





























the S/N for the leptin signature peptide, the LOQ for this protein can be extrapolated into
the pg/mL level in plasma, demonstrating that it is possible to quantify clinically relevant
biomarkers by MRM in this concentration range without antibody enrichment.

We have demonstrated that there are losses of protein at the depletion steps and for
peptides at the SCX/desalting step, however the losses are more than offset by the
reduction in sample complexity and the very high sensitivity of the MS detector.

Within this study we have explored the likelihood of interferences given the
complexity of the plasma matrix and the low resolving power of triple quadrupole
instruments. We have demonstrated that using single fragment transitions to monitor for
peptides in complex proteomes can be highly misleading and result in overestimation of
the peptide level. To help avoid this common problem, we have shown how one can use
the ratios of multiple transitions for the same peptide to give an indication of the presence
of interference in specific channels and thereby enable correct quantitation using
channels in which little or no interference is detected.

Next, we extended the study to configure MRM assays for known protein biomarkers
of cardiovascular disease present at the low ng/mL range or higher. This was a proof of
principle study to employ MRM assays and more importantly measure them in patient
plasma undergoing alcohol septal ablation for treatment of HOCM. We successfully
configured multiplexed, quantitative assays that coupled a plasma processing workflow
with SID-MRM-MS for known protein biomarkers related to cardiovascular injury,
including CRP, MRP14, MPO, cTnl, cTnT, and NT-proBNP. The expected plasma
concentrations of these proteins in patients with cardiovascular disease span 3-4 orders of
magnitude in abundance, ranging from pg/mL to pg/mL levels, and ELISA assays were
available for most of them. Therefore, these proteins represented an excellent
opportunity to assess the precision, reproducibility, and sensitivity of SID-MRM-MS
assays across a wide range of concentrations. Our results show that reliable detection and
precise, relative quantification can be achieved for proteins in the high pg/mL to low
ng/mL range (and higher) in patient plasma without antibody reagents or affinity
enrichment. Intra and inter-assay CV’s for the moderately abundant proteins CRP and
MPO were consistently < 10% and < 25% respectively. Intra- and inter assay CV’s for
MPO, ¢Tnl, ¢TnT, and NT-proBNP were predominantly < 25% and < 40%, respectively.
The good inter- and intra-assay performance obtained indicate that variability introduced
by such sample processing steps as immunoaffinity depletion, enzymatic digestion and
SCX fractionation is small and within acceptable standards for analytical assays. Overall,
these results show, for the first time, that multiplexed MRM-MS assays can be
configured and used reliably and reproducibly to measure endogenous levels of clinically
relevant proteins in patient plasma without affinity enrichment when these proteins are
recovered in the 1-10 ng/mL concentration range after processing.

And, finally we developed an MS-intensive pipeline that coherently integrates high-
performance LC-MS/MS, AIMS and SID-MRM-MS for biomarker candidate discovery,
analytical qualification and quantitative wverification, respectively, and applied the
pipeline to cardiovascular disease to yield novel cardiovascular biomarkers meriting
further evaluation in large, heterogeneous patient cohorts. An essential feature of this
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pipeline is transitioning from the analysis of proximal fluid (or tissue) for biomarker
candidate discovery to peripheral blood for qualification and verification of candidates.

Using untargeted, data dependent LC-MS/MS based proteomics for discovery, we
identified 1086 unique total proteins with two or more peptides and a FDR of < 1% in the
plasma from the coronary sinus. More than 100 proteins were 5 fold up regulated in
plasma samples at 10min or 60min post injury as compared to plasma at baseline,
required further:prioritization.

Qualification by ‘AIMS is an essential element of our pipeline for biomarker
prioritization, providing a reliable and relatively high-throughput method to prioritize
lengthy lists of biomarker candidate methods discovered in proximal fluids or tissues.
122 proteins were targeted in* AIMS analysis of pooled peripheral plasma of 10 PMI
patients at baseline, and 10min and 60min post injury. Analysis of AIMS data combined
with correlation analysis with discovery experiments qualified 52 (40%) of the candidate
proteins for further verification in larger number of patients.

In the final step of our process we used antibody reagents when available for
verification' in peripheral plasma of PMI patients by western blot analysis and ELISA.
MDK, PTM, MDH1 and ACLP were verified by western blot analysis in 6 patients and
showed trends consistent with discovery experiments. Levels of ACBP, ANG and
CCL21 were quantified using ELISA in PMI as well as spontaneous MI patients and
healthy controls. Increased levels of those proteins were detected in PMI patients post
injury, and in spontaneous MI patients as compared with controls.

We developed quantitative SID-MRM-MS assays for four of the novel, heart-
specific proteins discovered, together with additional cardiovascular-related proteins
already in clinical use or of growing interest. Highly consistent temporal trends were
observed for 2-3 peptides measured for each of the novel candidate proteins across 6
patients. Additionally, there was a high degree of correlation between AIMS and SID-
MRM results for the novel candidates. All four proteins were found to be elevated from
baseline in abundance at 10 and/or 60 minutes by AIMS using pooled patient plasma and
by SID-MRM using individual patient plasma. Levels of MYL3, TPMI and FHL1 all
remained sufficiently high at 240 minutes post-ablation to warrant further investigation in
larger clinical cohorts.

In summary, we have developed a generalizable proteomics-based discovery-
through-verification pipeline and demonstrated its value by identifying novel proteins
biomarkers of myocardial injury. We have demonstrated that this pipeline can be
successfully applied to credential candidate biomarkers using MS-based targeted assays
and immunoassay when reagents exist. We have developed and deployed assays for
targets enriched in myocardium, and are applying our methods to interrogate remaining
candidates from our discovery proteomics studies. In addition to markers of infarction
our candidates include several proteins that may serve as markers of reversible
myocardial ischemia, for which no circulating biomarkers presently exist. Markers
emerging from these studies can be integrated with established biomarkers to create
multimarker risk scores, providing additional information to help guide cardiovascular
disease management.
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CONCLUSIONNS

1. We have developed plasma processing workfow coupled with SID-MRMA
allows detection and quantitation of candidate biowmarker proteins in low ng/m
with variation approaching to that of clinical assays (CV < 20%).

2. MRM/MS is the method of choice for biornarker verification as it
required characteristics for it. It is highly sensiti_ve and specific, can be
relatively easy to configure, can detect and avoid ingterferences.

3. Depletion of up to 12 abundant proteins in plasma results in limits of
(LOD) and limits of quantitation (LOQ) in 25 to 100ng/mL range. Pep
fractionation of depleted and digested plasma into 8 to 10 fractions further imp
and achieves LOD/LOQs in 1 to 3ng/mL range. ’
4. We have extended the study and configured M'RM/MS assays for known i
cardiovascular injury (CRP, MRP14, MPO, c¢TnT, cTnl, BNP, sCD40L and Il
applied it to planned myocardial infarction (PMI) patients undergoing alcohol
for the treatment of hyperactive obstructive cardiomyopathy (HOCM) pre 1
injury. y

5. We detected and quantified 6 out of 8 proteins studied. While concen
CRP and MRP14 were in hundreds of ng/mL to pg/mL range, cTnT, cTnl, N
MPO were measured at low ng/mL range. Precision (CV) of measurements for Lot
and process replicates were also evaluated. ,

6. While absolute concentrations measured were ot identical for some of the pr
the temporal trends between MRM assays and clinical assays correlated very well |
patients. 3

7. We have completed biomarker discovery experiments in coronary sinus plasn
different PMI patients at baseline as well as 10min and 60min post injury. Thig 1
in detection of about 1000 proteins and a list of 122 proteins that were 5 fold up rog
in 10 or 60min plasma of at least two patients. s 1

8. AIMS experiments in pooled peripheral plasma of ten PMI paticnty )
prioritized the list of 122 proteins. It detected 84 of them (69%). Further cor
analysis with discovery data reduced the list of candjdates to follow to 52 (42%).

9. We have configured MRM assays for four potentially novel candidate
(ACLP1., FHL1, MYL3 and TPMI) and applied to 6 PMI patients. Consistent
trends were observed across the patients as well as with discovery exp
suggesting further evaluation of them in larger number of patients and other di
cohorts. 4

10. A few other candidate proteins (PTP, MDK, ACBP, Angiogenin, CCLZI
verified in PMI as well as spontaneous MI patients using western blotting and Il
The results suggest further investigation of them in larger number of patients.
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YELUUUULYE LGP 2USSLUSNONRURS UPL2GY
LUNUULPLPEUY UL NAUNRULUURLARBSNRLE BY UPLUGNRUL
UrSUuuLNEUSHL 2PULINERE3NARLLELP 2BSUNSNERINFULLELD
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uvoenouar,
Zmligniguyht punkp. YEuwdwpybp, Unyunhuy bpu buuky, ubipninghwljmb Luuky

Ubphuyugyuws  woliwwnwbpnud  unwgl]  ka YEbuwdwpyplitp, npnbp
wjinthtn unmqt] &t npybu hwpdwp  Jhengkp gulijugws hhjuinnipjub
nuunubwuhpdwl - hwdwp: Unugjws  Yehuwdwpybpbpp  twpiwunniquub
wbglbng  wpngbum], hpkhg  Yhpuwenwlt unuigh]  upnwbnpughb
hpjuinnipymuttph nuuntdbwuhpuwi ghwpnud:

Ungnpupwp  YEbuwdwpybpiitph  hwnbwgnpduwh g wpryniipnid
unwugynud £ phljiwsm jEbuwdwplbp vyhnwymgibph pudulwiht Epljuip gnigul,
npp wwhwbgnud £ hbnwqu unnignud: Upy Yebuwdwpybpitkph unniquul thnigh
hurdwp dpuilty t uh wpngku, nph oqunwgnpénud k SID-MRM/MS, puith np uylt nith
pnnp phimpwqplpp, npnbp wihpwdbon kb Yhuwdwpytptph nuunidbwuhpdwb
wju thmih hwidwp: Uy nith pwpdp qquymimipih b wnwbdtiwhwnlnipnih.
Eipwljw k dnywnhytpuwynpiul, thnpuwbghih k puquuphy jupnpunnphwitkphit
pujulub pupdp Jpupununpiut gniguitholbpng:

Lub dullly b wywqiugh dpwldwh  punungpnippub wupqupwbnd,
uyhnwymgbph uwkigniyh htnugnud b dhwgnpnh pughunud, npp htiwpwnpnipmi
b wwihu hujnbwpbpl] uyhnwymgubphl, npop wojw i yuquuynmd  1-
20uwiingpud dhthihupmy pwbwlny: Fudwiljwlhg gpuiwimpniihg wupq k
nuotnuf, np wewbg wuquwh dwbpuyphhn numdiuehpdwb owwn ndjup k
hupnbiwppty U ywhby  uyhwnwyngubphl, npnig pubwlp  ywquuymd 1
Uhypngpuil/Al}-hg wwfwu t: Muquwghg htnwghtyng 7 Yud 12 mhyh wilkbwywn
pubmympmit  mbkgny  uwhwnwymgubpp, Yupkh hwuliy  hwqunty
uyhunuymgubph hupnbwpbpdwb b yuhdwip 50twingpudal b 25hwingpud/dy - h
uwhdwbbtpnud, huluywnwupwbupop:  Muqiugh hbnwgqu suthwpwpfunudp
wybpughnud £ wjt 10-50 whqud b htwpudnpmpmb k wnwihu yuhbne dhigl
2,5twbngpud/Al:  Uju wpngbup mbh pwwn pupdp YEpwpuunpnyuljwbnipndd,
2wt gnpdulhgp dhghtinif sh gbpuquiignud 15%-p:

Ujunthtnlb Jkup dpwll) bip tfwbwwnhy tuuk) upnwbnpught wjighuh
hujnbh YEhuwdwpybpubph hudwp, hiywhupt i CRP, MRP14, MPO, ¢TnT, cTnl U
BNP: Zhwwquynid ppubp Yhpwndl] &b ywhbme hwdwp bpwbg pwhwlp
hhqubigibph  wjwquuynud, npp Ghpuphyl; tb phpuwylnhy wpnglgnipugh
wlnhy, fowbquphy  Jupghndwpwywphuh  (HOCM)  priddwl hwdup:
Mpngtgmpuyh pipwgpnid wppub tdnbp b Yhpgdly bwjipwh wpngbgmipui (O
pnyh), hiywhu twl wpnghgmpuyghg 10 pnyk, 60 pnwk b 240 powk htwn: Ugu
uyhunwlmgubph pubwlp wpuquugh by wwwnwinnud t whiyngpud/l)-hg dhiisk
uhypngpund/Al)-h uwhdwbubpnud:  Upmynibipbipp gnyg ki wdk) np htwpundnp k
Yuunupt) bpjws uvyhnwlnmgubph putwlulub swhnudibp wiwquuh by wnwbg
huljudwpdhuliiph oquuugnpéuwt:

Uju wppunwiiph Jbpohtt thmynud Yhuwdwplbptitph  hwjnbwgnpsiwh
niumdtwuhpnipinitibipp juwwpglp b 3 hhjwbgbbph  wuwiwdh  whnphg
unugus wpjub wjuqiugh thnpdwininbbpod, ndpbp Ghpupll &b Jiplnoad
uqwé phpuylnhy ypngignipughl: 10 b 60 pnyk whnnmpjunlp wpnghgnipuh
thnpdwtiinipitpnid huynbwpkpgus U yuhqws uyhnwlngibpp hudbkdun]by ka0
pnyk whnnipjudp wpngkgmipugh thapdwbdnigh htwn: Upgymbpnid hupnbwpkpdty
Ll Unw 1000 uwyhwwynighkp, npnighg 122-h pwbwlp wyuquuynud wykjugt) £ 10
Yud 60 pnujkhg htnn 0-h htn hwdtdwwnws: Uy 122 uyhunwlnigibpp juqund kb
wyb gnigwlp, npp Eipwlu Euwfbjh dwbpuodwubl nunidbwuppdwb:

Uowlws dbpnpulub dnnbgnulp htwpwinpmpimb phdknkg dowlkne
MRM/MS U ubteninghwlwh tuuljibp’ upwpt jmpwhwnnl uyhuwlynmgitph
huwyntwpbpdwt  hwdwp: Ubknninghwlult  tuubjutp  dpwlytghtt  htnlyuy
uypwnulmghtph ACBP, ANG, U CCL21 hwwp: Ujh Yhpumg wytih ks pwbwyny]
hhquunttph thnpdwidnipmd, hyybu bwb upnh jupjwshg htnn YEpgqus
wpub yjwuquuih thnpdwbdnipubpnud: Unynpyjtpu MRM/MS  tuuly  dpwiljykg
ACLP1, FHLI, MYL3 U TPMI uwhwwymgubph hunfwp b wjb Yhpunykg 6 HOCM
hhywinutiph (npdwidnyutpmd: Ujpu tuubjubiph Yhpuenidp Uk pyny hhywbnbph
thnpdwtinipipmd gnyg g blwbwwnhuy hohnjunipinth dudwbwljh pipwugpnid,
huy np unwgyl] tp hwjnbwgnpdnipjub hognud: Uwnugws wpiynipubpp
Epuphuynpnud B wyn YEhuwdwplybpbbph ghwhwinnidp i wnfbih gwn pubwlng
thnpdwbdnipubpnud:
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