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@ Abstract O Dilution Linearity

Purpose: The goal of this study was to develop more than 20 biomarker assays and assess feasibility of multiplexing. Multiplexing of To assess dilution linearity, six normal human serum, EDTA plasma, CSF, and urine samples were tested at 4 dilution factors. The initial Panel C
biomarkers is often a challenge due to differences in analyte abundance in matrix and assay diluent requirements. This leads to the need dilution factor was determined from the literature or measurement of a subset of samples. The selected sample dilution factor was set as Panel A : : Panel B : : ALAT Adiponectin B2M Clusterin | Cystatin-C | Factor VI
to reconfigure panels during the early stages of assay development. The U-PLEX assay platform is designed to enable rapid and flexible 100% recovery. The average % recovery for most of the analytes in the samples fell between 75% and 125%. The % recovery was Spike Concentration Spike Concentration Bl e
creation of multiplex immunoassays using MSD’s MULTI-ARRAY® technology. elevated for samples approaching the lower limit of quantification (e.g., ICAM-3 in urine samples). Spot Spike-1 | Spike-2 | Spike-3 | Units Spot Spike-1 | Spike-2 | Spike-3 | Units Tested (pg/mL). 50000 6667 539 66667 13333 563
Angiopoietin 1 40.0 1.60 0.06 ng/mL Eotaxin-2 500 31.3 1.95 pg/mL
Methods: The U-PLEX platform consists of 10 unique U-PLEX linkers that specifically bind to 10 distinct locations (“spots”) at the bottom of The graphs below show the average % recovery for each analyte at each dilution. Angiopoietin 2 4000 160 6.40 pg/mL MIP-5 2.50 0.16 0.01 ng/mL . . —
. S ) . Blended Calibrator with Individual Detectors
each well of a 96-well U-PLEX plate. Each U-PLEX linker has a biotin-binding domain that couples to a biotinylated capture reagent as ENA-78 500 20.0 0.80 pg/mL MMP-3 25.0 1.56 0.10 ng/mL Spot ALAT Adi i BOM Clusteri Cvstatin-C | Factor VII
well as a domain that binds to its corresponding spot on the plate. Antibody pairs were screened on the U-PLEX platform, followed by % Recovery = (measured x dilution factor)/expected x 100 FasL 1000 40.0 1.60 /mL MMP-9 125 7.81 0.49 /mL PO ROnectin usterin ystatin- actor
) . S as - ' pg/m ' ' ngm ALAT 100% < 1.0% < 1.0% < 1.0% < 1.0% < 1.0%
measurement of analyte levels in serum, plasma, urine, and CSF. The assays were reconfigured into fit-for-purpose assay panels, and Panel A - Serum (n=6) Panel B - Serum (n=6) Panel C - Serum (n=6) . . 0 70 Al =70 7 =7
ICAM-3 80.0 3.20 0.13 ng/mL Osteoactivin 10.0 0.63 0.04 ng/mL . . 0 0 0 0 0 0
then assessed for specificity and matrix tolerance. L —— Angiopoietin 1 2T e Eotmin-2 P L memAT SDF-1a 8000 320 128 og/mL P-Cadherin 250 156 010 ng/mL Adiponectin <1.0% 100% <1.0% <1.0% <1.0% <1.0%
-- ------ S e p T Thrombomoduln| 800 | 320 | 043 | ngimlL TNF-RI 250 | 046 | 00L | ngml e s o o< Lok ok i
Results: Based on the initial assessments of analyte abundance and assay specificity, the assays were configured as several multiplex gy &7 T T Ezc;fﬂf 82007 Eg?;t % ool E;I‘Vﬁ : : : : TNERI 6I25 3;3 1 2' 24 : oL Clusterin <1.0% <1.0% <1.0% 100% <1.0% <1.0%
panels. In the initial assessment, the assay dynamic ranges spanned 3-5 orders of magnitude. However, the samples still required 2w o Thrombormociin Z S mER ol -- I : : P Cystatin-C <1.0% <1.0% <1.0% <1.0% 100% <1.0%
dilutions between 2- and 4000-fold. In addition, improved matrix tolerance was achieved for some assays through use of different assay T T o O Panel C ™ _ Factor VII 7.3% 2.7% <1.0% 3.6% 2.5% 100%
diluents. Based on these criteria, we were able to group the assays into preliminary multiplex panels in less than one week. Dilution Fold biution Fold piution Fold piuton : Sp', € Concentratlon :
. . ] . . . ] Panel A - EDTA Plasma (n=6) Panel B - EDTA Plasma (n=6) Panel C - EDTA Plasma (n=6) S Ot Splke_l Sp|ke'2 Sp|ke'3 Un|tS
linearity and spike recovery studies demonstrated acceptable matrix tolerance and accurate quantification for most of the assays tested o . e pvgopoein t _ 2007 I, _ 0 e pinr P ]
across all matrices (typically between 75-125%). For assays that did not meet these criteria, further assay development or rescreening of 2 —— Andlogoietin 2 o = MIP-5 g 200} — Adiponeciin ALAT 50.0 5.56 0.62 ng/mL a Samp|e Testi ng Panel A
antibodies could be performed. The analytes in the final panels typically exhibited non-specific binding of less than 1.0%. Fit-for-purpose € 1501 S £ 10 e 2] T Adiponectin 6670 741 823 pg/mL . _ 10000 — — __ Detection Limits
panels were established within 3 weeks using as little as 200 ug of each antibody. :] - Semporenti L B [ e B2M 539 59.9 6.65 | pg/mL Six normal human serum, EDTA plasma, urine, and CSF samples ~ xeof -~ ___ ¢ Seum (N=6)
" s £ s 66.7 741 082 | ng/mL were tested across all three multiplex panels. The majority of 1007 o e e ey
Conclusion: The U-PLEX platform facilitated the rapid reconfiguration of fit-for-purpose multiplex panels, reducing assay development Pt S piwen T owen T T e ottion Cystatin-C 13.3 1.48 0.17 ng/mL samples measured above the lower limit of detection (LLOD). The £ o~ e aing R o COFN0)
time. The resulting panels are suitable for use in early exploratory studies, and are primed for analytical validation. Panel A - CSF (n=6) Panel 8 - CSF (n=6) Panel C - CSF (n=6) Factor VI 563 63.1 701 pg/mL table below provides the limits of detection and the concentration 5 »f = 500 ~FE R
= e pdtoporetn 2 ™ o 7 i units for different assays. s  mT e
9 MethOdS § N :lFCa;k/W é 7 —4— MMP-9 § ™ —— Clusterin . . ' ' 0.15 - _‘ZT‘
g1 e g 20 —— Ostsoscibin g 1001 —— Cystin-C L The LLOD is a calculated concentration based on a signal that is 0014 =85 —
MSD's electrochemiluminescence detection technology uses SULFO-TAG™ labels that emit light upon electrochemical stimulation initiated . : ™ aie 9 @ Sp@lelClty 2.5 standard deviations over the blank. The median LLOD is R S S
at the electrode surfaces of MULTI-ARRAY and MULTI-SPOT® microplates. The U-PLEX assay platform utilizes 10 unique linkers that i N B S N R i N N B i B TR TIET TR _ o | o | _ _ _ - calculated over 6 runs. The upper limit of detection (ULOD) is the & ¢ s e ¢
specifically bind to individual spots enabling simple and flexible creation of multiplex immunoassays. baner - rime 1) paner s - Urme 126 paner o - e 126) To determine the specificity of the detection antibodies, blended calibrators were tested with each detection antibody. The non-specific highest calibrator concentration. Detection limits are reported at & @o@"
_ 07 e Angoporein 2 _ 2007 o _ 2007 - interactions were below 1.0% for most analytes. their dilution-adjusted concentration.
Electrochemiluminescence Technology Typical U-PLEX Protocol . . P £ 1o —= Adiponectn o Panel B Panel C
®  Minimal non-specific background and Stl’Oﬂg Create U-PLEX Coating Solution: %;igz: E%\%Eomodunn %; ELOMS\;;%E;SQ.T %;100- E%g%guc %Non — SpeCifiCity = BaCkground subtracted non — Sl.je.afl.c Slgnal * 100 1000005 N —— | — Detection Limits o <t — Detection Limits
responses to analyte yield high signal-to-background ® Dilute each biotinylated antibody to 10 pg/mL in coating diluent. 2 1001 2 oo —— TNFRI 2 sof Background subtracted specific signal e — 5 | Serum N=6) 10000% e — —— | ® Serum (N|:6) .
I’atIOS ¢ Add 200 HL Of eaCh bIOtInyIated anthOdy tO 300 lJ'L Of the o C-o 2 4 6 8 10 12 14 16 18 20 O Co 10 20 30 40 50 ) Co 4000 8000 12000 16000 c 1000% o - — ~ EE;A(Nzgima(N_G) o — o -eifbe- o il EErLA(Nzg?ma(N_)
®  The stimulation mechanism (electricity) is decoupled assigned linker. Vortex. Incubate at room temperature (RT) for Fold Diluton Fold Dilution Fold Dilution g Ml T L #F T O CSF(N=6) 2 ¥ e 4, |OCSFONO
from the response (light signal), minimizing matrix 30 minutes. _ Panel A — —— : I el o ° _ I o e o
interference. ® Add 200 pL of Stop Solution. Vortex. Incubate at RT for 30 (5] Splke Recovery Angiopoietin 1/Angiopoietin 2|  ENA-78 FasL ICAM-3 SDF-1a _ [Thrombomodulin § M o 5 TR e ™ § M7 . B
®  Only labels bound near the electrode surface are minutes. . . . o _ _ Calibrator Conc.| )01 4000 500 1000 80000 8000 80000 °3 — T i -
excited, enabling non-washed assays. ® Combine 600 pL of each U-PLEX-coupled antibody solution into Six normal human serum, EDTA plasma, CSF, and urine samples were spiked with calibrators at multiple levels throughout the linear Tested (pg/mL) 0013 — 0.014
® Labels are stable, non-radioactive, and directly a single tube and vortex. Up to 10 U-PLEX-coupled antibodies range of the assay. Spikes were made into neat or diluted samples; the selected dilution factor was determined from the dilution linearity. 0.001 —— T 000+ — ' T
conjugated to biological molecules. can be pooled. Most of the analytes recovered between 75% and 125% at each spike level. For Panel A, under-recovery was observed for several Blended Calibrator with Individual Detectors @of' &S & 4 Qoeo“@ & Gg‘@ & 0@«“
® Emission at ~620 nm eliminates problems with color Coat U-PLEX Plate: | ' | analytes; further diluent optimization is recommended for these analytes. Spot Angiopoietin 1/Angiopoietin 2|  ENA-78 FasL ICAM-3 SDF-1a  |Thrombomodulin o *
quenching. ® Add 50 pL of multiplex coating solution to each well. Seal plate ) | Angiopoietin 1 | 100% < 1.0% <1.0% <1.0% 5.5% <1.0% <1.0% Assay Panel | Diution | Median LLOD Median ULOD | Units
* Multiple rqunds of label elxcitation and le.mlission with an adhesive plate seal and incubate at RT with shaking for 1 The graphs below show the average % recovery for each analyte at each spike level. Angiopoietin 2 2 3% 100% <10% <10% 2 1% <10% 3004 AAT C 4000 0.02 600 L
. enhance light levels and improve sensitivity. . C\‘/’Uthf lovefg'g,ht- i at least 150 ULfwell of PES.T or MSD® Panel A - Serum (n=6) Panel B - Serum (n=6) Panel C - Serum (n=6) ENA-78 < 1.0% < 1.0% 100% < 1.0% < 1.0% < 1.0% < 1.0% Adiponectin C 4000 17.3 80000 ng/mL
Carbon elﬁctrodtle surface has{I 10X greater binding szh g Sftrir times with at least 150 pL/well of PES-T or - Aogiopeiein 1 ™ o T st FasL < 1.0% < 1.0% < 1.0% 100% < 1.0% <1.0% <1.0% Angiopoietin1 | A 2 0.04 200 ng/mL
capacity than polystyrene Wels. Complete (Run Assay): o e e ICAM-3 < 1.0% < 1.0% < 1.0% < 1.0% 100% < 1.0% < 1.0% Angiopoietin2 | A 2 5.30 20000 pg/mL
® Add 50 pL of sample, calibrator, or control to each well; shake 4 ot ¥ = catern e T Fecorvi SDF-la__ L.6% L.5% 1.2% < LO% 0.2% 100% < LO% B2M ¢ 4000 225 6464 Ll
for 1 hr and WaSh ‘\E —— Thrombomodulin <E 50+ —— TNF-RI i(z 50+ ThrombomOdUIln < 10% < 10% < 10% < 10% < 10% < 10% 100% C|USter|n C 4000 0.10 800 l.lg/ml_
® Add 50 pL of detection antibody solution to each well; shake for el ez sotes e etez  otes S o R Cystatin-C C 4000 0.23 160 ug/mL
1 hr and WaSh. Panel A - EDTA Plasma (n=6) Panel B - EDTA Plasma (n=6) Panel C - EDTA Plasma (n=6) Panel B ENA-78 A 2 1.83 2500 pg/mL
o Add 150 HL Of 2X Read Buﬁ:er T to each We” and read 5200- :223:222:222; gzoo- :EATSEHZ ;200- :2;$Znectin EOtaXIn'Z MlP-S MMP'3 MMP'g OSteoaCtIVln P'Cadherln TNF'RI TNF'R“ EOtaX|n-2 B 10 8.17 20000 pg/ml_
: r R S : = Cuser elbratir (LI, (R 2500 25000 125000 10000 25000 2500 625 Factor VIl C 4000 151 6816 ng/mL
o 3t T e s it T ysaine Tested (pg/mL) FasL A 2 0.57 5000 pg/mL
" " ;E —— Thrombomodulin i 50 —— TNF-RI fé |CAM-3 A 2 001 400 ng/mL
9 Antibodies and Reagents Selected _— o o I— N — Blended Calibrator with Individual Detectors MIP-5 B 10 0.01 100 ng/mL
Antibodies were screened and selected (data not shown). The 10000000 R N Panel A - CSF (n=6) N Panel B - CSF (n=6) N Panel C - CSF (n=6) Spot Eotaxin-2 MIP-5 MMP-3 MMP-9 Osteoactivin | P-Cadherin TNF-RI TNF-RII MMP-3 B 10 0.02 1000 ng/mL
final capture and detection antibodies were conjugated to biotin J000000] e s  hrgepoein? 5. v 5 ] "o Aaponecin Sl iR Wi < 1.0% < L% L.5% <L.0% <1.0% <1.0% < 1.0% MMP-9 B 10 0.20 5000 ng/mL
and SULFO-TAG, respectively. Performance of each assay was e £ 150] I 8 s R o Custein MIP-5 <1.0% 100% <1.0% <1.0% <10% <1.0% <1.0% <1.0% Osteoactivin B 10 0.05 400 ng/mL
confirmed by testing standard curves. A set of 21 assays was 3 —SoRia 2 0o o 2™ i Oseoacin gl e o MMP-3 <1.0% <1.0% 100% <1.0% <1.0% <1.0% <1.0% <1.0% P-Cadherin B 10 0.23 1000 ng/mL
grouped into 3 preliminary multiplex panels; reagents and 8 ool oremed 2 oo = Thrombonodin < VR 2 MMP-9 <1.0% <1.0% <1.0% 100% <1.0% <1.0% <1.0% <1.0% SDF-1a A 2 438 40000 pg/mL
groupings were determined based on abundance levels. | R S e oter  oies e eher  seies Osteoactivin <1.0% <1.0% <1.0% <1.0% 100% <1.0% <1.0% <1.0% Thrombomodulin A 2 0.01 400 ng/mL
The standard curves shown below and to the right illustrate the 10004 Panel A - Urine (n=6) Panel B - Urine (n=6) Panel C - Urine (n=6) P-Cadherin <1.0% <1.0% <1.0% <1.0% <1.0% 100% <1.0% <1.0% TNE-RI B 10 015 100 ng/mL
sensitivity and dynamic range of the 21 assays in the U-PLEX o > ] T eoen ) = ] T Fowin > ] e TNF-RI <1.0% <1.0% <1.0% <1.0% <1.0% <1.0% 100% <1.0% TNF-RII B 10 1.77 25000 pg/mL
L?:;llglit):].StUdY- The graphs display representative data from a 0 o ém_ e ém ;\" ..... o %100- g o TNF-RII <1.0% <1.0% <1.0% <1.0% <1.0% <1.0% <1.0% 100% - DOWNLOAD POSTER
e U B e B e ©® Conclusion
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—— Eotaxin-2 AT i ® Fit-for-Purpose multiplex panels were developed for a set of 21 analytes on the U-PLEX platform. Assay feasibility was
M 000000 1 — Adiponectin determined by testing for specificity, spike recovery, and dilution linearity. Relative sample abundance required the
e e % Recovery = measured/expected x 100 analytes to be separated into focused multiplex panels. The U-PLEX platform enables the easy reconfiguration of
—— P-Cadherin 100000 e Factor VI multiplex panels depending on the need.
=—— TNF-RI
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Concentration (pg/mL) Concentration (pg/mL) MESO SCALE DISCOVERY, MESO SCALE DIAGNOSTICS, MSD, MSD GOLD, DISCOVERY WORKBENCH, MULTI-ARRAY, MULTI-SPOT, QUICKPLEX, SECTOR, SECTOR PR, SECTOR HTS, SULFO-TAG, U-PLEX, S-PLEX,
V-PLEX, STREPTAVIDIN GOLD, MESO, www.mesoscale.com, SMALL SPOT (design), 96 WELL 1, 4, 7, & 10-SPOT (designs), 384 WELL 1 & 4-SPOT (designs), MSD (design), U-PLEX (design), S-PLEX (design), V-PLEX (design)
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