prone to rupture, subsequently triggering thrombosis. Conse-
quently, atherosclerosis is known to result in vascular defects that contribute to ischemia, 
the central pathology of cardiovascular disease. Hyperglycemia is therefore a critical me-
diator of endothelial cell dysfunction and the subsequent associated vascular complica-
tions mediated through the onset of atherosclerosis. Furthermore, numerous studies have 
shown hyperglycemia to significantly alter the gene expression profiles of endothelial 
cells [16]. However, despite the widely accepted role of alternative splicing in regulating 
gene expression, little work has been done to explore the impact of alternative splicing on 
endothelial cells, including in the development of disease states. 

Current approaches to prevent cardiovascular disease onset amongst individuals 
with diabetes largely focuses on the importance of glycaemic control. However, although 
glycaemic control can reduce the onset of complications, the correlation between diabetes 
and cardiovascular disease remains a global and significant health and economic burden 
[17], thus suggesting that well managed glycaemic control alone is not enough to solely 
prevent the onset of endothelial cell dysfunction and atherosclerosis development. More-
over, compared with non-diabetic individuals, diabetic cardiovascular disease patients 
are often less suitable for the conventional revascularization treatment approaches and 
consequently require more severe interventions, such as amputation or a transplant to 
manage vascular complications. Recently, data have been collected that infers glycaemic 
control to have worsened over the last decade across the United State , further emphasiz-
ing the necessity for a re-evaluation of current therapy approaches [18,19]. Due to the ex-
tensive involvement of endothelial cell dysfunction in cardiovascular disease onset 
amongst individuals with diabetes, the ability to repair and regenerate the endothelium 
may consequently offer a more effective therapeutic approach towards vascular compli-
cations for these individuals. Thus, research characterizing the role of alternative splicing 
in such endothelial cells could provide valuable insights allowing for the development of 
needed therapeutic strategies. 

This review discusses the current knowledge of alternative splicing within endothe-
lial cells with a particular focus on the role of alternative splicing in the pathogenesis of 
diabetic vasculopathy. Potential therapeutic avenues with promise to mitigate mis-splic-
ing and restore the disease phenotype are also evaluated. 

2. Alternative Splicing and the Vasculature 
The human vasculature is a complex structure involving intricate interactions be-

tween various cell types, which are critical to maintain vascular homeostasis. Blood ves-
sels are comprised of endothelial cells, which form the endothelium, vascular smooth 
muscle cells, and pericytes [20]. As mentioned earlier, the endothelium is the main com-
ponent of the vasculature and has several obligatory roles, including the regulation of cell 
proliferation, vascular permeability, and vascular tone, however, it is also involved in nu-
merous vascular processes, including angiogenesis [9,21,22]. Angiogenesis denotes the 
migration and proliferation of endothelial cells to form new blood vessels from a pre-ex-
isting vasculature, allowing for the supply of oxygen and nutrients. Furthermore, 
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angiogenesis is crucial to vascular health due to its having central roles in growth and 
development as well as wound healing [23]. As such, angiogenesis is vital for the mainte-
nance of vascular homeostasis and its dysregulation has been implicated in the pathogen-
esis of several disorders, such as diabetic retinopathy, cancer, and rheumatoid arthritis. 
Angiogenesis has been extensively reviewed elsewhere previously; briefly, however, pro-
angiogenic signalling, mediated by the release of growth factors such as vascular endo-
thelial growth factor-A (VEGF-A), angiopoietin-2 (ANG-2) and transforming growth fac-
tor-β (TGF-β) [23,24], stimulates endothelial cell invasion into the extracellular matrix and 
guides the tip cell in forming the perfused tubule along with other factors. Neighboring 
cells of the tip cell, known as stalk cells, divide to elongate the stalk, establishing the lu-
men of the new vessel. Pericytes subsequently attach, resulting in a mature vessel [25]. 
Studies have shown angiogenesis to be regulated at both the transcriptional and post-
transcriptional level. More recently, however, research has focused on the importance of 
alternatively spliced isoforms within this complex process, many of which are displayed 
in Table 1. 

Table 1. A table displaying the effect of alternative splicing on vascular health and function through 
the generation of differing spliced isoforms. Abbreviations: ECs, endothelial cells; ECM, extracellu-
lar matrix: (NO).nitric oxide  

Gene 
Alternatively 

Spliced Isoform 
Function 

VEGF-A 

VEGF-Axxxa  

VEGF-A111 
Pro-angiogenic [26,27], missing exons 6 and 7, readily 

diffusible [28] 

VEGF-A121 
Proangiogenic. Regulates two different phosphory-

lating sites of VEGFR2, Tyr (1175) and Tyr (1214) [29], 
missing exons 6 and 7, readily diffusible [28] 

VEGF-A145 
Proangiogenic. Binds to ECM and KDR/flk-1 receptor 

of ECs [30] 

VEGF-A165 

Proangiogenic. Most abundant isoform and most po-
tent initiator of angiogenesis. Activates receptor phos-
phorylation of VEGFR2 and NRP-1. Promotes the re-
lease of NO and prostacyclin [31], binds KDR/flk-1 

with VEGF-A145 [30] 
VEGF-A183 Proangiogenic. Least abundant [32] 
VEGF-A189 Proangiogenic. Linked to tumorigenesis [33] 
VEGF-A206 Proangiogenic. Strongly binds to ECM [34] 

VEGF-Axxxb  

VEGF-A121b 
Anti-angiogenic. Inhibits migration of ECs. Reduces 

xenografted tumor growth [35] 
VEGF-A145b Anti-angiogenic 

VEGF-A165b 

Anti-angiogenic. Neuroprotective and cytoprotective 
properties [36,37]. Similar binding affinity of VEGF-

A165a but does not activate phosphorylation of 
VEGFR2 and NRP-1 [38] 

VEGF-A189b Antiangiogenic 

HNF1A  
Transcriptional activator that regulates insulin produc-
tion and stimulates the transcription of other liver-spe-

cific genes CYP1A2, CYP2E1 and CYP3A11 [39] 
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NOVA2  
Pro-angiogenic. Controls the organization of the endo-

thelial lumen. Is also present in neural cells and im-
portant for the development of the nervous system [40] 

Fibronectin 
EDA-FN, 
EDB-FN 

Proangiogenic. Component of ECM, involved in vascu-
lar remodelling, and inhibits oxidative stress [41] 

NRPS 

NRP-1  
s11NRP1, 
s12NRP1, 
sIIINRP1 

Anti-angiogenic. Lacks transmembrane domain and cy-
toplasmic tail [42] 

& sIVNRP1 

NRP1-∆7 
Anti-angiogenic. Deletion of seven amino acids in exon 

11. Impairs glycosylation of NRP-1 [43] 
NRP1-∆E4 & 

NRP1-∆E5 
Anti-angiogenic. Altered glycosylation and endocytic 

movement [44] 
NRP-2  

s9NRP2 
Results from intron 9 retention. Inhibits VEGF-C/NRP2 

oncogenic signaling [45] 

Vasohibins 

Vasohibin-1  
VASH1A Anti-angiogenic. Linked to tumorigenesis [46]  

VASHA1B 
Anti-angiogenic. Lacks exons 6–8. Involved in heparin 

binding [46] 
Vasohibin-2  

290aa & 355aa Anti-angiogenic. Full function unclear [47] 

Alternative splicing and the differing expression of isoforms are orchestrated 
through the induction of signal transduction pathways, by growth factors, which mediate 
the activation of specific splicing factors. Research has shown specific growth factors to 
regulate the action of splicing factor kinases, and thus splicing factors, through cell sig-
naling molecules. Splicing factors, through interacting with the C terminal of RNA poly-
merase II, resulting in its recruitment to specific cis-acting splicing sequences, then coor-
dinate the generation of different isoforms through the differential selection of 3′ Distal 
Splicing or 3′ Proximal Splicing sites. Moreover, several alternative splicing patterns have 
emerged, depicted in Figure 1, all of which can result in a plethora of protein isoforms 
with varying functions being generated from a single pre-mRNA transcript. The regula-
tion and mechanisms of alternative splicing have been reviewed previously in [48]. 

Regarding vascular function, alternative splicing of VEGF-A, a vital factor of angio-
genesis, is known to coordinate the synthesis of multiple distinct isoforms. The VEGF-A 
isoforms differ in their C terminal, contributing to their varying functions, and as such 
have been categorized into two distinct families. Members of the first, commonly denoted 
as VEGF-Axxxa, have been demonstrated to promote angiogenesis [2,3,49], with VEGF-A165 
being the most abundant and important pro-angiogenic isoform derived from VEGF-A. 
Proximal splice-site selection in exon 8 is believed to co-ordinate the synthesis of pro-an-
giogenic VEGFxxxa isoforms, whilst distal splice-site selection results in the production of 
anti-angiogenic VEGFxxxb isoforms. Research has revealed growth factor TGF-β1 to stim-
ulate p38 mitogen-activated protein kinase, activating the kinases CLK1 and CLK4 [50]. 
Both CLK1 and CLK4 were subsequently found to phosphorylate the splice factor SRP55, 
resulting in distal splice-site selection and consequently the generation of VEGF-Axxxb 
isoforms. Similarly, the same study showed SRP40 and ASF/SF2, two splice factors 
thought to be involved in determining the expression of the VEGF-A isoforms due to 
binding to the exonic splice enhancers in exon 8 [51], to also be phosphorylated by CLK1 
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and favor proximal splice-site selection. Unlike the VEGF-Axxxa isoforms, however, the 
members of the VEGF-Axxxb family are widely accepted to be inhibitors of angiogenesis 
and have been linked to numerous disease states including diabetic retinopathy and ath-
erosclerosis [52]. 

 
Figure 1. A schematic overview of the commonly observed splicing patterns responsible for the production of distinct 
transcripts from a singular gene. 

VEGF-A signaling has been shown to promote macrophage infiltration and foam cell 
formation, both of which have central roles in the pathogenesis of atherosclerosis. Re-
search investigating the link between VEGF-A splicing and atherosclerosis revealed a sec-
ond isoform of VEGF-A165, referred to as VEGF-A165b, to be anti-angiogenic and heavily 
associated with the onset and development of atherosclerosis [53,54]. A recent study per-
formed on apolipoprotein E deficient mice revealed that mice on a high fat diet exhibited 
a major shift in VEGF-A alternative splicing to VEGF-A165b, accredited to an upregulation 
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of SRPK1 [53]. Furthermore, quantification of both aortic endothelial cells and macro-
phages revealed that the mice with an upregulation of VEGF-A165b exhibited characteris-
tics associated with atherosclerosis pathogenesis [55]. Moreover, multiple studies have 
demonstrated the mis-splicing of VEGF-A resulting in an elevation of in VEGF-A165b and 
a corresponding reduction in pro-angiogenic VEGF-A165 to contribute to ischemic cardio-
vascular disease. In addition, research has found the expression profile of VEGF-A spliced 
isoforms to vary amongst individuals with and without diabetes [56,57]. Furthermore, in 
a peripheral artery disease model, targeting upregulated VEGF-A165b reversed the im-
paired revascularization [58]. Similarly, studies have shown the potential of restoring al-
tered VEGF-A splicing to protect blood vessels and ameliorate the associated diabetic vas-
cular complications [59]. Restoring mis-splicing of VEGF-A therefore may have great ther-
apeutic potential to restore vascular health. In particular, due to the association of aberrant 
VEGF-A splicing within atherosclerosis development, further research into VEGF-A splic-
ing may reveal therapeutic strategies to target diabetic cardiovascular events. 

Moreover, the aberrant function of alternative splice factor Nova2, which typically 
has crucial roles in the regulation of endothelial cell organisation during angiogenesis [40], 
has shown to contribute to the vascular dysfunction observed in neurological diseases 
such as Alzheimer’s disease [60,61]. Alternative splicing of HNF1A has been isolated as a 
common cause of maturity-onset diabetes of the young (MODY), a disease that often pre-
sents hand in hand with endothelial cell dysfunction and microvascular complications, 
such as diabetic retinopathy, neuropathy, and nephropathy [62,63]. The generation of 
multiple transcripts from HNF1A is mainly caused by splicing of exons 2 and 4, however, 
variants have also been reported in the promoter, 5′UTR and 3′UTR [64]. Interestingly, a 
recent study exploring the consequences of HNF1A splicing in human endothelial cells 
derived from induced pluripotent stem cells found that compared with the control, the 
endothelial cells with aberrant HNF1A transcripts showed increased vascular permeabil-
ity and expression of ICAM-1 in response to pro-inflammatory cytokine TNFα, contrib-
uting to endothelial dysfunction. Understanding the role of alternative splicing within the 
vasculature, as exampled below in the case of the QKI family, may therefore deepen our 
understanding of vascular health and vasculopathy, thus opening new avenues for dis-
ease treatment. This is especially important with regards to diseases such as diabetic en-
dotheliopathy with current poor treatment strategies. 

3. Alternative Splicing of QKI and Endothelial Cell Physiology 
The QKI family is a prime example of isoforms originating from a single gene tran-

script but varying drastically in function. The QKI transcript encodes multiple RNA bind-
ing protein isoforms belonging to the Signal Transduction and Activation of RNA (STAR) 
family. All the transcribed QKI protein isoforms share a conserved KH RNA-binding mo-
tif domain, N-terminal Qua1 and C-terminal Qua2 domains, as well as multiple phosphor-
ylation sites [65]. However, each generated QKI isoform differs in their carboxy-terminal 
end, resulting in their varying functions. Despite differing in their C terminal thirty amino 
acids, the three major isoforms produced, QKI-5, QKI-6, and QKI-7, have all shown to be 
implicated in vascular health. QKI was first suspected to be implicated in vasculature fol-
lowing the revelation that QKI null mice are embryonic lethal. The inability of QKI knock-
out mice embryos to develop past embryonic day 10.5 prompted further investigation, 
which revealed QKI silencing to trigger vascular defects through the development of im-
mature endothelial tube structures and consequently abnormal vitelline vessels [66]. Sub-
sequent analysis has since isolated the different alternatively spliced QKI isoforms and 
described them to be expressed and crucial for vascular cell health [67]. 

The alternatively spliced isoform QKI-5, which largely resides in the nucleus, is be-
lieved to be the most prominently expressed QKI isoform within endothelial cells [68]. 
Research has shown QKI-5 to have roles in both differentiation and maintenance of typical 
physiology. In particular, the dysfunction observed in QKI null embryos was later found 
to be attributable to the loss of the QKI-5 splice site. Moreover, through STAT3 signaling, 
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research has subsequently demonstrated QKI-5 to regulate CD144 stabilization and acti-
vate vascular endothelial growth factor receptor 2 (VEGFR2), thus acting as a key media-
tor of endothelial cell differentiation from induced pluripotent stem cells [69]. In addition, 
QKI-5 expression has been linked to appropriate endothelial cell function. Studies have 
revealed QKI-5 to bind to VE-cadherin and β-catenin [68], thus mediating and initiating 
their translation, both of which have extensive roles in maintaining endothelial cell-cell 
adhesion and barrier function. Furthermore, QKI-5 has been associated with neovascular-
ization, blood flow recovery, and angiogenesis, further emphasizing the importance of the 
alternatively spliced QKI-5 isoform in vascular health. Similarly, research has confirmed 
that expression of both the QKI-5 and QKI-6 isoforms results in vascular cells that exhibit 
greater properties [70]. 

Recent work within our group, focused on diabetic vasculopathy, however, uncov-
ered aberrant splicing of the QKI gene within endothelial cells to be responsible for and 
orchestrate diabetic endothelial cell dysfunction [71]. Witnessed through the onset of a 
disruption in the endothelial cell barrier, compromised angiogenesis and enhanced mon-
ocyte adhesion, we previously revealed the expression levels of two splicing regulators, 
namely CUG-BP and hnRNPM, to be drastically altered in response to glucose. Elevated 
levels of glucose, such as exhibited in individuals with diabetes, led to both the upregula-
tion of CUG-BP and the downregulation of hnRNPM. The disruption of the CUG-BP and 
hnRNPM splicing factors under diabetic conditions was found to result in the significant 
upregulation of the alternatively spliced isoform QKI-7 through direct binding. Upregu-
lation of QKI-7 was shown to result in the subsequent degradation of CD144, NLGN1 and 
TSG-6, three essential genes for vascular health. Investigation of QKI-7 knockdown in en-
dothelial cells resulted in the restoration of the observed endothelial cell dysfunction as 
well as promoted reperfusion and blood flow recovery following hindlimb ischemia in-
duced in diabetic mice. These findings therefore display aberrant splicing and the subse-
quent upregulation of QKI-7 to have a critical role in the pathogenic mechanism of dia-
betic vasculopathy. The ability of CUG-BP and hnRNPM to diametrically regulate QKI-7 
in diabetes consequently offers a potential therapeutic avenue to restore vascular health 
in such individuals, whether through indirectly correcting the balance of the splicing fac-
tors or directly targeting QKI-7 expression for example. 

4. Alternative Splicing Based Therapeutic Strategies 
Alternative splicing describes the directed combination of exons, mostly, from a pre-

mRNA sequence resulting in the production of a manifold of different mRNAs from a 
singular gene as displayed in Figure 1. In general, alternative splicing is regulated through 
corresponding cis- and trans-acting regulatory sequences that together are responsible for 
either the inclusion or exclusion of the primary region. Moreover, intronic and exonic 
splicing enhancers coordinate the recruitment of splice factors, which organize the incor-
poration of a region within the mRNA. Intronic and exonic silencers, on the other hand, 
recruit splicing factors that facilitate transcript exclusion. Typically, these sites are located 
towards the 5′ and 3′ end of introns; however, an additional site, termed the branch point, 
can be found further upstream of the 3′ end of an intron. The spliceosome, containing the 
proteins and five small nuclear ribonucleoproteins required to catalyse splicing, is then 
ultimately responsible for either the use of alternative splice sites and the retention or ex-
clusion of exons (as well as any intron inclusion) (Figure 2). As such a viable strategy to 
target mis-splicing would be to inhibit spliceosome assembly or interfere with spliceo-
some function. This notion has been heavily explored in the search for anti-cancer drugs. 
For example, research has isolated numerous compounds with the ability to target the 
spliceosome subunit SF3B1 protein [72–74], abolishing its conformation rearrangement 
and subsequently resulting in the correction of mis-splicing and alleviation of the disease 
phenotype. 
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Figure 2. A schematic diagram simplifying the process of alternative splicing as well as depicting 
potential therapeutic strategies to mitigate mis-splicing. Briefly, the spliceosome, consisting of five 
crucial small nuclear ribonucleoproteins, as displayed in the figure, alongside other proteins cata-
lyzes the splicing of pre-mRNA. Through coordinating the use of splice sites, the retention or exclu-
sion of exons and any intron inclusion, alternative splicing results in the synthesis of multiple pro-
tein isoforms from one gene transcript (A). Aberrant alternative splicing has been shown to have a 
critical role in the pathogeneiss of numerous diseases, consequently the design and development of 
therapeutics able to mitigate mis-splicing has emerged as a popular area of research. Two emerged 
promising strategies that recently emerged revolve around the elucidation of compounds with the 
ability to obstruct the splicesome. These include searching for drugs with the ability to inhibit 
spliceosome assembly or the interference of spliceosome function, as can be seen in (B,C). Moreover, 
the use of oligonucelotides as therapeutics, including spliceosome-mediated RNA trans-splicing 
(SMaRT) technologies, antisense oligonucleotides (ASOs) and bifunctional oligonucleotides, has at-
tracted significant attention due to their ability to be designed to bind to a complementary sequence 
and trigger either the activation or inhibition of splicing events by sterically blocking or recruiting 
effectors to promote splicing (D). Similarly designing therapeutic strategies to restore the natural 
balance of splicing factors or generated spliced isoforms has shown great promise to reverse the  
disease phenotype and is therefore another encouraging therapeutic avenue to target mis-splicing 
(E). 
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Alternatively, mis-splicing could be corrected through interfering with specific splice 
sites thus redirecting and restoring the splice site selection. With this purpose in mind, 
oligonucleotide-based therapies are currently being investigated. Oligonucleotides are 
synthetic antisense molecules that bind to a complementary sequence, oligonucleotide-
based therapies therefore involve the design of specific oligonucleotides capable of dis-
rupting mis-splicing through binding to the transcript and either activating or inhibiting 
splicing events by sterically blocking or recruiting effectors to promote splicing. Inhibition 
of a splice site, for example, has great potential to modulate alternative splicing patterns 
and restore a range of disease phenotypes as it can be used to target splice sites created by 
a genetic mutation such as allowing for the restoration of a mRNA reading frame though 
coordinating the skipping of an exon that codes for a premature stop codon. Furthermore, 
exon skipping could also be used to coordinate the downregulation of a protein, thus al-
lowing for the directed targeting of pathological isoforms. Due to their potential and thus 
popularity amongst researchers, a range of oligonucleotide-based therapies have been de-
veloped and extensively reviewed, including spliceosome-mediated RNA trans-splicing 
(SMaRT) technologies [75], antisense oligonucleotides (ASOs) [76] and bifunctional oligo-
nucleotides [77] to name a few. Oligonucleotides therefore have great potential as thera-
peutics for a range of diseases through directly targeting specific splice sites. 

Moreover, restoring the balance of splicing factors, through viral reintroduction for 
example, would provide an additional strategy to manage aberrant alternative splicing. 
Many pathologies, including vascular diseases, have been characterized by a downregu-
lation of specific splicing factors. For example, as mentioned earlier, the downregulation 
of splicing factor hnRNPM in diabetic individuals contributes to the onset of endotheli-
opathy, so its reintroduction would therefore ab e aviable solution to correct the subse-
quent mis-splicing of the QKI gene and alleviate the associated disease phenotype. Simi-
larly blocking the action of specific generated spliced isoforms is another attractive 
method to alleviate associated dysfunction. Isoform specific RNA interference, as de-
scribed in [78], could therefore also have great promise to alter ratios of alternatively 
spliced isoforms. In the same manner, targeting QKI-7 expression or function directly, as 
previously shown in [71], was also able to restore endothelial dysfunction and greatly 
recover reperfusion and blood flow following the introduction of hindlimb ischemia in 
diabetic mice. 

Due to the high association of alternative splicing within disease states, it is undeni-
able that the correction of abnormal splicing holds great potential for future therapeutics. 
With the poor treatment strategies available for cardiovascular disease, including individ-
uals with diabetic vasculopathy, this is therefore an exciting avenue of research. First, 
however, exploration of alternative splicing mechanisms in health and how its subsequent 
dysregulation results in disease states is needed to elucidate novel strategies. In the mean-
time, until the role of alternative splicing in cardiovascular disease has been fully evalu-
ated, alternatively spliced variants could serve as important biomarkers. For example, an 
investigation earlier this year focused on stable and unstable coronary artery disease un-
covered a significant difference in the expression of long and short RECK alternatively 
spliced variants [79]. Although further research is required to fully explore the pathogenic 
mechanism of RECK splicing in plaque vulnerability, the RECK splice variants in the 
meantime could nevertheless act as promising biomarkers to monitor atherosclerosis. 

5. Conclusions 
With the ever-increasing prevalence of diabetes, and the associated vascular dysfunc-

tion, a search for an effective treatment strategy is paramount. Due to the evident role of 
alternative splicing in controlling gene expression and therefore the manipulation of cel-
lular phenotype it is an attractive area of research to study physiological states. Recently 
studies have started to explore the role of alternative splicing within the vasculature and 
thus its role in distinguishing between health and disease. In particular, a clear association 
between diabetic vascular dysfunction and aberrant alternative splicing has emerged. 
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Moreover, data indicate that the restoration of typical splicing in such scenarios can alle-
viate the linked vascular defects. This therefore highlights a new avenue of therapeutic 
strategies to combat a highly prevalent but poorly understood disease. Popular therapeu-
tic strategies currently revolve around the counteraction of mis-splicing events through 
targeting the spliceosome, the use of complimentary oligonucleotide sequences, or the 
restoration of splicing factors or generated spliced isoforms. Data, however, have also 
emerged indicating that alternatively spliced isoforms could serve as effective biomarkers 
of disease states and progression. Nevertheless, research is still greatly needed to fully 
understand the role of alternative splicing within vascular health and simultaneously vas-
culopathies. This elucidation would not only allow for a greater comprehension of disease 
pathogenesis but also highlight avenues for the development of novel therapeutic ap-
proaches. 
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