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SUPPLEMENTARY MATERIALS AND METHODS  

 

Assessment of cell viability and AONs toxicity  

Viability of cells upon experimental manipulation and dosing with AONs was performed using CellToxTM 

Green Cytotoxicity Assay (Promega) per manufacturer’s recommended protocol. Assay was performed in 

non-DM1 fibroblasts 48h post transfection with 75 nM of distinct AONs targeting the same core sequence 

within e5, but differing in backbone chemistries (Supplementary Figure S3C). 

  



 

SUPPLEMENTARY FIGURES 

 

 

Supplementary Figure S1.  



 

Supplementary Figure S1.  

Graphical output of exonic splicing enhancer (ESE) analyses within DMPK e5, e9 and e15. The 

analyzed exonic sequence is reproduced along the X-axis. Putative binding sites for distinct 

serine/arginine-rich proteins (SRSF) are represented by bars. The height of the bars represents the motif 

scores, and the width of the bars indicates the length of the motif (6, 7 or 8 nucleotides). Different  

SRSF protein high-scores are color-coded as illustrated in the legend. Approximate AON binding sites 

within targeted exons are represented as horizontal lines indicated in the legend. 

  



 

 

Supplementary Figure S2.  

AONs complementary to sequences within DMPK e5, e9 and e15 induce efficient skipping of 

targeted exons in non-DM1 and DM1 fibroblasts. (A) Schematic representation of AON binding sites 

within e5 and representative RT-PCR gel showing e5 skipping in DM1-2000CUG fibroblasts transfected 



 

with 125 nM of indicated AONs. e5 (%) indicates percent e5 spliced out. (B) Representative RT-PCR 

analysis of e5 skipping in non-DM1 (top) vs DM1-2000CUG fibroblasts (bottom) transfected with indicated 

amounts of AON-4 targeting e5, or control scrambled sequence AON (scr-1). (C) Quantitation of e5 

skipping efficiency in non-DM1 vs DM1-1000CUG fibroblasts transfected with increasing amounts of 

indicated AONs. (D) Representative RT-PCR analyses of AON-6-induced e9 skipping in control (top) and 

DM1 fibroblasts (bottom). PCR amplicons are indicated and e9 (%) refers to the percentage of e9 

spliced out. (E) Quantitation of results shown in (D). (F) RT-PCR-based quantitation of e5 and e9 skipping 

in DM1 fibroblasts treated with AON-4 and AON-6 at the same time. (G) Representative RT-PCR gel 

image showing e15/CUG skipping in DM1-1000CUG fibroblasts dosed with indicated AONs. 

  



 

 

 

Supplementary Figure S3.  



 

Supplementary Figure S3.  

LNA-PS AONs targeting e5 and e15 induce weaker exon skipping compared to their 2'-Ome-PS 

equivalents. (A-B) Representative images of RT-PCR comparing e5 (A) and e15 (B) skipping in non- 

DM1 fibroblasts transfected with indicated amounts of 2’-Ome-PS (orange) or equivalent LNA-PS (blue) 

AONs targeting the same core sequences within DMPK e5 (A) or e15 (B). Scrambled AONs scr-1 and 

+scr-3 with appropriate chemical modifications were used as controls. DMPK splice isoforms and primer 

locations are indicated to the right of gel images. AON sequences are listed in Supplementary Table 1, 

and schematic of AON binding sites within targeted exon is shown in Supplementary Figure 1. (C) 

Quantitation of cell viability/cytotoxicity in non-DM1 fibroblasts treated with 75nM of e5 targeting AON-4. 

Chemical modifications are indicated. AON-4, AON-4’’ and +AON-4 target the same core sequence within 

e5. 

  



 

 

 

Supplementary Figure S4.  

AON-mediated exclusion of e5 and e9 fails to reduce DMPK mRNA. (A) RT-PCR-based 

quantitation of e5 or e9 skipping efficiency, e5-containing DMPK mRNA (+e5 DMPK mRNA), e9-

containing DMPK mRNA (+e9 DMPK mRNA) and total DMPK mRNA (3’UTR) in control non-DM1 

primary fibroblasts treated with indicated amounts of AONs directed at e5 (AON-4) and e9 (AON-6). 

Schematics of PCR amplicons are indicated. (B) RT-PCR quantitation of total DMPK mRNA (amplicon 

within 3’UTR) demonstrates lack of DMPK transcript reduction upon e9 skipping in control and 

indicated DM1 fibroblasts. DMPK expression is shown relative to GAPDH and increasing doses of 

AON e9 (AON-6) are indicated. (C) Whole-membrane scan of western blot analysis showing 

unaffected DMPK protein level in non-DM1 fibroblasts dosed with 75 nM of indicated AONs directed at 

e5 (AON-4) and e9 (AON-6). Low exposition (left) and high exposition (right) images of the same 

western blot analysis are shown to visualize protein ladder (M) and lack of detectable truncated protein 

isoforms. Three lanes indicate individual samples.  

  



 

 

 

Supplementary Figure S5.  



 

Supplementary Figure S5.  

Antisense gapmers complementary to DMPK intron 14 efficiently reduce DMPK RNA. (A) 

Schematic representation of distinct regions within DMPK intron 14 (i14) targeted by antisense gapmers 

Gap i14-1 and Gap i14-2. White boxes indicate exons, horizontal line indicates i14, approximate gapmer 

binding sites are depicted. (B) Representative RT-PCR gels (top) and quantitations (bottom) of total 

DMPK mRNA in unaffected (left panel) vs DM1-affected (right panel) human fibroblasts treated with 

indicated amounts of Gap i14-1 (left panel) and Gap i14-2 (right panel) for 3 ½ days. Gapmer dose 

increment is indicated with triangles. (C) qPCR (real-time PCR) – based quantitation of DMPK transcript 

level in non-DM1 (top) vs DM1-affected (bottom) human fibroblasts 72h after dosing the cells with 

indicated gapmer-AONs. Quantitation is based on analyses of two distinct amplicons across DMPK 

transcript: 3’UTR (left) or internal region spanning e9 through e10 (right). Grey bars indicate negative 

control – scrambled sequence gapmer-AON, black bars indicated positive control – gapmer-AON 

targeting CUG-repeat region. (D) Representative immunoblot showing lack of DMPK protein reduction in 

non-DM1 fibroblasts 96h post transfection with indicated AONs. Note that no protein reduction is 

detectable even after dosing the cells with gapmer AON. Antibody blocking peptide (BP) was used as a 

negative control. 

  



 

 

 

Supplementary Figure S6.  

  



 

 

Supplementary Figure S6.  

  



 

 

 

Supplementary Figure S6.  

2'-Ome-PS-modified AONs aggravate pre-existing DM1-spliceopathy. RT-PCR-based quantitation of 

splicing changes in the alternative exons of established DM1-biomarker transcripts: MBNL1, MBNL2, and 

NCOR2 in control (non-DM1) and DM1 fibroblasts (DM1-1000CUG and DM1-2000CUG) dosed with 

increasing amounts of indicated AONs targeting e5 (A, C) or e9 (B, C). Dose increment is depicted with 

triangles, and exact AON amounts are indicated. Increasing percentages of alternative exons inclusion 

(PSI) observed in (A-C) upon increasing doses of AONs directed at e5 and e9 indicate a DM1-like 

splicing shift of a given alternative exon (compare mock samples in non-DM1 vs DM1 cells). Time-points 

post AON treatment are indicated. Horizontal dashed lines mark the percentage of alternative exon 

inclusion in mock (lipofectamine) controls. Statistical significance compared to respective mock controls is 

indicated. 

  



 

 

 

Supplementary Figure S7.  

LNA-PS equivalents of 2'-Ome-PS splice-switching AONs do not affect alternative splicing events 

in non-DM1 fibroblasts. (A-B) Quantitation of DM1-like splicing shift (alternative exon inclusion; PSI) in 



 

the alternative exons of indicated DM1 biomarkers in non-DM1 fibroblasts 48h post transfection with 

indicated amounts of AONs targeting the same core sequence within e5 (A) or e15 (B), but harboring 

distinct chemical modification – either 2’-Ome-PS (orange) or LNA-PS (blue). 2’-Ome-PS- and LNA-PS-

modified scrambled sequence AONs were used as chemistry controls (scr-1 and +scr-3, respectively).  



 

SUPPLEMENTARY TABLES 

 

 

Supplementary Table 1.  

Summary of AONs used in this study. 5’-3’ sequences are shown including 2’-Omethyl (m) and 

phosphorothioate modifications (*) as well as locked nucleic acid modifications (+). (‡) Numbers 

correspond to complementary region within targeted exon relative to the first nucleotide (+1). (/) indicates 

AONs targeting an intron-exon (-/+) or exon-intron (+/-) boundary, respectively.  

Note: the position of LNA modifications in Gapmer AONs is proprietary to Exiqon. CAG14 gapmer used 

as a positive control was described previously (14). 



 

 

 

 

Supplementary Table 2.  

  



 

 

 

Supplementary Table 2.  

Tabular output of ESE analyses within DMPK e5 (A), e9 (B) and e15 (C). Putative ESEs were 

determined using ESEfinder 3.0 (34,35). The score values (relative to default threshold values) of ESEs 

corresponding to different SRSF are listed. Both positions from 5’ end and 3’ end (marked with “-“) of the 

analyzed exonic sequence are given. 

 

  



 

 

 

Supplementary Table 3.  

PCR primers used for alternative splicing assays and gene expression analyses. Assay, PCR 

targets as well as 5’-3’ sequences are indicated for each primer pair. 

 


