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Background: The European and American Cardiology
Societies (ESC/ACC) have established cardiac troponin (cTnl)
as the gold standard for diagnosis of myocardial infarction
(AMI) and risk stratification for adverse cardiac events. The
ESC/ACC recommends a cTnl cutoff at the 99th% of the
normal range with an assay imprecision (CV) of <10%.
Currently none of the commercial assays can detect cTnl in
healthy subjects with the requisite precision, therefore many
have advocated a cTnl cutoff at the 10% CV value. We
developed and evaluated a high-sensitivity cTnl assay and
determined its analytical and preliminary clinical performance.

Methods: The Singulex cTnl assay utilizes a 384-well
ELISA plate, and the ZeptX™ Digital Molecule Counting
(DMC) System. This assay uses a monoclonal capture
antibody and a fluorescently-tagged affinity-purified goat
detecting antibody. After washing, the fluorescently- tagged
antibody is chemically released into each well. An aliquot is
pumped into the analyzer. Individually-labeled antibodies are
measured during capillary flow by setting the interrogation
volume such that the emission of only 1 fluorescent molecule
Is detected in a defined space following laser excitation. With
each signal representing a digital event, this configuration
enables extremely high analytical sensitivities. Total
fluorescent signal is determined as a sum of the individual
digital events. Each molecule counted is a positive data point
with hundreds to thousands of DMC events/sample. The limit
of detection the Singulex cTnl assay was determined by the
mean +3 SD method. The normal range was determined on a
population of 88 apparently healthy subjects. This assay was
correlated to the Bayer Centaur on 130 samples from patients
admitted with chest pain. We also examined 47 serial samples
from 18 patients who presented to the ED with a diagnosis of
AMI. In this latter group, all had initial Centaur cTnl results
that were <0.35 ng/mL (10% CV cutpoint), and 12 were <0.1
ng/mL (99th%). The cTnl concentration was positive on all
subsequent serial samples from these patients on the Centaur,
establishing the diagnosis of AMI.

Results: The analytical sensitivity of the Singulex assay
was 1 pg/mL. The precision was 10% at 4 and 12 pg/mL. The
reference population exhibited a normal distribution. The 99th
percentile was determined to be <7 pg/mL. The linear
regression between Singulex (y) and Centaur (x) was: y=
0.113x + 0.048, r=0.937. In the 3 cases that had initial
Centaur cTnl value between 0.1 and 0.35 ng/mL, all were
positive for Singulex. In the 12 cases that had initial Centaur
cTnl value <0.1 ng/mL, 5 of 12 cases were positive. The
prospective use of the Singulex assay would have detected
53% more AMI cases than the Centaur when the admission
sample was tested.

Conclusion: The use of a highly sensitive and precise cTnl
assay will enable detection of AMI earlier than with existing
cTnl assays. A higher number of patients at risk for adverse
cardiac events may be detected. The increased sensitivity
was achieved by counting individual fluorescent emission
events by the ZeptX analyzer.

The ZeptX™ System technology

* 1-10 yl sample
« 384 well ELISA Plate sandwich assay
* Fluorescently-labeled detection antibody

» Capillary flow, laser-induced fluorescence,
high-sensitivity detection

* Fluorescent detection antibody released
from plate & sipped into instrument capillary

» Excitation and detection performed: Count
individual labeled antibody peaks in capillary
with S:N >30

» Total signal is the sum of antibody peaks
» Sensitivity routinely sub-fmol/l
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Serum from 88 normal random donors were
tested (in quadruplicate). The 99% cutoff was
/7 pg/ml (mean + 3 SD).

Analytical limit of detection for cTnl

Stds in immune-depleted serum matrix

y = 68x + 255.
R?=0.99

LOD =1.1pg/mli
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The analytical limit of detection (LoD) was
determined across 15 sequential assays. The
LoD was the mean of the O std + 3 SD (n=4)
iIntra-assay determinations. The average LoD
was 1.7 pg/ml (range 0.4-2.8 pg/ml)

Singulex immunoassay

Fluorescently labeled molecules are counted
during capillary flow
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Correlation between Singulex vs. Bayer
Centaur cTnl
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Clinical utility studies

Study 1:

Retrospective study of 18 patients
Subjects presented with chest pain in ED

All had non-ST elevated ECG

All subjects Troponin-| negative (<0.1 ng/ml) or
equivocal (0.1-0.35 ng/ml) on Bayer Centaur at
presentation

All subjects subsequently became Troponin-|
positive on Bayer Centaur

Longitudinal specimens (4-8 r intervals between
blood draws) provided to Singulex in blind manner
for testing in triplicate

Quantitative data Cross standardized using a
factor of 7.4

Study 2:

50 additional single samples were tested with
negative cTnl on Centaur.

Examples of assays developed on ZeptX

System and sensitivity enhancements

ZeptX Improvement
Analvte Detection Over Assay
y Limit Standard Format
(pg/mli) Formats
Prion 1 100x Sandw
HBsAg 2 20x Sandw
IL-6 0.02 50x Sandw
Proprietary Single
Pharma 10 S0x Ab
S100A8 3 25X Sandw
Interferon 0.5 25x | Sandw
Gamma
Proprietary
(Wash U) 10 25X Sandw

Representative data, study 1

Bayer
ID- ng/ml
bleed | Singule | Bayer | standard
Patient # x ng/ml | ng/ml ized
51 y/o male B-1 0.009 <0." <0.014
Chest B-2 | 0.015 | <0.1 | <0.014
Dg,rizil{rser B-3 | 0.033 | <0.1 | <0.014
clovation M| | B-4 | 0.009 | <0.1 | <0.014
B-5 0.009 <0.~ <0.014
B-6 0.034 0.33 0.045
B-7 0.083 0.64 0.086
66 y/o F F-1 0.013 <0.1 <0.014
Chest pain F-2 >1 10.94 | 1.478
Dx, nSTEMI
F-3 >1 10.39 1.404
/0yloF N-1 0.016 <0.1 <0.014
General N-2 | 0.065 | 0.22 | 0.030
weakness TN 37 0054 | 0.27 | 0.036
Troponin leak
UE G N-4 0.059 0.32 0.043
Intracranial
hemorrhage
81 y/o M, P-1 0.013 <0.1 <0.014
Presented P-2 | 0.376 | 3.23 | 0.436
after a fall Dx,
nSTEMI
Test Method | # Detected # Non-
Detected
Bayer 14 11
Centaur
Singulex 13 5

Precision, recovery and linearity for cTnl

Precision —

n=20

Linearity

diluent.

Avg
Intraplate precision, | (pg/ml) 12 95
Std dev 1.4 10.1
Recovery (serum) %CV 12 11
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Of the 50, 36 were within the 99t"%. There were
14 samples which were abnormal by the ZeptX
system and normal by the Centaur. Outcomes
analysis is necessary to determine if these
subjects had minor (ischemic) injury.

Conclusions

 The ZeptX system is a highly sensitive cappilary
flow laser-induced fluorescence immunoassay

analyzer

* The Singulex cTnl assay has 10-20 fold higher
sensitivity than the Bayer Centaur

« The LoD was 1.7 pg/ml and the 99"% for a
healthy population was 7 pg/ml

 For nSTEMI patients, ZeptX detected cTnl
earlier than Centaur

* A high sensitivity cTroponin-| assay may enable
more patients to be identified at high short-term
cardiovascular risk (study to be conducted)





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


