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Natural killer(NK)cellsrepresent crucial playersf the innate immune systerand fulfil their

main functionin first line of defense by recognizing and eliminating tumor degenerated and
virus infected cellsTo analye and influenceNK cellbehaviorit is necessary to bable to
specificallyactivate NK cellsn this work, known NK cetpecific stimulants were used in
whole blood cultures (TruCulture) to investigate the specificity of the Nkacellating stimuli

in the high complexity of this culture system and to efetine whether and to what extent
co-activation of further immune cells of the peripheral blood occiisr this purpose, it was
necessary to gesrate appropriate test systemghus two beadbased multiplex Luminex
immunoassays, IMAP 1 and IMAP 2, wereeligped for the detectiorf nine (Ik4,-6,-8,-10,
GMCSF,IFN = 4,MPmi I -heob G v i SRaFL2pda-13, VEGF, MSFanalytes
respectively Additionally, highly sensitive singteolecule array$Simoa) were established for
IL-4 and IE12p70 as singlplex assayandfor IL-6 and TNP  |-@exassaysas thesefour
analytesrequired higher sensitivities than thogeovided bythe Luminex tebnology. During
assay development, parameters such as the basic buffer system and detector antibody
concentration wereoptimizedfor optimal performanceand sensitivity with crossreactivity
between multiplexed analytesvaluated and reducedeveloped assays were then validated
to confirm their potential as an analytical method for the TruCulture system and to confirm
their reproducibility and validityMethod suitability was confirmed for the majority of
analytes. Onlyor VEGF there-defined acceptance criteria for presgbn were not met, while

for 1L-4, 11-:12p70, GMCSFVEGRNd M-CSFas part of the IMARgarallelism could not be
demonstrated.A method comparison (Luminex vs. Simoa) using PaBsibipk regression
and BlantAltman plots was performed for4hand TNPR | ata be @lde to use data from
both assays for analysiBhis showed comparability for botechnologies

The developed and validated assays ween used to assedsK celhctivation in whole blood
cultures, supplemented by flow cytometric analys&ynergistic effects of the stimulant
combinations 112 + 118, R848 + {2 and K562 cells +-B.were shown to induce the
strongest activation states of NK cells. It was obsdrthat R848 + {2 stimulated not only
cytokine production but also the degranulation process as NK cell effector functions and led
to a broad activation of all immune cell populations of the peripheral blood. In contrast, the
combination IE12 + IE18 $howed NK cell stimulation only in the direction of cytokine

production and moderately activated other immune celdthough it is not yet possible to

Xl
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store these cells at20 °C, which is a prerequisite for their use as default stimulant in the
TruCultureapplication, the most specific NK cell activation was observed by stimulation with

K562 cells in combination with-B.

Xl



Zusammenfassung

bi{laa9bC! {{'DbD

Naturliche Killerzellen (NKellen) sind wichtige Akteure des angeborenen Immunsystems und
erfillen ihre Hauptfunktion in der ersteBbene der Abwehrindem sie tumorentartete und
virusinfizierte Zellen erkennen und eliminieren. Um das Verhalten vorZeMlEn zu
analysieren und zu beeinflussen, ist es notwendigZllken spezifisch aktivieren zu kénnen.
In dieser Arbeit wurden bekannte MNE€llspezifsche Stimulanzien in Vollblutkulturen
(TruCulture) eingesetzt, um die Spezifitdt der-Aeftaktivierenden Stimuli in der hohen
Komplexitat dieses Kultursystems zu untersuchen und festzustellen, ob und inwieweit eine
Koaktivierung weiterer Immunzellen dpsripheren Blutes stattfindet. Zu diesem Zweck war
es notwendig, geeignete Testsysteme zu generieren. So wungtenMikrospharerbasierte
multiplexeLumineximmunoassays, IMAP 1 und IMAP 2, fir den Nachweis von nedng|L
-8,-10, GMCSF, IFN = 4,/MIRmi 3 -h¢bb @ 1 ¢ ®-m &§-8RaKLap700-13] VEGF,
M-CSF) Analyten entwickelt. Daruber hinaus wurden hochempfindigihgleMolecule
Arrays(Simoa) fur H4 und 1E12p70 alsSingl@lexAssays und fir & und TNF | -Pléx H
Assays entwickeltja fur diese vier Analyten hohe&ensitivitatererforderlich waren, als si

die LuminexTechnologie bieten konnteNahrend derAssayeatwicklung wurden Parameter
wie das grundlegende Puffersystem ud@ Konzentration der Detektordikdrper fur eine
optimale Performanceund Sensitivitatoptimiert, wobei die Kreuzreaktivitéh zwischen den
Analyten eines multiplexen Assayswertet und reduziert wurde. Die entwickelten Assays
wurden anschliel3end validiert, um ihr Potenzial als Analysemethode fiir das fhnecCul
System zu bestéatigen und ihre Reproduzierbarkeit und Validitat zu belegen. Die Eignung der
Methode wurde fur die Mehrzahl der Analyten bestatiggediglichfur VEGF wurden die
definierten Akzeptanzkriterieder Prazision nicht erftllt, wahrend fir 4. 11-:12p70, GMCSF,
VEGF und MCSFals Teil der IMARslie Parallelitat nicht nachgewiesen werden konnte. Ein
Methodenvergleich (Luminex vs. Simoa) mittels PasBadgokRegression und Blastitman
Diagrammen wurde fir 46- und TNF-Assays durchgefihrum die Daten beidekethoden

fur die Analyse verwenden zu konnen. [Riezeigte die Vergleichbarkeit der beiden
Technologien.

Die entwickelten und validierten Assays wurden dann zur Bewertung d&reNiktivierung

in Vollblutkulturen verwendet, ergdnadurch durchflusszytometrische Analysen. Es zeigte
sich, dass die Synergieeffekte der Stimulanzkombination&@ #.IE18, RB48 + [E2 und K562

Zellen + W2 die starksten Aktivierungszustdnde von-Ri#dlen hervoriefen. Es wurde
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beobachtet, dass R848 -2 nicht nur die Zytokinproduktion, sondern auch den
Degranulationsprozess als MNkllHEfektorfunktion stimulierte und zu einer breiten
Aktivierung aller Immunzellpopulationen des peripheren Blutes fuhrte. Im Gegensatz dazu
zeigte die Kombination {12 +IL-18 eine Stimulation der NEKellenlediglichin Richtungder
Zytokinproduktion und aktivierte andere Immunzellen nur méRig. Obwohl es noch nicht
maoglich ist, diese Zellen bed0 °C zu lagern, was eine Voraussetzung fur ihre Verwendung als
Standardstimianz in der TruCulturdnwendung ist, wurde die spezifischste -NK

Zellaktivierung durch die Stimulation mit K5B&llen in Kombination mit 42 beobachtet.
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Introduction

1. Introduction

1.1 Immunoassays
The immunoassay success story began withwtbek of Solomon Berson and Rosalyn S. Yalow
in 1959 [1], who invented the firstimmunoassy for the detection of insulin. They
demonstrated that diabetes patients treated with exogenous insulin of animal origin
developed antibodies against [[2]. Upon further insulin administration, these antibodies
specifically scavengethe hormone, leading to a retardation dhe rate at which insulin
disappeared from the blood compateto subjects who were not previously treated with
insulin These specific insulin antibodies wéen isolated frominsulintreated patients and
were purified to be usedin the first radioimmunoassay to detect insulBecause Berson and
Yalow decided not to patent their method, the development of numerous other
immunoassays for a vatie of analytes was accelerateéor their discoveryyYalow was
honored withthe Nobel Fize in Medicinen 1977 five years after Berson's premature death
[3]. Immunoassays are still used today and it is impossible to imagine the field of research
diagnostis and clinical practicewithout them. Nowadays, thy are also widely available
directly toendconsumersfor example to detect pregnancy or as a pointarfectest todetect
a coronavirusinfection.
Immunoassays are sensitive bioanalytical methbdsed on the recognitioand bindingof
target molecules in a compldiquid sample such asurine, whole blood, serum or plasma
Analytes can beguantified either indirectly by using a calibration curve or the detection can
occur in a qualitative mannemmimuncassaydake advantage of ttee unique properties of
antibodiesfor the specifialetecton of analytes

- Firsty, their ability to bind a wide range of natural and artificially generated chemical

and biological molecules, as well as cells and viruses.
- Secondly, theihigh specifidy to thetargetedsubstance.
- Thirdly, their high affinity to their target molecule® which they bindvia a very strong
non-covalent bond4, 5].

Since the principle of the first immunoassay was published in 1959, there has been continuing
progress in assay generation and deyenent resulting in a variety of different assay designs
Assay sensitivityfor examplejs a parametercontinually being optimized to maximizssay
performance and to make previously unmeasurable effects detectabke historic

breakthrough was themplementation of monoclonal antibody production by Kohler and
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Milstein[6]. Theirusein immunoassaysot only increased the relevance of immunoasgd&ys

but also led to an increase in assay sensitivity and reproducibility of r¢guhsakingtheir
application in immunoassays still attractive todaye slid phasebased asay principlavas
another important development that led to a significant improvement in feasibjity9].
Increasedhroughputwas mainly achieved by using microspheres as the solid phhgelaid

the foundation for the simultaneous detection and quantification of several analytes in one
reaction chamber, also known as multiplexifgerefore, labor, time and cost reduction could
be achieved in comparison to singleaction based metbds Ike e.g. classicanzymelinked
immunosorbent assafELISA)LO, 11].

Additional progress has been made in further improving sensitarnity enlarging the assay

ranges for example by detecting single molecules and amplifying assay difj2als

1.2  LuminexxMAP tchnology

XMAP technology is a bedrhsedassay platform developed lilge company Luminef@ustin,
TX, USA, www.luminexcorp.carihe LuminexCorporationwas founded in 1995 and rapidly
became the leading force in bedwhsed multipleed detection procedures for proteins and
nucleic acids. Today fiemainsthe most frequently employeglatform, due to its ability to
enable the simultaneous analysis of a ety of different analytes in a single tesThis
multiplexing optionnot only increases information output, but alseduces time, labor and
costs in comparison to singleaction based methodgl(]. In addition, multiplexing has the
added advantage of requiring far less sample volume fordistection of a large number of
analytes compared to single detectidmased methodsxMAP technology can be used in a
diversity of applicationg like different types oimmunoassaysnd nucleic acid assaj/&0,
11].

The main element of the xXMAP technologypolystyrene microspheresso called beads.
These beads are physically identjaatcept for their raticof two to three fluorescent dyes
enabling themto be distinguished from each othermMicrospheresof one beadID
(identification) share the samgniquecolor compositionmeanng that each individual ID has
a unique emission profile and spectral characteristics, enabling differentiddearall,up to
500 different bead IDs are currently availabldne surface of these beads is functionalized
with carboxyl groups that allow ghcovalenimmobilizationof capture components. Thus, the

surface of each bealDcan be coated with a speciftapture compound. If different bead IDs
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are subsequently combined, the different analytes can be detected simultaneously.
Furthernore, the6.5 pn sized beads are superparamagnetic what leads to easy automation
and simplifiesthe process of coating the surface of microspheres and the performance of
washing processd40].

To quantifybinding eventsR-Phycoerythrin (PE3 normally useas fluorescent reportejlQ].

PEis awater-soluble proteinwith fluorescent propertiesisolated from red alga&racilaria
lemaneiformis and is commonly usedsa fluorescent tag in many biochemical techniques
[13, 14].

The FLEXMAP 3D instruméatnched in 2009is a high throughput analyzer that allows a
rapid analysis of 36and 384well plates due to a dual syringe systeifhe measurement
technique is based othe principle of flow cytometry, wherehybeads are arranged like a
string of pearls and passed individually through a flow chambeeyevthey are detected and
analyzd by a laser and detection systeiiheFLEXMAP 3fevice is equipped wittwo lasers.

The red diode lasarses a wavelength of 638 nm to excite the internal fluorescent dyes of the
beads The resulting emission is detected by two avalanche photodio@less. process is
essential to be able to differentiateetween the different bead regions and therefore also to
distinguish different analytes in a multiplex applicati®®ad aggregates and air bubbles are
gated out and side scattering is employed for the gating of single beads. The reporter
fluorophore RPhycoerythrin isexcitedby a seconggreen laser using a wavelength of 532 nm.
The emission is detected by a photomultiplier (P the reporter signal is quantitated by
digital signal processing. Usually, betweenr1B0 beads are analyzed per betidl ard well.

The resuls are presented as the medifilnorescent intensity (MF[L0].

Different immunoassay formats can heerformed using XMAP technology, witbmpetitive
assays, serological assagmd immunometric assag, also referred to as sandwich
immunoassaythe mostcommon typeg10]. This nhame, sandwich immunoasspgrfectly
describes the assay format, as the analyte to be detectelddated between a capture
antibody and a detection antibody, thus forming a sandwich. The capture antibody is, for this
purpose, irreversiblymmobilizedonto a solidohase, whicltorresponds to the microspher@s
surface. During incubation of coated beads and glenthe capture antibodyinds specifically

the analyte of interestAfterwardsa secondanalytespecific antibody is added which is linked

to a detection systenfor signal generationalso called tracein case of xXMAP technology the

detection antibodyis linked to biotin After further incubationthe excessf unbound labeled
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antibody is washed awagreptavidin-labelled PEStrepPE that specifically binds the biotin
tag onthe detection antibodyis added and after furthencubation,the signal is measured in
a FLEXMABD instrumentFigurel illustrates the general saip of a sandwich immunoassay

and the basic detection procedubmsed on xXMAPetchnology.

Streptavidin-Phycoerythrin

638 nm

/ Emission

Analyte

FSk 4
! Capture Antibody /05‘- y
=
Biotinylated Detection
Antibod
MagPlex Bead nbody

Emission

Figure 1. Setup of a beadased sandwich immunoassay and illustration of ladmased detection.
Paramagnetic polystyrene microspheres, so called MagPlex Baadsoated with aalyte-specific capture
antibodies Thesespecificallybind their epitope of the analyteAfter addition of the detection antibody, a second
antibodylinked to biotin, the detection systemfisalized by adding streptavidiphycoerythrin that specifically

binds to biotin on theletector. In a flow cell of the FUAXP 3D instrument, the beads are separated and bypass

two lasers. While the red laser (638 nm) excites the fluorophores of the beads, the green laser (532 nm) excites
phycoerythrin. The respective resulting emissionsecerdel by a detection system.

(Adapted fromfigure 1A in15])

1.3  Shglemolecule-array technology(Simoa, Quanterix)

Some biomarkers are onfyesentin very low amounts in different sample matric@sceeding
the sensitivity of the described xXMAP technolpgeaning that a more sensitive immunoassay
is required When this occurs,he single mleculearray (@moa) technology of the company
Quanterix Corporation(Billerica, MA, USAyww.quanterix.com can be appied. Simoa
technology is a beallased, highly sensitive immunoassay platfa@mploying an enzymatic
reporter, analogue to the conventional ELISwever in contrast to the conventional ELISA,
Simoa usesemtoliter-sized reaction chamber$Vhile conventonal ELISAs demand for the
detection of a multitude of protein molecules in assay volumes in thoghl-range [16],
Simoaenables the isolation afingle enzyme molecul@s an extremelysmall reaction volume
(50fL) permitting the detection of very low sample concentratiofiew pgmL?! range or
below)[16-19].
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Figure 2: (A) Setup of beaebasec
B immunoassay sandwich to béoadec

Fluidic inlet port into wells of a single molecule arr:

(Simoa), located on (B) special dis
500 um-deep channel  After the sandwich immunoassay is

up, the beads are loaded into the w
Vent port of an array. In the array, the substr:

of 1 galactosidase, resorufin-D-
216,000-well array galactopyranoside (RGP) is add
before wells are sealed with oil. In to
one disc comprises 24 arrays, €
consisting of 216,000 wells. Fluids
added via the respective inlet port ¢
a vacuum is applied to suck the fl
into the array.

(Adapted fronfigure 1A and C if18] and figure 2B ii20Q])

For Simoa,tte analyteof interest arecapturedby bindingto paramagnetic beadsf 2.7 um

in diameter, which are coated with antibodies specific for tharget protein. A sandwich
antigenantibody-complex as already described for the xMAP technologyformed after a
biotinylated detection antiody is applied. These sandwiclomplexesare enzymatically
labeledwith the enzyme conjugate streptavidin-galactosidase (SBG) that specifically binds
to biotin or thebiotinylated detectorantibodies. After the application of the detection system
beadsare loaded into the wedlof anarray. he setup of the sandwich immunoassay as well
as a schematic section of the wells of an array is presentejure2A. The arrays are located
on adisc, whichcontains24 arrays, each consisting of 216,000 individual femtebieed
micro wells bonded to a microfluidic manifdlil9, 21]. The disc and its structure is shown in
Figure2B. For analysis, the microspheres are supplied with resofiufirgalactopyranoside
(RGPY KA OK A a -Gdatosiddsecutalyzéd hgirolysis into a fluorogenic substrate
(resorufin) andD-galactose The arrays are sealed withladrocarbon oil in order to remove

agueous solution andxcess beads outside the arrays. Further, a ligight seal is generated
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covering the wells containing the beads and enzyme substrate enabling the accumulation of
the fluorescent signal from single enzym&andarddetection technologiessuch a plate
readers are unable to detect these lowconcentrationsin conventional immuoassays as
ELISAsasthe fluorophoresgenerated diffuse into darge reaction volume (Simoa approx.
50fL vs. pkmL-range conventional ELISA)is meanshundreds of thousands of enzymatic
tracersarenecessary to generate a signal that contrasts with the background. With the Simoa
technology generated fluorophores areestrictedto a very small reaction volumeapidly
leading tohigh enrichment The resultingignal is detectethy using aCCO(= chage coupled
device)camera and a white lightuminationsource[18, 19.

Simoa technology is also suitable for multiplexing approaches. Similar to the XMAP
technology beadscan be distinguished from eacbther by combining thre different
fluorescent dyes Alexa Fluor 488, Cy5 and HiLyte FIE®0 ¢ in different ratios. In comast

to MagPlex beadghese beads do not possess an internal dye but areayked by reaction

of different amounts of a single hydrazide dye with paramagnetic beads functionalized with
carboxyigroups[19, 22].

The detection of the signal generated in the stnglolecule arrayollows sequentialsteps.
After focusingimage acquisition is carried out in sevsteps Initially (step 1),an image is
acquired to determinen whichwells of thearrays beads are locate8ollowingthis (step 2),

an "Image at time point 01s generated Between this image andn image, generated
30secondslater (step 6), an increase in fluorescence must be detectable in order to be
evaluated as a signal. Ageps 3 to 5 and,7additional images are generated whiserve to
identify the fluorescencdabelled bead$19]. Since the readout in the Simoa instruments is
automated, a stiat time sequence of the assay process steps ensures reproducibility of the
signal strengths.

Thesucces®f Simoais not only due to the high sensitivitgsulting fromsignal amplification

in anextremely small reaction volume, but alsmthe wide dynamic ranget offers. For the
detection of low analyte concentrationsyith very low ratis of enzyme labelled sandwich
complexes to beads digital approaclwhich is independent of thabsolutefluorescence
intensitymeasured for an individual beasl used At low analyte concentrationsnany beads

are present without a bound enzyme (considered "off"). Beads with (onenore) bound
enzymes (considered "on") are countédigital approachand usedn relation to the total

bead count using the Poisson distribution to determine #werageof enzymes pertbead



Introduction

(AEB). However, at high analyte concentratiomisen the majority of beads have bound one

or moreanalytes and thus may carry multipdmzymes, the AEB value is determined by the
averagedluorescencentensity. This is the analogue approach. By combining both detection
approaches with Simoa technolqgyoth very low andhigh analyte concentrations can be
detected, as this extends the dynamic rarjt6].

Currently, several instruments from Quanterix are on the market for performing Simoa assays.
In addition to thefully automated HEX devicethere is the SKX devicqused in this work)a
benchtop costeffective alternative SRXSimoa assays are performed manually, whereby the
addition of the enzyme complg$SBG)followed by several washing steps, repeats the final
manual step. All further processing steps (RGP addition and sealing) as well as the readout are
carried outfully automated by the SR instrument. A corresponding Simaécroplatewasher

is provided for the device, which takes over tiespective washing steps with corresponding

wash buffers. The device is suitalide processing 96vell plates.

1.4  Immunoassay validation

Assay validation is performed tdemonstrate that reliable resultsare generatedand to
confirm that the particular method is suitable for its specific intended. 0$&e aim of the
process ofalidating methodss to provideobjectiveproof that certain requirements, such as
assay quality and accuracy, are rfi23-26].

Regulationsare providedby national and internationalegal authorities for methodalidation
processedqe.g.European Medicines Agency (EM2J], U.S.Food and Drug Administration
(FDA)24]). Both, the EMA and FDA regulations are suitafolr the validation of bioanalytical
methods, with the 2018 FDA regulation increasingly addressing ligand binding assays. Both
regulations and the validation parameters and methods of determination described therein
can be usedas guidance for defining éhscope of avalidation In addition, individual
requirements and demands of an assay must be taken into account. Often it is not useful,
necessary or possible to follow all points of these guidelines, but to use specific aspects of
them.

The scope of anethod validation depends largely on the intended field of application of the
bioanalytical method. For example, if a method is to be applied in an early phasgeairch

and development, with focus ofast turnaround of results, a full validatiazonsideing all

proposed parameterss not necessarily requireor useful By contrastthe use of a method
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in the GLP area of clinical studies absolutely requires full validgi@nT herefore, aterative
and practical & Fard.JdzNLIBgp®dchis suggestedfor method validationtaking into
account the intended areaf use of the measurement data, at the same time consideheg
regulatory terms and conditions necessary for this 8. In courg of a basic validation for
a dfit-for-purpose - research and development (R&D)mmunoassay, it isconsidered
necessaryto experimentally investigate or determinat least the following validation
parameters: the calibration curve model, limits of quantification, liafitletection, precision
(intraand interassay precision), dilution linearity, parallelism and analyabisity (shortterm

and stability to freezing and thawing processes).

1.4.1 Model of the @libration curve

To determine theconcentrationof an analyteof interestin a biological sample matrix,
calibration curves are employed. Calibration curves, latgawn asstandard curves, represent

the relationship between a signal generated in an immunoassay and reference
concentrationof the standardthat is assumed to represent the analyte of interest in a sample
matrix [29].

As the accuracy of the quantifitan of the analyte of interest is dependent on the
reproducibility and the robustness of the calibican curve it is important to choose a suitable
calibration modelCalibrationcurves of immunoassays are usually described in alinear
relationship and most often fitted by a fouor five-parametric logistic fitting model. Other
models can also be considered, but the simplest one that adequately describes the
relationship betveen the concentration and the correspondirgignal should always be
chosen[24, 27-29]. For each analyte analyzedj) andividud standard curve is neededt is
recommended to prepare the standard curve in the same matrix as the biological sample
matrix to be analyzed in in the following intended study. Therefore, the blank matrix is spiked
with a definedconcentraton of thetarget analyte However, if the matrix already contains
the analyte of interest the generation of standard points below thisndogenous
concentrationwould negatively impact assay sensitivapdremoval of the analytevould be
associated with enormous eff@t(e.g. depletion)[23, 24], meaning,the matix isonly of
limited suitabilityfor the generation of the calibratorTherefore, surrogate matrices can be
applied but need to beerified and calibration curves need to be properly validaa4 28].

A calibration curve shouldonsist ofat least six known calibrator concentrations and an
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additional blank value, meaning a plain sample matrix without the an§®gk Besides this,
an additionalcriterion for geneating a continuous and reproducible calibration curve is a
proper weighting scheme. As fonostimmunoassaysthe standard deviation of the assay
signal generated is not ostant. Insteadlit increasesetween replicate signals proportional
to the mean ofthe signal. To decrease these errae@ighting functions such as 1/X, #/X/Y

or 1/Y?are applied to correct for the diverging standard deviatif¥ 28, 29].

1.4.2 Quantification limits and dynamic range

The dynamic rangef an assay, also defined seportable rangeis the area of the standard
curve between the lower and upper limits of quantification. In between thisits, the
analyte of interest can be assessed with acceptable accuracy and prg2isjiohhedefinition

of thelower limit of quantification (LLOQ) is the lowest concentration of the analfyigterest
for which quantification can be reliably performedy analogy, the upper limibf
guantification(ULOQtEorresponds to the highest concentration of the analyte of interest that
can be quantified with the necessary reliabilitythis context, reliability refers to the accuracy
achieved, whicls expressed by the recovery or the relative esith respect to the nominal
concentration as well as to the achieved precision assessed by the coefiidreatiation(CV)
[23-25, 28]. It is recommended that t# respective upper and lower litnof quantification
correspondto the highest and lowest calibration concentrations. Furthecalledanchor
points can beapplied These arepoints outside the dynamic range thatay be beneficial
when performing curvditting leading to a better precision and accura€iiey are not siteble

to be defined as part of thacceptanceriteria usedduring ameasuremen{23, 24, 27-29|.

1.4.3 Limit of detection

The limit of detection (LODg defined as the lowest qualitativelytkctable concentration of
the target analyte. This meang is the lowest concentration possible to be disting@dh
significantly fronthe background signal. The LORIgtermined bycalculating the average of
the background signal and addingtit&- or three-fold standard deviatin [27, 28§].

1.4.4 Precision
According to official directiveghe definition of precision is th&egree of agreement of

replicateindependentmeasurements of the target analyf23, 24]. Precisionindicated as CV,
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is expressed as the ratio of standard deviation of measured values to their mean in percent.
For the determination ofintra assayprecision validation sampleqVS)with a defined
concentration in the upper, lower and middle part of the calilwatcurveare measured in
replicateswithin a single run Same samples are analyzeetween different runs for each

analytegeneratinginter assay preisionvalues[23-25, 28].

1.4.5 Dilution linearity

Dilution linearityallows the accurate measurement e target analyten abiological sample
matrix present atconcentratiors above the ULO(QSuch a sampleust be diluted to obtain
signalswithin the givendynamic range of theassay. fiereby, the analye of interestcanbe
accuratelyquantified. This means the dilution linearity demonstrates whether te&ation of
signal to theconcentration of the analyte in the sample matrix is linear within the range of the
calibrator. Further, the eventof aposdibS LINRT 2y S 2NJ G K2 2 1 (ex63sF SO ¢
antigen binds both the capturand detecton antibodies before a sandwigdomplex can be
formed). In this casgesignal suppression occurs due to high analyte concentrations. Dilution
linearity is determined by spiking biological matrix with calibrator protein in a concentration
100-1000fold above the ULOQ. Afterwards, this mikngarlydiluted in assay buffento the
range of the standard curj@3-25, 2§].

1.4.6 Parallelism

In order to detect potential matrix effects @ossible interaction between critical reagents or
metabolites in an assaparallelism experiments are performed. It is investigated whether the
parallelism between the calibration curve and the concentragmnal relationship of a target
analyte in aserially diluted sample is given. If so, it can be assumed that the binding
characteristics of thanative protein in the biological sample to the antilies usedin the
immunoassay are comparable to those of the calibrator protein. Parallelisnriengr@s are
performed by usindpiological samplewith high endogenousnalyte concentrationsThese
are serially diluted in assay buffer to be assessed within the dymeange of the calibrator.

If possible, the endogenous concentration shobkl beyond the ULOQ. Although dilution
linearity and parallelism are quite comparable in regard of implementation, the main
difference is that no spike of recombinant protein i$oaled for investigating parallelism

because the behavior of endogenous protein being diluted is tegesignificant deviation of
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parallelism is considered invalid3-25, 27, 28, 30] asit means hat the protein in a sample
behaves differently through dilution than the standard protein in the matrix used to produce

the standard curvend results from differently diluted samples cannot be compared

1.4.7 Analyte stability

The stability of the analyte itlhe biological sample matrix is a further validation parameter to
be evaluatedAnalyte stability is determined under specific conditionstwirage and use that
couldinfluence themeasurement resultd-or example, handling and storage procedures and
conditions could affect thegphysica@hemical stability and thereformfluencethe measured
concentraton of the analyte in the matrixnvestigation of stability is performealy usingvS
containingendogenousanalyteand should cover shotterm ard freezethaw stability. &ort-

term (bench top)stability investigates the analyte stability at room temperatRel)and at

4 °C corresponding to the storage on i@d on the lab benglduring sample preparation.
Duration of theincubation at the different conditionseeds to be adjusted tminimally reflect

the actual length of sample preparation. Determination of fre¢lzaw stability isnecessary,
asfor examplesome measurements require to be repeated more than once to get analytes
into the dynamic range of the standard curve, especially in regard of multaiekysis.
Therefore, several freezihaw cycles may beequired in addition to extended evaluation of
short-term stability. Stability is assessed by determining the recovery rate of stability test
samples exposed to respective mentioned conditions inti@lato an untreated reference
sample[23-25)].

1.5 Cytokines and chemokines

Cytokines are small proteingith a molecular weight aroung5 kDa Various cell populations

all over the bodyelease cytokiness a response to an activatisgmulus Cytokinedrigger
further reactions via binding to their spiéic receptorsand contribute to cellular signaling
Based upntheir haltlife and their ability to be released intbe blood streamgytokinescan

act in different ways. For example, cytokines can act on responsive cells in the direct
neighborhood of the secreting céflaracring, or, they can influence cells at greatdistance
(endocrine) Further, cytokines may affect the celat secreted them(autocrine [31].
Released cytokineservecommunication between cells and have specific effects onrcedl|

interaction. Thereby, dferent cell types can release the same cytokine to affect different cell
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populations. Additionally, different cytokines méwave comparable functions and can act
synergistically or antagonistically. They are most often released in cascades, meanthg that
secretion and action of one cytokine stimulates a responsive cell, which further produces
cytokines. The predominant producers of cytokinesthin the immune systemare
macrophages and helper T cel82]. Cytokines can also be classified as either -pro
inflammatory as they are capable of favoring the inflammatorycpss by leading to events
like the recruitmentof circulating leukocyteand boosting their specific activitiegroteolysis

or increasing vascular permeability. Or they are defined asimaffimmatory, as they can
repress pranflammatoryeventsand therefore limit inflammatory events in order to regulate
immune respons¢33].

Chemokinesepresent a goup of cytokines ranging from 7 to k®ain sizeand are secreted
mainly in the first phase of an infection in the affected tissue. Yiveduce a directed
chemotaxis ofresponsive cellsearbythat migrate to theareaof the local event meaning
they act as recruiters of effector cel[81, 34]. This family together with their receptors
control not only thechemotaxiof immune cellsbut also theiresidence Chemokinegan be
grouped in preinflammatory and homeostaticchemokines While preinflammatory
chemokines are released at the site of infection as part of an immune response, the latter is
able to control cell migration in terms @sue development and maintenan{#4, 35].

Taken together, cytokineand chemokinespan a network of immense complexity through
which the different cell populations communicate with each other, coordinate and perform
their tasks Ahighly simplifiecexample of the network between immune cells present in whole

blood is shown idrigure3.
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( s ) Monocytes
Macrophages IL-1, -8, TNF-ot IL-12, MCP-1
IL-1, -6, -10, - ’
IL-10, -12, 12, TNF- a '\\,
TNF-a ™NFa | PMNs
( IL-1, TNF-a
IL-1, -4, -10, -13,
IL 1,-6,-8, IFN-y, TNF-a
B cells -10,-12, -18, I35
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k IL-2, -4, -6, IL-10, IFN-y IFN-y, TNF-a %
-8, IFN-y DCs

Figure3: Cytokine and chemokine network between immune cellfie figure contains only selected cytokines

and chemokines that are relevant in the further course of this thesis, which is why only a small section of the

highly complex interrelationships ipresented (DCs=dendritic cells; NK=natural killer cells; PMNs=
Polymorphonuclear neutrophilfAdapted fromfigure 1 in[32] and supplemented biB6, 37])

In the followingsection some pre and antiinflammatory cytokines and chemokinashich

are relevant to this thesis,are briefly describedwith their most imprtant activities

mentioned

IL-m iis arepresentative othe group ofpro-inflammatory cytokines. It is an essential player

in the hostdefense response teardsinfection and tissuedamage. Within the HL cytdkine

family, which consists of elevanembers, ILli is the best characterized and studiedAs a

pleiotropic cytokinell-mi | F ¥ SO a

Y dzt (i dediadzio$ a @ty 6 Geflst

Eventhough macrophages andnonocytesrepresentthe predominant producers ofthe

cytokinell-m i, dendritic cells (DC),lBmphocytes (B cellsheutrophils andhatural killer (NK)

cells arealsocapable to produce v i[38]. IL-M |

Ad F@LAfLrotS G 26

conditions and requires induction to be produced and secrd®®#41]. In order to control

homeostasis, |L-1i LINE RdzOG A 2y

I tighRly rég@labed B ihis 2regulation

disturbed or lost, syndromes characterized by fever, skin rash and arthritis [@dcd2).

While 1L-6 wasfirst reported as afactor to stimulate B cels [43], its pleiotropic character

which fulfills a variety of functionduring the immune response as the regulation of acute

phaseresponse T lymphocyte (Tell) activation and the expansion of T cell populati¢#s,
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45] has since then been discoverdgesides its multipleoles in coordination and regulation
of the immune system, 16 is alsoinvolvedin metabolism[46] and the nervous systelj#4,

47, 48]. IL.-6 cannot beclassifiedas either pre or antrinflammatory cytokine as it has both
pro- and anttinflammatory propertieg44]. Many celtypes are able to produce-g.including
monocytes, nacrophages, T cells, B cefjfsanulocytes, endothelial cells, fibroblasts and many
others[48, 49).

IL-8 or CXCL@8as itis part of the CXC chemokine fami{XC chemokiness their amino
terminus possess two cysteinesiich are separated by one further amino acid, displayed as
a - ,&epresents gootent chemotactic factor for neutrophs) but also for the attraction of
basophis and T ce# in context of immune response, but not for monocytes. During
inflammation it is secreted predominantlypy monocytes, macrophageand neutrophilic
granulocytes. Beyond inflammation, -8L is comprisng many functions related with
mitogenesis, neutrophil degnulation, leucocyte activation andalcium homeostasig4, 50,
51].

Two further chemokines that belong to tlse-calledCC chemokine fami{¢C chemokiness
their amino terminus possess two adjoining cyste)rage MIP-m i (macrophage inflammatory
protein-1 beta)andMCR1 (monocyte chemoattractant proteii),which arenamed CCL4 and
CCL2, respectivelMCP1 is apowerful attractant for monocytesand a weak inducer of
monocytic cytokine expressioht.further is engaged imegulatingT celland NKcell migration
[52]. Stromal cells that are activated by binding of molecules to pattegognition receptors
(PRR) or by cytokines are able to quickly produce-M@Rapidly recruit monocytes to the
place of infectiorj34, 53]. Aithough amultitude of cellconstitutivelyproduceMCRL1, or upon
induction[52], the main source oMCR1 are macrophages and monocyt§s2, 54, 55].

Specific regulatorcan inducethe production of MIP-m i in several henatopoietic cells.
Production can be induced in monocy{é®]|, T cell§57], B cell§58], NKcells[59], D& [60]
and neutrophils[61], but also innon-hematopoietic cells [62]. Several pranflammatory
agents and cytokines can act as potent inducers ofMiRIuction such adipopolysaccharide
(LPS)TNFh (tumor necrosis factealphg), IFN' (Interferonrgamma)and IL-m h g but also
viral infection[63]. MIP-1 A &YX G(G23SGKSNJ gAiMK U d [ PIOEA ILAN2 RS2
released by activated macrophages in order to recruit furtheripfammatory cells and also

macrophages themselves to the point of inflammat[68].
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TNFh was firstreportedin 1975 as aerum factor which was induced ltlye endotoxin LPS

leading tohemorrhagicnecrosis of sarcomas in mi¢@4]. Since thenthe important role of

TNFh Ay &aS@SNIt AYyFElFYYFi2NEE AYyFSOfesndam | yR

highly pleiotropic cytokine, TNFhas mainly prebut also ati-inflammatory effect466]. It is

an early mediator of immune response and is released by macrophages in the course-of first
line defense against infectious pathogenf67]. Its proinflammatory properties are also
assocated with diseasesomprising for exampleheumatoid arthritis|68], psoriatic arthritis

[66], Crohn's disead®9], multiple sclerosif/0] and othes.However, anmmunosuppressive
property of TNF' has been shown in connection with autoimmune diseasesswel[71-74].
Furthermore, in studies with TNFdeficient mice, it was found that TNFhas a regulatory
effect on the inflammatory response and can reduce its duration and extent by acting on the
macrophagebased production of HL2 [75]. PrimarilyTNFh A &  LJhE éxpieSsedRon

the plasma membranef activated macrophages and T cellheproteaseTNF" converting
enzyme&(TACE Jamatrix metalloproteasesheds the extracellular domailgading toa soluble

form being releasedBoth forms, the soluble and the membraheund form are activ§31,

65, 76). TNF» A y (i S Nthe®ib éeceptdrsTMFR1 and TNFBR the surface of cellg7).
Further, TN  aks@produced byNKcells[65] and has an effect on Nd€llactivation andhe
corresponding IFN  LINR RO G A 2 v

IEN wasfirst describedin 1965[79]. It is a pleiotropic cytokine regulating and controlling
effects of innate and adaptive immunif\30]. It is released predominantlyybactivated
Tlymphocytes[80-83] and NK cells [80, 84, 85]. IFNd O2 2 NRAY Il 1Sa (KS
leukocytes, growth as well as the maturation and differentiation processes of a variety of cell
populations[86-89]. It is alsonvolved in theregulation of B celbasedimmunoglobulin
production and in the switch of the immunoglobulin clasg; 87, 90]. Additionally, IFN A &
known to be an enhancer ®fKcell activity[86, 91].

IL-12is a preinflammatorycytokinecomprisingwo different subunits(heterodimeric) alpha
(p35) and beta (p40) whichre linked via disulphide bonds form the biological active
component IE12p70[80, 92]. B cells, DCs and macrophages upon microbial infections release
this cytokine[93-95]. Besidests function in stimulating cytolyt activities ofNK cells, and
cytotoxic T cells, it enhances antigen presentati®, 96] and triggersIFN/ productionin

NKcellsand T cell$93].
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IL-4 and 1L.-13 are involvedin the regulation of not only the responsdewards parasites or
allergensof lymphocytes but als@f myeloid cells and nohematopoietic cells aftelan
inflammatory responsePrimarily both cytokines are produced by CD4 positive T cells but are
also secretd bybasophils, eosinophilspastcellsand other immune cellf97]. IL-4 and IE13
affect B cells by either increasing their proliferation-18) [98] or switch B cells to an
IgEproducing cell (H4) [98, 99]. Further,theyinduce alternative macrophage activation that
differs from the classical prmflammatory pahway [99, 10Q. IL-4 isalsoknown to be an
induce of the differentiation process of naiveD4 T cells into Th2 cgly].

IL-10, alsonamedd O& G ARNVWEK S&A & A Y KA orapiefeNtda fuffhkerQuitiz NE 0 /
inflammatory cytokine As a pleiotropic cytokinet influences the activity of many immune
cell populationsMany cellssuchasactivated T cells, monocytes, macrophade&;, NKcells

and B cells primarily produce-10 [101-104]. As an antinflammatory cytokine IL-10 is
capable osuppressngexpressiorevelsof inflammatory cytokinescluding for instancél-1,
TNFh | y@&Rhatlafe mainly produced by activated monocytes. Furtherldlis able to
down-regulate preinflammatory receptors ando up-regulate further antinflammatory
cytokines[32]. In addition I-:10 can affecDG and CD4 T cellBepending on the&ind, site

and stadiumof infection, different cell populations release-Il0. This decisivelgetermines

the effect of IL10 in terms of regulatiofil05].

IL-1Ra(IL-1 receptor antagonistis a further member of the L cytokine familyAs its name
suggests, it acts as an inhibitor tolfL. | ¥R L & -4 ngdeptoy HIL-1R) and
blocking the binding sites for the two agonists but without inducing any intracellular response.
In many celtypes,the productionof Itmh | iR R RdzOSa { KBabBtillkINS & & A 2
LPSor IgG complexes are capable of acting as stimuli fekRiLinduction. Other anti
inflammatory cytokinege.g.IL.-4 and 1E10), canreinforcethe processf inductioncausedoy
different signals. Twdypes of IL-1Ra exist. The first onesll1Ra, is 17kDain size ands
secretedfrom various immune cells likenacrophagesmonocytes,neutrophils The other
form, icl:Ra, is 16kDa in size andemains within cytoplasm of keratinocytes and other
epithelial cells, monocytes, and fibrobla$#d, 106]. After celldeath, the secongcIL-1Ry, is

set freg extracellularly actingn 11-:1R1[41, 107).

GM-CSF (granulocyte/macrophage colorstimulating factor) and M-CSF (macrophage
colonystimulating factor), as their nansesuggest, were shown to be capable of forming

colonies of maturd myeloid cellsn vitro derivedfrom bonemarrow progenitors after these
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cells have proliferated and differentiatedThe resulting colonies were composed of
macrophages and granulocytes after stimulation with -GEBF and macrophages after
treatment with M-CSH108-11(]. It issuggested that CSFs (@B&F, MCSF together with
G-CSF = granulocyte colesymulating factor) are part of a network during inflammatory
eventsdefining the inflammatory respons¢109, 111]. Under normalconditions,M-CSF is
available in measurable concentrations and is produced byraéwells as fibroblasts,
endothelial cells, macrophageand smooth muscle cells. The expression of-GBF, on the
other hand, requires stimulants suchlaBSTNF" or IL-1in order to becaptured in detectable
concentrations.While GMCSF is able to support survival and activation of macrophages,
neutrophilic and eosinophilic granulocytes abds, M-CSF can only foster the macrophage

lineage effecting their survival, proliferation, differ@ation and actiation [109].

1.6  TruCulturewhole blood culture system

Peripheral blood mononuclear €l (PBMQ preparations and subsequentultures are
frequently used to investigate cytokine release to answer various immunological questions.
Thisprimarycell culture model consists of lymphocytes, monocytesl macrophages, which

are purified from peripheral blod prior to their use in culture. This step is tir@nsuming

and requiresspecial equipment and training andintroduces physical cell stresgthin the
sample As theresults ofnatural celtto-cell communication between the mononuclear cells
and thoseelements of the human immune systeane eliminated during PBMC preparation
(granulocytes, plateletssoluble factory artificially skewed resultsnay be observed from
PBMC culture experiment& comparativelynore suitableculture model isa whole blood
culture systens, like the TruCultureystem[112]. This involves blood collection tuhgsre-

filled with a particular cellculture medium into which blood is drawrfollowed by a
subsequent culture of atlloodcells At the end of the culture periodcellular components are
separated from the supernatardnd cells and supernatant can be subsequently analyzed
TruCulturewhole blood assayhus not only represents a time andbor-saving method, but

also provides a more complete picture of cytokine release and associated cell interactions and
immunological effects through the presence of all immune cells in the peripheral blood.
Consequentlyit is more likely to reflect what is happeniimgvivocompared to PBMC cultures.

To perform specific target cell activations of, for example, monocytes and T cell subtypes,

TruCulture tubes are available with or without appropriate stimuldtts3].
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1.7  Natural killer cells

In the 1960sNKcells vere accidentallydiscoveredduring anattempt to characterize €elk
mediated cytotoxicity[114-117]. Within the following decade, this cell population was
identifiedto be a lymphatic cell population that is cytotoxic by nature without the requirement
of prior contact to an antigefil14, 118 119]. NK cells are large granular innate lymphocytes
[31] residing in lymphoid and nelymphoid tissues as Im@ marrow, lymph nodes, tonsils,
liver, gut, skin, and lungd 14, 120. NK cells make up between 5 and%0of circulating
lymphocytes and are defined based on {r@sence and absence of specific surface markers
as CD16CD56 CD3[121]. Upon activation, NK cells respond with cdlirlg and cytokine
secretion to target cells, which are physiologically stressed corresponding to cells undergoing
malignant transformation or that have been infected by viruses or other intracellular

pathogens.

1.7.1 NKcellreceptors
The stimulation of NK cells and the resulting effector functions are dependent on signals,
which are derived from twdlifferent receptor types; inhibitory and activating receptors.

Inhibitory receptors bind predominantly major histocompatibility compleXMHC) class |

molecules as theiligand, whichare abundantlyexpressed orthe surface ohormal healthy
cells.al / Oflaa L Y2tSOdA# Sa FdzyOlA2y & YI NJ] SNE
inhibitory receptordeads to selolerance of NK cell€ortrary, cellular stess caused by viral
infection or neoplastic transformation as response to damaged DNAnpescence
programming or tumor suppressor genes letalthe loss of MHC class | molecules on the cell
surface. At the same time ligands fora secon type of receptors, known aactivating
receptors can beupregulated and the signal generated by activating recepsbifts the
NKecells into the state of activatiofl22, 123. An activated state can also result from a
constant signal from activating receptaatoneor when the signal from activating receptors
overwhelms that from inhibiting receptors. In the latter case, there is a shift iegudibrium,
whichleads to NK cehctivation as well124-127].

Activating receptorsarenecessary as lack of MHC | molecules ostaddet cells isnsufficient

to induce effector functions in NK cells and as already mentioned these ligands of activating
receptors are induced by cellular strgd2]. Most receptors involved in the regulation of

NKcell activation belong to two majastructural families the killer cell immunoglobulidike
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receptor (KIR¥amily and the Killer cell lectitike receptor(KLR family.Both re@ptor types-
activating and inhibitory receptors come from the same structural families. The decisive
factor for whether a receptor has an activating or inhibitory effect is the presence of specific
signaling motifs. While inhibitory receptors carry a long cytoplasmic tail containing an
immunoreceptor tyrosinebased inhibition motif(ITIM), activating receptors carry short
cytoplasmic tails without an ITIM sequence. Instead of these, activating recquiessssa
charged residuevithin their transmembrane region, which binds to accessory signal pore
proteins, like DAP1Z /[ 50 [3Y R14.CrBesetransmembrane proteia have an
immunoreceptor tyrosinedbased activation motifi TAM sequence in its cytoplasmic domain.
Through the continuabn of the correspondingignalingpathways, signals are either inhibited

or corresponding effector functions are triggered, which places the NK cell in an inhibited or

activated statq31].

1.7.2 NKcell dfector functions

Upon activationdifferent effector functions by NK cells are triggered to deal with target cells.
Either thesetarget cells areeliminated bycytotoxicity mediatedby NK cells or they are
indirectly targeted through pro-inflammatorycytokines secreteth high amountdy NK cells
Two mechanisms contribute tie cell destruction procesglirect cytotoxic NK cell response
and death receptor ligation mediated apoptosis.

Direct cytotoxicNK cellresponseoccurs througtthe release ofytic moleculesThis process

consists of four major step#t first, an immunologicasynapse (alternativelgescribedas
immune synapse)js formed between a NK cell andthe cell to be targeted Almost
simultaneously the actin cytoskeleton is reorganized within the NK cell for lysosome
transportation. Then, aa second steppolarization ofthe microtubule organizatiorenter
(MTOC)and the secretory lysosomewards the immue synapsefollows. Thirdly, the
secretory lysosmes docks with th&lK celkytoplasmianembranebefore it fuses in step four
with the target cellmembraneand thelytic and thereforecytotoxic moleculeslike perforin

and granzymes, are released. This process is also named degran{d@#nPerforin is a
glycoproteinthat polymerizes andorms poresafter its release into the target cell, therefore
facilitating the access of granzynfdd.4, 122). Granzymes displatggether with peforin and
granulysin,the main cytotoxic components of the secretory granules of NK cells, but also

cytotoxic T cells. The granyerfamily contains fivenembersg granzyme A, BH, K and M;
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and are serine proteases that are capable of activating caspase molecules and therefor
leading to apoptosis of the target c§lli22, 128-130].

Deathreceptorligation mediated apoptosisacts via death receptors expressed on the surface

of the plasma membrane of target cell@mong these receptors arENFrelated apoptosis

inducing ligand recepr (TRAHR) and Fas (CD9%jich are activated upon binding of their
appropriate ligand, Fas ligand (FasL, CD95L) and TRAIL. These ligands are expressed on the
surface of NK cell§l14, 131]. The activation of death receptongitiates the extrinsic
apoptotic pathway by employing a cytoplasmic death domain that enables the activation of
apoptosis using initiator caspas8sand 10114, 132, 133.

The production of proinflammatory and immunosuppressive cytokinespon activation

represents thehird effectorfunction of NK cellsAlthough a variety of cytokines are secreted
NK cells predominantly produce IFN> -'¢ b €y RCSMas these cytokinesable T cell
activation and activation ofother immune cellsof the innate immune systemncluding
macrophages DG and neutropils. Further, NK cells produce and release chemokines
including MIPmi = w! b ¢ 98{[Dl4 134 R35.lHRaving antiviral, antibacteriahnd
antitumor activity, IFN |, together with TNF, one of the key players among cytokines
secreted by NK cellfzN' was also reported to modulate not only the expression of caspase
but also of ligands corresponding to death receptors on Ni€ cellsurface therefore

contributing to the process of death receptor ligation mediated apoptfi22, 136].

1.7.3 NKecell stimulation

The regulation of NK cell agty is not only based on the balance between activating and
inhibiting receptor signals, but also on stimulation by certain cytokines.

It has been known since about 1980 that NK cells isolated from bone marrow can be activated
by the addition oflL-2, which then act cytotoxicall{137-139]. Although the high affinity
receptor IlkH wh 6 / 5-2ipodly expfesded on activated NK celt®, ¢hn interact through
complexes of thecommon gamma'«vt OK I Ay |y R[140[supporting ANezaellzy” A {
proliferation, differentiation, survival and acquisition of cytotoxic potenti87] by pushing

the production of lytic moleculegl4]]. Further, IE2 contributes in synergy with21to the
expression of receptors that occur on the NK cell surface @otination like NKG2A, CD25,
CD69, CD86 as well as of lytic molecules what in turn supports cytotoxic effector function

[147. Itis supposed that 12 released by T cellhat arefound in the closeneighborhoodof
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NK cellsprovides the interaction between innate and adaptive lymphocytes during infection
[143. This in combination with the dct that I2 is mainly produceds a resulobf immune
system stimulationunderlines the role of K2 acting as primer for NK cell activify37]. As an
example, R848lso named R&quimod, which is a human Tike receptor7 and 8 TLR7/8)
agonist,needs NK cell priming by either2lor IFN G2 ©6S o0t S G2 | OGA Gl
which are noaresponsive to R848 itsglt44].

R848 is a furthesstimulus for NK cell activationToltike receptors (TLR) arenportant
structuresof the innate immune system and are able ittentify conserved structures of
pathogeng145]. Human TLR7 and TLR8 respond to sisigénded RNA as their ligandst6].

It was showrthat NK cells also respond through TLRs but effector functions as response to
TLR7/8 agonist wermediated mainly by accessory cells like monocytes. Already very low
numbers of accessy cells enabled potent NK cadtimulation by R848The activation of
NKcells was triggered directly by R848 binding to TLR7 andrés&®8ng in high production
levels of IFN in purified NK cells. But also indirect activation of NK cells-b§ Hecreted by
R848 stimulated monocytes led to NK cell activagooompanied byncreased cytotoxicity
andhigh IFN'  LINR2 Rdeh( A 2 v

This reveals HL2 as an additional potent stimulus for NK cell activatibiri2 can be provided

to NK cells either blpCsor, as already mentionedy activated monocytes and macrophages
[93]. I-12 canin synergy with other cytokines as2lL1l-15 and IE18, lead to highly increased

IFNY  LINE R dzO i A[24Y]. Whilé |18 Ywhithiseforigsitathe IL-1 cytokine familyalone

is not able to increase the IPN LIN2 RdzOG A2y AdG LINRPOGARSa || (1AY
leading to NK cell effector function in combination witkLR_signaling114].

These stimuli are commonly used for the investigation of NK cellity and related effetor
functions in cell culture.

A further trigger for the assessment of NK cell cytotoxistg562 cells. Thedgmphoblasts

were initially isolated from bone marrow of a patient suffering on chronic myelogenous
leukemia in the age of 5348]. Thecell lineis commonly used as NK esdinsitivetarget for

in vitro investigations of NK cell©On the plasma membrane of K5@2lls, MHCclass |
moleculesrespectivelyhuman leucocyteantigens(HLA) molecules HEA -B, and -Care not
available [124, 149. Therefore, K562cells are also referred to as HbAll cell line.
Additionally K562 express a variety of ligands for the two major classes of activating NK cell

receptorsGtype lectinNKG2Dreceptor (NKG2Dgand natural cytotoxicity receptor (NCR3
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well as ligand$or severalfurther receptorscontributingto NK cell activatiofil24] rendering

them a perfect target for NK cell kilt.
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2. Aim

Inflammation is aimmune response triggered, for example, by infections, physical injuries or
poisoninglt resultsin cellular changeand pro as well as antinflammatory processes which
ultimately lead to theelimination of infectious agents or the repair tifsue damage
However,in some cases, inflammation may persist because either the cause could not be
repaired or control mechasms related to stoppinghe inflammatory response fail.
Consequentlythe inflammatory evenimay becomechronic[150]. Chronic inflammation is
linked tomany diseases, such as can@toimmune diseases, nedogical disordersuchas
Parkinson'sor Alzheimer'ddisease, arthritis, and many othgiks1, 152.

Cytokines and chemokines are mediatarsl regulatorof these inflammatory eventshar
guantification provide valuable information and contribugto the investigation and
elucidation of still unclear relationships and processes related to diseases associated with
chronic inflammaibn.

The body'gesponse towardémplants and other medical devices is also associated with pro
and anttinflammatoryevents The nature of the prevailing inflammatory processe$ighly
dependenton the material and its surface propertieehe interactions of vasus immune cells

with the material surfacebut also among one anothatetermine wheher the implant is
smoothly integrated, rejected or encapsulated in connective tissug@uch immune cell
interactions are based on the release mkdiators and regulatorsnamed cytokines and
chemokines, as well as on the presence of corresponding receptorthe different cell
surfaces To improve the understanding ofthese processes, the interdisciplinary project
"Systems Immunology at Biologi€gtchnical Interfaces” was imted. Through the
cooperation of industry, material and life sciencgd)ysicochemicabnd immunological
characterizationsvere correlated tobe able topredict immunological reactivityowards a
variety of implantmaterials, naterial surfaces and structes. With these findings, a causal
understanding of the rejection processeutd lead to improved functionality and
biocompatibility of medical devicegdditionally, biomaterial surfaces could developed for
controlled implant integration.

The aim of his work wasthe development ofa beadbased multiplex immunoassay to
quantify cytokine and chemokine levels which can be used to investigierse
immunological questions. The main scope of application was the investigation of immune

responsesinduced ly specific implant respectively biaterialsin context of the project
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"Systems Immunology at Biologi€echnical Interfaces'For this purposeamplant materials
were cultured in three different cellular test systems wiitisreasing complexityeflecting the
behavior of the immune systen®ince the relevant inflammatory processassociated with
implantmaterials are mainly induced by macrophages, a human macrophage monoculture of
THR1 cells served as the system of lowvesmplexity, followed by PBMC and whole blood
cultures (TruCulture).

In the course of this work, two multiplex panégusing on macrophagassociated proand
anti-inflammatory processeghereinafter referred to as inflammatory multiplex adgte
panelland 2 (IMAP 1 & 2yyere developed at subsequently validated forfé-for-purpose
approachconsideringFDA and EMA guidelind81AP 1 conssts of nine analytes ({4, 11-6,

IL-8, Il-:10, GMCSFJFN' ¥ 4,/MIRM | I YR O ¢ BVBRR2 comprisessix analytes
(Ibmi =1Rd, M2p70, VEGF,-l13 and MCSF).

Cytokines are often present in very low concentratiombody fluids Thus, the sensitivity of
the standard immunoassatechnologyis not sufficientto detect very low levels of target
moleales.For this reasonthree additionalimmunoassays were developed and validated on
the ultrasensitiveSimoa(Quanterix)SRX platform.Two singleplexes weredeveloped and
validatedfor the analytes H4 and 1E12p7Q supplemented by &-plex containing H6 and
TNFh @

These assays were used in combination witheélpression analysaf certain surface markers
via flow cytometric measurementsto shed light on the questionyhich NK cell effector
functions are triggered by certain stidaunts. For this purposewhole bloodassayswere
stimulated with IE12 and IE18, as well as with {2 and R848 and their respective
combinations.The extent to which other immune cell populations we activated in the
complex culture system anghether they contributel to the immune responseas assessed

In addition the questionwas investigatedvhether K562 cellsasa natural cellular specific
target for NK cells, can induce effector functions in whole blood cultures that are comparable
to the default stimulant combinations used if K562 represenpossibly amore specific and
therefore more suitable stimulus for NK celBnce thevhole blood assagystem contains all
the other leukocytes of the peripheral blood in addition to platelets and erythrocytes, it is

particularly suitable for addressing these questions.
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3. Material and Methods

3.1 Material
3.1.1 Antibodies

Tablel: Antibodies (mc=monoclonal; pe polyclonal)

Analyte Species Clonality Vendor
Anti-Human IL-4 Mouse mc BD Pharmingen
Anti-human IL-4 Mouse mc Biolegend
Anti-Human/Primate IL-6 Mouse mc R&D Systems
Anti-human IL-6 Rat mc Biolegend
Anti-Human/Primate IL-6 Mouse mc R&D Systems
Anti-Human IL-6 Goat pc R&D Systems
Anti-Human IL-8 Mouse mc BD Pharmingen
Anti-Human IL-10 Rat mc BD Pharmingen
Anti-Human GM-CSF Rat mc BD Pharmingen
l'yGAml dzYlky L Cbrm! Mouse mc R&D Systems
Anti-Human MCP-1 Mouse mc BD Pharmingen
'Yy OGAml dzYly / /[ nk aModser m i mc R&D Systems
P'YyOGATI dzYlFy [/ /[ nk aQodtTtmi pc R&D Systems

' YGA Tl dzYFy ¢bCmh Mouse mc R&D Systems

' YGATlI dzYlFy ¢bCmh Goat pc R&D Systems
P'YOGQA Tl dzYly L[ mwmi Mousg¢ TMCH mc R&D Systems
P'yOdAml dzYly L[mwmi Godt[ mtmMmCH pc R&D Systems
Anti-Human IL-1Ra Mouse mc Invitrogen
Anti-human I1L-12/-23 (p40) Mouse mc Mabtech
Anti-Human IL-12 (p70) Rat mc BD Pharmingen
Anti- Human IL-12 p70 Mouse mc R&D Systems
Anti-Human VEGF165 Goat pc R&D Systems
Anti-Human IL-13 Rat mc BD Pharmingen
Anti-Human M-CSF Mouse mc R&D Systems

Table2: Biotinylated antibodies (mc=monoclonal; pe polyclonal)

Analyte Species Clonality Vendor
Anti-Human IL-4 Rat mc BD Pharmingen
Anti-human IL-4 Rat mc Biolegend
Anti-Human IL-8 Mouse mc BD Pharmingen
Anti-Human and Viral IL-10 Rat mc BD Pharmingen
Anti-Human GM-CSF Rat mc BD Pharmingen
l'yGdAml dzYFy L Cbm! Mouse mc R&D Systems
l'yYGAml dzYt y L Cbm' Mouse mc Mabtech
Anti-Human MCP-1 Mouse mc BD Pharmingen
Anti-Human TNF-alpha Goat pc R&D Systems
Anti-Human IL-1Ra/IL-1F3 Goat pc R&D Systems
Anti-Human IL-12 (p40/p70) Mouse mc BD Pharmingen
Anti-Human/Primate VEGF165 Goat pc R&D Systems
Anti-Human IL-13 Mouse mc BD Pharmingen
Anti-Human M-CSF Goat pc R&D Systems
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Table3: Antibodiesfor flow cytometry.

Material and Methods

Surface marker Color Supplier

CD4 VioBlue Miltenyi Biotech
CD8 Viogreen Miltenyi Biotech
CD14 BV650 Biolegend
CD19 BVvV711 Biolegend
CD69 BV785 Biolegend
CD25 VioBright 515 Miltenyi Biotech
CD107a PerCP-Vio700 Miltenyi Biotech
CD62L PE Miltenyi Biotech
CD86 PE-Vio615 Miltenyi Biotech
CD3 PE-Vio770 Miltenyi Biotech
CD127 APC Miltenyi Biotech
CD66b Alexa700 Biolegend
CD56 APC-Vio770 Miltenyi Biotech

3.1.2 Recombinant proteins

Table4: Calibrator proteins

Recombinant protein

Vendor

Human IL-4

Human IL-6

Human IL-8

Human IL-10

Human GM-CSF

Human IFN-

Human MCP-1

Human TNF-alpha Protein
Human CCL4/MIP-1 beta
Human IL-1 beta/IL-1F2
Human IL-1Ra/IL-1F3
Human IL-12 (p70)
Human VEGF 165
Human IL-13

Human M-CSF

Table5: Stimuli forNKcell activation.

BD Pharmingen
R&D Systems
BD Pharmingen
BD Pharmingen
BD Pharmingen
BD Pharmingen
BD Pharmingen
R&D Systems
R&D Systems
R&D Systems
R&D Systems
BD Pharmingen
R&D Systems
R&D Systems
R&D Systems

Recombinant Protein Vendor
Human IL-2 Peprotec
R848 Biogen
Human IL-18 R&D Systems
Human IL-12 MBL

Lipopolysaccharide (LPS)
Staphylococcal enterotoxin B (SEB)

Hycultec

Bernhard-Nocht-Institut, Hamburg
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3.1.3 Animal serum

Table6: Animal sera
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Serum Vendor

Fetal Bovine Serum, heat inactivated (Hi FBS) Gibco (Life Technologies)
Fetal Calf Serum (FCS) Sigma-Aldrich

Horse serum Sigma-Aldrich

3.1.4 Chemicals andaagents

Table7: Chemicad and reagents

Chemical / Reagent Vendor
EDC, No-Weigh Format Pierce
Sulfo-NHS (N-Hydroxysulfosuccinimide), No-Weigh Format  Pierce
EZ-Link Sulfo-NHS-LC-LC-Biotin Pierce

EDC, No-Weigh Format

EZ-Link NHS-PEG4-Biotin, No-Weigh Format
Streptavidin-Phycoerythrin conjugate
Streptavidink m3l f I OBBE A Rl aS o
TRU Block

Chemiblock Reagent

TWEEN 20

ProClin 300

Ethylenediaminetetraacetic acid (EDTA)
Natrium Acid

Bovine Serum Albumin, Reagent Grade
Albiomin(= human serum albumin, HSA)
Sodium Chloride (NaCl)

MES

Di-sodium hydrogen phosphate (N4PQ)
ZombieYellow

Thermo Fisher Scientific
Thermo Fisher Scientific

Moss
Quanterix
Meridian
Merck
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Roth

Proliant
Biotest

Roth

Roth

Roth
Biolegend
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3.1.5 Buffers andsolutions

Table8: Buffers and solutions

Buffer / Solution Vendor/Composition

Phosphate buffered saline Fisher Scientific

LowCross Buffer Candor

Blocking Reagent for ELISA Roche

Activation Buffer 100 mM NaHPQ, pH 6.2
Immobilization Buffer 50 mM MES, pH 5.0

Bead Storage Buffer CBS + 0.05 % TWEEN 20 + 0.05 % ProClin 300
Detection Antibody Storage Buffer CBS + 0.05 % ProClin 300

CBS buffer 1x PBS +1 % BSA

Wash Buffer 1x PBS + 0.05 % TWEEN 20
Assay Buffer 1 NMI - proprietary

Assay Buffer 2 NMI - proprietary

Homebrew Sample/Detector Diluent Quanterix

SBG Diluent Quanterix

Simoa Washing Buffer A Quanterix

Simoa Washing Buffer B Quanterix

Bead Diluent Quanterix

SBG Concentrate Quanterix

RGP Quanterix

TC-GM + HSA HOT Screen GmbH - proprietary
Red Blood Cell Lysis Buffer Biolegend

FACS Buffer 1x PBS, 2mM EDTA, 2% FCS, 0.01% Natrium Acid

3.1.6 Commercial kits

Table9: Commercially availableits.

Kit Vendor

ArC Amine Reactive Compensation Beads Thermo Fisher Scientific
al/ { /2YL) .SIR YAGZ I yNilkemyiYBRotlk#d S L 3¢
MACS Comp Bead Kit, anti-REA Miltenyi Biotec

BD FACSuit CS&T Research Beads BD Bioscience

Granzym B ELISA Mabtech

3.1.7 Consumables

Table10: Consumables

Name Vendor
Half well plates Corning
Tubes 1.5 mL LoBind Eppendorf
Tubes 5 mL LoBind Eppendorf
Simoa-reading discs Quanterix
Simoa pipetting tips Quanterix
Simoa sealing oil Quanterix
Centrifugal concentrators Merck
S-Monovette 2,7 ml Sarstedt
FACS tubes, 2 mL Corning
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3.1.8 Devices

Table11: Devices

Device Vendor
FlexMAP 3D Luminex
SR-X Quanterix
Simoa microplate washer Quanterix

Dynamap magnet
Hula mixer
Micro centrifuge

pH-Meter 766 Calimatic

Sonicator
Vortex-Genie 2
Centrifuge 5417R

BD LSRFortessa Cell Analyzer

Heraeus Multifuge 8R

ThermoFisher

Thermo fisher

VWR

Knick

Bandelin

Scientific Industries
Eppendorf

BD Biosciences
ThermoFisher Scientific

3.1.9 Software

Table12: Software

Software Supplier
Xponent Luminex corp.
SR-X Reader Software Quanterix

Prism
MasterPlex
FlowJo
FACSDiva
Endnote
Microsoft Office
ClustVis

GIMP 2.10.30

GraphPad Software

MiraiBio Group of Hitachi Software Engineering America, Ltd
BD Biosciences

BD Biosciences

Clarivate Analytics

Microsoft

BIIT Research Group

GNU Image Manipulation Program
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3.2  Methods

3.2.1 Suspension beadraays- IMAPs

3.2.1.1 Antibody immobilization

Capture antibodies were immobilized onto paramagneticrosphereshereafter referred to
astbeadg. The beadSsurfaceis functionalized with carboxyl groups that can deivated
using 21Ethyt3-(3-dimethylaminopropyl)carbodiimid (EDC) resulting in aacglisourea
intermediate which is susceptible to hydrolysis. For stabilizing the acyliscineaarboxy!
groups on tke beadsurface ae activatedusingEDGn combinationwith amine reactive sulfo
N-hydroxysuccinimid (SNHS). The resultatgbilizedactive ester binds to a primary amino
groupon the protein that is aimed to be immobilized to the bead surface by formirayade
bond. At the same timesNHS is set fred 53.

At the beginning of the immobilizatioprocessthe bead stock was vortexetioroughlyfor
15sec andwasthen soniated for30sec. In total 7.% 10° beads per beadD were washed
three times with ddHO (double-distilled water) All washing steps were performed ugia
magnetic separator (e.gDynaMag; 2 Magnet, Invitrogen. Through magnetic forces, the
microspheresan be sparated at the tube wall enabling the removal of supernatant without
the lossof beads.Following removal of the supernatargn activation mix of sngmL* EDC
and sNHS imctivation bufferwas prepared and 10gL of this mixwas addedonto washed
beads. The beads were then incubatddr 20min at RTrotating on a HuLa mixer. After
activation beads vere washed three times with 5Q@L immobilization buffer before
antibodies were applied in a defined coupling concentration ontoltbéadsin a total volume
of 500uL immobilization buffer. After mixing the beads by vorteximgubation under
rotation on a HuLamixer followed for zh at RT. Afterwards, beads with immobilized
antibodies were washed usingmL of PBSTPBS + 05% Tween20). For storage600uL of
beadstorage bufer wasapplied and beads were stored a3 °C.

To confirma succeskul immobilization process a coupling control was performed|ddgled
speciesspecific antibodies were titrated and applied to coat@itrospheresand readon a
FLEXIAP3D instrument.

For IMAP1 and2 bead mktures were generated, each mix wealculatedsufficiently for the
measurement oR00 plates Single beadD stock solutions were diluted 1:10 from their initial

concentrationsvith the remaining volume difference supplemented with bead storage buffer.
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3.2.1.2 Biotinylation of detection antibody

The quantification of analytes is based®tnepPEbinding specifically tbiotin, whichislinked

to detection antibodies. As some detection antibodies werdy available unbiotinylated,
biotin was covalently bound using sHNHSLCGLGBIotin. SulfeNHS reacts with primary
amines on the antibodyg surface forming a covalent bond witlhé LGLGlinker functions as
spacer making biotin more accessible to streptavidin.

For biotinylation antibodies were recondtited to a concentration of 50QugmL?. 100puL of
antibody stock was transferred into a Infi. reaction tube and L biotindissolved irddHO
were added to reach a 26@ld molar excess of biotin. Inbation followed ovenight at 4°C
for 16h. Afterwards, unbound biotin was removed using centrifugancentrators (Amicon
Ultra 0.5mL centrifugal Filters, Merck) according to timanufactures protocol, except that
centrifugation was performeat 4 °C. Antibody concentration after elution was determined
by NanoDrop (UV/VIS at 280 nm) and fimal concentration was adjusted to 2Q@ymL? in
1XPBS + 05% ProClin300. Biotinylatexhtibodies were stored at 2 8 °C.

To confirmthe success of biotinylation of detection antibodies, beads functionalized with anti
species antibodies werapplied Detection antibodies weretitrated and incubated with
respectivebeads Biotin couplingo detection antibodies was verified by the applicatiof
StrepPE andeadout on a FLEXAP3D instrument

A detection antibody mix was generated iMAP1 and 2 for a better assay reproducibility.
Single detectors were prepared 20Xhigherconcentrationthan applied in the assay. The mix

wasstoredin detection antibody storage buffeand was stored at 2 8 °C.

3.2.1.3 Ceneration ofthe calibrator mix

A mix of the calibratos was generated for eachMAP. Single recombinant proteins were
stored at 20Xthe concentrationof the highest calibratoand only diluted prior useThe
calibrator mies forIMAP1 andIMAP2 werepreparal in CBSaliquoted for single usand
storedat-80°C

3.2.1.4IMAP assayprocedure
For gtokine assessment in supernatants of whole blood assgsples were thawed and
vortexed before they were centrifuged at 18,08@nd 4°C for Imin. All assay components

of IMAP1 (ll-4, I1-6, IL-8, 1-:10, GMCSF, IFN ~ 4,/MIPm | TNFRO  IMEAR (Ikm i
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IL-1Ra, 1:12p70, VEGF, -3 and MCSF) were brought tBT 100uL of wash buffer were
added toeach wvell of a 96half-well plateto block the surface of the wells. The @alvas
incubated for at least 1&in at 21°C and’50rpm in a thermal mixer. Afterwardshe content
was discarded anthe wells emptied completelypy tapping the plateup-sidedown onto a
paper towel.

Beadsof the generated bead miwere centrifuged for 15ec using a tabletop centrifuge
vortexed thoraughly, sonicated for further 15ec and diluted 1:25 in théMAPspecific assay
buffer (assay buffer 1 and assay buffer e bead sapension washen stored in the dark
until use

Togenerate the calibration curyeachcalibrator mixproducedfor IMAP1 and 2 was diluted
1:20 in the respective assay buffer to create the highest concentrated calibrator. For the
remaining standard point@wo to sever), a dilution series using dilution factor 3 wamde
over six steps in the respective assay buffer.

Samples were diluted 1:4 and 1:256 in thpecificassay bufferof IMAP 1 or IMAP 2,
respectively Quality contro{QC)samples for eaciMAPwere diluted 1:2 also inthe IMAR
specific assay buffeAfterwards, 25.L of diluted samples, QC samples and standdutions
were added to the blocked 9alf-well plate with standard and QC samplbsing appliedn
duplicates. Samples were analyzediinduallybut at two dilution factors.25 L of the aleady
prepared bead solution as then adéd to each well ath the plate was incubated at 2C and
750rpm for 2h. This resultedn final dilutionfactorsof 8 and 512 for samples araddilution
factor of 4 for QC samples, respectiveRollowing incubationthe plate was washedhree
times with 100uL wash buffer per well using a magnetic separator to fixate the magnetic
beads on the bottom of the plate, with thaipernatant discarded.

The detection antibdy mix was diluted 1:20 in assay buffeand 2, respectively, and 3@
of the detection antibody solution was pipetted per well. Afterwards fflate was again
incubated at 2I°C ad 750rpm for 1h in a thermal mixeland then washedhree times as
already described after which30puL of StregPE, diluted 1:500 if€BSincluding 0.0%%
Tween20was addedper well. Incubation followed for 3énin at 750rpm and 21°G after
which the platewas wabed again three timeslOOuL of wash buffer wagipetted into each
well and beads were rsuspendedor 3 min at 750rpm and 21°C.

Readout was performed on a FLEXP 3D instrument using the following settings: sample

volume of 80uL, a timeout of 6Bec, gting between 7,500 and 15,000, Standard PMT

32



Material and Methods

detector and bead count was set to 10@FI per beadID in each wellvas ases®d using
Xponent software. The fitting ahe standard curve and the badalculation of signals of
sample dilutions was performedsing MasterPlex QT software. The final calculation of results

and the assessment of QC samples was carried out using Microsoft Excel.

3.2.2 Suspension beadraays¢ Simoa SR

3.2.2.1 Antibody immobilization

Beforecaptureantibodies could be immobilized to beasisitable forSRX(Simoa}echnology,

a buffer exchange was performed to remoary agentspresentin the provided antibody
solutions that could potentially interfe with the coating process.€btrifugal separators were
usedaccording tothe Y I y dz¥ | QpiotimdlSréplacingthe buffer in which the antibodies
were suppliedvith Bead CouplingBfer. Antibody concentration was determined employing
UV/VISNanoDropand the final oncentration was adjusted to 50@y-mL! in Bead Coupling
Buffer.

Followingthis, beads were vortexed for 1$kc and sonicated for 3fc before 8t x 10° beads
were transferred to a 1..5L tube. Bads werethen washed three times witfb00pL Bead
Wash Buffer and twice with Bead CouplingffBr supplemented with0.01% Triton before
resuspensionn the later. Al washing steps were performed usiagmaget to pellet the
beads and fixhem before removal ofthe supernatant.To activate the bead surfac&DGvas
addedat a final concentration of 0.81g-mL! and incubated foBOmin atRT on a HuLmixer.
Contrary to the coupling method of Luminex beads sNHS was used to activate Quanterix
beads. After activation, beads were washed three times with @0®ead Couplingufer
supplemented with 0.0% Triton. After the final wash step, 600L of antibody solution,
adjusted to the required coupling concentration in Bead Coupling Buffer as previously
described, vas added to the activated beadEhe mmobilization reaction was carried out for
2 h under rotation on a Hulmixer in the dark aRT Beads werdghenwashed twice with bead
wash buffebyapplyingamagnetic separatqbefore 1mL of Bead BlockinguBer wasadded.
Coated beads were blocked for 30in at RT rotating on a Halmixer. Ima final washig step,
beads were treated with inL Bead Duent andwere re-suspended in 60QL of the same

diluent. Beads were stored at@8 °C.
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3.2.2.2 Biotinylation of detection antibody

To biotinylate the detection antibodiesfor SRX (Smoa) technology a NHSPEG4Biotin
reagent was employed. 1Q@y of the antilody wastransferred into a 1.3nL tube. To reach a
60-fold molar excess of biotjrb pLof a1 mg-mt NHSPEG4Biotin solutionwas added The
antibody-biotin mix was vortexed and incabed for 30min at RT. Unbound biotin was
removed afterwards using centrifugal concentrators following thanufacturef grotocol.
Subsequently the concentration of biotinylated antibody was determined by UV/VIS
measurement lanoDrof) and the final conagtration was adjusted with Btinylation

Reaction Bffer to 200ug-mt!. The biotinylatd antibodies were stored at 28 °C.

3.2.2.3 SRXassay procedure

The assays developed for the-¥R$moa) technology were developed as two singlexes
(IL-4 and 1L12p70) and as a-@lex (TNF | V&R In kcdntrastto the Luminex assayhe
developedSRX pocedureswere carried out as a twestep method, meaning, that detection
antibodies are incubated in one step together with samples and haastead of performing
a separate incubation stephree-step assay)First, all assay components were broughR{B
Whole bloal assaygupernatants were thawed, vortexed and centrifuged fonih at 18,000y
and 4°C.

For all Simoaassays, bead stocksere thoroughly vortexed and sonicatetiefore being
diluted 120-fold in bead diluent Thebead solutions weréhen stored in the dark until use.
For the calibration curvehe highest standard for each analyte was prepabgdiluting the
respective stock solution of recombinant protein time assayspecific bufferto reach the
needed standardconcentration Then, by generating a dilution serighe remaining six
standard points wee prepared in the respective assay buffear 14 and 1E12p70 dilution
factor 4, and for the lex dilution factor 3.5 was applied fdne creation of the standrd
curve.

Samples and QC samples were diluted in the specific assay bti#ach analyteThe QC
samples of all analytes were diluted with dilution factor,2&well as the samples to measure
IL-4. Samples for the analysis ofliEp70, It6 and TN ¢ SNB R Xhe dppliSaiton mfY p @
beads rsulted in a furtherdilution of 1:2, leading tothe final dilution factorsof 5 and 10
respectively Further, detection antibodies we diluted in assay buffer to create

concentrations fowtimes higher than their assay concentratiqassay concentration see
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Table17). After all assay compounds were prepar&@ uL of each sample, QC sample and
standard were pipetted into a 9vell plate. Then, 2HL ofeach,diluted beads and diluted
detection antibodywere added. After amcubation of 1h at 800rpm and 21°C in a thermal
mixer, the plate was applied into the Simoa microplate wasaed was washed three times
usingwashbuffer A (volumes:first washng step 150uL ¢ secondstep: 400uL ¢ third step
150puL) During automated washing steps, SBG was dilutealfioal concentration of 15@M

in SBG Muent and 10QuL were applied to the washed beads the end of the washing
procedure A further incubation followed for 1&in at 800rpm and 21°C. A second waslgn
procedurewas carried out employing wash buffertdvee times.Beads werethen washed
twice in150puLwash buffer B, incubated forrin by shaking at 80pm beforewashbuffer B
was completely removed by theasher. Beads were dried for bin atRTand the plate was
inserted into the SKX instrument together witHRGP Reagent which was prencubated at
30°C in a thermal shaker for at least 3in.

The SRXreadersoftware carriel out the fitting of the standard curve and the final calcudat
of the concentration of the analyte in the sample. For thil,necessary parameters, like
standard concentrationgind sample dilution factors werapplied to the instrument prior

measurement.

3.2.3 Immunoassay development

Many factors are decisive for the quality of an immunoassay, such as the antibodies used, the
buffer composition or the concentration of thadividual assay reagent3he aim of proper
assay development is therefore to adapt these parameters in the bessiple way for the
determination of the desired analytes.

For the assay development of the Luminex andXSRssays, commercially available
recombinant proteins and antibodies were used. For the analytes of interest, the existing
know-how on the performane of commercially available antibodies in combination with the

corresponding recombinant standards was used

3.2.3.1 Selection of a suitable assay buffer

The choice of the appropriate assay buffer is a crucial point in assay develogdinesdg.basic
assay buffersvere tested forIMAP1 and 2¢ Blocking reagent for ELISBRE)CBS including
150mM NaCl and LowCross Buff&iCB) All three luffers were supplemented with 05 %
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TweerR0. For SKX assaydHomebrew Sample/Detector Diluemtas usedas basic buffer and
no further buffers were testedEvaluation was done lilge assessment ahe standard curve
and background signal3he testing was carried out &xplained in3.2.1.4(Luminex) and
3.2.2.3(SRX), respectively.

3.2.3.2 Crossreactivity

Multiplexed assays need to be tested for several types of emsdtivity, meaning non
specific bindings between the individual assay components.ighiscessary to determine if
reagents are ofsufficiently high specificity to yield true positive results. To test whether
unspecific binding occurs between detection and capture antikstthe assay procedure was
carried out by using multiplexed beads and single detection antibodies without recombinant
proteins. Crosseactivity between antigen and capture antibody was tested by using
multiplexed beads and detection antibodies in combinatwith single standard protein. The
third kind of crosgeactivity can occur between detection antibody and recombinaotgin.
Using multiplexed beads aradmix ofrecombinant proteins and single detection antibodies
tested this kind of croseeactivity. Crossreactivity of IMAP1 and2 were assessed i6BS
buffer including0.05% Tween20 and50 mM NaCl(referred to as CBSTJheassy was
performedas described unde3.2.1.4 For the SKX 2plex assayHomebrew Sample/Detector
Diluentwas used anthe assay procedure was performed as explained uidd212.3 For both
methods,the highest calibrator concentration was usédecombinant proteins were applied
and evaluation was based on signal strength MFI [AUpenerated by theanalyzed assay
components.The assessment of the calibration curve and background signal were used for

evaluation.

3.2.3.3 Assay buffer optimization

Tofurther reduce unspecific binding, cressactivity or matrix effectshe assay buffers were
additionally optimized. To adapt the assay buffer to the sample matrix they were
supplemented with animal sera and blocker. HMAP1, CBSTwas supplemented with
different concentrations of hise serum and fetabovineserum(FBS)- 2.5, 5 and 104 and
additionallyChemiblock IIGBI) blocker was added at@ncentration of 5ug-mL?!. Buffer for
IMAP2 was supplemented withifferent concentrations of CBII, in det&il10 and 5Qug-mL2.

The assaywas peformed as describednder3.2.1.4
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Nooptimizationof the SRX assays was carried out, as the sensitivity achieved was sufficient
high and the obtained background signals were acceptably Aowexception was the assay
buffer for the detection of 112p70.For this assaysupplementation of the assay buffer with
horse serum was tested @oncentrations o2, 5 and 10%in Homebrew Sample/Detector
Diluent The test assays were performidlowing the procedurelescriled under3.2.2.3 The
calibration curve results and the background signal were used atuate the assay buffers

tested.

3.2.3.4 Optimization of detection antibody concentration

The optimization of assay reagents is a further important factor during assay development.
The detection antibody concentration can also affect assay sengitiad performance. For
IMAP 1 and 2, the detection antibody concentrationsof 0.1, 0.25, 0.5 and fig-mL! were
tested. For SKX assaydifferent concentrations were tested over several experimenith
variousassay componentsAssays were processed as describedeation3.2.1.4(Luminex)

or 3.2.2.3(SRX), respectivelyEvaluationvas based oralibration curve performance and the

highest achievableensitivity.

3.2.4 Validation of developed immunoassays

3.2.4.1 Validation guidelines and parameter

Validation of the Luminex and SRassays was carried out anfit-for-purpose approach
consideringEMA[23] and FDA[24] guidelines The followingparameers were evalwated

duringthe validation of themmuncassag. performance of standard curve, quantificat and

detection limits, intra and intelassay precision, parallelism, dilution linearggd analyte

stabilityin form ofshort-term and freezethaw stability.

3.2.4.2 Generation ofvalidation samples

For VS generation the endogemus analyte concentrations in unstimulated and LPS/SEB
(staphylococcal enterotoxin )bstimulated samplesof three donorsU, V and Wwere
determined usinghe developed immunoassay$he sme wasapplied topooled samples of
donors X, Y and Zhe samples were mixed in different ratimsdiluted in TruCulture medium
(TCGM)to bring mostof the analytes in the upper (M&=VS high), middle (VS M = VS mid)

and lower (VS L = VIBw) region of the respective calibration curvelince it is almost
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impossible to cover a calibration curve region with one VS for all asalyith endogenous
proteins onlyrecombinant protein was spiked into the generated matrix wharanalyte was
not present in native samplaa needed concentrationd' his wasppliedfor VS H, VS M and
VS L oboth IMAPsand also for VS H for the Simoa assay for the detectionplZQ The
other VSlevels for S assays could be reached by only combining native samples\/&ter
were generatedthey were aliquoted for single use and frozemg60 °C.

The analyte lesis of theVSproducedalsomet the requirements foQC samples, whiclvere
used to test the reproducibility and validiiy each analytical runTherefore, they were
produced in sufficient quantities and used for this purpdseranalysisVS respectivel)C
samples were diluted irthe respectiveassay buffer using dilution factor of 4 for the
performance of MAP1 and 2 or,concerningSimoaSRX assaysa dilution factor of 5 was
applied

For somevalidation parameters, such aample stability assessmemtnly samples containing
native protein in a knan concentrationshouldbe used.As mentioned above,osne VSof
IMAP1 and 2were needed to be spiked with recombinant protein to get 8amples in the
respectivedynamiccalibration curveange For thigeason further samples were selected for
the evaluation of thementioned parametersThese samples were produced by combining
stimulated and unstimulated samples of which thedegenous évels had already been

determined forVSgeneration.These samples are referred to as NP samples in this thesis.

3.2.4.3 Validation ofthe calibration curvemodel

Validation ofthe calibration model was assessed by performaig(SRX assaysand eight
(IMAP 1 &2) independent experimenisrespectively Standard curves were analyzed in
triplicatesin each rurnand the recoveryn percentage calculated on the basis of the nominal
standard concentrationand the precision over all baekalculated concentratios were

determined. PrecisiorsigivenasCV in percentages

3.2.4.4 Limits of quantification

For the determination of thd.LOQ.a dilution series of calibrator 4 wa®merated using
dilution factor2 over eightsteps. Analysis was repeated in three independent experiments on
different days in triplicates. The recovery in relation to theminal concentration of

calibrabr 4 and precision (CV) of baatalculated concentrations werevaluated forthe
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determination ofthe analytespecificLLOQ.

TheULOQwas assessed based on resulldained inthe validationof the calibration model

over six(SRXassayypandeight IMAP1 & 2)independentexperiments respectivel\Standard
curves were analyzed in triplicates. The recovery rate and precision in terms of the CV of all
acquired bacicalculatedconcentrationsof all runs(n = 24 fodlMAPs, n = 18 for SK)of the

highest stadard point were evaluated.

3.2.4.5 Limit of detection

TheLODwasdetermined aghree times the standard deviatioabove the average signaf o

20 replicates of calibrator &hich represents the lank value(e.g. assay buffer respectively
sample diluenf (average blank + 8 SD value). To calculate the concentration of the LOD,
nominal concentrations of the calibrators 6 and 7 were used. These concentrations and the
nominal concentration of the average blank, assumed to be,zgeve plotted against the
correspondng MFl and AEB, respectivelyrhe concentration of the LOD is then calculated
using a linear regression. By employiting equation of regressigrthe concentration of

background signal was determined and defined.@®

3.2.4.6 Precision

For determination of inter and intrassay precisiolSin low, mid and high range were used
and in case ofMAP1 and 2 also the samples including only native protein (NP samples) were
employed. Samples were diluted usiagfinal dilutionfactor of 4 for Luminex assays and
factor 5 for SRX. For the intemssay precisigrthe samples were run in triplicates oveight
independent runs (Luminex) and sidependent runs (SK), respectively. Precision was
calculated by assessing tl&Vof backcalculated concentrabns of the 24 (Luminex) and
18values (SK), respectively.

For intraassay precisigrtwelve replicates of eaclvSand NP sample were assayed ame
plate. Their precision (§Mvas calculated on basis tife variation d the backcakulated

concentrations.

3.2.4.7 Dilution linearity
For the determination of dilution linearitfyecombinant protein was spiked in sample matrix

in a concentration 3500 fold above theoncentration of thehighestcalibrator. Then the

39



Material and Methods

spiked samples were initially diluteti40 forIMAP1 and2, and 1:25 for SKX assaysand
subsequently serially diluted over the whole range of the calibrator applying dilution factor 2.
Analysis of the dilution was carried out in triplicates in a single run. Meanseobalck
calculated concentrations were created and multiplied with tiespective dilution factor.
Recovery of these values was determined based on the reference level of spiked in

concentratiors.

3.2.4.8 Parallelism

Parallelism was determined lseriallydiluting supernatants fronthe whole blood culture
system with high endogenous levels of native protein in assay buffer. This validation
parameter could not be determined for analytes having only low levels of native protein in the
samples. The samples were initially dilutedhadactor 2.5 (SK) respectively dLuminexand

were subsequentlydiluted 1:2 in assay buffer over the calibi@h range. Analysis was
performed in tiplicates and the mean of badalculated concentration was multiplied with
their respective dilution factor. Then, the reference concetitia was calculated as mean of

all concentrations measured within tlealibration range while the G the triplicates should

not exceed 2@% at the same timd-urther,thesefinal concerrationsshould bediverging less
than 25% from each otherBased on this reference concentration the recovery of back

calculated concentrations including the dilution factor was determined.

3.2.4.9 Analyte stability

Two different aspects of sample stability were investigated in the courseidftiah ¢ short-

term andfreezethaw stability. Samples containing the analytes as native proteins wsyée

and analyzed in triplicatg\NP samples)-or the examination of shoterm stability, samples
were stored for 2, 4 and 24 at RTand 4°C,respectively. Regarding freetgaw stability,
samples were thawedtored for one hour aRTand frozen again at60 °C¢ once, twice and
three times. Then, samples were diluted 1:4 in assay buffer and/zewhlin triplicates. As
reference an unstresed samplewas used also diluted 1:4n assaybuffer. The mean of the
triplicates of analyzed concentrations was multiplied with the dilution factor and the recovery

in relation to the reference sample was determined.
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3.3  Sample generation
3.3.1 Whole blooddonors
Peripheral blood samples were acquired from healthy donbessed on theirinformed
consent This was carried outtadOT Screen Gmb&hd the wording was adopted for this
thesis.Exclusion criteria of individuals for blood donation were:

1 Symptoms ofystemic/ local inflammatory reactions with the exception of single small

and superficial skin lesions

1 Last symptoms of systemic/ local inflammatory reactions of an inflammatory disease
or first symptoms of @ew episode within the last 1days before blod donation
Vaccination within the last six weeks
Surgery within the last three months
Chronic diseases with inflammatory components, even during synmyiteenintervals

Intake of drugs within the last ldlays, except contraceptives

= =42 =/ =4 =4

Alcoholconsumption (e.g. >0.6 of wine or 1L of beerwithin 24hours prior blood
donation)

1 Exhausting exercise within three hours prioiblood donation
The experiments with blood samples were carried out in accordance with the rules for

investigations on humans as defined in the Declaration of Helsinki.

3.3.2 TruCulturewhole blood culturesystem

Culturing of whole bloodvas performed using TruCultu@lOT Screen GmbH), a platform
established forin vitro monitoring of immune reactions trigged from pharmaceuticals in
whole blood[113. Blood was drawn byenipuncture, employing butterfly needles and
heparinized syringes. To prevent nspecific leucocyte activation and/or any loss of cell
activity, the whole blood cultures were initiated withir0énin after blood collection. InL of
whole blood was addedotwhole blood culturetubes containing 2mL TruCulture medium
(TCGM)with the respective stimulahg agents (e.g. 12, R848, H18 and IL12 ¢ alone & in
combination) To assess the overall activation of immune ¢eltesent in whole blood.PS in
combination with SEB were applied aindubated for 24 at 37°C. Wstimulated samplsat
time points t=0 h and t=24h served as negative contl

To generate samples for cytokine analysis, celtubes were centrifuge (5009 for 5min) to

sedinment cellular components andraL supernatant vere isolated and stored at20 °C until
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assayingThe ellular fraction was resuspended and used for flow cytometry.

Base levels of cell surface markers were measured affet blood donation (&0). For
assessing immune activationaltater time point the tubes were incubated at 3T for 24.
Several stimuland respective combinations foIK cell activation were tested and in total four
independentwhole blood cultue-based experiments were performetiable13 presents the
extentof the experiments in detail the used donors, stimuli amelspective combinations and
cell numbers.The concentrations of the stimulants used are proprietary knowledgeef

HOT Screen GmbH and are not stated.

Table 13: Experimental details of the four performepartial experiments Performed vinole blood assay®
generate samples for cytokine readewtnd analyseby flow cytometry

Partial experiment

no Description Donors Tested K562 cell numbers
IL-12, IL-18 and

L combination of IL-12 + IL-18 A, Band C o
IL-2, R848 and

2 combination of IL-2 + R848 D, Eand F o

3 Titration of K562 cells a band c 1.0, 0.5, 0.25, 0.125, 0.06z
without and combined with IL-2 <" and 0.03125 x Tocells

4 LPS/SEB, K562 and K562 + IL-2 G, H and | 0.125 x 18 cells

3.3.3 K562 cell culture

K562 cells (DSMZ, ACC 10) were thawed areded at5x1C°cellsmL!. Cells were
maintained atcell numbesbetween 0.11.0x 10° cells in RPMI containing 20 FCS and were

split every threedays. The cells were cultured in mewtidree of Penicillin and Streptoycin

for four days. Afterwardscells were centrifuged (5a9for 3min) and resuspended in &M

at a cell concentration of #10° cellsmL!. According to theexperimental setupcells were

serially diluted in TdGM and used at the respective concentratdor the coculture with

whole blood

All TruCulture and K562 cell cultures were performed at HOT Screen GmbH by Dr. Sascha

Klimosch.
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3.4  FlowCytometry

3.4.1 Compensation controls

All flow cytometricneasurements were carried out ahe BD LSRFortessaTM instrument. To
ensure proper functionality and valid, reproducible analyaiguality control employing BD
FACSuiteCS&T Research Beads was performed each day prior analyzing experiments.
Therefore, leads were thoroughly mixed and omkeop of the bead solution was added to
300pL of ddHO. After thoroughly vortexing the diluted beads the CS&T measurement was
performed.

To be able to correct by calculatighe overlapping fluorescence signals inevitable occurring
at multi-color flow cytometric measurements compensation controls were performed. For
this purpose, antibodgpecific beads were usetb capture antibodies agenst surface
markers. For the recombinant REAfinity Antibodies (Miltenyi Biptspgcific antREA
compensation bead§MACSComp Bead Kit, anREA were used while antitY 2 dza S L 3¢
compensation beads wemequired forconjugated antibodiesbtained from Biolegend.
Antibodies were diluted by adding the volume of antibody recommended by the faatnuer

per test to 10QuL PBS Specifically coated compensation beads were mixed 1:1 with
corresponding blank beads and fQ of the bead mix were petted into the diluted antibody.

The beaeantibody mixture was thoroughly vortexed and incubated for 10 miRgdrotected

from light, after whichcompensation control measurement was performed.

Amine Reactive Compensation (ArC) Beads were requiremfgpensating ZombieYellow, a
live/dead marker. To one drop of these bea#sIL of in DMSO reconstituted (pL/100tests)
ZombieYellow dye were added and incubatedRat for 30min, protected from light. After
applying 3mL of PBS, beads wecentrifuged at 30@ for 5min at RT and the supernatant
was discarded. The compensation control was applied toflthve cytometryinsrument for

measuring after 50QlL FACS buffer and one drop of negative ArC Beads were added.

3.4.2 Cellstainingfor flow cytometric analysis

For livetead discrimination bcells during flow cytometrianalysis, 2iIL of ZombieYellow
were gplied into a FACS tube and 100 of theresuspended cellular components (sstion
3.3.2 were added and mixed gentlyhe tubes were incubated for 1fin at RT protected
from light. Fluorescenlabeled antibodies against specific surface markers were mixed

according to instructins of the manufacturer and added to the whole blood culture stained
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with ZombieYellow. Tubes were xed gently and incubated for I@in at 4°C in the dark.
1.8mL 1XRed Blood Cell Lysis Buffer (1:10 dilution of 40Xk in ddHO) were applied. Tubes
were vortexed and incubated &Tfor 30min. Cells were centrifuged (5@dfor 3min at 4°C),
supernatant was discarded and FACS buffer (BQ0vas applied to resuspend the cell pellet.
This was repeated two times before the pelédtcells was resuspendan 75uL FACS buffer
for subsequentflow cytometric analysis. Until measurement, samples were stored on ice
protected from light.

Analysis offlow cytometrydata was performed using FlowJo softwafde applied gating
strategy isapplied inAnnex- Agure 1 and Annex- FAgure 2. Values of gated populations were

exported to Excel anflirther evaluated using GraphPad Prism.

3.5 Granzyme B ELISA

The level of granzyme B fromhole blood assagupernatants was determined by ELISA
(Mabtech Nacka Strand, Swedgrio analyze the degranulation process after NK cell
stimulation The data were recort! as individual value§he measurements were performed

by HOT Screen GmbH according to the manufacturer's protocol and the data were kindly

provided.

3.6 Dataanalysis

3.6.1 Analysis of Luminex data

For analysisall Luminex assays wemmnalyzed using~LEXIAP 3D instrumens$ (Luminex)
equipped with Xponent software versiofh.3. By measuringhe fluorescent intensity of
phycoerythrin bound to the beagsthe software generatd a signal it KS G YSRALl Y
Ftd2NBaOSyld AyidiSyahdileéThe midrun caif was Kdustddyol £ &1 S
100beadsfor each individual bead IDChe validity of the signalas given when at least
35beads were assessed. Datareexportal after measurement as CSNesand transferred

to MasterPlex QT software ifodata analysis. Standard cunfdting and the resulting
guantification of the analyte concentrations in the samples were performed based on MFI
values. The fitting fuction of thecalibration curve was five-parametric logistic fit Further,

weighting 1/¥ was applied in order to gain a better fit in the lowalibration curvearea
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3.6.2 Analysis of SKX data

For the analysis of SRdatgthe SRX instrument (Quanterix) wassedfor all measurements

The instrument was equipped witbimoa operating softwareversion 2.13.0.1250 The
measura signals in form of "Average Enzymes per Bead" (AEB) were generated by the
software based on image alysis of the array This means that the average enzymes per
bead were recorded. For an AEB signal to be considesedlid, at least 1000eads had to

be detected. The signals were processed by the software integrated in the instrument and a
calibration curve was generated based on the AEBs. Tieateon curve was based on a four
parametric logistic fit witta weightingof 1/Y2. Using the standard curve, the AEB values of the

respective analytes were calculatbdckto the original concenttion in the sampls.

3.6.3 Test of normal distribution following ShapirdVilk
The Shapir@Vilk test is a strong test for examining the normal distributiomudtric data
when the sample size is small. The test statistic calculates the quotient of two ways of
estimating the sample variance. In the numerator, the square of the regression of the quantile
guantile plot, which corresponds to the variance of the sample expecteder normal
distribution, is calculated @& and in the denominator, the square of the uncorrected sample
variance (9 is assessed. The calculation of the test size W, after sorting the samples in
ascending order of size, is caldeldusing the formuldelow, with nrepresentinghe sample
number.

@
t pi

The null hypothesisHThe data are normally distributed" is rejected ifQW\; (critical limit).
W is taken from tables (table 5 and 6 j254]) and depends on the sample size n and the
f SPSt 2F HIMEAThe t@Fshf@® hoyn@dlSlistibution was performed as a-est for

the BlantAltman plot using GraphPad Prism softear

3.6.4 Spearman rank correlation coefficient

Spearman rank correlation coefficient was calculated using the software GraphPad Prism in
order to determine whether the two methods Luminex aBanoaare related to each other

in regard of the analysis of-@.and TNF &

The Spearman rank coefficient astool for the analysis of correlation that measures the
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degree of association of two variabl¢$55. It is independent on data distribution and
requires neither a normal distribution of the data nor a linear catien between the two
variables(non-parametric) [156]. Moreover, this type of correlation analysis is relatively
robust to outliers. For the determination of the Spearman rank coefficigjtltie data are
replaced by ranks. Fdinis purpose, the data of the variables are first sorted in ascending order
of magnitude and then a ranking is created with likewise ascending rank nunibegs
Spearman rank coefficient ranges freinto 1, while §= 0 describes no association of the two
variables, r = 1 or r &4 describe a monotonic relatigi55]. The +£ sign indicates a positive

or negative relationshiprespectively. The closesapproaches zerdhe weaker the relation
between the variablesand the more ¢ approximates plus or minus onthe stronger the

correlation.

3.6.5 PassingBablok regression

A non-parametric model for method comparisas the PassingBablok regressiofil57, 159).

It is robust to outliers and implies that both methods have a uniform distribution of
measurement errors, a constant ratio of variances, and that the distribution of samples and
their imprecision are random. PassiBgblok regression requires a linear relationship
between the two methods and data that are continuously distriltliteovering a large
concentration rang¢157).

The model determines a linear regression line (y = ax + b) with slope (a) and intercept (b). For
the comparisa of the two methods Luminex anBimoafor the analytes H6 and TN,
samples were measured employing both methods and Pa&adpk regression was
performed using backalculatedconcentrations

For calculation of the PasshBgablokregression, e slope of each pair of data determined
using the defined straight line. The slope of thgnession line results from the edian of all
determined slopes. The interceps computed from the slope of the regression line and the
single x and y-values of each data pair (b Fgyax). The intercept of the regresion line is
determined by the madian of all calculated intercép. Passingablok regression was

executedby applying an Excébol from Acromed Statistikl59].
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3.6.6 BlantAltman method comparison

To describe the agreement of the two methods Luminex &mdoafor analytes I1t6 and
TNFh the BlantAltman method was applied. This method generates statisticahdarieof
consistencyusing theaverageand the standard deviation of the differences between the
results of the two quantitative method4.60], which are to be compared. Therefore, a sample
set was analyzed employing botmethods For comparison, the baaalculated
concentration of both methods are paired and data are sorted increasing from the smallest to
the highest value of method AThenthe mean (fhethod A + method B)/2) ofthe results of

the two paired values is calculateBollowing this the difference between the paired values

of method A and B are computed-B as well as the relative difference between the values

in relation to the mean (()/Mean*100). Next, the biasvhich is the mean of the average of
the differencesd , is computed Lastly based on the standard deviation of the differences,
the agreementareg in which 99 of the differences would lie between, is calculated. The
limits are expected to range betweed -1.96sand d +1.96s(with s = standard deviation)

The requirement for this calculation is, however, that the differences are normally distributed
[16]].

The result is displayed in the form of a scatter plot, where the differences between the two
paired methods are plotted on the-&kis and the >axis represents the mean value of the
measurements. Another waof displaying this is to show the relative differences instead of
the absolute ones and to indicate them as percentages on tari3{161]. The evaluation of

the comparability of the methods is based on the scatterplots and the distribution or the

availabilityor absence of a trend.

3.6.7 Heatmaps

Heatmaps were used to visualize the complexity of anahgsigltsof NK cell stimulationin
whole blood assaydHeatmaps are a tool for visualizing dataimatrix by employing a color
gradient, so thatan overview of high and low values can easily be given and interpretations
can be done of rows and columns rather than examining individual paramé&arelations

of different parameters can be observed quite easily which is further enabled and simplified
by applying clusters of similar manifestations of the different parameters. For heatmap
generation and clustering a web based tool called ClustVis wag188dThis usepheatmap

R packagé¢R package version 0.0fdy heatmap and cluster generatiqt63.
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Before data could beploaded,they were normalized in GraphPad priglawest value per
cytokine/chemokine or surface markefas set to @ and highest value to 186) Theresults
were presentedas percentages anwere corverted to a text file that could be uploaded to
the web tool ClustVis.

Data were not further processed in the web tool, meaning no transformation of data nor a
row centering were applied. For clusteringt@ince of columns and rows the Euclidean model
was chosen and the clustering methatbmpletee was applied for both, rowsand columns.

The rows were ordered to display the tightest cluster first, in order to then orient and classify
all further similarities according to this one.

As IE12p70 concentrations @are assessed bgytokine assayghis analyte was excluded in
samples that were stimulated using recombinantl1R. Data were exported aBncapsulated

PostSript (EP$file.
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4. Results

4.1  Assay @velopment¢ IMAP1 and?2

For the analysis aklevant mediators ofmmunecells two IMARs with a total of15 analytes
were developedusing the multiplexbeadbased Luminex platform.IMAP 1 coves nine
analytes (14, I1-6, 11-8, 1-:10, GMCSF, IFN = 4,MPmi | y-R0 E bIEAKPR doers
anothersix markers (Hv | X1 RallF12p70, VEGF,-IL3 and MCSF)Several parametensere
addressedduring the assaydevelopment, as they are crucial fassayperformanceand
guaranteevalidity and reproducibility of theneasurementsUsually, as a first step during
assay developmenthe mostsuitable capture and detection antibody pairs and recombinant
proteins usedas standardoroteins,hadto be evaluated.However, for the development of
the assays in this work, existing internal data as well as commercially available matching
antibody pars could beutilized. For this purposeexisting internal data could be usas well

as commercially available matched paired antibodiégpropriate antibody pairs in
combination with thér respective standard proteins weigitially tested as singlplexes to
confirm theiroverallperformance (data not shown), after whitdhey wereusedin the already
cited IMARs. Secondly, the buffer system and subsequent optimization were considered
Thirdly, crossreactivity of compoundsvithin an IMAP were evaluatednd lastly,the most
appropriate concentration othe individualdetector antibodiesapplied in the multiplexed
immunoassaysvas investigated

The results of the assay developmentfAP2 were compiledvithin the master's thesis of

Matthias Beckef[164].

4.1.1 Buffer testing

The choice of a suitable buffer system is crucial in the development of a multiplex
immunoassay, as it reducksth nonspecific binding cissay components argamplematrix

effects. In order to define a basic assay buffer system, three different bwikens tested for
IMAP1 and 2: aCBSTRBSbased buffer with 150nM NaCland 0.05% Tween2}) BREand

LCB both suppkementedwith 0.05% Tween20as well Sandard curves were generated in

each buffer and compared directlyhe results were evaluated separately for each analyte
using the standard curve profiles and the background signals, which were designated as blank

values becausthese didnot containstandard protein.
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Figure4: Results oftesting suitable assay buffers foranalytes ofIMAP 1. Standard curvegroduced in the
respective bufferare direcly compaed and arepresented asnedian fluorescenintensity (MFI) signal ploted
against the nominal concentration in pgL fitted with a 5parametric logistic regression (B¥eighting). The
analysis of each standard curve was performed in duglécgn=2), the respetive individual values are
preseted. (BRE=Blocking reagent for ELISA; GRBosphate based buffer)
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The calibration curves generated in the three buffersIMAP 1 Figure4) showed a sigmoidal
shape with increasing concentrations for all analydsth the exceptions ofL-8, IFN/ I YR
MIP-m j, the mean MFIs of the background signals were belo®wAY and therefore
acceptableFor these three analytes)dnk valuesangedbetween 199AU and 442U for all
three basc buffers tested.There was no difference in standard curve between the three
buffers for IL-6. For I8, GMCSF, MCR, MIRMm i I v R, the mv@est sigals for the
standard curves werproduad using LCB (blue liffegure4) while the remaining two buffers
gave comparable signals (blackBREand grey= CBSTFigure4) at the different standard
concentrations. MCR in LCB showed the greatest difference@8STand BREThe two
calibrators wih the lowest concentrations hadlmost the same signals. Fiar4, the lowest
signals of the standard curves were produceBRE, although LCB and CBitelded only
slightly higher signalCBSTeached the highest signal for the calibrators eflLand IFN
(grey line) followed by signals generated in BREIL-10. The lowest signals for the standard
curve oflL-10 were in LCB. This was reversed forIFN g A (h&ving thedowest signalsor
GM-CSFit was observed that the standard cunia BRE plateaued then befttlack). This
effectwas not present for either LCB or CBST. This plateau in BRE was also obsénigl for
MIP-m i | y-R Thiere @as substantial variation between replicatat the bottom of the
standard curve for GMCSF and MGPin CB%(grey). Thivariation was alsobserved for the
highest calibrator of W4, 11-6, 11-10, GMCSF, MH®1 i | y-Rin BRE C

Based on the more stable course of the standard curves, espenitily upper range, swell
asthe mainlylow blank values, CBST was chosen as the basic buffer system for IMAP 1 and 2.
For IMAP2, the same buffers were testetb find the most suitable basic assay buffer for
proper assay performancd.he corresponding diagrams can be foundimmex- FHgure 3. To
investigate the high blank valueketected for some analyteghe next step examined the

crossreactivity.

4.1.2 Crossreactivity

Multiplex analysis is only possible if croeactivity between the different components
involved can be excluded. Therefor&, had to be demonstrated that n@rossreactivity
occurredamong capture and detection antibodies, capture antibodies and analytes as well as
analytes and detection antibodiesTable 14A to Cshows the results of therespective

experiments folMAPL1.
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To assess crosseactivity between capture and detection antibodies, multiplexed beads
coated with respective capture antibodies were incubated with singhalytespecific
detection antibodiesin the absence of standard proteins. The resulting MFI valve®
evaluated ad signals below 128Uwere defined as acceptahl€able14A depicts the results
of thesecrossreactivity experiments While the vast majorityf the MFI signals were below
120AU, the combinations of detection antibodies for IFN | y R1 weithh the capture
antibody of IE3 (440AU & 181AU), capture antibody coaté beads for the analysis of IFN
and detection antibodies of IFN | Y R1 (349AU &146AU) exceeded this limitValues
above 120AU were alsmbserved forthe detection antibody of MCR in combinationwith
the capture antibody against TMF 15¥ AU) and forthe cepture antibody specific for MHm |
with its paired detection antibody (13AU)and with the detecion antibodies of IFN | Yy R
MCR1 (394AU & 306AU) Due to the comparatively high values in combination with the/IFN
detection antibody, the latter waexchanged for the reduction of the ngpecific interaction

in the further course.

To examine crossreactivity between analytes andcapture antibodies single standard
proteins atthe concentration of the highestalibrator were incubated with a mixture of
coated beads and detection antibodjggspectively The corresponding results are shown in
Tablel4B, as%recovery According to Lumine&orp. recoveriesabovel %should bedefined

as being crossreactive. All assessed recoveries webelow 1% with exception of those
generated with thecapture antibodies of B and MIPwm i whereslightly higher recoveries
ranging between 1.1@and 1.65%were observed in combination with all analytes.

Lastly, toassess croseactivity betweeranalytesand detection antibodies, coated besand
recombinant proteinsboth provided as a mix, wergncubated with single analytspecific
detection antibodies. The respective results are shownTable 14C again given as
%recovery with recoveries above % defined as crosgactive(see above)The detection
antibody for IFN av# increased recoveries of 1.34 and 1.88% in combination with
recombinat I8 and MIPM i @ | A 3 K S bheiwbEB 133 % L6 wwerereached for
detectors ofl-4, GMCSF, MHi I y1R X ¥ CO2 Y 0 fegombinarg WP @A & K f 2 (1 K ¢
recoverieswere below 1%.

Toaddressthe detected crosseactivities, the detection antibody for the tiction of IFN/
was exchanged in the following steps and #ssaybuffer was optimized to reduce these

unspecific interations. Therefore different blocker substances were investigatétl.3.
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Although recoveries were greater than the recommende@b lthreshold, they could be

considered acceptable for a multiplex research purpose assay.

Table14: Results of croseeactivity testing forIMAP 1. (A) MFI signals of therossreactivitytesting between
the respective analyte specific capture atetection antibodyMFIs 3120 AU wee regarded as crosgactivity.
(B) Testing of crosgeactivity between the analyte and capture antibo®gcoverieshown as %re based on
the signal generated with the analypecific combinationset to 100%.Recoeries>1 % wee rated as cross
reactivity. (C) Crosgreactivity testing between analyte and detection antiboalculation and evaluation
correspond to that already described for (Bl).values were assessed as duplicatesZn

A

Mean MFI Multiplexed capture coated beads
[AU] IL-4 IL-6 IL-8 IL-10 GM-CSF IFN{ MCP-1 MIP-1 TNF®
IL-4 34 20 32 19 14 25 23 99 27
-§ IL-6 46 0% 35 18 14 26 24 88 28
_g IL-8 38 21 59 15 34 27 29 108 29
% IL-10 39 21 83 15 14 27 23 112 25
g GM-CSF 38 22 30 16 14 25 26 87 26
5 LCbhjm' 46 24 440 17 16 349 26 394 37
% MCP-1 113 86 181 90 63 146 101 306 157
O|aLt mmi 68 43 97 27 25 48 57 131 45
¢bC L ! h 44 27 52 20 15 31 28 94 37

B

Recovery Multiplexed capture coated beads
[%] IL-4 IL-6 IL-8 IL-10 GM-CSF IFN:{ MCP-1 MIP-1i TNFb
c IL-4 100 0.086 1.16 0.092 0.626 0.691  0.297 1.33 0.221
'% IL-6 0.274 100 115 0.098 0.671 0.613 0.297 1.26  0.212
o IL-8 0.322 0.207 100 0.093 0.682 0.630 0.308 1.28 0.220
€ IL-10 0.314  0.086 1.65 100 0.717 0.642 0.293 1.28  0.200
_E GM-CSF 0.294  0.080 117  0.151 100 0.665 0.293 1.31 0.212
g L Chbjft! 0.308 0.092 1.16 0.101 0.984 100 0.314 1.27 0.385
8 MCP-1 0.268 0.081 1.15 0.093 0.694 0.621 100 1.26 0.200
& alLt mtmio0299 0.082 117 0.094 0.660 0.607 0.334 100 0.236
¢bCixh 0309 0.077 1.10 0.087 0.688 0.623 0.279 1.30 100

C

Recovery Multiplexed capture coated beads
[%] IL-4 IL-6 IL-8 IL-10 GM-CSF IFN:{ MCP-1 MIP-1i TNFb
IL-4 100 0.060 0.116 0.075 0.326 1.06 0.224 0.441 0.284
'§‘ IL-6 0.222 100 0.090 0.056 0.291 0.592 0.199 0.387 0.348
Qo IL-8 0.267 0.060 100 0.066 0.740 0.940 0.253 0.497 0.218
% IL-10 0.236  0.052 0.241 100 0.314 0518 0.203 0.523 0.178
g GM-CSF 0.260 0.060 0.092 0.069 100 1.05 0.222 0.438 0.207
S L Chbypt! 0.337 0.089 1.31 0.116 0.676 100 0.336 1.88 0.576
% MCP-1 0.247 0.058 0.149 0.060 0.285 0.627 100 0.528 0.176
(@] aLt mmio0.385 0.087 0.254 0.080 0.448 1.56 0.356 100 0.232
¢bC L ! h 0.366 0.075 0.144 0.079 0.396 1.09 0.244 0.427 100
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ForIMAP 2, crosseactivity was evaluatedisingthe sameprocess with all results meeting

their respective criteriaAnnex- Table 1A-O).

413 IFNY RSGSOGA2Y | yiAolgckitestiB LI | OSYSYd FyR o
To further reducenon-specific binding and crosgactivity, the IFN+ detection antibody was
replacedwith a differentantibody. This resuled in the reduction othe background signal of

the IFN'  Recfiotr &hd capturentibodyinteractionto 24 AU, and the recovery between the

new IFN' detection antibody and the analytes frolWlAP1 was reduced to belod %(Table

15).

VVVVVV

Table15: Results of mssreactivity analysisofthe IFNd RS G SOGA 2y | y i A 6 @RWFI slgiad S NI NB L
of the crosgeactivitytestingbetween the respective analyte specific capture and detection antibody. MFls abov

120AU were regarded as crossactivity. (B)Crossreactivity testing between analyte and detection antibody.

Given recoveries in % are based on the signal generated with the aspbd#ic combinations set to 106.

Recoveries above% wee rated as croseeactivity.

A
Mean MFI Multiplexed capture coated beads
[AU] IL-4 IL-6 IL-8 IL-10GM-CSF IFN:{ MCP-1 MIP-1  TNF®
556S00GA2Yy I YUA®2R&2 LCB3M! 16 14 24 25 86 25
B
Recovery Multiplexed capture coated beads
[%0] IL-4 IL-6 IL-8 IL-10GM-CSF IFN{ MCP-1 MIP-1  TNFb
5S5G§S0GA2y | y{ooes2 R.836 LCU2m 0.050 0067 100 0.086 0.266 0.248

To reducebackground levelsn generaland to minimize interaction betweenthe MCP1
detection antibodywith capture antibodies of the other markers of IMAP5ugmL?! CBII

blocker as well adifferent concentrations of fetal bovine and horse serware addedto

CBSTor buffer optimization. For thipurpose,the new detection antibody for IFN was

applied. Sincelata using onyfCBSTwere only availabldor the originalIFN* R S (1tBeO (i 2 NJ
correspondingsignal isreported & ay2d FylFfel SRE OSbk! 0d ¢KS
optimization experiment can be seém Table16. Evaluation is based ohlank values as the

main goal wa to decrase background iels and increase sensitivity. Blan&lueswere
obtained by incubating detection antibodies arapture coated beads in the mixasapplied

for multiplex analysisvithout calibrator protein.

The addition of the CBHlockeralonereduced theblank values of B8 (341AU to 101AU)and

MIP-m i (276 AU to 98AU) respectivelyHowever, Ik4 background wancreased from 3R\U
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to 102AU. The lank values gegrated by the addition of animal sera veefar below the blank
levelsobtainedin CBST and CB&iTcombination with CBIl blocker and were comparatble
each other Ten additional lackground levels were checked and ¥ was calculated to check
for variation within a single experiment. Whitdank valuegproduced in 5% and 2.%6 FBS
and horse serum, respectively, ratfrom 3.19% t010.4%for all analytesthe C\sachiewed
with 1.25% of each serum ranged between 1¥%0and 31.P6.

The final assay buffer composition of IMAP 1 was defaee@BS¥2.5% FBS 2.5% horse
serum+5 ug-mL: CBII.

Table16: Results of buffer optimization experimesbf IMAP 1. Comparison of blank values determined for the
analytes ofMAP1. MFI signals we measured in CB®ufferand CBST buffsupplementedvith 5 pug-mL?! CBII
blocker Additionally, fetal bovine serum (PBSd horse serurwere addedin different concentrations. Mean
values are presented, calculated from duplicate measuremert)nFor buffers containing animal sera 10
additional values were generated and respective CVs are listed in %.

Mean blank MFI [AU]

CBST buffer + additiveslL-4 IL-6 IL-8 IL-10 GM-CS IFN{ MCP-IMIP-1 TNFb

-- 35 30 341 18 29 N/A 33 276 41

CBIl 102 32 101 22 28 34 58 98 58

5 % FBS, 5 % horse serum, CB13 17 17 14 14 14 22 49 20

CV over 10 blank values [%].65 3.19 835 558 7.34 583 564 6.10 7.88

2.5 % FBS, 2.5 % horse serum, CBI# 17 18 12 12 14 25 54 20
CV over 10 blank values [%$.03 7.73 6.78 7.18 104 586 481 4.67 8.75

1.25 % FBS, 1.25 % horse serum, CRIb 18 20 13 12 16 25 56 23
CV over 10 blank values [%3}1.7 13.8 282 214 228 17.2 11.0 19 17.1

The bagi buffer of choice folMAP 2 was the same as folMAP 1 ¢ CBSTTodecrease
background folMAP2 analytesdifferent concentrations of CBII blocker were addg8, 10
and 3 pgmL*. The most suitable blocker concentration was chosen based oiowest MFI
signds of the background and the @&lues of these blank3he respective data are attached
in Annex - Table 2. The final buffer composition for thdMAP 2 was defined as

CBS + 10 ug-mL! CBII blocker.

4.1.4 Optimization of cetection antibodyconcentrations

An optimal concentration of the respective detection amtily in a multiplex immunoassay

was a furtherparameter to be considered during assay developmasitthis has a major

influence on assay sensitivitfo minimize norspecific bindingthe concentrationof the

detection antibodyshould bethe lowestpossible.For each analyte of IMAP 1 and 2, four

different concentrations of detection antibodies were testeffor IMAP 1, 1pugmL?,
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0.5ug-mtt, 0.25ug-mk* and 0.1 pg-mtt, was usedwhile 0.25ug-mt* was replaced with
0.2ug-mt! for IMAP2. Evaluation waperformed as already described for thmasicbuffer
testing procedure, bgomparison of thgerformanceof the analytespecifc standard curves
as well adackground levels.

The results of testingifferent antibody concentrations are described forllh and TNF as

examples Figureb).

IL-10 TNF-&
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§ 10004 $ 1000 —— 01ngnL?
= =
g 100 Tg 1004
=2 >
n %) —
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Figure 5. Sandard curvesgenerated by testing different detector antibody concentrationsThe direct
comparison of the standard curves producsthg divers detection antibody concentrations ranging between 0.1
and 1pg-mLtisshown The calibration curves are presented as MFI signal plotted agwinghalconcentration

in pg-mt* with a 5-parametric logistic regression (BWeighting). The analysis of each standard cumses
performed in duplicates (R2), the respective individlivalues are plottedShown are standard curves forllQ

and TNF as examples.

For 110, no distinct differencesvere found between the four concentrations testehly for
the highestcalibrator, was there a marginal reduction in signading detector antibody
concentration0.1 ug-mL (green). Bankvaluesgeneratedat varying detector concentratia
decreagd from 33.3AU at 1ug-mt! to 23.5AU at 0.1ug-mt?. In contrast cleardifferences
were observedbetween the standard curvedor TNF". While the highest signals wee
achieved ata detector concentrationof 1 ug-mL* (black) the calibration curves generated
with decreasing detector concentiians (blue, grey and greeshifted downwardsalmost in
parallelwith 0.1 pg-mt?! (green) having the lowest signaldhis curve also sh@asl almost no
difference between thesignals from théblank, the lowestalibratorand the second lowest
calibrator, reducing the signaio-noise (8N) ratio. Although the blank MFI signal of the
1 ug-mt!detector concentratiorwasaround 50AU it providel the highest S/N ratiof 1.28.
For all analytes of the twtMAPs, the most appropriate detector antibody concentration was
determined based on the highest sensitivity evakéby the S/N rao andthe sgnalsand

background®btained for the standard curves.

56



Results

The final concentrations of the detection antibodiestlog analytes of IMAR and 2 are given

in Table17A andB.

Tablel7: Optimal detection antibody concentrationsletermined forIMAP1 (A) &2 (B).

Analytes - IMAP 1
IL-4 IL-6 IL-8 IL-10 GM-CSF IEFN!  MCP-1 MIP-1  TNFb

A

Detection antibody
conc. [pugmL?Y]

1.00 0250 0.100 0.100 0.250 0.250 0.250 0.250 1.00

Analytes - IMAP 2
IL-1  IL-1RalL-12p70 VEGF IL-13 M-CSF

B

Detection antibody
conc. [ugmL?]

0.250 1.00 0.100 0.200 0.200 0.100

4.1.5 Standard concentrations

In the process of assay development, the nominal standard concentrations were adjusted, on
the one hand, to be able to detect the analytes in the ranges in which they are present in the
samples and, on the other hand, to ensure good performance. Therforalnal standard

concentrations of IMAPs 1 and 2 are showil @ble18A andB.

Table18: Nominal calibratorconcentrationsof IMAP 1 (A) & 2 (B)(CAL=calibrator)

A Nominal calibrator concentration [pgnL’] - IMAP 1
Analyte CAL1 CAL2 CAL3 CAL4 CAL5 CAL6 CAL"
IL-4 300 100 33.3 11.1 3.70 1.23 0.412
IL-6 81.0 27.0 9.00 3.00 1.00 0.333 0.111
IL-8 231 77.0 25.7 8.56 2.85 0951 0.317
IL-10 265 88.3 29.4 9.81 3.27 1.09 0.364
GM-CSF 2,245 748 249 83.1 27.7 9.24 3.08
IFN4 400 133 44.4 14.8 4.94 1.65 0.549
MCP-1 901 300 100 33.4 11.1 3.71 1.24
MIP-1 97.0 32.3 10.8 3.59 1.20 0.399 0.133
TNFb 599 200 66.6 22.2 7.40 247 0.822

B

Nominal calibrator concentration [pgnL’] - IMAP 2
Analyte CAL1 CAL2 CAL3 CAL4 CAL5 CAL6 CAL"

IL-1 229 76.3 25.4 8.48 2.83 0942 0.314
IL-1Ra 10,000 3,333 1111 370 123 41.2 13.7
IL-12p70 702 234 78.0 26.0 8.67 2.89 0.963
VEGF 943 314 105 34.9 11.6 3.88 1.29
IL-13 296 98.7 32.9 11.0 3.65 1.22  0.406
M-CSF 176 58.7 19.6 6.52 217 0.724 0.241

57



Results

4.1.6 Validationand quality controlsamples

Defined VS are necessary for the validation process, as well as QC samples for the subsequent
sample measurements. In general, VS and QC samples either contain the native protein in
assay matrix in a specific concentration or recombinant protein is spikeéol achieve the

desired concentration. As the produced VS fulfilled the criteria for QC samples, they were used
as such during later analysis. The nominal concentrations of these samples were determined
over four independent runs. The respective nomimancentrations are shown in the
following Table 19A andB. The samples were adjusted to cover the lower, middle and upper
ranges of each analytgpecific standard cwe. Theuntreated (unspiked) and partially pooled

nativesample(3.2.4.9 was chosen tai¢ within the calibrator range.

Table19: Nominalconcentrations ofvalidation sampledor the analytes of IMAP 1 (A& 2 (B).

A Validation samples - IMAP 1
Concentration incl. DF [pg-ni]
Analyte High Mid Low Native sample
IL-4 434 63.3 6.60 13.2
IL-6 95.4 14.9 1.69 281
IL-8 299 45.3 7.00 297
IL-10 216 41.6 5.72 12.4
GM-CSF 2,946 490 107 242
IFN- 461 67.3 7.01 135
MCP-1 1,139 237 394 83.6
MIP-1i 140 20.6 3.25 14.7
TNFb 665 124 15.9 95.1
B Validation samples - IMAP 2
Concentration incl. DF [pgL?]
Analyte High Mid Low Native sample
IL-1 328 68.2 6.09 69.9
IL-1Ra 9,283 728 90.8 526
IL-12p70 786 213 17.1 10.6
VEGF 1,640 263 46.0 154
IL-13 204 61.4 8.63 39.3
M-CSF 230 321 2.47 9.27

4.2  Validationof IMAPassaydor the whole blood culturesystem
Following immunoassay developmef¥AP1 and 2were first validated for the PBMC and

THR1 cell culture system and used fmrrrespondingsample measurement3.hese datavere
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generated agart of the public fundedproject "System Immunology at Biologied&chnich
Interfaces, but are not part of this thesisandare therefore not presentedn addition these
assayswere alsovalidated for the measurement afupernatants fromwhole bloodculture
systenswhich ispresented in this thesis

The validation was carried out in a-fdr-purpose approachgriented towards the guidelines

of the EMA and the FDAhe following parameters were determined during the validation
process of the Luminex cytokine immunoassays: calibrator performance, upper and lower
limits of quantifcation, limit of detection, intaand interassay precision, parallelism, dilution

linearity and shorterm as well as freezthaw stability.

4.2.1 Calibrator performance

For thevalidationof calibratorperformance the recoveryrate andthe CVwere determined
over the triplicate measurements of eight independent rufibe results are presented in
Table 20A to Cfor the corresponding analyted tMAP1 and 2.The acceptance range for the
recovery rate wasrom 80 % t0120%, whereby theCVshauld liebelow 20%.

The recovery rates for thenalytes olMAP1 (Table20) rangeal from 99.0%to 104% and the
corresponding CMaybetween 4.68%and 17.5%. Only for calibrator (CAL7pf the analyte
MCR1 did the C\Wweach 25.2%.
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Table20: Results of the determinatiownf calibrator performance for the analytes dMAP 1. (CAL= calibrator)

Calibrator performance - IMAP 1

Analyte CAL1 CAL2 CAL3 CAL4 CALS5 CALG6 CAL7
nominal conc. [pgnL'l] 300 100 33.3 11.1 3.70 1.23 0.412
L4 assay conc. [pg-fL 303 101 33.6 11.2 3.85 123 0418
CV [%] 8.86 7.75 5.72 9.69 9.59 8.28 9.76
recovery [%] 101 101 101 101 104 99.4 102
nominal conc. [pgnL'l] 81.0 27.0 9.00 3.00 1.00 0.333 0.111
L6 assay conc. [pg-iL 81.7 270  9.03 307 101 0335 0.113
CV [%] 5.87 6.16 4.82 8.40 9.03 7.04 14.9
recovery [%] 101 100 100 102 101 100 102
nominal conc. [pgnl?] 231 77.0 25.7 8.56 2.85 0.951 0.317
L8 assay conc. [pg-fiL 233 78.0 255 8.64 295 0952 0322
CV [%] 7.94 6.88 4.69 6.74 10.1 10.3 9.81
recovery [%] 101 101 99.3 101 103 100 102
nominal conc. [pgnL'l] 265 88.3 29.4 9.81 3.27 1.09 0.364
Lo  assayconc.pg-L 268 88.4 297 995 333 110  0.368
CV [%] 7.55 5.75 5.73 7.40 10.3 9.52 121
recovery [%] 101 100 101 101 102 101 101
nominal conc. [pgml?] 2,245 748 249 83.1 27.7 9.24 3.08
GM.CSE @ssay conc. [pg il 2,281 749 252 84.4 28.4 9.28 3.14
CV [%] 8.68 7.05 5.64 9.04 10.4 10.4 17.5
recovery [%] 102 100 101 102 102 100 102
nominal conc. [pgnl?] 400 133 44.4 14.8 4.94 1.65 0.549
N assay conc. [pg-fL 405 135 445 15.1 5.15 1.64 0557
CV [%] 9.52 4.73 6.85 111 11.3 10.2 12.1
recovery [%] 101 101 100 102 104 99.8 102
nominal conc. [pg‘nL’l] 901 300 100 33.4 11.1 3.71 1.24
Mep.y  assay conc. [pg-ril 915 301 102 33.1 11.6 3.67 1.28
CV [%] 9.40 6.36 4.68 8.14 9.74 7.35 25.2
recovery [%] 102 100 102 99.3 104 99.0 104
nominal conc. [pgnL'l] 97.0 32.3 10.8 3.59 1.20 0.399 0.133
Mip.g @SSy conc. [pg-rl 98.6 32.3 10.9 3.57 1.23 0397  0.135
CV [%] 9.52 4.59 4.35 5.77 8.12 7.36 11.9
recovery [%] 102 100 101 99.4 103 99.6 101
nominal conc. [pgnL'l] 599 200 66.6 22.2 7.40 2.47 0.822
TNE® assay conc. [pg-iL 605 201 66.5 225 7.60 246  0.833
CV [%] 7.71 5.35 5.08 6.65 10.5 6.56 8.83
recovery [%] 101 101 99.9 101 103 99.9 101

For the analytes ofMAP 2, recoveries raged from 98.7% to 106%. Wth the exception of
IL-13, for which the C¥f calibrator 1(CAL1) wa®0.3%, all other CVs randdetween 4.92%
and17.9%.The results are presented irable21.
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Table21: Results of the determinatiowf calibrator performance for the analytes ofMAP 2.
(CAL= calibrator)

Calibrator performance - IMAP 2

Analyte CAL1 CAL2 CAL3 CAL4 CAL5 CAL6 CAL
nominal conc. [pgnL'l] 229 76.3 25.4 8.48 2.83 0.942 0.314
L1 assay conc. [pg-iL 235 769 256 867 294 0940 0321
CV [%] 11.2 8.27 5.54 10.7 11.5 9.01 10.1
recovery [%] 103 101 100 102 104 99.8 102
nominal conc. [pgnl_'l] 10,000 3,333 1,111 370 123 41.2 13.7
IL-1Ra assay conc. [panﬂ_ 10,368 3,381 1,127 372 125 42.0 13.8
CV [%] 16.3 11.6 4.91 6.39 8.64 9.44 9.92
recovery [%] 104 101 101 101 102 102 101
nominal conc. [pgnL?] 702 234 78.0 26.0 8.67 2.89 0.963
L-12p70 2Ssay conc. [pg-rif 724 235 787 268 884 287  0.988
CV [%] 11.4 9.49 6.80 11.3 10.4 8.29 12.0
recovery [%] 103 100 101 103 102 99.4 103
nominal conc. [pegmL?] 943 314 105 34.9 11.6 3.88 1.29
VEGE  @ssayconc. [pg-ril 968 312 107 35.8 11.7  3.96 1.30
CV [%] 5.87 10.9 6.90 9.31 9.97 11.7 11.7
recovery [%] 103 99.4 102 103 100 102 101
nominal conc. [pgnL'l] 296 98.7 32.9 11.0 3.65 1.22 0.406
IL-13 assay conc. [pg-rfjﬂ_ 314 99.4 33.5 11.1 3.73 1.24 0.413
CV [%] 20.3 11.0 6.49 8.93 9.82 11.1 17.9
recovery [%] 106 101 102 101 102 102 102
nominal conc. [pgnL'l] 176 58.7 19.6 6.52 2.17 0.724 0.241
M.csE  assayconc. [pg-il 182 589 198 664 223 0715  0.249
CV [%] 11.7 10.7 7.71 8.55 8.83 8.98 11.0
recovery [%] 103 100 101 102 103 98.7 103

4.2.2 Quantification and detection limits

4.2.2.1 Lower and upper limis of quantification

For the determination of the LLQ@he acceptance criteria were set to 75 to 125 for the
recovery(accuracywhile precision represented by theCV, should be less than 2Z& The
LLOQ is defined by the lowest concentration of serially dilatgibrator 4 that fulfills both
criteria. The determination of the LLOQdisscribedhere as an example for 4&in Table22.
The detailed resultsf all other analytesre shown inrAnnex- Table 3 for IMAP1 andAnnex

- Table 4 for IMAP2, respectively

For 16, the lowest concentrgon for which the recoverynd precision met the acceptance
criteria was the 1:16 dilution of calibrator 4 at 0.18%gmL! (CV=8.18% and
recovery=98.4%) Higherdilutions(dilution factors 32, 64, 128 did not meet the acceptance
criteria. The determined LLOQs of all analytes belongintMAP1 and 2 are presented in
Table23. For the analytes 4, 11-8, 1-:10, IFN' * -t -@ LIE1Ry, 11-:12p70, VEGF and
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M-CSF theleterminedLLOQ ws lower than the lowest calibrator 7 Asthese concentrations
were therefore not defined by the analyspecific standard curves, the lowest calibrator
(CAL7) was defid as LLO@r these analytes. FdL-6, GMCSF, MGP, MIRm i | -¢3Rhe L
LLOQ wadetermineal to be higher than calibrator But lower than calibrator 6 (indicated by
asterisR. For the determination of concentrations of unknown samplakies lowethanthe
determined LLOQ were not regarded as valid and excluded from analysis.

The determination of the ULOQ wéased on the generated results calibrator 1during the
assessmenof the calibrator performancewhich is shownn Table20 (IMAP1) andTable21
(IMAP2). Acceptance criteria were set to aceveryfrom 75 %to 125 %and a CVower 25%.
Based on thisthe ULOQs of all analytes BfIAP1 and 2 were determineTable23). No
analyte showed a CV for the highest calibrator concentration above%2and recoveries

ranged between 10% and 1084

Table 22: Results of the determination of the lower limit of quantification (LLO@ingthe example of IL
6.(CA_=calibrator, conc.= concentration

Lower limit of quantification

CAL 4 dilution
Analyte 1.2 1:4 1:8 1:16 1:32 1:64 1:128 CALA4
nominal conc. [pgnlY] 150 0.750 0.375 0.188 0.094 0.047 0.023 3.00
IL-6 assay conc. [pg-rifL 132 0.720 0.389 0.184 0.092 0.031 0.040
CV [%)] 8.19 6.98 134 8.18 275 76.7 50.0
recovery [%0] 88.0 96.0 104 98.4 98.4 67.0 171

Table23: Quantification limits determined for the analytes dMAP1 (left) & 2 (right). (LLOG= Lower limit of
quantification;ULQQ = Upperlimit of quantification;* concentration above the lowest concentrated calibrator

Limits of quantification

IMAP 1 IMAP 2

LLOQ ULOQ LLOQ ULOQ
Analyte Concentration [pamL?Y] Analyte Concentration [pgmL]
IL-4 0.174 300 L[ tmi 0.133 229
IL-6 *0.188 81.0 IL-1Ra 11.6 10,000
IL-8 0.267 231 IL-12p70 0.813 702
IL-10 0.307 265 VEGF 1.09 943
GM-CSF *5.20 2,245 IL-13 *0.685 296
IFN- 0.463 400 M-CSF 0.204 176
MCP-1 *2.09 901
MIP-1i *0.225 97.0
TNFb 0.693 599
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4.2.2.2 Limit of detection

For the determination of the LQRO0 replicates othe calibrator 8, which is defined as zero
calibratoré dadk valué were asessedThe LOD wadeterminedasthe threefold standard
deviation above the average signal of the 20 replicatdb®blank valueAcceptance criteria
were not neededas it is a calculated valu€able24A and B presentsthe LOR calculated for
the analytes oMAP1 and 2.All LOD values we lowerthan the lowest calibrator (CAL)
which are presented inTable 18A (IMAP 1) and B (IMAP 2) of section4.1.5 Besides
determined LODsTable24A and B also contain information abouhe linear regressiorfR)
and the parameters necessary for the definition of the L(©D. slope, yntercept), as well as

the mean and standardeviation of the measted 20 replicates athe blank value

Table 24: Limits of detection(LOD)determined for the analytes of thdMAP 1 (A)& 2 (B) (SD=standard
deviation; R=coefficient of determination

A
Limit of detection - IMAP 1
Analytes IL-4 IL-6 IL-8 IL-10 GM-CSF IFN{ MCP-1 MIP-1 TNF®
Blank Mean (MFI) 13.7 19.2 21.1 14.3 18.9 18.3 19.8 30.0 18.0
20 replicates  SD (MFI) 0.966 1.48 1.52 0.801 1.70 1.07 1.53 2.03 0.966
slope 57.8 167 171 29.8 2.46 20.5 15.4 235 53.7
Linear regressior y-intercept 12.3 15.0 13.6 13.1 18.6 15.5 18.0 27.3 15.1
R 0995 0981 0.978 0995 0.974 0964 0.968 0.990 0.997
LOD [pg-mt}] 0.086 0.045 0.082 0.112 265 0.278 0558 0.042 0.107
B
Limit of detection - IMAP 2
Analytes IL-1 IL-1Ra IL-12p70 VEGF IL-13 M-CSF
Blank Mean (MFl) 15.7 20.7 26.2 38.1 17.0 24.0
20 replicates  SD (MFI) 1.19 0.938 1.03 2.54 1.19 1.21
slope 131 3.72 17.5 28.4 43.8 99.6
Linear regression y-intercept 13.6 15.0 24.9 40.7 18.8 24.9
R 0.997 0.995 0.997 1.000 1.000 0.999
LOD [pg-mt}] 0.046 1.83 0242 0243 0.075 0.046

4.2.3 Precision

The nter and intraassayprecisionwas determined usinghe VSof the lower, middle and
upper range as well as the samplentaining native protein only. While thenter assay
precision was determined over triplicaten eight independent runghe intra assayprecision
was assssed by determining th€V oftwelve replicates ofthe respective samples in angile

run. Acceptance criteria were met with a precisjospresented byCVs, below 204
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The results ofMAP1 are shown irifable25 where CVs rangkfrom 3.81 t016.5% for the
intra assay precision. Ftie inter assay precisigrthe CVs reached valubgtween 6.22%6

and 16.9%.

Table25: Results of intra and inter assay precision determinatifm the analytes o MAP1. (VS = validation
sample;NP=sample containingative protein only CV=coefficient of variationconc.=concentratior)

Precision - IMAP 1

Analyte VS - high VS -mid VS - low NP

IL-4 analyzed conc. [pognl!] 469 57.0 6.47 12.5

CV [%] 16.5 7.88 7.42 0.88

IL-6 analyzed conc. [pognl!] 97.1 13.9 1.48 312

CV [%] 6.64 5.01 12.0 9.58

IL-8 analyzed conc. [pognl!] 316 44.7 6.31 296

- CV [%] 11.8 5.64 9.98 3.81
S

2 L0 analyzed conc. [ponlY] 218 40.2 6.08 9.98

@ CV [%] 8.55 9.89 8.40 10.7
o

> GM.csp 2analyzed conc. [PonLl’] 3,006 465 86.7 219

@ CV [%] 10.6 6.57 8.36 12.5
@

S |EN: analyzed conc. [pognl!] 522 63.0 6.70 151

S CV [%] 6.84 9.88 4.23 13.3

MCP-1 analyzed conc. [pm[l] 1,155 219 29.9 66.7

CV [%] 12.4 8.60 12.6 8.83

MIP-1i analyzed conc. [ponl’] 148 20.2 2.96 12.8

CV [%] 9.71 6.33 6.86 6.63

TNEb analyzed conc. [pognl!] 679 117 14.0 80.4

CV [%] 9.97 8.02 5.43 8.83

IL-4 analyzed conc. [pognl!] 443 62.7 6.47 12.7

CV [%] 11.6 6.22 11.9 14.8

IL-6 analyzed conc. [pognl!] 95.3 15.0 1.62 297

CV [%] 9.46 6.46 11.1 12.5

IL-8 analyzed conc. [pognl!] 302 455 6.62 301

c CV [%] 9.05 6.36 12.7 7.77
S

2 L0 analyzed conc. [ponl!] 218 42.9 5.99 12.5

D CV [%] 8.78 7.07 10.9 13.1
o

> GM.cSp  analyzed conc. [PonL?] 3,010 483 99.6 233

% CV [%] 14.3 6.67 15.5 12.7

§ IEN- analyzed conc. [pg][l] 473 66.2 6.94 134

< CV [%] 10.7 7.15 9.09 12.1

MCP-1 analyzed conc. [pognl!] 1,088 222 35.7 77.9

CV [%] 10.8 13.3 16.2 16.9

MIP-1i analyzed conc. [ponl’] 137 20.5 3.21 14.6

CV [%] 10.3 11.5 12.7 12.4

TNES analyzed conc. [ponl!] 668 123 15.4 90.4

CV [%] 12.6 7.70 10.9 12.1

Forthe analytes ofMAP2, the intra and inter assay precision resudtee summarized Table

26. While thedetermination ofintra assay precisiogielded CV values ranging from 4.%6
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and 12.8%, resultof the inter assay precision rangéeétween 6.730and 17.0%. Only for
VEGRhe determined inter assay precisio@Vswere between 54.26t0 63.2%. Therefore,

acceptance criteria for the inter assay precision were not fulfilled by VEGF.

Table26: Results of intra and inter assay precision determinatifor the analytes o MAP 2. (VS = validation
sample;NP=sample containing native protein onlgV=coefficient of variationconc.=concentration)

Precision - IMAP 2

Analyte VS - high VS - mid VS - low NP

IL-1 analyzed conc. [ponlY] 352 66.7 5.11 75.1

CV [%] 4.16 8.66 9.01 10.9

S |L-1Ra analyzed conc. [pgnlY 9,637 669 75.9 490

3 CV [%] 5.89 4.93 12.8 10.9
[&]

g IL-12p70 analyzed conc. [ponl’] 818 208 15.6 10.2

> CV [%] 5.11 6.49 6.22 7.83

@ VEGE analyzed conc. [pognl!] 2,719 421 69.9 63.1

o CV [%] 4.27 9.91 10.7 10.7

E IL-13 analyzed conc. [pgnl] 212 56.5 6.81 38.1

CV [%] 6.76 6.88 9.74 12.0

M-CSF analyzed conc. [pognl!] 248 325 2.26 8.41

CV [%] 5.18 7.52 7.38 10.3

IL-1 analyzed conc. [pognl!] 328 67.8 5.97 69.8

CV [%] 8.58 7.21 13.8 8.46

S L-1Ra analyzed conc. [pgnl] 9,035 723 89.3 506

R CV [%] 12.2 9.00 11.1 12.1
[&]

o IL-12p70 2analyzed conc. [ponL] 728 215 16.5 10.3

= CV [%] 16.6 6.73 11.5 11.3

@ VEGE analyzed conc. [pognl!] 1,778 286 51.5 162

= CV [%] 54.6 56.3 54.2 63.2

E |13 analyzed conc. [ponlY] 195 61.5 8.74 39.2

CV [%] 12.3 11.8 14.1 10.6

M-CSE analyzed conc. [ponl?Y] 217 31.7 2.49 9.38

CV [%] 17.0 7.86 12.1 14.5

4.2.4 Parallelism

Parallelism was determined by serial dilution of supernatants fnwhole bloodbased
stimulation assaysAtotal of three samples were used to assess parallelismtamgtermine
appropriatedilution factors for sample analysi§he different serial dilutins (final dilution
factors 4 to 131,073 were measured in triplicateMean values of the backcalculated
concentrations of thedifferent dilutions including the respective dilution factoreve
calculated Based on theseandividual mean values, the reference concentration was
calculatedas the average of the mean values and then used to evapeatallelism The CV

over all dilution levels of a particular sample should not exceecZbhe parallelism was
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of the serial dilutions imelation to the reference valueAcceptance crited were recovery

valuesbetween 75% and 125 %. Appropriate dilutionfactors for sample analysi®r an

analytewere defined when the CV of triplicates of a dilution step was belo®2Md recovery

of the backcalculated concentration including the respective dilution factor was witlaifo

and 125 %.

Table 27: Ranges of dilution factorgletermined during parallelism assessment of IMAP 1 &(R/A=not

analyzed)
Parallelism - dilution factors ranges - IMAP 1 & 2
Analyte sample 1 sample 2 sample 3
IL-4 N/A N/A N/A
IL-6 256 - 65,536 256 - 65,536 128 - 32,76¢
IL-8 512 - 131,072 256 - 131,072 256 - 131,07:
IL-10 4 -1,024 4 - 2,048 4 - 1,024
IMAP 1 GM-CSF N/A N/A N/A
IFN- 32 - 8,192 256 - 65,536 16 - 8,192
MCP-1 16 - 2,048 8-512 8 - 2,04¢
MIP-1i 1,024 - 131,072 2,048 - 131,072 1,024 - 131,07.
TNFb 16 - 4,096 16 - 4,096 8 - 4,09¢
L[ twmi 32 -8,192 32 -8,192 16 - 8,192
IL-1Ra 8-1,024 8-1,024 8-1,024
IL-12p70 N/A N/A N/A
IMAP 2 VEGF 4-32 N/A N/A
IL-13 4 -512 4 - 256 8 - 256
M-CSF N/A N/A 8-32

Appropriate dilution factors for sample analysis for an analyte were defined when the CV of
triplicates of a dilution step was below 20 andecovery of the backaclulated concentration

including the respective dilution factor was within #band 12%%.

Table27 summarizeghe dilution factors identifiedor IMAP1 and Zfor which parallelism was
confirmed. The detailed values of the determined and calculated concentrations and the
respective recoveesare summarize@ Annex- Table 5to Annex- Table 10. For all samples

for IL-4, GMCSF and {12p7Q samples 2 and 3 foyEGF andamplesl and 2 for MCSF
showed an increasing concentration withncreasing dilution factorsCalculation of the
reference value and¢onsequentlyof the recovery ratesvere not feasibleand parallelism
could not be confirmedFor MCPL, recoveresof 149% and 1636were reached for dilution
factors 1,024 and 2,048\(inex- Table 6) and the parallelism range wahereforedefined

from dilution factor8 to 512 for sample 2Vith respect to I£1Ra, dution factor 4resulted in
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recoveries of 55.86, 70.8% and 51.86 Annex- Table8to Annex- Table 10). For this analyte,

an adjusment of the parallelism range vgamade to the dilution factors 8 to 1,02An

adjustment of the parallelism range to factor 8 was alaaied out for the analytes 1.3 and
M-CSFwhich showed recoveries of 66% (L-13) and 64.46 (MCSF) at the 1:4 dilutidior

sample 3 and thus/ere outside the acceptance ranggor all othe analytes of he IMAPsthe

recoweries were between 75% to 125% and the dilution factor rangesvere defined

accordingly

According torable27 concentrations of the majority of the analytes can be determined either

using dilution factor 8 or 512, apart from MWlPi ® b SOSNI KSf Sdazx GKSaSsS |
defined for later concentition measurements for bothMAPs For a detailed explanation

refer to discussion sectiob.2.3

4.2.5 Dilution linearity

Dilution linearity was determinedsinga sample matrix containing defed concentrations of
spikedrecombinant proteins of the analytes of the respectiMAP. Recovery rates between
80%and 120% wee accepted for the baekalculated concentrationgithin the reportable
assayrange including the corresponding dilution factorRecoveries were determined
relation to therespective reference valgeof thenominalspiked concentrationsAcceptance
criteria formeasuredanalyte concentratiors close tothe ULOQ or LLO®ere dcefined from
75%to 125% Mean values were excluded from calculation if triplicate measurements of the
different dilutions showed a CV higher 20or, in case of concentrations close to the LLOQ
and ULOQ, higher than 25. Table 28 presents the results of the determation of dilution
linearity for IMAP 1, Table 29 providesthose of IMAP 2. Besides very few exceptions, the
recoveriesobtained werewithin the defined acceptanckmits (80-120%).Although the first
measurable dilution of the sample within the standard curve for the analyteg IFN- y1B L [
was77 % and 1246, respectivelythese valuesvere accepted as they were in range of the
respective ULOQ. Same wasceptedfor the lowestmeasurable value of {LRa reaching a
recovery of 12%4.

Slight deiations wee alsoobserved for dilution factor 5,12fbr Il-mi 0 NS O2 @HNE 2 F
the first measural® value of 1112p70 with 284gmL?! and a recovery of 12% and the

recovery of 1286 at dilution IDL3¥or VEGFThese recoveries wessessed less stringently
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and consider@ acceptable within thecontext of a multiplexed immunoassaysince

multiplexing imposes certain limitations on assay performance.
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Table28: Results of the determinatio of dilution linearity for IMAPL. Assay and matrix concentrations are given impg'. (<LLOQ orULOQ=concentration below/above
the limit of quantification; n.q=value cannot be quantifieconc.=concentration; DE dilution; DF=dilution facta)

Dilution linearity - IMAP 1

Reference DL 1 DL 2 DL 3 DL 4 DL 5 DL 6 DL 7 DL 8 DL 9 DL 10 DL 11
Analyte [pg-mL'l] DF (1:x) 320 640 1280 2560 5120 10240 20480 40960 81920 163840 327680
assay conc. [pg-fiL > ULOQ 198 101 54.0 27.7 12.1 6.21 3.26 1.62 0.827 < LLOC
IL-4 120,000 matrix conc. [pg-m’ﬂ n.g. 126,515 128,670 138,189 141,995 123,392 127,249 133,666 132,983 135,441 n.g.
recovery [%] n.q. 105 107 115 118 103 106 111 111 113 n.q.
assay conc. [pg-iL > ULOQ 45.9 24.0 12.9 6.70 2.89 1.50 0.797 0.423 0.210 < LLOC
IL-6 30,000 matrix conc. [pg-nif] n.q. 29,363 30,660 33,058 34,304 29,628 30,652 32,631 34,679 34,406 n.q.
recovery [%] n.g. 97.9 102 110 114 98.8 102 109 116 115 n.g.
assay conc. [pg-iL > ULOQ 140 71.8 38.6 19.5 8.35 4.43 2.50 1.46 0.680 0.327
IL-8 100,000 matrix conc. [pg-nif] n.q. 89,316 91,964 98,850 100,045 85,538 90,726 102,400 119,603 111,411 107,042
recovery [%] n.g. 89.0 91.7 98.6 99.8 85.3 90.5 102 119 111 107
assay conc. [pg-fiL > ULOQ 143 74.1 40.2 19.7 8.69 4.48 2.21 1.22 0577 < LLOC
IL-10 90,000 matrix conc. [pg-mil] n.g. 91,426 94,861 102,818 100,915 88,951 91,682 90,522 100,215 94,481 n.g.
recovery [%] n.g. 102 105 114 112 98.8 102 101 111 105 n.g.
assay conc. [pg-iL > ULOQ 1,281 688 384 207 95.4 52.8 27.6 14.7 6.89 < LLOC
GM-CSF 1,000,000 matrix conc. [pg-nif] n.g. 820,090 880,401 981,871 1,058,185 976,862 1,081,617 1,131,861 1,202,586 1,128,858 n.q.
recovery [%] n.g. 82.0 88.0 98.2 106 97.7 108 113 120 113 n.g.
assay conc. [pg-riiL 313 166 89.6 49.6 26.1 115 6.08 3.29 1.68 0.750 < LLOC
IFN- 130,000 matrix conc. [pg-mti] 100,096 106,234 114,675 126,865 133,820 118,101 124,587 134,758 137,626 122,880 n.q.
recovery [%] 77.0 81.7 88.2 97.6 103 90.8 95.8 104 106 94.5 n.g.
assay conc. [pg-riL > ULOQ 619 318 183 103 45.3 22.7 10.5 5.75 295 < LLOC
MCP-1 450,000 matrix conc. [pg-mi] n.q. 395,934 406,417 469,239 529,647 464,247 463,872 430,353 471,313 483,874 n.q.
recovery [%] n.g. 88.0 90.3 104 118 103 103 95.6 105 108 n.g.
assay conc. [pg-riL > ULOQ 59.1 30.1 16.0 8.31 3.71 1.77 0.827 0.433 < LLOQ
MIP-1i 40,000 matrix conc. [pg-mi] n.g. 37,841 38,524 40,892 42,564 37,956 36,318 33,860 35,499 n.q.
recovery [%] n.g. 94.6 96.3 102 106 94.9 90.8 84.6 88.7 n.g.
assay conc. [pg-riL > ULOQ 326 165 92.2 48.2 21.0 11.0 5.78 3.04 1.61 < LLOC
TNFb 240,000 matrix conc. [pg-mit] n.g. 208,358 210,927 235,904 246,596 215,347 224,529 236,612 248,764 263,236 n.q.
recovery [%] n.g. 86.8 87.9 98.3 103 89.7 93.6 98.6 104 110 n.g.
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Table29: Results of the determination of dilution linearity fdMAP2. (<LLOQ orLOQ= concentration below/above the limit of quantification; n=gvalue cannot be
guantified; conc.= concentration; DE dilution; DF=dilution factor)

Dilution linearity - IMAP 2

Reference DL 1 DL 2 DL 3 DL 4 DL 5 DL 6 DL 7 DL 8 DL 9 DL 10

Analyte [pg-mL'l] DF (1:x) 640 1280 2560 5120 10240 20480 40960 81920 163840 327680
assay conc. [pg-riL 185 78.4 39.1 18.7 9.53 4.84 2.51 1.21 0.607 0.360

IL-1 120,000 matrix conc. [pg-mil] 118,409 100,395 100,122 95,863 97,587 99,055 102,673 99,396 99,396 117,965
recovery [%] 98.7 83.7 83.4 79.9 81.3 82.5 85.6 82.8 82.8 98.3

assay conc. [pg-ifL > ULOQ 3,846 1,697 916 465 216 105 54.1 27.4 16.6

IL-1Ra 4,500,000 matrix conc. [pg-m'i;] n.q. 4,922,449 4,344,730 4,689,459 4,764,297 4,423,680 4,284,553 4,429,961 4,487,031 5,441,67<%
recovery [%] n.g. 109 96.5 104 106 98.3 95.2 98.4 99.7 121

assay conc. [pg-riL > ULOQ 284 116 56.3 27.3 14.5 7.75 3.96 191  <LLOC

IL-12p7C 300,000 matrix conc. [pg-nit] n.g. 363,486 296,789 288,307 279,825 297,028 317,440 324,676 313,481 n.g.
recovery [%] n.g. 121 98.9 96.1 93.3 99.0 106 108 104 n.g.

assay conc. [pg-riL 740 349 195 74.9 40.2 18.7 11.1 5.73 2.83 < LLOC

VEGF 400,000 matrix conc. [pg-mit] 473,350 446,916 498,423 383,351 411,955 382,225 454,383 469,129 464,213 n.g.
recovery [%] 118 112 125 95.8 103 95.5 114 117 116 n.g.

assay conc. [pg-riL 270 101 46.5 23.0 11.0 5.97 3.04 1.58 0.793 < LLOC

IL-13 140,000 matrix conc. [pg-mil] 173,026 129,156 119,151 117,897 112,947 122,334 124,655 129,161 129,980 n.qg.
recovery [%)] 124 92.3 85.1 84.2 80.7 87.4 89.0 92.3 92.8 n.g.

assay conc. [pg-ifL 148 65.3 33.8 13.8 6.80 3.21 1.75 0.890 0.527 0.280

M-CSF 80,000 matrix conc. [pg-nif] 94,901 83,580 86,630 70,519 69,666 65,673 71,680 72,909 86,289 91,750
recovery [%)] 119 104 108 88.1 87.1 82.1 89.6 91.1 108 115
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4.2.6 Analytestability

The analyte stability was determined dependence orthe number of freee-thaw cycles as
well ason the storage temperature and time (shetérm stability)during assayrocessing
The recovery rate of the determined concentrationtloé respective test sample (AS) was
calculatedn relation to a freshly thawed reference samphes(), whereby 8®%to 120% was
considered acceptabl&.able30A and B shows the detailed results of the test and reference
samples for the example-& It should be noted that two reference samples had to be used
to investicqate shortterm stability asthe data were needed to be generated iriwo
independent experiments dut® lack ofsample capacity on a single plaiéhe recoveriesf
the test samplesAS4 and AS@Were determined with respect toeferencel (ASG1) while
those of samples AS6 to AS9revebtainedin relation to referenc& (AS0Q2). This ca be seen

in Table30A andB.

Table 30: Detailed results of freez¢éhaw (A) and shorterm (B) stability for Ik4. For the determination of
analyte stability only samples containing native protein were appli@®=analyte stability sampleASO1 =
reference sampteRT=room temperature conc.= concentratior)

A
Freeze-thaw stability

AS1 AS2 AS3 ASO-1
Analyte freeze-thaw cycles 1 2 3 0
L4 matrix conc. [pegmL’] 116 126 108 11.4

recovery [%] 102 110 944
B
Short-term stability
AS4 AS5 ASO-1 AS6 AS7 AS8 AS9 AS0-2
test temperature 4°C 4°C 4°C RT RT RT

Analyte storage duration 2h 4h 24h 2h 4h 24h

Table 31 summarizes the freezthaw stability results for both IMAPRs. Whilemost of the
recoveriesdetermined ranged between 80% and 120%, two exceptiors wereobserved for
the analyte IFN IM&P1, 121%) and for theanalyte k13 (IMAP2, 126%) in regard oAS2
i.e. after two freezethaw cyclesAnnex- Table 11 and Annex- Table 12 show the detailed
results of freezehaw stability determination ofMAP1 and 2 in relation to the respective

reference samples.
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Table31: Results of the determination of théreezethaw stability for IMAP 1 & 2. For the determination of
sample stability only samples containing native protein were applfsk analyte stability sample)

Freeze-thaw stability - recovery [%] - IMAP 1 & 2

AS 1 AS 2 AS 3

freeze-thaw cycles 1 2 3
IL-4 102 110 94.4
IL-6 103 101 104
IL-8 105 103 97.2
= é IL-10 106 101 94.8
< 35 GM-CSF 86.5 107 84.6
Z 3 IFN 110 121 102
MCP-1 91.1 87.5 96.3
MIP-1i 88.3 112 91.7
TNFb 105 116 101
L[ ™ 88.3 100 80.7
" IL-1Ra 91.1 99.1 80.5
5 = IL-12p70 114 117 110
= VEGF 108 110 84.1
IL-13 117 126 95.2
M-CSF 103 116 99.4

In Table32, the recovery rates of the shoterm stability (AS4AS9) after 2y, 4h and 24h at
4°C orRTare presented. Exceptions tecoveries not ranging ibetween 80% and 120%
were observed for H4 where 775 % were determined after 24 at 4°C (AS6). For AS9 in
terms of [-10 and MCP1 stored at RTfor 24h, 74.2% and 74.0% were calculated
respectively. Finalexceptiors were seen for the analyte VE@kth AS6 and AS9 also resnij
in recoveries below 8@oat 62.9%and 58.24 respectivelyThe ctailed results includinthe
matrix concentrations and values thfe reference samples of the shettrm stability analysis

can befoundin Annex- Table 13 (IMAP1) andAnnex- Table 14 (IMAP2), respectively.
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Table 32: Results of the determination of theshort-term stability for IMAP 1 & 2. For the determination of
sample stability only samples containing native protein were applfe8= analyte stability sampleRT=room
temperature

Short-term stability - recovery [%] - IMAP 1 & 2

AS 4 AS 5 AS 6 AS 7 AS 8 AS 9
test temperature
4 °C 4 °C 4 °C RT RT RT
storage duration at test temperature

Analyte 2h 4h 24h 2h 4h 24h

IL-4 97.9 98.8 77.5 85.9 100 118

IL-6 86.6 91.0 94.4 105 102 91.4

- IL-8 99.2 96.5 99.1 104 104 104
d IL-10 83.8 92.7 87.0 104 111 74.2
<Z( GM-CSF 84.8 85.1 97.4 81.5 118 93.5
o IFN4 99.6 101 86.4 99.3 107 81.5
MCP-1 93.0 81.0 81.3 103 96.6 74.0

MIP-1i 102 86.8 91.7 101 100 89.7

TNFb 96.2 93.4 85.1 100 106 83.7

L[ tmi 87.0 86.9 84.4 93.1 102 84.6

N IL-1Ra 87.0 86.2 86.8 90.3 95.0 84.9
g IL-12p70 109 96.3 102 111 112 98.8
E VEGF 90.8 91.9 62.9 87.0 92.7 58.2
IL-13 101 105 84.9 97.0 97.5 88.9

M-CSF 98.7 95.5 92.2 107 103 97.8

4.3  Assay developmeng singlemolecule array based o&SRX platform

4.3.1 Assay buffer and detection antibody concentration optimization

For the four analyts 11:4, I:12p70, IE6 and TN, assays were set up on the highly sensitive
Simoa platform, as theensitivity of the corresponding Luminex assays was not suffitoent
analyze the analyte concentrations in sample matrix from whole blood cultimesddition,
the analytes H4 and IE12p70had previouslyshown poor results of parallelism during the
validation process of IMAP 1 and 2. In total, threeXSRimoa assays were develogede
able tomeasurethese analytes ithe samples of interesta 2plex for |6 and TN and two
singleplexes for the analysis of-fLand 1E12p7Q

As already descrilaefor IMAP1 and 2 SRX assay development was algp@rformed, with
emphasis on the selection of a suitabbasic assay buffer, buffer optimization and
optimization ofdetection antibody concentrationThe procedures and the acceptance and
interpretation criteria were the same as those already described for the development of the
Luminex assay3.he corresponding results of the development parameterssaramarized

in Table33. As a basibuffer, the Quanteix Homebrew Sample/Detector Dilueptoved to
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be themost suitable for each analyte. Only forll2p70did the addition of 2% horse srum
and TruBlock a& 1:1000 dilutiondad to a higher sensitivity (data not shown). The individual
detection anibody concentrations wee 0.250ug-mt! for I1L-4, 0.187ug-ni-* for I1L-12p70 and
for the 2-plex 0.075.g-mL?! (IL-6) and 0.10Qug-mL! (TNF") respectively SBG concentration

was for all assays defined as I5Q.

Table33: Assaycompositiondetails of the four analytes of developed Simoa-8RassaysDetection antibody
concentrations, the basic buffer and the buffer additives declared as most suitable for the tweprgissays
IL-4 and IE12p70 as well as for thef@ex assay including-6 and TNf developed on the SR(Simoa)platform
of the company Quanterix

Simoa SR-X - analytes

IL-4 IL-12p70 IL-6 ¢bCmh
Detector antibody
. 1 0.250 0.187 0.075 0.100
concentration [ug-mL7]
Basic buffer QTX Homebrew Sample/Detector Diluent

. 2 % horse serun
Buffer additives 1:1000 TruBlock

Additionally cossreactivityfor IL-6 and TN 2 T -pléxivés tested Annex- Table 15).
Although recovery between the analyte-Land the capture and detection antibody TNF"
was greater than 26 threshold (1.22 and 1.6%26) this was consideredacceptable fora

research purposassay

4.3.2 Calibrationcurves and validation samplesf Simoa assays

VSor QC sampleglow, mid and high), respectivelyere preparedto perform the assay
validation procedure and to provide sufficient numbers of QC samples for the anticipated
studies The nominal concentrations tfie calibration curves of the foumnalytes and those

of the VS respectivel®pC samples are listed Trable34 and Table35.

Table34: Nominal calibrator concentrations determinefr the Simoa SK assays.

Nominal calibrator concentration [pgntl]

Analyte CAL 1 CAL 2 CAL 3 CAL 4 CAL 5 CAL 6 CAL |
IL-4 30.0 7.50 1.88 0.469 0.117 0.029 0.007
IL-12p70 100 25.0 6.25 1.56 0.391 0.098 0.024
IL-6 30.0 8.57 2.45 0.700 0.200 0.057 0.016
TNFb 90.0 25.7 7.35 2.10 0.600 0.171 0.049
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Table35: Nominal concentrations ofalidation samplesgenerated for the Simoa SR assays.

Validation sample concentration [pgnl_'l]

Analyte VS - high VS - mid VS - low
IL-4 56.2 0.901 0.061
IL-12p70 92.5 4.30 0.410
IL-6 47.2 1.72 0.154
TNFb 65.1 3.14 0.763

Figure6 demonstratesthe profiles of the four calibration curvef IL-4, [l-:12p70, 1k6 and
TNFh and the location of therespectiveVSQC samplesisingthe SRX instrument.The
standard curvesfitted via a fourparametric logistic modelith weighting 1/, exhibiteda

sigmoidal curvehapeand the QC samplagerein the upper, middle and lower range for each

analyte.
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Figure6: Standard curves and position of thealidation samplesof the developedSimoa SR assaysThe
calibration curves are presented @wverage enzyme per bead\EB signal plotted againstthe nominal
concentratiorsin pg-mt* with a 4-parametric logistic regression (#Weighting). The analysis of each standard
curvewas performed in duplicates é?2), the respective individual values are plott&$ are depicted in green
and are also given in duplicates£2), plotted as individual values
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4.4  Validationof SRX assays for thavhole blood-based assagystem

4.4.1 Calibrator performance

Calibrator performance of the threedmoa immunoassays was investigated over six
independent runs.Table 36 presentsthe expected nominal concentrations as well as the
analyzed, backalcuated concentrations in pgiL. The associated CVs across the total of six
plates and theesulting recoveriesre shown The acceptable range walefinedfrom 80%

to 120% with a CV below 204

The recoveries rangbetween 93.%%and 113 % (CAL3 and CAbf TNF 0 hilgthe highest
determined CV was 17% for calibratoi7 of [l-12p70.Unlikethe other analytesthe standard
curve of IE6 did not consis of 6 pointsrather than7. Calibrator 2 was excluded after the
validation evaluatiorresulted in a calibrator recovery for this point of 122 The validation

was then reevaluatedunderexclusion of this point

Table36: Results of the determinatiorof calibrator performance for the Simoa SR assays(CAL= calibrator;
CV=coefficient of variation; cone concentration)

Calibrator performance - Simoa SR-X assays

Analyte CAL1 CAL2 CAL3 CAL4 CALS5 CAL6 CAL7
nominal conc. [pgnl’] 30.0 7.50 1.88 0.469 0.117 0.029 0.007
IL-4 analyzed conc. [ponl’] 29.9 7.85 1.86 0.466 0.116 0.030 0.008
CV [%] 7.13 6.05 5.24 3.42 5.80 5.47 17.2
recovery [%] 99.6 105 99.0 99.5 98.9 101 106
nominal conc. [pgnl’] 100 25.0 6.25 1.56 0.391 0.098 0.024
IL-12p70 analyzed conc. [pgl’] 98.3 28.0 6.09 151 0.405 0.102 0.024
CV [%] 11.3 115 7.00 8.20 4.09 9.32 17.5
recovery [%] 98.3 112 97.4 96.5 104 105 98.5
nominal conc. [pgnl’] 30.0 excluded 2.45 0.700 0.200 0.057 0.016
IL-6 analyzed conc. [ponl’] 30.0 2.62 0.677 0.207 0.056 0.017
CV [%] 5.70 12.0 9.07 10.8 10.5 10.4
recovery [%] 100 107 96.8 104 97.7 105
nominal conc. [pgnl’] 90.0 25.7 7.35 2.10 0.600 0.171 0.049
TNFb analyzed conc. [ponl’] 89.3 29.0 6.90 2.06 0.630 0.171 0.054
CV [%] 4.90 8.37 6.92 10.2 6.36 10.5 13.8
recovery [%] 99.3 113 93.9 98.3 105 100.0 111

4.4.2 Quantification and detection limits

Quantifiation limits (ULOQ and LLOQ)vesll as theLODwere determinedfor each analyte
during assay validation of théhree Simoa SK immunoasays.Detailed results ofthe
experimental investigation dhe LLOQ andthe LCD are presented iPAnnex- Table 16 and

Annex- Table 17. The &ceptance criteriavere identical to thosealready described in section
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4.2.2.1for the IMAPs The determination of the ULOQ was atssed on theecoveriesand
CVs generated durintipe investigation of the calibratgperformance Table37 summarizes
the limits of quantification and detection for-#, 1-:12p70, It6 and TN ® C 2 NJthé f
ULOQ was determined to be the highest calibrator. The values zathlgs LOD of theses
markers laybelow the respetive lowest standard point (CA) as well as the LLOQ values
evaluated for 6 and TNF, while the LLOQs of # and IE12p70 matcled with the

respective calibrator 7.

Table 37: Quantification limits and limits of detection determined for the Simoa SRassays(LLOGQ- Lower
limit of quantification;ULOQ= Uppe limit of quantification; LOB limit of detection).

Limits of quantification and detection - Simoa SR-X assays

LOD LLOQ ULOQ
Analyte Concentration [pg-mt]
IL-4 0.002 0.007 30.0
IL-12p70 0.012 0.024 100
IL-6 0.003 0.005 30.0
TNFb 0.006 0.016 90.0

4.4.3 Precision

For the SKX assays, precision was determined using three VS, lying in the upper, middle, and
lower parts of the analytespecific standard curvé\s these sampledid not needo be spiked
with recombinant protein, apart from VS H of thel2p70 assay, separate native samples
were not necessaryWhile theinter assay precision was defineder the triplicates of six
independent runsthe intra assay precision was assel bythe determination ofthe CV of
twelvereplicates of respective samples in a single run. Acceptance onterasdefined asa
CWaluebelow 20%.

Table 38 presents the result®f the investigation of intra and inter assay precisfon the
Simoa SKX assays. All determined CV valuesengelow 20% rangingbetween 2.96% and
17.1%.
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Table38: Results of intra and inter assay precision determinatifon the Simoa S assays(VS=validation
sample; C¥ coefficient of variation; cone concentration)

Precision - Simoa SR-X assays

Analyte VS - high VS - mid VS - low

c IL-4 analyzed conc. [ponl’] 55.8 0.797 0.061
-2 CV [%] 6.06 2.96 10.0
o IL-12p70  analyzed conc. [pg-fL 95.1 4.06 0.433
% CV [%] 9.15 7.94 17.5
§ IL-6 analyzed conc. [pgl’] 47.9 1.59 0.153
© CV [%] 17.1 8.56 15.0
S TNFb analyzed conc. [pgilY] 63.4 2.92 0.849

CV [%] 10.3 7.53 8.37
- IL-4 analyzed conc. [ponl’] 57.6 0.897 0.060
3 CV [%] 6.87 5.98 11.8
o IL-12p70 analyzed conc. [pgnl’] 95.6 4.28 0.409
% CV [%] 8.54 5.45 11.2
@ IL-6 analyzed conc. [pgl’] 49.9 1.85 0.161
= CV [%] 11.2 9.92 11.5
IS TNFb analyzed conc. [pgnl’] 68.5 3.29 0.800

CV [%] 8.87 8.64 14.7

4.4.4 Parallelism

Three samples wereised to determine parallelism The esulting dilution factor ranges are
listed in Table 39. Detailed evaluation containing dilutions factors, measured assay and
calculated matrix concentrations as well as the recoveries calculated on base of the

determined reference sample are praged in Annex- Table 18to Annex- Table 20.

Table39: Ranges of dilution factors determined during parallelism assessmarimoa SR assays

Parallelism - Simoa SR-X assays - dilution factor ranges

Analyte sample 1 sample 2 sample 3
IL-4 5-10,240 5-10,240 10 - 16C
IL-12p70 10 - 160 10 - 320 10 - 16C
IL-6 10 - 640 5-40 320 - 10,24(
¢bCmh 10 - 160 10 - 160 320 - 10,24(

For 114, dilution of sample 3resulted inrecoveries of 1696 for dilution factor5, while all
other observedrecoveriesvere in the acceptéle rangefrom 75%to 125 %for this analyte
Forll-12p70, all recoveries were acceptable except for dilution factor 5, where the recoveries
were below the acceptace criteriafor all three samples (55% 62.7% and 74.6%). Two
sampleg(1 & 2)also revealed increase@coveries for the analyte TNFat dilution factor 5

(162% and 16%46) For sample 1, the analyte - showeda recovery of 1386 at dilution
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factor 5. All otherrecoveries wee in the acceptance rang€or the determination of analyte

concentrationsn whole blood supernatantthe dilution factor wasset to 5 for the analysis of

IL-4. The other analytes, 4, TNF* | Y1Rp7Q.wWere defined to be analyzed using dilution
factor 10.

4.4.5 Dilution linearity

Table40 summarizes the results of dilution linearitfeterminationof the assaysileveloped

on the SKX platform for the analysis of-4, 11-:12p70, It6 and TN# . Included are dilution
factors, the respective assay and matoncentrations as well as tireecoveryrelated tothe
reference valueorresponding tdhe spike concentration of recombinant proteiri®ecovery
rates between 8% and 1206 were accepted. Acceptance criteria for measured analyte
concentrations close tthe ULOQ or LLOQ were defined from%%0 125%. Mean values are
only taken from triplicate measurements of the different dilution if the CV was belo% 20,

in case of concentrations close to the LLOQ and ULOQ), belétv 25

Acceptance criteriavere obtained for each dilution andll analytes§1.3% to 115%).
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Table40: Results of the determination of dition linearity for the SimoaSRX assays(<LLOQ soncentration below the lower limit gfuantification; n.q=value cannot be
quantified; conc= concentration; DE dilution; DF=dilution factor)
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