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Duchenne Muscular Dystrophy (DMD)

& Laminin
o I"IHSWHEH*S'+,-#., ,[$0H#-$%,&%,# B /
&'-#1' #12#/3,#41%/#%,5,6,#2164#12# Sarcoglycans
A7%07*&6#-8%/61938: sarcospan
addg Dystroglycan

¢ 108,10, <HHSH>?@ @@HAL HASEI3H pncaranr - BT
o IHSYoH-T HILHASYY, %o, HATIRISLYHS

13,#-8%/6193%'#.,' #&A1*$%3$' #/3,4# 'ntracellular 0 ﬁos
B96,%606$1 #12#-8%/6193$ HO6L/ $2# . tophins
,%0%,'/$&*#961/,$'#/3&/#A&S' &P Yot S &
AT%0* #2$A,64$'/,.6$/8: 9 ) N

0 Dystrobrevin

Dystrophin Associated Protein Complex (DAPC)



Knowledge gaps in DMD 1. Currently, there is no cure for the disease
I Corticosteroids are indicated to reduce muscle
inflammation and delay loss of ambulation by a couple
of years but don’t overcome muscle degeneration .
I 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

I 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

Taken from http://www.neurosurgeryresident.net/ /Jf }Wv and help with go-no-go decision in the early phase of
© CIBA .
the trial.



Current outcome measures in DMD

s*Timed function tests (ambulatory patient)
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**North star ambulatory assessment (ambulatory
patient)

**Motor endpoint for non-ambulatory patient
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**Muscle biopsy

**Magnetic resonance imaging (MRI)

Six-minute walk test
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Utility of circulating biomarkers in DMD

Myonecrosis = Inflammation <—> ROS —>» Fibrosis
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Grounds et al. Dis Model Mech. 2020 Mar 2;13(2) PMCID: PMC7063669.

» Less invasive to patients
» Objective and less biased than functional tests.

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

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

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



Sample and clinical data collection
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Collection of serum samples and clinical data at each visit



CINRG Clinical Research Network (25 Sites)
Cohort from Longitudinal Natural History Study
DMD (n = 322) and controls (n = 100)
DMD steroid naive (n = 50)



Cohort 1: CINRG-Natural DMD History Study
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Biological samples Sample analysis using high throughput MSD-ELISA for target biomarker validation
proteomics methods
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General steps of SOMAscan assay
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Protein identification from complex mixture using mass spectrometry
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Highly specific

Enables the discovery of novel biomarkers

Need for pre-fractionation of proteins

limited multiplexing capability

Difficulty detecting low abundance proteins e.g. cytokines



MS-based multiplexing approach for serum biomarker discovery in

DMD patients
MS/MS example of 6-plex TMT tag experiment
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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) 1 381 increased

1 50 decreased
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I Corticosteroid naive DMD patients (n = 18), 4-8 years old.
I Age matched healthy controls (n = 12)

GS-naive vs healthy controls Biomarker signatures for DMD

-Log10(adj.P.val)

| G Muscle associated proteins |
Carbonic anhycrase (enzymes, structural proteins, and other)
201 po— | cK-MB Inflammatory and Immune Response
Troponin |, skeletal, fast twitch
aidolase A Apoptopic Process
MYPél
CeReE3. cell adhesion
45 MK12 a
FABP CAMK28 =]
Fibrinogen Jcamkp o Cellular response to heat
LDH-H 1 CAMK2A 9
D-dimer “MDHC © TP
Calpain* *Flisinogen -ckain dimar 5 platelet degranulation
Troponin | » ALT -
101 MR e PH s g Metabolic process
GPDA =]
. e’ '8
. cytokine-mediated signaling pathway -
RET .
Lo Signal Transduction
5 Trefoil factor 2 .
LUt uast -4 o
X . N N o ¢ . . . -
Carbonic anhydrase 6 m o e Angiogenesis, blood coagulation and platelet degranulation
.. il
R N
-------------- f;“x.'-,------------------------------------------------ cell adhesion & Extracellular matrix disassembly -
. s
01 = : ) ! y y
10 10 20 30
3 3 1 Count
Log2FoldChange

Significance ¢ NotSig * padj<0.05log2FC<0 + padj<0.05log2FC>0

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




Different markers tell us different stories about DMD disease progression
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Validation of target biomarkers using reproducible and stable MSD ELISA

assay
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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

deletion

Exon 48 Exon 49 ! Exon 50 ,\) Exon 51 Exon52
INT48 INT49 mmmmmmmmns / INT50

Exon 48 Exon 49 Exon 52

In frame mRNA

|

Truncated but functional dystrophin protein missing exon 50-51

Treatment of mdx mouse model
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