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Targeted Mass spectrometry Assay
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Method

Previously Method improvement
Human muscle extract " Human muscle extract
+ +
13C¢, °N,-Lys labeled mouse [ T 13C.,°N,-Lys & 13C,-Arg labeled
muscle extract human myotube extract

In gel digestion with trypsin In gel digestion with trypsin

v
Extract peptides

v
Extract peptides

A\ 4 v
LC-MS/MS LC-MS/MS

5 peptides used for 15 peptides used for
quantification quantification

Brown et al. J Bioanal. Biomed. 2013, S7



Peptide used for quantification and their position in dystrophin sequence

SILAM mouse strategy (5 peptides)

MLWWEEVEDCYEREDVQKKTFTKWVNAQFSKFGKQH I ENLFSDLQDGRRLLDLLEGLTGQ
KLPKEKGSTRVHAENNVNKALRVLQNNNVDLVN IGSTD IVDGNHKLTLGL IWN I 1 LHWQV
KNVMKN IMAGLQQTNSEK I LLSWVRQSTRNYPQVNV INFTTSWSDGLALNAL IHSHRPDL
FDWNSVVCQQSATQRLEHAFN 1 ARYQLG I EKLLDPEDVDTTYPDKKS ILMY I TSLFQVLP
QQVSIEAIQEVEMLPRPPKVTKEEHFQLHHQMHYSQQI TVSLAQGYERTSSPKPRFKSYA
YTQAAYVTTSDPTRSPFPSQHLEAPEDKSFGSSLMESEVNLDRYQTALEEVLSWLLSAED
TLQAQGE I SNDVEVVKDQFHTHEGYMMDL TAHQGRVGN I LQLGSKL I GTGKLSEDEETEV
QEQMNLLNSRWECLRVASMEKQSNLHRVLMDLQNQKLKELNDWLTKTEERTRKMEEEPLG
PDLEDLKRQVQQHKVLQEDLEQEQVRVNSL THMVVVVDESSGDHATAALEEQLKVLGDRW
ANICRWTEDRWVLLQD I LLKWQRL TEEQCLFSAWLSEKEDAVNK IHTTGFKDQNEMLSSL
QKLAVLKADLEKKKQSMGKLYSLKQDLLSTLKNKSVTQKTEAWLDNFARCWDNLVQKLEK
STAQISQAVTTTQPSLTQTTVMETVTTVTTREQILVKHAQEELPPPPPQKKRQITVDSEI
RKRLDVD I TELHSW I TRSEAVLQSPEFA I FRKEGNFSDLKEKVNA I EREKAEKFRKLQDA
SRSAQALVEQMVNEGVNADS I KQASEQLNSRWIEFCQLLSERLNWLEYQNN T IAFYNQLQ
QLEQMTTTAENWLK 1QPTTPSEPTAIKSQLK I CKDEVNRLSDLQPQIERLK 1QSIALKEK
GQGPMFLDADFVAFTNHFKQVFSDVQAREKELQT I FDTLPPMRYQETMSAIRTWVQQSET
KLSIPQLSVTDYE IMEQRLGELQALQSSLQEQQSGLYYLSTTVKEMSKKAPSE I SRKYQS
EFEE I EGRWKKLSSQLVEHCQKLEEQMNKLRK IQNH 1 QTLKKWMAEVDVFLKEEWPALGD
SEILKKQLKQCRLLVSDIQT IQPSLNSVNEGGQK I KNEAEPEFASRLETELKELNTQWDH
MCQQVYARKEALKGGLEKTVSLQKDLSEMHEWMTQAEEEYLERDFEYKTPDELQKAVEEM
KRAKEEAQQKEAKVKLLTESVNSV 1AQAPPVAQEALKKELETLTTNYQWLCTRLNGKCKT
LEEVWACWHELLSYLEKANKWLNEVEFKLKTTEN I PGGAEE I SEVLDSLENLMRHSEDNP
NQIRILAQTLTDGGVMDEL INEELETFNSRWRELHEEAVRRQKLLEQS IQSAQETEKSLH
L IQESLTFIDKQLAAY I ADKVDAAQMPQEAQK I QSDLTSHE I SLEEMKKHNQGKEAAQRY
[ESQIDVAQKKLQDVSMKFRLFQKPANFEQRLQESKM I LDEVKMHLPALETKSVEQEVVQS
QLNHCVNLYKSLSEVKSEVEMV IKTGRQ 1 VQKKQTENPKELDERVTALKLHYNELGAKVT
ERKQQLEKCLKLSRKMRKEMNVL TEWLAATDMEL TKRSAVEGMPSNLDSEVAWGKATQKE
1EKQKVHLKS I TEVGEALKTVLGKKETLVEDKLSLLNSNWIAVTSRAEEWLNLLLEYQKH
METFDQNVDH I TKW1 1QADTLLDESEKKKPQQKEDVLKRLKAELND IRPKVDSTRDQAAN
LMANRGDHCRKLVEPQ I SELNHRFAA I SHRIKTGKAS I PLKELEQFNSD I QKLLEPLEAE
1QQGVNLKEEDFNKDMNEDNEGTVKEL LQRGDNLQQR I TDERKREE IK 1KQQLLQTKHNA
LKDLRSQRRKKALE I SHQWYQYKRQADDLLKCLDD I EKKLASLPEPRDERK IKE IDRELQ
KKKEELNAVRRQAEGL SEDGAAMAVEPTQ 1QLSKRWRE I ESKFAQFRRLNFAQ IHTVREE
TMMVMTEDMPLE I SYVPSTYLTE I THVSQAL LEVEQLLNAPDLCAKDFEDLFKQEESLKN
IKDSLQQSSGRID I IHSKKTAALQSATPVERVKLQEAL SQLDFQWEKVNKMYKDRQGRFD
RSVEKWRRFHYD I K I FNQWL TEAEQFLRKTQIPENWEHAKYKWYLKELQDG I GQRQTVVR
TENATCEENIQQSSKTDAS I LQEKLGSLNLRWQEVCKQLSDRKKRLEEQKN I LSEFQRDL
NEFVLWLEEADNIAS I PLEPGKEQQLKEKLEQVKLLVEELPLRQG I LKQLNETGGPVLVS
AP I SPEEQDKLENKLKQTNLQWIKVSRALPEKQGE I EAQIKDLGQLEKKLEDLEEQLNHL
LLWLSP IRNQLE I YNQPNQEGPFDVKETE 1 AVQAKQPDVEE I LSKGQHLYKEKPATQPVK
RKLEDLSSEWKAVNRLLQELRAKQPDLAPGLTT IGASPTQTVTLVTQPVVTKETAISKLE
MPSSLMLEVPALADFNRAWTEL TDWLSLLDQV IKSQRVMVGDLED INEMI IKQKATMQDL
EQRRPQLEEL I TAAQNLKNKTSNQEART I 1 TDR 1 ER 1 QNQWDEVQEHLQNRRQQLNEMLK
DSTQWLEAKEEAEQVLGQARAKLESWKEGPYTVDAIQKK I TETKQLAKDLRQWQTNVDVA
NDLALKLLRDYSADDTRKVHM I TEN I NASWRS I HKRVSEREAALEETHRLLQQFPLDLEK
FLAWLTEAETTANVLQDATRKERL LEDSKGVKELMKQWQDLQGE I EAHTDVYHNLDENSQ
K ILRSLEGSDDAVLLQRRLDNMNFKWSELRKKSLN I RSHLEASSDQWKRLHLSLQELLVW
LQLKDDELSRQAPIGEDEPAVOKQNDVHRAFKRELKTKEPV IMSTLETVRIEETEQPEEG
EEKL YQEPRELPPEERAQNVTRLLRKQAEEVNTEWEKLNLHSADWQRK I DETLERLQELQ
EATDELDLKLRQAEV IKGSWQPVGDLL I DSLQDHLEKVKALRGE I APLKENVSHVNDLAR
QLTTLGIQLSPYNLSTLEDLNTRWKLLQVAVEDRVRQLHEAHRDFGPASQHFLSTSVQGP
WERAISPNKVPYY INHETQTTCWDHPKMTEL YQSLADLNNVRFSAYRTAMKLRRLQKALC
LDLLSLSAACDALDQHNLKQNDQPMDILQT INCLTT I'YDRLEQEHNNLVNVPLCVDMCLN
WLLNVYDTGRTGRIRVLSFKTG I 1 SLCKAHLEDKYRYLFKQVASSTGFCDQRRLGLLLHD
S1QIPRQLGEVASFGGSN I EPSVRSCFQFANNKPE I EAALFLDWMRLEPQSMVWLPVLHR
VAAAETAKHQAKCN I CKECP I IGFRYRSLKHFNYD I CQSCFFSGRVAKGHKMHYPMVEYC
TPTTSGEDVRDFAKVLKNKFRTKRYFAKHPRMGYLPVQTVLEGDNMETPVTL INFWPVDS
APASSPQLSHDDTHSR I EHYASRLAEMENSNGSYLNDS I SPNES IDDEHLL IQHYCQSLN
QDSPLSQPRSPAQIL I SLESEERGELER I LADLEEENRNLQAEYDRLKQQHEHKGLSPLP
SPPEMMPTSPQSPRDAEL I AEAKLLRQHKGRLEARMQ I LEDHNKQLESQLHRLRQLLEQP
QAEAKVNGTTVSSPSTSLQRSDSSQPMLLRVVGSQTSDSMGEEDLLSPPQDTSTGLEEVM
EQLNNSFPSSRGRNTPGKPMREDTM

SILAC myotube strategy (15 peptides)

MLWWEEVEDCYEREDVQKKTFTKWVNAQFSKFGKQH I ENLFSDLQDGRRLLDLLEGLTGQ
KLPKEKGSTRVHALNNVNKALRVLQNNNVDLVN IGSTD IVDGNHKLTLGL IWN 1 1 LHWQV
KNVMKN IMAGLQQTNSEK I LLSWVRQSTRNYPQVNV INFTTSWSDGLALNAL IHSHRPDL
FDWNSVVCQQSATQRLEHAFN 1 ARYQLG I EKLLDPEDVDTTYPDKKS ILMY I TSLFQVLP
QQVSIEAIQEVEMLPRPPKVTKEEHFQLHHQMHYSQQI TVSLAQGYERTSSPKPRFKSYA
YTQAAYVTTSDPTRSPFPSQHLEAPEDKSFGSSLMESEVNLDRYQTALEEVLSWLLSAED
TLQAQGE I SNDVEVVKDQFHTHEGYMMDL TAHQGRVGNIEQEGSKL 1 GTGKLSEDEETEV
QEQMNLLNSRWECLRVASMEKQSNLHRVLMDLQNQKLKELNDWLTKTEERTRKMEEEPLG
PDLEDL KRQVQQHKVIIQEDEEQEQVRVNSL THMVVVVDESSGDHATAALEEQLKVLGDRW
ANICRWTEDRWVLLQD I LLKWQRLTEEQCLFSAWLSEKEDAVNK IHTTGFKDQNEMLSSL
QKLAVLKADLEKKKQSMGKL YSLKQDLLSTLKNKSVTQKTEAWEDNEARCWDNLVQKLEK
STAQISQAVTTTQPSLTQTTVMETVTTVTTREQILVKHAQEELPPPPPQKKRQITVDSEI
RKRLDVD I TELHSW I TRSEAVLQSPEFA I FRKEGNFSDLKEKVNA I EREKAEKFRKLQDA
SRSAQALVEQMVNEGVNADS I KQASEQLNSRWIEFCQLLSERLNWLEYQNN T IAFYNQLQ
QLEQMTTTAENWLK IQPTTPSEPTAIKSQLK I CKDEVNRLSDLQPQIERLK 1QS IALKEK
GQGPMFLDADFVAFTNHFKQVFSDVQAREKELQT I FDTLPPMRYQETMSA I RTWVQQSET
KLS1PQLSVTDYE IMEQRLGELQALQSSLQEQQSGLYYLSTTVKEMSKKAPSE ISRKYQS
EFEE I EGRWKKLSSQLVEHCQKLEEQMNKLRK IQNH I QTLKKWMAEVDVFLKEEWPALGD
SEILKKQLKQCRLLVSDIQT IQPSLNSVNEGGQK I KNEAEPEFASRLETELKELNTQWDH
MCQQVYARKEALKGGLEKTVSLQKDLSEMHEWMTQAEEEYLERDFEYKTPDELQKAVEEM
KRAKEEAQQKEAKVKLLTESVNSV 1AQAPPVAQEALKKELETLTTNYQWLCTRLNGKCKT
LEEVWACWHELLSYLEKANKWLNEVEFKLKTTEN I PGGAEE I SEVLDSLENLMRHSEDNP
NQIRILAQTLTDGGVMDEL INEELETFNSRWRELHEEAVRRQKIEEQSIQSAQETEKSLH
LIQESLTFIDKQLAAY I ADKVDAAQMPQEAQK I QSDLTSHE I SLEEMKKHNQGKEAAQRV
LSQIDVAQKKLQDVSMKFRLFQKPANFEQRLQESKM I LDEVKMHLPALETKSVEQEVVQS
QLNHCVNLYKSLSEVKSEVEMV IKTGRQ 1 VQKKQTENPKELDERVTALKLHYNELGAKVT
ERKQQLEKCLKLSRKMRKEMNVL TEWLAATDMEL TKRSAVEGMPSNLDSEVAWGKATQKE
1EKQKVHLKSITEVGEAEK TVLGKKETLVEDKLSLLNSNWIAVTSRAEEWLNLLLEYQKH
METFDQNVDH I TKWI 1 QADTLLDESEKKKPQQKEDVLKRLKAELND IRPKVDSTRDQAAN
LMANRGDHCRKLVEPQ I SELNHRFAA I SHRIKTGKAS I PLKELEQFNSD I QKLLEPLEAE
1QQGVNLKEEDFNKDMNEDNEGTVKELLQRGDNLQQR I TDERKREE 1K 1KQQLLQTKHNA
LKDLRSQRRKKALE I SHQWYQYKRQADDLLKCLDD I EKKLASLPEPRDERK IKE IDRELQ
KKKEELNAVRRQAEGL SEDGAAMAVEPTQ 1QLSKRWRE I ESKFAQFRRLNFAQ IHTVREE
TMMVMTEDMPLE I SYVPSTYLTE I THVSQAL LEVEQLLNAPDLCAKDFEDLFKQEESLKN
IKDSLQQSSGR 1D I IHSKKTAALQSATPVERVKLQEAL SQLDFQWEKVNKMYKDRQGRFD
RSVEKWRRFHYD I K I FNQWL TEAEQFLRKTQIPENWEHAKYKWYLKELQDG I GQRQTVVR
TENATGEENIQQSSKTDAS I LQEKLGSLNLRWQEVCKQLSDRKKRLEEQKN I LSEFQRDL
NEFVLWLEEADNIAS I PLEPGKEQQLKEKLEQVKEEVEEEPERQG I LKQLNETGGPVLVS
AP I SPEEQDKLENKLKQTNLQWIKVSRALPEKQGE I EAQ I KDLGQLEKKLEDLEEQLNHL
LLWLSP IRNQLE I YNQPNQEGPFDVKETE 1 AVQAKQPDVEE I LSKGQHLYKEKPATQPVK
RKLEDLSSEWKAVNRLLQELRAKQPDLAPGLTT IGASPTQTVTLVTQPVVTKETAISKLE
MPSSLMLEVPALADFNRAWTEL TDWLSLLDQV IKSQRVMVGDLED INEMI IKQKATMQDL
EQRRPQLEEL I TAAQNLKNKTSNQEART I 1 TDR 1 ER 1 QNQWDEVQEHLQNRRQQLNEMLK
DSTQWLEAKEEAEQVLGQARAKLESWKEGPYTVDAIQKK I TETKQLAKDLRQWQTNVDVA
NDLALKLLRDYSADDTRKVHM I TEN I NASWRS I HKRVSEREAAL EETHRIEEQQFPEDEEK
FLAWLTEAETTANVLQDATRKERLLEDSKGVKELMKQWQDLQGE I EAHTDVYHNLDENSQ
K I LRSIEEGSDDAVIEQRRLDNMNFKWSELRKKSLN IRSHLEASSDQWKRLHLSLQELLVW
LQLKDDELSRQAPIGGDEPAVOKQNDVHRAFKRELKTKEPV IMSTLETVRIEETEQPEEG
EEKL YQEPRELPPEERAQNVTRLLRKQAEEVNTEWEKLNLHSADWQRK I DETLERLQELQ
EATDELDLKLRQAEV I KGSWQPVGDLL I DSLQDHLEKVKALRGE I APLKENVSHVNDLAR
QLTTLGIQLSPYNLSTLEDLNTRWKEEQVAVEDRVRQLHEAHRDFGPASQHFLSTSVQGP
WERATSPNKVPYY INHETQTTCWDHPKMTEL YQSLADLNNVRFSAYRTAMKLRRLQKALC
LDLLSLSAACDALDQHNLKQNDQPMDILQT INCLTT I'YDRLEQEHNNLVNVPLCVDMCLN
WLLNVYDTGRTGRIRVLSFKTG I 1 SLCKAHLEDKYRYLFKQVASSTGFCDQRRLGLLLHD
S1QIPRQLGEVASFGGSN I EPSVRSCFQFANNKPE I EAALFLDWMRLEPQSMVWLPVLHR
VAAAETAKHQAKCN I CKECP I IGFRYRSLKHFNYD I CQSCFFSGRVAKGHKMHYPMVEYC
TPTTSGEDVRDFAKVLKNKFRTKRYFAKHPRMGYLPVQTVLEGDNMETPVTL INFWPVDS
APASSPQLSHDDTHSR I EHYASRLAEMENSNGSYLNDS I SPNES IDDEHLL IQHYCQSLN
QDSPLSQPRSPAQIL I SLESEERGELER I LADLEEENRNLQAEYDRLKQQHEHKGLSPLP
SPPEMMPTSPQSPRDAEL I AEAKLLRQHKGRLEARMQ I LEDHNKQLESQLHRLRQEEEQP
QAEAKVNGTTVSSPSTSLQRSDSSQPMLLRVVGSQTSDSMGEEDLLSPPQDTSTGLEEVM
EQLNNSFPSSRGRNTPGKPMREDTM




Linearity, dynamic range and Limit of quantification of the MS assay
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Replicate experiments to evaluate precision of MS based assay

3 Muscles
Normal, BMD mid & BMD low
5X Sectioning
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14.7 min £ 0.3 min stable across all analyzed samples

Inject each digest 3 times on the mass spectrometer Mass error <2 ppm

Entire procedure performed 3 times over 2 months, 135 runs total, 45 each



Coefficient of variation (% CV) for dystrophin quantification in three biological
samples with low, medium and normal levels of dystrophin

| p=<0.0007 | For each sample:
20- p=<0.0001 \ "
25- 6% CV .: " 2 100 v" 5independent muscle sectioning
2ol astd -
. own 60 v’ 5independent RIPA extracts
o 061 | i 125
E: y < v 3different gels run at different times
5 D S 7z
% 0.4- 12% ¢V =3 " § v’ 5 lanes per gels
o - -
-
10 v' 15 in gel digestion of the dystrophin band
029 —-'-lp- 22% CV done at different times with different
kil -5 trypsin batches.
o0 6‘9@, 69&5 ‘fp ’ v' 45 LC-MS/MS runs done at different times

Statistics: nonparametric Mann-Whitney, two-tailed, 95% confidence interval, corrections for multiple testing as needed.



What is Normal levels of dystrophin?

Immunoblot against MSratioto % to normal

Age dystrophin IS WEELREE
4994 7 normal 2.79 106
4633 10 normal 2.79 106
3949 16 normal 2.84 94
*5106 19 normal 2.64 100
4462 33 normal 2.45 95
€5077 1 (infant) normal 3.87 147

* Same biopsy used as Normal in previous study, here fresh cryostat sectioning,
new SILAC extract for spike-in and the obtained ratio is consistent.

€ the 1 year old infant has higher levels of dystrophin probably due to higher
surface to volume ratio of the muscle fibers.



CPTAC: Clinical Proteomic Tumor Analysis Consortium

Assay Development Working Group - Experiments for Assay Characterization

Experiment 1:

*  Development of multipoint response curve (1 blank and a minimum of 6 concentration

points)
/ *  Samples prepared in digested matrix background (i.e. plasma, tissue, cells, etc).
*  Used for the determination of LOD, LLOGQ and linearity.
*  Multiple replicates analyzed.

L’

Examines intra- and inter-assay variability.

J *  Uses the LLOQ from Experiment 1 from which 3 concentrations [Low, Medium
and High) are used to assess repeatability.
3 replicates processed and measured on 5 different days.

h Experiment 3:

+  Examines the response of a peptide in six different biological replicates of the

matrix,
/ +  Replicates analyzed with no spike and ¥ the Medium and Medium
concentrations defined in Experiment 2.

T

+  Examines the stability of a peptide spiked into a background matrix
/ +  Stability assessed based on peak area variability following:
«  different storage conditions (4C and -70C) over time.
+  freeze-thaw cycles
Variability compared to data collected from Experiment 2.

v L

Representative sample containing endogenous analyte is digested 5 times
on each of 5 days.

N Examines intra- and inter-assay variability of the entire assay workflow,
including digestion,

https://assays.cancer.gov/



Replicate sample preparation for MS, WB and IF

3 muscle biopsies

Sectioning 5 X for each assay Sample analysis Data analysis
Normal (19 yo) _ |
‘1' ‘1' ‘1' ‘1’ ‘1’ 3 independent gels per tube Skyline
A 7 3 LC-MS/MS runs per gel CVs for 45 runs
U U U U 45 LC-MS/MS runs per biopsy ~ Per sample

Medium BMD (11 yo)

Ny -
‘O O O O ‘O Western blot 5 independent gels per sample ~ Densitometer

25 westerns per biopsy CVs for 25 runs
Low BMD (14 yo)

per sample

3 sections per biopsy MetaMorph
5 areas analyzed per section Vs for15runs

2R 20 2N 2/
RV & .
U U U U U . ® 15 areas analyzed per biopsy ~ Persample

WB and IF followed the protocol described in Anthony K et al. Neurology. 2014, 83:2062-9
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WB and IF on Same Samples
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Medium exposure Low exposure

Poor Transfer Issues
Detectionissues High exposure
Poor reproducibility

Saturation issues (poor dynamic range)
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Must balance exposure and detection tug of war.

BMD mid

BMD low

Spectrin(Green)
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3 Assays, 3 Answers

40- p=<0.0001
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accuracy
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IF
p=0.002 I
100+ ]
ml
804
- ]
601 50% CV
(54% Nomal)
40+ .. l=l
ﬁ.'. .
] = 35%CV
(32% Normal)
o &

Calibration curve
not possible.
Over estimates
abundance.



Summary table

Assay CV (%) at HLOQ | CV % at LLOQ Linearity of # BOM-SG
*Ideal <15% *Ideal <20% the assay Inter lab CVs

MS assay 6% -11% 22% 3 to 100% 3% Not applicable
WB 57 % 46 % 3 to 50% 3% 23 % to 223%
IF 50% 35% Not applicable NA 23 % to 67%

* http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf

# BOM-SG : biochemical outcome measures study group (Anthony K et al. Neurology. 2014; 83:2062-9)


http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm368107.pdf

Conclusions

Advantages of MS targeted quantitation of dystrophin

v Highly reproducible, replicate experiments and over time.

AN

Linear over wide dynamic range (can reliably quantify levels of dytrophin in the
range 3% to 100% relative to normal).

Limit of quantification (LOQ): Can accurately measure as low as 3% of the amount of
dystrophin relative to normal.

AN

Overcome saturation effect when dealing with high and low levels of dystrophin.
Reliable source of stable isotope labeled dystrophin that can be distributed.
Work with small amount of muscle biopsy.

SN XX

Precise with CV that adheres FDA guidelines for bioanalytical assay.

Disadvantages
v’ Loss of spatial localization of dystrophin in muscle fiber (e.g. immunohistochemistry)
v" Require state of the art mass spectrometry instrument and expertise



How can we improve the MS assay?

Precision at low level of quantification by adjusting the
amount of spiked in standard.

Determine the absolute amount of dystrophin per mg of fresh
muscle.

Inter lab and inter instruments evaluation
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