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Introduction

Olink® Target 48 Neurodegeneration is a reagent kit measuring 42
well-established protein biomarkers relevant in neurodegenerative
diseases like Parkinson's disease, amyotrophic lateral sclerosis,
Alzheimer's disease, multiple sclerosis and traumatic brain
injury. Olink Target 48 Neurodegeneration has been developed
without any human plasma components. The analytical
performance of the product has been carefully validated and the
results are presented below.

Technology

The Olink reagents are based on the Proximity Extension Assay
(PEA™) technology*?2, where oligonucleotide labeled antibody
probe pairs are each allowed to bind to their respective target
protein present in the sample. Following hybridization of the
matched oligo sequences, a PCR reporter sequence is formed by
a proximity-dependent DNA polymerization event. These reporter
sequences are then amplified, and subsequently detected and
quantified using real-time PCR. The assay is performed in a 48-
plex format without any need for washing or dilution steps (see
Figure 1), and results are reported in both standard concentration
units (pg/mL) and in relative concentration units (NPX).

Quiality controls

Plasma-free internal and external controls have been developed
by Olink to enable data normalization and quality control.
These have been designed to enable monitoring of the technical
performance of each run, as well as the individual performance
of each sample, providing information about each step of the
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Olink protocol (see Figure 1). The internal controls are added to
each sample and include one Incubation Control, one Extension
Control and one Detection Control. The Incubation Control (a non-
human antigen) monitors all three steps starting with the immuno
reaction. The Extension Control (an antibody linked to two matched
oligonucleotides forimmediate proximity that is independent of
antigen binding) monitors the extension and detection steps and is
used for data normalization across samples. Finally, the Detection
Control (a synthetic doublestranded reporter sequence template)
monitors the detection step. Samples that deviate from a pre-
determined range for one or more of the internal control values will
result in a QC warning in the Olink® NPX Signature software.

Eight external control samples are applied to each run. Triplicates
of the Sample Control, duplicates of the Negative Control and
triplicates of the Calibrator. The Calibrator is used in a second
normalization step and is designed to improve inter-run precision,
enabling optimal comparison of data derived from multiple runs
and batches. The Sample Control is used to monitor and control
the quality of reported output data by evaluating both accuracy
and intra-run precision for all assays. Both the Sample Control and
the Calibrator are composed of a pool of recombinant proteins,
equivalent to the biomarkers targeted by the panel.

Data analysis and protein concentration calculation

Data analysis was performed by employing a pre-processing
normalization procedure. For each sample and data point, the
corresponding Ct-value for the Extension control was subtracted,
thus normalizing for technical variation within one run.
Normalization between runs were then performed for each assay
by subtracting the corresponding dCt-value for the median of the

Amplification and detection

Quantify each biomarker’s DNA reporter using high throughput
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Figure 1. Olink assay procedure (above) and controls (below). The internal controls enable monitoring of the three core steps in the Olink assay and are used for
quality control and data normalization. Readout is performed by using Olink® Signature Q100.



three Calibrator replicates from the dCt-values generated. The next
step in the pre-processing procedure was to set the values relative
to a bridging factor that bridges the data between different kit
batches. The Normalized Protein eXpression (NPX) unit generated
is on a log2 scale, where a larger number represents a higher
protein level in the sample. The protein concentration in standard
concentration units (pg/mL) is obtained by fitting the NPX-value
to a standard curve, using four parameters in a non-linear logistic
regression model. The standard curves are defined during the
product verification and found via the product page (olink.com/
target48human). Three examples are shown in Figure 2.

Performance characteristics

Sample information

The Olink Target 48 Neurodegeneration verification was done
using 15 plasma samples and 4 cerebrospinal fluid (CSF) samples
from adult control donors and 65 plasma samples and 27 CSF
samples from adult patients diagnosed with various neurological
impairments such as:

Parkinson's disease, amyotrophic lateral sclerosis, Alzheimer's
disease, multiple sclerosis and traumatic brain injury.

Sample types

The ability to use different sample types was evaluated by
collecting matched serum and EDTA from 15 healthy individuals,
Table 1 summarizes the response values for 15 normal EDTA

plasma samples expressed in pg/mL, as well as relative differences

between serum compared to EDTA plasma. Variations observed
between responses in serum, as compared to EDTA plasma, were
generally small and all assays should therefore function without
limitation in serum.

Analytical measurement

Detection limit

Standard curves were determined for the 42 biomarkers
simultaneously in a multiplex format using recombinant proteins.
Limit of detection (LOD) was defined as 3 standard deviations above
background and reported in pg/mL (see Table 1 and Figure 2).

High dose hook effect

The high dose hook effect is a state of antigen excess relative to the
reagent antibodies, resulting in falsely low values. In such cases, a
significantly lower value can be reported, which leads to erroneous
interpretation of results. Therefore, the hook effect was determined
for each biomarker, and reported in pg/mL, see Table 1.

Measuring range

The analytical measuring range was defined by the lower limit of
quantification (LLOQ) and upper limit of quantification (ULOQ)
and reported in order of log10, see Table 1. To ensure accurate
quantification from lot to lot Olink establish release specifications
for the limits of quantification (LOQ) for every manufactured

lot. The analytical measuring data shown in Table 1 is based on
the verification results obtained during product development.
The upper and lower limits of quantification (ULOQ and LLOQ,
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Figure 2. Calibrator curves from 3 assays and their corresponding analytical
measurement data.

respectively) were calculated and reported in pg/mL with the
following trueness and precision criteria relative error <30% and CV
<30%, of back-calculated values (see Table 1). Separate calibrator
curves were defined for each assay and can be accessed via the
product page (olink.com/target48human) together with the
analytical data for the assay. Three examples of assays and their
analytical data are shown in Figure 2. The control and pathological
plasma levels are listed in Table 1, and the control and pathological
CSF levels are listed in Table 2. The distribution of measuring
ranges of the 42 assays and endogenous plasma levels for control
donors are shown in Figure 3 and CSF levels for both control and
pathological donors are shown in Figure 4.
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Table 1. Sample types; Control and pathological plasma levels, Serum detectability relative to plasma, Endogenous interference, Analytical measuring range; Limit
of Detection (LOD), Lower Limit of Quantification (LLOQ), Upper Limit of Quantification (ULOQ), High Dose Effect (Hook), Range, and Precision indicative of assay
performance are shown for the 42 protein biomarkers. Not available, NA.

Sample types Endogenous Analytical measuring range Precision
interference
Control plasma levels Pathological plasma levels  Relative (mg/mL) (pg/mL) log10 % CV
(pg/mL) (pg/mL) plasma (%)
Protein name (gene name) UniProt 10" %tile Median 90" %tile| 10" %tile Median 90 %tile] Serum Hemolysate LOD LLOQ ULOQ Hook |Range Intra Inter
n=15 n=65
Advanced glycosylation end product-specific receptor (AGER) Q15109 82760 126996 159072 | 77352 147071 265716 103 150 298 298 28224 160000 | 398 5 5
Amyloid-beta precursor protein 40 (Abeta40) P05067 48.88 69.61 9361 11856 17585 25112 67 150 330 723 11834 64000 | 318 4 5
Amyloid-beta precursor protein 42 (Abeta42) P05067 2568 3842 50.77 5808 8108 106.84 87 150 729 1903 11148 64000 | 279 5 6
Aromatic-L-amino-acid decarboxylase (DDC) P20711 92858 146890 4204.73 | 103390 207261 463719 131 150 208 658 81799 160000 | 398 6 6
Beta-nerve growth factor (NGF) P01138 131 169 449 126 231 5.68 81 150 101 101 4101 64000 | 358 9 8
Beta-secretase 1 (BACE1) P56817 83504 96112 114551 | 78671 1049.65 1334.66 97 150 1588 4325 175062 400000 | 358 7 6
Bone morphogenetic protein 7 (BMP7) P18075 545052 678233 821325 | 597534 737847 9832.06 63 150 866.58 866,58 417114 1000000| 279 6 7
Calsyntenin-3 (CLSTN3) Q9BQT9 52662 68364 77777 47454 60206 81749 122 150 11905 11905 12527 158489 | 199 7 6
Cellular tumor antigen p53 (TP53) P04637 058 062 075 0.65 104 213 88 150 015 052 1730 10240 | 358 5 6
Forkhead box protein O3 (FOX03) 043524 18.02 18.88 3019 2379 4585 12529 82 75 550 1693 26127 64000 | 318 5 6
Gamma-enolase (ENO2) P09104 238019 301315 383142 | 125435 259759 512499 4 150 10146 10146 185451 1000000| 3.18 7 4
Glial cell line-derived neurotrophic factor (GDNF) P39905 012 0.14 0.16 0.14 0.22 044 NA 150 011 011 4244 9292 442 5 6
Glial fibrillary acidic protein (GFAP) P14136 15.69 1878 2857 11.03 2559 59.63 103 150 695 695 67689 1000000 398 6 7
Glutaredoxin-1 (GLRX) P35754 8892 13891 28151 | 15948 28720 59243 84 00 626 1882 10239 64000 | 279 7 5
HLA class Il histocompatibility antigen, DR alpha chain (HLA-DRA) P01903 80.23 8598 14353 | 10535 16558  374.33 162 150 7174 7174 2753721 6930504| 4.59 7 5
Integrin alpha-M (ITGAM) P11215 618291 740592 1287456 | 348859 516122 7472.69 42 150 1463 1463 66289 400000 | 358 5 5
Integrin beta-2 (ITGB2) P05107 1679175 22909.27 51937.88 | 1450992 2170599 30679.26 63 150 14236 14236 429747 1000000| 3.58 5 6
Interferon-induced, double-stranded RNA-activated protein kinase (EIF2AK2) P19525 415733 6714.64 1108725 | 884541 39605.12104296.82) 266 150 29556 87754 493333 1000000| 279 8 8
Kallikrein-8 (KLK8) 060259 131482 161420 249808 | 96753 162579 2420.76 101 150 1676 4641 24903 160000 | 279 5 6
Leucine-rich repeat serine/threonine-protein kinase 2 (LRRK2) Q5S007 NA NA NA 87248 152663 3656.33 NA 150 85425 854.25 1055572 2511886 | 3.18 5 6
Microtubule-associated protein tau phosphorylated at threonine 217 (pTau217)  P10636 024 034 048 038 056 159 82 150 019 019 4991 25704 | 437 6 6
Myelin-oligodendrocyte glycoprotein (MOG) Q16653 2343 2578 3154 2544 3795 60.83 103 150 056 056 4413 25704 | 398 7 8
N(G),N(G)-di 1(DDAH1) 094760 13447 20474 38135 | 20344 29277 52828 107 09 1698 4506 71582 1000000| 3.18 6 6
Neurofilament light polypeptide (NEFL) P07196 35967 45763 101336 | 47669 115473 325542 85 150 7555 25974 412994 1000000 3.20 6 6
Neuroligin-1 (NLGN1) Q8N2Q7 44227 44227 44227 | 29507 34666 70601 107 150 28291 28291 418082 1000000| 3.8 5 6
Neuronal pentraxin receptor (NPTXR) 095502 92530 125578 160500 | 110695 164545 2462.62 12 150 090 260 27669 160000 | 398 6 7
Neuronal pentraxin-1 (NPTX1) Q15818 513538 705595 918748 | 686350 923678 13634.14 106 150 11071 11071 176905 1000000| 3.18 4 5
Neuronal pentraxin-2 (NPTX2) P47972 522466 806744 1147527 | 657540 936745 1381190 108 150 3975 10439 178611 1000000| 3.18 6 5
Oligodendrocyte-myelin glycoprotein (OMG) P23515 6157 7204 9218 3309 8856 19870 107 150 646 646 11516 64000 | 318 6 5
Protein S100-B (S100B) P04271 NA NA NA NA NA NA NA 150 1728 1728 281028 160000 | 3.18 7 5
Reticulon-4 receptor (RTN4R) Q9BZR6 36740 52793 72021 | 44496 60997 80748 11 150 4494 4494 11084 64000 | 239 5 7
Secretogranin-2 (SCG2) P13521 225376 276186 350006 | 239166 321254 4549.87 72 150 1285 4461 28782 160000 | 279 5 5
SPARC-related modular calcium-binding protein 1 (SMOC1) Q9H4F8 158599 207692 243079 | 162795 247778 388293 136 150 28020 28020 76176 400000 | 239 6 5
Stromelysin-2 (MMP10) P09238 18979 41432 54742 22815 35332 686.04 105 150 028 080 3723 21707 3.67 6 7
Synaptotagmin-1 (SYT1) P21579 1264 1528 18.86 12.09 19.88 31.83 101 150 218 710 11940 64000 | 318 5 4
Syndecan-4 (SDC4) P31431 264646 618771 764759 | 215548 439132 8344.25 250 150 31799 31799 414401 1000000| 3.18 5 7
Synphilin-1 (SNCAIP) Q9Y6H5 811 917 1696 696 746 1277 122 150 656 656 11255 64000 | 318 5 5
Syntaxin-1B (STX1B) P61266 40.08 5757 23183 52.88 7755 12389 128 150 1916 1916 185270 1000000| 3.98 7 5
Triggering receptor expressed on myeloid cells 1 (TREM1) QINP99 16926 24575 35915 14085 22534 41022 103 150 015 047 13177 28986 | 443 6 6
Triggering receptor expressed on myeloid cells 2 (TREM2) Q9NZC2 608276 1214715 2883697 | 8962.62 1615408 37447.80 113 150 641 641 472281 887185 | 481 5 7
Visinin-like protein 1 (VSNL1) P62760 2588 4050 59.35 2489 4081 6333 110 150 117 364 29871 183953 | 3.83 7 5
WW domain-containing oxidoreductase (WWOX) QINZC7 595 595 595 339 808 2003 NA 38 234 234 12533 25600 | 358 5 5
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Figure 3. Distribution of analytical measuring range, definede{)p ec! o%v%pgﬁgtur;a);t)lgr ilﬁ%ﬁérgrl'quantification (LLOQ-ULOQ), and control plasma levels (darker

bars) for the 42 protein biomarkers.



Table 2. Sample types; Control and pathological CSF levels for CSF indicative of assay performance are shown for the 42protein biomarkers. Not
available, NA.

Target Sample types

Control CSF levels (pg/mL) Pathological CSF levels (pg/mL)

Protein name (gene name) UniProt 10t %tile Median 90 %tile 10" %tile Median 90t %tile
n=4 n=27

Advanced glycosylation end product-specific receptor (AGER) Q15109 5.82 9.67 12.87 563 944 1561
Amyloid-beta precursor protein 40 (Abeta40) P05067 344121 434748 531521 952.61 266330 462195
Amyloid-beta precursor protein 42 (Abeta42) P05067 652.29 85795 105933 183.64 61898 1111.81
Aromatic-L-amino-acid decarboxylase (DDC) P20711 9.02 1258 1511 1201 19.56 3229
Beta-nerve growth factor (NGF) P01138 NA NA NA NA NA NA
Beta-secretase 1 (BACE1) P56817 181039 192318 228518 114244 2035.06 2607.37
Bone morphogenetic protein 7 (BMP7) P18075 17091.63 2100241 2498730 899257 17872.67 24395.65
Calsyntenin-3 (CLSTN3) Q9BQT9 552.24 64648 784.02 42692 63859 767.20
Cellular tumor antigen p53 (TP53) P04637 NA NA NA NA NA NA
Forkhead box protein O3 (FOX03) 043524 NA NA NA NA NA NA
Gamma-enolase (ENO2) P09104 659.16 93338 134577 82491 122595 1894.59
Glial cell line-derived neurotrophic factor (GDNF) P39905 NA NA NA NA NA NA
Glial fibrillary acidic protein (GFAP) P14136 44932 696.91 968.53 169.16 54779 1048.10
Glutaredoxin-1 (GLRX) P35754 4593 58.16 64.25 2223 46.44 7017
HLA class II histocompatibility antigen, DR alpha chain (HLA-DRA) P01903 398.66 642.05 77236 320.23 622.55 149394
Integrin alpha-M (ITGAM) P11215 20311 238.81 26145 160.20 266.28 34838
Integrin beta-2 (ITGB2) P05107 44320 505.62 63954 396.64 687.63 992.59
Interferon-induced, double-stranded RNA-activated protein kinase (EIF2AK2) P19525 NA NA NA NA NA NA
Kallikrein-8 (KLK8) 060259 13301 14546 155.64 11322 171.06 256.10
Leucine-rich repeat serine/threonine-protein kinase 2 (LRRK2) Q5S007 NA NA NA NA NA NA
Microtubule-associated protein tau phosphorylated at threonine 217 (pTau217) P10636 1403 1523 1953 946 1760 4211
Myelin-oligodendrocyte glycoprotein (MOG) Q16653 281210 321343 3485.89 1704.39 253223 4085.55
N(G),N(G)-di inine dif i 1(DDAH1) 094760 217256 223508 225536 1299.67 218314 3232.85
Neurofilament light polypeptide (NEFL) P07196 983704 10774.17 1263531 5746.57 13169.72 63822.81
Neuroligin-1 (NLGN1) Q8N2Q7 37183 37183 37183 33851 359.08 60171
Neuronal pentraxin receptor (NPTXR) 095502 23565.93 2452548 25485.04 19196.98 2440254 26605.70
Neuronal pentraxin-1 (NPTX1) Q15818 4614938 59296.33 6546936 28369.08 52981.15 79085.75
Neuronal pentraxin-2 (NPTX2) P47972 1010296 13996.93 2167944 3564.84 1054973 20796.18
Oligodendrocyte-myelin glycoprotein (OMG) P23515 NA NA NA NA NA NA
Protein S100-B (S100B) P04271 3527 51.37 66.32 25.66 3764 56.02
Reticulon-4 receptor (RTN4R) Q9BZR6 1811.38 1962.16 2469.06 146748 2393.82 265046
Secretogranin-2 (SCG2) P13521 133.01 145.68 764040 13991.87 21346.22 23814.03
SPARC-related modular calcium-binding protein 1 (SMOC1) Q9H4F8 281532 3135.16 3613.10 182157 2874.26 3878.70
Stromelysin-2 (MMP10) P09238 1015 1068 13.05 593 941 18.64
Synaptotagmin-1 (SYT1) P21579 663.88 80272 92241 41552 70051 1078.80
Syndecan-4 (SDC4) P31431 35372 42958 48941 34425 43777 584.59
Synphilin-1 (SNCAIP) QI9Y6H5 NA NA NA NA NA NA
Syntaxin-1B (STX1B) P61266 249339 3005.87 3511.67 153243 2960.61 387915
Triggering receptor expressed on myeloid cells 1 (TREM1) QINP99 959 9.86 13.03 868 14.24 2475
Triggering receptor expressed on myeloid cells 2 (TREM2) QINZC2 429543 4926.85 28348.64 212873 477622 749163
Visinin-like protein 1 (VSNL1) P62760 3732 4195 53.69 18.00 3712 6747
WW domain-containing oxidoreductase (WWOX) QI9NzC7 NA NA NA NA NA NA
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Figure 4. Distribution of analytical measuring range, defined by the lower and upper limits of quantification (LLOQ-ULOQ), and CSF levels for both control and
pathological samples (darker bars) for the 42 protein biomarkers.



Precision

Repeatability

Inter-run (between run) and intra-run (within run) CV were
assessed by evaluating triplicate measurements of the Sample
Control on each plate, based on 24 plate runs performed by three
different operators. Each operator performed a minimum of three
runs.

Inter-run CV values were calculated between runs done by the
same operator. The inter-run CV reported here is the average of the
three operators’ CV. CV calculations were performed on data in
pg/mL for the 42 analytes for which response levels within LOQ
were detected, see Table 1.

Across the 42 assays, both the mean intra-run and inter-run
variations observed were 6%. The distribution of both intra-run and
inter-run variations are shown in Figure 5.
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Figure 5. Distribution of intra-run and inter-run variations of Olink® Target 48
Neurodegeneration based on Sample Control data.

Reproducibility

To determine CV inter-operator (between operators) and
CVinter-site (between sites), identical sample plates were

sent to 5 laboratories (sites) together with Olink Target 48
Neurodegeneration kits. Ten individual plasma samples (in
triplicates) and a pooled plasma sample in five different dilutions
(1:1,1:2, 1:4, 1:8 and 1:16, in duplicate) were provided. At four
sites, two operators per site executed one experiment each, using
one sample plate each. At one site, two operators executed one
experiment each, using the same sample plate. Inter-operator
and inter-site CV were calculated based on the undiluted plasma
samples (the 10 individual plasma samples and the pool with a
1:1 dilution) and Olink's Sample Control, provided with the kit.
All samples and controls showed good CV between operators
and sites (see Table 3). Note that one run did not pass QC, so the
average inter-operator CV is based on data from four sites.

Table 3. The average CV intra-run was determined for each assay on each
run (n=9), and values shown represent the average of all runs. CV inter-run
is the average of all runs. Inter-operator CV was determined per site (four
sites). CV inter-operator is the average of inter-operator CV from all sites.
The CV inter-site was determined pairwise, between all sites (five sites). CV
inter-site is the average of all pairwise calculations.

%CV Plasma samples Pooled plasma Sample Control

Intra-run 9.16 727 4.60
Inter-operator 744 6.54 6.04
Inter-site 10.51 11.13 412

There are many Olink-certified core laboratories around the world
running Olink panels (see www.olink.com/service for details). Our
experience over several years is that inter-site reproducibility is
very good provided that operators are properly trained. For more
information please contact support@olink.com.

Analytical Specificity

Assay specificity

To test the specificity of the PEA probes of Olink Target 48
Neurodegeneration, all antibodies used were tested for cross
reactivity against all proteins targeted. To confirm that the
antibodies implemented into Olink Target 48 Neurodegeneration
are specific for their targets, detection of the 42 proteins were
determined applying recombinant proteins solitary to the
multiplex. These tests revealed that one assay showed cross-
binding to another protein, with 10% (OMG detecting ITGB2). No
other assays had any unspecific signal.

Endogenous interference

Bilirubin, lipids and hemolysate, are plasma and serum components
that are known to interfere with some analytical assays. An
example of the hemolysate levels tested is shown in Figure 6. These
additions represent different health conditions and/or sample
collection irregularities. In 4 out of 42 assays, altered signal was
observed by the addition of hemolysate. The reason is most likely
due to the specific analytes leaking out of the disrupted blood
cells. A concentration of 15 g/L of hemolysate represents 10%
hemolysis of a sample. Table 1 reports the highest concentration of
hemolysate that does not have an impact on assay performance.
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Figure 6. Endogenous interference. Levels of hemolysis tested, corresponding
to 0.23-15 g/L hemoglobin. The highest hemolysate concentration translates
to about 10% hemolysis.
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Interference by bilirubin and lipids has previously been evaluated,
and disturbance was only observed at extreme levels
corresponding to 8 or 10 times normal values**. This test was
therefore not repeated for Olink Target 48 Neurodegeneration.
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Linearity

Linearity was assessed in true matrix conditions by diluting one
sample in another sample. A native plasma sample containing a
relatively high endogenous level of the target protein is mixed
with a native plasma sample containing a relatively low level

of the protein, at different ratios, to give three equally spaced
intermediate concentrations. Native samples were chosen to
obtain as wide a range as possible, requiring several different
sample combinations to be included in the test. The difference
between the “theoretical” concentration and the “measured”
concentration was analyzed. The expected (theoretical)
concentrations were based on the measured concentration of
the highest and lowest sample, and the theoretically calculated
expected concentrations for the intermediate data points, (see
Figure 7).
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Figure 7. The difference between the “theoretical” concentration and the
“measured” concentration.
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Technical support

For technical support, please contact us at support@olink.com.
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