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Supplemental Information 

Supplemental Figure and Table Legends 

 

Figure S1: Related to Figure 1. Statistical significance of RBFOX2 binding clusters in transcripts mis-spliced in diabetic 

hearts. Statistical significance of RBFOX2 binding clusters was calculated by comparing transcripts mis-spliced in diabetes to 

RBFOX2 binding clusters present in control transcripts, which have similar expression levels but do not display significant AS 

changes in diabetic hearts. Significance was plotted as –log10(p-value) based on exclusion or inclusion of the alternative exon and 

RBFOX2 binding location relative to the alternative exon. 

 

 
Figure S2: Related to Figure 2B. AS analysis of Fxr1 exon 15+16, Mef2a exon 9, and Pbx3 exon 7 in hypertensive, obese and 

obese-hypertensive mouse models. Data are represented as mean ± SD. Statistical significance was calculated using using one-way 

ANOVA to compare four different groups (n=3). P-values with significant changes were represented as ** < 0.01.  

 



 

  



Figure S3: Related to Figure 5D. The effect of WT RBFOX2 overexpression on exon inclusion of Fxr1. AS of Fxr1 exon 15+16 

in H9c2 cells expressing increasing levels of RBFOX2WT-GFP was determined by qRT-PCR. The amount of DNA transfected per 

sample was equalized using empty vector DNA. Quantifications were performed using samples from at least four independent 

experiments (n≥4). Data represent the means ± SE. Statistical significance was calculated using one-way ANOVA. P-values are 

indicated as **** < 0.001 compared to the controls. 

  

Figure S4: Related to Figure 5. Increased RBFOX2 protein levels during H9c2 cardiac differentiation induces upregulation of 

dominant negative Rbfox2 expression. A) RBFOX2 protein levels in undifferentiated (Undiff) or differentiated (Diff) H9c2 cells 

were analyzed by WB using an RBFOX2 Ab. cTNT protein levels were determined by WB as a marker for cardiomyocyte 

differentiation. Ponceau S staining was used to assess even protein loading. B) DN Rbfox2 mRNA expression in undifferentiated 

(Undiff) or differentiated (Diff) H9c2 cells using qRT-PCR and quantified using samples from three independent experiments (n≥4). 

Data represent the means ± SD. Statistical significance was calculated using the unpaired t-test for two groups. P-values are indicated 

as ** < 0.01. 

  



Supplemental Experimental Procedures 

Animal Experiments: 

 To induce Type 1 diabetes (T1D), C57BL6 male mice (Jackson laboratories C57BL6J) were injected with 60 mg/kg of 

streptozotocin (STZ) daily for five consecutive days. Citrate buffer injected mice were used as controls. Fasting blood glucose levels 

were determined weekly after STZ injection using tail vein blood with a OneTouch® glucometer. Mice were sacrificed after 

hyperglycemia induction; the left ventricles (LVs) were isolated for protein and RNA extraction. 

As a genetic autoimmune model of T1D, we used non-obese diabetic (NOD) female mice (Jackson laboratories 

NOD/ShiLtJ). NOD female mice spontaneously develop hyperglycemia and T1D between 12 and 30 weeks of age. Mice fasting blood 

glucose levels were determined weekly and mice with hyperglycemia greater than 400mg/dL for at least 3 weeks were sacrificed and 

included in the study. 

Obese (ob/ob) mice were purchased from Jackson labs (B6.V-Lepob/J, stock # 000664). The weight of the obese mice ranged 

between 43-54 grams vs 20-30 grams for control mice. To generate hypertensive mice, C57BL/6 or ob/ob mice (10 weeks old) were 

infused with angiotensin II (AngII) for 21 days at a dose of 2,500 ng/kg/min. After 7 days of AngII infusion, the mean intra-arterial 

blood pressure was 145 ± 13 mmHg vs 109 ± 8 mmHg in controls (Tieu et al., 2009). Mice were sacrificed after 21 days of AngII or 

vehicle infusion. The LVs were removed and used for RNA extraction. 

Chagasic cardiomyopathy was induced in C57BL/6 mice by intraperitoneal injection of the protozoan T. cruzi (SylvioX10/4 

strain, 10,000 trypomastigotes/mouse). Mock injection was used as a negative control. Mice were sacrificed at 8 months of age with 

chronic cardiomyopathy and heart failure (Gupta et al., 2015). LVs were isolated and processed for RNA extraction. 

All animal experiments were conducted in accordance with the NIH Guidelines and approved by the University of Texas 

Medical Branch Institutional Animal Care and Use Committee (Protocol # 1101001). 

RNA extraction: 

TRIzol (Invitrogen 15596-018) was used for RNA extraction from cells, as well as mouse and human hearts according to the 

manufacturer’s protocol. RNA concentration was determined using the EPOCH Microplate Spectrophotometer (BioTek) and RNA 

quality was determined using an Agilent bioanalyzer at the University of Texas Medical Branch (UTMB) Next-Generation 

Sequencing Core facility. 

Cell Culture, differentiation, and transfections: 

Embryonic rat heart-derived H9c2 cells (ATCC) were maintained in Dulbecco’s modified Eagle’s medium (DMEM, ATCC) 

supplemented with 10% fetal bovine serum (FBS, ATCC) and 1% penicillin-streptomycin (Invitrogen) at 37°C in a 5% CO2 

humidified incubator. Differentiation of H9c2 cells into cardiomyocyte-like cells was performed under low serum (1% FBS) 

conditions via daily treatments with 1µM all-trans-retinoic acid (RA) for 7 days as described previously (Verma et al., 2013). As 

undifferentiated controls, cells were mock treated (DMSO) for 24 hours. 



H9c2 cells were transfected with 50nM of either Rbfox2 specific siRNA (Invitrogen siRNA ID# s96620) or scrambled siRNA 

(Invitrogen AM4611) as a negative control using the Neon Nucleofection system (Invitrogen) as described previously (Verma et al., 

2013). After nucleofection, transfected cells (2.0 x 105) were seeded into 6-well plates and harvested 48 hours later. H9c2 cells (3.0 x 

106) were transfected with 2ug of either scrambled control plasmid (OriGene TF30015) or Rbfox2 specific shRNA plasmid (OriGene 

TF703983) using the Neon Nucleofection system (Invitrogen). 24 hours post-transfection, shRNA expressing cells were selected for 4 

days using DMEM media containing 10% FBS and 1.5 ug/mL Puromycin (Sigma P9620). H9c2 cells were transfected with FLAG-

tagged WT, DN, RNA binding deficient mutant RBFOX2, or GFP-tagged WT RBFOX2 using nucleofection. Transfected cells (2.0 x 

105) were plated in 6-well plates and harvested after 48 hours. 

COS M6 cells were cultured and maintained in Dulbecco’s modified Eagle’s medium (DMEM, Gibco) containing 10% fetal 

bovine serum (FBS), 1% penicillin-streptomycin, and 1% L-Glutamine (Gibco). COS M6 (2.0 x 105) cells were transfected with 

FLAG-tagged WT, DN, or RNA binding deficient mutant RBFOX2 using Fugene 6 (Promega E2691) according to the manufacturer’s 

protocol. 

Human prenatal primary cardiomyocytes were obtained from DV Biologics (PC008-F) and maintained in Cardiomyocyte 

Cellutions Maintenance Medium (DV Biologics C-MAIN-001-500) supplemented with 1 ng/mL Transforming Growth Factor-β1 

(Sigma H8541-5UG). Cardiomyocytes were cultured in collagen I (Sigma C9791-50MG) treated 6-well plates and coverslips. 

Cardiomyocytes were infected with 109 genome copies/cell of AAV9-CMV-Null or AAV9-CMV-DN RBFOX2 (Vector Biolabs). 

AAV infected cardiomyocytes were maintained in culture for at least 9 days before analysis or harvest.  

Quantitative RT-PCR: 

For quantitative RT-PCR (qRT-PCR), 1µg of total RNA was incubated with 125ng of oligo d(T) primer at 65°C for 10 

minutes followed by cDNA synthesis using AMV reverse transcriptase (15 units/µg, Life Biosciences) and 10uM dNTPs in a 20µL 

reaction at 42°C for one hour. Gene-specific PCR primers specific for mouse, rat, and human were designed to detect 

inclusion/exclusion of MTMR3 exon 16, FXR1 exon 15+16, MEF2A exon 9, PBX3 exon 7, and RBFOX2 exon 6. PCR was performed 

using 5µl of cDNA, 25µM dNTPs, 100ng of each gene specific forward and reverse primer and Biolase Taq polymerase (Bioline) in a 

20µL reaction. PCR conditions for each reaction were: 94°C, 45 sec; 59°C, 45 sec; 72°C, 1 min for 25 cycles. PCR products were 

resolved on 5% non-denaturing polyacrylamide gels and stained with ethidium bromide. The DNA bands were imaged using a Biorad 

XR Imaging system and quantified using Carestream Molecular Imaging software as we described previously (Verma et al., 2013). 

Western blot  

For WB analysis, proteins were extracted in lysis buffer (10mM HEPES-KOH, pH7.5, 0.32 M Sucrose, 5uM MG132, 5mM 

EDTA, 1.0% SDS, and proteinase inhibitor cocktail from Roche) from cells, mouse hearts, and human hearts using a glass Dounce 

homogenizer. DNA was sheared via sonication (6 pulses). Protein concentrations were determined using the Bicinchoninic acid assay 

(BCA, Sigma BCA1-1KT). 30-50µg of protein/sample was separated on 10% or 4-15% SDS-PAGE gels and transferred to a PVDF 



membrane (Immobilon-P, Millipore IPVH00010). Protein loading was assessed after Ponceau S (Sigma P7170-1L) staining of 

membranes or by GAPDH/ α-TUBULIN WB. Membranes were blocked with 5% dry fat-free milk solution in PBS containing 0.1% 

Tween 20 for 1 hour and incubated with the indicated primary Abs at 4°C. Membranes were washed with PBS containing 0.1% 

Tween 20 three times 15-minute intervals and incubated with HRP-conjugated secondary Abs for 2 hours. The primary antibodies 

used for this study are as follows: anti-RBFOX2 (1:1000, Abcam ab57154), anti-cTNT (1:5000, Abcam ab10214), anti-TALIN2 

(1:1000, Abcam ab105458), anti-GAPDH (1:10000, Abcam ab9484), anti-FLAG HRP (1:5000, Sigma A8595), anti-GFP HRP (1:500, 

Santa Cruz Biotechnology sc9996) and anti-α-TUBULIN (1:10000, Sigma T6074). For WB analysis using mouse protein lysates, light 

chain-specific anti-mouse IgG-HRP (1:5000; Jackson Immuno Research Laboratories Inc. 115-035-174) was used as a secondary Ab 

to avoid detection of heavy chain IgG, which is in the similar molecular weight range as RBFOX2. Immobilon Western 

chemiluminescent (Millipore WBKLS0500) or SuperSignal West Femto Chemiluminescent (Pierce 34096) HRP substrate was used to 

detect HRP signal by exposure to X-ray film (GeneMate, Bioexpress F-9024-8x10). For quantitative WB, protein levels were imaged 

and quantified using the Carestream Molecular Imaging software. 

Primer sequences used for qRT-PCR.  

Primer information used for qRT-PCR are summarized in the table as follows: gene name (column 1), species (column 2), 

ensembl gene ID of the gene (column 3), gene region used to design the primer (column 4), actual forward and reverse primer 

sequences (columns 5 and 6). 

  



 

Primer sequences used for qRT-PCR 
Gene Name Species Gene ID Analysis Target Forward Primer  

(5’ to 3’) 
Reverse Primer  
(5’ to 3’) 

Mtmr3 Mouse ENSMUSG00000
034354 

Exon 16 GTTGGCTACCTGACCA
CCTG 

CTCGACTGGGTTCAAA
GAGC 

Mtmr3 Rat ENSRNOG00000
007120 

Exon 16 GTTGGCTACCTGACCA
C 

CTCGACTGGGTTCAAA
GAGC 

MTMR3 Human ENSG000001003
30 

Exon 16 GTTGGCTTCCTGACCA
CCTG 

CTCGACTGGGTTCAAA
GAGC 

Fxr1 Mouse ENSRNOG00000
011938 

Exon 15+16 GATAATACAGAATCCG
ATCAG 

CTGAAGGACCATGCTC
TTCAATCAC 

Fxr1 Rat ENSRNOG00000
011938 

Exon 15+16 GATAATACAGAATCCG
ATCAG 

CTGAAGGACCATGCTC
TTCAATCAC 

FXR1 Human ENSG000001144
16 

Exon 15+16 GATAATACAGAATCCG
ATCAG 

CTGAAGGACCATGCTC
TTCAATCAC 

Mef2a Mouse ENSMUSG00000
030557 

Exon 9 CGAGTTGTCATTCCCCC
ATCAAGC 

GTGTTGTAGGCTGTCG
GCATTG 

Mef2a Rat ENSRNOG00000
047756 

Exon 9 CGAGTTGTCATTCCCCC
ATCAAGC 

GTGTTGTAGGCTGTCG
GCATTG 

MEF2A Human ENSG000000683
05 

Exon 9 CCAGGTGGTGGTAATC
TTGG 

AAGCTTGGGGTTGTCA
CAGA 

Pbx3 Mouse ENSMUSG00000
038718 

Exon 7 TCGGCAAATTTCAAGA
GGAG 

GCCTCCCGTCTGATTG
ATAA 

Pbx3 Rat ENSRNOG00000
022162 

Exon 7 TCGGCAAATTTCAAGA
GGAG 

GCCTCCCGTCTGATTG
ATAA 

PBX3 Human ENSG000001670
81 

Exon 7 GTAGCAGCAGCTGTGC
AGAA 

GAATTTCCTCCAAGGC
CATC 

Rbfox2 Mouse ENSMUSG00000
033565 

Exon 6 GGCAAAATCCTAGATG
TGGAA 

GCATATGGCGTGACCA
TCTT 

Rbfox2 Mouse ENSMUSG00000
033565 

All transcripts GGAAGTTAAGCCCAGT
AGTTGG 

CCTCCTCTTCCTGACAA
GGGC 

Rbfox2 Rat ENSRNOG00000
004688 

Exon 6 GGCAAAATCCTAGATG
TGGAA 

GCATATGGCGTGACCA
TCTT 

Rbfox2 Rat ENSRNOG00000
004688 

Exon 5+6 ACGCCCAAGCGACTAC
AT 

GTCATGACCCGTGCGG
TAG 

RBFOX2 Human ENSG000001003
20 

Exon 6 CAGTTTGGCAAAATCC
TAGATG 

GGTGTGACCATCTTCTT
ATTGG 

RBFOX2 Human ENSG000001003
20 

All transcripts GGAAGTTAAGCCCAGT
AGTTGG 

TGGATGCTGCATATAA
CTCAGG 

Gapdh Mouse ENSMUSG00000
057666 

All transcripts TGTGTCCGTCGTGGAT
CTGA 

CCTGCTTCACCACCTTC
TTGA 

GAPDH Human ENSG000001116
40 

All transcripts TGGAGTCTACTGGCGT
CTT 

TGTCATATTTCTCGTGG
TTCA 

Mbnl2 Rat ENSRNOG00000
010737 

Exon 8 CTCCCGGTGCTCTTCAC
C 

CTTGGCATTCCATTCCA
TTT 

 
	  


