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Duchenne Muscular Dystrophy (DMD)
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Dystrophin Associated Protein Complex (DAPC)



Knowledge gaps in DMD

Taken from http://www.neurosurgeryresident.net/
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1. Currently, there is no cure for the disease

! Corticosteroids are indicated to reduce muscle 
inflammation and delay loss of ambulation by a couple 
of years but don’t overcome muscle degeneration .

! Some promising therapies restoring dystrophin 
received provisional approval from FDA.

! There is a need to define novel therapeutic targets.

2. Clinical trials have been slow and costly

! Current clinical outcomes (muscle strength tests) are 
subjective and laborious. 

! It may take a year or more to see meaningful change in 
clinical outcomes following a treatment.

3. Need objective outcome measures at different stages of 
the disease.

! Blood accessible biomarkers can overcome these issues 
and help with go-no-go decision in the early phase of 
the trial.



Current outcome measures in DMD

vTimed function tests (ambulatory patient)
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vNorth star ambulatory assessment (ambulatory 
patient)

vMotor endpoint for non-ambulatory patient
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vMuscle biopsy

vMagnetic resonance imaging (MRI)
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Six-minute walk test
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McDonald et al. Muscle Nerve. 2010; 42:966-74.



Utility of circulating biomarkers in DMD

ØLess invasive to patients 

ØObjective and less biased than functional tests.

ØCan be used as early readout to assess response to 
a treatment (pharmacodynamic biomarkers).

ØCan be used to predict later clinical outcome 
(surrogate biomarkers).

ØCan inform about altered biochemical pathways 
and aid developing novel therapeutic targets.

Grounds et al. Dis Model Mech. 2020 Mar 2;13(2) PMCID: PMC7063669.
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Collection of serum samples and clinical data at each visit

Sample and clinical data collection



CINRG Clinical Research Network (25 Sites)
Cohort from Longitudinal Natural History Study 

DMD (n = 322) and controls (n = 100)
DMD steroid naïve (n = 50) 



Cohort 1: CINRG-Natural DMD History Study
Samples (n = 311)
DMD (n = 167)

Samples (n = 101)
Cnt (n =  67)



Cell culture

Clinical samples

Biological samples

Microfluidic ELISA_ELLA system for validation studies 

MSD-ELISA for target biomarker validation Sample analysis using high throughput 
proteomics methods
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Protein identification from complex mixture using mass spectrometry
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Protein identification
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1 Highly specific
1 Enables the discovery of novel biomarkers
1 Need for pre-fractionation of proteins
1 limited multiplexing capability
1 Difficulty detecting low abundance proteins e.g. cytokines
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MS-based multiplexing approach for serum biomarker discovery in 
DMD patients

MS/MS example of 6-plex TMT tag experiment

Figure 2: MS/MS spectrum of a 6 plex TMT tag experiment measuring the levels of a peptide 
belonging to Beta enolase that was found elevated in serum of DMD patients relative to serum of 
healthy control patients (n=3).



Exemplar of biomarkers discovered through TMT-assay

DMD (n=9) vs control (n=9)

! "

1 38↑increased

1 50↓decreased

Alayi et al. ACS Omega. 2020; 5(41):26504-26517. PMCID: PMC7581259.
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General steps of SOMAscan assay
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GS-naïve vs healthy controls Biomarker signatures for DMD

! Corticosteroid naïve DMD patients (n = 18), 4-8 years old.
! Age matched healthy controls (n = 12)   

Hathout  et al. Sci Rep. 2019; 9(1):12167. PMCID: PMC6704115.



Hathout et al. PNAS, 2015; 112:7153-8! "# "! $# $! %&'()*+
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Different markers tell us different stories about DMD disease progression
DMD = 92
CNT = 45
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Validation of target biomarkers using reproducible and stable MSD ELISA 
assay

R= 0.9846
P= <0.0001

R= 0.9609
P= <0.0001

R= 0.9941
P= <0.0001(a) (b) (c)

Ogundele et al. Life (Basel). 2021; 11(8):827. PMCID: PMC8401931.
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Depletion of satellite cells 
and loss of muscle mass

Absence of dystrophin
Continuous muscle injury, 
apoptosis and necrosis

Modified from Choi et al. Cells. 2020 Apr 1;9(4):850. PMCID: PMC7226745.
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Hathout et al. Sci Rep. 2019 Dec 21;9(1):12167. 
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Titin fragment as noninvasive urinary biomarker to assess efficacy of 
dystrophin replacement therapies in mdx mouse model for DMD

Treatment with morpholino exon skipping drug
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Treatment of mdx mouse model

Starting age
1.5 months

Ending age
3.5 months
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