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Abstract

Canceris one ofthe leadingcauses of death in Norway2016)and worldwide. Despitehe
advent of new immunotherapiesnalignant cancedemonstratesan intrinsic plasticitynd is
able toevade adaptand suppress thenmune systemAn important driver fothis malignant
phenotype is the epitheliglo-mesenchymal transition (EMPp)ogram characteristic oftem
cells Previousresearchshowed alink between the XLreceptor tyrosine kinase (Ax#nd
EMT.The Axfeceptor isfurther involved inimmune suppression and could therefore serve as
a potential targetin immunotherapyand in combination with other cancer treatmés
Chemotherapeutic treatmentlso show evidenceof immuneinvolvement, andhe immune
systemplaysa vital role inall forms ofcancer treatmentln this studywe evaluated current
immunotheragy in combinationthe Axlkinaseinhibitor, bemcentinib.Usingsingle celmass
cytometry we conducted30 parametermapping of theimmune systemin an expe&mental
murine tumour model The data was analysed usingdimensionality reduction and
unsupervisedclustering.By studying how the immune landscape changdesing tumour
development and immunotherapyeatment,important insighsinto how theimmune system
responds to tumour development and treatmewasmeasuredandanew treatmentregime

was evaluated
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Abbreviations

BSA Bovine serum albumin

CTL Cytotoxic T lymphocyte

CTLAM Oytotoxic Flymphocyteassociated protein 4
CVvD Cardiovascular diseases

CWB Cell washing buffer

CyTOF Cytometry by timeof-flight

DNA Deoxyribonucleic acid

DOTA 1,4,7,10tetraazacyclododecan,4,7,10tetraacetic acid
DPBS 5dzf 6 SO002Qa t . {
DTPA Polymeric pentetic acid

EMP Epithelialto-mesenchymal plasticity
EMT Epithelial to mesenchymal transition
ICB Immune checkpoint blockade
MDSC Myeloid derived suppressor cell
MHC Major histocompatibilitycomplex
NaAz Sodium Azide

NK Natural Killer

PBS Phosphate bufferedaline

PD1 Programmed cell death protein 1
PP Polypropylene

RCF Relative centrifugal force

RF Radio frequency

RT Room temperature

TAM Tumour associated macrophage
TCEP tris(2-carboxyethyl)phosphine

TCR T cell receptor

Th Helper T cell

TIL Tumour infiltrating lymphocyte

Treg T regulatory




Glossary

Angiogenesis

Formation of new blood vessels from existing ones

Anoikis Avoiding detachmeninduced apoptosis

Antigens A molecule that can be bound by an antibody and initiate
immuneresponse.

Apoptosis A form of nonimmunogenic controlled cell death.

Cell differentiation

When a cell goes from one cell type to another and qu

different traits.

Immunogenic

A process @pable of initiating an immune response

Immunotherapy The use of the immune system to treat cancer
Intercalator A molecule thatanbe insertedbetween base pairs in DNA.
Leukocytes White blood cells comprising the immune system.

Mahalanobis distance

A type of distance used in multivariate ege to find the
distance from the centroid to a given point. The centroithis

point where the meansf all variablesntersect.

MilliQ A type of purified water.

Mutation Permanent change in nucleotide sequence, either by inser
deletion or substution of a single nucleotide.

Neoantigens New antigens

Push A single slice of the gas stream in the TOF chamber

Reading The integrated intensity of several pushes.

Torr A unit of pressure that corresponds to 1/760 stands

atmosphees
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1 Introduction

1.1 Tumourson apopulation level

Canceisone of theleadingcausesof death in Norway2016)[1] andone of the leading causes
worldwide [2]. In addition, umourrelated deaths have been steadily increasing and will
continue to rise(seeFigurel.1). Tumour incidencds also increasinom Norway andn 2017
almost 34D00 new cases wenegistered[3]. In 2014the total costs, including treatment and
loss ofproduction, wasestimated tobe 40 billionNOK[4]. The treatmentand carealonewere
estimated tocost 20 billion NOKvhile the loss oproduction due tosick leave and death was
estimatad to be 18 billion NOKFurther,the accumulated risk cd cancerdiagnosis durin@
lifetime of 75 yearssabout 30% for women and 36% for m@}. Cancethereforerepresent

asignificanteconomical and emotional burden to the society.

TOP FIVE CAUSES OF DEATH IN NORWAY
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Figurel.l: Top five causes of death in Norwaly 2016tumourspassedcardiovascular diseasand became the number one
cause of death in Norwd].



One of the main risk factors for cancer is ageut of 4 new cancer casese attributed to
adults over 60 years oldThus, it is expected thatancer incidencewill increaseas life
expedancy increase The inherent heterogeneity and plasticity of cancewmplicates
treatment. After aninitial therapy efficacytumours inevitably develop resistangter which

treatment options are limited or noexistent[5].

1.2 Cancerdevelopment

Cancer is a genetic disease caused by gene mutafibusitions occurnaturallyduring DNA
replicationand as a result of exposure to carcinogerise role of replication errors is evident
from the correlation between cancer risk amiimber ofstemcell divisions in the tissug§].
Tomasettiet al. estimated that three mutationsoccurevery time a human stem calivides
Although apparently negligible within a humgenome ofthree billion base pair§7], the
accumulated risk of mutating an important gene significantly increasegaking into
considerationghe number of diisions required to create thtillions of cellghat make upa
human body Mutations arisingdue to environmentalfactors havealso beenextensively
shown the correlation between melanomas arsdirburns and smoking and lung cancer are

well characterised8, 9].

Mutations can dect proteinsin several wayst canalter proteinexpressionstructure, and
function. Mutationsin oncogenes, such as growth factor recept@r®mote cellsurvivaland
immortality. Oncogenic mutations drivencontrolledcellulargrowth creating in sittumours
consising of cellularclones from the originalransformedcell. New mutationsthat further
increa® tumour cellfitnessleadto evolution of the tumour.Thisselection proces$avours
genomic instabilitythat increaseamutational rates As atumour develops itcan therefore
consistof severaldifferent cell populations(heterogeneity) all originating from the cancer
cellof-origin. Tumour growthalsoresults in a modifiednicroenvironmenicomprising altered
blood vessels;onnective tissugextracellular matrixand immune infiltragé. Malignant umour

cellscaninvadeadjacent tissues and spread throughout the boohefastasi$[10].

1.2.1 Malignancyand EMT
According to Hanahan and Weinbergtsaits (hallmarkspf cancer cells exit1]. These traits
are: growth signaindependenceinsensitivityto anti-growth signals, evasion pfogrammed

cell death (apoptosis)imitless replicative potential, sustainéarmation of new blood vessels

2



(angiogenesis and tissue invasion and metastasis. In 2011 HanahdiWeinberg dded two
new emerging hallmarkgjeregulating cellular energetics and avoiding immune detection,
and two new enabling characteristicgenome instability and mutatignand tumaur
promoting inflammation[12]. These hallmarks are further used as targébs cancer

treatment.

Epithelialto-mesenchymal plasticity (EMP), consisting of both the epithmhesenchymal
transition (EMT) and mesenchyrtalepithelial transition (MET), is regulated by a highly
coordinated complex network of transcription facs and epigeneticgl3]. Best known for
formation of the mesoderm during early development, tbédlularplasticitysupports changes
in cell phenaype, providing cells with newcharacteristicand functions. EMTlike processes
areimportant in a number ophysiological processén addition toembryonic development,
includingwound healing, fibrosis and organ formatior{14]. In cancer cells EMT has been
associated with invasion, avoiding detachm#émduced apoptosis (anoikis), resistanto
chemotherapy, immune escape, dissemination and resistance to apoptosisF{gaee
1.2)[14-20]. It is therefore considered a major player in enabling campeegressionand a

target for therapies.

Normal epithelium Dysplasia/adenoma Carcinoma in situ

— Basement membrane

S -

Z Lymph/blood
@ ® =
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—
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Figurel.2: Process of metastasidNormal epithelium sits regularly on a basement membrane. Abnormal differentiation and
growth, known as dysplasia, then develops. After further accumulation of epigenetic and gen#ditons, a carcinoma in

situ is formed. The cells have still not broken through the basement membrane, but the carcinoma in situ cells have the
potential to engender this ability. One way for cells to acquire this ability is through the epdinelsnbymal transition

(EMT). The carcinoma in situ is then referred to as invasive carcinoma. The invasive cells enter the lymph or blood vessels a
may use these to travel to distant parts of the body. By using the transformation opposite to EmM&s#rehgnalcepithelial
transition (MET), the cells can form micro metastases and create a new tumour environment. Upon further differentiation,
Y ONRB YSiGlFadrasa YIré TFT2N¥Yo t A Ol dzNB ¢mesenchidalL itddisiionsSiR turfodk2 ¥ ¢ K A &
progrS & a J22]y ¢

The expression AXL receptor tyrosine kinases induced byranscription factoramportant

in EMT[22]. Studies show that Axégulatestumour growth, proliferation, invasiveness and
drug resistanceand immune evasiorj23-25]. In human mammary epithelial cells, EMT
transcription factoranduce expression of Afe2]. Gjerdrum, C., eal., shoved that breast
cancer cellgeneratean autocrine loop withihe ligand for Axl, Gas6. The same study showed
that knockdown of Axblockeddissemination of the cancer cells to several orgdarsslink
between Axl and EMWas subsequently demonstied in several other cancer cell types
Hence Axl hasemerged as an importardrug target to prevent metastasand reversedrug
resistance. Down regulation of Agkpressionby knocking out the Axl regulator vimentin
demonstrated that Axl plays an imparit role in migration of breast cancer lin¢24].
Treatment with he AxI inhibitor,bemcentinib (BGB324/R428pjocked breast cancer cell
metastasisn breast cancer models. Inhibition of Axsalsobeenshown to revertEMT in

different cancer modelf26, 27]

1.2.2 Immurosuppression
In allnucleatedcells proteins are continuously degraded peptidesby the proteasomeThe
major histocompatibility completype |(MHC Iproteinhas ad A Y R A ygibové thal B8ill &
bind one of these peptidesalled antigens,and present it at the cell surfacelhis allows
cytotoxic Tlymphocytes (CTk) to probe eachcellfor the presence of noself antigens (e.g.
produced by a virus)oy binding the MHC | with theif cell receptor§TCRS). If th€TL is
mature and the TCRecognises the peptidantigen as nomative onthe MHC Igrooveit can

initiate an attackon the cellandkill it.

Severalprerequisitesare necessaryor the CTLs to be able to killmour cells These steps are
known as the turour immunity cycle and is summarisedhigurel.3. Firstly, tumour cells
with must have nony | (i An@dBintigéng- mutated proteins that are released and
phagocytosedby a professionalantigen presenting cell (pAPC)and degraded inits

proteasome or phagosomd&hispAPCmust then travel toa lymph node and present this
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neoantigento naiveT and B cells usirmgpth MHC 1l moleculeand in MHC | moleculeBuring
antigen presentationhelper T cells(Th) and CTLswill bind the MHC 1l and MHC | molecules
respectivelywith their cell receptos. If the bindirg affinity is high enough and thgpAPC in
addition expresseso-stimulatory proteins, such as CD80 and CDO86ellscan mature and

become active.

CD80 and CD86 bind CD2&pressed omaive T cellsand is necessary fdheir activation.
Postactivation, CD28 expressiondscreasedand cytotoxic Flymphocyteassociéed protein

4 (CTLA4; CD152expression is increase@TLAA binds the sameroteins as CD2&ut with
higher affinity and avidityand, asopposed to CD28, CTH4Ais a suppressive molecule
inhibiting CTLs and$. This creates the basis for ai@iTLA immunotherapy where the
suppression througiCTLA4 ismitigated[28, 29].

After Ths have been activated they cgroceed to activateB cellsor home to theinflamed
tissuealong withCTLsActivated B cells can secretantibodies that bind surface antigens on
the tumour cells. These antibodies caubsequentlyallow granulocytes, NK cells and
macrophagegso attack cancer cellfor theT cells to be abldo infiltrate the tumour, the
endothelial cellslining blood vessslmust expressadhesion moleculeshat allow T cell
infiltration. These adhesion molecules are tisgra inflammationdependent Thus, if the
tumour prevents proper maturatiotblood vessels oexpression of adhesion molecujdscell
infiltration isimpared [30]. If the lymphocytes are able to infiltrate the tumotissue,they
must then find tumour cells presenting the same specific neoantigesnused for their
activation before anattackcancommence An attack of the CTLs on tumour cells will result
in lysis of the tumour cell and releaserbre antigens. These antigens can then be digested

and presented by DCs.
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Figurel.3: The tumour immunitycycle A cyclic process of digestiontomour cellantigens, T cell activation and cancer cell
killing. The term antigen presenting cells (APCSs) is in this case used to refer to professional antigen preseiemcéilsed

from [31].

Even if tumour cells are discovergthe attack can be suppressed by activating suppressive
molecules on the T cells, such asogrammed cell death protein {PD1; CD279, by
expressing one of its ligands D or PEL2 (pogrammed deatHigand land 2; CD274,
CD273. This creates the basis for afi>1 immunotherapy where the suppression through

PD1 is mitigated29, 32]

In addition tumours can recruitregulatory T cells regulatory B cells, myeloid derived
suppressor cell@dMDSCsand suppressiveumour associateanacrophagesype 2(TAVI2) to
aid in tumour growthand immune suppressio®f note,the polarisation of macrophages to
the TAM2phenotypehas been related to AYB3]. TAM2 celldiave been shown to promote
angiogenesis, secrete growth factors and suppress the adaptive immune resffise
Blocking the TAMR through AXtinhibition can potentially improve existing immune

therapies.Indeed, such an effect has already be&éown (seeFigurel.4) [35].
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Figurel.4: Overview of AXQ @volvementin immune evasionDots represent various stimulatory or inhibitory cytokirles.
Dendritic cells can present neoantigens from ingested tumour cells and activate 2. édtsvzated T cells can aid in killing
tumour cells presenting the same neoantigen as used for tietiragion. NK cells and tumour associated macrophages type
1 (M1) do not need neoantigens for activation, but instead need stimulatory moleBulesnour associated macrophages
type 2 (M2) can suppress the immune response through activation of AXLcegtibseof its ligand, Gasbemcentinitshould
inhibit this suppressiorl. Tumour cells can switch from an epithelial phenotype to a mesenchiymalhenotype through
activation of AXL. Bemcentinib can inhibit and reverse this transition. Tumoulaceilso express inhibitory molecules such
as PBL1 and prevent CTLs from attacking them. Adapted from BerGenBio [3&gter

The immunesystemis, however, notsolely dependent on the display of neoantige@sten,
tumour cellsdownregulatethe displayMHC | moleculeby dysregulatingparts of the antigen
presentationcycle.Despite not displaying antigensatural killer (NKkells use theMHC |
moleculesas anegative regulatorand cell stress markers as positive regulatrsiecide
whether to eliminate a cell Cancer cellghat present stress induced ligan@sd have low
amounts of MHC are therefore targetedand killedby NK cell§36].

1.3 Treatment oBreastCancer
Treatment of breast cancer in Norwaybigsed orguidelines developed bjorwegian Breast
Cancer GroupEvery year new guidelines are publishéd of 2018, ifst line treatmentfor
curative patientss sugicalremovalof the tumour andnearby affected tissuas wellaffected
ipsilateral axillarylymph nodes Depending on tumor and patient characteristics, patients

receive adjuvant conventional cytotoxic chemotherapy, radiation therapy and/or targeted



therapyfor hormone receptor positive tumas and Her2 overexpressiigmours. Patients
with distant metastasis or inoperable turacs at diagnosisan be treated with several lines

of palliativechemoradiation and targeted therap}87].

1.3.1 Anti-PD1 andAnti-CTLA4

Immunotherapy aids the immune systemin attacking tumour cells. Two common
immunaherapies are the aPD1 and the ant#CTA4 immunaherapies(comprising the
immune checkpoint blockadeps noted insection1.2.2[29]. These therapieare given as
antibodies that bind the functionalomainsand preventactivation Anti-PD1 and antiCTLA

4 have both been pran effective in treatment of melanoma and lung car{8&; 39] In
addition, an increased effect is seen during combinati{df]. In breast canceranti-PD1
shows some effect in advanced patients with triple negative diseske anttCTLA4 shows

minimaleffect[41].

CTLA is a suppressive molecuexpressedon CTLs andis, while PB1 is a suppressive
moleculeupregulatedon activatedCTLsand &s. In addition, CTLA and PBEL tends to be
upregulated on &g, where it may enhance suppressive function anglroliferation
respectively[29]. With the use ofantibodies inhibiting activation of these proteins it is

expected an increase of the CTL and thpdpulation.

1.3.2 Bemcentinib
Bemcentinib Figurel.5) is a small molecule that binds the ATP pocket of the Axl kinase,
inhibiting autophosphorylation and thuseceptor activation[27]. As noted in sectiod.2.],
AXL expression is associated with Elfiune evasion and pogratient survival. In addition,
the TAM2 immune suppressive phenotype has been related to Axl. Bemcentinib can thus

potentially function as an antmmune suppressive drug.
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Figurel.5: Molecular structure obemcentinib.Bemcentinib workby blocking autophosphorylation arslectivelynhibiting
the phosphorylation sitéyrosine kinase domain of the receptor tyrosine kinasg2¥XIStructure isirawn by Wikipedia user
Edgar18land is part of public domai



1.3.3 Combination oBemcentinibandiImmunotherapy
Bemcentinib in combination with Keytrudanti-PD1) is currently in phase Il trials on triple
negative breast cancer patienf42]. The increased efficacy of immunotherapgymcentinib
combination has also been shownpreclincal trials (seeFigurel.6) [35]. Mice harbouring
mammary adenocarcinomagith acombination ofbemcentinibandanti CTLA} and antiPD

1, comprising the immune checkpoint blockad€R), resulted in a significantiycreased

survival.
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— I. —— BGB324 n=12
©
2
> aCTLA4/aPD1 n=17
=}
f aCTLA4/aPD1/BGB324 n=26
[ 50 1
(]
(8]
[0
o
p=0.0189
(Log-rank test)
0 T T 1
0 50 100 150

Days of treatment

Figurel.6: Preclinical survival studgtudyinga combined treatmentof bemcentinib and immunotherapyooled data from
two independensurvivalanalyss of BALBCmice implanted witllT1 breast cancer celldpon reaching tumourvolume of

500 mm? the mice wereegistered amon-survivors. The mice wegiven treatments withcontrol (vehicle)pbemcentinib

(BGB324), anti CT#4Aandanti-PD1 combination(ICB), or a combination demcentiniband ICBFigure is reprinted from
[35]

The mechanism behind this result is, however, poohigracterized

1.4 Aims and Objectives
As discussed in the previous sectiotemceris one ofthe leading causeof death in Norway
and one of the leading causes of deaths worldwMalignant cancer has an intrinsic plasticity
driving therapy resistane, and immune systensuppression An impatant driver for this
malignant phenotype ithe EMT programEarlier research indicasa link between AXIEMT
and immune suppressionn tumours Combined immune checkpoint andXLinhibitor
therapy bemcentinib demonstrated a synergistic effect We therefore endeavoured to

determinethe mechanism behinthistherapeuticeffect.
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Figurel.7: Methods summaryA: Spleen and tumours were collected at two different timepoints from mice in four differen
treatment groupsB: The tissues were dissociated to single cells, fixed and frozen for storage. The samples were later stained
and C run on the mass cytometel: After data acquisition the data was analysed with regular gating, high dimensional
analyss and statistics. The depicted stained single cell is adapted4®jrand the mass cytometer is reprodudeoim [44].

To investigate how this combination affedise tumour immune responsewe harvested
tumour and spleen tissuérom tumour bearing miceat different timepointstreated with
vehicle,bemcentinib, immune checkpoint blockade, or a combinatiorbefcentinib and
immune checkpoint blockadd hese tissuesvere dissociated to single cells and analyssd
mass cytometryan approachthat allows formeasuremenof multiple proteins on single cells
High dimensional analysewere used to map the immune landscape across tissues,
treatments, and timepointsBy studying how the immune landscape changes during tumour
developmentandtreatment, important insight intoeffects of the combined treatmertould

be made.
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2 Methodologicatonsiderations

2.1 Mass cytometry
Mass cytometry is a novel method for analysing multiple parameters in singl¢é&dli$hese
parametersinclude, but are not limited toproteins,lipids, and nucleic acidsThe targetson
the cells are labellediirectly or indirectly withheavy metal isotopes before running the

samplethrough a mass spectrometand measuring the metal content single sell

A typicalchronologicalstaining procedurefor mass cytometry i¢o: 1) use a reagent to
distinguish betweerttive anddeadcells 2)identify cells or preeins of interest by staining for
specific proteins with antibodiesand 3) to identify whole cells by staining with a DNA
intercalator. Depending on théype of experiment angroteins of interest, cells are fixed and

permeabilised before or after stairgnwith antibodies.

2.1.1.1 Instrument
Beforedata acquisition, thenass cytometeis tuned aprocedure entailing estimation of dual
count coefficients,calibration of gas flowsand electric voltagesover the cones and the
detector.At the end of the tuning is a quality control is normally requiredeé@assed in order

to run any experiments.

The mass cytometer consists afrass spectrometer coupled with a systéordelivera cloud
of singly positively chargedatoms from a single cdWl6, 47] A schematic of the prototype is

shown inFigure2.1.
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Figure2.1: "Schematics of the prototype CyTOF mass cytomet&hle sample enters the machine in the lower right corner
and ismade into a mist by the nebuliser. The migth single cell droplets is heatéehdingto single cells suspended in gas.
The cellsare then ionised and fully burned tine induction coupleghlasma before being filtered by thaeflector and the
qguadrupole The filtered clouthstly enters thetime-of-flight (TOF) chambevheresequentiaklicesof the cloud aréaunched
into a parabolic path separating the singly charged atoms based on pniasgo hitting the detectorReproduced frorf46].

2.1.1.2 Sampldntroductionandlonisation
A test tube containinga fixed,stainedsample ofsingle cellss placed intothe autosampler
chamber(seeFigure2.2) and asmallsample lines inserted intothe test tube.Argon gass

released into theclosed chamberand the increasel pressue pushes the sample up the

sample lineand through a nebuliser
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Figure2.2: Fluidigm's mass cytometer model HelioBhe Helios differs from other mass cytometer systems by halwéng t

autosampler instead of a syringe pump to inject the sample. The autosampler can be seen standing on the shelf on the right

side of the machinéeproduced frorfd4].
The nebulisecombineshe sample with argon and pushes it through@zzle creating amist
of small droplets, each optimally containing only a single cell. Theismsked with more
argon gasand heatedn the spray chamber to evaporate flufdom the droplets, leaving only
single cellsuspended imrgon gasEach celk then transferredin a stream ofirgon through

aplasma44].

The plasma is generated @n induction coupld plasma torch The torch functions by
applying a spark to the argon gas in an alternating electromagnetic field, cregtedcbil
connected to a radio frequency (RF) generailneoscillatingfield amplifies the movement
of the electrons from the sparkncreasing the electron collision ratth other atoms and
molecules andestablishes the plasmarhe continuously oscillating electromagnetic field
stabilises theplasma inthe flowing argongas The temperature of theplasmais about5000
kelvinin the core of the streanand 7000 kelvin around the edgpt]. This iscomparableto
the temperature of the surface of the sumespite the high temperature, without the
nebuliser and the heating chamber the cells would not be fully atomised and ioiseduse
they are already dry and suspended as single celieoat allthe molecules in the cells

travelling throughthe plasma areatomised and ionisedesulting inclouds ofsinglypositively

13



charged ionslf the plasma is relatively coof the argon flowrate is too high oxides can form

and lead to +1@lalton spill. This means thatldO0Nd tagcan be registered as¥66Er tag.

Electrostatic repulsion ankdeat from the plasmdeads expansion of the atomised clou@he

SELI yarzy 2F GKS Of 2dzR R2YAyYylI (iSa 2 #H&dauddOSt
expands to approximately-2 mm [49]. To prevent cloud expaion,vacuum is needetb cool

the gas The vacuum is created by a set four vacuum pumps evacuating the interfaces between
three cones and the rest of the machine. The first cone extracts 10% of the plasma and
decreaseshe pressure from 760 torr to about 2 torr. The second cone only extracts 1% of the
gas passing the first cone and further decreases the pressure. The last cone transmits 100% of
the gas from the second cone and has a voltage applied to improve ion trssiembefore

being focussed by a lens prior to entering the deflector.

2.1.1.3 lonOptics
The deflector consists of four pillars assemblethim corners of asquare. Each pillar has the
opposite charge of its lateral and vertical neighbour and the same chargs dsgagonal
neighbour The iongenter from the side between the front positive and negative pillars. The
positive ions are pulled toward the negative pillaut due to theirvelocity,they travel in a
curved pathand exit90 degrees to the left (or right depending on the charge of the piltzrs)
where they entered Neutral particlesand photons travel straight throughlhe removal of
photons is vitalbecauseit is impossible to differentiate a photofrom an ion hitting tke
detector. The positive ionare then focused bienses before entering the quadrupole. In the
guadrupole low mass iongsuch as argorgre removed and ejected from the stream, leaving
only atoms with a single positive chargad around 80 daltons The row filtered cloud of

singly positive atommovetowards the time of fligh{TOFthamber[46].

2.1.1.4 lonSeparation andetection
In the TOFchambersequentialverticalsslices of the ionstreamare launchedinto a reflector
creating a parabolic patiTheslice of ions ejected from the streais referred to as a push.
During the pushtie force applied to each ion is the samsece they all have the sansengle
positive charge however,the speed they gain idifferent becausethe mass of the ions is
different. The lightest ionwill thereforetravel fasterthan the heavier oneand arriveearlier

at the detector This separatioof mass packetallows a masswindows for each mass to be

14
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estimatedbased on theitme of flight.Due tovariability ininitial speed and position dhe ions
prior to the pushthe ions in each mass packet will spread antl someions might enter a
neighbouring mass window. This is referred to as abundance sensindtg less than).3%
for 159Th[50]. Thusif 1000 ionsare registered in the 140Ce chann@lionsare estimated to

enter each ofthe neighbouringnaswindows 139La and 141Pr.

At the end of the parabolic path, a cathode serves as the stam electron multiplier tube.

Upon hitting the cathode, electrons are released, but too few are released to be able to
register, hence theelectron multiplier tubeis needed The electrons released from the first
cathode are accelerated towards the next plate, called dynode, by an electric field. For each
dynode the electrons hit, the number of released electramdtiplies At the end of the tube

an amplifier amplifis the voltage created by the electrons. Since not every electron hits the
final anode at the same timéhe signal is manifested as a pul3ée voltage from the anode

is amplified and converted to digital signals by an analetgudigital converter (ADGX 1 GHz.

Intensity
Intensity

Time (ns) Time (ns)

Figure2.3: Signalpulse overlapElectron pulses are generated when ions hits the deteatdfthen few ions hit the detector

in the same push, the pulses are not overlapping. The ion counts can therefore be found by counting ttige \Wiseasore

ions hit thedetector,the pulses canverlap, and the integrated intensity is instead usHukintegrated intensity is calculated

by multiplying the maximum intensity with the width at half maximurater onthe integrated intensity is multiplied with

the dual count coefficient to estimate the true number of ions hitting the detelRproduced frm [44].

Whenmultiple ions hit the detector at the same time are sufficiently close, the generated
voltagepulses overlajiseeFigure2.3). This means that the number of ions hitting the detector
must be approximated based on the generated voltage. Each electron pulse generates a
voltagepulselasting a few nanoseconds. To estimate the intensity, theimar voltageof

the electron pulse isnultiplied by the width of the pulse at half max. Since each ion hitting
the cathode should release the same number of electrons, a linear relationship between the

true count and the intensity should exist.
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Figure2.4: Analyte deflection during tuningAs thedeflector voltage is altereduring tuningthe number of ions entering the
TOF chamber change&/hen number of pulses per push is between 0.1 aadiriear relationship between true count and
intensity exists. The slope of thieear fitis called the dual count coefficiely using this coefficient, the true counts of ions
hitting the detector can be estimated byultiplyingit with the integrated intensityReproduced frorfb1].

During tuning the linear correlation between intensity and true count is estimated. This is
done byrunningl & G dzy A y Tontaigirig el shetificheavy metalisotopes133Cs,
139La, 155Gd, 159Tb, 169Tm 191Ir, and 188bugh the machineTo gradually increase the
number of ionsenteringthe TOFchamber the voltage on the deflector (before entering the
guadrupole)is adjusted. When very few ions hit the detector there is a linear relationship
between the intensity anthe pulse count. This zone is referred to as the zone of dual validity.
Several readings, each consisting of one or more pushes, are taken and used to plot a curve
between the pulse counts and the intensity. The zone of dual validity is valid only whses pu

per push is between 0.1 and 1. In this zone the relationship between intensity and pulse counts
is linear and a regression is performed to find a dual count coefficient which allows for
calculation of true counts based on intensitipne(seeFigure2.4). The dual counts argamed

after the dual values it terns. Ifthe number of pulses created in a push is below 0.1 (default

threshold), pulses are returned, wailif the number of pulses per push is above 0.1 the
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estimation of true counts based on intensity is returnéd.the end of the tuning is a quality
controlwhere the final signal intensity and oxide generation is checele signal intensity

is too lowor the oxide generation is too high the tuning will not pass.

2.1.1.5 DataProcessing
Upon starting data collection on the mass/tometer, the masses to record have to be
manually selectedEven though a mass is not selectedrecording it will still hitthe detector
if it is in the sampleHaving determined the dual count coefficiedtiring tuning dual counts
for everyselectedmass in every push is calculat&dr each push the dual cowgdaresummed
over theselectedmassesThis sum is referred to &stal ion currentandis usedto filter out
non-singlecloudevents.The filtering process works by applyingavolutionathreshold that
the total ion current must exceed for at least 10, Imot morethan 150pushes This threshold
has a standard valuef 400, butit can be chang&manually.In addition noise reduction can
be applied. The noise reduction calculates the midal ion current between cell events and
subtractsthis value fromtotal ion current measured during a proximal evdd®]. If the
number of pushes in aavent, referred to as event lengtls between 10 and 150, then a
gaussian fit will be performed on the total ion curreRtom thisfit, the gaussian parameters
width, centre, residua) and offsetare returned. The event length, width, centre and residual
can later be used to fingingle cell events. Thafset, however,spoorly describedcindisnot
commonly used in further analysislaving characterised an event, the dual count for each
selectedmassssummed over the pushes in the eveartd savedn aflow cytometry standard
(fcs) filealong with the gaussian parameterBor visualisation and analysis purposes the
calculateddual counts are often randomisetb a gaussian ouniform distribution and

assigned new values.

2.1.2 SamplePreparation
Tolabeldesired targets a staining procedure must be perform®ften several are needed to
labelall targets Tagging o$pecificproteins can be done by conjugating antibodibkat will
bind the target proteinfs2-54]. Nucleic acids can be taggdxy usingrhodium or iridium
chelated intercalators[55]. Lipids can also betained by usingosmium or ruthenium
tetroxide[56] and DNA synthesisan be measuretyaddingp TA 2 R2 1T H 11 Ro§h2 &eB dzNA R A
medium[57]. By using an approach similar to RE®dpe specifi&RNA can be staineb8, 59]
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Proteins can also be staingtbn-specificallyby using nonspecifitags such as cisplatin or

isothiocyanobenzyEDTAchelated withdifferent isotopes opalladium[60-62].

2.1.2.1 LiveDeadSaining
To differentiate between live and dead celNg usethe fact that the membrane of dead cells
ismore permeableBy using nosspecific markers dead cells can be labelled and later excluded
from analysis. Typical live deadarkers are cisplatin andhe intercalators mentioned
abovd55, 62] Both of these markers stain dead cells strongly, but they might also stain live
cells to a lesser degre@hisappies especially ifthe cellstend to have a high turnover of

pinocytosisicommon in tumour cellgind thestaining is performed over an extended period.

2.1.2.2 Barcoding
To ensure equal stainingpnditionsamong different samples a barcoding procedure can be
performed. This also allows collection of data from multiple samples simultaneotibly
barcoding procedure entails staining each sample with a specific pattern of mass tags before
combiningthe samples togethefor simultaneousantibody staining. The most common
procedure forbarcodingis by the use of palladium tagsowever, other tags, such as CD45
conjugated antibodies, can also be usfB]. A commonstaining schemeused during

barcodingisthe doublet filtering schem&underet al[61] illustrated inFigure2.5.
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Figure2.5: Doublet filtering schemeEach sample isniquelystained with a combination of thregifferent palladium isotopes
With this scheme doublets different samplesare easily filterediway since the event would be positive for more than three
isotopes.

This scheme allows for easy detection of doublets or aggregatessieparate samples,rgie

they would be positive for more than three isotopé3oublets of the same sample can still

occur and would need to be gated out separately¥ A 1 Q&3 RSAANBR G2 adl Ay
once,the scheme can be expandéal allow all permutations, buit is important tonote that

this entails some drawbacks. Using all permutatioregates doubleffiltering and if the

samples are not washetthoroughly before mixing remnant staining solution can stain the

wrong sampleand lead towrongfuldebarcodingduring pre-gating

2.1.2.3 AntibodyQonjugation

Before staining with antibodies, they must tagged with metal isotopesveral procedures
exist, but the most common one is to use the MAXPAR polymer from Fluidigm. Other
procedures may use cadmiunanoparticles, cisplatirand palladium or indium chelated to
monomers of DOTA X,4,7,10tetraazacyclododecané,4,7,10tetraacetic acid)or DTPA
(polymeric pentetic acidp4]. The MAXPAR polymer, DOTA, and DTPA all have chelatson site
that bind heavy metals strongly. After having bound metals to the polymer or monomer,
hereafter referred to as polymer, the polymer can be conjugated to antibodies. Antibodies
have several functional groups that can be used for conjugation,dnly conjugation kits

usingdisulphide bridge¢seeFigure2.6) are offered by Fluidignas of November,2018

By reducing antibodies with TCEP, disulphide bridges are converted tq thioth readily
react withthe maleimidegroupon the polymersDuring reductionthe antibodesare partially
denatured Thedenaturing iscrucialto successfutonjugation, but ithe antibodies are overly
denatured they might becomeunusable.Each antibody should therefore be tested after
conjugatian. Thethiol-maleimidereaction createsa covalent bondeffectively bondinghe
metal loaded polymesto the antibody This method has been proven effective on IgG isotype
antibodieswithout changing the antibody specificif$4]. However, due to differences in
locations of disulphide bonds among the isotypes other isotypes may odt. Whe IgM
isotype for example is not recommended when using this procedAiter the conjugation,

the antibody should always be titrated
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IgG2-B

Figure2.6: General antibody structureThe structure of a human Ig&RantibodyHeavy chains of the antibody are coloured
blue and light chains are coloured greBairing reduction of the antibodysingTCEPdisulphide bridges are reductthiols.
The thiolscan bind maleimideBy using pgimers with maleimidegroups reduced antibodies can be conjugated to the
polymerslf the antibodies are overly reduced#@nresult in a loss of function. The antibodies lone antigen ireach of the
two upperedges Adapted from[65]
2.1.2.4 DNASaining

The lastpart of sample preparation is usually to stain the DNNAe DNAstain is usedto
differentiate cells from beads (for normalisation) and debfikis is often done using one of
the intercalators mentioned in sectidh1.2along withformaldehyde and a permeabilization
solution.The formaldehydésimportantfor preventing cell loss duringater washes and data

collection.

2.1.2.5 WaterWashes
The last part of the sample prep is washing the sample in plilteQ grade water.This is to
reducebuild-up of salts in the machine and in the nebuliser. Salt build up easeclogs and
lead to ion transmission losdue to accumulation on the conedhe water washes are,
however,damagingfor the cells The hypotonic solution leads to cdikintegrationand can
create puzzling artefact®roper fixation is therefore vitaRecently Fluidigm has released a

new solution to replace the water to use during data acquisition. mévg solution is ca#éd
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cell acquisition solution (CAS)o use this solution howevethe injector that transfersells

from the heating chamber to the plasmmaust beswitchedwith one having a wider bore.

2.1.3 FlowGQytometry as amternative
Most current studies usdlow cytometry to study immune cell populationswhile flow
cytometry can analystens of thousandsof cells per second, it is often limited to only ten
simultaneous measuremeni{d6]. In research laboratories the use of 17 fluorescent labels in
flow cytometry has been utilised, but it demands extensive customisalf). Mass
cytometryhasadisadvanagein terms ofcell throughput, reaching a theoretical maximum at
3000 cells per second46]. The advantage ,ihowever, the potential of measuring135
different isotope tags as themass cytometer has mass rangecovering75 through 209
daltons[44]. This high dimensional single cell analysis can allow for characterisation of never
seen before cell type#\ comparison of mass cytometry and flow cytometry is summarised in

Table2.1.

Table2.1: Comparison of flow cytometry and mass cytometry.

Flow cytometry Mass cytometry
Throughput >10,000 cells/s >3,000cells/s
Number of parameterg Typically8+2 (physical) 47 commercially available
Physical parameters | Forward scatter and side Osmium tetroxide can be usec
scatter as surrogate markefor

forward scatter.

Background Significant spectral overlap | Abundance sensitivity>0.3%)
with increasechumber of oxide formation(>3%) and
markers. isotopic impurity(<2%)

Cell endpoints Cell can be kept alive and Cells are incinerated during
sorted after analysis. analysis

Autofluorescence Significant autofluorescence | Minimal autofluorescence

(depending on sample origin

and treatment).
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2.2 Data analysis
The data analysis is generally divided into two gédtte pregating and thenigh dimensional
analyses.During pregating machine dependent sensitivity decline is corrected ford a

barcoded samples are debarcoded.

2.2.1 Normalisation
Duringrunning, loss of detector sensitiviteeads to a decline iregisteredsignal intensity. This
means that wo identical cells withdenticalstaining will yield two different signal intensities
depending onwhen they were run To correct forthe decling beads aremixed with the
samplebefore acquisition. The beads contain a mix of different heavy matakring a part
of the mass spectrum regfered by the machinandare highly similar to each otheBy using
these beads, the decline in sengity can be corrected fanrsing normalisation procedures
addition, cleaning of the instrument can affect ion throughput, and thus ittensity
registered. Thisagainmeansthat identical samples run on separate days can yield different
results.By using the beads as a reference however, the difference can be normdlised.
procedures existor normalisationand differ in the referenceised duringhormalisation. The
Fluidigm method useas lot specific dual count mean from the bead production to correct for
the differences across different runs on different machines (of the same mddel)MATLAB
method, however, usesthe median intensity across theamplesas a referencd67]. This
meansthat the samples have to be normalised a grougfor them to be comparable,sa

opposed to the Fluidigm methoahere they can be normalised one by d68].

The sample acquisitions are often interrupte®ince each run gives one file, the same sample
can end up beingn spread overmultiple different files. To make data handlingnore

manageablelie files argypically concatenated after normalisation

2.2.2 Debarcoding
If several samples wetgarcoded as previously describadd combinedefore staining it is
necessary todebarcode them again textract the individual samples. This is done by
stratifying the events based othe three barcodingisotopeswith highest intensity.The
barcode intensities are normalised so the highest in the sample gets a value of 1 and the

lowest a value of OThe separation between the®3and 4" strongestbarcode isotopesfter

22



normalisationare then used as a threshold to remove doublet and del&idvahalanobis

distance threshold can also be applied to remove outliers

It is important to note that the barcodstaining intensity is highly dependent on the cell
number during staining and cell tygé1]. This meansdjusting the barcode separation or

applying a minimum intensity threshold can select for specific sampledldypes

2.2.3 Gating
To filter out singlets of the sampiecombination of event length and intercalator intensity is
typicallyused. A drawback using the intensity of intercalator is however that different cell
types stain differentl{f69]. Thus, using this as a primary gate cquitentially be biasing the
data. As mentioned irthe last paragraph ofection2.1.1.5 the gaussian parameters can be
usedto identify singlets Several types of doublets exist. The doublets can be caused by a single
cell cloud overlapping with debris or another single cellidlor by cells sticking to each other
due to poor mixing during fixation. If the clouds are overlapping the singlet filtering can be
based on the gaussian parameters algseeFigure2.7). However, if cells are sticking to each
other, the intercalator, or another marker, must be used in additlbis therefore best to use

all of the mentionedparameters.
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Figure2.7: Threedifferent types of doubletsiue to overlapping cloudsThe doublets affect the gaussian parametensking
them easy to identifyAll doubles yield a high residual due to the ngaussian shapand a high event lengttA: Thehigh
secondpeakgivesa high cente and a low widthB: The high first pealives a low centre and a low widt@& The centre and
width values can vanReproduced fronj69].

2.2.4 DimensionalityReduction
In mass cytometry over 30 different parameters can be measured per single cell. Due to the
high dimensionality of the datareatinga 2D projectiorshowing all differences between each

cell is impossibléexcept ifall but two parameters are i every evenk By using an algorithm
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known as tdistributedstochastic neighbour embedditsNE]70], similar cellsan be placed
close to each othen an iterative process where short distances in the high dimensional space
cause arattractive force between the cells and long distanaeshe high dimensional space
cause a repelling forcd.o calculate the similaritgetweenthe 2-dimensional spacand the
high-dimensional one &ullbackLeibler (KL)divergenceis calculatedand used as a cost
function. Thegradientof the cost function is calculated fknow how to moveeachcell to
reduce the KL divergend€1]. The KL divergence is a useful tooldetermine if enough

iterations have been performed on the tSNE

2.2.5 Clustering
Traditionally cells have been divided into separate cell tyBawe all cells originate from the
same embryo, however, every cell typenust have an intermediate.This leads to a
fundamental problem:how do you decidewhere the line separatingwo cell types i8
Traditionally, samples have been gated using subjective knowledge and established norms

but with the increase of measured parametéhe traditional gating procedure can become
very laboriouslf 30 parameters are measurga total of— 10 wnique scatter plots can

be made. All ofhe scatterplots might not make sense to analyggeenprior knowledge But,

using onlyprior knowledge canlead to loss otell phenaype discovery Automatic clustering
algorithmstherefore represent avay to cluster a samplastandlessbiased In addition, high
dimensional clustering algorithms are not restrictedaoalysingonly two parameters at a

time when deciding:luster.

Phenograph72] is a common clustering algorithapplied to mass cytometry datariefly,
the algorithm works bgreating a networlconnecting each cell to its k (a user chosen value)
nearesteighboursand thenweightseachconnection by thealculating the number of shared
neighboursfor eachcellcell pair. Communities {.e. clusterskre then found byapplyingan
approximation known asthe Louvain Methodon the weightechetwork. This approximation
graduallyassigns cells to communitiémsed on the increase of modularign estimate of
network density ina community) The Louvain Methodis run several timg and the

communities from therun with the highest overall modularitis returned as clusters
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2.2.6 ClusterCharacterisation
Since the clustering algorithm often finds several clusters, an easy venaEcterising each
cluster is needed. Marker Enrichment Modellisgal useful tool developed Hyiggins et. al

[73] and works by calculating a MEXlue for each marker in each cluster.

The equation used is:
DOD aQQNw d QQEQW ~— p
Q@ QQEQW a QQEQW d) 00 000
Thus, if there is a large difference between the median of the cluster and the populatiibn,

the interquartile range IQR) is smaller in the cluster than in the refereniteen the MEM

value increases

The reference used is often the rest of the clusténs, a selectel reference sample can also

be used.

2.3 Reasons fahe Approach

The immunesystemis complex and consists of several differg@hienotypes eachserving
specific funtons. To determine how the immune systemaiected by tumour development
and therapy the immune landscape must be mapped and comgaxrerosstimepoints and
treatments. Since thecell phenotype is determined by protein expressjonis vital to detect
these proteins Mass cytometry allows measuring of ov& tagssimultaneously on single
cellsand is commercially availabl&@husthis method is fit to determine cell phenotypes in
heterogenoussingle celsamplesThe high dimensional data wouddirlierbe a problem, but
due to recent developments in data processing and machine leatindata can be analysed
unbiased anckfficiently. An alternativeto mass cytometrys flow cytometry. Howeveiflow
cytometry is limited by the number of tags that can be usidultaneouslyandthe significant

compensation needed to be done after acquisition.
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3 Materials andMethods

3.1 GeneralOverview
The methods can be divided into four parts as depicte&igurel.7. The first partentails
tumour injection, treatment and tissue harvesting. The second part continues with tissue
treatment andits treatment until being run onlhe mass cytometer. The data acquisition has
gotten its own section to separate it from the analysis and the sample preparation. Lastly, the

data analysiss explained, starting with normalisation and ending with calculation of statistics

from cell clustersAnimals, chemicalantibodies, ane&quipment

Table3.1: Materials usedor cell culturing mouse treatment, and tissue dissociation

Description Source Product number  Details

4T1 ATCC CRE2539

Anti-mCTLAd BioXCell BE0131 Syrian Hamster
IgG, clone 9H10

Anti-mPD1 BioXCell BE0146 rat IgG2a, clone
RMP114

BALB/c mice Taconic 50 females

Laboratories

Bemcentinib BerGenBio

Cisplatin194 Fluidigm 201194 5mM stock

Ctubes Miltenyi Biotec 130-096-334

Fetal bovine serum Sigma F7524

gentleMACS Dissociator  Miltenyi Biotec 130-093-235

L-Glutamine solution Sigma G7513100ML

MACS SmartStrainers (70 Miltenyi Biotec 130-110-916

Hm)

MACS Tissue Storage Miltenyi Biotec 130-100-008

Solution

Matrigel Basement BDBioscience 354230

Membrane Matrix Growth

Factor Reduced

PenecillinStreptomycin Sigma PO781100ML

Polyclonal Armenian BioXCell BE0091 BE0091

Hamster IgG

Pre-Separation Filters (30 Miltenyi Biotec 130-041-407

Hm)

Red Blood Cell Lysis Miltenyi Biotec 130-094-183

Solution (10x)

RPMF1640 Medium Sigma R8758500ML

Spleen Dissociation Kit, Miltenyi Biotec 130-095926

mouse
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Sterile Cell Strainner 40 ur Fischer 22363547
Scientific

Trypsin- EDTASolution Sigma T4047100ML

Tumor Dissociation Kit, Miltenyi Biotec 130-096-730

mouse

Table3.2: Materials needed for antibody conjugation

Life Sciences

Description Source Product numbe Lot number

Antibodystabilizer CANDOR 131 050 131D324v

Ghbuffer Fluidigm S00004 0071601

L-buffer Fluidigm S00008 2781505

Rbuffer Fluidigm S00002 3271511

TCEP Thermo 77720 QH220380B

Scientific

W-buffer Fluidigm S00006 2751520

X8 polymers Fluidigm S00009 P17G1002
P02
P18D0201
P09
P15J0201
P03

Lanthanide solutions Fluidigm

Centrifugal Filter Unit: 3 Millipore UFC500396

kDa AmicorUltra 500 pL V

bottom

Centrifugal Filter Unit50 Millipore UFC505096

kDa AmicorUltra 500 pL V

bottom

Table3.3: Chemicals used during sample preparation.

Description Source Product numbe Lot
number

Antibody stabilizer CANDOR 131 050 131D324v

Barcode perm(10x) Fluidigm 201057 1381803

Barcodes Fluidigm S00114 2461603

Bovine serunalbumin Sigma Aldrich  A9647100G SLBV4996

(BSA)

Gbuffer Fluidigm S00004 0071601

Cell staiimg buffer Fluidigm 201068 3001610

DNase | Sigma Aldrich  DN251G SLBV1446

Dulbecco's phosphate Gibco 14040133 1941466

buffered salindDPBS)

EDTA Sigma Aldrich  E5134250G BCBV7014

Filter 0.2 um GE Healthcare 10462200
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Paraformaldehyde 16% Electron 15710
solution, EM grade Microscopy
Sciences
Phosphate buffered saline Sigma Aldrich  P4417100TAB SLBW3999
(PBS)
Sodiumazide Merck 106688
Syringe 30 ml BD Plastipak
Tube 15 ml Sarstedt 62.554.502
Tube 5 ml Sarstedt 55.1578
Tube 50 ml Sarstedt 62.547.254

Table3.4: List ofmass cytometrypanel and antibodiesised for staining*Antibodies used during intracellular staining
MWl yiAo2RASE dza SR RidaNthodids frandzediparGe8herdhan: Fluididm/vigi® conjugatei the given
mass tagSuperscripted numbers indicate backbone number.

Product Mass tag Clone Source Product number Lot
Intercalator 103Rh None Fluidigm 201103A 1801702
(Rh)
CD11¥t 142Nd N418 Fluidigm 3142003B 2431705
CD6%¢ 143Nd H1.2F3 Fluidigm 3143004B 1171706
CD11% 144Nd AFS98 Fluidigm 3144012B 1111704
CDa¢ 145Nd RM45 Fluidigm 3145002B 0901505
CD8a¢ 146Nd 536.7 Fluidigm 3146003B 0351301
CD45%¢ 147Sm 30-F11 Fluidigm 3147003B 0901705
PD1 148Nd RMP130 eBiosciences 14-9981-82 4311070
(CD2792
CD83¢ 149Sm Michell7 eBiosciences 14-0831-82 4274058
CD24&¢8 150Nd M1/69 Fluidigm 3150009B 0901508
CD64t 151Eu X545/7.1 Fluidigm 3151012B 2601611
CD3ét 152Sm 1452C11 Fluidigm 3152004B 3181714
PDL1 153Eu 10F.9G2 Fluidigm 3153016B 1711724
(CD27¢H*
CD11pt 154Sm M1/70 Fluidigm 3154006B 2341710
CD11# 155Gd 723806 R&D MAB60391 CFZR01170
71
CcD103%¢ 156Gd 2E7 eBiosciences 14-1031-85 4318103
FOXP3® 158Gd FJIKL6s Fluidigm 3158003A 3461707
FOXP3® 158Gd FJIKL6s Fluidigm 3158003A 1841813
F4/80¢ 159Tb BMS8 Fluidigm 3159009B 0541707
ARGINASE 160Gd Polyclonal Novus NBP132731 42893
1*3 Biologicals
iNOS3 161Dy CXNFT  Fluidigm 3161011B 1171714
Ly-60¢ 162Dy HK1.4 Fluidigm 3162014B 2341706
CD4ee 163Dy 1C10 R&D MAB440 AHY171707
1
CD49bt 164Dy I ah H  Fluidigm 3164011B 1531401
CD25%¢ 165H0 280406 R&D MAB2438 VDI011302
1
CD19%¢ 166Er 6D5 Fluidigm 3166015B 3181409
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CD335 167Er 29A1.4 Fluidigm 3167008B 3131704

(NKp46)t

CTLAM 168Er UC164B9 invitrogen 14-1522-82 1953873

(CD152)2

CD20&? 169Tm C068C2  Fluidigm 3169021B 1881729

MER¢ 170Er 2B10C42 BiolLegend 151502 13233030

cDsee 171Yb 16-10A1  Fluidigm 3171008B 3001404

CD8et 172Yb GL1 Fluidigm 3172016B 3331708

CD116 173Yb 698423 R&D MAB6130 CFEEO02171

(GMCSF R) 21

1,12

Ly-6G/C 174Yb RB68C5  Fluidigm 3174008B 3181408

(GF1) W

AXDE 176Yb MAB854 R&D MAB854 JMT021806
1

AXDE 176Yb MAB8541 R&D MAB8541 HFY011801
1

Intercalator 191/193Ir None Fluidigm 201192B 2301702

(In)

Cisplatin 194Pt None Fluidigm 201194

I-A/I-B2 209B¢ M5/114.1 Fluidigm 3209006B 2851707

5.2
CD16/321  None 93 eBiosciences 16-0161-85 4316711

3.1.1 Preparation ofteck solutions

3.1.1.1 CellQulture Medium
50 ml FBS, 5 midlutamine,and5 ml Peircillin-Streptomycin was diluted in 500 ml RPMI1640

in a sterile laminar airflow hood. The cell medium was stored’@t 4

3.1.1.2 100x DNase |
10 ml DPB®astransferred toa 15 ml tube250 mg DNasewastransferred to the tube and
dissolvedThe 10 mivere aliquotedto and stored at20°C.

3.1.1.3 10x PBS
2 PBSabletswere dissolved in 40 ml MilliQ in a 50 ml tube. The solutvas stored at 4C.

3.1.1.4 10x PB0 mMEDTA)
2 PBSablets and297.8 mg EDTwasdissolved in 40 ml Milligh a 50 ml tubeThe solution

was stored at 2C.
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3.1.1.5 25x stock sodium aziddlaAz)
250 mgsodium azidevasdiluted in 50 ml MilliQn a 50 ml tubeand stored at 4C.

3.1.1.6 CGellWashingBuffer (CWB)
5 g BSA48 ml DPBSand2 ml 25x NaA was transferred to a 50 ml tube. After the/ABBad
dissolvedthe solution was passed through2aum filter using a 30 ml syringad stored at

4°C.At the day of usethawed 100x DNase | was addedthe ratio of1:99.

3.1.1.1 2% PFA
1 ml 10x PBS (20mM EDBAH 1.25 ml 16% PF#ere diluted in7.75 ml MilliQin a 50 ml

tube. The solution was passed through a 2 um filter using a 30 ml syringe.

3.2 Mice

The following mouseexperiment was approved by thMorwegian Food Safety Authority
(Mattilsynet) and performed in accordance wiReguation on the use of animals in research

Mice were checked every-2 days before treatment start and daily thereafter.

BALB/c mice (n=50) were implanted with 4T1 breast canceramalldreated witha control,
bemcentinih ant-FCTLA4 and antiPD1 (ICB)or a combinatiorof bemcentiniband ICB40 of
the 50animals were divided into 8qual sizedyroupsby treatment and treatment duration.
The 10 extra animals were neededdnsurethe 8 groups were in similar stages of tumour
growth, i.e. that the tumouw volumes were similato be used asest samples for titration of
antibodies and to make a control samplte compare results across mass cytometry rugech
cage contained 5 animaénd was assigned a lettand a numbebased on treatment and
treatment duration as shown inrable3.5. The extra animals were placed in cagdsand E2

A timeline for the treatments and euthanasia is showifigure3.1.

Table3.5: Treatment and day of euthanadiar the different groups. Tissues were harvested immediately after euthanasia.
Each group contains 5 animals.

Group Oral gavage Intraperitoneal | Euthanasia
injection

Al Vehicle IgG Day 15

A2 Vehicle IgG Day 22

Bl Bemcentinib IgG Day 15
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B2 Bemcentinib 1gG Day 22

C1 Vehicle Anti CTLAY and| Day 15
anti PD1

C2 Vehicle Anti CTLAY and| Day 22
anti PD1

D1 Bemcentinib Anti CTLAt and | Day 15
anti PD1

D2 Bemcentinib Anti CTLAt and| Day 22
anti PD1

El Vehicle IgG Day 15

E2 Vehicle lgG Day 22

TIMELINE FOR MOUSE EXPERIMENT

ICB ICB

ICB ICB ICB
Tumour implantation Sacrific Sacrifice
. . o I I [T 141
Bem Bem Bem Bem Bem
Bem Bem Bem Bem Bem

DAYS

Figure3.1: Timeline for mouse experimenEive groups were sacrificed 15 days after implantation (2 days of treatment) and
five groups were sacrificed 22 days after implantation (10 days of treatni@st)denotes treatment wittbemcentinib and

ICB (immune checkpoint blockade) denotes a combined treatment é?Batand antCTLA4. No treatments were given to

the animals on the day they were euthanised

3.2.1 CellCQulture

Cells weraalways treated in aterile laminar airflow hoodvith gloves and persondab coat.

1 million4T1BALB/dreast cancecells were seeded in a T75 fla§¥6 cn¥) and culturedin
medium(10ml, asmade in3.1.1.]) in an incubator §7°C 5% CQ 21% Q). Upon reachin@0-
90% confluency, the cells were spfito 2 T175 flaskwith cell mediumeach containin@0 ml

cell culture medium

After reachinga final confluency 080-90%in both flasksmedium wasaspirated,and cells

werewashed withsterile PB10ml) The cells weréhereaftertrypsinised(5 ml 5 min, 370
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for cell detachmentafter which medium (10ml)was added for quenching. The cells were
then transferred to d5ml tube andcentrifuged 290 g, 7 min, RT). Supernatanivasaspirated,
and the cells wereesuspendedn newmedium and countedisingthe Countes€ell Counter
Medium wasthen discarded untibnly 12 million cellsemained(200,000 cellper injection
thus 12 millioncellsequates to 60 injections)he cel were againcentrifuged 290 g, 7 min,

RT) and aspirated

Gold serumfree RPM1640 (2 ml)was mixed with Matrigein aratio of 1:1. The cells were
resuspended irRPML640-Matrigel mix(3 ml)to a concentration of 4 million cells per nl.

ml syringesvere drawn up with0.3 ml eactand left on iceuntil tumour implantation.

3.2.2 Tumourimplantation
Each animalvasanaesthetisedy Sevofluraa and dter reachingsufficient unconsciousness
the micewere weighedand placed back iranaesthesia in &uff and shaved To remove
residualhair, VeetHair Removal Creamas appliedo the shaven area and swiftly removed
with awet tissue papeRPMI164EMatrigel mix(0.05 ml,200,000 cell3 wasinjected into the
fourth mammary fat pad omight side of the mouseisinga 1 ml syringewith a 30-gauge

needle.

3.2.3 Preparation oflreatments
Vehicle(water with 0.1% w/wTWEEN 8@nd 0.5%w/w hydroxypropyl methylcellulogavas
prepared by BerGenBido makethe stock bemcentinibsolution, vehicle was mixed with
bemcentinibpowder (10 mg/ml), vortexed,and sonicatedor 15 min. The stock was then
diluted with vehicle(5 mg/ml)to a doshg suspensioriThesamedose volumeof bemcentinib

wasusedfor the vehick-only treatments

The anti-mCTLA4 and anti-mPD1, comprising the Immune therapy blockade (ICBgre
individuallydiluted with sterile PB® a concentration o2 mg/ml A dose of 10 mg/kg was
used for each mousd-or the control antibody, hamster IgG, a lower doaad a higher
concentration was used tequalise thevolume and amount of antibodies injectedth the

ICBtreatment. The treatmens with doses and volumes are summarized able3.6.

Table3.6: Concentrations and voluraasedfor druggingmice.
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Treatment Dose concentratior] Drug concentratior] Dose volume
[mg/kg] [mg/ml] [ul/g]

Bemcentinib 50 5 10

Anti-mCTLA4 10 2 5

Anti-mPD1 10 2 5

Hamster IgG 20 1 10

Vehicle NA NA 10

Injection wlumeswere calculated as follows:

5
3

W W z

wis volume to be injectedp is the weight of the mouse) is the concentration of the

dose mg/kg], ando is the concentration of the drug [mg/ml].

Below, acase offor mouseof 25 gramgreated with bemcentinibis exemplified

dQ
.V TFg5Yq

) T&C‘@"Q—m Ti& L dr O
V&

Thus a total volume oR50plisto be injected by oral gavage

3.2.4 Randomisation antreatment
After the mice hadlevelopedtumourswith volumes! ranging from50 mm? to 100 mm?3 and
agead beyond8 weeks they were randomisedinto ten cageq5 mice per cage) consisting of
five treatment groupsnd two endpointsby sorting by weight andising Latin Squargesign.

At the day of randomisation, treatmentas also initiated

! The tumour volume is calculated using the formuia — &d& , where a and b are the long and short
diameter of the tumour respectively.
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Bemcentiniband ICBwere prepared as stated isection3.2.3 Prior to each injection the
weight of the mousewasrecorded and used toalculateinjection volume as statedalsoin

section3.2.3 The treatments for thgroups are displayed ifable3.5.

ICB treatment was givantraperitoneallyevery other day whil®emcentnib and vehicle was

givenby oral gavagéwice aday.

3.2.5 TissueXllection
Mice were euthanised at two different tigpoints asshown inTable3.5 and Figure3.1. The
mice were firsianesthetized with Sevofluransefore being eutharsied with cardiac puncture
followed bycervical dislocatiomAfter euthanasia, tumour and spleen tissue was collected and

temporarily storedon icein a 15ml tube withMACS Tissue Storage Solution

3.3 SamplePreparation
Samples wer@rovided as written in se@n 3.2.5 Sample prepation has been divided into
two parts tissuedissociation to make single ¢suspensions and the treatment of the single

cells untilrunning them on the mass cytometer

All entrifugation steps were completedn a Centrifuge 5810 REppendorj with a Swing

Bucketrotor.
3.3.1 TissuedDissociation

3.3.1.1 TumourDissociation
For tumour tissue dissociation tHeumor Dissociation Kit, mougMliltenyi) wasusedalong
with the supplied protocolBriefly, for each tumour adigestion enzyme miwas made by
mixingRPMI1164q2350 ul),EnzymeD (100 pl), Enzyme R (B0 andEnzyme A (12.5 i a
Gtube. The tumourwas cut in small piecestransferred to the Gtube and run on he
gentleMACS Dissociat@liltenyi) with the m_impTumor_02 prograrmeforebeingincubaied
on a tumble wheein an incubator(40 min 37°C). The Gtube wasagainrun on thedissociato
with the program m_impTumor_03 tae&, followed by m_impTumor_01 once. Tsa&mple
wasthen strained through a 70 pifiiter on a50ml tube. The filterwaswashed with RPMI11640
(10ml) beforeagainstraining the sample through a 40 pm filteto the same tube. The filter
waswashed with RPMI1640 (10 mllhe samplevasthen centrifuged 200g, 7 min, RT) and

supernatant was aspiratedThe cells were resuspended in PB&sferred to aPRtube (15

34



ml) and centrifuged 00 g, 7 min, RT). Supernatant was again aspirateand the cells were
resuspended in PBS (500 ai}d 1XxRBC (5 ml), made fronRed Blood Cell Lysis Solution (10x)
diluted inMilliQ, and incubated2 min RT). The sample wasentrifuged 200g 10 min RT)

and supernatant aspirated.

3.3.1.2 SpleerDissociation

For spleentissue dissociation th&pleenDissociation Kit, mous@Miltenyi) was used along
with the supplied protocol. Briefly, for eadpleen a digestion enzyme mix was made by
mixingBuffer §2.4 m), Enzyme D50 ul), and EnzymeA (15 pl) in a Gube. Thespleenwas
transferredwhole to the Gtube and run on thegentleMACS Dissociat@viltenyi) with the
m_spleen 02 program before being incubated in a tumble wheelXfbmin at 37C. The €
tube was then run on the dissociator with the programspleen 03 before beingstrained
through a30 um filter on al1l5 mltube. The filter is washed withx Buffer 2.5 ml). The
sample was thertentrifuged (200 g 10 min, RT) and supernatant was aspirated. The cells
were resuspended in PBS (500 ul) and 1x RBCL (5 ml), madedidoBiood Cell Lysis Solution
(10x)diluted in MiliQ, andincubated (2 min, RTYhe samplevas centrifuged (200g, 10 min,

RT) and supernatant aspirate

3.3.1.3 LiveDeadSaining
After having prepared the samples as stated in secBdl, the cells were resuspended in
RPMI1640 (5 ml, 10% FBS, 0.25 uM cisplatin) axednbly inverting the tube. The sample was
incubated (5 min, RT) before being quenched by the addition of RPMI1640 (5ml, 10% FBS).
The sample was then centrifuged (200 g, 6 min, RT). Supernatant was aspirated, and cells
transferred to a Cryotube (1.8 ml) thiRPMI1640 (900 ul). The sample was fixed for 10 min
by the addition of PFA (100ul, 16%) before centrifugation (900 g, 5 min, RT). Supernatant was
aspirated, and the tube frozen t@0°C.

3.3.2 AntibodyConjugation andiitration

3.3.2.1 AntibodyGonjugation
Antibody canjugation was performed usinglaxpar Antibody Labeling Kitontainingall the
necessarnsolutions except TCERd Antibody stabilisemwith the supplied protocalBriefly,
the MAXPAR polymer was thawed and mixed wibuffer (95 pl)andlanthanide ionsolution
(5 ul) Thetube containing thepolymerwasplaced in a heating blocf80 min, 37°C) The
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concentration of theantibody to be conjugated was measured oNanoDrg (2000/2000c,
Thermo Scientific A calculated volumé100 pgantibody) wastransferred tothe 50 kDafilter
with additional Rouffer to get a total volume of 0.5 mahd centrifuged (1200g, 10 min, RT)

A TCEMRbuffer solution was prepared kiluting TCEP (8 pl, 0.5) M Rbuffer (992 ul). Flow
through from the antibody centrifugation wattiscarded and the antibody was resuspended
in TCEMRbuffer (100 pland incubated in a heating blocBRQ min, 37°C) Thelanthanide
polymer wastransferred tothe 3 kDafilter and diluted in additional -buffer (200 pl)and
centrifuged (12 000 g, 25 min, RF)ow through was discarded and thelymer was washed
again in cbuffer (400ul) and entrifuged (12 000 g,Bmin, RT)G buffer (300 ul) was adde

to the 50 kDa filter with the aibody before the antibody was centrifuged (12 000 g, 10 min,
RT). The flow through from the antibodies was discarded and the veasated with Gouffer
(400 uband centrifugation 12 000 g, 10 min, RThe flow throughfrom both the polymer

and the antibodies was discarded

Gbuffer (60 pl) was added to the 5 kDa filter with tbelymer and used to transfer the
polymer to the 50 kDa filter containing the antibodi@fie 50 kDa tiér now containing both
the polymers and the antibodies watacedin a heating block90 min, 37°C).

W-buffer (200 ul) was added to thsD kDa filter before being centrifuged (12 000 g, 10 min)
Flow through was discarded and the wash repedtag@e times, for a total of four, with W
buffer (400 ul) After discarding the flowhrough, the antibody concentration was measured
on the Nanodrop The measured concentration was used to calcullagevolume of Antibody
Stabilizer needed fadiluting theantibody to 0.5 mg/ml. ThB0 kDa filter was centrifuged (12
000 g, 10 min, RBnd the calculated volume of Antibody Stabilizer was added to the filter.
The filter was then transferred to a new tube and placed upside dfmwicollecion of the
antibody during centrifugation (1 000 g, 2 min, RThe conjugated antibody was then stored
at 4°C in the dark.

3.3.2.2 AntibodyTitration
The complete antibody panel was divided into three backbdisesTable3.4), so that the
canonical markers were titrated first, and markers on subpopulations of the canonical markers
were titrated next.For each backbonabout 3 million cells from spleen sample was divided
into six tubes andbarcoded. The samples were thestained with a serial dilutiorof the

antibody backbonecocktail except for the last tube which was left unstainell samples
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were thencombined in a tube. The samples weuve on the mass cytometend, £1 spill, +16
spill, andseparationbetween positive and negative populatiomgere analysed and used to

determine the bestitration for each antibody.

3.3.3 CellSaining
Each sample was divided inBaggroups as shown imable3.7. Each of the groups contains 20
samples and wastained andrun at the mass cytometeat the same time The extra test
samples from the fgroup were usedfor titrating antibodiesand making a control spleen

sample to be includeth every run.

Table3.7: All single cell suspension samples freeation3.3.1.3were divided into five groups based on tissmeatment
group and treatment duration Each cell designates an animaiaracterised by the treatmergroup (first letter), the
treatment duratbn (first number before the dash) antbuse number in the given cage (the last number).

Tumour T1 Tumour T2 Spleen T1 Spleen T2 Test Test
tumour spleen

Al-1 A2-1 Al-1 A2-1 EX1l Ex1l
Al-2 A2-2 Al-2 A2-2 EL2 E12
Al-3 A2-3 Al-3 A2-3 EX3 E13
Al-4 A2-4 Al-4 A2-4 Ex4 Ex4
Al-5 A2-5 Al-5 A2-5 EL5 E15
Bl1 B21 Bl-1 B21 E21 E21
B1-2 B22 B1-2 B22 E22 E22
B1-3 B23 B1-3 B23 E23 E23
Bl-4 B24 Bl-4 B24 E24 E24
B1-5 B25 B1-5 B25 E25 E25
Crl c21 Crl c21

C1k2 Cc22 Ck2 Cc22

C1k3 c23 C1k3 c23

Ck4 Cc24 Ck4 Cc24

C15 C25 C15 C25

D11 D21 D11 D21

D1-2 D2-2 D1-2 D22

D1-3 D2-3 D1-3 D23

D14 D24 D14 D24

D15 D25 D15 D25

Control Control Control Control

3.3.3.1 Barcodelaining

All centrifugation steps were performealith swingbucket rotor at900 g for 5 min in RT
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The samples from sectid3.13weredivided into four group®ased on ssue and treatment
endpoint A sample control made from a mix of spleen samples from tg&p wasncluded

in each mass cytometry run.

Eachsamplewasthawed andresuspended ilDPBS (500 piyith 1x DNasel. A small sample
of about 10 pwasusedthe estimate cell counin the tube Based on the cell count, at ledt
million cells werdransferred to anew 5 ml tube.Additionalcell washing buffe(CWB)was
subsequenthaddedto give a final volume of 1 mThe samplevasthen vortexed, centrifuged,

and subsequently decanted.

Perm buffer was prepared tdiluting 10x perm buffe(5ml, Fluidigm) witiO0xPBS5 ml) and
Milli-Q (40 ml) The sample was washed with perm buffer (1),ndentrifuged and
subsequentlhydecanted Thiswashingstep wasperformed twie, exceptaspiratingto remove

supernatant the second time.

For the control sample: rhodium intercalator (1pl, 500udas mixed with perm buffer
(200pl) The control sample cells were resuspended in the rhodium intercalator mix and
incubated(30 min, RT)

Fornon-control samplesthe samples were put on ice and when ice cald,coldperm buffer
(195 ul) was mixed with barcode solution (5 pl, Fluidigng swiftly used to resuspend the
cellsby pipetting The cells were incubatg@®0 min, RY.

After incubation, CWB (800 pl) was transferred to the tubes bebmieag centrifugedand
subsequenthdecanted. The cells weresuspendedvith CWB (1 mj)vortexed and incubated
(10 min, RT)before being centrifugedand supernatant aspirated Each sample was
resuspended in CWB (100 ghd grouped in & mltube. CWB (100 ul) weadded to each
sample tubeto transfer any remaining celts the grouped5 ml tube The groupedsamples
were centrifuged and subsequentlydecanted before being washed witiSM (4 mlCell

staining medium After centrifugatiorthe tube was decanted anput on ice.

3.3.3.2 MarkerSaining
All centrifugation steps were performed with swibhgcket rotor at 900 g for 5 min in RT.

except where other settings are noted.
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Feblock (anttCD16/32) was diluted i@SMin a ratio of 1:199The cells fronsection3.3.3.1
were resuspended idiluted Feblock(35 pl per3 million cellsandincubated (10 min, on ice)
Allantibodies(seeTable3.4) were vortexed centrifuged (0,000 g, 5 min, R&nd put on ice.
Titrated amounts of eacBurfaceantibody (see Table10.1) were mixed with CSMto give a
total volume of40 pl per 3 million cells he antibody cocktail was mixed with the sample and
incubated (30 min, RT)After incubation, the sample was centrifugedspirated and
resuspendedand incubatedn DPBS4 ml) with 1x DNase fior 10 min.The sample was then
centrifuged and subsequentlyresuspended inPBS 4ml, 2 mM EDTJ centrifuged and

decanted.

200 pl 2% PFA per 3 million cells was used to resuspend the sample. The sample was then
incubated 80 min, RT, in the darkjgfore being centrifuged (9009, 5 min,)Rand sipernatant
aspirated The sample was theresuspendedin CSMperm (2ml, 10% 10x perm buffér
centrifuged, and decantedlhis washing procedure was repeated once for a total of two
times. Fcblock (anttCD16/32) was diluted in CSM/perm in a ratio of 1:TB® sampel was

then resuspended in diluted Fdock @5l per3 million cell3}and incubated (10 min, on ice)

Titrated amounts of each intracellular antibo(seeTable10.1) were mixed with CSNperm

to give a total volume of 40 pl per 3 million cells. The antibody cocktail was mixed with the
sample and incubated (30 min, RT). After incubation, the sample was centrifuged, aspirated
and resuspended and incubated@WB(4 ml 10 min R7. The sample was then centrifuged
and subsequently resuspended in PBS (4ml, 2 mM EDTA), centrifuged, and decanted.

3.3.3.3 DNASaining Water Washesand Data Aquisition
Iridium intercalator (0.33 yber 20,000,000 cell$00 uM wasmixed with 2% PFA mlper
20,000,000 cel)sThe cellsvere incubated at 4C overnight.

The samplevas centrifuged (900 g, 5 min, RTand supernatanwasaspirated.CWB (2 ml)
wasused to resuspend the cells. The sampésincubated (10 min, RTen centrifuged (900
g, 5 min, RT)The samplavasfinallyresuspended in PB3ril,2 mM EDTRand put on ice.

Before running the sample on theass cytometer, the sampieaswashed in MliQ. Thiswas
done by transferring 200 |ffoughly onemillion cells)of the sample to a new 5 ml tulkend
filling it with MilliQ (4 ml). Théube wasinverted for mixing centrifuged (400 g, 5 min, RT)

and subsequently decanted. This washing stgsrepeated 3 timedor a total of 4 washes.
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Finally the cellswereresuspended imbout0.75 mllx bead solutio to afinal concentration
of about 2 million cells per mlpushed through a 40 um filter anacquired on the mass
cytometer.During acquisition a rain pleshowing the amount of each isotope detected in each

push carbe studied to identify contaminationseeFigure3.2).
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Figure3.2: A mass cytometry rainplotA rain plot showingmeasuredisotopes(columns)in each push (rowsPushes
containing cellgan beidentified byfindingthe pusheswith high amounts of iridium 191 and 198ome background d47Sm
and209Bican be identified by comparing the intensity between cells.

For each timepoint, approximatell0 million events were collecteidom the spleen samples

and 1415 million eventdrom the tumour samples.

The mass cytometry was performed using the Helios at the Flow Cytometry Core Facility,

Department of Clinical Science, University of Bergen.

3.4 DataAnalysis

3.4.1 Pregating

3.4.1.1 Normalisation
Samples were normalised with the Fluidigm CyTOF soft{varsion6.7.1014. The median
bead intensity was used onshidingwindow of 200 secondsAfter normalisation, the files
were concatenated and randomiset@ihe values abov@ wererandomised using gaussian
distribution with a sigma of , .while 2ro-values were randomiseaith asigma of 1 and a half

zero randomisation power parameter €3.5.

3.4.1.2 Debarcoding
Normalised events were debarcoded using Fluidigm CyTOF software (version 6.7Th@l4)

separation cuoff and the Mahalanobis distance wereanually adjusted for each mass
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cytometry run.The signal intensity ctdff was used for the tumour sample, but not used for

the spleen sampled\ typical debarcoding result is shownFHigure3.3.
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Figure3.3: Debarcodingyields. Debarcoding of the first tumour run, containing 20 sample and 1 cofir@ssigned)A
separation threshal of 0.14 was useih this case for debarcodinqpue to differing amount of cells during barcoding, the
optimal barcode separatiothresholdvaries across sampels

3.4.1.3 Gating
Before gating, amrcsinh transformation with the argument of 2 was applied on all marker
channels.The general gating strategy is summarisedrigure3.4. The process starts with
removal of 140Ce positive beads and then uses the gaussian parameters to select single ions
clouds.Live singlecloud events are then selected by excluding 194Pt high evesitsgle
immune cells are selected by CD45 éaded on 103Rh stainirige cells are caracterised as

controls or normal samples
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