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Rbfox2 fetal isoform overexpression drives massive transcriptome 
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A. MyotonicDystrophytype 1 (DM1) is the secondmostcommoncauseof musculardystrophyandthe mostcommon
causeof adult onset musculardystrophywith hyperexcitability(myotonia), progressivemusclewastingand cardiac
arrhythmia. B. TheabnormalexpandedCTGrepeaton the 3Ω¦¢wregionof DM protein kinase(DMPK) geneaccounts
for DM1 pathologies. This pathogenic trinucleotide repeat causes enormous dysregulation of RNA binding
proteins(RBPs),including MBNL sequestration and CELFupregulation. In my project, I focus on DM1 disease
symptomsand molecularpathologieson heart. C. Dr. YŀƭǎƻǘǊŀΩǎlab has found that mastersplicingfactor Rbfox2 is
overexpressedand mis-splicedin DM1 patient heart tissues. Most DM1 heart samplesshowthe abnormalswitchof
Rbfox2 mRNAandprotein from 43 adult isoformto 40 fetal isoform. D. QuantificationshowingDM1 patientsexhibita
selectiveupregulationof the Rbfox2 non-musclefetal isoform(Rbfox2 40) in heart.
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RNA Foci & MBNL Sequestration

CELF 1 Upregulation 

ÅAnalyze the roles of selective overexpression of Rbfox2 fetal isoform in DM1 on

RNA splicing defects of cardiac conduction pathway genes using mice model

ÅCompare the splicing misregulation of cardiac conduction genes with human

DM1 heart tissues

ÅExamine the impacts of abnormal splicing switch of Rbfox2 on splicing defects of

cardiac conduction genes which can lead to cardiac arrhythmia observed in DM1
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A. Schematicrepresentationof generatingTRE-Rbfox2; MHCrtTAtransgenicmouse. Thismousemodelisbuilt to study
the effect of Rbfox2 dysregulationsinceRbfox2 fetal isoform(Rbfox2 40) is overexpressedin DM1 patients. Rbfox2 40
isoformisspecificallyoverexpressedin this mouseheart. B. Schematicrepresentationof usingCRISPR/Cas9 technique
to generatetransgenicmousewhich only producesRbfox2 40 isoform. Thismousemodel is built to study the sole
effect of Rbfox2 isoform switch in DM1 when the overallRbfox2 expressionlevel remains unaffected. C .Schematic
representationof primer designfor splicingassay. Primersbind the upstream and downstreamconstant regions
flankingthe alternativesplicedregion(s).
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A. Overlapof geneexpressionand alternativelysplicingchangesupon Rbfox2 40 overexpressionin cardiomyocytes. 2311 genesare
differentiallyexpressed,1366genesare alternativelyspliced,and368genesare both differentiallyexpressedandalternativelyspliced.
B. Geneontology(GO)analysisof mRNAswith both splicingand abundancechangesupon Rbfox2 40 overexpression. Many genesare
involved in ion channelregulations. C. GOanalysisof upregulated,downregulatedand alternatively splicedgenesupon Rbfox2 40
overexpression. A biggroupof genesis in regulationof cardiacconductionpathway.
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Representativegel imagesof mis-splicingeventscausedby Rbfox2 40 isoformupregulationin MHCrtTAandTRE-Rbfox2 40 micehearts
and cardiacmyocytes, after 72hrs 0.5g/kg Dox induction. These9 genesmis-spliceddue to Rbfox2 40 overexpressionare involvedin
cardiacconductionpathway. Amongthese genes,Atp2b, Cacna21, Kcnd3, Slc9a8, and Scn5a directly code for ion channels. Tnnt2,
Camk2d, Ank2, and Cttn are coding for structural or regulatoryproteins responsiblefor normal musclefunction in responseto ion
levels. Shownbelow eachgel is a graph quantifying the mean percentageof alternative exon inclusion(percent splicedin, PSI)in
MHCrtTAcontrol (blackbars)andTRE-Rbfox2 40 (greybars)heartsusingunpairedt test with equalSD. ErrorbarsrepresentSEM; n = 3
for wholeheartandn = 2 for cardiomyocyte. (*) P<0.05; (**) P< 0.01; (***) P<0.001.

A. Rbfox2 protein level is normal in CRISPRRbfox2 40 mouseline in which Rbfox2 43bp exon is removed via
CRISPR/Cas9 technique. B. Transgenicmiceexpressonly Rbfox2 40 isoform in heart and musclecells,indicatingthe
successgenerationof mice expressingonly Rbfox2 fetal isoform. C. Representativegel imagesof splicingeventsin
CRISPRRbfox2 40micehearts. Not all genesexhibitmis-splicingupondeletionof Rbfox2 adult isoform. Shownbelow
the gel is a graphquantifyingthe meanpercentageof alternativeexoninclusion(percentsplicedin, PSI)in wild-type
(WT; blackbars)and CRIPSRRbfox2 40 (greybars)heartsusingunpairedt test with equalSD. Errorbarsrepresent
SEM; n = 3. (*) P<0.05; (**) P< 0.01; (***) P<0.001.
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ÅDM1 patient heartdemonstratesRbfox2 overexpressionandisoformswitchfrom adult
isoformto fetal isoform.
ÅMice which have Rbfox2 fetal isoform overexpression show transcriptome

alternations,includinggenesrelatedto ion channelsandcardiacconductionpathways.
ÅGenes mis-spliced due to Rbfox2 fetal isoform overexpression in mice model also mis-

regulated in human DM1 patients.
ÅDeletion of Rbfox2 adult isoform may cause mis-splicing of some genes, indicating 

Rbfox2 overexpression and isoform switch both are responsible for mRNA 
misregulationin DM.
ÅRbfox2 fetal isoform overexpression may explain the arrhythmogenic and conduction 

defects seen in DM1 human patients. 
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Representativegel imagesof mis-splicingevents in human DM1 patient hearts. Camk2d, Ank2, Slc9a8, Tnnt2 and Kcnd3 havebeen
shownto establishabnormalsplicingactivitiesin MHCrtTAandTRE-Rbfox2 40 micehearts. Thisexperimentconfirmsthat the effectsof
Rbfox2 fetal isoform overexpressionfound in transgenicmice are common in DM1 patients. Shownbelow the gel is the mean
percentageof alternativeexoninclusion(percentsplicedin, PSI)in non-DM1 (blackbars)andDM1 (greybars)humanheart tissues.
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