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Introduction 
Diabeticcystopathy(DCP)isoneofthemostcommoncomplications 

in diabetes mellitus, affecting over 25% of diabeticpatients [1,2]. 
The main symptoms of DCP are under-activity of thedetrusor 
muscle and increased post-voiding residual volume, 
whichwouldinducesevereurinarytractinfection,vesico-
ureterreflux,hydronephrosis, and even uremia and renal failure [3,4]. 
PreviousstudieshaveshownthatinterstitialcellsofCajal(ICCs)inthedetr
usorhave pace-making ability, which is responsible for contraction 
of thedetrusor [5,6]. ICCs are involved in signal transmission 
betweensmoothmusclebundles,fromefferentnervestosmoothmuscles,
andfromtheurotheliumtoafferentnerves[7,8].Theunderactivityof DCP 
has the disturbance of spontaneous contractility, caused byreduced 
suburothelial ICCs in DCP patients [9,10]. ICCs in 
culturedbladdertissuewithhighglucosemediumwerefoundtoexhibitpo
orlyself-excited(poor self-
excitation),reducedconnectionswithdetrusorcellsandnerve terminals 
(nerve endings), and expressed less c-KIT mRNA and protein 
thancontrol cells [11]. The c-KIT protein is a specific marker on the 
cellmembrane of ICCs, which is encoded by the c-KIT proto-
oncogene[12,13]. Activation of the c-KIT gene can modulate cell 
growth,differentiation, and phenotype, while mutation of c-KIT 
leads toICCs absent (absence) [14,15]. The stem cell leukemia gene 
(SCL) is a tissue-specifictranscriptionfactorofthebasichelix-loop-
helixfamily,functionsinhematopoieticdevelopment,isnormallyexpres
sedin pluripotent hematopoietic precursors, and is downregulated 
inmaturing cells [16,17]. SCL induces c-KIT expression in 
chromatin.For example, ectopic SCL expression in transgenic mice 
sustainsc-KITtranscriptionindevelopingB-

lymphocytes,inwhichbothgenesarenormallydownregulated[18].Increa
sedSCLexpression 
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Abstract 

Diabetic cystopathy, a complication of diabetes affecting the 
bladder,is mainly characterized as reduced contractility of the detrusor 
andincreased post-voiding residual volume, which is induced by the 
reductionin numberof the interstitial cells of Cajal. The c-KIT protein is a 
specific marker of theinterstitialcellsofCajalandtheproductofac-KITproto-
oncogene.Theinterstitial cells of Cajal in high glucose medium express 
less c-KIT mRNAand protein. SCL gene, serves to assemble SCL 
complexes on the c-KITpromoter, sustaining c-KIT transcription. Proper 
transduction of exogenousSCL genetic material, increases c-KIT 
expression and leads to synthesis ofthefunctionalSCL 
protein.Intravesical,lentiviralvector-mediatedgenetransfer has been shown 
efficacious and safe. Therefore, proper intravesicaltransfer of RNA encoding 
SCL to the interstitial cells of Cajal may enhancec-
KITtranscriptionandactivityintheinterstitialcellsofCajalofdiabeticbladder



 

 

upregulatesc-KITgeneexpressioninnormalbonemarrowcells.Thisc-
KITregulationinvolvesproperactivationofthec-KITpromoterby the 
SCL protein, which coordinates SCL complex binding on 
thepromoter sequence to activate c-KIT transcription [19]. Elefanty 
etal. successfully introduced SCL into mutant mice (SCL lacZ/w) 
anddemonstrated that functional SCL protein was synthesized [20]. 
Forthetransferofgeneticmaterialtotargettissue,theuseofintravesicalle
ntiviral vector-mediated gene delivery to bladder cells has 
beenshown to be efficacious(Effective ) and safe for the treatment 
of bladder cancers[21]. Taken together, increased SCL expression 
in DCP patients 
mayinitiateacascadeofevents,resultinginincreasedc-
KITactivity,thusleadingtotherescueofbladderfunction. 

TheHypotheses 
Giventheresultsofpreviousstudies,wehypothesizethatintravesica

l SCL gene transfer by viral vectors, such as the lentiviralvector, 
has high potential to promote c-KIT gene expression in ICCsand 
relieve bladder under-activity in DCP patients. During 
infectionofICCs,theviralvectorcarryingtheSCLRNAistransducedint

otheICCs,reverse-transcribedintodouble-strandedDNA(dsDNA)in 
the cytoplasm, and transported into the nucleus to stably integrate 
(and integrated in a stable manner)into the ICC genome. In DCP 
patients, the exogenous SCL may beexpressed, and SCL protein may 
be synthesized in ICCs. Because DCPcauses downregulation of the c-
KIT gene, newly produced SCL mayactivate and sustain c-KIT 
transcription by binding the promoter.These reactions may 
enhance/sustain c-KIT gene transcription andprotein synthesis in 
DCP patients; therefore, bladder under-activitymayberelieved. 

Discussion 
DCP-relatedalterationsofthedetrusorareattributedtoseveral 

mechanisms: changes in cellular excitability or 
intercellularcommunication;changesinreceptordensity,distribution,an
dfunction;alterationstointracellularsignaltransduction;andmolecular 
or genetic changes [7,8]. All of these mechanisms 
areinducedbyabnormalitiesinICCsinthebladder[22,23].Atthe 

 
 

 



 

 

 

 

 

molecular level, c-KIT, which is a transmembrane receptor on 
theICC cell membrane, is responsible for these abnormalities. 
Undernormal conditions, the stem cell factor (SCF) activates its 
receptor(c-KIT), and this triggers the activation of MAP kinase and 
conductsthesignaltothecellnucleustomodulatecellgrowth,differentiati
on,andphenotype[24].ICCsanddetrusorsmoothmusclecellsoriginatefr
omthesamecelltype,whichareembryonic,c-KIT-positive, 
mesenchymal precursor cells. At the late embryo stage, 
themesenchymal precursor cells receiving the c-KIT signal 
differentiateinto ICCs, while precursor cells receiving no c-KIT 
signal 
becomesmoothmusclecells[15].Mutationofthedominantwhitespotting 

(W) locus in chromatin, where c-KIT has been mapped in 
embryonicprecursor cells, leads to ICCs absent (absence) in the 
mouse [25]. In fact, thec-KIT protein is a detection marker, and it 
plays a crucial role in thecontrol of bladder function. The inhibition 
of c-KIT receptor inducesATP-
K+channelopeningandcellmembranehyper-polarizationin ICCs; 
concomitantly, decreased excitability and contractility ofthe bladder 
have been detected, which implies that c-KIT 
proteininhibitioninICCsdecreasesbladderactivity[26,27]. 

SCL is a crucial regulator of diverse developmental 
processes,such as hematopoiesis, neurogenesis, and myogenesis 
[28]. SCL isrequired for c-KIT expression and function in the 
hemopoietic cellline and has been shown to induce c-KIT 
transcription in chromatin.In a functional screen of TF-1 cells 
expressing antisense SCL 20,c-
KITreceptorfunctionandexpressionweredefective.However,co-
deliveryofSCLinthesenseorientationrescuedc-
KITgeneexpression,whichsuggeststhatthelatterisapotentialdownstrea
mtargetofSCL[19]. Ectopic SCL expression in transgenic mice 
induces sustainedc-
KITtranscriptionindevelopingBcells.SCLlevelsdeterminec-KIT gene 
expression in hematopoietic cells, and c-KIT expressionis directly 
controlled by SCL. In fact, SCL serves to nucleate theassembly of a 
multi-protein complex (SCL complex) formed on thec-KIT promoter, 
which contains SCL, Lim-only 2, GATA-1/GATA-2,E2A, LIM 
domain binding protein 1, and specificity protein 1 (Sp1)zinc finger 
protein. The SCL complex activates the c-KIT promoter;specifically, 
SCL, E2A, and Sp1 have been shown to occupy the c-KITpromoter in 
vivo in TF-1 cells [16-18]. Therefore, c-KIT is a directtarget of the 
transcription factor SCL and its partners, and activationofthec-
KITpromoterdependsonSCL.Therefore,exogenouslyintroduced SCL 
genetic material may help cells sustain or enhancec-KITfunction. 

Kurita et al. showed that transduction of exogenous 
TAL1/SCLcDNA into embryonic stem cells using lentiviral vectors 
is 
efficientandsafe[29].Theviralvectorscandeliversignificantamountsof
geneticinformationintohostcellsandintegratethenewlysynthesized 
dsDNA into the cellular genome successfully and safely[30,31]. 
Accordingly, genetically engineered viral vectors, such aslentivirus 
from the retrovirus family, are currently the most efficienttools of 
gene delivery. Viral vectors contain a viral promoter, whichis used 
to control the expression of the transgene,and(while) 
virulencegenesareremoved.Viralvectorsaresafetouseinthelaboratory

withsecurity modifications to eliminate pathogenicity [32]. Viral 
vectors,e.g.,thelentiviralvector,cantransduceawiderangeofdividingand 
non-dividing mammalian cell types [33,34]. Thus, it is possiblethat a 
lentiviral vector harboring SCL RNA can transduce ICCs 
intothemammalianbladder.Uponinfection,thesingle-strandedRNA 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

istransducedintotheICCsandreverse-transcribedtodsDNAinthe 
cytoplasm; then the resulting dsDNA would integrate into 
thegenome of the ICCs (Figure 1A). In DCP patients, 
exogenouslyintroduced SCL may be expressed, SCL protein may 
be synthesized,and the SCL complex would assemble in the ICCs. 
In DCP patientswithdownregulatedc-
KITtranscription,theassembledSCLcomplexmay bind the promoter 
to enhance or sustain c-KIT transcription.Thus, ICC function may 
be restored, and bladder under-activity mayberelieved(Figure1B). 

In fact, intravesical viral gene transfer has been applied to 
treatbladder cancer, and the procedure was well tolerated; the 
bladderurothelium appears to prevent systemic dissemination of the 
viralparticles [21]. Lentivirus is the commonly used vector for 
theseprocedures. Lu et al. successfully applied lentivirus-mediated 
RNAinterference to knockdown clusterin in bladder cancer cells at 
theRNAandproteinlevels[35]. 

Someurologistsmaysuspecttheintravesicalapplicationoflentivira
lparticlesmightcausesomeconcernforlocal/systemicimmunogenicres
ponses,andthereisapossibilityofpoorviralvector permeability 
through the watertight barrier formed by theurothelium. A previous 
study in Taiwan developed an intravesicalinstillation of an in situ 
biodegradable hydrogel system (15% hydrogel)containing a lentiviral 
vector harboring WWOX, a rat bladder 
tumorsuppressorgene,totreatbladdercancer.Thehydrogelsystemsho
wedpromiseforinsitudeliveryoflentiviralvectorstobladdersand 

 



 

 

 

demonstrated gene expression for bladder disease therapy 
withoutlocal/systemic immunogenic responses [36]. Another 
research usinglentiviral vector-mediated antisense oligonucleotides 
targeting heatshock protein-27 with the tubulin inhibitor, taltobulin 
(HTI-286),discovered that strong preclinical proof-of-principle for 
intravesicaladministration of oligonucleotides in combination with 
HTI-286 forthetreatmentofhigh-gradebladdercancer[37]. 

Takentogether,lentivirus-mediatedgenedeliverytobladdercellsis a 
safe and promising way to treat underactivity of DCP by SCL 
geneenhancing c-KIT gene expression to rescue the bladder function, 
sotransfectionofDNAviaanintravesicalrouteusingaviralvectorisa new 
strategy of transgene expression for bladder disease 
therapy.Therefore, we proposed other researchers to explore this 
treatmentstrategy in detail, not only for diabetic cystopathy but also 
for otherclinical problems, which can ameliorate the quality of life 
of ourpatients,andseemsthereforevaluable. 
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