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Abstract

The foundation of Algeta's second alpha-pharmacalugilatform is thorium-
227, a radionuclide that emits alpha particles vaigih energy. By linking thorium-
227 to tumor binding monoclonal antibodies, Algbts the potential to develop a
new generation of radioactive drugs that can figlwicer with limited damage to
surrounding tissue. Determination of the immunatigacfraction (IRF) of these
molecules is an important part of the quality cohtf such a product. IRF is
determined by examination of the tumor-binding roole's ability to bind to antigens
on the surface of living or fixated cells. Thisadabor-intensive method in which a
large number of cells must be cultivated and fidapgior to the analysis. It is

therefore desirable to develop an immunoreactastyay independent of cells.

The Lindmo method is a widely used method for teéednination of IRF.
The method used by Algeta today is a simplificatoddrthe Lindmo method, and in
this report called the one-point assay. This isnmesaving method, but there are
uncertainties about the reliability of its resuldspart of this project was to examine if
the one-point analysis could be used as a timegalternative to the Lindmo assay.
The conclusion was that a full Lindmo assay shdéddperformed whenever a new
system is examined, or whenever high accuracygsimed. However, the one-point
analysis is a timesaving method that can be usedtimate IRF in a routine quality

check.

Microbeads coated with antigen might have a paéemd substitute cells in
these immunoreactivity assays. The main objectivihis project was to develop a
guantitative bead-based method adapted to the tbimndimg systems used by Algeta,
and to perform a comparison study between the aeeli bead-based methods. The
results demonstrated that antigen-coated beads adttantage can be used as a
substitute for cells. The bead-based assays wereséiving, demonstrated a high
degree of reproducibility and provided more comsistand reliable results than the
cell-based measurements. The bead-based assaytheagaential to be used for any
antibody-antigen systems where the antigen or fhtope of the antigen can be
isolated.






Sammendrag

Grunnlaget for Algetas andre alpha-farmasgytislatfpkm er thorium-227,
en radionuklide som sender ut alfapartikler med émsrgi. Ved & knytte thorium-227
til tumorbindende monoklonale antistoffer, har Aleotensial til & utvikle en ny
generasjon av radioaktive medikamenter som kanebgg kreft med begrenset
skade til omliggende vev. Bestemmelse av immundiredkaksjon (IRF) av disse
molekylene er en viktig del av kvalitetskontrollaw et slikt produkt. IRF blir bestemt
ved & undersgke de tumorbindende molekylenes évadinde seg til antigener pa
overflaten av levende eller fikserte celler. Detteen arbeidskrevende metode hvor et
stort antall celler ma dyrkes og fikseres far selwalysen. Det er derfor gnskelig &

utvikle en ny immunoreaktivitets-analyse som erhamgig av celler.

Lindmo-metoden er en mye brukt metode for bestemenalv IRF. Den
analysen som brukes av Algeta i dag, og i denngorégn kalt ett-punkts-metoden, er
en forenkling av Lindmo-metoden. Dette er en tidplagende metode, men det er
usikkerhet rundt paliteligheten av malingene franrie metoden. En del av dette
prosjektet var a undersgke om ett-punkts-analysenbkukes som et tidsbesparende
alternativ til Lindmo-analysen. Konklusjonen ereatfull Lindmo-analyse bgr utfgres
nar et nytt system skal undersgkes, eller nar gnrimyaktighet er pakrevet. Ett-
punkts-analysen er imidlertid en tidsbesparendedeesom kan brukes til & estimere
IRF i en rutinemessig kvalitetskontroll.

Mikrokuler belagt med antigen er en potensiell arshg for celler i disse
immunoreaktivitets-analysene. Hovedmalet med dpttesjektet var a utvikle en
kvantitativ, kule-basert metode tilpasset de turmatbnde systemene som brukes av
Algeta, og a utfare et sammenligningsstudie melldem celle- og kulebaserte
metoden. Resultatene viste at antigenbelagte kobkst fordel kan brukes som en
erstatning for celler. Den kule-baserte analysartidabesparende, viste en hgy grad
av reproduserbarhet og ga mer konsistente og lpgditeesultater enn de cellebaserte
malingene. Den kulebaserte analysen har potenbkialbrukes for ethvert antistoff-

antigen system der antigen eller epitop pa antigesreisoleres.
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1 Introduction

This chapter gives a brief introduction to the lgaokind of the radiolabeled
antibodies used in this project, followed by a dgsion of the antigen binding
capacity (ABC) of these molecules. Finally, the sifar the development of a new
method to determine ABC are presented.

1.1 Background

Cancer is a major health problem worldwide. It stireated that there are
more than 12 million new cases of cancer diagngszdly around the globe, and
more than 7 million people die each year from tiseasé’! Chemotherapy has up to
this time been one of the leading treatments oteaRowever, the cytotoxic agents
used in chemotherapy are not tumor specific, amdtlaerefore affecting normal,
healthy cells as well as the tumor c&lDuring the last decades, new knowledge of
pathways and characteristics of different tumoitiesthas been obtained and used to
generate more tumor specific therapie®ne such approach is the use of antibodies
as tools for the selective targeting of drugs todts, providing a more effective and

direct way to kill tumor cells.

Already at the turn of the 19th century, Paul Elfrlproposed antibodies as
“magic bullets” that could specifically trace anitl iicrobes and tumor cellé but it
was not until 1975, when Kdhler and Mistein desaxdiithe generation of monoclonal
antibodies (MoAbs), that antibody-based therapy st major breakthrough
MoADbs can alone induce the body's immune mechaniernkdl cells expressing the
target of the antibod¥! Moreover, MoAbs used as a tool for the selectirgeting of
drugs to tumors provides an effective and directy i@ kill tumor cells. The
motivation for this approach is that by delivericancer drugs to tumor cells, it may
be possible to both enhance therapeutic efficiesiay spare normal tissues from
chemotherapeutic damaljeCytotoxic drugs, cytokines, toxins and radionuesidare
examples of therapeutic agents that have been gateid to MoAbs, developed for
the treatment of cancBt An illustration of such immunoconjugates is givarFigure
1.1.



The pharmaceutical company Algeta ASA (Oslo, Nonwniayone of the first
companies in the world that has successfully dgezloa product for targeted
radiotherapy emitting alpha@(-particles. The product Alpharadiris the a-emitting
radionuclide radium-223%RaCl). R&", which mimics the behavior of €ain the
body and thus selectively seeks to bone, is deedldpr the treatment of skeletal
metastasis in advanced cancer. The product hasthedmished phase Il clinical
development for the treatment of skeletal metastashormone-refractory metastatic
prostate cancer, indicating significantly improvemé overall survival®’ For the
treatment of skeletal metastasis from breast cartbherdevelopment is in clinical
phase 1% The first launch of Alpharadfhis predicted to be within 2013

One of the most promising, new strategies for imgatmalignancies is the use
of radioimmunoconjugates (RICs) for targetediiotherapy** This is the basis of
Algeta’'s second-pharmaceutical platform is RICs with theemitting radionuclide
thorium-227 $2Th). The combination o¥'Th with tumor binding molecules such as
monoclonal antibodies constitute the potential foproved effectiveness of the
treatment for a broad variety of cancer tyjj@sThese RICs are called Targeted
Thorium Conjugates (TTCs) and are currently undecimical research. They are
described in more detail in Section 2.3.2 - "TaegdeThorium Conjugates”. In this
project, two TTCs will be used in the developmehian analytical method for the
determination of ABC for radiolabeled antibodies.

Immunotoxin ﬂ D .-‘“
qx Immuno- ;.*
. cytokine |1 ¢ a) Haked MoAbs
b} Immunoconjugates G fr 33
P W R .

AN - = - |} — —
Chemoimmuno- ’
conjugate 9 /

ol [

o= Tumor cell 1
\ A |
\ “ > |
by J/
/
> "
Radigimmunao- K /
conjugate & = =

Figure 1.1: a) By targeting of naked monoclonal antibodies (MoAfosihe tumor,
destruction of the tumor cells may occur by intducof the body's immune
mechanismd) A more direct way to kill the targeted cells isdpnjugation of
cytokines, cytotoxic drugs (D), toxins (T) or raaiclides to the MoAbS!
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1.2 Antigen binding capacity

The ABC of radiolabeled MoAbs depends on two gigdit One is the
immunoreactive fraction (IRF), which provides infaation about the fraction of
radiolabeled MoAbs that are able to bind their éargpitopes or receptors at infinite
antigen excesdd® The other quality is the association constant Which say
something about the affinity of the bindif{d. The IRF of the MoAbs might decrease
during chelator conjugation or radiolabeling duartodification of the binding sites
on the antibodies. Preservation of IRF for radielad MoAbs is critical for
successful radioimmunotherapy, as a decrease iwiRfd result in decreased tumor
uptake and increased nonspecific localization,thod generate unnecessary radiation
exposure for non-target tisstid. Therefore, IRF of RICs intended for cancer therapy
is a very important quality control parameter tsuxe an optimain vivo behavior,
and is one of the most commonly measured paramfetetiese products® Thus,
the method of determining the IRF should be simpdproducible, practical and

applicable.

A method used to determine the IRF is called an umoneactivity assay,
which is a type of binding assay. The conventiomanunoreactivity assay was
developed by Lindmeet. al.in 1984*" This method measures binding at various
antigen concentrations and extrapolates the resnltsa way that IRF can be
determined at conditions representing infinite gami excess. The immunoreactivity
assay used by Algeta today is a simplification bis tmethod, in which the
immunoreactive fraction at limited antigen excdB3$:;*, is determined. This method
measures immunoreactivity at one given antigen eaination, and will in this report

be named the one-point analysis.

To examine the Kvalues, a binding assay developed by Scatchaf®4®
can be usell® This Scatchard analysis can also be used to deterthie antigen

expression on different cell lines.



1.3 The aims of this project

The Lindmo assay and one-point analysis examine tthmor-binding
molecule's ability to bind to antigens on the stefaf living or fixated tumor cells.
However, this is a labor-intensive method in whicharge number of cells must be
cultivated and fixated prior to the analysis. Thaimobjective of this project is
therefore to develop a new, cell independent immesndivity assay based on the use
of microbeads as a substitute for cells. Prioh®dnalysis, these microbeads will be

coated with antigens specific for the radiolabedatibody being analyzed.

In addition, the results given by the one-poinlgsis are sometimes varying
and inconsistent, and there are uncertainties deagathe reliability of these results.
A secondary aim is therefore to compare the oridim@dmo method with the one-
point assay. The present, cell based assay wil Bs compared with the new,
microbead based analysis to discuss the trustwathiof the measurements.

A Scatchard analysis will be performed to subssatihe results from the
immunoreactivity assays. The, Kalues for the two different TTCs and the antigen

expression on the two tumor cell lines will be exaad by this method.

To summarize, a comparison study between the diffemethods will be
performed, and a quantitative microbead-based rledldapted to the tumor-binding
systems used by Algeta will be developed. A schiemdtawing of the binding

systems used in the present and new method is givegure 1.2.
\ ! L b) \. b
:\\ ) N

a)

Figure 1.2: A schemaitic illustration of the antigen-antib@ygtems used to determine the
antigen binding capacity (ABC) in this projea};The present method using
antigen-expressing cells) The new method using microbeads coated with
antigen.



2 Theory

This chapter gives a theoretical introduction tdisactivity and to antibody-antigen
binding in cancer cells, which together make up fimendation of radioimmunotherapy.
Moreover, radioimmunotherapy and RICs are presemath emphasis on TTCs. Finally,
principles for the binding assays used to meashweABC of MoAbs are described together
with microbead technology, which will be the basighe new method for the determination
of IRF of the RICs.

2.1 Radioactivity

In the periodic table of elements, each elemech&racterized by a fixed number of
protons, denoted by the atomic number Z. In additio protons, the element's nucleus
contains a variable number of neutrons, and the tatmber of protons plus neutrons in the
atomic nucleus is known as the mass number Y. Atias element with different numbers
of neutrons are known as isotopes of that elefi@Many nuclides are energetically unstable
or radioactive, and loses energy by radioactiveagieRadioactive decay is a spontaneous
nuclear transformation that results in emissioniasfizing radiation. In this process, an
unstable "parent” nuclide P is transformed intoaearstable "daughter” nuclide D. In proton
rich nuclides, aru-particle ¢He) can be emitted, and the daughter nucleus contaias
protons and two neutrons less than the parent.elutiron rich nuclides, a neutron in the
nucleus can transform to a proton by emitting a Ipatrticle (3').[201 Gamma {) emission is
electromagnetic radiation and is normally a by-picicbf a- andp-decay™® y-emission does
not give a change in the number of neutrons oropin the nucleust- and B-decay are

illustrated in Equation 2.1 and 2.2, respectively.

P> Y 4D+ a (+y) (2.1)

¥P = 2D+ B~ (+Y) (2.2)



The different types ocionizing radiation vary in their abilities gpenetrate matten-
particlesmay be completely stopped by a sheet of p -particlesby aluminum shieldinc
while y-radiation is attenuat' by massive barriersuch as a thick layer dead®” This is

illustrated in Figure 2.1.

N N

AUA
Aviva
\ 4 ~
\
N \\ \
Paper Aluminium Lead

Figure 2.1: The diferent penetration abilities a-, f- andy-radiation.a-particle: are stopped by a
sheet of papef-particle: by aluminum shielding, whilg-radiation is attenuateby a
thick layer of lead?™

|
:
=

a-particles generally carry more energy thp-particles andy-radiation. In their

interaction with matterg-particles give up th energy and become neu helium atoms.
Because of their short rangexternalo-radiation does natormally cause hazard humans;
the a-particlesare absorbed in the outer layers of skin beforg cancause any damage.
However, internabi-radiation i very toxic because of ¢hlarge amount of energy releasel
a short distance within living tiss.**! By targeting thet-emitters to thesite of a tumor in the
body, this propertyan be usefor the killing of cancer cellsin this project, thexr-emitter
22'Th will be linked b MoAbsthat target antigens on cancer cells. Ri€'s ability to bind to
these antigens is a crucial propert this treatment of cancer, acansiderabl non-specific
radiation-dose can caudamag to healthy tissue. This antigémding property ithe main
focus of this project, and wWibe discussed more detail later. Firssome properties of*'Th
and the principles ojamma counting, the method used to me: radioactivity in this

project, will be presented.



2.1.1 Thorium

The element thorium, with the atomic number Z=9@swliscovered in 1828 by the
Swedish chemist Jons Jakob BerzefitlsHe named it after Thor, the Norse god of thunder.
There are 29 known isotopes of thorium, rangingnass number from 268 to 23824 In
nature, thorium exists in a single isotopic fofftTh, which is found in small amounts in
rock and soil and decays very slowly, with a hié-about three times the age of the E&rth.
As already mentioned, the isotdi3&h will be used in this project.

22'Th has a half-life §f,) of 18.72 days. It can be produced in clinicalgferant
amounts fronf?’Ac, which is generated by thermal neutron irradiatbf **°Ra.**'Th and its
daughters emit &-particles and B-particles, which radiate a totalenergy of 32.5 Me\?®
This is illustrated in Figure 2.2.

a) b}
—,
22€Ra N E] Th
\--115.9 MeV
—t—
223R-a
11.4d
2R3 e
42.2 min 5.7 Mev @ 7.4 MaV
—— 219Rn 215pg ( Npp )
40s 1.8 ms 1 36.1min
,--—1'—-\ ! L A
2pc aBBMeY  pO4Mev Y]
22y
211
2.2 min
_1p' .)r aB.6Mev ™
. pO5MeV
2
?Th Iﬂ?pb 213?'"
18.72d Stable 4.8 min

Figure 2.2:  a)?*'Th is produced frorff’Ac, which is produced from thermal neutron irraidiatof
“*Ra.b) #Th and daughters emitdsparticles and B-particles, with a totai-energy
of 32.5 MeV. The half-lives of the different nigigds are indicated under their
named®



2.1.2 Measurement of radioactivity - gamma counting

Activity (A) is defined as the number of nucleaccdgs occurring per unit time, and is
proportional to the quantity of radioactive matkitaa samplé®”! The International System
(SI) unit for activity is Becquerel (Bqg), and onej Bs equal to one disintegration per
second®® Counts per minute (cpm) is another measure of aatiidty, and gives the number
of atoms that igletectedto have decayed in one min{td. In this project, two gamma
spectrometers were used to measure activity, omgy lze High Purity Germanium (HPGe)
detector and the other being a sodium iodide (N=intillation counter. The activity
measured with the HPGe detector is given in MBqj #ms detector has the ability to
distinguish between different nuclides. The agyiviheasured with the Nal scintillation
counter is given in cpm. This counter measyreadiation in general, and is thus unable to

distinguish between the different nuclides.

Most radioactive nuclides, includétTh, produces-radiation of specific energies and
intensities, providing a fingerprint for each ndeli When these emissions are detected and
analyzed with g-spectroscopy systemyeaenergy spectrum can be produced. Jspectrum
is characteristic of thg-emitting nuclides contained in the sample, anetaited analysis of
this spectrum is used to determine the identity goentity of y-emitters present in the
sample. The equipment usedyispectroscopy includes an energy sensitive radiatetector,

a multichannel analyzer, associated amplifiersaatel readout devic&E!

The examined radionuclides emiradiation at known energies. These interact with
the crystal (Nal or Ge) in the detector, which imnt emits signals corresponding to the
energies of the incoming radiation. The signalsnfithe detector crystal are routed through
the preamplifier and amplifier, to the multichanraelalyzer system. Here, the signals are
displayed as a spectrum in which emission coungs pdotted against energy. Software
packages can then convert the peak-count informatm activity using calibration
procedure$’™ Figure 2.3 shows a general schematic drawinggaframa spectrometer. More
details on Nal scintillation counters and HPGe deis can be found in the "The gamma

counting handbool?® and "The GEM series coaxial HPGe detector gliitletespectively.
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Preamplifier Amplifier

The principles of a gamma spectrometer. The ppéaen takes the charge produced
from the detector (by the gamma radiation frosmgample) and integrates and
amplifies this to produce a pulse with amplitggdeportional to the total charge. The
amplifier takes the pulse signal from the preafepland considerably magnifies it. The
pulses that emerge from the amplifier are therstered in one of the channels of the
multi-channel analyzer, providing a spectrumairns versus enerd’



2.2 Antibody-antigen binding in tumor cells

Cell division is a complex process that normallytightly regulated. Healthy cells
control their own growth and will destroy themsehitthey are damageld® When changes
in the genes of a cell prevent these control mdshanfrom functioning properly, cancer
might arise. In cancer, cells divide and grow unagdkably, forming malignant tumors that
invade nearby parts of the body. The cancer maysgsead to more distant parts of the body
through the lymphatic system or bloodstre&th.

2.2.1 Antibodies

Antibodies, also called immunoglobulins (lg), are iategrated part of our immune
systent**! They are synthesized by B-lymphocytes or plasriia iteresponse to the presence
of unknown substances, called antigens. The arnigbazin then bind to these antigens, which
can be on for example tumor cells or pathogens,tagdhem to induce the body's immune

mechanism&?*

Antibodies are built up of a common basic structaeillustrated in Figure 2.4. This
structure constitutes two identical, so-called Viyégolypeptide chains, paired with two
identical, so-called 'light' chaif§! The heavy chains are coupled together with sulfioteds
in the hinge region, and the light chains are sinailar way coupled to the heavy chains. The
two identical arms are called Fab (Fragment antigeing), and are responsible for the
binding to antigens. Within the variable regions each Fab unit there are three areas of
hypervariable sequence, known as complementaryrndigie@g regions (CDRs). The six
CDRs on each arm of the antibody together formathtegen-binding site. The lowest part of
the antibody is called Fc (fragment crystallizabl®)is region is not a part of the recognition
of antigen but it has other important propertiag;hsas binding to Fc-receptors on many
important cell-type§® Antibodies can be divided into five classes otyipes; IgA, IgD, IgE,
IgG and IgM, according to variations in the heawain. 1gG is the isotype that is most
common in human serulif! The two antibodies used in this project are bgth antibodies.

One of these is trastuzumab, which will be preskmtehe next section.
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Figure 2.4: Basic antibody structure illustrating a pair @émtical heavy chains liked to a pair of
identical light chains through sulfide bonds.fielel bonds also bind the two heavy
chains together in the flexible hinge region. Vadable domains of each chain have
three hypervariable loops (CDRs), which congitiie antigen binding domain on each
of the two Fab fragment¥’

2.2.2 HER-2 - a tumor associated antigen

An antigen is any substance that stimulates theunarsystem to produce a set of
specific antibodies and combines with the antibtitpugh a specific binding sité’ An
antigen is normally considerable bigger than itsdbig site. Therefore, an antibody often
only binds to a small part of an antigen, calledeaitope?®® The antigen-antibody binding
induces an immune response, which aims to dedtegntigen expressing substance.

Some tumor cells express characteristic tumor-deliived proteins, which after
intracellular processing and presentation at thdase of the cells differ in structure or
amount from proteins on healthy cells. Thus, theseeins function as tumor antigefis.
There are three different types of tumor antig&hse type is proteins that due to mutations
have a changed amino acid sequence compared tcahproteins. These tumor-specific
antigens are only found on tumor cells. The twaeptroups are tumor-associated antigens.
These are also found on normal cells but they aeerepresented on tumor cells. Some tumor
cells express antigens which are normally only &an cells in the fetal life or very early in
the differentiation process. When these antigerngeapin adult individuals, the immune
system might interpret them as forefgth These antigens constitute one of the groups tumor-

associated antigens.
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The last type of tumor associated antigens are aloexpressed proteins in the body,
but where cancer cells display an overexpressiahexe protein$> The classical example
of this last group is Human epidermal growth faateceptor 2 (HER-2). HER-2 is a cell
membrane surface-bound receptor tyrosine kinasehwik normally involved in the signal
transduction pathways leading to cell growth andfedentiation. This marker is
overexpressed in 20-30% of human breast cancatsy\arexpression of HER-2 is correlated
with poor prognosis and poor treatment responsedtients with breast and ovarian
cancer$®”’ HER-2 expression in normal tissues is generallw.f8 Trastuzumab
(Herceptif?) is a humanized IgG1, anti-HER-2 MoAb developed3snentech/RocHé” and
is now widely known to target HER-2. Trastuzumalrksoby attaching to HER-2 receptors
and blocking signals that make the cancer moreesggre, and also by signaling to the body's
immune system to destroy the cancer ¢&lisThis is illustrated in Figure 2.5. Treatment of
metastatic breast cancer with trastuzumab in coatioim with chemotherapy has
demonstrated an improvement in survival comparei efiemotherapy alo& The binding

of cytotoxic drugs, such as radionuclides to trastoab, might greatly enhance this effect.

Immune cells targeting
cancer cells bound
by trastuzumab

Without
trastuzumab

Dimerized HER-2
receptars signal
tumar cells to ;
proliferate 4 Trastuzumab blocks
down-stream HER-2
signalling to inhibit
proliferation of cells

Figure 2.5: The proposed mechanism of action for trastuzufRalceptirt) binding to HER-2 on
tumor cells*!

12



2.3 Radioimmunotherapy

The exploration of monoclonal antibodies as vekider delivery of therapeutic
radionuclides has been ongoing for more than 56s§8aln 1948, Pressman and Keighley
reported the firstn vivo use of a radiolabeled antibody for imaglffy.Ten years later, the
first report of radiolabeled tumor-specific antilesl used for radioimmunodiagnosis was
published, and in 1960, radiolabeled antibodies were forfits time used to selectively
deliver a therapeutic dose of radiation to tumssu&?? Today, radioimmunotherapy is
finally coming up as a new therapeutic approactiplining multiple disciplines, including

immunology, radiochemistry, oncology, and nucleadiuine!*®!

2.3.1 Radioimmunoconjugates

Radioimmunotherapy depends mainly on the avaitgbdf MoAbs of high affinity
and specificity, a suitable radionuclide with dediphysical properties, and an appropriate
linker moiety, a chelator, to produce a stable ®i@t remains intact under the challenge of
human catabolisif® The definition of a chelator is a molecule thaiis bonds with two or
more separate binding sites within the same lig@nd single central atoff! The central

atom in this case is the radionuclide that throtinghchelator can be coupled to the antibody.

An illustration of the structure of a RIC is givenFigure 2.6. In this illustration, the
widely used 1,4,7,10-tetraazacyclododecane-1,4fett@acetic acid (DOTA) chelator, here
conjugated via a benzyl isothiocyanate group (DAN®S, M, = 688 Da), is used as an
example of a linker unit. The chelator is covalemtbund to the antibody through an amine
reaction with lysine, and a TTC is formed when tiiglator bind$?’Th. The chelator used in
this project bind$?’Th in a similar way as DOTA, but has a higher molacweight (M, =
997 Da). This chelator is still under developmemd &as not yet been published by Algeta.

Therefore, the name and structure of the chelaonat be given in this report.
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Figure 2.6: a)A schematic illustration of a RIC, consisting afnanoclonal antibody (MoAb), a
linker moiety and a radionuclide) The 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid (DOTA-NCS) chelator is an exangdla linker moiety used to bind the
radionuclide, here illustrated with thorium-223 the MoAb. The chelator can be
conjugated to the MoAb through an amine reaatiith lysine.

The first two RICs to be approved by regulatoryhauties for treating cancer were
%y -ibritumomabtiuxetan (Zevalin) in 2002 ardi-tositumomab (Bexxar) in 2003. These
therapies make use of MoAbs targeting the CD2@anttonjugated tp-emitting*°Y or **4,
to treat patients with non-Hodgkin's lymphoffia.However, for micrometastases and spread
cancersf-particles, which consist of high-energy electramsl travel 2—12 mm in tissues
(200-1200 cell diameters), might have too largeyeanto give efficient absorbed radiation
doses in the cancer cells without high normal-gsgixicity. Therefore, for smaller tumors,
micrometastases and isolated cells, radioimmunagiyebased om-particle emitters could

have benefits ove-emitters*®!

a-emitting radionuclides emii-particles with high energy that travel 50-100 &5+ (
10 cell diameters) in tissu€él a-particles produce clustered DNA double-strand ksesnd
highly reactive hydroxyl radicals when hitting logical tissue. The high energy and short
range ofa-particles offer the possibility of more efficieanhd selective killing of tumor cells
with low damage to surrounding normal tis&fe. This new approach of pharmaceuticals is

calleda-pharmaceutical$®
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Although investigators have long recognized theeptal advantages af-particle
emitters, there is still no approved treatment.yClour a-emitting RICs have been studied
clinically: 1) ?*3Bi-anti CD30 MoAb for treatment of leukenffid; 2) **'At-anti tenacin MoAb
for treatment of brain cand®; 3) ?YAt-anti NaPi2b MoAb for treatment of ovarian
cancefy; and 4)?*°Ac-anti CD33 MoAb for the treatment of acute mydltéukemid®? As
described introductorily, Algeta has developedagpharmaceutical using the bone-seeking

property of radium to target bone metastasis wigdutemitter radium-223.

2.3.2 Targeted Thorium Conjugates

A new class ofi-pharmaceuticals from Algeta, Targeted Thorium Qgajes (TTCs),
is now under pre-clinical developméti. The schematic structure of a TTC, included

illustrations of its mode of action, is given irgkre 2.7.

In vivo testing of ?*Th started in 2004, and initial evaluation &f'Th-
immunoconjugates in radioimmunotherapy in 2005 sfbwthat >*Th can be stably
conjugated to antibodies and provides a significamtigen-dependent inhibition of cell
growth!®3! Although ?*’Th can be produced in clinically relevant amolifitand has been
shown to be an efficient and safe nuclide in lympH®”, breast cancer and ovarian caf@er
preclinical models, no clinical studies have yeerbetarted. However, the results warrant

further studies on treatment of these cancer typ#®>>'Th-immunoconjugates’

2'Th can be stably conjugated to trastuzumab (Herd®dptand the targeted cancer
cell-killing effect of ?"Th-trastuzumab was presented for the first tim¢hat 56th annual
Society of Nuclear Medicine meeting in June 2008r¢fito, Canadd}” The presented data
demonstrated that this TTC could selectively taeyet kill breast cancer cells and suggested
that further studies should be conducted with éhharmaceutical as a novel treatment for

breast cancer.

Other TTCs are under development, using differdrglators and antibodies. For
example, Algeta has a collaboration agreement @i¢éimzyme for a novel and proprietary
tumor-targeting antibody used to deliver conjugat®€dh to an undisclosed targ& and
with Affibody for two Affibody molecules to targét’Th to HER-2 and PDGHAR®”
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Figure 2.7: By conjugation of thé*'Th to a MoAb, the MoAb will specifically bind to ¢h
antigen-expressing cancer cell so thaarticles emitted frorff Th have the potential
to kill the tumor cell$*?

The two TTCs used in this experiment are caffé@ih-AC0103 andf?’Th-AC0303.
The first TTC is trastuzumab (AbO1), conjugatedctelator and labeled witff'Th. The
second TTC consists of an antibody (Ab03) from =er@al partner conjugated to chelator
and labeled wittf*'Th. Due to confidentiality agreements between Adgand the external
partner, the name and structure of Ab03 and itgetarannot be given in this report. The same
chelator is conjugated to both TTCs. The name &mdtsre of this chelator cannot be given.
A schematic structure of the two TTCs together waithoverview of their properties is given
in Table 2.1.

Several studies have been performed by Algeta terméne the quality of the
different TTCs. It is important to fully charactesi the properties of radiolabeled MoAbs
intended for targeted radiotherapy. Characterimaticludes various analytical tests and
studies to evaluate homogeneity, purity, stabilitg vitro, and biodistribution,
pharmacokinetic, dosimetry and radiation-absorbesksn vivo. In addition, the ABC of the

antibodies is an important characteristic examimgtothin vitro andin vivo studied™”
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If a decrease in IRF occurs from the value fordhginal MoADb, it is usually caused
by conjugation of chelators to the binding sitehed MoAbs, by the labeling procedure or by
radiolysis during storage of the RfE. Radiolabeling requires conjugation of a chelator,
usually to lysine residues. If the chelator targeiscal lysines in the binding regions of an

antibody, the immunoreactivity may decreége.

Table 2.1:  An overview of the structures, naming and molecwuleights (M,) of the two Targeted
Thorium Conjugates (TTCs) used in this project.

?*Th-AC0103* **Th-AC0303"
Ab(1 Ab03
= ek |
S -
Chelator Chelator
AbO1 = Trastuzumab AbO3eonfidential
Chelator =confidentia] My, = 997 Da
Average M, = 148 kDa Average M= 147 kDa
Targets Ag(01) = HER-2 Targets Ag(03renfidential

*The blue and red color used here to illustratawedifferent antibodies, are also used in the
results to distinguish between the two differelE&
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2.4 Binding assays — a theoretical analysis

A binding assay gives a measurement of the bindnogerties of the antibody to an
antigen, that may be a receptor either on livinigscdead cells or receptor fragmelitsThe
reaction between antibody, Ab, and antigen, Agnfag an immune complex, AbAg, may be

described by the law of mass action (Equation 2.3):

Ag+ Ab © AgAb (2.3)

The association constantgkan further be expressed as the ratio betweenadieentration
of the bound antibody-antigen complex, [B], and pheduct of free antigen and free antibody
concentration at equilibrium; [Ab] and [Ag] respeely. This is described by Equation
2.48

K, = (2.4)

These equations for antibody-antigen binding magethe foundation of the two binding

assays used in this project; the Lindmo- and Seadcanalyses.

2.4.1 Lindmo analysis

The conventional way of determining IRF is basedtlo®m method introduced by
Lindmo in 1984, in which the fraction of radiolabdl MoAbs bound to antigen under
conditions of infinite antigen excess is determif@dBy this binding assay, a small amount
of radiolabeled MoAbs is incubated with increasoogcentrations of tumor cells that display
the target epitopes/receptors. The IRF is deteminbelinear extrapolation of the results to
obtain the IRF value at infinite antigen-excessca@ding to Lindmo himself, the infinite
excess of antigen ensures that the true valuefoidRbtained as opposed to the apparent IRF

determined by a limited excess of antigeh.

If not all, but only a fraction of the total amouat antibody is immunologically
reactive, the law of mass action (Equation 2.3y @pgplies to the immunoreactive fraction,
IRF, of the antibody. If [T] is the total concerttom of antibody applied, then IRF] is the
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concentration of reactive antibody. Since the boamibody necessarily must have come out
of the reactive fraction, the concentration of remma free, reactive antibody is IHF]
minus [B]. By inserting this to Equation 2.4, Eqoat2.5 is obtained:

[B]
2= srmrg © Bl = Ko ((RF-[T) = [B)-[Ag]  (25)

Further, Equation 2.5 can be transformed into Eqn&t.6:

B [Ag]

= IRFM (2.6)

=1

By plotting the relative binding of antigen, B/Ts a function of increasing antigen
concentration, B/T will approximate the plateauuealIRF, if [Ag]>>1/K,. Thus, to give an
accurate determination of the IRF value, it is regglthat the free antigen concentration is
much higher than 1/K This can be used to give an estimate of IRF, ianithe principle
behind the one-point-analysis used by Algeta to@lse Section 1.2 "Antigen Binding
Capacity"). In this method, a high cell concentmatis used to ensure antigen excess and a
free antigen concentration much higher than,1A6 approximate value of IRF, in this report
denoted IRF*, can then be determined as the pexgerdound antibody in this single sample.

Often the K is unknown for the system in question, thus makimtfficult to choose
a proper antigen concentration. It has also be #wanfor weakly binding antibodies {k
10" - 16 M™), it may be difficult to achieve the necessaryigem concentration with cells
having a realistic surface density of antigen. &ample, if k= 1 M™* and it is assumed
that there are 1 million binding sites per cellgcadl concentration of 100 million cells/mL
would be required to come within 5% of the trueueabf IRF®Y! Therefore, an extrapolation
to approach the condition of infinite antigen excesuld give a more correct measurement. A
linear relationship between T/B and 1/[Ag] can bersin Equation 2.7, which is the inverse
of Equation 2.6:

%:—-I-— (2.7)
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A double inverse plot of the graph made by Equefiad, T/B as a function of 1/[Ag],
will yield a straight line. The origin of the abssa will represent infinite antigen excess
(1/[Ag]=0), and the corresponding value of T/B vk equal to 1/IRF. Thus, by plotting the
data according to Equation 2.7 and extrapolatifigead straight line to its intercept with the
y-axis, the fraction of immunoreactive antibodydetermined as the inverse of the intercept

value.

In the Lindmo assays of this project, the coeffitief determination, & will be an
important parameter to indicate how good the regpesmodel in Equation 2.7 fit the
experimental data. Rs defined as the proportion of the total variatibat is explained by the

linear regression of y on X, in this case of B/T1djf\g]./*?

2.4.2 Scatchard analysis

In 1949 Scatchard developed a method of usingeadiplot of equilibrium binding
values to calculate Xand the number of binding sites in the systéhirhis method will be
used in this project to estimate the number ofgantibinding sites per cell or bead and to
compare the apparent association constants fammd TCs to their antigens. The equations
describing the binding model used in the Scatclsaralysis can be derived from Equation
2.4.

By renaming the concentration of free, unboundbaxly to [F] for this purpose, and
by introducing that free antigen concentration ¢gjtize total concentration of antigen in the

system, [Aght, minus [B], Equation 2.4 can be rewritten to Eqprap.8:

[B]
Ka = 2.8
? [Fl-([Agltor—[B]) (28)

Equation 2.8 can again be rewritten to Equation 2.9

% =Ky [Ag]tot — K, + [B] (2.9)
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A plot of the ratio between bound and free antihd8l/F, against [B] will yield a
straight line with the slope -KFrom Equation 2.9 it can be seen that when B/Bw®yalue
of [B] will be equal to [Aglt Thus, by extrapolating a fitted straight linetloé plot of B/F
against [B] to its intercept with the x-axis, theresponding value of [B] will be equal to the
total antigen concentration in the system. Frors thalue, the number of antigens and the

corresponding number of receptor sites per cddlead can be calculated.

2.4.3 Assumptions of the binding models

The models described by Equation 2.3 to 2.9 reptesany simplifications of the

normal situation. These assumptions are niite:

* Both antigen and antibody are homogenous

» [Each antigen represents only one epitope for bghdin

* The antibody has a single binding site that recagonly one epitope

* Binding is uniform with no positive or negativeadteric effects (the binding of
one antibody binding site will not influence theding of another site)

» There are no nonspecific binding, such as to tHiswéthe reaction tube

The last assumption can in some cases represegtearbr, and should be taken into
account. The fraction of nonspecific binding whktefore be measured and subtracted from
measured binding in all binding assays in this gubjAlthough it is impossible for all the
other assumptions to be completely met in practive,Equations 2.6, 2.7 and 2.9 provide

useful theoretical models for the binding assagslus this project.
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2.5 Microbead technology

As described introductorily, the main objective tbfs project is to develop a new
immunoreactivity assay that is independent of cdlisthis section the basis of the new
method, microbeads, will be presented. Furtherbib&nylation of antigens for the purpose

to coat them to the beads will be described.

The microbeads used in this project are Dynatfe&dsn Invitrogen Dynal. These
were developed after professor John Ugelstad i® B¥@naged to create uniform polystyrene
spherical beads of exactly the same size at thevéipan Institute of Technology (NTH;
today the Norwegian University of Science and Tedbgy (NTNU))!*¥! Professor Ugelstad
and his colleagues made these beads superparamagresining that they are only magnetic
in a magnetic field. Due to this property, the l@dn easily be resuspended when the
magnetic field is removed. This innovation can Bedufor many applications, among others

cell isolation, immunoassays, protein or nucleid éolation, and chromatograpf}.

Microbeads might have many advantages comparedll® in analyzing the binding
properties of radiolabeled antibodies. The micrdiseare uniform and monodispersed, and
should thus significantly reduce the variabilitydancrease the reproducibility compared to
cells. Microscope pictures of Dynabeads and SKQX&ian cancer cells used in this project
are given in Figure 2.8. When working with livinglls, care has to be taken to keep the cells
alive. This is not a problem with the beads. In o, it is easy to obtain uniform
conjugation of antigen to the beads because biguata®f particles can be processed at the
same time. The beads used in this project are @ 8nudiameter, and are thus considerably
smaller than the SKOV-3 cells with an average dtemef 14 pni®

The beads used in this project are pre-coated stitptavidin, and can thus bind
biotinylated antigen to simulate the antigen-exgires tumor cells. Streptavidin, a biotin-
binding protein isolated from the culture mediumSifeptomyces avidiniis a tetrameric
nonglycosylated analog of avidin with a moleculaight of about 60 kDa. Streptavidin is a
part of the avidin family of proteins including dun and the avidin-like molecules;
streptavidin, deglycosylated avidin, and Neutralatédin®® Like avidin, each molecule of
streptavidin can bind four molecules of biotin, lwian association constant that is the

strongest known biological interaction betweeligand and a protein ¢ 1.3 x 16° M™).[¢7]
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a)A magnified picture of cells from the ovarian can8&0OV-3 cell-line’®® b) A
magpnified picture of Dynabeads (2.8 pm in diamaised in this proje¢t” The
uniformity of the beads are thought to lead twréased reproducibility compared to the
heterogenic cells. The proportions between eeltt bead sizes are not reflected by

these pictures.

Figure 2.8:

2.5.1 Biotinylation of antigen

Biotin is a small, hydrophobic molecule, which isegent in all living cells. Its
structure is shown in Figure 2.9. The addition né ¢X) or two (XX) aminohexanoic acid
"spacers” to the carboxyl group of biotin (see FégR.10) greatly enhances the efficiency of

formation of the complex between the biotinylatedt@in and streptavidii®!

Figure 2.9:  Structure of biotin.
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The simplest and most common biotinylation methotbilabel the amino groups of
lysine residues on the protein with a succinimidgter conjugated to biotif! The biotin
used in this project contains two spacers and thecisimidyl ester sulfo-N-
hydroxysuccinimide (sulfo-NHS). The structure offgtNHS-XX-biotin and reaction scheme

for biotinylation is illustrated in Figure 2.10.
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Figure 2.10: Structure of sulfo-NHS-XX-biotin and the reactiasheme of protein
biotinylationt™

The 4'-hydroxyazo-benzene-2-carboxylic acid (HAB&jdin reaction can be used to
determine the degree of biotinylation. The dye HAB#eracts with avidin yielding a
complex with absorption maximum at 500 nm. Biobegcause of its higher affinity to avidin,
displaces HABA, causing a decrease in absorban66ahm proportional to the amount of
biotin present in the assgﬁl. This is illustrated in Figure 2.11. The absomt&pectra of
HABA and avidin-HABA are given in Figure 2.12.
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Figure 2.11: The principles of the HABA-Avidin reaction in @eimination of degree of
biotinylation. Biotin binds to Avidin with a greex affinity than HABA, and will thus
decrease the absorbance resulting from HABA baaridin ™
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Figure 2.12: The absorption spectra of HABA (A) and the avidiABA complex (B) with
absorption maxima of 348 nm and 500 nm, respelgti{?’

Due to limitations of the equipment used for abaade measurements in this project,
the absorption will be measured at 492 nm instdaat 600 nm. As seen in Figure 2.12, the
absorption measured at 492 nm should give a goptbrimation to the absorbance at 500
nm. The equations used to determine the degre@tifydation are derived in Section 3.3.1

“Determination of the degree of biotinylation”.
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3 Materials and Methods

All experiments performed in this project were diszl following the rules and

guidelines stated by the Norwegian Radiation PtimtecAuthority (NRPAY“, as well as
Algeta’'s own safety guidelines. The antibody-cluelabnjugates used in the experiments are
named after the naming system used by Algeta. D@edonfidential agreement, Chelator03,
Antibody03, the antigen targeted by Antibody03 @3)) and the cells expressing this
antigen cannot be given by structure or name sréport.

The first section gives an overview of the materiahd equipment used in the
experiments. The following sections describe expental procedures of the different
methods used in this project. First, the prepanatifor the binding assays are described,
including radiolabeling witf*’Th to produce RICs, biotinylation of antigen, artigcoating

of beads and cell preparation.

Secondly, the three binding assays one-point-, hmdand Scatchard analyses are
described. It is chosen to describe the three rdififteassays together, as their experimental
procedures are very similar. Where the procedufierdj the description is divided into
sections for the different assays. The procedurédsedbinding assays with cells and beads are

the same.

3.1 Materials and equipment

The main materials used to set up the differentibon assays, including the RICs,
antibodies, their antigen-targets, cells expressintigens and beads conjugated with these
antigens, are given in Table 3.1. All other chensi@and solutions are given in Table 3.2 and

the equipment used in the experiments is giverainld 3.3.
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Table 3.1:

An overview over the main materials used to gethe different binding assays.

Abbreviation

Full name

Description/

Provider/

Properties Catalogue number
Roche
Trastuzumab _ (Welwyn Garden City,
AbO1 (Herceptirf) 10 mg/mL, M, = 148 kDa UK)
Cat# 57 34 77
, . _ _ External partner of
AbO3 confidentialMoAb 10 mg/mL, M, = 147 kDa Algeta ASA
AbO1-chelator 10 mg/mL in 0.9% Nacl,
conjugate; conjugation ratio (A:C) = 1:0.37|, Algeta ASA
ACO0103 confidential frozen vials of 100 pL. (Oslo, Norway)
chelator M., ~ 148 kDa
10 mg/mL, conjugation ratio
AbO03-chelator (A:C) = 1:0.26, frozen vials of Algeta ASA
ACO0303 conjugate 100 pL. (Oslo, Norway)
M, ~ 147 kDa
The extracellular domain of
. .| human HER-2 fused with the F¢
Antigen for ABOL: region of human IgG1 at the C-| Sino Biological Inc.
Ag(01) Recombinant terminus. Homodimeric (Beijing, Kina)
J puman HER-2/Fe Cat# 10004-HO2H
' 0.72 mg/mL in PBS,pH 7.5, M
=192 kDa for dimer
Human antigen for| 0.5 mg/mL, monomer, ly= 86.5| External partner of
Ag(03) AbO03: confidential | kDa Algeta ASA
Cells cultivated at 37°C with 5%
CQO, atmosphera cell medium
SKOV-3; human | with 10% FBS and 1% Algeta ASA
Ag(01) HER-2 expressing | penicillin/streptavidin. Fixated 9

expressing cells

ovarian cancer cell

swith 2 % paraformaldehyd.
Frozen in vials of 10 million
cells/mL

(Oslo, Norway)

Ag(03)
expressing cells

Human cells
expressing Ag(03):
Confidential cell
line

Cells cultivated at 37°C with 59
CO, atmosphera cell medium
with 10% FBS, 1% non-essenti
amino acid, 1% NaPyr and 1%
Geneticin

D

al

Freshly provided by
Algeta ASA
(Oslo, Norway)

Magnetic beads

Dynabead$ M-270
Streptavidin

10 mg (= 6-7 x 1%) beads/mL in
PBS pH 7.4

Invitrogen Dynal AS
(Oslo, Norway)
(Cat# 653.06)

227—I—h

227-Thorium

In 0.5 M HCI, varying activities
(MBq)

Freshly provided by
Algeta ASA
(Oslo, Norway)
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Table 3.2:

Chemicals and solutions used in the experiments.

o Full name Description/ Provider/
Abbreviation Properties Catalogue number
Sigma Aldrich Co. (St.
BSA Albumin from bovine serum |  Solid powder Louis, MO, USA)
Cat# A3294
Biotin-XX; 6-((6-
((biotinoyl)amino) Invitrogen by Life
o hexanoyl)-amino) _ Technologies
Biotin hexanoicacid, M.,=669.7 Da (Oslo, Norway)
sulfosuccinimidyl ester, Cat# B-6352
sodium salt
Sigma Aldrich Chemie
. , : GmbH (Steinheim
0 1
DMSO Dimethyl sulfoxide Biotech. grade, 99.8% Germany)
Cat# 494429
Sigma Aldrich Chemie
Diethylenetriaminepentaacetic o GmbH (Steinheim,
DTPA acid =99.0% Germany)
Cat# F32319
4'-hydroxyazo-benzene-2- . : Sigma Aldrich Co. (St.
HABA/Avidin | carboxylic acid EeLc&rllzs_ﬂtu(t)ed with 10 Louis, MO, USA)
(HABA)/Avidin reagent 2 Cat# H-2153
Sigma Aldrich Chemie
GmbH (Steinheim,
ME-H ,O FlukaTraceSELECT® Metal free water Germany)
Cat# 95305
. . Anhydrous, Molecular Merck KGaA
NaOAc Sodium acetate trihydrate : ' (Darmstadt, Germany
Biology Grade Cat# 567418
H + 2+
Phosphate buffered saline \slyg:;lzufﬁlgaétégﬂ%efore Biochrome AG (Berlin,
PBS solution Germany) Cat# L1825
each use
Sigma Aldrich Co. (St.
Tween20 TWEEN® 20 (Polyethylene Viscous liquid Louis, MO, USA)

glycol sorbitan monolaurate)

Cat# P9416
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Table 3.3:

Equipment used in the experiments.

Description/ Provider/
Abbreviation Full name Properties Catalogue or serial
number
Amicon Ultra-0.5 Millipore
Centrifugal Filter Unit
Amicon 10K . i 0.5 mL, 10 kDa MWCO (Cork, Ireland)
with Ditracel-10 Cat# UFC801024
Amicon Ultra-4 Millipore
Centrifugal Filter Unit
Amicon 30K . i 4 mL, 30 kDa MWCO (Cork, Ireland)
with Ditracel-30 Cat# UFC803024
Centrifuge Centrifuge 5810R For 15 or 50 mL tubes Eppendorf AG Seriali
g 04296
, , Eppendorf AG Serial#
Centrifuge Centrifuge5424 For 1.5 or 2 mL tubes 000 4681
GEM(15) High-Purity Used with the software ORTEC

HPGe detector

Germanium detector

GammaVision-32, version
6.01

Serial# 41-TP11566B

Magnetic rack

DynaMag™-2 magnet
particle concentrator

Magnetic separation in
small sample volumes (1.5
or 2 mL tubes)

Invitrogen Dynal AS
(Oslo, Norway)
Cat# 123.21D

Microplate EnVision™ 2103 Equipped with a 492 nm Perkin Elmer
reader Multilabel Reader optical filter Serial# 1030322
Nal- Scintillation X\{Jlfc?rrr?aég?amma Useq with the §oftware .Perkin Elmer
counter MultiCalc version 2.7 Serial# WL60PGH2J
Counter
Separate molecules in GE Healthcare
NAP-5 column | NAP™-5 column solution according to their | (Buckinghamshire, UK)

molecular weight

Cat# 17-0853-02

Thermomixer

Eppendorf comfort

For 1.5 or 2 mL tubes

Eppendorf AG Serial#
5355-30322

96-well microtiter
plate

ViewPlaté-96 TC

White, 96-well, sterile, with
lids

Perking Elmer
(Waltham, MA, USA)
Cat# 6005181

30




3.2 Radiolabeling of antibody-chelator conjugate

The radiolabeling of the antibody-chelator conjegafC0103 or AC0303 was
performed the same day, or the day before thetheguiadiolabeled immunoconjugate was
used in an experiment. A purification of the radhmling product was performed right before

use. A flow diagram of the radiolabeling and peation procedure is given in Figure 3.1.

One vial of AC0103 or AC0303 (100 pL, 10 mg/mL i® 8% NaCl) was thawed and
diluted with 100 pL sodium acetate (NaOAc) buffers(M, pH 5.5, sterile filtrated (s.f.)).
22'Th (~1 MBq; 1-5 pL depending on activity) was addecthe solution, and the reaction
mixture was incubated for 60 minutes at 37°C witaking (750 rpm, 10 s intervals).

The radiolabeled product was separated from & using a NAP-5 column that
separates molecules in solution according to thefecular weight. The high molecular
weight (HMW) fraction will pass through the colunmaterial, while the low molecular
weight (LMW) fraction will retain in the column. Bhcolumn was conditioned with 10 mL of
the NaOAc buffer prior to the purification. 10 plethylenetriamine-pentaacetic acid (DTPA)
(saturated solution in MF-@, s.f.) was added to the product prior to theffpation in order
to bind any freé?Th, and was allowed to react 5 minutes at room &atpre. The product-
DTPA mixture was added to the column together wittolume of NaOAc according to the
column description (see Appendix A). The eluteddwmlume was collected in a tube. A new
volume NaOAc buffer was added to the column acogrdo the column description (see
Appendix A), and the elute, the purified HMW radibéled product, was collected in a new

tube. Any LMW fre€*Th was retained in the column.

The activity (A, MBq) of void (V), HMW fraction andlMW fraction was measured
by the HPGe-detectof{Th-library, 7 cm calibration, 60-120 s), and thelgiwas calculated
by Equation 3.1:

A(HMW)

Yield = AHMW) +A(LMW)+A(V)

-100% (3.1)

31



Radiolabeling:

.1'

] HalAc buffer
LI 100 pL
VY

100 pL AC-conjugate

P ]
|

I 227Th (-1 MBq)
|

200 pL

Incubation 60 min, 37°C

Purification: W

DTPA, 10 pL @
! )

S NaOAc NaDAc
buffer buffer

S &

Measurement of activity:

0

) Loy

v v
v L\\/h\/\ujx
@

Flow diagram illustrating the radiolabeling of dtily-chelator conjugate wifi’Th
and purification of the radiolabeled product.
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3.3 Biotinylation of antigen

The antigens Ag(01) and Ag(03) were biotinylateaider to coat these antigens onto
the surface of the beads. The beads were pre-cuodtiedtreptavidin by the provider, which
further binds biotin with high affinity.

A volume of the original antigen solution (0.7205 mg/mL) corresponding to 1 mg
antigen was up-concentrated by centrifugation (322010 min) in Amicon 30K filter. The
retentate was diluted to 100 pL with PBS, resulim@ 10 mg/mL antigen concentration.
25 uL biotin solution (10 mg/mL in DMSO) was adde&al the antigen solution. This
corresponds to a 74:1 and 37:1 excess of biotinpeoed to the Ag(01) dimer and Ag(03)
monomer, respectively. The biotinylation mixturetwAg(01) was incubated for 60 minutes
and with Ag(03) for 30 min. Ag(03) was incubated $borter time and with a lower excess of
biotin due to instructions in the biotinylation pwool from the provider. Both biotinylations

were performed at room temperature with shakin@ ¢pm, 10 s intervals).

Non-conjugated biotin was removed from the reacsiolution using an Amicon 10K
filter. The biotin-antigen solution was centrifugé? 000 rcf, 10 min), before the retentate
was washed in the filter twice with PBS (2 x 500, 14 000 rcf, 10 min). The filter was
turned upside down onto a new vial and centrifud®®o0 rcf, 2 min) followed by a washing-
step with PBS (300 pL, 1000 rcf, 2 min). A flow giam of the procedure for removal of free
biotin is given in Figure 3.2. The resulting bigfisted antigen solution was diluted to 2

mg/mL with PBS aliquoted and frozen.

Biotin-BSA

=

1} Centrifuge

[

14 000 ref, 10 min

—

2 ¥ wash

Biaotinylated antigen Free Biotin
+ free biotin FBs

Centrifuge
=t 1000 ref, 10 min T

1xwash

Biotinylated antigen Biotinylated antigen

Figure 3.2: Removal of free Biotin from biotinylated antrgasing an Amicon filter.
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3.3.1 Determination of the degree of biotinylation

To determine the degree of biotinylation, the HAB®itin system was used!
180 pL of the HABA/Avidin solution was added to &liMn a 96-well microtiter plate. The
absorbance of the solution was measured by theoplate reader at 492 nm and recorded as
A9, (HABA/Avidin). 20 pL of the biotinylated antigen was added te well containing
HABA/Avidin, and the solution was mixed thoroughly pipetting up and down several
times. The absorbance of the solution was measairéé2 nm and recorded Agy, (HABA/
Avidin/Biotin).

The degree of biotinylation was calculated as ntadtin per mole protein, based on

the Beer Lambert Law (Equation 3.2);

Agoz = €492 b C (3.2)

where Ay is the absorbance of the sample at 492@#ajs the extinction coefficient at 492
nm, b is the cell path length, and C is the conmegion of the sample. For a standard 96-well
plate and the volumes used in this procedure, b5=ct!™ For HABA/Avidin samples at
492 nm,e = 34000 Micm*.l”® First, the difference in absorbance before and afiition of

Biotin to the HABA/Avidin solution was calculated Equation 3.3.

A correction factor to adjust for the dilution dfet mixture by the biotinylated protein sample
is not required because the dilution effect is dyaaffset by the increased height and light
path length of solution in the wéfP! The concentration of biotin, «gin, in the reaction

mixture can then be calculated by Equation 3.4ctvis a modification of Equation 3.2.
Chiotin = AAsg,/(34000 M~1cm™1- 0.5 cm) (3.4)

The molar ratio between biotin and biotinylatedtpno can be calculated by Equation 3.5.
mole biotin : mole protein = (Cyjotin - dilution factor)/Cprotein (3.5)

The biotinylated protein was diluted a 10-fold lre reaction mixture, giving a dilution factor
of 10. Gyoteinis the concentration of biotinylated protein ie thriginal sample.
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3.4 Preparation of cells

For the cell-based binding assays, a cell soluivas prepared freshly right before
each experiment. The number of cells and cell aatnaton of this solution was adjusted to
the assay it was going to be used for. The celtentnation had to be high enough to avoid
that the sample of highest cell number in the assageded 200 puL. For example, if this
sample was going to contain 10 million cells, aprapriate cell concentration would be: 10
mill cells/200 pL = 50 000 cells/uL.

For experiments where the binding capacity’6fh-AC0103 was examined, fixated
Ag(01)-expressing cells were used. For experimavita *’Th-AC0303, living Ag(03)-

expressing cells were used.

3.4.1 Preparation of Ag(01)-expressing cells

*« The desired amount of fixated SKOV-3 cells wereniheh

* The cells were washed in PBS, centrifuged (300 5ctnin) and the PBS was

decanted away from the cell pellet.

» The cell pellet was resuspended in PBS to theetksill concentration.

3.4.2 Preparation of Ag(03)-expressing cells

* The desired amount of Ag(03)-expressing cells weovided in cell medium and
kept at 4°C.

e The cells were centrifuged (300 rcf, 5 min) rigleffdre the start of the experiment,

and the cell medium was removed from the cell péljedecantation.

e« The cells were washed in PBS, centrifuged (300 5ctnin) and the PBS was

decanted away from the cell-pellet.

* The cell pellet was resuspended in PBS with 1%uwodazide to the desired cell
concentration. Sodium azide was used to preveetnatization of antigen-receptors

during the experiment.
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3.5 Preparation of beads

A bead-solution was prepared freshly before easddibased binding assay. This
included antigen coating of the beads and preparaif a bead solution with appropriate
number of beads and bead-concentration. For expatsmwhere the binding capacity of
22'Th-AC0103 was examined, the beads were coated Agi{91). For experiments with
22'Th-AC0303, beads were coated with Ag(03). The amsgwere in advance biotinylated as
described in Section 3.3 "Biotinylation of antigeihe beads were always coated with 10 pg

biotinylated antigen per mg beads.

The number of beads and bead concentration osthigion was adjusted to the assay
it was going to be used for. The bead concentratemhto be high enough to avoid that the
sample of highest cell number in the assay exce2d@qiL. The provider informed that there
were 60 to 70 million beads per mg beads in thgiral batch. The approximation 65 million

beads per mg was used to calculate the amountdfsheeded from the original vial.

A solution of antigen-coated beads was preparetiéyollowing steps:

* A volume V corresponding to the desired numberbedds was taken out from the

original vial.

« The beads were washed three times with PBS contahil% Tween20 according to

the user manu&f®
e The beads were resuspended in a 3xV volume of RBEMWL% Tween20.
e 10 pg biotinylated Ag(01) or Ag(03) was added perlmeads in the solution.

* The bead-biotinylated antigen mixture was incubafed 30 minutes at room
temperature with shaking (750 rpm, 10 s intervals).

« The mixture was washed three times as describeceadbaemove unbound antigen.

* The antigen-coated beads were resuspended in RB&rdag 0.1% Tween20 and 1%
BSA to the desired bead concentration. BSA was tsguaevent nonspecific binding
of the RICs to the beads.
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3.6 Binding assays

Three different types of binding assays were peréat in this project; one-point
analysis, Lindmo analysis and Scatchard analysisall of these assays, both antigen-
expressing cells and antigen-coated beads weretasedmine the antigen binding capacity
of #"Th-AC0103 and®*’Th-AC0303. In all of the experiments, nonspecifinding was
measured and corrected for in the analysis of data.

In the Lindmo assay, samples containing differemhbers of cells or beads were used
to examine binding of RIC at different antigen cemications. IRF was determined from the
results. In the one-point analysis, a predetermimachber of cells or beads giving antigen
excess were used to measure IRF*. A constant anaduRIC was added to each sample of
these two assays. For the Scatchard experimenplsarof a constant number of cells or
beads, and thus constant amount of antigen, wegaped. Increasing concentrations of RIC
were added to the different samples, agé@ikd antigen expression on the cells or beads could

be determined from the binding data.

3.6.1 Procedure

The procedures for sample preparation and bindiagsarements were basically the
same for all three binding assays. It was alsostree for cells and beads. The differences
between the methods are the amounts of cells aadsha each sample, the amount of RIC,
the solvent and the incubation times and temperaturhese differences are summarized in
Table 3.4, and this table will be referred to salvdémmes during the description of the
procedure. A flow diagram of the procedure is giwerFigure 3.3. The procedure can be
described by the 11 following steps:

1. A cell- or bead solution was prepared with the rgitgi cell- or bead concentration as
described in Section 3.4 or 3.5, respectively.

2. A number of samples were prepared with the numberells or beads specified in
Table 3.4. One control sample was prepared with rmnber of cells or beads

specified in the same table.
3. All samples were diluted with the solvent givenTiable 3.4 to a volume of 200 pL.

4. The control sample was added 10 pL (=100 pg) aobady specific for the antigen on

the cells or beads in the sample. The rest ofdhges were added 10 pL solvent.
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5. The control sample was blocked with shaking (750,rf0 s intervals) for the time
and at the temperature stated in Table 3.4. Ther slimples were incubated together

with the control sample.

6. RIC was added by the following procedures, dependmthe type of assay:

a) One-point- and Lindmo-analysis:

The radioactivity (A) of a small amount of RIC {8 uL) was measured with
Nal-scintillation counter (Thorium-program, 1 mi@nd the sample was diluted
in order to obtain A~100 cpm/puL. 5 pL (=500 cprh}hee dilution was added to

each sample, including the blocked sample.
b) Scatchard-analysis:

A 1:4 dilution series of the RIC was made, stgrtat 3 pmol (starting at 7 pmol
for Ag(01)-expressing cells). The result was 4fedént dilutions with

concentrations from 0.05-3 pmol (0.1-7 pmol). 10qf each dilution was added
to 5 samples of equal antigen concentration, tiegulin a decreasing

concentration of RIC in each sample.

7. All samples were incubated with shaking (750 rpfhslintervals) for the time and at

the temperature specified in Table 3.4.
8. Solvent was added to each sample up to 1000 pL.

9. Cell-samples were centrifuged (300 rcf, 5 min) dedd-samples were placed on the

magnetic rack.

10.500 pL of the supernatant in each sample was &aesf to new vials, labeled S. The
original vials, containing cell or bead pellet amalf of the supernatant, were labeled
P.

11.Radioactivity was measured in all samples using Med-scintillation counter

(Thorium program, 5 min per sample).
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Table 3.4: Overview of samples for the different analysestdairthe binding assays that differ
between cells or beads are also described here.
Experiment/ Cells Beads
Part of experiment RIC
P Ag(01) | Ag(03) | Ag(01) | Ag(03)
One-point analysis
1 mill 50 mill 15 mill 15 mill ~500 cpm
1 sample
Lindmo analysis 10 000- | 5 mill- 25 000- | 50 000-
. : : . ~500 cpm
6-10 samples 5 mill 75 mill 25 mill 25 mill
Scatchard analysis 0.05-3 pmol
500 00G | 5 mill 10 mill 10 mill
4 samples (0.1-7 pmaf)
One-point/
Control sample 1 mill 50 mill 15 mill 15 mill Lindmo:
1 sample for every ~500 cpm
experiment 10 pL 10 pL 10 pL 10 pL
P AbO1l | AbO1 AbO3 AbO03 Scatchard:
0.2 pmol
0,
s
0, (o)
Added up to 200 pL azide 1% BSA | 1% BSA
Blocking 30 min 30 min 30 min 30 min
Before addition of RIC| 37°C 4°C 37°C 37°C
I ncubation 2.5h 4.0 h 2.5h 25h
After addition of RIC 37°C 4°C 37°C 37°C

*The Scatchard experiment with Ag(01) expressiny eetre added 0.1-7 pm©i Th-AC0103
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cell- or bead-
suspensions {iﬁ_\

o, N 10 L PBS
unlabeled MoAD |

!'Ll,ll I'ut_‘__l
200 uL 200 L

Additiﬂn of radiclabeled
AC-conjugate: Blocking, 30 min

a) Limdmo- and one-point analyses:

500 cpm (in 5-10 pL) of Z7Th-AC \l \1

b} Scatchard analysis:
Different concentrations (in 10 uL)
from a serial dilution of Z°Th-AC \. ]

Incubation

| [BL]

\/ \/
\/ @ Lol
—»1000 UL —1000 pL

Centrifugation ! magnetic separation

112 supernatant 1/2 supernatant

Measurement ]'S P_‘ @ ‘;’

of activity P - - - -

(BL and UBL) I'l,k J.'r I'-.Ld__;,,a Cell- or bead- _____L 'ﬁ J.-'
EEII:IHLJL EDE; uL e EUEHL 506 WL

Figure 3.3: The general procedure for measuring binding. 8heunt of radiolabeled antibody
added to the samples differsanthe Lindmo- or one-point-analyses andhe
Scatchard analysis. BL = Blocked sample, UBL bldoked sample??’Th-AC =
Antibody-chelator conjugate labeled withiTh.
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3.7 Analysis of binding data

From the binding measurements made as describdtkiprevious section, the data
were analyzed in different ways depending on tmel laf analyses performed. Common for
all analyses was the calculation of fraction bo&i@. This property was calculated for each

sample by Equation 3.6;

(B/T)" = [(Ap — As)/(Ap + As)] - 100% (3.6)

where A is measured activity in the sample with cell or dbgzellet and half of the
supernatant and Ais measured activity in the sample containing ludlthe supernatant.
(B/T)* is total bound RIC, including nonspecificniing. To determine the nonspecific
binding fraction, B/E., the same calculation was made for the blockedpkgngiven in
Equation 3.7;

B/Tgr, = [(AppL — AspL)/(AppL + AspL)] - 100% (3.7)

Then, specific binding, B/T, could be determinedsiptracting B/, from (B/T)* as given
in Equation 3.8;

B/T = (B/T)" —B/Tg, (3.8)

B/T of the samples of an experiment were used lithate assays, but in different
ways. In the following sections the data analysistfie one-point-, Lindmo- and Scatchard-
assays is described.

3.7.1 One-point-analysis

In the one-point-analysis, binding was measured given, high number of cells or
beads, ensuring antigen excess. The apparent inmeagtive fraction, IRF*, of this sample

equals the fraction of specific bound RIC, B/Tthis sample.
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3.7.2 Lindmo analysis

In the Lindmo assay, only one control sample watuged, and used to correct for
nonspecific binding in all the samples. B/T wasuakdted for the samples of different cell or
bead numbers and plotted against cell or bead nuriidgh the appropriate cell or bead
numbers, the resulting binding plot should give mosth, increasing curve, reaching a
plateau. A double inverse plot, a Lindmo plot, e made. The Lindmo plot should ideally
fit a straight, increasing line. An illustration afbinding- and Lindmo plot is given in Figure
3.4.

a) b)
Limited Ag
EXCESS

T/B

Unlimited Ag 1/IRF + ~

exiess

—_—
e

Number of cells 1/Number of cells

Figure 3.4: An illustration of the data analysis in a Lindm@exment,a) a binding plot where
IRF* can be determined from the plateluA double inverse plot of the binding plot, a
Lindmo plot, where IRF can be determined at uitdithantigen excess.

The following values were determined from the tiatg (see Figure 3.4):

* The plateau value of B/T in the binding plot equd®$*. Each sample that had
reached the plateau could be seen as an one-pwhss. Each sample having the
same cell/lbead number as the one-point analyses {able 3.4), was included as a

one-point analysis.

* A fitted straight line was made for the Lindmo plof inserting a linear trendline
Excel. IRF was determined as the inverse of thedistraight line's intercept with the

y-axis.

» The coefficient of determination, 2Rgives a measurement of the fit of the
experimental data to the linear regression modstrieed by Equation 2.7.
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3.7.3 Scatchard analysis

In the Scatchard assay, the ratio of bound over RKEC, B/F, was plotted against [B].
Here, B/F is calculated for each sample with déferRIC concentrations, by Equation 3.9;

BT _ BT
B/F = T/T-B/T  100%-B/T (3:9)

The plot should ideally fit a straight line. A &d straight line of the plot was made in excel.
From this, the following properties could be detiereal;

» Kjywas found as the negative of the slope of the line

* By extrapolation of the line to its intercept witie x-axis, the total number of moles

antigen, Ry, Was determined as the intercept value.

» The number of antigens,sj per cell or bead unit could then be calculatedwasber
of antigens per unit by Equation 3.10. Herg,idlthe Avrogado constant (6.0220°

mol™®) and Nyitis the number of units per sample;

NAg/unit = Nagtot * Na / Nunits (3.10)

An illustration of a Scatchard plot with values ttltzan be determined from it is given in
Figure 3.5.

B/F
Slope =-K4

" . Max bound

RIC bound [mol]

Figure 3.5: An illustration of the data analysis in a Scatchexgeriment. The ratio of bound over
free RIC is plotted against moles of RIC boungaKd the maximum amount of RIC
that can bind can be determined from the grapdmFMnaximum bound RIC, the
amount of antigen in the system can be calculated
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4 Results

This chapter gives a summary of the results froms pinoject. First, the results from
the preparation of RICs and the biotinylation ofigens are presented. Secondly, the results
from the Scatchard analysis are given. By the ®eattplot, the binding affinities 6f ‘Th-
AC0103 and®*Th-AC0303 to their target antigens on cells anddbeaere determined. In
addition, the antigen expression on cells and b&adsfound from this plot. These results
form the basis for, and substantiate, the resutimmfthe main part of this project; the

immunoreactivity measurements.

The results from the different methods measuringnimoreactivity are presented at
the end of this chapter. The one-point analysis wgasl for determination of immunoreactive
fraction at limited antigen excess, IRF*. The Limgnassay was used to determine
immunoreactive fraction at unlimited antigen excd®&¥. First, the results from initial
experiments, performed to develop the cell- andidmsed assays are given. Secondly, the
results from several experiments with the developelt and bead-based assays are given.
22'Th-AC0103 was used to develop and evaluate theadsttwhile?’’ Th-AC0303 was used
as a second RIC with different binding propert@svtaluate the applicability of the methods.

Only a summary of the most important results is@néed in this chapter. All results
can be found in Appendices B - I. All raw data usegroduce these results, together with

calculation examples, are also included in the agiges.

4.1 Preparation of RICs and biotinylated antigens

The RICs were freshly prepared before every exparimand only used the same day
or the day after radiolabeling. The biotinylatedigens were used to coat the beads for the
bead-based binding assays. Successful prepardtibese materials was thus a presumption
for successful results in the binding assays. I first section, the yields and specific
activities of the RICs resulting after radiolabgliand purification are presented. In the
second section, the degrees of biotinylation fer biotinylated antigens Ag(01) and Ag(03)

are presented.
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4.1.1 Yield and specific activity after radiolabelng

ACO0103 was used to develop and assess the bindgays thus it was labeled with
22'Th for a total of 12 times. AC0303, being a contbthe applicability of the methods, was
labeled twice. The resulting TTCs were purified ietiately after the radiolabeling, and the
calculated vyield after this first purification resents the fraction of Th bound by the
chelator. A second purification was performed & tadiolabeled conjugate was used the day
after radiolabeling. The yield from this secondification may give a measurement of how
stable the product from the radiolabeling is. Theldg and specific activities for all
radiolabeled samples, together with raw data frieenatctivity measurements and calculations,
are given in Appendix B. A summary of the resufigjiven in Table 4.1. The ranges of the
yields in Table 4.1 are within the normal and atabkle range stated by Algeta.

Table 4.1:  Summary of the results after radiolabeling of aodischelator-conjugates (AC) with
*2Th. Average values + S.D. are given. n = numbeaxpieriments performed

Measurements ?#'Th-AC0103 ?#'Th-AC0303
Yield after first purification [%] 95 £ 2 (n=12) 902 (n=2)
Recovery after second purification [%] 96 = 2 (n=9) 92 £5 (n=2)
Specific activity [Bg/ug] 500 - 1000 Bg/ug
Radiolabeling ratio’¢'Th:AC) ~1:2000

%Calculated from the average specific activity 0® Bg/ug

4.1.2 Degree of biotinylation

Each of the antigens Ag(01) and Ag(03) were bidéited once, and the resulting
batches of biotinylated antigen were used througtiaiproject. The degrees of biotinylation
for these antigens were determined as describ8edtion 3.3.1 "Determination of the degree

of biotinylation". The results were as follows:
* mole biotin : mole Ag(01)=11.4:1

* mole biotin : mole Ag(03)= 3.6:1

The raw data from the absorbance measuremen&thtrgvith calculations, are given

in Appendix C. The calculated values are for th€0Ay dimer and Ag(03) monomer.
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4.2 Scatchard analysis

A Scatchard binding assay was performed*f6Fh-AC0103 with Ag(01)-expressing
cells and Ag(01)-coated beads, and f6fTh-AC0303 with Ag(03)-expressing cells and
Ag(03)-coated beads. The different cells and beeel® expected to have different antigen
expressions. It was desirable to add the samessefiRIC concentrations to the samples of
the different binding systems. Therefore, samptestiie four different systems contained
different numbers of cells or beads, based on theected binding capacities (see Table 4.2).

The resulting Scatchard plot is given in Figure 4.1

91 # Ag(01)-
expressing cells

@ Ag(03)-
expressing cells

@ Ag(01)-

B/F coated beads

® Ag(03)-
coated beads

0 T T T 1
0.0E+00 5.0E-13 1.0E-12 1.5E-12 2.0E-12
RIC bound [mol]

Figure 4.1: Scatchard plot fothe four different binding systems used in thiggeb The ratio of
bound to free RIC is plotted against moles of BéQnd.

The colors and shapes of the plotted points inréigul represent different RICs and
antigen expressing units. This is illustrated ie tegend of the figure, and will be used

throughout the report.

The association constants,, Kor the two RICs binding to their target antigemscells
or beads, were determined from the Scatchard ploFigure 4.1. These Kvalues are
measurements of the binding affinity of the RICdHheir target. The number of antigens per
cell or bead was determined from the same plot. détermined KK values and antigen

expressions for the different cells and beads mengn Table 4.2.
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Table 4.2:  Numbers of receptors per unit (cell or bead) ansidfues calculated from the
Scatchard plot in Figure 4.1.

Unit Number of units per | Number of antigens Ko M7
sample per unit
Ag(01)- 500 000 2310 9- 1012
expressing cell
Ag(03)- 5 000 000 3.410° 9- 101
expressing cell
Ag(01)- 10 000 000 8.110" 71042
coated bead
AY(03)- 10 000 000 9.710" 9- 101
coated bead

When the beads were coated with antigen, 10 pgpthiplated antigen was added per
mg of beads. The amount of added antigen boundhg¢obtads was calculated from the

numbers of antigens per bead (Table 4.2). Thidtezbsin the following values:
e 8.4 ug biotinylated Ag(01) bound per mg beads

e 9.0 ug biotinylated Ag(03) bound per mg beads

Raw data from activity measurements of all the dasjpequations for the fitted
straight lines in Figure 4.1 and calculation exas@re given in Appendix D.
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4.3 Initial development of the immunoreactivity asays

Initial experiments were performed withiTh-AC0103 to develop the cell- and bead-
based immunoreactivity assays in this project. ther cell-based immunoreactivity assays,
Ag(01)-expressing cells were used. The purposetwdisd the appropriate number of cells

per one-point analysis and the suitable rangelbhaenbers for the Lindmo analysis.

Ag(01)-coated beads were used for the bead-basedimoreactivity assays. These
initial experiments were performed to optimize geti-coating of the beads and to find
adequate bead-numbers for the one-point- and Lindssays. Raw data from the activity

measurements and binding plots from the initialezxpents are given in Appendix E.

4.3.1 Initial development of the cell-based immunaractivity assays

At the start of this project, the method used bget to measure IRF* was a cell-
based one-point analysis using a high number & telensure antigen excess. For Ag(01)-
expressing cells, this amount have been 10 mitlils per samplgAs a starting point and to
determine where this point lies on the curve ofiading plot, a Lindmo analysis was
performed with samples containing 1 million to 50lion cells. The resulting plot is given in
Figure 4.2a. This binding plot illustrated that $emple containing 10 million cells lies far
onto the plateau of the curve. Even the lowestragihber of 1 million cells is on this plateau,
and a characteristic binding plot was thus notiobth Therefore, a new experiment with cell
numbers from 100 000 to 1 million cells was perfednThe result is given in Figure 4.2b. As
illustrated, there appears to be a break in theecat 100 000 cells. To confirm this, a third
experiment with cell numbers in the range 10 00Q toillion was performed. The result is
given in Figure 4.2c and shows a clear decreasenoling fraction from 100 000 to 10 000

cells.

From the results in Figure 4.2, it was determirtext L million cells per sample would
be sufficient to ensure antigen excess. This ameag thus used for further one-point
analyses for*Th-AC0103 with Ag(01)-expressing cells. For the diimo analyses, it was
determined that cell numbers in the range 10 0@rtollion cells should be used to make the

characteristic binding plot and the related Lindohat.

% The cell numbers per sample are only approxiniabees, and the exact number of cells were not
examined. However, the approximate number of qalssides a good way to compare different
samples and experiments.
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Figure 4.2: The binding plots fof*’Th-AC0103 resulting from the initial experimentstwcell
numbers ranging from) 1 to 50 million,b) 100 000 to 1 million and)10 000 to 1
million cells.
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4.3.2 Initial development of the bead-based immun@activity assays

The number of beads was used as a measure fomthenaof antigen in these binding
assays, in the same way the number of cells was insthe cell-based measurements. The
numbers of beads are only approximate values, bas@tformation of bead density from the
provider, but they constitute a good way to comphfferent samples and experiments. The
bead and cell numbers also provide a convenienttwagompare the cell- and bead-based

experiments.

Initially, the binding capacity of the beads footanylated antigen was examined. This
was done by Lindmo analyses BfTh-AC0103 with differently coated beads and a wide
specter of bead numbers. Coatings of 10 pg andgdbiqtinylated Ag(01) per mg of beads
were tested. These quantities were chosen basestommendations from the provider of the
beads. It was concluded that 10 pg biotinylatedyantper mg beads should be used for the

further experiments.

Additional experiments were performed in order ébedimine the numbers of beads to
be used for the bead-based immunoreactivity as§dys.conclusion from this testing was
that bead numbers in the range from 25 000 to dbomishould be used in the Lindmo-
analysis and 15 million beads should be used inotieepoint analysis. More details about

these experiments and results are given in Appefdix
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4.4 Cell-based immunoreactivity measurements fo?'Th-AC0103

The results from the cell-based immunoreactivitpags for 2’Th-AC0103 are
presented in this section as average data. Thisdes the results from the one-point and
Lindmo assays. All values for IRF*, IRF and nongpedinding, illustrated with calculation
examples, can be found in Appendix F along with data. The same applies to the binding-

and Lindmo plots not included in this section.

A summary of the results from the immunoreactivitgasurements 6f Th-AC0103
with Ag(01)-expressing cells is given in Table 4TBe table gives average values for IRF*,

IRF, R and nonspecific binding with standard deviations.

Table 4.3: AveragelRF*-, IRF-, R- and nonspecific binding values from the cell-liasee-point-
and Lindmo analyses & Th-AC0103 with Ag(01)-expressing cells. The numbkr
experiments (n) and standard deviation (S.D.)radieated.

Measurement 227Th'AC01.0 3
Ag(01)-expressing cells
IRF* + S.D. [%] 81 +5 (n=12)
IRF + S.D. [%] 83 + 8 (n=6)
R?+ S.D. 0.83 +0.21 (n=6)
Nonspecific bindingt S.D. [%)] 4 + 3 (n=12)

Several cell-based Lindmo analyses were performigd $%'Th-AC0103, including
varying cell numbers in the range from 10 000 tmiBion cells. Representative examples of

binding- and Lindmo-plots resulting from these expents are shown in Figure 4.3.

From the binding plot in Figure 4.3, a plateau ealf 75-80% binding can be
observed. An IRF value of 83% was calculated from ltindmo plot. IRF* was determined
to be 78% from the 1 million sample in the plotcAmparison of the different binding plots

(see Appendix F) reveals relatively big variatiomshe appearance of the binding curves.
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Figure 4.3: A representative example of the results fromLinedmo analyses of*’Th-AC0103
with Ag(01)-expressing cellg) binding plot and) Lindmo plot. An IRF of 83% was
calculated from the Lindmo plot.

An average binding plot is given in Figure 4.4. dpiot includes points from all of
the Lindmo experiments with Ag(01)-expressing gefisluding the initial experiments. The
average values for all measurements of the diftecetl numbers are given. The standard
deviation is indicated for every cell number andoresents the variability of the
measurements. The numbers of measurements (ndvVarighe different cell numbers, as

indicated in the figure. The plot reveals relatyvkig variations in some points.
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Figure 4.4: A binding plot demonstrating the average bindnagtions from all of the Lindmo
analyses for AC0103 with Ag(01)-expressing cé&lsindard deviations and number of
measurements (n) are indicated in each point.
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4.5 Bead-based immunoreactivity measurements f6f'Th-AC0103

In the bead-based immunoreactivity assays’{6Fh-AC0103, Ag(01)-coated beads
were used in the same way as cells to examinerthreinoreactivity of this RIC. The purpose
of this part of the project - and the main objeetof the project - was to examine if beads can

be used as a substitute for cells in these measmtsm

The results from this part of the project are diddn two parts. After the optimal
conditions were found for the bead-based experisn@ml experiments of both one-point- and
Lindmo analyses had been performed¥dTh-AC0103, it was noticed that the nonspecific
binding always was quite high. To reduce this neog binding, bovine serum albumin
(BSA) was added to the bead solution. BSA doeshawe binding affinity for the target
antigens and is a commonly used blocking agentusec# binds to membranes and other
solid surfaces. The first part of this chapter giewerage immunoreactivity values from the
initial experiments without BSA. The second partegi the average results from the
experiments in which BSA is used to reduce the peciic binding. The reason for this
partition is to examine the effect the nonspedtficding has on the results. All raw data,
calculations, binding- and Lindmo-plots for the Bdmsed experiments wifi'Th-AC0103

are given in Appendix G.

4.5.1 Immunoreactivity measurements with high nonsgcific binding

Several experiments with beads were initially penfed without BSA added to the
bead-solution. A summary of the results from thesperiments is given in Table 4.4. The
table gives average values for IRF*, IRF? &d nonspecific binding. The result shows

nonspecific binding three times as high for beamaared to cells (see Table 4.3).

Table 4.4:  Summary of the results from the initial one-poemtd Lindmo analyses 6f'Th-
ACO0103. The samples of these experiments weredus#hBSA to reduce nonspecific
binding. The number of experiments (n) and standaxdation (S.D.) are indicated.

Measurement “*Th-AC0103
Ag(01)-coated beads
IRF* + S.D. [%] 78 + 7 (n=11)
IRF + S.D. [%] 83 + 7 (n=6)
R*+S.D. 0.94 + 0.02 (n=6)
Nonspecific binding: S.D. [%)] 12 + 3 (n=11)
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4.5.2 Immunoreactivity measurements with reduced nuspecific binding

One-point analyses with no BSA, 1% BSA and 5% BS&eaperformed in order to
investigate the amount of BSA needed to reduce pemifsic binding. The results
demonstrated a clear decrease in nonspecific ndinom being 8-15% in the samples
without BSA, the nonspecific binding decreased {690 in the samples containing BSA.
There was no clear difference between 1% and 5%. B®arefore, it was decided that 1%
BSA should be added to the beads in the furtheemxents.

A summary of the results from the main immunoreétstimeasurements of'Th-
AC0103 with Ag(01)-coated beads is given in Tabk Zhe beads in these experiments were
added BSA. The table gives average values IRF*, IRFand nonspecific binding with

standard deviations.

Table 4.5:  AveragelRF*-, IRF-, R- and nonspecific binding values from the cell-shsee-point-
and Lindmo analyses f6f'Th-AC0103 with Ag(01)-coated beads. BSA is used to
avoid nonspecific binding in these experimentse Mumber of experiments (n) and
standard deviations (S.D.) are indicated.

Measurement “*Th-AC0103
Ag(01)-coated beads
IRF* + S.D. 85 + 4 (n=13)
IRF+ S.D. 93 + 5 (n=5)
R*+S.D. 0.94 + 0.08 (n=5)
Nonspecific binding: S.D. 2+2(n=13)

Several Lindmo analyses were performed f6fTh-AC0103 with Ag(01)-coated
beads. The samples contained 25 000 to 25 milkau$s, and they were added BSA to reduce
nonspecific binding. Representative binding- anchdino-plots resulting from these
experiments are shown in Figure 4.5. From the bipdlot, a plateau value of 87-90%
binding can be observed. Calculated IRF from thelixio plot is 98%, and IRF* from the 15
million sample is 90%.

A comparison of the different binding plots (seep@pdix G) reveals small variations
in the appearance of the binding curve. Most of liveding plots give smooth curves
gradually reaching a plateau with few deviatingueal Small variations in the measured

values can be observed.
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A representative example of the results fromLineémo analyses of?'Th-AC0103
with Ag(01)-coated beada) binding plot and) Lindmo plot. An IRF of 98% was
calculated from the Lindmo plot.

A binding plot illustrating the average binding wa$ for each bead number is shown

in Figure 4.6. This plot includes points from afl the Lindmo experiments with Ag(01)-

coated beads in this project, performed with additof BSA. The standard deviation in

binding is given for each bead number. The numbemeasurements in each point was

constant for most of the bead numbers. The avebagding plot shows relatively small

variations in all points.
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Figure 4.6: A binding plot demonstrating the average bindnagtions from all of the Lindmo
analyses for AC0103 with Ag(01)-coated beadsn@&ied deviations and number of
measurements are indicated in each point.
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4.6 Immunoreactivity measurements for?’Th-AC0303

22ITh-AC0303 is a RIC with different properties th&Arh-AC0103. Little is known
about the binding capacity of this RIC, but itheaght to have a lower binding capacity than
22'Th-AC0103. The purpose of this part of the projees to investigate the applicability of
the developed immunoreactivity assays for anothelC. RFirst, the cell-based

immunoreactivity measurements are presented, amdthie bead-based experiments.

All raw data, calculated values, binding- and Limdplots for the cell-based
experiments with?>’Th-AC0303 are given in Appendix H. The same datanfithe bead-

based experiments are given in Appendix I.

4.6.1 Cell-based immunoreactivity measurements fd*'Th-AC0303

Only one Lindmo-analysis was performed f6fTh-AC0303 with Ag(03)-expressing
cells. These cells have relatively low antigen espron compared to the Ag(01) expressing
cells (see Table 4.2). They were therefore neededhigher quantity, involving much time-
consuming work of cell-cultivation. The high workld involved with cells is also the main

reason why a bead-based assay is desired.

The cell numbers in the experiment varied from 8iom to 75 million cells. The 50
million cell sample was used to give a measurel®f*. The resulting values from the
experiment are given in Table 4.6. The resultingling- and Lindmo plots are shown in
Figure 4.7. From the binding plot, a plateau vadfi&5-71% binding can be observed. An

IRF of 73% was calculated from the Lindmo plot.

Table 4.6:  The results from the Lindmo analysis®6fTh-AC0303 binding to Ag(03)-
expressing cells. Only one experiments was pedr

Measurement 227Th'AC03.03
Ag(03)-expressing cells
IRF* [%)] 71
IRF [%] 73
R 0.84
Nonspecific binding [%0] 5

59



a) 1.0
0.9

0.7 A 2
B/T 0.6 - . L 4

0.5 A
0.4 -
0.3 A
0.2 A
0.1 -
0.0 . T T T T . .

0 10 20 30 40 50 60 70

Number of cells [mill]

b) 1.8 -
16 - /’y‘
14 4 ¢

1.2 -

1.0 - y=1.420x + 1.361
R?=0.839

T/B

0.8 -
0.6 -
0.4 -
0.2 -

0-0 T T T T T T T T T 1
0.00 002 0.04 006 0.08 010 0.12 0.14 0.16 0.18 0.20

1/Number of cells [1/mill]

Figure 4.7: The result from the Lindmo analysis%fTh-AC0303 binding to Ag(03)- expressing
cells, displayinga) thebinding plot and) theLindmo plot. An IRF of 73% was
calculated from the Lindmo plot.
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4.6.2 Bead-based immunoreactivity measurements féf'Th-AC0303

A summary of the results from the immunoreactivitgasurements 6f Th-AC0303
with Ag(03)-coated beads is given in Table 4.7. Tdide gives average values for IRF*, IRF,

R? and nonspecific binding with standard deviations.

Table 4.7:  AveragelRF*-, IRF-, R- and nonspecific binding values from the bead-thases-
point- and Lindmo analyses f&7Th-AC0303 with Ag(03)-coated beads. BSA is used
to avoid nonspecific binding in these experimemite number of experiments (n) and
standard deviation (S.D.) are indicated.

Measurement “*Th-AC0303
Ag(03)-coated beads
IRF* + S.D. [%] 59+ 6 (n=3)
IRF + S.D. [%)] 63 +8 (n=3)
R*+S.D. 0.97 + 0.04 (n=3)
Nonspecific binding: S.D. [%] 7+1 (n=3)

Three Lindmo analyses were performed¥3Th-AC0303 with Ag(03)-coated beads.
The samples contained 25 000 to 25 million beadsd, they were added BSA to avoid
nonspecific binding. Representative binding- anchdino-plots resulting from these
experiments are shown in Figure 4.8. From the bipglot, a plateau value of 52-56%
binding can be observed. Calculated IRF from thedixio plot is 61% and IRF* from the 15

million sample is 56%.

A comparison of the different binding plots (seep@pdix I) reveals small variations
in the appearance of the binding curve. Most of lineding plots give smooth curves
gradually reaching a plateau with few deviatingueal However, relatively big variations in

the plateau values of the curves can be observed.
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A representative example of the results fromLineémo analyses of?'Th-AC0303
with Ag(03)-coated beada) binding plot and) Lindmo plot. An IRF of 61% was
calculated from the Lindmo plot.

A binding plot illustrating the average binding wes$ for each bead number is given in

Figure 4.9. This plot includes points from all bétLindmo experiments with Ag(03)-coated

beads in this project. The standard deviation idinig for each bead number is given. The

number of measurements in each point was consteiniést of the points. This average

binding plot shows relatively high variations ims® points, especially for the plateau values.
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Figure 4.9: A binding plot demonstrating the average bindirgtions from all of the
Lindmo analyses for AC0303 with Ag(03)-coateddmestandard deviations
and number of measurements are indicated in @@ioh
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5 Discussion

This part of the report gives a discussion of tesults presented in the previous
chapter, and an evaluation of the objectives af pihoject. The main purpose of this work was
to examine if beads may be used as a substituteefts in the immunoreactivity assays. A
secondary aim was to investigate if the one-possag might be used as a simplification of

the Lindmo analysis.

Introductorily in this chapter, the results frone threparations for the binding assays
will be discussed, including measured propertiesthef RICs and biotinylated antigens.
Further, an evaluation of the results from the 8watd analysis, providing a characterization
of the different binding systems, will be given. eThdiscussion of the different
immunoreactivity assays and measurements constitateain part of this chapter. First, the
initial experiments witf*Th-AC0103 performed in order to develop the celld Aead-based
methods will be discussed. The immunoreactivity sneaments resulting from these assays
will then be evaluated, starting with the resutis the well-knowr??’Th-AC0103. The cell-
based measurements are first presented, followedeblpead-based. The same measurements
performed with?*Th-AC0303 will be discussed to show the applicabitif the bead-based
method. Further, the different methods will be canagd in elucidation of the results, and an
evaluation of the objectives of the project will en. Finally, a discussion of potential

experimental improvements and further work is pmess

5.1 Yield, specific activity and degree of biotinydtion

The next two sections give a discussion of the oreasproperties of the materials
used in the immunoreactivity assays. First, thédyend specific activity of the RICs are

discussed, and then the degrees of biotinylatidchefintigens are evaluated.

5.1.1 Yields and specific activity after radiolabehg

The vyields after radiolabeling AC0103 and AC0303hf'Th were all in the range
from 88% to 98%, which are all considered as aad®#ptvalues. The same can be said for the
recoveries the next day, which had the same rahgmight look like AC0103 with an
average yield of 95 + 2% bind$'Th slightly better than does AC0303, which gives an

average yield of 90 =+ 2%. A reason for this migbktthat the chelator is less available for
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binding of?*Th when conjugated to AbO1 than to Ab03. Experimknariations might also

have an impact on differences in yield and recavEor example, if a small amount of the
RIC solution is retained in the purification colupthis might lower the measured yield.
However, the differences in yield and recoverytfog RICs used in this project are so small
(within a 10% range) that this should not have sigyificance for the results in the further

experiments.

The range of specific activity for the RICs was 8@D0 Bgflig, corresponding to
approximately oné?’Th per 2000 AC-conjugates. A potentiaemitting RIC used in patients
can be predicted to have a specific activity closthis value. This is because limited amounts
of radioactivity can be injected per dose, forsa@mitter usually in MBg amoutit>? If the
RIC for example had a 1:1 labeling ratio, 50 MBgudbcorrespond to a very small amount
of antibodies (in the case of Ab01/Ab03 2fg). However, it has been found that a
considerably higher amount of antibody is heedegh&ure that the dose ends up at the site of
the tumor. Thus, a relatively low specific activapd labeling ratio is needed. Pandit-Taskar
et. al. have reported an optimal dose of 50-100 mg anyilfod radioimmunotherapy with
%y -labeled J591”" Compared to the RICs used in this project, 50 ntipady and 50 MBq
per dose would correspond to a 1:2000 labeling rati

It has also been observed that a high specifigigctmight lead to radiolysis and/or
modification of the binding site of the antibodyhi3 could again lead to a decrease in IRF.
Lindmo et. al. experienced that their radiolabeling systems sklowdividual but consistent
patterns of decrease in immunoreactivity with iasirg radiolabeling.” This is another
reason for using RICs with low specific activity.

5.1.2 Degree of biotinylation

The lower degree of biotinylation for Ag(03) (3.pthan for Ag(01) (11.4:1) might be
due to the shorter incubation time and the loweess of biotin for Ag(03). The reason for
these experimental differences was recommendatiome the provider of the Ag(03)
antigen. They assumed that a too high degree tihpiation could lead to modifications of
the epitope on the antigen. This modification & #pitope could again lead to an apparently
lower IRF of the RIC binding to this antigen. If,so lower IRF would be detected for the
RICs binding to beads, compared with those bindngells. As shown in the results and
discussed later, a lower IRF for the RICs bindingbeads is not observed. Hence, the
biotinylation degrees obtained in this project aoé assumed to affect the binding site on the
antigens.
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The degrees of biotinylation were calculated toe Ag(01)dimer and the Ag(03)
monomer The molecular weight of the Ag(01) dimer is mthan the double of the Ag(03)
monomer, and the Ag(01) dimer is thus expectedaigemore binding sites than Ag(03). If
the degree of biotinylation is calculated for thg(@l) monomer, this is 5.7:1. Thus, the

actual difference in biotinylation between the tardigens is not so large.
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5.2 Scatchard analysis

The results from the Scatchard analysis provideharacterization of the binding
systems used in the immunoreactivity measurementisi® project. The Scatchard plot for
the different RICs gives a measure of the RIC'sdinig affinity for its target antigen. In

addition, these plots were used to estimate thgeamexpression on the cells and beads.

Kavalues of 9 10 Mt and 7- 10" M™ were measured f6f'Th-AC0103 binding to
Ag(01) on cells and beads, respectively. Tahcal!"® and Charet. al!”® reported K values
for trastuzumab binding to HER-2 on SKOV-3 cells25 - 10* M™* and 2.0- 10"° M?,
respectively. These affinity constants are bothsmerably lower than the once measured in
this project. Few experimental data were includedthe Scatchard plots (n=2-4), and
therefore, the measured values have a high unegrand might not be correct. However, the
measurements gave approximately the same resuthéosame RIC binding to cells and
beads. Therefore it is assumed that the resultsh@aysed to compare the two RICs, and cells

and beads, relatively to each other.

The slightly lower affinity of Ag(01) for beads th&or cells might be due to the
measuring uncertainties. At the same time, it migbk like there is a slight difference in this
RIC’s affinity for cells and beads also in the bigl plots from the Lindmo analyses. The
binding plots with cells have a more rapidly in@ieg binding curve than the plots with
beads, which might indicate different reaction kicefor the binding reaction to beads and to
cells. During the experiments, it was observed thatbeads easily form pellets in the bottom
of the vials. Also during incubation with mixing,séight tendency for this precipitation was
observed. The beads, which contain iron, are ceralidy heavier than cells, and might thus
require stronger mixing to remain evenly suspentfeitie beads precipitate in the bottom of
the vial, fewer antigens will be available for himgl than if the beads are evenly suspended.
This might be a reason for slower reaction kinetarsthe binding reaction to beads than to
cells. The results also indicated tR&h-AC0103 has a ten times higher affinity for Ag(01
than??"Th-AC0303 has for Ag(03). Due to the results frdre tmmunoreactivity assays for
the two RICs, the higher affinity 6f'Th-AC0103 was as expected.

The analysis of the number of antigens per celicatéd that the Ag(01)-expressing
cells have 2.3 1¢ antigens per cell. The HER-2 expression on SKO\eBschas been
investigated several times before. Taeg all”® and Chanet. al”® reported antigen
expressions of 1.310° and of 1.2 10° HER-2 receptors per SKOV-3 cell, respectively. The

Scatchard-plot in this project, with only two exipeental points for the SKOV-2 cells, cannot
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be considered as a reliable measurement. Howaveeem like this method can be used to
give a good estimate for the antigen expressiogfepably with more experimental data in
future experiments. The Ag(03)-expressing cellsemaund to have 3.5 10° antigens per
cell. From the binding assays, this seems to be&ohaple amount. A tenfold excess of
Ag(03)-expressing- relative to the Ag(01)-expregsicells were necessary to obtain a
characteristic binding plot.

For the beads, 8.110% Ag(01) and 9.7 10* Ag(03) were measured per bead. The
same amounts of beads are used for the two ditf&HEDs. This verifies that the differently

coated beads have approximately the same antigeassion.

The amounts of antigen per bead was calculatedet®.4ug Ag(01l) and 9.0ug
Ag(03) per mg beads. 1y of each antigen were added per mg beads. Thisgrteat 80-
90% of the added antigen was bound to the beadsfddt that less Ag(01) is bound than
Ag(03) might have been expected due to the sizbeolntigens. Ag(01) is a dimer with more
than twice the size of Ag(03). The reason thatalloAg(01) has bound might thus be steric
hindrance. When the amount of bound antigen isutatied, it is assumed that one antibody
binds to one monomer. However, this might repreaangrror as one antibody might bind to

two monomers, or one dimer in the case of Ag(0lgstprobably the binding is heterogenic.
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5.3 Initial development of the immunoreactivity asays

The initial experiments with?"Th-AC0103 were directed to develop the one-point-
and Lindmo methods with cells and beads. Algetageatbrmed the cell-based assays many
times before. The procedure was therefore alreagtgldped, but there was uncertainty about
the validity of the measurements. Therefore, ihiggeriments had to be done to assess the
method before it was tested with beads. The beadebassays had never been performed in
Algeta's laboratories before, and much testing tbaoe done to find the right conditions for
the experiments. After the antigens were biotimdatind coated to the beads, the initial
experiments were performed to see if the beadsdcdoelused in the same way as cells in

these assays.

5.3.1 Initial development of the cell-based immunagactivity assays

By the beginning of this project, the immunoreaitfiassay used by Algeta f6f'Th-
ACO0103 was a one-point analysis using 10 millioratied SKOV-3 cells per sample. This
quantity of cells had been determined based oneedrindmo assays with SKOV-3 cells
performed by Algeta. The initial experiments instproject showed that 1 million cells were
more than sufficient to obtain the same resultiR¥* in a one-point analysis. The reason for
this deviation from the older result might haverb#ee fact that different batches of SKOV-3
cells were used. Different cell-batches might hdierent antigen expressions, and the cells
might thus be required in different quantities tiaon antigen excess. Therefore, it is a good
idea to always make a full binding plot when a rimatch is taken into use. The cell amount

used in a one-point analysis should then be adjustéhe result of the binding plot.

The IRF* measurements made by Algeta with 10 onilicells were in the same range
as the values obtained with 1 million cells. Thesas expected as both cell quantities give
antigen excess. However, the nonspecific binding @ften higher with 10 million than with
1 million cells. In addition, the IRF* measuremewutsied more when using 10 million cells.
As will be discussed in Section 5.6.1 "The sigmifice of nonspecific binding”, there might
be a correlation between a high nonspecific bindamgd a high variability in the
measurements. The high nonspecific binding mightile to the great number of cells, and
thus more surface where the antibodies can bindpemifically. As will be discussed later, it
might be a good idea to use BSA to reduce nonspdaiiding in these binding assays. In
addition to the decrease in the variability of theasurements, a lower amount of cells also

reduce the workload with cultivation and fixatiohoells.
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The shape of the binding plot is essential fordl&ermination of IRF by a Lindmo
assay. For a correct IRF measurement to be donéinki fractions both from the increasing
part and the plateau of the curve have to be irdud the binding plot. When then a double
inverse plot, the Lindmo plot, is made, IRF candeéermined by extrapolation to conditions
corresponding to infinite antigen excess. The thirtding plot from the initial experiments
gave a curve with this characteristic shape. Thpeament had cell numbers in the range 10
000 to 1 million cells. The Lindmo plot gave an IR&ue of impossible 500% when all cell
numbers were included. The 10 000 cell point haduah higher T/B value than the other
points, leading to an upward curvature of the pliotl a very steep fitted straight line. By
omitting this value from the plot, a more likely FRvalue of 97% was determined. This
indicates that too low cell numbers, and thus lotigen concentrations, do not fit the binding
model described by the Lindmo equation (Equatidi. Z-his will be discussed in more detail
in Section 5.3.3 "Linear regression in the Lindmotg'. In the later Lindmo assays with
cells, using cell numbers from 25 000 to 5 millidms problem was not encountered again.

For Ag(03)-expressing cells, a few initial experiteehad previously been done by
Algeta. The fixation of these cells seemed to dgstine antigen. Living cells were therefore
used for these immunoreactivity assays, which tliroat to be problematic for several
reasons. One reason was the antigen expressidmesa tells, which is considerably lower
than on SKOV-3 cells. Therefore, a large amourdedis had to be used. This was especially
time consuming as this large amount of cells hadetaultivated and kept alive until the day
of the experiment. In addition, no reliable IRF m@@ment could be obtained by these assays
due to cell death. With dead cells in the samgles antigens might be on fragments of burst
cells in the supernatant and not in the cell pellberefore, to avoid cell death, it was decided
to incubate the cells at 4°C for 4 hours (previgusicubations were done at 4°C over night
or at 37°C for 2 hours). Another reason for theugosssful IRF measurements might have
been that antigens on the cells internalized dutiregexperiment. To avoid internalization,
1% sodium azide was added to the cell solution. dftedlenging and time-consuming nature

of these experiments increased the motivation faking a cell independent assay.
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5.3.2 Initial development of the bead-based immun@activity assays

No analyses were performed in order to examinehd bead coating had been
successful. The first experiment was therefore aldest to investigate if the antigens had
successfully been bound to the coated beads. T$tebfnding plot indicated an increase in
binding with number of beads, and could thus camfinat the beads had antigens on them.

These beads were coated with 40 ug Ag(01) per ragshe

The next step was to test the binding capacityheftieads for biotinylated antigen.
The purpose of this was not to find the exact mgdiapacity, but to ensure that most of the
antigen used to coat the beads actually boundthetbeads and did not go to waste. This is
because the antigens were either quite expensiire sitortage. Two different coatings were
made, one with 40 ug and one with 10 pug biotingdateg(01) per mg beads (40 and 10
png/mg). Two Lindmo assays were then performed, foneeach of the differently coated
beads. The samples with 10 pg/mg had four timesrbeads than the samples with 40
png/mg. If one mg beads could bind 40 pug Ag(01), rdseilts from the two assays should thus
be the same. The resulting binding plots showedrlgiehat the samples with 10 pg/mg
contained more antigen than the samples with 4thg ¢éee Appendix E). This indicates that
one mg of beads binds less than 40 pg Ag(0l), anehs therefore decided that 10 ug

biotinylated antigen per mg beads should be uséakeifurther experiments.

Since the principle of the one-point- and Lindmosaas is to determine
immunoreactivity with antigen excess, the exact amof antigen and thus the exact binding
capacity of the beads is not of importance. Howetreg Scatchard analysis later indicated
that 80-90% of the added antigen had bound to ¢aeld This means that the antigen binding
capacity have to be at least 8 pug biotinylatedgantiper mg beads for the antigens used in

this experiment.

Finally, experiments were performed to determireelibad numbers to be used for the
further immunoreactivity assays. It was concludeat 5 million beads were adequate for the
one-point analysis and bead numbers in the rangg@50 25 million were suitable for the

Lindmo assay.
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5.3.3 Linear regression in the Lindmo plots

Many of the bead-based Lindmo assays resulted likelyr high IRF-values, in many cases

fractions exceeding 100%. When studying the Lingiats of these experiments, an upward
curvature could be observed caused by experimdatalfrom the lowest bead numbers. The
reason for this deviation from the higher bead nersls that these points do not fit into the
binding model described by Equation 2.7. The equat quoted here to make the discussion

clearer. [Ag] is free antigen concentration.

T 1 1
B~ iRF T IRFK.[Ag] @)

In the Lindmo plot, T/B is plotted against 1/numbé&beads. The bead number is here
proportional to the total and not the free antigmmcentration. By antigen excess, the
concentration of free and total antigen will benheaqual, and the approximation is assumed
to be valid. However, under low antigen concentratj the use of total instead of free antigen
concentration is not longer a good approximatiolsoA.indmo encountered this probléffi.
His solution was to omit the points of lowest e@hcentration from the Lindmo plots if they
deviated from the theoretical line. Since this d&won is observed for most of the bead-based
experiments in this project, samples containingillian beads or less were omitted from all
Lindmo-plots with beads. The samples were stilluded in the displayed binding-plots, as

they contribute to give the curve its characterishiape.
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5.4 Overview of the immunoreactivity measurements

In the next sections, the results from the immuactieity measurements are
discussed. To make this discussion clearer, theumaoneactivity results presented in the
previous chapter are assembled and given in Tablar®l Figure 5.1. Table 5.1 gives average
IRF*, IRF, R and nonspecific binding values, while Figure 5ileg average binding plots
for the different binding systems. Firstly, theldsised measurements f6fTh-AC0103, and
secondly, the bead-based measurements for the RHIn&re presented. These measurements
with beads are divided into two parts. One parsttrtes the experiments performed without
BSA, and the second part the experiments with BB comparison of these results will be
used to discuss the relevance of nonspecific bgndinSection 5.6.1 “The significance of
nonspecific binding”. Further, the bead-based memsents will be discussed and compared
to the measurements with cells. The main objedivi® examine if the same results can be
obtained with beads as with cells. At last, the imoreactivity measurements &fTh-
AC0303 with both cells and beads are discussed?A$-AC0303 is believed to have
different binding characteristics th&fTh-AC0103, these results might provide a picture of
the applicability of the bead-based method foredéht antibody-antigen systems.

Table 5.1: Summary of all immunoreactivity measurements madtis project. The values are
average from the specified binding systems. Stahdeviations (S.D.) and number of
experiments (n) are given each different measen¢@nd binding system.

227 22T
Th-AC0103 - Ag(01) Th-AC0303 - Ag(03)
Measurement
Beads Beads Beads
Cells (-BSA) (+BSA) Cells (+BSA)
815 78+7 85+4 71 50+6
IRF* + S.D. [%]
(n=12) (n=11) (n=13) (n=1) (n=3)
838 8317 93+5 73 63+8
IRF + S.D. [%]
(n=6) (n=6) (n=5) (n=1) (n=3)
R+ S.D 0.83+0.21 | 0.94+0.02| 0.94+0.08 0.84 0.97 +£0.04
+ S.D.
(n=6) (n=6) (n=5) (n=1) (n=3)
Nonspecific binding 4£3 12+3 22 5 r£1
+S.D. [%] (n=12) (n=11) (n=13) (n=1) (n=3)
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Figure 5.1: A summary of all binding plots from the Lindmo aysds. Average binding + S.D. is
plotted for all experiments witt) *'Th-AC0103 binding to Ag(01)-expressing cebs,
#2Th-AC0103 binding to Ag(01)-coated beady>> Th-AC0303 binding to Ag(03)-
expressing cells, ara) *'Th-AC0303 binding to Ag(03)-coated beads.
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5.5 Cell-based immunoreactivity measurements fo¥*'Th-AC0103

Generally, the binding plots from the cell-baseddmo assays with?’Th-AC0103
gave rapidly increasing curves that reached a qlat€he plateau values were in the range
70-90%, varying from plot to plot. As seen in Figu.1a, there are relatively big variations
between the different binding plots, especiallynsae connection with the high number of
measurements for some of the cell numbers. Thenaatbers varied quite much between the
experiments. This variation might be a reason ler ihconsistency. However, if this was a

consistent binding system, the curves betweendi@gpshould still be the same.

As seen from Table 5.1, the cell-based immunorgagctmeasurements fof?'Th-
AC0103 gave average IRF* and IRF values of 81% &B8#b, respectively. An IRF* lower
than the IRF can be seen for most of the measutsniernhis project. This was expected,
owing to the fact that IRF* is immunoreactivity linited antigen excess, while IRF is

estimated immunoreactivity at infinite antigen esxe

If IRF* is measured to be higher than IRF, an erirorat least one of the two
measurements has to be assumed. An IRF* higherIRfans observed for two of the cell-
based Lindmo assays witA'Th-AC0103. For simplicity, these assays will heeenbentioned
as Exp. 1 and Exp. 2 (see Appendix F, Experimerarigh6a, respectively). IRF* and IRF
was measured to be 77% and 74% for Exp. 1, respéctiand 82% and 77% for Exp. 2,
respectively. The fit of the regression model te &perimental data used to measure IRF in
these experiments,?Rwas 0.87 for Exp. 1 and 0.40 for Exp. 2. These \@lues of R,
especially for Exp. 2., indicate a high uncertaiofythe estimated IRF in these experiments.
These are examples showing how important it is Rfats taken into consideration as a
measurement of the reliability of IRF-estimatiofitie relationship between IRF* and IRF
will be discussed in more detail in Section 5.9 fig@arison of one-point- and Lindmo assay”.

The average R+ S.D.) for the regression model from all thedimo assays is 0.82 +
0.21. This indicates a generally bad fit for thegpemxmental data to the model described by
Equation 2.7. The Rfrom Exp. 2 (0.40) especially decrease this awer&y omitting this
value, the new average is 0.91 + 0.05. Howevergtlaee no obvious explanations for the
variances between the binding plots, Lindmo platd &ts of linear regression observed in
these experiments. The averadegies a illustration of these general trends. Biéons and

variations are observed both within and betweertitherent experiments.
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The fact that there are quite large variationsFR (83 + 8%) and R(0.83 + 0.21),
indicates that the cell-based Lindmo assay hasatvey low degree of reproducibility, and
that unsuccessful experiments might easily occurlafge variation also in the IRF*
measurements from the one-point assay was preyiookBserved by Algeta. In the
measurements from this project, this variation skto have been decreased (81 + 5%). This
might be due to the decrease in the number of gellee one-point assay samples from 10
million to 1 million. Hollandet. al’®” and Lub-deet. al'® both reported an average IRF of
87% for trastuzumab binding to HER-2 on SKOV-3 sellhis is slightly higher than the
average from the cell-based measurements in toiggty and might indicate that the cell-

based measurements provide underestimates of thanoreactivity.
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5.6 Bead-based immunoreactivity measurements féf'Th-AC0103

After the first bead-based immunoreactivity assfay$> Th-AC0103 were performed,
the most conspicuous was the consistent shapée dfinding curves and the good fit of the
linear regression for the Lindmo plots. It was #fere thought that these results would lead
to much more consistent and reliable immunoredgti'neasurements. However, the
measurements indicated even greater variabilitiRFt than with cells, while the IRF values
were similar to those from the cell-based assags T&ble 5.1). High values of nonspecific
binding, in average three times as high as forscellere also noticed. According to the
provider of the beads, nonspecific binding to tleads is normal and might be due to

hydrophobicity, charge or other types of interawsibetween the molecules and the b&ils.

To reduce this nonspecific binding, BSA was adutethe bead solution. The result of
this, and the significance of nonspecific bindirsydiscussed in the next section. Further, the
bead-based immunoreactivity measurements with estmonspecific binding is described

and compared to the cell-based measurements.

5.6.1 The significance of nonspecific binding

To reduce the nonspecific binding observed in ing bead-based measurements,
BSA was added to the bead solution. Experimenth wid BSA, 1% BSA and 5% BSA
demonstrated a clear decrease in nonspecific lgndiom 8-15% in the samples without
BSA, to 0-5% in the samples containing BSA. Thees wo clear difference between 1% and
5% BSA. Therefore, 1% BSA was added to the beaddl further experiments with beads.
As seen in Table 5.1, the average nonspecific bindf these further experiments fGfTh-
AC0103 was 2 * 2%. Another interesting observatioom these experiments is the
significantly increased immunoreactivity; averadg®t increased from 78% to 85%, and
average IRF increased from 83% to 93%. The stardiardtion for these measurements was

also 2-3% lower.

These results indicate that a high nonspecificibmp@dan result in a seemingly lower
immunoreactivity, and more variable results. Thasprobably due to some of the RICs
binding nonspecifically in a blocked sample, buéafcally in the unblocked sample. The
subtraction of the nonspecific binding fractionfrdhe immunoreactive fraction might thus
result in a too low apparent immunoreactivity. Hoes it is impossible to say for sure if this

is the case, and a low nonspecific fraction is tpserequisite for a reliable measurement.
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Lindmo et. al. have also reported that the opposite situationhmtg;cur{.”] He
observed an increase in nonspecific binding witkrelesed IRF. He concluded that the
reduction in IRF might have been due to impairedcHity of the antibodies caused by
radiolabeling. This modification might again hawead to an altered specificity of the

antibody, and thus a possible increase in nonspdxrfding.

5.6.2 Bead-based measurements with reduced nonsgechbinding

As already mentioned, the immunoreactivity increassgnificantly when the
nonspecific binding to the beads decreased. Thesumed immunoreactivities were also
significantly higher than those obtained from tlzans measurements with cells. Average
IRF* increased from 81% to 85%, and average IRFea®ed from 83% to 93%. The standard
deviation for the measurements decreased with 193%.fit of the regression model also
increased to 0.94 = 0.08, indicating a lower uraiety for these IRF measurements. This
lower uncertainty is also reflected in the appeegaaf the binding curves. All curves are

smooth with few deviating values.

As shown in Figure 5.1b, the average binding cdorethe bead-based experiments
with #*’Th-AC0103 has relatively small standard deviaticompared to the plot from the
cell-based experiments in Figure 5.1a. It has todieed that the bead-based measurements
had more parallels within the same experiments tharcell-based measurements. This is a
factor that might lead to decreased deviations. él@r, by comparing the different binding
plots (see Appendix F and G), it is quite cleat tha bead-based measurements give smaller

deviations both within and between the differermieriments.
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5.7 Immunoreactivity measurements fo?’Th-AC0303

The binding of?’Th-AC0303 to its target antigen Ag(03) is a pregigulittle
investigated binding system. However, from a fevevmus experiments performed by
Algeta, this RIC is thought to have different bimgliproperties thaf?’Th-AC0103 and a
lower immunoreactivity. The immunoreactivity of $hRIC has been difficult to determine
using cells, thus a bead-based immunoreactivityhatetvas desirable. A cell-based assay
was first performed to have something to compagebttad-based measurements to.

5.7.1 Cell-based immunoreactivity measurements fdf'Th-AC0303

The binding plot from the single cell-based immaaztivity assay performed for
22'Th-AC0303 with Ag(03)-expressing cells is giverFiigure 5.1c. This plot displays a slight
increase before a plateau of 65-70% is formed.idghtrook like the plot is close to reaching
the plateau already at the lowest cell numberoitiat therefore have been advantageous to

include samples with even lower cell numbers.

IRF* is measured to be 71% from one of the platauples in the binding plot. A
Lindmo plot was also made, and an IRF of 73% wésutated. This might be a correct value,
as it is slightly higher than IRF*. But with & Rf 0.84, this cannot be said with certainty. The
nonspecific binding was 5% and thus in the samgeaas the assays with SKOV-3 cells.

One conclusion is thdf'Th-AC0303, as expected, has a lower immunoreagtilin
22'Th-AC0103. Because of the great workload of cutthgcells for this assay, it can also be

concluded that a different immunoreactivity methoot, dependent on cells, is needed.

5.7.2 Bead-based immunoreactivity measurements féf Th-AC0303

The bead-based immunoreactivity assay*f6Fh-AC0303 was tested with the same
conditions as fof?’Th-AC0103. The beads were coated with 10 ug Agf@8)mg beads, and
the same numbers of beads as in the previous ass&ySTh-AC0103 were used. This gave
good results on first try, showing that this systisnmeasy to set up for different antibody-

antigen systems.

The average binding plot given in Figure 5.1d aasmilar shape as the binding plot
with Ag(03)-expressing cells, indicating that thessa@y with beads gives reliable
measurements. The resulting immunoreactivity valareson the other hand deviating from

80



the measurement with cells. The average IRF* arid (RS.D.) from the bead based assays
were 59 + 6% and 63 + 8%, respectively. The Lindgtuais from the bead-based assays gave
the highest Rvalues in this project, of 0.97 + 0.04. From thimight be concluded that the
bead-based measurements are more reliable thagingjle cell-based measurement with an
R® of 0.84.

The relatively high standard deviations of the moreactivity values, also seen in
the plateau of the average binding plot, might be t the low number of measurements. In
addition, it might be expected that the bindingRdCs with mediate immunoreactivity (60-
70%) deviate more from experiment to experimenhtRdCs with high immunoreactivity
(80-90%). It has to be noticed that two of the reaments with beads féf'Th-AC0303
were parallels of the same experiment. The thirdsueement was from a new experiment,
and can be observed to deviate from the two otfdris. individual experiment gave an IRF*

of 65% and an IRF of 72%, and thus values clos#rgaell-based measurement.

The nonspecific binding for the three bead bassshys were 7 + 1%. This is
considerably higher than for the bead-based assilys?’Th-AC0103 (2 + 2%). The reason
for this deviation is unsure. As mentioned earllendmo suggested that high nonspecific
binding could be a consequence of impaired spégifaf the antibody'” If this was the
case here, the lower IRF might also have been segence of this impairing. To test if the
immunoreactivity decreased after conjugation cgratadiolabeling, additional analysis would

have to be performed. This will be discussed moi®dction 5.10 "Future work".

Figure 5.1 shows that the binding curves#drh-AC0103 are steeper than f3fTh-
ACO0303. This indicates th&Th-AC0103 binds Ag(01) with higher affinity tha¥'Th-
AC0303 binds Ag(03). The same was also confirmedth®y Scatchard analysis, which
resulted in a lower Kvalue for?*’Th-AC0303 tharf>’Th-AC0103. The lower affinity for
22ITh-AC0303 to Ag(03) might also partly explain wetimmunoreactivity for this RIC is
lower. Since the binding kinetics féf'Th-AC0303 probably are slower than f&Th-
ACO0103, this RIC might need longer incubation tinfes the binding-reaction to reach

equilibrium.

These results give a good indication of the appiidy of the beads in measuring
immunoreactivity. It is likely that a variety offtBrent antibody-antigen systems can be used
with the beads, the only requisition being thatdah&gen or the epitope of the antigen can be

isolated.
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5.8 Comparison of cells and beads

The results discussed in the previous sections siadv beads can be used as a
substitute for cells in immunoreactivity assayse Tifference in the preparation of the assays
is the coating of beads with biotinylated antigestéad of cultivation, and often also fixation,
of cells. The biotinylation of antigen and coatiofyjbeads together takes a few hours. The
cultivation of cells has to be done over severalsdaspecially if high cell numbers are
needed. Access to cells and a cell-laboratory 3 atquired. In addition, the handling of
beads during the assays is simpler than for ths.debr living cells, the assays have to be
performed with extra carefulness to keep the clige. This concern do not apply to the
beads. Also, the washing and separation procedaneseasier with beads. By using the
magnetic rack, the supernatant is removed fronb#aals in less than one minute, while the

cells have to be centrifuged for several minutes.

In addition to being a less time-consuming mettibd,bead-based immunoreactivity
assays provide measurements with lower uncertdinaty the cell-based assays. The results
from this work show that beads give less varyingults with fewer deviations. The main
reason for this is probably the homogeneity oflibads. All the beads have the same shape
and can be coated evenly with antigen, while catis heterogenic both in shape and the
expression of antigen. Living cells can be espBciatoblematic, as internalization of the
antigens may happen. The only reason to use cedjstrhe economic, as the antigens and
beads might be more expensive than cells. Howes@anpared to the workload and the
increased risk of unsuccessful experiments witHscdehe beads should still be more

profitable.

One might argue that the target for the RilCsivois tumor cells, and that the vitro
assay therefore should use cells to imitate ithigivo situation However, the conditions in
thisin vitro assay are far from the conditioinsvivo and cannot be compared with a potential
situation in a patient. First of all, in this asghg antigens are exposed to the RICs only for
the short incubation time of some hours. In theybdlde RICs will stay in the blood stream
for days, and might have many chances to binddatitigens on the tumor cells. In addition,
the binding capacity of RICs might be altered bye tleatabolismin vivo. The
immunoreactivity assays in this project are usednt@stigate whether the RICs have the
potential to bindin vivo and might be used as a quality check of the prodadditional
research has to be done in order to investigatbehavior of the RICs vivo. The assays are

also used to ensure that the conjugation of thdatdreand the radiolabeling have not
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destroyed the binding sites of the antibody an@mally lowered the immunoreactivity. For
these purposes, the measurements should be ase samglreliable as possible. Therefore,

beads provide a better option than cells in theseunoreactivity assays.

In addition, the bead-based assays have the palteéaticompare different RICs at
similar conditions. If using cells, the RICs mighave to be tested under very different
conditions. Some RICs, liK'Th-AC0103, can be tested with fixated cells, wiilkers, like
22'Th-AC0303, have to be analyzed with living cellen® cells have a high expression of
antigen, like SKOV-3, while other cells, like theg@®3)-expressing cells, have a low
expression of antigen. Beads can be coated witlalemmounts of antigen and the same
numbers of beads can be used to test the diff&g, thus providing similar conditions.
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5.9 Comparison of one-point- and Lindmo analyses

The Lindmo assay will always provide a more corretieasure of the
immunoreactivity, as it measures the immunoreadti&etion at conditions corresponding to
infinite antigen excess. Furthermore, it estimatemunoreactivity with several measured
data points, in contrast to the one-point assalyrteasures the data in one single point. More
experimental data and a regression model will abvarovide more reliable results than a
single measurement. In addition, the binding plotamed in the Lindmo assay provides a
way to see if the binding reaction occurs as normibke increasing part of the curve also

provides information about the kinetics of the lmgdreaction.

There are certain conditions that have to be metniRF is determined from the
Lindmo plot. First, the binding plot has to be exaed to see if the experimental data are
suitable to measure IRF. This binding plot showdsist of at least two data points in the
increasing part of the curve, and at least two gatats on the platedt? The data set should
together compromise six to eight experimental gaiats to provide a reliable measurement
of IRF. Further, the Rhas to be high for the IRF to be estimated cdyretitthe data points
from the samples with low cell or bead numbersdme@ating from the data measured from
samples with higher cell or bead numbers, only diaa the higher cell or bead numbers
should be used to determine IRF.If a bead-based Lindmo assay is performed usieg th
same conditions as in this project, experimentt flam samples with bead-numbers lower
than 1 million should not be included in the Lindpiot.

As seen from the results in this project, the ooeMpanalysis provides a good
estimate of IRF. The measured IRF* never deviatedenthan 10% from the measured IRF
value. A presumption for the one-point method & this performed with an appropriate cell
or bead number, determined from a binding plot bireimo assay. This cell or bead number
should provide antigen excess, but the number dhalsb not be too high. To ensure this, a
Lindmo-plot should always be performed when a neilvlime or bead-batch is taken into use.
When a new binding system is investigated, a fuldmo assay should always be performed
to determine where the plateau is. Also, the Lingissay should be used when high accuracy
is required, for example prior to animal experinsemt clinical trials. If a one-point analysis is
performed, at least two parallel measurements dghbal done. The one-point method is a
good and time saving solution for a routine quatiytrol, but one should keep in mind that
IRF* is an underestimation of the immunoreactivigynd the conclusion that can be drawn
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from this value is that IRE IRF*. The one-point assay is actually a commordgdimethod,

also used in articles publishing immunoreactivigues®®°!

The Lindmo method is a widely used method, andattiele has been cited more than
680 times®! But this method has also received some criticisar. é&xample, Mattes points
out the fact that the Lindmo extrapolation is nasd&d on exact mathematical relationships,
but on approximations which are, in some circuntanof uncertain validity”! He points
out that this might result in overestimates, arad the experimental measurement in one point
might give a more correct value than the extrapdlathis have been followed up by Konishi
et. al™® and Glattinget. al®® However, as these articles also point out, pubtiSRé values
obtained from the Lindmo assay are typically in #isence of any experimental data, so the
reader cannot judge their validity. Konigti al. suggests that the estimated IRF value only is
valid if it is within 10% of IRF*!®! This is true for all IRF measurements in this pcj
However, if the samples of low bead-numbers1( million beads) were included in the
measurements, the Lindmo plots would in fact predyreat overestimates of IRF, in many of
the experiments over 100%. Therefore, the extraipoldhas to be used with caution. It is
important to interpret the results from a Lindmotgiaking the equations, and simplification
of these, that make up the background for this ouethto consideration. If the estimated IRF
is more than 10% higher than IRF*, IRF* might giveetter measure of the

immunoreactivity®”
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5.10 Further work

This project has shown that both the cell- and Hesskd one-point- and Lindmo
assays can be used to measure the immunoreadiviifferent antibody-antigen systems.
However, some further work might be done to imprahe method and make the
measurements more accurate. In addition, complemerissays to the immunoreactivity

assays have been planned.

All experimental samples in the immunoreactivitgaas were added an amount of
RIC corresponding to 500 cpm. This had severalomsasFirst of all, too low activity is not
desirable, as this can affect the certainty of neasurement. However, too high activity
would result in a higher amount of antibodies, batiolabeled and unlabeled. This high
amount of antibodies need a higher amount of amsige ensure antigen excess, which again
would require a higher amount of cells. Algeta pesviously tested different activities, and
500 cpm was found to be appropriate. However, ti@lenge seen with high cell numbers
will not be a problem with beads, as a higher numifebeads would not result in an
increased workload. Different activities could #fere be tested to find the ideal amount of
RIC added to each sample.

Another idea is to add RIC to the samples basedheir concentration and not
activity. This would probably give even more cotesig results, since 500 cpm can give quite
varying amounts of RIC because of its varying dpeeictivities. Especially if the specific
activity varies significantly from the range usedthis project (500-1000 Bg/ug), the amount
of RIC added to each sample should be adjustetht]fthe binding curve might be displaced
compared to the curves seen in these experimeatgever, Lindmo showed that the method
is quite insensitive to changes in the concentmatibantigen or RICY This is due to the
principle of measuring IRF at antigen excess.

It could be convenient to coat a larger amountedds and store them at 4°C. This
would decrease the workload and similar conditiamsuld apply to the experiments
performed with the same batch of coated beads. Menvéhe shelf life of the coated beads
stored at 4°C should first be tested. The beadsatdre frozer’®

Even though the cells did not show a high nonspmebihding, 1% BSA could with
advantage be added to the cell solution to obtaiewen lower nonspecific binding. If the

nonspecific binding still is high after applying 1B&A, as seen for the bead-based assays
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with 2*'Th-AC0303, it might be a good solution to add ewesre BSA to the bead- or cell

solutions.

Additional experiments could also be performed xameine the incubation time for
the binding assays. The results from the Scatchaadlysis and binding plots indicated that
22ITh-AC0303 has slower binding kinetics th&fTh-AC0103. Therefore?’Th-AC0303
might need longer incubation times for the bindiegction to reach equilibrium. However, it
might also be that the incubation times used ig pindject are longer than necessary. Lindmo
et. al reported the same estimated IRF from paralleegrpents incubating 30 minutes and 4
hours. Thus, the method might be quite insensigarding the incubation time - as long as
the reaction has reached equilibrium. If an incupatime of 30 minutes is sufficient for the
reaction to reach equilibrium, the duration of themunoreactivity assays could be nearly
halved. However, this have to be tested for everygan-antibody system, as different

systems might have different binding kinetics.

There are still uncertainties regarding the cletier@nces in RIC-binding between the
cell- and bead-based assays. The main reason dee ttifferences is assumed to be the
homogeneity of the beads versus the heterogermithé cells. However, there might also be
other influencing factors. For example, the celighthexpress other receptors and structures
interfering with the binding of the RIC to its tatgantigen. One possibility to investigate the
differences between bead- and cell-binding of th@sRcould be to use a LigandTra&é&r
This technology has the potential to detect preteihinteractions in real-time, and has been
adapted to measure interactions of radiolabeledeim® with cell-surface structures and
receptors.

The methods developed in this project have showretsuitable for estimating IRF of
different RICs. However, these assays cannot be taseeasure the IRF of the naked MoAbs
- thus, they cannot indicate if the conjugatiorcbhélator to antibody or the radiolabeling has
affected the IRF. Additional methods are requiredtdst this. One potential method for
detecting alterations of IRF is enzyme-linked immsworbent assay (ELISA). ELISA is not
dependent on radioactivity to measure binding, munght therefore be used to compare the
binding fractions of the naked MoAb, MoAb conjught® chelator and RIC in the same
experiment. Any decrease of IRF from the naked Modid the reason for the decrease can
thus be detected. This method could therefore dempeed in addition to a immunoreactivity
assay. A procedure for this is already developed,vaill be tested with the antibody-antigen

systems used in this project.
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6 Conclusion

In this project, a new, bead-based immunoreacti@gtyay was developed. This was
done based on initial immunoreactivity experimemigh cells. The immunoreactivity
measurements included several experiments of thkelyiused Lindmo method and its
simplified method, the one-point assay. The antigiexling capacity of the two RICETh-
ACO0103 and®'Th-AC0303 was investigated using these meth@dBh-AC0103 was used to
develop and assess the different methods, Hilé-AC0303 was used as a second RIC with
different binding properties to examine the apiitity of the bead-based method.

An additional binding assay, the Scatchard anglys&s performed to determine the
association constants for the two RICs to theiggamantigens, and to estimate the antigen
expression on the cells and beads. The Scatchatgsanindicated th&'Th-AC0103 had a
ten times higher affinity for Ag(01) tha?¥'Th-AC0303 had for Ag(03). The same analysis
demonstrated that the Ag(01)-expressing cells hieh dimes higher antigen expression than

the Ag(03)-expressing cells.

The cell-based immunoreactivity measurement$¥dih-AC0103 indicated relatively
large variations between the experiments and velgtihigh uncertainties in the estimated
immunoreactivities. The binding plots showed ingstesicy between different experiments,
and values deviating from the expected curve wetmd in nearly all the binding plots.
These results demonstrated that there is a needrfeww method that is less time consuming,

more consistent and provides more reliable immuacingty measurements.

The antigens Ag(01) and Ag(03) were biotinylated anccessfully coated to beads
prior to the bead-based experiments. The coatedisbewere then used in several
immunoreactivity measurements for the two differ&ICs. The conclusion from these
experiments is that antigen-coated beads with @dgancan be used as a substitute for cells.
The bead-based assays provided more consistentefiadlle measurements than the cell-
based assays and demonstrated a high degree oflueflility. The bead-based methods are

both easier to perform and timesaving comparetlésame methods using cells.

The immunoreactivity measurements f6Th-AC0103 indicated relatively high IRF
values, giving average IRF values for the cell- &eed-based assays of 83% and 93%,
respectively. The same experiments VitiTh-AC0303 showed that the bead-based method
easily can be used for different antibody-antiggstesms, with different binding properties.
This RIC demonstrated an average immunoreactivity 68% from the bead-based
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measurements. It is likely that a variety of diffier antibody-antigen systems can be used
with the beads, the only requisition being thatdh&gen or the epitope of the antigen can be
isolated. Therefore, beads provide a good way tapewe different binding systems with

similar conditions.

The one-point measurements in this project gave IREasurements within 10% of
IRF, and is thus a good approximations for the imamgactivity (IRF). However, as this
method only measure binding in one point, a higlneertainty is accompanying this method.
The conclusion from the one-point analysis can d@ythat IRE> IRF*. The Lindmo assay,
using several experimental data to estimate IRfeatlitions corresponding to antigen excess,
gives a more correct measurement of immunoreagtiviherefore, a full Lindmo assay
should be performed whenever a new system is benpmemented, or whenever high
accuracy is needed. However, the one-point analysigimesaving method that can be used

as a routine quality check.
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Appendix A
NAP-5 Purification

Figure A.1 shows the volumes of buffer used in pugification of radiolabeled
antibodies from free radionuclides, at differenhpée volumes.

Quick Reference Protocol Card |7-0853-01 [20 purifications
1N A ) ] (W g] : ! :

Protocol for purification of oligonucleotides and small DNA fragments,
desdlting and buffer exchange.

= Ensure suitable Buffer 1 is available

@ : Add

*» Remove top and bottom caps
. Aliow excess liquld to drain bu gravity flow

@ 10 ml Buffer 1 ‘ [
! » Allow to completely enter gel bed by gravity flow

@ 0.1-0.5 mlsample

» Allow to completely enter gel bed by gravity flow [
| % Additional Buffer 1 as appropriate (see table below) \
| » Allow to completely enter gel bed hy gmvitg flow

. Pll:tl:a ¢n appropriate cnlla-ction tube under column ( \
#F Appropriate volume of Buffer 1 '

= Collect eluate by gravity flow

= Store purified sample at -20°C

Sample Volume of Buffer 1 for Volume of Buffer 1

Column Type wvolume Column Equilibration for Elution step
, (ml) step (ml)  mih
NAP-5 01 0.4 0.5
0.25 0.25 07
0.5 {max vol) 0 1.0

GE, imogiration at wors and GE moncgram are tradamoarks of Genaral Electic Company.
st and NAP om trodemar ks of GE Heolthcore Companies
B 2007 Ganera! Elactic Company-All rights rezerved. Frst publishea 2006

All goods and services Gre sold sulrect ta e terms ond conditlons of sole of the cormpors withan 52 Healtheare:
which supphes them, A copy of these terms omd conditions is ovailobde upon request.
Contuet your S Heo ltheare representative for the maost current infarmatian.

nttpuwewwgeheaithoorecomyifesclences

GE Healtheare UK Limited,
Amersham Ploce, Litthe Chalfond,
Bucknghamshire, H#7 9kea LK

I7-0851-01PC Res- B 062007

Figure A.1:  The volumes used in the purification of radiolebdeantibody conjugates from free
radionuclide, (Ref.: GE Healthcare).






Appendix B
Yield and Specific Activity

AC0103 was labeled witff'Th a total of 12 times for this project, while AQBwas
labeled two times. After purification of the radibkeled immunoconjugate on a NAP-5
column, the product was found in the HMW fractifinee®?'Th was retained on the column
as LMW fraction. The radioimmunoconjugate was alsvagurified right after the
radiolabeling, day 0, and the yield representsfihetion >*'Th bound by chelator. A second
purification was performed if the radiolabeled aagte was used the day after radiolabeling,
day 1. This gives a measurement for how stabledti®labeling is. Each radiolabeling got its
own number, and the letters a and b represent® dayg 1, respectively. Table B.1 shows the
yields and specific activities 6f'Th-AC0103 after the first purification, and Table2Bafter
the second purification. Table B.3 and B.4 show yiiedds and specific activities 6f'Th-
ACO0303 after the first and second purification pexgively.

Table B.1: Yield and specific activity of*'Th-AC0103 after first purification, day 0. Here,i8/the
Void-fraction, HMW is the product-fraction and MIlis free’*’Th on the column.

Radiolabeling Activity (A) [MBq] _ Specific

ber Yield activity

num Vv HMW LMW [Ba/ug]
la 8.8-10° 6.6- 10" 2.2-10° 97 % 680
2a 1.5-10° 6.6- 10° 3.0- 102 96 % 691
3a 9.9-10° 7.7- 10 3.1-10° 96 % 807
4a 1.7-10% 5.0-10* 6.8- 102 88 % 566
5a 1.7-10* 7.1-10% 3.4-10° 95 % 749
6a 1.3-10% 9.1-10% 5.0- 102 95 % 962
7a 1.3-10% 1,0- 1@ 4.6-10° 96 % 1054
8a 1.3-10* 7.1-10% 4.8- 107 94 % 759
9a 1.1-10% 9.2-10% 5.2- 102 95 % 965
10a 1.7-10* 7.9- 10 5.2-10° 94 % 845
1lla 1.6-10% 5.3-10% 4.5-10° 92 % 893
12a 1.4-10* 8.4- 10t 3.9-10° 96 % 873




Table B.2:  Yield and specific activity of*Th-AC0103 after second purification, day 1. HerdsV
the Void-fraction, HMW is the product-fractiondabMW is free?’’Th on the column.

Radiolabeling Activity (A) [MBa] . Specific

aumber Yield activity
1b 1.7-10* 3.4-10* 2.4- 102 93 % 526
2b 9.4-10° 3.9-10% 7.1-10° 98 % 568
4b 1.5-10° 3.5-10% 9.2-10° 97 % 523
5b 1.5-10% 45.10 1.2-10? 97 % 668
6b 2.0-10* 5.9-10% 2.2- 102 96 % 877
7b 1.1-10* 6.4- 10" 1.5- 102 98 % 935
8b 1.1-10* 4.6-10" 8.6-10° 98 % 670
10b 1.6-10% 5.3-10% 4.5-10° 92 % 821
12b 6.0- 10* 5.2-10* 2.2- 102 96 % 771

Table B.3: Yield and specific activity of*'Th-AC0303 after first purification, day 0. Here,i§/the
Void-fraction, HMW is the product-fraction and Wlis free®*’Th on the column.

: ; Activity (A) [MBq] Specific
Radiolabeling Yield activity
\% HMW LMW [Ba/ug]

10a 1.3-10* 7.5-10% 7.7-10° 91 % 829

11a 1.7-10* 3.9-10% 5.3-10° 88 % 574

Table B.4:  Yield and specific activity of*Th-AC0303 after second purification, day 1. HerdsV
the Void-fraction, HMW is the product-fractiondabMW is free?’Th on the column.

Radiolabeling Activity (A) [MBa] _ Specific
number Yield activity
Y, HMW LMW [Ba/ug]

10b 1.7-10* 3.9-10" 5.3-10° 88 % 638

11b 1.7-10* 3.6-10* 1.9-10? 95 % 535




The following equations give a calculation exanipleyield and specific activity. The values
used in this example are for sample la:

. A 6.6:1071
Yield,, = HYMW -100% = — — —-100% = 97%
AgmwHAv+ALMW 6.6:10714+8.8:107%+2.2:1072
o . A 6.6'10° B
Specific activity,, = AW = 1

= =680B
mass of AC0103 - Yield 1000 ug-0.97 Q/P-g

The average specific activity with standard dewviativas calculated from all values in
the four tables to be 750 +150 Bg/pg. From this, tkmber of?’Th bound per antibody-

chelator conjugate (AC) was calculated to be agprately one per 2000. The calculations
are given below.

Average specific activity (A): 750 Bg/ug

ty, for ?’Th = 18.72 days = 1617408 s

A=In2/ty),= 4,29E-07

N=A/A= 1,86+09 **'Th/ug

n (**’Th) = N/Avrogado constant = 2,)9E-15  mol **'Th/pg

n (AC) = 1 pg/(147.5-10° pg/mol) = 6,8E-12  mol AC/ug

This corresponds to ~ 1 **’Th : 2000 AC

Here, 1/, is the half timej is the proportionality constant, N is the numbenuaclei and n is

the number of moles. 147.5 kDa is the average mtdaeaveight of AC0103 and AC0303,
and is used to calculate number of moles AC-congiga






Appendix C

Biotinylation

The degree of biotinylation was determined by thik¥ing four calculations:

Calculation #1: mmol protein per mL in original sample
= protein concentration (mg/mL) / My, of protein (mg/mmol)

Calculation #2: AA(A=492nm) = A (HABA/Avidin) - A (HABA/Avidin/Biotin)
Calculation #3: mmol biotin/mL reaction mixture = AA(495)/(g-b) = Calc#2 / (34000 - 0.5)

[b = the cell path length expressed in cm]

Where: - .
[e = extinction coefficient at the wavelength A]

Calculation #4: Conjugation ratio (mol biotin: mol protein)

mmol biotin in original sample / mmol protein in original sample
(mmol biotin in reaction mixture * dilution factor) / mmol protein in original sample
(Calc #3 x 10) / Calc#1

The degree of biotinylation for Ag(01) and Ag(0O3asvcalculated as below. The red values
are the measured absorbances.

Ag(01):

Calc#1l: = 2 mg/mL / 192000mg/mmol = 1.04-10°  mmol/mL

Calc #2: = 0.824 - 0.622 = 0.202

Calc#3: = Calc #2 / (34000 - 0.5) = 1.19-10° mmol/mL

Calc#4: = Calc#3x10 / Calc #1 = 114 mol biotin: 1 mol protein
Ag(03):

Calc#1: = 2 mg/mL / 86510 mg/mmol = 2.31-10" mmol/mL

Calc#2: = 0.817 - 0.674 = 0.143

Calc#3: = Calc #2 / (34000 - 0.5) = 8.41-10° mmol/mL

Calc#4: = Calc#3x10 / Calc #1 = 3.6 mol biotin: 1 mol protein







Appendix D

Scatchard Analysis

Table D.1 — D.4 give the raw data from the activitgasurements in the Scatchard
analysis, together with calculated data for bindimgthese tables, P represents the cell/bead
pellet activity (=bound(B) antibody(Ab)), while &presents the activity of the supernatant
(=free(F) Ab). BL represents the activity from thlecked sample (=nonspecific bound RIC).

Table D.1 gives binding data f6¥ Th-AC0103 binding to Ag(01)-expressing cells, Table

for #'Th-AC0303 binding to Ag(03)-expressing cells, Tabl& for?’Th-AC0103 binding to

Ag(01)-coated beads and Table D.4%0Th-AC0303 binding to Ag(03)-coated beads.

Table D.1: Experimental raw data and calculated values fadihinmeasurement with‘Th-
ACO0103 binding to Ag(01)-expressing cells

sample Activity [cpom] | Bound RIC | Specific bound | Free B/F n(RIC, tot) | n(RIC, B)
p s [%] RIC [%] RIC [%] [mol] [mol]
1 16408.6 | 8593.4 31 25 75 0.35 7E-12 1.7E-12
2 5821.5 | 451.7 86 80 20 4.02 2E-12 1.4E-12
3 1400.8 77.1 90 84 16 5.27 4E-13 3.5E-13
4 335.7 23.5 87 81 19 4.38 1E-13 8.6E-14
BL 197.3 176.7 6

Table D.2: Experimental raw data and calculated values fadihinmeasurement with‘Th-
ACO0303 binding to Ag(03)-expressing cells

sample Activity [cpm] | Bound RIC | Specific bound | Free B/F n(RIC, tot) | n(RIC, B)
P S [%] RIC [%] RIC [%] [mol] [mol]
1 10785.6 | 3575.3 50 50 50 0.99 3E-12 2E-12
2 2957.1 543.0 69 69 31 2.18 9E-13 6E-13
3 705.5 122.4 70 70 30 2.33 2E-13 1E-13
4 166.4 339 66 66 34 1.91 5E-14 3E-14
BL 388.1 384.5 0.5




Table D.3: Experimental raw data and calculated values fadihinmeasurement with‘Th-
ACO0103 binding to Ag(01)-coated beads

sample Activity [cpm] | Bound RIC | Specific bound | Free B/F n(RIC, tot) | n(RIC, B)
P S [%] RIC [%] RIC [%] [mol] [mol]
1 12278.7 | 5601.5 37 36 64 0.56 3E-12 1E-12
2 3828.9 | 370.8 82 81 19 4.24 9E-13 4E-13
3 934.4 46.8 90 89 11 8.11 2E-13 1E-13
4 227.6 19.0 85 83 17 494 5E-14 3E-14
BL 474.2 460.8 1

Table D.4: Experimental raw data and calculated values fadihinmeasurement with‘Th-
ACO0303 binding to Ag(03)-coated beads

sample Activity [cpm] | Bound RIC | Specific bound | Free B/F n(RIC, tot) | n(RIC, B)
P S [%] RIC [%] RIC [%] [mol] [mol]
1 11650.4 | 4805.8 42 32 68 0.48 3E-12 1E-12
2 3052.9 | 856.8 56 47 53 0.89 8E-13 7E-13
3 794.2 | 154.8 67 58 42 1.39 2E-13 2E-13
4 2255 | 41.6 69 60 40 1.48 5E-14 4E-14
BL 497.4 | 414 9

Equation D.1 — D.4 are the equations for the fig&dight lines obtained by plotting

the B/F values against the Bound Ab [mol] valuesrfrTable D.1 — D.4, respectively. Only

values in the yellow-labeled values of the tableem@cluded in these plots. Some of the

samples of lowest RIC concentrations did not fibia straight line, and was therefore not

included in the plot. The reason for this is urmertbut might be due to the high uncertainty

that might exist with so low concentrations.

Here, x = Bound RIC [mol] and y = B/F.

y=-9-10"x + 16.87;

y=-9- 10" x + 2.564;

y =-7- 10" x + 9.419;

y =-9- 10" x + 1.445;

Rz2=1

R2=0.971

R2=0.998

R2=0.928

(n=2)
(n=3)
(n=3)

(n=4)

(D.1)
(D.2)
(D.3)

(D.4)



Calculation example

Values from?*"Th-AC0103 binding to Ag(01) on cells (sample 1 iable D.1) are
used in calculation examples 1 to 5. The calcutgtié-9 are based on Equation D.1, which
again represents sample 1 and 2 in Table D.1. @alon 10 are based on the values for
2'Th-AC0103 binding to Ag(01) on beads (Table D.3u&ipn D.3).

1. Bound RIC= [(A-As)/(AptAs)] - 100%
= [(16408.6 — 8593.4)/(16408.6 + 8593:4)P0% = 31%

2. Specific bound RIC = Bound RIC (Sample 1) — Bo&i@ (BL sample)
=31% - 6% = 25%

3. Free RIC = 100% - Specific bound RIC =100% - 25%6%

4. B/F = Specific bound RIC / Free RIC = 25% / 75%.3%0

5. n(RIC, B) = n(RIC, tot) Specific bound RIC
= (7- 10" mol) - 25% =1.7- 10" mol

6. Ka=-slope of line described by Equation D.1 =1®"

7. n(Ag,tot) = intercept of the extrapolated line désed by Equation D.1 with x-axis
= (16.87/910'%) = 1.9- 10" mol

8. n(Ag)/cell = n(Ag,tot) / number of cells
=1.9 10" mol / 500 000 cells = 3.710"® mol/cell

9. N(Ag)/cell = n(Ag)/cell- Na
= 3.7 10" mol/cell- 6.022- 10?* mol™ = 2.3- 10° Ag/cell

10.ug antigen/mg beads = n(Ag) / beadd,, - beads/mg
=1.3- 10*° mol/bead Ag(01) 96 000 g/mol 1¢ pg/g- 6.5- 10’ beads/mg
=8.40 ng/mg

Here, n = moles, N = number of atoms, Nthe Avrogado constant, B = bound and F = free.






Appendix E

Initial development of the immunoreactivity assays

The raw data, binding data and binding plots frdw iitial experiments with cells
and beads are given in this appendix. These reselts used to develop the cell- and bead-
based immunoreactivity assays for this project. fifst section gives the results from the
cell-based assays, and the second section givegsh#s from the bead-based assays. The
experiments were numbered after the radiolabeledc#&qugate used in the respective
experiment (see Appendix B). A calculation exanfplethe calculated values (B/T)*, BT

and B/T can be found in Appendix F.

E.1 Initial development of cell-based immunoreactiity assays

Figure E.1 shows the results from the two first exipents with cells and*Th-
ACO0103. The purpose of these experiments was tbthe suitable number of cells for the

one-point- and Lindmo analysis.

1b - initial experiment 2a - initial experiment
Activit Activit
# Cells [mill] ctivity [cpm] @m¢ | Bm || #cells mil ctivity [cpm] (BIT)* BIT
P S P S
1 446.1 40.1 0.84 0.78 0.10 426.3 57.1 0.76 0.73
5 466.2 44.1 0.83 0.77 0.25 451.2 36.9 0.85 0.82
10 474.8 37.2 0.85 0.79 0.50 457.2 343 0.86 0.83
20 460.4 46.2 0.82 0.76 0.60 452.0 383 0.84 0.81
50 455.3 26.8 0.89 0.83 0.75 458.3 27.8 0.89 0.85
BL 257.8 | 2287 0.06 1 446.2 24.0 0.90 0.86
10 471.7 33.5 0.87 0.83
BL 259.8 243.0 0.03
1.0 1.0 ~
0.9 0.9 .
0.8 * 08 - * * ¢ *
0.7 * 07 4 @
0.6 0.6 -
B/T 05 B/T 0.5 -
0.4 0.4 -
0.3 0.3 -
0.2 0.2 -
0.1 0.1 -
0~0 L T L T T 1 0-0 T T T T T T T T T 1
0 10 20 30 40 50 00 0.1 0.2 03 04 05 06 0.7 0.8 09 1.0
Number of cells [mill] Number of cells [mill]

Figure E.1: Raw data from activity measurements, calculatedibinfractions and binding plots for
experiment 1b and 2&Th-AC0103 was tested for binding to Ag(01)-expnegsiells.
These were initial experiments made to develemtithod.



The results in Figure E.1 show that the cell numhberthese two experiments were
too high to obtain a characteristic binding pldbefiefore, a third experiment was made using

samples of lower cell numbers. The result is givelRigure E.2.

2b
. Activity [cpm] . 1.0 -
# Cells [mill] S S (BIM B/T 03 1 . ¢
0.010 245.6 206.1 0.09 0.07 074 o
0.025 324.6 152.7 0.36 0.34 B/T 8.§ 1o
0.050 370.4 101.2 0.57 0.56 o2 ]
0.075 375.5 98.7 0.58 0.57 03 |®
0.1 407.2 70.9 0.70 0.69 0.2 -
0.5 386.6 22.8 0.89 0.87 8~é »
1 464.1 15.3 0.94 0.92
BL 2395 | 2321 | 002 0 0102 O ber of celis tmit O °°

Figure E.2: Raw data from activity measurements, calculatedibgfractions and binding plot for
experiment 2b. This plot was used to determieesthitable cell-numbers for the one-
point and Lindmo analysi&'Th-AC0103 was tested for binding to Ag(01)-expregsi
cells.

From the results presented in Figure E.1 and Ew#a$ concluded that 1 million cells
were sufficient for the one-point analysis and celmbers in the range from 25 000 to 5

million were suitable for the Lindmo-analysis.



E.2 Initial development of bead-based immunoreactity assays

Figure E.3 shows the results from the three fisgieziments with*>’Th-AC0103
and Ag(0l)-coated beads. The purpose of these expets was to find the suitable
number of beads for the one-point- and Lindmo asialyThe beads were coated with
40 pg biotinylated Ag(01) per mg beads (=4§/mg).

4b - first try 40 pg/mg 5a - second try 40 pg/mg
T Activit | Activit
# Beads [mill] ‘;'V' V[C‘fsm] ®m* | BT # Beads [mill] ‘;'V' [Cpsm] ®m* | BT
0.03 2675 | 272.1 | 001 | -0.03 01 252.7 | 239.1 | 0.03 | -0.01
0.07 305.1 | 2832 | 0.04 | 001 03 2751 | 244.7 | 0.06 | 0.3
01 2769 | 2733 | 0.01 | -0.02 1 2888 | 2158 | 014 | 0.11
03 2913 | 260.1 | 0.06 | 003 3 4446 | 861 | 068 | 064
07 2851 | 252.8 | 0.06 | 0.03 14 3449 | 1849 | 030 | 027
1 312.2 | 2653 | 0.08 | 0.6 27 4955 | 184 | 093 | 090
BL 2879 | 2734 | 0.03 BL 2805 | 262.7 | 0.03
0.07 - 1.0 .
0.06 - 0.8
0.05 -
gr 004 061 @
003 ® g BIT 0.4
0.02 - @
0.2
0.01 1@ ®
0.00 . : . 0.0 ' '
0 10 20 30
0.0 0.5 1.0 1.5 .
Number of beads [mill] Number of beads [mill]
5b - third try 40 pg/mg
T Activit
# Beads [mill] ‘;'V' Y [Cpsm] ®m* | BT 1.0
0.8
0.1 277.8 | 2382 | 0.08 | 002 ° ® ®
03 3148 | 2015 | 022 | 0.16 061 o
B/T 04
1 4105 | 991 | 061 | 055 :
3 4555 | 572 | 078 | 0.72 0.2
7 4698 | 468 | 082 | 0.76 0.0 u , ,
13 4710 | 448 | 083 | 077 0 s 10 -
BL 267.1 | 238.7 0.06 Number of beads [mill]

Figure E.3: The three first experiments withTh-AC0103 and Ag(01)-coated beads. The purpose
of these experiments were to find the appropnataeber of beads for the bead-based
assays. The beads were coated withgibiotinylated Ag(01) per mg beads.

Figure E.3 shows that bead numbers from 100 04® tmillion might be appropriate
for the Lindmo analysis. Later, it was decided ésttthe binding capacity of the beads
because it was thought that the assumed capac# pd/mg might be too high. If this was
true, not all of the added antigen would have botmthe beads, but would have gone to
waste. To investigate if this was the case, onemx@nt with 40ug/mg and one with 10



ug/mg was performed. The experiment with dgmg had four times more beads in each
sample that the experiment with g§/mg. If the binding capacity was 4@/mg, the samples
would then contain the same amount of antigen. iArttis case, the two experiments should

give the same result. The results from the two expnts are given in Figure E.4.

6a 40 ug/mg 6a 10 pg/mg
# Beads [mill] ACFE'V'W [C%m] @®m)* | BT | |#Beads [mill] ACP“V'“ [Cgm] ®m+| BT
2 334.6 86.9 0.59 | 0.41 8 4319 | 141 | 0.94 | 0.78
4 408.9 | 63.9 0.73 | 0.56 16 411.9] 16.7 | 0.92 ] 0.77
6 377.2 ] 58.2 | 0.73 | 0.56 24 408.9] 10.2 | 0.95{ 0.80
8 378.0] 58.0 | 0.73 | 0.56 33 429.5] 115 ] 0.95{ 0.79
17 383.7] 34.9 0.83 | 0.66 68 432.21 10.9 [ 0.95] 0.80
24 4119] 44.3 ] 0.81 | 0.63 94 437.0] 13.3 ] 094 | 0.79
34 409.3 | 39.1 0.83 | 0.65 135 44421 10.6 [ 0.95] 0.80
BL 257.7 ] 181.6( 0.17 BL 254.0| 186.2] 0.15
1.0 - 1.0 -
0.9 - 0.9 -
0.8 - 08 1eg®® e o °
0.7 - ® ° 0.7 -
B/T06 1 gee L B/T 0.6 -
0.5 - 0.5 -
04 1@ 0.4 -
0.3 A 0.3 -
0.2 - 0.2 -
0.1 - 0.1 -
0.0 T T T 1 0'0 T T )
0 10 20 30 40 0 50 100 150
Number of beads [mill] Number of beads [mill]

Figure E.4: Experiments witf?’Th-AC0103 and Ag(01)-coated beads performed tostiyate
the binding capacity of the beads. The resulsqamied to the left had 4@ biotinylated
antigen per mg beads (=40 ug/mg). The resuttgaight had 1@g/mg.

Figure E.4 shows that the samples in the experiméht 10 pg/mg contained more
antigen than the samples with 46/mg. This means that much of the antigens in e 4

ug/mg coating had not bound to the beads, but gopmaste.

Due to these results, 10g/mg was used for coating the beads in the further
experiments. The capacity could be higher, for gdan@0ug/mg, but it was concluded that
10 ung/mg gave convenient amounts of beads to work wghlow number of beads gives
small volumes to work with, as the beads are gsiteall compared to cells (28m in
diameter compared to 14n for SKOV-3 cells)).



Based on the results in Figure E.3 and E.4 it vmasight that bead numbers from
25 000 to 40 million could be appropriate for thendmo analysis. This was further
investigated in experiment 6b. The result is giwveRigure E.5. The conclusion from this was
that 50 000 to 25 million beads would be sufficiehtwas also concluded that 15 million
beads were adequate for the one-point analysis.

6b - Parallel 1 - Without BSA 6b - Parallel 2 - Without BSA
. Activity [cpm . Activity [cpm
# Beads [mill]—— [ ps L em | BT # Beads [mill] ——— yl ps L emy | BT
0.25 309.3 | 2409 | 012 | -0.01 1.3 436.4 | 1358 053 0.53
0.65 355.6 190.8 0.30 0.16 2.6 475.5 101.4 0.65 0.65
1.30 382.1 148.8 0.44 0.30 6.5 489.1 56.5 0.79 0.79
2.00 434.7 111.1 0.59 0.46 13.0 478.7 58.6 0.78 0.78
2.6 458.4 93.5 0.66 0.52 20.0 477.8 53.2 0.80 0.80
6.5 478.4 68.4 0.75 0.61 27.0 506.5 53.3 0.81 0.81
13.0 501.6 54.2 0.80 0.67 40.0 524.3 51.6 0.82 0.82
BL 332.0 251.6 0.14 BL 317.8 241.1 0.14
1.0 - 1.0 -
0.8 A [ ] 0.8 A
[ ]
o () ™) ® [ ] [ ]
0.6 [ ] 0.6 A
B/T B/T ™Y
044 @ 04 @
[ ]
0.2 - 0.2
0.0 r . . . . . . . 0.0 T T T T T T T L
0.0 20 40 6.0 80 10.0 12.0 14.0 0 > 10 15 20 25 30 35 40
Number of beads [mill] Number of beads [mill]

Figure E.5: Investigation of the appropriate number of beadsife bead-based Lindmo analysis.
The binding of?*’Th-AC0103 to Ag(01)-coated beads was tested. Thdbwere
coated with 10 pg Ag(01) per mg beads.






Appendix F
Cell-based Immunoreactivity Assays for?'Th-AC0103

In the next two sections, raw data and calculatddes from the cell-based binding
assays fof?’Th-AC0103 are presented. Data from the one-poiatyars are presented first.
Secondly, data and plots from the Lindmo analysesgeven. Calculation examples are also
included. The experiments were numbered after déldelabeled AC-conjugate used in the

respective experiment (see Appendix B).

F.1 Cell-based one-point analyses f6f Th-AC0103

Raw data from the activity measurements from tHebased one-point analyses for
2'Th-AC0103 are given in Table F.1. 1 million Ag(C&)pressing cells were used per sample
in these experiments. Six of these measurementharke million cell samples of the Lindmo

analyses presented in the next section (2b, 4lhh&a and 7b).

The following calculations give an example of hoanspecific binding, B/g., and
immunoreactive fraction at limited antigen excel®F*, were calculated. (B/T)* is the
fraction of bound RIC in one sample, with nonspecliinding included. Values from

experiment 1b are used for these examples.

1. (BIT)* = [(ArA/(Ap+Ag)] - 100% = [(446.1-40.1)/(446.1+40.1)j00% = 84%

2. Nonspecific blndlng =B = [(AP,BL'AS,BL)/( AP,BL+AS,BL)] - 100%

= [(257.8-228.7)/( 257.8+228.7)J00% = 6%

3. IRF* = B/T (in sample with excess of antigen(B#T)* - B/Tg. = 84% - 6% = 78%

Averages and standard deviations (S.D.) were lz&uliin excel by the functions
AVERAGE and STDEV, respectively.



Table F.1: Raw data from the activity measurements and cakdiigalues from the one-point
analyses of*'Th-AC0103 using Ag(01)-expressing cells.UBL = untiled analysis
sample. BL = blocked control sample. P = sampleaining cell pellet + 1/2
supernatant. S = sample containing 1/2 superhatan

. Activity (UBL) (B/T)* Activity (BL) B/Tq, IRE*
Experiment P S P S
1b 446.1 40.1 84% 257.8 228.7 6% 78%
2a 426.3 57.1 76% 259.8 243.0 3% 73%
2b 464.1 15.3 94% 239.5 232.1 2% 92%
469.3 35.6 86% 248.5 239.0 2% 84%
3a 475.1 39.3 85% 241.2 221.1 4% 81%
474.4 29.0 88% 249.4 241.2 2% 86%
4b 553.3 43.8 85% 289.2 270.1 3% 82%
5a 501.3 42.6 84% 263.0 226.1 8% 77%
5b 483.5 36.8 86% 274.0 226.3 10% 76%
6a 414.5 33.9 85% 226.5 212.7 3% 82%
7a 504.3 35.2 87% 255.9 250.4 1% 86%
7b 468.7 52.6 80% 261.7 253.4 2% 78%
AVERAGE: 4% 81%
S.D.: 3% 5%




F.2 Cell-based Lindmo analyses fof*’Th-AC0103

There were performed six Lindmo analysesf6fh-AC0103 with Ag(01)-expressing
cells. The resulting IRF-values from each experitm@md average IRF with S.D. are given in
Table F.2.

Table F.2:  The calculated IRF values for each Lindmo analg&f'Th-AC0103 with Ag(01)-

expressing cells. Average IRF with standard dnas given below.
Experiment IRF R?
2b 97% 0.982
4b 83% 0.887
5a 74% 0.874
5b 81% 0.893
6a 77% 0.397
7b 83% 0.926
Average 83% 0.83
S.D. 8% 0.21

Raw data, calculated values, binding plots and miaglots for the six experiments
used to calculate the IRF values in Table F.2 arengin Figure F.1-F.3. IRF is determined
from each Lindmo-plot as the intercept of the dfit®raight line with the y-axis. The red

labeled values in Figure F.1 and F.3 were omittechfthe respective Lindmo-plot.

A calculation example for the calculated valuegjien below. For this example,
values from the 1 million cell sample in experiméit are used. For calculation of the
immunoreactive fraction at unlimited antigen ex¢cdBs-, the Lindmo plot from the same

experiment is used (see Figure F.1).

1. (BIT)* = [(ArA/(Ap+Ag)] - 100% = [(464.1-15.3)/( 464.1+15.3)J00% = 94%

2. Nonspecific binding = BE. = [(Ap sL-As L)/ (Ap sl tAssL)] - 100%

= [(239.5-232.1)/( 239.5+232.1]J00% = 2%

3. B/T = (B/T)* - B/TgL = 94% - 2% = 92%

4. T/B=1/(BIT)=1/0.92 = 1.09

5. IRF = x when y»0 = 1.035/0.045 = 0.97 = 97%



2b

Activit
# Cells [mill] PC al [Cp";] (BIT)* BT | 1#Cells [Umill]| T/B
0.010 245.6 206.1 0.09 0.07 100 13.94
0.025 324.6 152.7 0.36 0.34 40 2.90
0.050 370.4 101.2 0.57 0.56 20 1.80
0.075 375.5 98.7 0.58 0.57 13 1.76
0.1 407.2 70.9 0.70 0.69 10 1.45
0.5 386.6 22.8 0.89 0.87 2 1.15
1 464.1 15.3 0.94 0.92 1 1.09
BL 2395 232.1 0.02 IRF 97%]
1.0 - 3.0 -
0.9 - *
L 2 J
08 | 25
071 o 50
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BT o5 | ¥ 7B 45 . y = 0.045x + 1.035
0.4 - R?=0.982
03 |® 1.0 -

g'i 1 05 -
0.0 I? T T T T T T T T T 1 0.0 T T T T T T T 1
0 010203040506 07 0809 1 0 5 10 15 20 25 30 35 40
Number of cells [mill] 1/Number of cells [1/mill]
4b
# Cells [mill] ic“‘”ty [Cp";] (BIT)* BT | 1 cells [umin| /B
0.025 399.4 1222 0.53 0.50 20 2.01
0.05 4438 124.7 0.56 0.53 20 1.90
0.1 505.2 72.3 0.75 0.72 10 1.40
0.2 544.0 54.8 0.82 0.78 5 1.28
0.5 514.1 35.9 0.87 0.84 2 1.20
1 553.3 43.8 0.85 0.82 1 1.22
BL 289.2 270.1 0.03 IRF 83%
1.0 - 25 -
0.8 - 'S * 2 2.0 -
L 2
06 - 15 -
B/T
@ /8 y =0.022x + 1.205
0.4 - 1.0 R2=0.887
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Figure F.1: Raw data from activity measurements, calculatedibifractions, binding plots and
Lindmo plots for experiment 2b and 45'Th-AC0103 was tested for binding to
Ag(01)-expressing cells. IRF was calculated ftbmequation of the fitted straight line.



5a

Activity [cpm
# Cells [mill] = y [cp S] (BIT)* BT | wmcels[umig | T/
0.050 432.6 84.2 0.67 0.60 20 167
0.10 452.1 74.1 0.72 0.64 10 1.56
05 4375 60.0 0.76 0.68 2 1.46
1.0 501.3 42.6 0.84 0.77 1 1.30
5.0 478.8 42.4 0.84 0.76 0.2 131
BL 263.0 226.1 0.08 IRF  74%]|
1.0 -~ 1.8 -
0.9 - 1.6 -
0.8 - . . 4l @
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5b
# Cells [mill] A;“"'ty [Cp";] (BIT)* BIT 1/# Cells [L/mill] /B
0.05 364.1 | 1381 0.45 0.35 20 2.82
0.10 433.1 67.5 0.73 0.63 10 157
0.50 7656 26.0 0.82 0.72 138
1.0 2835 36.8 0.86 0.76 131
25 479.9 46.4 0.82 0.73 0.4 137
5.0 451.0 39.3 0.84 0.74 0.2 134
BL 2740 [ 2263 0.10 IRF  81%|
1.0 ~ 3.0 -
09 - )e g
0.8 - :
07| & ¢ A4 ¢ 2.0
06 ® .
B/T 8:i : s 15
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Figure F.2: Raw data from activity measurements, calculatedibifractions, binding plots and
Lindmo plots for experiment 5a and 55Th-AC0103 was tested for binding to
Ag(01)-expressing cells. IRF was calculated ftbmequation of the fitted straight line.



6a

Activity [cpm
# Cells [mill] = ylep S] (BITY* BIT | 1#cells [Umill] | T/B
0.025 233.1 2215 0.03 0.00 40 0.00
0.05 346.9 85.4 0.60 0.57 20 1.74
0.10 397.9 39.0 0.82 0.79 10 1.27
0.25 364.5 83.9 0.63 0.59 1.68
0.50 405.1 35.9 0.84 0.81 1.24
1 414.5 33.9 0.85 0.82 1.22
BL 226.5 212.7 0.03 IRF 77%|
1.0 - 2.0 -
0.9 -
J 2
021 ¢ ¢ ¢ 15 “1/’
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B/T o5 ¢ /B 10
0.4 4 y =0.019x + 1.292
0.3 2 _
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7b
# Cells [mill] A;“"'ty [Cpms] (BIT)* BT | u#cells [Umill] | T/B
0.05 386.1 120.3 0.52 0.51 20 1.97
0.10 470.0 76.5 0.72 0.70 10 1.42
0.25 456.5 60.1 0.77 0.75 4 1.33
0.50 484.1 476 0.82 0.80 2 1.24
0.75 4715 59.7 0.78 0.76 1.3 1.32
1.0 468.7 52.6 0.80 0.78 1.0 1.28
BL 261.7 253.4 0.02 IRF 83%
1.0 - 2.5 -
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Figure F.3: Raw data from activity measurements, calculatedibinfractions, binding plots and
Lindmo plots for experiment 6a and 7HTh-AC0103 was tested for binding to
Ag(01)-expressing cells. IRF was calculated ftbmequation of the fitted straight line.
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Appendix G
Bead-based Immunoreactivity Assays fof*’Th-AC0103

In the next two sections, raw data and calculatddes from the bead-based binding
assays fof?’Th-AC0103 are presented. Data from the one-poiatyars are presented first.
Secondly, data and plots from the Lindmo analysesggeven. Calculations were the same as
for the cell-based immunoreactivity assays ¥0rh-AC0103 (see example in Appendix F).
The experiments were numbered after the radioldb&(@-conjugate used in the respective
experiment (see Appendix B).

G.1 Bead-based one-point analyses f6f'Th-AC0103

Raw data from the activity measurements from theddsased one-point analyses for
?2'Th-AC0103 are given in Table G.1. 15 million Ag(éated beads were used per sample

in these experiments.



Table G.1: Raw data from the activity measurements and cakdiigalues from the one-point
analyses of*'Th-AC0103 using Ag(01)-coated beads.UBL = unblockedllysis
sample. BL = blocked control sample. P = samplgaining cell pellet + 1/2
supernatant. S = sample containing 1/2 supernatan
Activity (UBL Activity (BL
: ctivity (UBL) | g 7) ctivity (BL) B/Te. | IRF* |Comments
Experiment P S P S
6b 501.6 54.2 81% 332.0 251.6 14% 67%
478.7 58.6 78% 317.8 241.1 14% 64%
7 506.8 233 91% 284.2 246.9 7% 84% Without
4992 | 220 | 92% 2908 | 2293 | 12% | 80% 'BSX”
505.2 29.1 89% 321.2 255.6 11% 78%
7b 509.9 16.8 94% 288.6 244.6 8% 85%
532.7 28.5 90% 307.0 232.5 14% 76%
538.2 10.5 96% 290.1 226.7 12% 84%
481.6 16.8 93% 282.5 219.4 13% 81% Without
499.8 13.3 95% 302.0 221.1 15% 79% BSA
522.1 19.9 93% 278.1 236.8 8% 85%
483.2 26.6 90% 256.5 243.3 3% 87%
83 492.7 29.5 89% 245.4 254.9 0% 89% 1% BSA
(o]
481.3 35.6 86% 252.4 242.2 2% 84%
470.8 24.6 90% 268.4 254 .4 3% 87%
497.8 37.3 86% 251.7 236.4 3% 83%
272.3 20.4 86% 276.1 248.3 5% 81% 5% BSA
(o]
488.0 36.8 86% 257.4 268.0 0% 86%
491.3 38.5 85% 265.6 249.1 3% 82%
3b 517.3 40.0 86% 276.4 241.4 7% 79%
518.8 51.7 82% 264.6 271.8 0% 82%
9a 534.7 21.0 92% 255.5 241.9 3% 89% 1% BSA
10a 522.1 24.2 91% 257.3 257.0 0% 91%
10b 544.0 52.7 82% 304.2 284.1 3% 79%
Without BSA: AVERAGE: 12% 78%
n=11 SD: 3% 7%
With
BSA: AVERAGE: 2% 85%
n=13 SD: 2% 4%




G.2 Bead-based Lindmo analyses fo&* Th-AC0103

There were initially performed six Lindmo analyges ?*'Th-AC0103 with Ag(01)-
coated beads. BSA was not added to the sampldsesé texperiments. The resulting IRF-
values from each experiments and average IRF with Bom these six experiments are
given in Table F.3. Five more Lindmo analyses?drh-AC0103 with Ag(01)-coated beads
were performed with BSA added to the samples. Témulting IRF-values from each

experiments and average IRF with S.D. from thesedkperiments are given in Table G.3.

Table G.2: The calculated IRF values for each Lindmo analg&i$'Th-AC0103 with Ag(01)-
coated beads. BSA was not added to the samptessd# experiments. Calculated
average IRF with standard deviation is given Welo

Experiment IRF
6b 86%
6b 71%
7a 90%
7a 86%
7b 87%
7b 79%
Average 83%
S.D. 7%

Table G.3: The calculated IRF values for each Lindmo analgf'Th-AC0103 with Ag(01)-
coated beads. BSA was added to the samplessu gxperiments. Calculated average
IRF with standard deviation is given below.

Experiment IRF
8b 89%
8b 89%
9a 98%
10a 99%
10b 88%
Average 93%
S.D. 5%

Raw data, calculated values, binding plots and miaglots for the six experiments
without BSA (see Table G.2) are given in Figure -G.B. Raw data, calculated values,
binding plots and Lindmo plots for the five expeeints with BSA (see Table G.3) are given
in Figure G.4-G.6. The red labeled values in Figarg-G.6 were omitted from the respective

Lindmo-plot.
Il



6b - Parallel 1 - Without BSA

# Beads [mill] A;“V'W [Cpg‘] ®m* | BT | 1#Beads [1mill] | T/B
0.25 309.3 | 2409 | 012 | -0.01 4.0 -74.37
0.65 3556 | 190.8 | 030 | 0.16 1.5 6.10
1.30 3821 | 1488 | 0.44 | 030 0.8 3.31
2.00 4347 | 1111 | o059 [ 046 0.5 2.20
2.6 4584 | 935 0.66 | 0.52 0.4 1.91
6.5 4784 | 684 0.75 | 0.61 0.2 1.63
13.0 501.6 | 54.2 0.80 | 0.67 0.1 1.50
BL 3320 | 2516 | 0.14 IRF  86%
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6b - Parallel 2 - Without BSA
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Activity [cpm]
# Beads [mill] b s (B/T)* B/IT 1/# Beads [1/mill] T/B
1.3 436.4 135.8 0.53 0.39 0.77 2.58
2.6 475.5 101.4 0.65 0.51 0.38 1.96
6.5 489.1 56.5 0.79 0.66 0.15 1.53
13.0 478.7 58.6 0.78 0.64 0.08 1.55
20.0 477.8 53.2 0.80 0.66 0.05 1.51
27.0 506.5 53.3 0.81 0.67 0.04 1.49
40.0 524.3 51.6 0.82 0.68 0.03 1.46
BL 317.8 241.1 0.14 IRF  71%
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Figure G.1: Raw data from activity measurements, calculatedibinfractions, binding plots and
Lindmo plots for the two parallels of experiméiat **’Th-AC0103 was tested for
binding to Ag(01)-coated beads. IRF was calcdl&tem the equation of the fitted
straight line.
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7a - Parallel 1 - Without BSA

# Beads [mill] A;“"'t [C‘;m] @M | BT |1#Beads [Umill] T/B
0.50 3404 | 1040 | 027 | 020 2.00 2.91
0.75 3370 | 1688 | 033 | 026 1.33 3.81
1.0 3669 | 1448 | 043 | 036 1.00 2.75
25 4512 | 612 | 076 | 069 0.40 1.45
50 5176 | 324 | 088 | 081 0.20 1.23
10 4746 | 231 | 091 | o084 0.10 1.19
15 5068 | 233 | 091 | o084 0.07 1.19
BL 2842 | 2469 | 0.07 IRE  90%|
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] Activity [cpm] .
# Beads [mill] 5 S (B/T)* B/T 1/# Beads [1/mill] T/B
0.50 307.6 | 186.6 | 0.24 0.13 2.00 7.90
0.75 337.7 164.7 0.34 0.23 1.33 4.42
1.0 382.1 158.7 0.41 0.29 1.00 3.39
25 428.5 75.2 0.70 0.58 0.40 1.71
5.0 4717 | 374 0.85 0.73 0.20 1.36
10 484.5 36.6 0.86 0.74 0.10 1.35
15 499.2 22.0 0.92 0.80 0.07 1.25
BL 290.8 | 2293 | 012 IRF 86%
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| y = 1.306x + 1.169
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Figure G.2: Raw data from activity measurements, calculateditg fractions, binding plots and
Lindmo plots for the two parallels of experim&at **’Th-AC0103 was tested for
binding to Ag(01)-coated beads. IRF was calcdl&tem the equation of the fitted
straight line.



7b - Parallel 1 - Without BSA

# Beads [mill] A;t"”t [Cpg‘] @m* | B | 1#Beads [Umil]| T/B
0.50 3587 | 1792 | 033 | 0.25 2.00 3.98
1.0 4141 | 117.2 | 056 | 0.48 1.00 2.10
2.5 491.5 56.8 079 | o7 0.40 1.41
5.0 526.6 33.0 0.88 | 0.80 0.20 1.25
10.0 519.5 32.6 0.88 | 0.80 0.10 1.25
15.0 509.9 16.8 0.94 | 0.85 0.07 1.17
20.0 542.3 18.7 093 | 085 0.05 1.18
BL 288.6 | 2446 | 0.08 IRF_ 87%)|
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7b - Parallel 2 - Without BSA
Activity [cpm]
# Beads [mill] 5 P (B/M)* B/IT 1/# Beads [1/mill] | T/B
0.50 366.1 | 1741 | 036 | 0.22 2.00 4.60
1.0 404.8 | 1324 | 051 | 0.37 1.00 2.71
25 475.3 50.0 0.81 | 067 0.40 1.49
5.0 534.9 34.4 0.88 | 0.74 0.20 1.35
10.0 527.3 24.3 091 | 077 0.10 1.29
15.0 532.7 28.5 0.90 | 0.76 0.07 1.32
20.0 536.0 28.5 0.90 | 0.76 0.05 1.31
BL 307.0 | 2325 [ 0.14 IRF__ 79%|
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Figure G.3: Raw data from activity measurements, calculatediig fractions, binding plots and
Lindmo plots for the two parallels of experim&ht “*Th-AC0103 was tested for
binding to Ag(01)-coated beads. IRF was calcdlfter the equation of the fitted
straight line.
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8b - Parallel 1 - 1% BSA

# Beads [mill] A;“V't [Cpgﬂ ®m* | BT | 1#Beads [umin]| T/B
0.50 3215 | 2065 | 0.22 0.15 2.00 4.59
1.0 3818 | 1654 | 040 0.33 1.00 2.53
25 4731 | 933 | 067 0.60 0.40 1.49
5.0 4965 | 418 | 0.84 0.78 0.20 1.18
10.0 4973 | 514 | o081 0.75 0.10 1.23
15.0 517.3 | 400 | 0.6 0.79 0.07 1.17
20.0 5048 | 458 | 083 0.77 0.05 1.20
BL 276.4 | 2414 | 007 IRF 89
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Activity [cpm]
# Beads [mill] 5 P (B/T)* B/IT 1/# Beads [1/mill]| T/B

0.50 324.3 208.2 0.22 0.22 2.00 4.59

1.0 361.5 190.7 0.31 0.31 1.00 3.23

2.5 459.4 97.8 0.65 0.65 0.40 1.54

5.0 487.1 62.0 0.77 0.77 0.20 1.29

10.0 495.0 47.1 0.83 0.83 0.10 1.21

15.0 518.8 51.7 0.82 0.82 0.07 1.22

20.0 502.8 42.0 0.85 0.85 0.05 1.18
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Figure G.4: Raw data from activity measurements, calculateditg fractions, binding plots and
Lindmo plots for the two parallels of experim@&ht “*Th-AC0103 was tested for
binding to Ag(01)-coated beads. IRF was calcdl&tem the equation of the fitted
straight line.
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9a-1%BSA

# Beads [mill] AS'V'W [Cpsm] ®m* | B | 14Beads [Umin| /B
0.50 319.0 207.2 0.21 0.19 2.00 4.71
1.0 384.6 176.1 0.37 0.34 1.00 2.69
2.5 460.3 77.4 0.71 0.68 0.40 1.40
5.0 500.0 36.1 0.87 0.84 0.20 1.16
10.0 517.6 26.8 0.90 0.87 0.10 1.11
15.0 534.7 21.0 0.92 0.90 0.07 1.08
20.0 518.9 21.0 0.92 0.89 0.05 1.08
BL 255.5 241.9 0.03 IRF 98%|
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0.9 - [ ] [ J
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10a - 1% BSA
) Activity [cpm] .
# Beads [mill] 5 S (B/T)* B/IT 1/# Beads [1/mill] | T/B
1 393.4 186.6 0.36 0.36 1.00 2.81
25 480.2 96.8 0.66 0.66 0.40 1.50
5 514.6 50.2 0.82 0.82 0.20 1.22
10 535.0 36.1 0.87 0.87 0.10 1.14
15 522.1 24.2 0.91 0.91 0.07 1.10
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Figure G.5: Raw data from activity measurements, calculateditg fractions, binding plots and
Lindmo plots for the two experiments 9a and £9@h-AC0103 was tested for binding
to Ag(01)-coated beads. IRF was calculated frioenequation of the fitted straight line.
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10b - 1% BSA

. Activity [cpm] .
# Beads [mill] B S (BIT)* B/T | 1/#Beads [1/mill] | T/B

0.5 362.1 | 2377 0.21 0.17 2.00 5.77

1 4141 | 1791 0.40 0.36 1.00 2.76

2.5 488.1 | 111.8 0.63 0.59 0.40 1.69

5 504.6 | 60.9 0.78 0.75 0.20 1.33

10 549.7 | 416 0.86 0.83 0.10 1.21

15 5440 | 527 0.82 0.79 0.07 1.27

20 589.2 | 39.6 0.87 0.84 0.05 1.19

25 5413 | 471 0.84 0.81 0.04 1.24

BL 304.2 | 284.1 0.03 IRF  88%
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Figure G.6: Raw data from activity measurements, calculateditg fractions, binding plots and

Lindmo plots for the experiments 168Th-AC0103 was tested for binding to Ag(01)-
coated beads. IRF was calculated from the equafithe fitted straight line.






Appendix H
Cell-based Immunoreactivity Assay for’*>’'Th-AC0303

It was performed only one Lindmo analysis $6fTh-AC0303 with Ag(03)-expressing
cells. Figure H.1 shows raw data, calculated valtles binding plot and Lindmo plot from
this experiment. IRF was determined from the Lindohmt as the intercept of the fitted
straight line with the y-axis. Calculations wereetlrsame as for the cell-based
immunoreactivity assays fdf'Th-AC0103 (see example in Appendix F). The expenime
was numbered after the radiolabeled AC-conjugatd usthe experiment (see Appendix B).

The 50 million cell sample was used as a one-paatysis. As seen in Figure H.1:
IRF* = B/T (50 million sample) = 71%.

11b
# Cells [mill] A;t'v'ty [Cpg] ®m* | B | u#celsumin| T8
5 357.1 86.2 0.61 0.56 0.20 1.64
10 371.7 77.7 0.65 0.60 0.10 1.53
25 381.6 66.7 0.70 0.65 0.04 1.42
50 404.1 55.0 0.76 0.71 0.02 1.32
75 379.1 67.8 0.70 0.65 0.01 1.44
BL 233.3 211.2 0.05 IRF 73%|
1.0 - 1.8 -
0.9 - 1.6 -
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0.7 A PN L 4 * 1.2 -
06 = ” 10 .
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Figure H.1: Raw data from activity measurements, calculatedibgfractions, binding plot and
Lindmo plot for experiment 118*Th-AC0303 was tested for binding to Ag(03)-
expressing cells. IRF was calculated from theadqn of the fitted straight line.






Appendix |
Bead-based Immunoreactivity Assays fof*’Th-AC0303

In the next two sections, raw data and calculatddes from the bead-based binding
assays fof?'Th-AC0303 are presented. Data from the one-poiatyars are presented first.
Secondly, data and plots from the Lindmo analysesggeven. Calculations were the same as
for the cell-based immunoreactivity assays ¥0rh-AC0103 (see example in Appendix F).
The experiments were numbered after the radioldb&{@-conjugate used in the respective
experiment (see Appendix B).

1.1 Bead-based one-point analyses f6f'Th-AC0303

Raw data from the activity measurements from theddsased one-point analyses for
22'Th-AC0303 are given in Table I.1. 15 million Ag(é&)ated beads were used per sample

in these experiments.

Table I.1:  Raw data from the activity measurements and cakdiigalues from the one-point
analyses of?'Th-AC0303 using Ag(03)-coated beads.UBL = unblociedlysis
sample. BL = blocked control sample. P = samptgaining cell pellet + 1/2

supernatant. S = sample containing 1/2 superhatan
Activi BL Activity (BL
: ctivity (UBL) (B/T)* ctivity (BL) B/, IRE*
Experiment P S P S

10b 405.1 88.5 64% 277.4 234.1 8% 56%

406.1 97.1 61% 275.4 243.5 6% 55%

11b 428.9 72.7 71% 236.6 208.7 6% 65%
AVERAGE: 7% 59%
S.D.: 1% 6%




1.2 Bead-based Lindmo analyses fo?'Th-AC0303

There were performed three Lindmo analyses?#6rh-AC0303 with Ag(03)-coated
beads. BSA was added to all samples of these empets. The resulting IRF-values from
each experiments and average IRF with S.D. frorsetlileree experiments are given in Table

1.2.

Table I.2:  The calculated IRF values for each Lindmo analgf'Th-AC0303 with Ag(03)-
coated beads. Average IRF with standard devidsigiven below.

Experiment IRF
10b parallel 1 61%
10b parallel 2 57%
11b 72%
Average 63%
S.D. 6%

Raw data, calculated values, binding plots and miagblots for the three experiments
are given in Figure 1.1 and 1.2. The red labeleldiesiin the tables of these figures are omitted

from the respective Lindmo-plot.



10b parallel 1

Activit
# Beads [mill] E’ My [Cprg] @®m¢ | B | 1#Beads [umi] | T/B
0.5 350.0 | 2052 0.26 0.18 2.00 5.68
1 339.1 | 176.2 0.32 0.23 1.00 4.32
2.5 361.9 | 143.0 0.43 0.35 0.40 2.87
5 3701 | 1173 0.52 0.43 0.20 2.30
10 382.3 95.6 0.60 0.52 0.10 1.94
15 405.1 88.5 0.64 0.56 0.07 1.80
20 450.7 96.1 0.65 0.56 0.05 1.77
25 422.9 97.0 0.63 0.54 0.04 1.84
BL 277.4 | 2341 0.08 IRF  61%
1.0 q 3.5 -
0.9 30 A
0.8
0.7 4 2.5 +
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10b parallel 2
Activit
# Beads [mill] (; VY [Cp';] @m* | B | 14Beads [umi | T/B
0.5 331.2 | 1851 0.28 0.22 2.00 451
1 347.8 | 179.4 0.32 0.26 1.00 3.88
2.5 364.8 | 150.3 0.42 0.35 0.40 2.82
5 3776 | 1209 0.51 0.45 0.20 2.21
10 401.4 | 125.0 0.53 0.46 0.10 2.16
15 406.1 97.1 0.61 0.55 0.07 1.81
20 407.3 | 113.3 0.56 0.50 0.05 1.99
25 396.3 93.6 0.62 0.56 0.04 1.80
BL 275.4 | 2435 0.06 IRF  57%
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Figure 1.1: Raw data from activity measurements, calculateditg fractions, binding plots and

Lindmo plots for the two parallels of experim@fb.?*’Th-AC0303 was tested for
binding to Ag(03)-coated beads. IRF was calcdl&tem the equation of the fitted
straight line.



11b

Activit
# Beads [mill] ; ad [Cpg] ®m* | BT |1#Beads [Umill]| TB
0.5 2933 | 160.7 | 0.29 0.23 2.00 4.36
1 333.3 | 153.2 | 0.37 0.31 1.00 3.25
2.5 339.1 112.8 | 0.50 0.44 0.40 2.28
5 356.0 93.3 0.58 0.52 0.20 1.92
10 377.2 68.6 0.69 0.63 0.10 1.59
15 428.9 72.7 0.71 0.65 0.07 1.54
20 418.5 62.3 0.74 0.68 0.05 1.47
BL 236.6 | 208.7 | 0.06 IRF  72%
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Figure 1.2: Raw data from activity measurements, calculatedibinfractions, binding plot and

Lindmo plot for experiment 115 Th-AC0303 was tested for binding to Ag(03)-coated
beads. IRF was calculated from the equationefitted straight line.



