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Supplemental data - Legends 

Figure S1: Utrophin increased rescue mdx phenotype. 7 week old C57, mdx and Fiona (n=7) were 

sacrificed and serum and muscles collected (A) H&E-stained transverse muscle sections of TA 

muscle in mdx mice showing necrotic areas and regenerating fibres compared to wild-type tissue. In 

Fiona mice, these pathological features are fully rescued due to high level of utrophin protein 

expression at the sarcolemma. Scale bar: 100 µm. (B) Western blots for utrophin protein showing a 2 

fold increase in mdx related to C57 and a 4 fold increase in Fiona mice compared to mdx. (C) 

Quantification of centronucleation necrotic muscle area in EDL showing increased in mdx and full 

rescue in Fiona mice compared to the wild-type animals. (D) Necrosis quantification, increased in 

mdx compared to C57 and rescue to normal level in Fiona animals. (E). The difference in force 

produced between the first and fifth stretch is represented as a sensitive indicator of the resistance of 

the muscle to stretch-induced damage. EDL muscles were stretched at 15% of their fibre length whilst 

contracting tetanically. Values are mean ± SEM of n=7 per group; (*) p<0.05, (**) p<0.01, (***) 

p<0.001. 

 

Figure S2: Quality control of SOMAscan data. (A) Table of all hybridization normalization and 

median normalization. (B) Hybridization normalization scale per experimental groups. (C) Median 

normalization scale factors per dilutions and groups 

 

Table S1: Serum mdx protein biomarkers identified by SOMAscan. High significant increased 

and decreased protein were defined using Mann-Witney U test (p<0.005; q<0.01).  

 

Table S2: Serum mdx protein biomarkers and rescue in mdx transgenic Fiona mice. High 

significant increased and decreased protein were defined using Kruskal-Wallis one-way ANOVA 

(p<0.005; q<0.01). (+++) restored to wild-type levels (recovery score >70%), (++) restored towards 
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wild-type levels (50< recovery score <70, (+) low and inconsistent restoration towards wild-type 

(recover score <50, (-) not restored towards wild-type levels. 

 

Table S3: Details of the ELISA assays used in the study. All the ELISA kits were purchased from 

Antibodies-online.  
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Supplemental data – Methods 

Histological analyses 

Muscle samples were frozen in liquid nitrogen-chilled isopentane, and stored at -80°C. Transverse 

tibialis anterior (TA), were stained with Haematoxylin and Eosin solution (H&E). The Axioplan 2 

Microscope System (Carl Zeiss, Germany) was used to obtain the images. The proportion of centrally 

nucleated fibres was determined by analysing the H&E images. Areas of necrosis were quantified 

based on the DMD_M.1.2.007 MDC1A_M.1.2.004 TREAT-NMD SOPS and performed with the Fiji 

ImageJ 1.49i software [1] on the whole TA sections. 

 

Immunofluorescence 

Frozen transverse TA muscle sections were blocked in 10% foetal bovine serum/PBS for 20 minutes, 

incubated with primary antibodies overnight at 4°C, washed in PBS and incubated with suitable Alexa 

Fluor secondary antibodies for 1 hour at room temperature. Sections were examined under an 

Axioplan 2 Microscope System (Carl Zeiss, Germany). The following antibodies and dilutions were 

used: goat monoclonal anti-utrophin (1:2000, UtroA), mouse monoclonal anti-Laminin-α2 (1:500, sc-

59854, Santa Cruz Biotechnology, Inc.). 

 

Protein analyses 

Western blots were performed according to standard procedures. Briefly, muscles were homogenized 

in RIPA buffer (R0278, Sigma-Aldrich) supplemented with protease inhibitors (1:100; P8340, Sigma-

Aldrich). 30 μg of total protein were heat-denatured for 5 minutes at 100°C before loading onto 

NuPAGE 3– 8% TRIS Acetate Midi Gel (Novex, Life Technologies) and transferred to PVDF 

membranes (Millipore). Membranes were blocked for 1 hour with 10% skimmed milk in 0.1% PBS-

Tween20 and then incubated with primary antibodies in 0.1% PBS-T for 1 hour at room temperature. 

Primary antibodies used were: mouse monoclonal anti-utrophin (1:50, MANCHO3(84A), gift from 



5 
 

G.E. Morris) and goat polyclonal α-actinin Antibody (N-19) (1:30000, sc-7453, Santa Cruz). HRP-

labelled secondary antibodies (Amersham) were incubated for 1 hour at room temperature. 

Immunoreactive bands were detected using ECL Western Blot Detection Reagents (SuperSignal West 

Pico Chemiluminescent Substrate, Thermo Scientific). The relative expression of the target proteins 

was estimated by densitometry using Actinin N-19 as references on a Xograph Compact X4 developer 

and quantified with the Fiji ImageJ 1.49i software. 

 

Isolated muscle function analysis 

Peak force, specific force, and force drop were measured from the extensor digitorum longus muscle 

of the treated and control mice. During dissection and experiments, muscles were bathed in 

oxygenated (95% O2–5% CO2) Krebs–Hensley solution composed of (mmol/l): NaCl, 118; NaHCO3, 

24.8, KCl, 4.75; KH2PO4, 1.18; MgSO4, 1.18; CaCl2, 2.54; glucose, 10 [2]. Contractile properties 

were measured as previously described [3]. In brief, isolated EDL were attached to a lever arm 

connected to a force transducer (model 300B); and stimulator (model 701B); the equipment was 

controlled using the signal interface (model 604A) and results were recorded by the DMC software 

(version 4.1.4; Aurora Scientific, Aurora, Ontario, Canada). The muscle was stimulated by single 

pulses of 0.2 milliseconds at 30 V while the optimum length (Lo) was determined. Optimum fibre 

length (Lf) was calculated by multiplying Lo by the predetermined fibre length to muscle length ratio 

of 0.44 [4]. A force–frequency curve was generated and the maximum isometric force calculated. 

Absolute force (Po) are normalized to specific force (sPo; kN/m2) using the equation (muscle mass/Lf 

x1.06 (the density of mammalian muscle). Percentage force drop were calculated by comparing 

maximum force between the first (ECC0) and fifth eccentric (ECC5) contractions, expressed as a 

percentage of ECC0. The muscle was stimulated into tetanus at the frequency required to generate the 

Po, while in tetanic state the muscle was stretched at a rate of one fibre length per second for 0.15 

seconds, equating to a total stretch of 15% of fibre length. All data were digitized and analysed using 

the DMA software (version 3.2; Aurora Scientific). 
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Supplemental data –Figures/Tables 

 

Figure S1: Utrophin increased rescue mdx phenotype.  

 

Figure 

S2: Quality control of SOMAscan data. 
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Table S1: Serum mdx protein biomarkers identified by SOMAscan.  
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Table S2: Serum mdx protein biomarkers and rescue in mdx transgenic Fiona mice.  
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Table S3: Details of the ELISA assays used in the study. 
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