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ABSTRACT Vi

Abstract

Brain metastasesire associated with a very poor prognosis and frequently occur in patients suffering
from breast or colorectal cancerDuring the process of metastatic colonization, successfully
disseminated cancer celiettlein the brainand progressnto macremetastasesin this context, we
recently summarized significant morphological differences at the maenetastases/organ
parenchyma interface (MMPI) with a stroigfluence on prognosis several studiesVhile displacing
metastases usually dispkagta more favorable prognosis, infiltrativeetastasediad an unfavorable

disease progression.

Since diffuse and epithelial infiltratiwellsdifferedin their pathophysiology, the aim of this study was
to investigate the potentially responsible mechanisonsderlying this differenceln our lab, we
previously establisheda variety of brain metastass mouse models that allow the detailed
characterization of the MMPI on a mahological and molecular basimterestingly, diffuse and
epithelial infiltrativemodelsshowed differences in their innate expression levels of the cell adhesion
receptor Ecadrerin across species and entities. However, we hypothesized tbatlkerin is not only

a marker for the type of infiltration, but also plays a critical functional role.

Thus, weperformed specific opposing genetic modificationseafadherin in the corrgzonding cell
lines of our brain metastasis mouse models representing the different infiltrative MMPI patterns
investigate the impaabn the infiltration patternandthe metastatic microenvironmenflthough toth
genetic approaches provoked profound ploypic changesthey had ro influence on the original
characteristicof the cell. Neverthelesghe gain & Ecadherin decreased migratorgnd invasive
capacityin vitro, while the artificial loss madeellsmore invasiveacross entitiesThis was reflectgin
the animal modelwith less aggressive metastases and prolonged surafterd the overexpression of
Ecadherinand increased aggressivenessl shortened survivih the knockdowrcohorts The switch
of the infiltration patterndue to the Ecadherin modificatiorn the metastatic outgrowth mode)from
diffuse to epithelialike infiltrativeafter the gain of EEadherin and the other way around after its loss,
further resulted in an altered immune reaction of the metastatic m@reironment In general, diffuse
infiltrative patterns were associated with an increased immune response at the MRhermore,
we could establista gene expression signatutdat clearly differentiated diffuse and epithelial
infiltrative mousemodelsbased on their metastatic cell charactend evenhad a prognostic impact

in murine andhuman metastases

In conclusionthesedata emphasize the essential rolethe MMPI duringmetastatic olonization of
the brainand might contribute to MMPI patterbased therapeutic decisions for cancer patients in the
future. The identifiedgene targets could represent a prognostic tool to classify the outcome of patients

with metastasedased on the analysis of theirrhor gene expression signature.
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1. Introduction

1.1. Metastatic colonization

At a certain point during disease progression, many cancer cells spread from a primary tumor to the
brain and attack the central nervous syst¢@NS)Thisusually has fareaching consequences for the
patient. CNS metastases are found g18% of all cancer patients and 40% of patients with metastatic
cancer anchormallyimply adecline in quality of life as they are generally associated witbrg poor
prognosis and have the worst survival rates compared to other §bamberlain et al., 2017; S. G.

Wu et al., 2017)While isolated soft tissue metastases have a median survig@l mionths(Tampellini

et al., 1997Rand bone metastases around 48 mon{&herry et al., 1986erebral metastases confer

a much worse prognosis with a median survival of only 4 months after diagihsisbaum et al.,
1996) The number of patients with brain metases even seems to increase nowadays. The most
likely reasons arprolonged patient survival due tmore effective systemic therapies for the primary

cancer anckarlier detection due t@dvanced imaging systenf@hamberlain et al., 2017)

Apart from lung canaeand melanoma, breast and colorectancer account for the highest risk of
brain metastases formatiorfNeagu et al., 2015)One of the major problems in their effective
treatment is the fact that metastatic infiltration differs enormously from primary tumor invasion.
While classical therapy methods such as surgery ¢réng the visible tumor tissue withgross total
resection(GTR)or radiotherapy usually are usadiccessfullyfor primary tumors, they often havenly
moderate effects in metastatic disease and can not completely remove the metastatic tissue in most
casegChamberlain et al., 20L7However, systemic therdgs targeting specific molecules appear as

effective treatment options in a growing number of stud{€hamberlain et al., 2017)

1.1.1. Steps of netastatic colonization

Themetastatic cascadeonsists of severateps. Initially, lhe primary tumor formsstarts growingnd
during progressiorsingle tumor cellseed into the surrounding tissué/iaintravasation,the tumor
cells enter the circulatory systems aate spreadhrough thewhole body until theyreacha distant
organ site (for exampldhe CNS), where they leave the circulatamminand form micremetastases.
Meanwhile the primary tumor continue® grow and at someoint, the first diagnosis isnade
However at this time theinitial seedingof dissemirated cancer cellbas already taken place in many
casesandcan not be prevente@Hosseini et al., 2016y he treatment of the primary tumor is thus only
half the battle. With thecurrently available diagnostiools, it is not possible to recognize this first

step early enough taepresenta feasibletherapeutic approach.This leaves onlyne possible
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targetable step to interferewhich is the colonization of the target organ, when the minretastases

grow and form c¢hically detectable macrmetastases.

At least, metasttc colonization is a highly inefficient process in reality. This final step of the metastatic
cascade represents the bottleneck of the whole process since only a tiny fraction of the large number
of tumor cells that enter the circulatory system survives the travel. And from those the majority fail to
extravasate from blood vessels resulting in an even smallenber of cells (less than 0.2 that

finally manage the successful colonization of distargans(Fidler, 197Q) Nevertheless, as single
successfuy spreadcells are able to grow out tmacrometastaseseach can play a decisive rolehis

emphasizethe importance tanterfere with the colonization process via adequate therapies

Since many yearshé focus of our grouplies on the investigation ofhe dtuation in the brain.
Oncedisseminated cancer celtgrive in secondary organs, they have to circumvent local immune
defenses to take over the distant tissue and adapt to its prevailing supportive r(iBleesjuez et al

2018; Chuang et al., 2013; Klemm et al., 2011; Pukrop et al., 2010; Pukrop et al., 2006; Rietkotter et
al., 2015; Vanharanta et al., 2018painthe majority fail and die right at the beginning leaving only a
small number 6tumor cells that successfully survive the firstimmune response of the new host organ.
Theysubsequentloften stay in a latent phase and it can take weeks, months, or even years after the
original seeding untithey start to proliferate againThe follaving phases of metastatic colonization
involve the formation of a micrmetastasis (<2 mm)ral the establishment of a macretastasis

(2 mm) with a specific metastatic microenvironment (MME)nce metastases exceed a certsire,

they cause severe csp RS & G NHzOG A 2y | Yy R & dzOéan léad IgariifailireSaadh 2 y &
death(Blazquez et al., 2020tFigurel).

Although clinicians try to prevent the formation of a muignetastasiswith different adjuvant
therapies, this time window still presentsa diagnostic gap. A potential seeding is netetttable at
this stage andccan only be treated upon suspicion. Furthermareen after successful seedingt all
micro-metastases progress into maenoetastases and patients with this dormant form of the disease
characterized by inactive microetastases can show loagrm survival under asymptomatic chronic
conditions (Murray, 2017) During edy phases (Stageclll), micremetastases are not clearly
demarcatedrom the surrounding tissue. Onivhen they progress into macroetastases and further

to target lesions, they can be differentiated based on their outgrowth pattern.
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Colonization

[ Stage I-lll ]

Figurel: Metastatic colonization Metastatic colonizationan be subdivided into at least four different
major phases: i) kstarting proliferation, ii) fomation of a micremetastasis (<2nm), iii) establishing

a macremetastasis(¥2 mm) with its own metastatienicroenvironment and iv) organ destruction
leadingto organ failure and deathTakerfrom (Blazquez et al., 2020bjhdera CC B¥.0 icense
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1.1.2. Different patterns of colonization

Various factorshave beenreported to strongdy influence prognosidor the patient including he
biology of the entities, the existence of druggabhutations orthe (non-) response to (immune)
therapy.In recent years, several studieavye acknowledged the presence of infiltrative tumor cells at
the macremetastasis/organ parenchyma interface (MMPIaastherfactor with a significant impact

on patient outcome. The MMPI is defined ae threa where cells of the maehdS (i | & i Iméni &
and its metastatic microenvironment are in direct contact with the (healthy) adjacent organ

parenchymaBlazquez et al., 2020B%linicians and researchers had underestindaamd overlooked

0 X H

this area before and simply assumed that the edge between metastatic and brain tissue was a clearly

defined border. However, it has beme evident in numerous hidtmgical analyses of MMPIs limain

metastases as well as liver ahuhg specimensthat significant morphological differenceisteven

within the same tumor entity.

The most important issue is the grade of infiltratid®e distinguish between two types of MMPIs that
essentially diffefrom each other norvinfiltrative and infitrative growth. Noninfiltrative or displacing

MMPIs are characterized by metastatic cells thatw by pushing the adjacerfihealthy) tissue aside
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This pattern igasyto recognizeand hassharply defined bordern the other handnfiltrative MMPIs
miss such a cleaseparation between metastasis and organ parenchgmas tumor cells grow
unrestricted in various patternsy infiltrating the surrounding tissu&Vhile noninfiltrative metastases
accountfor only40% of brain metastasethe infiltrative type is foundn 6% ofcasegBlazquez et al.,
2020b) Moreover, these differencdsave been showio be prognostic with severe impact on clinical
practice(Figure2).

We alreadydemonstratedthe signifcant prognostic impact athe metastatic infiltrationpattern in
brain metastases in a previous studly this prospective clinical basket trial, they@aroverall survival
(O9 of patients withnortinfiltrative MMPIswas 43.5%, while that of patients with infiltrative MMPIs
was only 6.6%Siam et al., 2015)The situation was simildor liver metastasegFonseca et al., 2018;
van Dam et al., 201 8s well as metastases the lung(Shiono et al., 2005)n generalthe type of
metastatic infiltration at the MMPI has a significant impact on survivah-ifiltrative metastases
accownt for a betterprognosis with some patientseingeven longterm survivorswhile infiltrative
metastases correlateith worse overall survivdBlazquez et al., 2020B)herefore, theMIMPI seems

to be highly relevant for the correct management of metastatic disease and for reliable and

reproducible resegch.
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Figure2: Correlation of MMPI and overall survivabeveral studies show a correlation between the
growth pattern of metastaseat the MMPland the overall survival of patients in brain, liver and lung
metastase. Infiltrative MMPIs correlate withworse overall survivalSurvival curves from separate
studieswere combined in a modified comparative/erview. Survival curve of patients with brain
metastasegleft panel)wastaken from(Siam et al., 2015)nder aCC BY 3license. Survival curve of
patients withliver metastasegmiddle panelwas taken from{van Dam et al., 201Zhder aCC BYWGC

SA 4.0icense. Survival curve of patients withng metastases (right panel) was taken frg¢8hiono et
al., 2005)with permission from Elsevier.
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1.1.3. The macro-metastasis/organ parenchyma interfacéMMPI)

Several different MMPI patternsave been described for brain, liver and lung metastasele past
However, the exacterms anddefinitions of the histopathological criterikargely varied between
studies.In order to facilitate dayfo-day application of common termination and thusable fast and
reliable MMPI pattern recognition,us group collected all designations found in the literature and
developed uniform definitiongBlazquez et al., 2020B)Ve included these definitions into three main

MMPI categories and nirgubcategoriesKigure3):

A. Displacing MMPI with or without reactive pseudcapsule, with a rective multilayer

pseudaecapsule
B. Epithelial infiltrative MMPIstrand, cohort, glatlular, angiotropic infiltration

C. Diffuseinfiltrative MMP! diffuse infiltration with or without avisible macroscopic metastasis

Displacing MMPI Epithelial infiltrative MMPI \ Diffuse infiltrative MMPI
Displacing growth . . . . Diffuse infiltration | Diffuse infiltration
with a reactive D:zg:?:'?ga%r[?xh 32?&?:;'223;3?62 Strand Cohort Glandular Angiotropic with visible without visible
multilayer pseudo-capsule | pseudo-capsule infiltration infiltration infiltration infiltration macroscopic macroscopic
pseudo-capsule w T
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Figure3: Macro-metastasis/organ parenchyma interface (MMPI) pattern®MPI patterns are
divided into three main categories: giacing, ejthelial infiltrative and diffuse infirative MMPIs.

Angiotropicinfiltration (along the host tissu€blood vesselstandemonstrate @ithelial as well as
diffusecharacteristicsAdapted from(Blazquez et al., 2020bhder aCC B¥%.0 icense.

1.1.4. Infiltrative MMPI patternsin humanbreast cancebrain metastases

As infiltrativemetastases are associated with worse survival rates and represemajor problem,
the following studyfocuseson infiltrative MMPI patterns.n breastcancer,they usually present
themselvesas epithelial but sometimes also as diffuse infiltrat{&am et al., 2015)An epithelial
cohort infiltrative MMPI pattern is defined as clusters or groups of epithelial tumor cells that

collectively infiltrate the adjacent organ parenchyma and are physically separated from the metastatic
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boundaries.On the dgher hand,a diffuse infiltrative MMPI patterms characterized bgingletumor
cells that deeply fifiltrate the adjacent tissue (>thm) in a chainor swarmlike (n other words,
diffuse) way. Alike epithelial infiliting cells, those presenting diffuse infiltrative MMPI pattern

usually acquire a more mesenchyntisk morphologyBlazquez et al., 2020b)

We could also confirmhiese distinguishable infiltration patterns in a recent study in an independent

cohort of human braimetastasegBlazquez et al., 2020&jigured).

Epithelial infiltrative MMPI

Human Breast Cancer

Diffuse infiltrative MMPI

Figure4: Infiltrative MMPI patterns inhuman breast cancebrain metastasesCytokeratin7 (CK7)

and cytokeratin8 (CK8) staining in tissue sections of human cerebral metastases. Representative
images ofepithelial cohort (upper row) and diffuse (lower row) MMPI patterns observed in brain
metasta®s of breast cancer patientddaptedfrom (Blazquez et al., 2020ahdera CC B¥.0 icense

1.2. Target mechanisms imetastatic colonization

Metastatic colonizationhas many faces angmains aprocess thaneedsto be intensively studied
Finding anAchillehed of aggressive metastatic cancers is the overall goal and the reason why
numerous researchers focus on various treatment strateditemy different mechanisms are likely to
cause colonization and express themssdvthrough distinct phenotype#\s metastatic growth in the
brain is one of the most aggressive and problematic forms due to the difficulties of complete removal
by GTRit provides a particular focus for target mechsmi studies. It became already apparent that
the efficacy of therapeutic concepts seems to be heavily dependent on the type of colonization and
infiltration pattern. For exampleantibody therapyagainstvascular endothelial growth factoA was

only effective in preventing angiogenic growth during lung carcinoma metastasis formation but

ineffective against vessel cooptive growth of melanoma ¢Klisnast et al., 2010)

As we areable to distinguishdifferent infiltrative MMPI patterrs, the question arisess to the
existence ofdifferent mechanismsand underlying pathophysiology. This a prerequisite for

identifying potentialeffectivetreatment strategies.
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1.2.1. Cell adhesiomeceptor E-cadherin

The role of EEadherin as a tumor suppressor gene in cancer development and progréssidieen
extensively studiedGallet al., 2013) Epithelial cadherinEcadherir), also known as Cadherin 1 ais
singlepass transmembrane glycoprotein expressed by a variety of tisswkfunctions as a cedell

adhesion recepto(Gall et al., 2013)

Ecadherin isoften inactivated in tumors of breast cancer patieffBajrami et al., 2018nd clinical
studies report lower incidencef metastases in breast cancer patients with increasezhdherin
expressiorn(Li et al., 2017)Besidedts implication inbreast cancer,tialsohas been shown to have a
prognostic value in ovarian canggtosso et al., 201,Mon-small cell lung canc€Esheba et al.,®.7)
and many other typesThe functional loss of-€adherin is generally associated with poor prognosis
and survival and its clinical relevance is rapidly expan(¥igng et al., 2018)Lower levels of
Ecadherin arealwaysassociated with increased dissemination and aggresss® Nevertheless,

there arestill no direct medicine approa@stargetingthis remarkablecharacteristic

Loss of Ecadherin expression has often been associated with epithelegdenchymal transition (EMT)
(Petrova et al., 2016puring the EMT processimor cellsloosecharacteristigroperties of epithelial
cells including the apicalbasad axis of polarity and cetlell adhesion, and cguire properties of
mesenchymal cellinstead includingloose threedimensional organization and increased nitti
(Romeo et al., 2019However, thisseems to be a chicken aegqg issugesince there are controversial
discwssions whether the loss ofdadherin is the cause or just an effect of EMirthermore EMTis
probably not a black or white situatiomnd cancer cells rather exhibit intermedigdenaypic and
functional statefRomeo et al., 2019Metastases oftereven completelyetain Ecadherin expression
excluding an absolute requirement &MT fortheir occurrence(Petrova et al., 2016)We also
previously noticed an upregulation ofdadherin at the border of metastatic tissue and adjacent brain
parenchyma in some epitlial infiltrative MMPIs and inthe locally disseminated micrmetastasesn

our in vivomouse modelgegardless of the cell line even when the metastatic core waadBerin
negative or necrotiqBlazquez et al., 2020dyetrova and collagues arguehat metastasis rather
depends on reduced-&adherin adhesive function and genetiefitits in Ecadherin cell surface
regulation contribute to cancer progressi¢Retrova et al., 2016)n accordancethe tumorigenicity

of cancer cells without detectable-dadherin expression could be partially suppressed by re

expression of this cedldhesion moleculén a previosin vitro study(Navarro et al., 1991)

To capturdts role in human brain metastasesve alsoevaluated the expression ofdadherin at the
MMPI inthe previously mentionegatient material.Bpithelial cohort infiltrativehumanbreast cancer
brain metastatic lesions expressed high levels of the epithelial markadEBerin, in particular at the

MMPI, whilethe more aggressiveiffuse infiltrativehuman breast cancer brain metastases showed no
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expressiorat all Figureb A). Additionally we alsofound E-cadherin positive carcinoma cell clusters in
adjacent bloodvessels of human breast cancer brain metastgsss like in ar murine models
(Blazquez et al., 2020&jigure5 B).

These observationsmphasizehe essentiakole of Ecadherin in the metastatiprocessand highlight
the importance of considering different MMPI patterns as independent entities for the accurate study

of metastatic colonization.
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Figure5: Ecadherin expression in human breast cancer brain metastag@g E-cadherin (ECAD)
staining n tissue sections foepithelial cohort infiltrativehuman breast carer brain metastases
(upperrow) and diffuse infiltrative human breast cancer brain metastases (lower row).
(B)Intravascular Eadherin positive cell clusters in breast cancer brain metastases. Modified from
(Blazquez et al., 2020ahder aCC B4.0 icense

Padmanaban and colleagues recersthpowedthe importance of Eeadherin for the whole metastatic
process. Loss of&dherin resultedn reduced cancer cell proliferation and survival, circulating tumor
cell number, seeding of cancer cells in distant organs and metastasis outgi@adimanaban et al.,
2019) However, the authors provide no information which steps of the metastatic cascade are
involved or how the colonization process in a distantaorgs affected. As their model systems only
cover the steps prior to colonization (such as intravasation, survival inctlalation and

extravasation, the impact of Ecadherin on a direct colonization model remains unknown.
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1.2.2. Contact inhibitionmechansmsand Ecadherin

Normalcellscontrol their outgrowth once they sense neighboring cellseystop to proliferatewith
increasingcell density due to celtell contacs and this phenomenon is called contagthibition of
proliferation (Mendonsa et al., 2018Jt is essential for the correct development of tissues and organs
and only switched off in critical situations including the fast regeneration of tissues for closure of
wounds However,one of thehallmarks of cancer is uncontrolled growth due to the loss of contact
inhibition (Hanahan et al., 2000, 2011)

Without cell contact, the transcriptional activaglesassociated protein (YAP) and transcriptional
coactivator with PDbinding motif (TAZ)n the cytoplasmare active andcan translocate to the
nucleus, where they induce the expression of several groattofs and other genes promoting cell
survival and proliferatiompon binding to transcriptional enhancer factor TEFTEADJDong et al.,
2007) Upon cell contactthe homophilicligation of Ecadherin receptes in adjacent cell membranes
leads to the release of growth inhibitory signals via different signaling cascades including the Hippo
pathway(Gumbiner et al., 2014; Kim et al., 201h}erestingly, Ecadherincan inhibit cell growthwvith

these adherens junctionisdependently of other cell interactiongPerrais et al., 200@Ithough tght
junctions and apical polagitcomplexesre also formedBesides proliferation, the Hippo pathway also
regulates cellular functions such as development and regeneration of tissuglayslarole in cancer
progression and metastadidendonsa et al., 2018pownstreamof the Ecadherincatenin complex,
several playersincludingkinases and scaffold proteins, orchestrate in a cascade as the core of the
Hippo pathwayfinally resulting in the phosphorylation ofAPand TA. This stops their translocation

to the nucleus eventually leads to their degradatioand thus prevents the expssion of cell

proliferationgenes(Figure6 A).

Therefore, Ecadherinseemdo play an important role igontact inhibition of proliferatiorand cance
progression(Mendonsa et al., 2018)n normal ceB, Ecadherin establishes cedkll contactswith
increasing density and the celéll adhesioriinally inducesontact inhibition resulting icells growing
in a monolayerMutations or the loss oE-cadherincan lead to disrupted cetlell adhesion and thus
prevent the activation of the Hippo signaling kinase cascade. rébidtsin the loss of contact

inhibition and cellgontinue to proliferate and grown top of each othe(Figure6 B).
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Figure6: Role of Ecadherin and Hippo signaling pathway iroitact inhibition. (A) Model for an
EcadherinmediatedHipposignaling pathway. Without cell contact, the Hippo pathway is inactivated.
The transcriptional activators YAP and TAZ can translocate from the grtofddahe nucleus and bind
TEADresulting in the expression of different target genes and activationetif groliferation and
survival Upon Ecadherinmediated cell adhesion, the Hippo signaling pathway is activated and a
multi-step kinase cascade leads to the phosphorylation of YAP/TAZ. PhospdwrykalP remains in
the cytoplasm, is eventually degradedd cell growth is inhibited(B) Role of Ecadherin in contact
inhibition. In cellswith functional Ecadherin cellcell adhesioncan induce contact inhibition with
increasing density resulting in cells growing in a monolayer. Mutations or the lossadh&rin can
lead to dsrupted celcell adhesion and resuih the loss of contact inhibition and celsoliferating
continuouslyand growngon top of each other.

Massague and colleagues revealed the importance of VA2 during metastasis outgrowth iassel
cooptive cancer modelas wellestablished promoters of tumor growth and metastafis et al.,

2018) This mechanism could be a feasible target for treatment of cancer metastases. The blockade of
contact inhibition can be achieved by inhibition tife Hippo pathway and several inhibitory
components already have proved to work as tumor suppres&iao et al., 201@mong them also

YAP inhibitorsHowever, a systematic analysis of YAP or cell contact inhibition in distetefstatic
colonization patterns has not been performed yEherdore, it remains unclear if YAhibition could

be a general target mechanism to prevent colonization or if it is only effective in distinct colonization

patterns.
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1.2.3. The metastaticmicroenvironmentof brain metastases

The areaaroundtumors or cance cells, the netastatic microenvironmentis comprised ofarious
components. Besidethe extracellular matrix (ECM) and surrounding blood vesseddso contains
different immune cells, fibroblasts, bone marraderived inflammatory cells, lymphocytescamany
signalingmolecules(Spill et al., 2016All those players have their specific rol@sd act together in a
complex networkWhen foreigntumor cellsreacha distant organtheyare detected by cells of the
immune systemreliablyattacked and killed by apoptosisThisprotectsthe organ from furthetumor
growth and damageTherefore, the MME plays an important role in the metastatic precasd
changes in the MME have been demonstrated to influence tumor development and growth as well as

the efficacy of treatment$Spill et al., 2016)

The CNS8iffers from other host organs and has a unique milMnen a metastatic lesion occurs, the
immune cellgnitially fight against the intruders and neuroinflammation as wellhagogliosis occur.
Organforeign cellsare isolatedrom the rest ofthe organand colonization is preventedhe MME of

brain metastases is mainly composed of migiamacrophages, astrocytes anccélls

Microgliaare the resident macrophageellsandmain innate immune effectors in the brain tissue and

are widely distributed in the healthy brain parenchy(Berghoff et al., 2015)n case ofn injury, they
immediately accuralate at the area of the lesicand act as rapid responders to decrease inflammation
and destroy the pathogens before neural damage occurs. Microglia also produce a humber of growth
and repair factors to promote repair aflready damaged CNS tissue. Normally this very efficient
process defends the organ from serious damage. Howdssides their tumor suppressiyenction
microglia can alshelp tumors to grow by suppressing the adaptive immune resp@seghoff et al.,

2015) We couldvisualizethis tumor promoting functionri a well establishedex vivobrain slice
coculture model with vital brain slices amaalignant cancer cellénvasive cancer celgere somehow

able to recruit the aid ofmicrogliaimacrophagesattract them to the tumor site and hijackhem to

invade into the surrounding tissU€huang et al., 2013; Pukrop et al., 2010)

Astrocytes arghe most abundant glial cells of the CNS aady to recognize by their charadtdic
starshaped appearancéXing et al., 2013)Although their main function is the maintenance of the
blood-brain barrier (BBB)and nutriert supply for the brain tissue, they can be activated under
pathological conditions and often accumulate around brain metastatic lesions also suggesting a
potential tumorsupporting role(Xing et al., 2013)n a previous study of our group, the general glial

response of astrocytes and microglia is depicted in human IonaitastasesKigure7 A).

T cells are the main adaptive immune system effector cells, normiafigsa absent in healthy CNS

and only accumulate in the brain undepathological conditions(Berghoff et al., 2015)
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Differentsubpopulations have opposite functioby either suppressing the tumor (cytotoxiccélls)
or the immune rasponse (regulatory T cells) artius can generate an immuneuppressive

microenvironmentas well(Berghoff et al., 2015)

In summary, metastatic cells have to overcome the local immune defense to colonize théissae
and keyplayers of this immune response are microglia/macrophages, astrocytes and Figelis7 B
shows a schematimodel ofthe MME atinfiltrative MMPIsbased orpreviousfindings(Blazquez et al.,
2020a; Chuang et al., 2013; Doron et al., 2019; Siam et al., @dd®mphasizes the MMPI as a very

reactive zone.

A Human Brain Metastases
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Figure7: The metastatic microenvironment (MME) of brain metastases (A) Distribution of
microglidmacrophages (M) and astrocytes in human brain metastss (A1) Activated
microglidmacrophages(KiM1B accumulate in the adjacent brain tissue and at the interface. The
majority infiltrate into the metastatic tissue(A2) Activated astrocyteGFAP)accumulate in the
adjacent brain tissue and form a barrier at the interfacehe metastatic tissuelmages of human
brain metastases were taken fro(@huang et al., 2018)ith permission fromlohnWiley & Sons(B)
Schematianodel of the MMEat infiltrative MMPk based on previous finding#etastatic cells have

to overcome the local immune defense to colonize the brain tis{ey players of the immune
response are microglia/macrophages, astrocyaad Tcells.

Taken together, he interactions between metastatic and immune cells influence every step of the
metastaic cascade and the immune system can be both friend and foe. The fate of a tumor therefore
depends on the balance between afitimor immunity and tuner-supporting inflammation.

Themutual interference between cancer cells and immune cells opens up a ocingawv treatment
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possibilities for cancer patients. Targeted immune therapies are promising candidates currently under
investigation in neeadjuvant as well as in metastatic settings of various carcinomas and some already
have significantly improved the saval rates of cancer patients in stadium IV in several tumor entities.
However, not every patient responds to such therapies or even develops a resistance during the course
of treatment. It is presumed that this phenomenon relates to ifmenune exclusiophenotype, which

is characterized by the absence of an immune infiltrate inside the metastatic lesion. In fact, recent
studies indicate that tumor celldisplayng a predominatly mesenchymal phenotype are associated

with this immune exclusio(Roreo et al., 2019)

We think that theMMPI patten itself could have a direct influence tre recruitment and disposition

of immune cells within the macrmetastasis, the local damage pesse and formation of the MME.

In diffuse infiltrative patternametastatic cells genaily grow in a lessompact manner and are spread

over a larger area. Immune cells could thus enter the metastatic region by passing the MMPI barrier
and fight against the foreign intruders inside the metastatic lesion. In contrast, compact metastases of
the epithelial infiltrative type could allow the formation of a barrier and provide a defined area for
immune cells to attacKThiscould affect the response to specific therapies ahd MMPI couldhus

serve as a prognostic tool in clinical practice.

1.3. Mouse modekfor the study of metastatic colonizationn the brain

Variousmousemodelsare available for the study of metastatic colonization in the brain. They all rely
on the formation of metastases arising from successful tumor cells after injection iite. m
We differentiate them based on the stage of the metastaticlonization procestheyrepresentbest

into early and lateébrain colonizationmousemodels(Figue 8).

Earlybrain colonization modelsnainly focus oninitial steps of the metastaticolonization process
includingthe extravasatiorof tumor cells from the circulation andfiltration into target orgartissue
They differ in the site afumor cellinjection and can be subdivided intwthotopic (organ of origin)
andectopic modelgorgan different from origin)Although athotopic modelqfor examplejmplanting
breast cancer cedinto mammaryfat pador colon cancer celisto cecal wallzan lead to spontaneous
metastases in thérain, it usually takes a longéme. Manycells already fail during the first step$
the metastatic cascade when they have to seed from the primary tumor into the surrounding tissue,
intravasate and survive in the circulatidectopic injectionsn the other handshow increased success
ratesin the formation of brain metastaesas theyare mainly performedlirectly into the circulatory
systemand thus enable rapid transport of a larger number @imor cellsto distant organ sites
including the brain. Populanjection sitesrangewith increasing difficultyrom fast and easyail vein

injectionsto intra-cardiac injections into the left ventlie and the more complex direct injectiamo
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the internal carotidartery (Kienast et al., 2010; Latacz et al., 2028pwever, theyall have
disadvantags, be it thatthe majority of cellsis trapped inthe lungs instead of the brairafter a tail
vein injectionor the frequent colonization of otheorgansin anunpredictable manneafter carotid

artery injections

In all those early modelsancer cells have tbreak throughthe bloodbrain barrierto establish
metasta®s in the Ipain. It is still not known how exactly they accomplish this crosgingcent study
revealed that tumor cells rebese extracellular vesicléisat canpass the BBB through transcytosis and
alter cels of the barrier itself as well &®st cellf the target tissu¢o weaken the blockade antake

the brain parenchyramore susceptibldor the colonizatn of metastéic cancer cell§Morad et al.,
2019) Nevertheless, only a small fraction of tumor cefianages the passage and rastatic lesions

are notformedon a regular basis. Furthermore, the number of successful cells can not be controlled

Thisimpedes aetailedstudyof MMPI patterngesulting fromseveraldifferent cell lines.

In contrast,our late brain colonization modelkircumvens this hindrance via direct injection aémor
cells into the brain. Bgurrounding theBBBwe can measure theffectson colonization mechanisms
of a large number of cellén the higly aggressive celines,macrometastases asie within a few days.
Thestereotactic injection technique is commonly used in various fields of brain research abdémas
previously establishedin our labwith different murine cancercell lines(Blazquez et al., 2020a;
Blazquez et al., 2018Jhis system represents thate colonization step of the brain very well and the
resulting metastases are well comparable to the lesions observed in human pa®entsnodé has
several @vantagescompared b the early colonization approach. THereotactic procedurewith
fixed coordinatesnsuresthat tumor cellsare alwaysinjected intothe same arean areproducible
manner.The numberof injected cells can be precisatgntrolledand potentialtreatment effects are
directly measurable.Thisfacilitates thedetailed characterization of MMPI patterris a sufficient

number of animalandfurther enables aomparson between entitieandmodified cell lines.

When tumor cells form micrmetastases andurther progress to macronetastasesduring the last

steps of metastatic colonization, they have to overcome the local immune defense to colonize in the
tissue. As we use syngeneic models (injecting murine tumor cells into mice with a functional immune
sydem) instead of the commonly used xenograft approach (tumor cells of human origin are injected
into immunocompromised mice), we can study the MME in a realistic setting and aim to understand

this important mechanism in the colonization of the brain.
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Early brain colonization mouse models

Late brain colonization mouse model
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Figue 8: Comparison of early and late brain colonization mouse moddtgrlybrain colonization
models are distinguished depending on the site of tumor cell injectiothe late brain colonization

model,tumor cells are stereotactically injected directly into the cortex of syngeneic mice. The blood
brain barrier represents the fundamental distinction between both approaches. In gartlels,it
prevents the majority of tumor cells from entering the brdissue and fornng metastases. The late
model circumvents this hindrance and ensures the reliable outgrowth of brain metastases for a
detailed study of MMPI patterns between model systems and entities.



INTRODUCTION 16

1.4. Aims of the study

The metastatic infiltration pattern in brain metastases has a prognostic impactnaaices the
understanding of underlying mechanisms and pathophysiologdifferent MMPI patterngssential

for clinicaltreatment studies. We previously developed uniformfithitions to enable fast and reliable
MMPI pattern recognition andonfirmed them in human brain metastases in a recent study focusing

on the infiltrative categories that are generally asgted with worse surval rates

Diffuse infiltrative cells clely differ from epithelial infiltrative ones in their pathophysiology.
Therefore we aimto elaborate the potentially responsible underlying mechanisms. We think that the
infiltration pattern correlates with overall survival, has an influence on the metadia
microenvironmentand might result from differences in cellular signaling mechanisms. Furthermore,
we hypothesize that the cell adhesion proteirc&dherin is not only a characteristic marker for the

type of infiltration, but also plays a critical fuiatal role.

Thus, the first aim of this thesis the genetic modification ofthe innate level of Eadherin in the
corresponding cell lines of our brain metastasis mouse maeggeseriing the different infiltrative
MMPI patterns.Initially, the resulting overexpression and knockdown cell lines will be characterized
invitro and subsequently injected into the brains of syngeneic micintestigatethe functional
impact of Ecadherin level on survival, infiltration grade and thetasatic microenvironmenin viva
An additional aim will be the establishment ofcharacteristic gene expression signatugh a

potentially prognostic impact.

In the frame of thistudy, | want to contribute to ourunderstandng of the role of Ecadhein during
metastaticcolonizationin the context of the MMPphenotypeand shed some light on the mechanisms

underlying metastatic infiltration of tumor cells in the brain parenchyma.

In detail, the following aims are pursued in this study:

1) Opposing gnetic modification of Eadherin in diffuse and epithelial infiltrative cell ling&

lentiviral overexpression or knockdown

2) Characterization afesulting functional effects concerning proliferation, 2D migratory and invasive

capacity, 3D culture outgrowthbility and contact inhibition mechanisnis vitro

3) Investigationof Ecadherin modificationeffects on overall survival, MMPI pattern, infiltration

grade, angiogenesis and MNtEbrain metastasis mouse modéfsvivo

4) Identification of acharacteristic gene expressisignatue asa potential prognostic tool
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2. Materials and Methods

2.1. Materials

2.1.1. Biologicalmaterials

2.1.1.1. Bacterial strains

Thebacterial strainsised in this thesis are listed Tablel.

Tablel: Bacterial strains

Name ccdB resistance Application Source
DB3.1 yes amplification of plasmid DNA  Invitrogen
DH5alpha no amplification of plasmid DNA  Invitrogen
2.1.1.2. Celllines
2.1.1.2.1. Lentiviral production cell line
The lentiviral production cell line used in this thesis is listeThine2.
Table2: Lentiviral production celline.
Name Speciestell type Origin Reference

HEK293T human embryonic kidney ATCC (Wesel)

(Graham et al., 477)

2.1.1.2.2. Parental murine tumor cell lines

The parentamurinetumor cell lines used in this thesis are listedlable3.

Table3: Parental murine tumor cell lines

Name Speciestell type Background Origin/obtained from

Reference

Prof. F. Balkwill
(London, UK)

Dr. med. CHackl
(Regensburg)

ATCC (Wesel)

Prof. J. Pollard
(Edinburgh, UK)

410.4 mouse breast cance BALB/c

CMT93Var mouse colon cancer C57BL/6
CT26 mouse colon cancer BALB/c

E0’71-LG mouse breast cance C57BL/6

(Miller et al., 1983)

(Franks et al., 1978)
(Brattain et al., 1980)

(Kitamura et al., 2019
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2.1.1.2.3. Modified murine tumor cell lines

The nodified murine tumorcell lines used in this thesis are listedlamble4.

Table4: Modified murine tumor cell lines

Name Origin E-cadherin nodification
410.4pLKO.1scrambledshRNA 410.4 Control
410.4pLKO.ImEcadherirnshRNA 410.4 Knockdown
CMT93VapLKO.iscrambledshRNA CMT93Var Control
CMT93VapLKO.ImEcadherinshRNA  CMT93Var Knockdown
CT26pLentiempty CT26 Control
CT2épLentrmEcadherin CT26 Overexpression
EQ771-LGpLX302empty EQP71-LG Control
E07r71-LGpLX302nEcadherin EOr71-LG Overexpression

2.1.1.3. Mouse strains

Adult mice were obtained from Charles River (Hannover, Germany)canstantly kept under

standard laboratory conditionis the animal facility. All animals were fed a Soge diet.
The mouse strains used in this thesis are listetableb.

Table5: Mouse strains

Name Syngeneic intracortical injections Source
BALB/c 410.4 CT26 Charles River
C57BL/6 CMT93Vareo771LG Charles River

2.1.2. Chemicalsand reagents

Thechemicalsandreagens used in this thesiare listed inTable6.

Table6: Chemicaland reagents

Product Company
2-Mercaptoethanol SigmaAldrich
2-Propanol 78 (v/V) B. Braun

Acetic &id Merck Millipore
Agar SigmaAldrich
Agarose BiozymScientific

Agarose NEEQtra-quality Carl Roth
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Ammonium rsulfate (APS)
Ampicillin

Antibody dluent

I RSy 2 atrpkoSphate(ATPisodium salt hydrate
Bepanthen eye and nose ointment
Bovineserum albumin (BSA)

BSA standardmpules

Bromophenol blue

Chloramphenicol

Crystal violet solution

Diethyl eéher

Dimethyl sulfoxide

Deoxyribonucleic aciiDNA gel loading gie (6x)
Domitor 1 mgml<

Eosin Y solution

Ethanol(EtOH)

Ethidium bromidgEtBr)
Ethylenediaminetetraacetic acid (EDTA)
Extracellular ratrix
ExtrAvidinPeroxidase

Fluorescent mounting medium
Formic acid

GeneRule 1 kilo basé@isb) DNA ladder
GeneRuler 50 bp DNAdder

Glycerol

Glycine

Hematoxylin solution

Hydrochloric acid 37%

Hydrochloric acid solution (adjust pH)
Hydroxytricarballyliacid

Isopropanol

Kanamycin

Ketamin 106

Metamizol 500 mgnl<!

Methanol

Methylene blue

Modified milk powder(MMP),blotting grade
(nonfat dry milk)

NaCl0.9% isotonic saline solution
Orange DNA loadingyd (6x)
Paraformaldehyde (PFA)

VWR

Carl Roth

Dako

SigmaAldrich

Bayer Vital GmbH

Carl Roth

Gibco/Thermo Fisher Scientific
Carl Roth, Pharmacia Biotech
Carl Roth

SigmaAldrich

Merck Millipore
SigmaAldrich

Thermo Fisher Scientific
Orion Pharma

Carl Roth

Merck Millipore, Carl Roth
SigmaAldrich

Merck Millipore, Carl Roth
R&D Systems
SigmaAldrich

Dako

Carl Roth

Thermo FisheBcientific
Thermo Fisher Scientific
SigmaAldrich
SigmaAldrich

Merck

Carl Roth

Fluka Analytical

Merck

Merck Millipore

Carl Roth

Medistar

WDT

Merck Millipore
SigmaAldrich

Carl Roth

B. Braun
Thermo Fisher Scientific
Merck Millipore
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Paraplast hlk

PBS pwder withoutC&*, Mg

Perhydrol lydrogen peroxide 30%
Phosphatase inhibitdPhosSTOP (10x)
Polybrene

Polyethylenimine

Ponceau Sadution

Potassium acetate

Precision Plus Protebual Colostandard
Proteasenhibitor cocktail tablets, EDTA free
Restoe Westernblot stripping uffer

Rimadyl Carprofen

RNaseOUflecombinant ribonuclease/iK A 6 A (i 2 NJ
Roti phenol/chloroform/soamyl alcohol
Roti-Histokitt 11

RotiphoreseGel 30 (3@ (v/v)acrylamide/bisacrylamide
solution)

Rotipuran tichloromethane/loroform
Sodium aetate water-free

Sodium chloridéNacCl)

Sodium @oxycholatg(>97%

Sodium dodecyldphate (SDS)

Sodium hydroxidéNaOH)}olution (adjust pH)
Softasept N

Target Rtrieval ®lution, citrate pH 6.1 (10x)
Tetramethylethylendiamin (TEMED)
Thiazoly blue tetrazolium bomide
Tri-Sodium citrate dihydrate

Triswash huffer (pH6)

Triton %100

Trizmaacetate (TrisAcetate
Trizmabase(TrisBase)

TrizmaHCI (TrigHC)

TRIzoleagent

Trypton

Tween 20

UltraPure DNase/RNadeee distilled vater
Water, DPE®&@eated

Xylol

Yeast extract

Leica

Merck

Merck

Roche

SigmaAldrich
Polysciences
AppliChem

Merck

BioRad

Roche

Thermo Fisher Scientific
Zoetis
Invitrogen/Thermo Fisher Scientific
Carl Roth

Carl Roth

Carl Roth

Carl Roth

Carl Roth

Carl Roth, Thermo Fisher Scientific
SigmaAldrich

Carl Roth, Merck

Merck

B. Braun

Dako

SigmaAldrich

SigmaAldrich

Merck

Merck Millipore

SigmaAldrich

SigmaAldrich

SigmaAldrich

SigmaAldrich

Invitrogen/Thermo Fisher Scientific
BectonDickinson

SigmaAldrich

Invitrogen/Thermo Fisher Scientific
SigmaAldrich

Carl Roth

BectonDickinson
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2.1.3. Bacterial media and agarose plates

Selective culture medium with a dilution of 1:1000 of the required antibiotic stock concentration was

used for cultivation oEscherichia co(E.coli) strains under sterile conditionsStock concentrations

were 100mgml** for ampicillin, 5angml** for kanamycin and 3tgml® for chloramphenicol.

Agarose plates and media were stored &Cland preheated before usage

The bacterial media and reagents used in this thesis are list&dbite7. Theywere prepared with

sterile HO and, if necessary, subsequently autoclaved.

Table7: Bacterial media and reagents

Name Composition
Lysogeny broth (LB) medium 1% tryptone

0.5% yeast extract

1% NacCl

ad HO
LB agar plates 10% tryptone

5% yeast extract

5% NacCl

15% agar

pH 7.0

LBmpagar plates LB

100 mgmlPt  ampicillin
LBanaagar plates LB

50 mgmlP!  kanamycin
LBnoragar plates LB

30 mgml*  chloramphenicol

100 mgmlP*  ampicillin
Yeast extract tryptoaagar (YTA) medium 16% tryptone

10% yeast extract

5% NaCl

ad H.O
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2.1.4. Cell culture media and additives

Themedia and additives used for the culture of cell limethis thesisare listed inTable8.

Table8: Cell culture media and additives

Product

Company

Dulbecc® nodified Eaglemedium (DMEM) (& I** glucose)

Dulbecc@® modified Eagle adium(4.5g " glucose)

Dulbecc® phosphate bufferedadine (PBS) without EaMg?*

Fetal calf serum (FCS)
Geneticin (G418)
Penicillin/Streptomycin (P/S)
Puromycin

RoswelPark Memorial Institute (RPMLB40 medium

TrypsinrEDTA (10x)

Merck Millipore

SigmaAldrich

Gibco/Thermo Fisher Scientific
PAN Biotech, Life technologies
Roche, Sigmaldrich

Merck Millipore, Sigm&ldrich
SigmaAldrich

Gibco/Thermo Fisher Scientific
SigmaAldrich

2.1.5. Buffersand solutions

Thebuffers and solutions used in this thesis are listedable9. Theywere prepared with sterile $D

and, if necessary, subsequently autoclaved.

Table9: Buffers and slutions.

Name Composition
6x DNA loading dye blue 10 mM TrisBaseTris-HCI
0.0 bromophenol blue
Ampicillin 1lg ampicillin
10 mi Hzo
Blotting buffer 25 mM TrisBaseTris-HCI
192 mM glycine
20% (v/v) methanol
ad 11 H.O
BSAG% 5% (w/v) BSA in TBST
Chloramphenicol 300 mg chloramphenicol
10 ml H.O
Citrate buffer solution A:
219 tri-sodium citrate dihydrate in
100 mIHO
solution B:
29.41¢g hydroxytricarballylic acid in

11H0
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Crystal violet staining solution

Hectrophoresis buffer

HQ alcohol 0.22%

Kanamycin

Laemmli buffer (4x)

MMP 5%

MTT lysiduffer
MTT stock solution
P1 mini buffer

P2 mini buffer

P3 mini buffer

Peroxidasedution 3%

PFAsolution4%

2ml
98 ml
ad 1l

0.00%%
10%

25 mM
192 mM
0.1%
ad 11
11

6 ml
500 mg
10 ml

2 g5 mbt
10 mg
40%
20%
20%
5%

5%

5 mgml*!
50 mM
10 mM
100 pg
ad

200 mM
1%

ad

3M

ad

10%
90%
249
540 ml

6¢9 drops
60 ml

solution A

solution B

H0O

pH G0

crystal violet solution
EtOH

TrisBasgTris-HCI
glycine

(w/v) SDS

H0

isopropanol
hydrochloric acid 37%
kanamycin

H0

SDS im0
bromophenol blue

(v/v) glycerol

(v/v) stacking gel buffer
(v/v) 2-mercaptoethanol
(w/v) MMP in TBST
(v/v) formic acid in isopropanol
MTT in PBS
TrisBase/TrisHCI(pH 8.0
EDTA

ribonuclease A

H.O

NaOH

SDS

H.O

potassiumacetate

H.O

hydrogen peroxide 30%
PBS

PFA

distilled water HO)
solve at 60 °C

NaOH

10x PBS

pH 7.3
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Resolving gel buffer 15M TrisBasdTris-HCI
2% (w/v) SDS
pH 8.8
RIPA lysis buffer 50 mM TrisBase/TritHCI(pH 7.2)
150 mM NaCl
0.1% (w/v) SDS
0.5% (w/v) Nadeoxycholate
1% Triton X100
added fresh:
10x phosphatase inhibitor
100x protease inhibitor
Stacking gel buffer 0.5M TrisBaseTris-HCI
2% (w/v) SDS
pH 6.8
TrisacetateEDTA (TAE) buffer 40 mM TrisAcetate
1mM EDTA
0.1% glacial acetic acid
ad HO
Trisbufferedsaline with Tween20 (TBST) 20 mM TrisBasgTris-HCI
150 mM NaCl
ad 11 H.O
pH 7.6
0.1% (viv) Tween20
TrisEDTA (TE) buffer 5 mi TrisBaseTris-HCI
1ml EDTA
494 ml H.O
pH 8.0

Triton X 0.%6 0.5% (v/v) Triton X100in PBS
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2.1.6. Antibodies and fluorescentlyes

Theantibodies and fluorescemtyesused in this thesis are listed Trablel0.

Tablel0: Antibodies and fluorescentlyes

Name Source Label Application/Dilution ~ Company/Cat. Nr.
. _ DCS Diagnostics
CD3 (SP7) Rabbit T IHC (1:150) (#CI597R06)
CD31 (PECAM) . ) . .
(D8VOE) XP Rabbit T IHC(1:100) Cell Signaling (#77699)
Cytokeratin 8 . IHC (1:100),
R A # 434
(phosphoS431) abbit T WB (1:1000n BSA bcam (#ab59434)
DAPI T T IF (1:1000) SigmaAldrich (#D8417)
. . IF (1:50), IHC (1:200), o
Ecadherin (24E10) Rabbit T WB (1:1000n BSA Cell Signalin¢#3195)
Ecadherin Clone36) Mouse T WB (1:1000n BSA BD (#610181)
GhallFibrillary Adidic = pppir 1 IHC (1:200) Dako (#20334)
Protein
HSEpnh k-8 0 C Mouse T WB (1:5000n BSA Santa Cruz (#sk3119)
Ibal Rabbit T IHC (1:1000) Wako (#01919741)
Mouse IgG (H+HEHRP Donkey HRP  WB (1:10000) Jackson (#71635-150)
Mouse IgG+IigM ) .
(H+L)FITC Goat FITC IF (1:100) Dianova (#11995-068)
Mouse IgEHRP Goat HRP  WB (1:2000) Santa Cruz (#s2005)
PhalloidinFITC Amanita — re e (9:100) SigmaAldrich(#P5282)
phalloides
PhospheYAP (Serl27) Rabbit T WB (1:2000n MMP) Cell Signaling (#4911)
Rabbit IgG (H+Biotin  Goat Biotin IHC (1:250) Dianova (#11D65144)
. . Thermo FisheBcientific
Rabbit IgG (HHBITC Goat FITC IF (1:300) (#31635)
Rabbit IgGH+L)HRP Donkey HRP  WB (1:10000) Jackson (#71035152)
Rabbit IgGHRP Goat HRP  WB (1:2000) Santa Cruz (#s2004)
: . . IF (1:50), IHC (1:100), . .
Vimentin (D21H3) XP  Rabbit T WE (1:1000n BSA Cell Signaling (#5741)
YAP (D8H1X) XP Rabbit T WB (1:1000n MMP)  Cell Signaling (#14074)
i -Actin (AG15) Mouse T WB (1:10000in BSA  SigmaAldrich (#A5441)
i -Actin (C4) Mouse T WB (1:1000n BSA Santa Cruz (#st7778)
i -Catenin (E5) Mouse T 17 (o)), G (R0 Santa Cruz (#s£963)

in MMP)

BSA: bovine serumalbumin, FITC: fluorescein isothiocyanate,RPt horseradish peroxidase,
IF:immunofluorescence, IHC: immunohistochemisiP: maodified milk powder, WB: ¥gétern blot
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2.1.7. Oligonucleotides

The oligonucleotides listed ifablel1were designed with MIT server and used for shRNA constructs.

Tablel1: Oligonucleotidesfor shRNA constructs

Name Sequence (83) Source

controkSiRNAE CCGAATTCTCCGAACGTGTCACGT CTCGAG Microsvnth
ACGTGACACGTTCGGAGAATT TTTTTG y

controbsiRNAR AATTCAAAAA AATTCTCCGAACGTGTCACGT CTCGA Micrasvnh
ACGTGACACGTTCGGAGAATT y

MECadsiRNAE CCGG TACCCGGGACAATGTGTATTA CTCGAG Microsvnth
TAATACACATTGTCCCGGGTATTTTTG y

. AATTCAAAAA TACCCGGGACAATGTGTATTA CTCGA
MECAdSRNAR - 1A ATACACATTGTCCCGGGTA Microsynth

The oligonucleotides listed ifablel2were used for sequencing of vector constructs.

Tablel2 Sequencing primers for cloning vectors

Primer Used for vector Sequence (§3) Source

M13-seqF PENTR CGTTGTAAAACGACGGCC, Microsynth
M13-segqR PENTR CAGGAAACAGCTATGAC  Microsynth
hU6seqgF pLKO.1 GGGCCTATTTCCCATGATT Microsynth
pLKGsegR pLKO.1 AAGTGGATCTCTGCTGTCC Microsynth

The primers for RFPCRIisted inTablel3were designed with the PerlPrimer software.

Tablel3: Primers for RTFPCR

Name Description Direction Sequence (§3) Source
Forward TAAGATTCTGCAAGAGTCA SigmaAldrich
Reverse CCAGTTAGTGGTTGGTCTC SigmaAldrich
Forward GAAATCACATCTTATACCG SigmaAldrich
Reverse CGTCTTCTCTGTCCATCTC SigmaAldrich
Forward CCAGCAACTATGTGTAAG( SigmaAldrich
Reverse GATAACAAAGGCAATGTG( SigmaAldrich
Forward CCGAATAGCTATGACTGG: SigmaAldrich
Reverse ACAATCTGATGACCAATCC SigmaAldrich

Dihydropyrimidinase Forward GCTCTATGAGATCTTCACC SigmaAldrich

like 3 Reverse GCAATGATATCTCCATTCT SigmaAldrich

mmBiIvrb Biliverdin Reductase |

mmCDH1 Cadherin 1

mmCLDN4 Claudin4

mmCLDN7 Claudin7

mmDPYSL3
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Glyceraldehyde3- Forward CATCTTGGGCTACACTGAC SigmaAldrich
mMmMmGAPDH Phosphate ) )
Dehydrogenase Reverse CTGTAGCCGTATTCATTGT SigmaAldrich
mMMGPX2 Glutathione Forward CTCAATGAGCTGCAATGTC SigmaAldrich
Peroxidase 2 Reverse CAGGTCGGACATACTTGA( SigmaAldrich
MMGPX4 Glutathione Forward GTCTGCCTGGATAAGTAC/ SigmaAldrich
Peroxidase 4 Reverse CTAGCTGAGTGTAGTTTAC SigmaAldrich
_ Forward GGTCCTAAATTCATCTTCT SigmaAldrich
mmITGA2  Integrin Alpha2 . _
Reverse TCTGTTTGTATCCCAGTCA SigmaAldrich
_ Forward ATCAATGTGACCAATTCAC SigmaAldrich
mmITGA3  Integrin Alpha3 i i
Reverse TGGTCTCGTTATTAGCTTG SigmaAldrich
Integrin Betal, Forward CAACTGTGATAGGTCTAAT SigmaAldrich
mmITGB1  Fibronectin Receptor . _
Beta Reverse ATAGCATTCACAAACACG# SigmaAldrich
_ Forward CACTACTTTAAGACCATCC SigmaAldrich
mmKRT19  Cytokeratinl9 i )
Reverse ATCTGTAGGACAATCTTGC SigmaAldrich
_ Forward ATGAACAAGGTGGAACTAC SigmaAldrich
mMmMKRTS8 Cytokeratin8 ) _
Reverse ATCTCCTCTTCATGGATCT SigmaAldrich
L1CAM L1 cell adhesion Forward CCCACTTAGGATCTACTGC SigmaAldrich
mm
molecule Reverse GAATGATTGTCTGAGGTA/ SigmaAldrich
Microsomal Forward CTTTACCTCCTATGCAACC SigmaAldrich
mmMgstl Glutathione S ) _
Transferase 1 Reverse ACCTTGTTGGTTATCCTCT SigmaAldrich
p21 (RAC1) Activated Forward AAGTTCTACGACTCCAACE SigmaAldrich
mmPAK2 Kinase 2 (DPYSL3 ) _
Interacting Kinase) Reverse TCATCATCTTCCTCTGTCA SigmaAldrich
PGK1 Phosphoglycerate Forward TGTCCAAACTAGGAGATG™ SigmaAldrich
mm )
Kinase 1 Reverse CCTTGGCAAAGTAGTTCAC SigmaAldrich
SNAIL Snail Family Zinc Forward TGAAGATGCACATCCGAAC( SigmaAldrich
mm )
Finger 1 Reverse CAGTGGGAGCAGGAGAAT SigmaAldrich
SAD Snail Family Zinc Forward CAAGGACACATTAGAACTC SigmaAldrich
mm :
Finger 2 Reverse TTCTTTACATCAGAGTGGC SigmaAldrich
Twist Basic Helix Forward GTACATCGACTTCCTGTAC SigmaAldrich
mmTwistl LoopHelix ) ]
Transcription Factor 1 Reverse TTGCCATCTTGGAGTCCAC SigmaAldrich
Twist Basic Helix Forward TACATAGACTTCCTCTACC SigmaAldrich
mmTwist2 LoopHelix ) )
Transcription Factor 2 Reverse GGTCATCTTATTGTCCATC SigmaAldrich
] ] ) ) Forward CGGCTGCGAGAGAAATTG SigmaAldrich
mmVimentin Vimentin ) ]
Reverse CCACTTTCCGTTCAAGGTC SigmaAldrich
WW Domain Forward CATGGACGAGATGGATAC. SigmaAldrich
mMWWITRL Contaln_lng _ _
Transcription Reverse GAGAGGGATCAGATCTTC, SigmaAldrich

Regulator 1
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Xanthine
mmXdh Dehydrogenase
mmYAP1 YesA_ssouated

Protein 1

Zinc FingerfBox
mmZEB1 Binding Homeobox 1
mmZEB2 Zinc Finger fBox

Binding Homeobox 2

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

AACACAAGTAACCTCATCC
ITTGTTTGTTTCCTCACCTH(
GTTACAGATGGAGAAGGA!
GATTGATATTCCGTATTGC
CAGTATTACCAGGAGGCA
CACACTCGTTGTCTTTCAC
CCACGATCCAGACCACAA
TACTCTTCGATGCTCACTC

SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich
SigmaAldrich

2.1.8. Plasmids

Theplasmids used in this thesis are listedleiblel4.

Table14: Plasmids

Bacterial resistance

Plasmid Characteristt . : Selectable marker Source
in E.coli

. Addgene
PENTRCdh1 Gateway atry vector Kanamycin T (#49776)
Gateway @stination  Chloramphenicol . Addgene
pLX302 vector + Ampicillin Puromycin (#25896)
pLenti CMV/TO Gatewaydestination  Chloramphenicol G418 Addgene
Neo DEST (68% vector + Ampicillin (#17292)
Destination vector for - . Addgene

pLKO.1 puro ShRNA insert Ampicillin Puromycin (#8453)
Lentiviral enveloping - Addgene
pMD2.G plasmid Ampicillin T (#12250)
Lentiviral packaging - Addgene

pCMVdR8.2 dvpr plasmid Ampicillin T (#8455)
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2.1.9. Enzymes

Thespecific enzymeand restriction enzymessed in this thesiare listed inTablel5and Tablel6.

Tablel5: Specific @zymes

Name Buffer Source

FASTalkaline phosphatase (AP 10x FASAP buffer Thermo Fisher Scientific
T4 DNAidase T4 lgase liffer Thermo Fisher Scientific
T4 polynucleotide ikase (PNK) 10xPNK reaction buffer A Thermo FisheBcientific
DNase | (10 B') 10x DNase | incubatioruffer Roche

Ribonuclease A T Roth

Tablel6: Restriction enzymes

Name Restriction site Buffer Source

BshT I (Agel) A/ICCGGT 10xorange FermentaslhermoFisherScientific
EcoRl G/AATTC 10xEcoRI buffer FermentasThermoFisherScientific
Ndel CA/TATG 10xorange FermentaslhermoFisherScientific
Psyl (Tth111l) GACN/NNGTC  10xblue FermentaslhermoFisherScientific

2.1.10. Commercial kits

The commercial kitsused in this thesisare listed in Tablel7 and were used according to

manufacture® instructions

Tablel7: Commercial kits

Product Utilization Company
BrdU cell poliferation ELISAik Measuring cell proliferatior Abcam
ClarityWestern ECLubstrate Deweloping Western lot Bio-Rad

Dako REAdietection system, alkaline

phosphatase/RED, rabbit/ouse IHC stainings Dako

Measuring protein

DC (detergent compatible) protein assa concentration BioRad

Gateway LRI@Gnasell enzyme mix LR nase reaction Thermo Fisher Scientifit
High Pure RNAdlation kt RNA preparation Roche

iScript cDNA synthesi# k cDNA gnthesis Bio-Rad

iTag Universal SYBR Greapermix gRFPCR Bio-Rad

Liquid DAB+ substrate chromogeystem |HCstainings Dako

MycoAlert mycoplasma detection kit Mycoplasma test Lonza

Nucleo BondPC 20/100 Midi-preparation MageryNagel



MATERIALS AND METIOD

Nucleo Spimgel and PCR cleap Vector purification MageryNagel
SignalFir&eCLeagent Developing Westernlbt Cell Signaling
TransBIoF TurboRTA mini itrocellulose Western Hot BioRad

transfer kt

ZytoChem Plus (HRP) AR&ibbit kit IHC stainings Zytomed Systems

2.1.11. Consumablesnd instruments

Theconsumablesind instrumentsised in this thesis are listed frablel8.

Tablel18: Consumablesnd instruments

Product Company

10 cm petri dish (coated) Sarstedt

10 cm ptri dish (uncoated) Sarstedt

10 mm lowphytoestrogenand soyfree diet SSNIF
384-well plates(FrameStar skirted PCRie) 4titude

96 Biospherdilter tips (01¢10 pl) Sarstedt

96 Biospherdilter tips (2,20 pl) Sarstedt
96-well plates Nunc

Alu foll Roth
AmershamProtrannS YO NI yS ondnp >YZI ) SigmaAldrich
Autoclavable bags SteriClin
Bone wax B. Braun
Bulb-headed probe Wameda
Cell culture flasks (2567cnt) Sarstedt

Cell scrapper (25 cm) Sarstedt
Centrifuge tubes (150 ml) Sarstedt
Combitips advanced (0.1 ml) Eppendorf
Cryotubes (1.8 nl Thermo Fisher Scientific
Disposable glass pasteuppttes (230 mm) VWR
Disposablgestle tissue bmogenizer (1.5 ml) VWR

Dubois decapitation scissors, curved end Hermle
Embedding cassettes UniLink R. Langenbrinck GmbH
ESCompresses Hartmann
Folded iiters (Qual.) (@ 240 mm) Sartorius
Gauze balls Gazin

Glass coverslips (2818 mm) Carl Roth
Glass coverslips (8 mm) Carl Roth
Graduatedfilter tips, TipOne (10/100innn >f 0 Sarstedt

I FYAEfG2Y YAONREAGSNI a8 NAyYy3IS VWR
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Immersol 518feil

Irisscissors, straight

Micro tube (1.5 ml)

Microscope slides (2675 x 1 mm)

Microtome blades R85

Multiply-Pro cup (0.2 ml)

Nitril extrasensitive ¢pves

Nitrocellulose blotting rembrane (0.45 um)

Noyes eye scissors, straight pattern

Nuckasefree reaction tubes (0.3/.5 ml)

Parafilm M laboratoryilm

pH indicator sticks

Pipette tips (10/20/2001000 ul)

Pipette tips,epT.l.P.S. standard (10/100/n n n > ©
t 2f @0F NDb2y+FGS YSYONIYS 6mn
gPCR adhesive cleaad

Reaction tubes (0.2/0.5/1.52 ml)

Rotilabo lhotting papers (1.5 mm)

SafeSeal micro tube (2 ml)

SafetyMultifly-Set infusion cannulas

Sample vials

Semkin standard forceps

Seralon polyamide suture (BIR9, USP 7/0, EP 0.5)
Serological pipettes (2/30 ml)

Serological pipettes (180 ml)

Serolaical pipetteg25 ml)

Serolaical pipettes, Stripetten (& ml)

Sterican needle (22G, 27G)

Sterile scalpel

Syringe with Luekok connection fitting1/5/10 ml)
TC plateg6/12/24/96-well)

TC ash 150, $andard

Tissue forceps, straight pattern

TransBlot Turbo mini nitrocellulose transfeapk
TransBlot Turbo nni-size nitrocellulose membranes
TransBlot Turbo minisize transfer tacks

Wecker spatula

Carl Zeiss
Hermle
Sarstedt

Thermo Fisher Scientific

Feather
Sarstedt
Nitrisense

GE Healthcare Life Sciences

Hermle
Eppendorf

Pechiney Plastic packaging

T.H. Geyer
Sarstedt
Eppendorf
Pieper Filter
4titude
Sarstedt
CarlRoth
Sarstedt
Sarstedt
T.H.Geyer
Hermle
SeragWiessner GmbH
Sarstedt
Greiner Bieone
Nerbe Plus
Corning

B. Braun
Feather

B. Braun
Sarstedt
Sarstedt
Hermle
BioRad
BioRad
BioRad
Hermle
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2.1.12. Equipment

Thelab equipmentused in this thesiss listed inTablel9.

Table19: Equipment

Product Label Company

Analytical lalance R180D Sartorius

Autoclave 5050 ELV Tuttnauer

Autoclave Varioklav 135S HP Medizintechnik GmbH
Automatic flake ice mchine Scotsman AF100 Scotsman

Block thermostat HLC BT 130 Ditabis/HLC

Cell counting chamber
Cell culture incubator
Cell culture incubator
Centrifuge

Centrifuge

Centrifuge

Centrifuge

Centrifuge

Chemical balance
Chemical balance
Chemical balance
Chemiluminescence system
CQincubator

Confocalaser scanning microscop

Cooling plate
Drying cabinet
Drying chamber

Ductless recirculating fume hood

Electric pipettingaid

Electric pipetting aid
Electrophoresis power supply
Electrophoresis power supply
Electrophoresis system
ELISAgader

Floor centrifuge

Gel imaging system

Heating and drying table
Heating/shaking block
Heating/shaking block
Incubator shaker

Neubauer Improved
CB 160

Heraeus

Biofuge 15
Biofuge fresco
Biofuge pico
CT15RE
Microstar 12

BL 1500 S

L610D

S2002A
ImageQuant. AS4000
BB 6220

Leica TCS SP8
CP 60

UT6200

UT 6120
CaptairBio-130
Accujet pro
Pipetboy

EPS 301

LKB GPS200/400

Mini-PROTEAN Tetra cell
TECAN Sunrise Infinite FEt

Varifuge 3.0 RS
Gel Doc XR+
MEDAX
Thermomixer 5436
ThermomixelR
Unitron

LO Laboroptik Marienfeld
Binder

Thermo Fisher Scientific
Sepatech

Thermo Fisher Scientific
Thermo Fisher Scientific
Himac

VWR

Sartorius

Sartorius

Denver Instrument
Fuijifilm

Heraeus Instruments
Leica Microsystems
Microm

Heraeus Instruments
Thermo Fisher Scientific
Erlab

Brand

Integra

Amersham RarmaciaBiotech
Pharmacia

BioRad

Tecan Group

Heraeus Instruments
BioRad

Medax

Eppendorf

Eppendorf

Infors HT
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Inverted microscope
Laminar & flow bench
Laminar flow lood
Light microscope
Lightmicroscope
LightCycler

Light/fluorescence microscope

Magneic stirring bar retriever

Magnetic stirrer and heating plate

Microliter pipette, automatical
Microliter pipettes

Microwave
Microwave

Mini centrifuge
Mini shaker

Mini shaker

pH meter

pH meter

Platform shaker
Power supply
Roller viaker
Singlelens reflex camera
Slides scannerystem
Sliding microtome
Spectrophotometer
Spectrophotometer
Stereotaxic dll
Surface shaker
Table centrifuge
Table centrifuge
Table centrifuge
Table centrifuge
Table entrifuge
Thermalcycler
Tissue float bth
Transilluminator
Tumble mixer

Ultra-precise small animal
stereotaxic mstrument

Vortex shaker

PrimoVert

LaminAir HB2472
Herasafe HS18
Eclipse TS100
Olympus CX40
QuantStudidb, 384well
EVOS FL

MR3001

IKA RCT

Multipette plus

1001000y, 2@200l,
2¢c20p, 0.2.24l

8018 E

KOR 6D07SL
ProFugelOK
IKA MS2
Sunflower 3D
538 MultiCal
CG842
Duomex 1030

Standard Power Pack P2&

RSTRO5

Canon EOS 600D
Pannoramic 250

HM 400 R

NanoDop 1000
NanoDrop2000

Jacobs Chuck (180 rpm)
Reax 3

5810R

Allegra X15R

Megafuge 1.0 Sepatech
Megafuge3.0R
Multifuge 3

PTE200

GFL 1052

Ultraviolet UV) slider
RM5

Model 963

REAX 2000

Carl Zeiss

Heraeus Instruments
Heraeus Instruments
Nikon

Olympus

Thermo Fisher Scientific
Thermo Fisher Scientific
Heidolph Instruments
Ikamag

Eppendorf

GilsonEppendorf

Privileg

Daewoo

Stratagene

IKA Lab equipment
BioSan

WTW

Schott

Heidolph Instruments
Biometra

Phoenix Intrument
Canon

Sysmex

Microm

Thermo Fisher Scientific
Thermo Fisher Scientific
Kopf Instruments
Heidolph Instruments
Eppendorf

Beckman Coulter
Kendro Laboratory Products
Heraeus Instruments
Heraeus Instruments
MJ Research

GFL

Intas

Nichols InstituteDiagnostics

Kopf Instruments

Heidolph Instruments
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Vortex shaker

Water bath

Water purification system
Westernblot transfer ystem
Western ot transfer yystem

Vortex Genie 2 Intas

SW20C Julabo GmbH
MilliQ Millipore
TransBlotSD SembDry BioRad
TransBlot Turbo BioRad

2.1.13. Software productsand datebases

Thesoftware productsand datdbasesused in this thesiare listed inTable20.

Table20: Softwareproducts and datdases

Product

Utilization

Company

BioGP%database)
CaseViewer (version 2.3)

DNA Dynamo (version 1.498)

EndNote (version X8.2)
Genevestigator (version 7)
GraphPad Prisrfversion 7)
Heatmapper(online tool)

Image Lalfon device)

ImageJ (win64) (version 1.51s)
ImageQuant LAS 40Q06n device)

LAS X (Leica Application Suite X’
(version 3.7)

Microsoft Office 2013
NanoDrop(on device)

NCB(database)
PerlPrimerversion 1.1.21)

QuantStudio Design & Analysis
(version 1.5.0)

Databasedor gene and protein function

Imaging editor for slide images

Theoretical cloningsequence analysis

Citation program

Designing primers

Graphs and statistics
Creatingheatmaps

Image aalysis of agarose gels
Analyzing data, editing pictures
Chemiluminescence imaging

Imaging editor for confocal images

Managing data, writing text,
editingpictures

DNA/RNA measurement

Databasdor genomic information,
BLAST tool

Designing primers

Analyzing gqRPCR data

BioGPS
3DHISTECH Ltd.

Blue Tractor
Software Ltd

Clarivate Analytics
Nebion AG
GraphPad Software
omicX

BioRad

Wayne Rasband
Fuijifilm

Leica Microsystems

Microsoft

Thermo Fisher
Scientific

NCBI

(Marshall, 2004)

Applied Biosystems
/Thermo Fisher
Sientific




MATERIALS AND METIOD 35

2.2. Methods
2.2.1. Cloning

2.2.1.1. Knockdown vector

For generation of stable cell lines showindaavnregulation of Eeadherin short hairpinRNA $hRNA

vectors hado be constructedAn overview of the cloning workflow is shownFigure9.

Insert Vector
preparation preparation

ShRNA
construct

Expression

vector

ampR

u6

shRNA I
Sense Term, [e—
construct
5NjICCGG CTCGAGXXXXXXXXXXXXXXXXXXXXXT TT T Nj 3

GG CCXXXXXXXXXXXXXXXXXX XXX GAGCTCXXXXXXXXXXXXXXXXXXXXXAAAAA

RNA polymerase Il
(transcription)

[
shRNA
uui

Figure9: Knockdown vector workflowFor the construction of a knockdown vectshRNA insert and
vector are prepared with restriction enzymefgated and amplified in bacteria. Aftesuccessful
deliveryto a cellnucleus doublestranded RNA isontinuously expresseftom the constructin the
nucleus, transported into the cytoplasand leads to permanent silenciraf the gene of interest.
Modified from (http://www.addgene.org/protocols/plko/)

Designing tools we used to identify activé&cadheain shRNA sequences as well as a control shRNA
sequence (scrambd shRNA) and oligonucleotides neeordered from a synthesizing company
(Microsynth). These short pieces of synthetic sirgitanded DNA, whictvere complementary to the
target messenger RNNRNA), wee then fused to doublestranded inserts Both endsvere designed

to offer sites for restriction enzymes for the subsequent ligation with a vector backbone.
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Afterintroduction of the vector construct into a host cell and successful deliverygadti nucleus,
doublesstranded RNA was continuously expressed from the construct in the nucleus and transported
into the cytoplasm. There it could bind target mRNA and inactivate it, which in turn caused sequence

specific gene silencing

2.2.1.1.1. shRNAinsertpreparation

Preparation of the shRNA insertincluded oligonucleotide phosphorylation, denaturation of all

secondary structures and annealing of complementary strands.

2.2.1.1.1.1. Phosphorylation of oligonucleotides

Reagents

Oligmucleotideforward (100 uM)
Oligmucleotidereverse (100 uM)
T4 polynucleotide kinase
10xPNKreactionbuffer A

ATP(2 mM)

= =4 =4 -8 4

Procedure

For each shRNA pl oliganucleotideforward, 5ul oliganucleotidereverse, 1ul buffer, 0.5ul ATP and
0.5ul PNKwere mixed together immalltubesandthe mixture was incubated oveight at 37°C. On
the next day, PNK was &inactivated for 10min at 75°C and the phosphorylated oligocleotides

were centrifuged down shortly.

2.2.1.1.1.2. Annealing of phosphorylated oligaucleotides

For the annealing of thghosphorylated olignucleotides, 15 ul TEbuffer wasadded, vortexed shortly
and boiledfor 2min at 95°C. The tube was cooled down to room temperat(R& Yor 1 h and stored

onice.

2.2.1.1.2. Vector preparation

The pLKO.1 vector hatb be prepared for shRNA congtt insertion One of the most common
methods in molecular biology is cloning by restriction digest. Insert and expression vector have to be
formerly designed or digested to create compatible eridss enables the cloning of the desired insert
into a cetain expression vector. Agarose gel electrophoresis can be used to purify the digested vector
from any undigested rest§.o0 minimize the risk of rkgation the vectolis cut with two enzymes and

dephosphorylated using alkaline phosphatase
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2.2.1.1.2.1. Cutting of vetor

Reagents

1 Restriction enzymes (Agel + EcoRI)
1 10x Compatible restriction buffer
1 pLKO.1 puro plasmid

Procedure

1 pg plasmid, 4ul buffer and 2ul enzyme were filled up witdouble-distilled water dHO) to a total
volume of 4Qul, mixed well and aarifuged down for 2Gs at 16000g. The mixture was incated
ovemight at 37°C andhe digested vector wagurifiedfrom a 1% nethyleneblue stainedagarosegel

on the next day

2.2.1.1.2.2. Agarose gel electrophoresis

Agarose gel electrophoresis is a common methsed to purify cutted vectors after plasmid digestion
and for control digestion of plasmid DNA. For vegorification,the agarosegelswere stained with
methyleneblue and for plasmid DNA control digestion thegre stained withethidium bromide
Asboth chemicals incorporatato doublestrandedDNA they couldbe visualized directly in the gel
(methylene blue) or undelV light (EtBr). Molecular weight markevgere used to determine the

molecular size of the DNA product.

Reagents
1 Agarose
1 TAE buffer
1 Ethidium bromide (10 mml*!) (for control digestion of plasmid DNA)
1 Methylene blue (for purification of digested vector)
1 Loading ge GxDNAgel loading dye, 6x Orange DNA loadigg)d
1 Standard Gene Ruler 1 kb DNA ladd&0 bpDNA laddey

Procedure

0.7g agarose wadoiled with 70ml TAE kiffer. For contol digestion of plasmid DNA, 20ethidium
bromide wasadded to the melted agaros&he gel mixture was poured in the gel det, the gel comb
was insertedand polymerization took placéor 1h at RT The gel waghen placed in the gel box
(electrophoresis unit), fully covered thiTAE biffer and the gel comb was removedl> foading dye
was added to 20> bf each sampland10>f 5b ! f I R RIStNd aaditheysatriplbsRverd 2
loadedin the wells The electrophoresis waserformed for approximately 3fhin at 130V. The bands

were visualized with methylene bl underUV light in case of EtRddition.
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2.2.1.1.2.3. Purification of vector

The required band was cut out fronthe methyleneblue stained gel as accueaas posile and
transferred into a 1.%nl Eppendorftube. Then the desired cutted vector was purified with the

NucleoSpinGel and PCR Cledlp Kit according to the manufactu@instructions.

2.2.1.1.2.4. Dephosphorylationof vector
Toavoid the religation of the digested and purified vector, theemd hadto be dephosphorylated.

Reagents

9 Purified vector
1 FASTAP
i 10x FASAP buffer

Procedure

26 pl of the purified vector wasmixed with 3ul buffer and 1ul FASFAP. The mixture wasentrifuged
shortly and incubated at lea80 minutesat 37°C before the engne was heatnactivated for 20min

at 75°C

2.2.1.1.3. Ligation of construct

The ligation ofshRNANsert andvector washe laststep of the cloning procedure
Reagents

T4DNA Igase

T4 Igasebuffer

pLKO.1 ector, digested and purified
shRNArisert

= =4 =4 =4

Procedure

Three ligations were set up accordingTtable21. Theligations were incubated 8 at RT or overnigt
at 16°C and then transformed int®H5alphacompetent cellsand plated on mpicillin platesas

explainedater (see2.2.1.3.
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Table21: Setup forconstructligation.

Gontrol Ligation
ddH0 17.25 pl 16.25 pl
T4 Igase buffer 2 pl 2ul
Insert T 1u
Vector 0.5ul 0.5ul
T4DNA igase 0.25 pl 0.25 pl

2.2.1.2. Overexpression vector

For generation of stableatl lines showing an upregulatiai Ecadherin expressiorvectors hado be
constructed.After introduction of the vector construct into a host cell and successful delivery to the
cell nucleusE-cadherinmRNA was continuously expressed from the construct in the nucleus and
transported nto the cytoplasnmwhere it was translated into protein at the ribosoméss the parental

cell lines showed different resistancés selection antibiotics, different expression vectors were
required. For speed and efficiey, the Gateway clonirntgchnologywas closen. It has beedeveloped

by Invitrogento easily inserea geneof interest(GOl)into variousdestination vectors for usage in cell
culture wihout laborintensive and timeconsumingprocedures like in classical molecular cloning

processes.

2.2.1.2.1. Gatewgy cloningtechnology

2.2.1.2.1.1. Preparation of Gateway ®etry vector

In the fird step, theGOlhadto be cloned into an mtry vector. Theentry vector containing themouse
Ecadheringene cassette (pENT®RIh1) wasa gift from JamieDavies (Addgene plasmid #49776;
http://n2t.net/addgene:49776 RRID:Addgene_49776)

2.2.1.2.1.2. Transferof gene cassette into Gatewayedtination vector

In the second step, th&Olfrom the entry vectorhadto be subcloned into aaktination vector using
an enzymemediated sitespecific recombinatioreacion (LR reaction) which producétk expression

vector (FigurelQ).
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GOl ccdB
attL1 attl2 attR1 < attR2
Destination
\ / vector

LR reaction
LR Clonase mix

attB1 atth/

Expression
vector

R

amp

FigurelQ: Step 2 of Gagway cloning echnology The entry vectoris transcriptionally silent and
contains thegene of interes{GOl)flanked by the attL1 and attL2 recombination siteswell aghe

gene for kanamycin resistance (Irn order to produce the desiredxpressionvector, the GOlhas

to be subcloned irg a destination vector that contains all the sequence information necessary for
expressiontwo recombination sites (attR1 and attR2) that flank a gene for negative selection, ccdB
(the encoded protein is tac for the standardE.coli strains) andthe gene for ampicillin resistance
(amp). Both plasmids are mixed and the Id®naseenzyme nix is added. In a directional specific
reaction,attL1 reacts with attR1 and attL2 with attR2. Two camsts, the intered expression vector
and a byproduct, are the result of this recombination. Two forms of selection, the antibiotic resistance
and the negative selection by the toxic ccdB protein, atteeexpressnvectorand ensure high levels

of positive clones aftr transformation to a standard cloning strafior{example DH5alpha)Modified

from (https://www.embl.de/pepcore/pepcore_services/cloning/cloning_methods/recombination/
gateway/).

Reagents

9 Destination vectors (pLX302 aptenti CMV/TO Neo DEST (&3p
1 Entry vector JENTRCdh)
1 Gateway LRI@Gnasell enzyme mix

Procedure

50ngdestination vector, 751g entry vector and 0.2%1 LR Clonase we mixed to a total volume of
5 pl with ddHO, centrifuged shortland incubated for at leasti2at 25°C. Afterward, 2l LR reaction

wastransformed into DH5alpha conepent bacteria and plated onmapicillin plates.
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2.2.1.3. Transformation of chemically competert.colicells

This method isused totransfer a desired ligated plasmid into bacterial cells for cultivation and
amplification of the amount of plasmith thisthesis the E.colistrains DH5alphandDB3.1 were used
for transformation. Tie cells became competent liye CaGlmethod, whichmadethe cell membrane
permeable to plasmid DNAANn overview of the amplified plasmids withe respectivecompetent

E.colistrains and selection antibiotigis shown inTable22.

Table22: Overviewof amplified plasmids

Plasmid CompetentE.coli strain Selection antibiotic
pPENTRCdh1 DHb5alpha Kanamycin
pLenti CMV/TO Neo DEST (&35 DB3.1 Chloramphenicot Ampicillin
pLentrmEcadherin DH5alpha Ampicillin
pLKO.1 DHb5alpha Ampicillin
pLKO.ImEcadherinshRNA DHb5alpha Ampicillin
pLKO.iIscrambledshRNA DHb5alpha Ampicillin
pLX302 DB3.1 Chloramphenicot Ampicillin
pLX302mEcadherin DHb5alpha Ampicillin
Reagents

1 CompetentE.colicells (DH5alpha, DB3.1)

1 Vector (ligation mix or LR reaction mix)

91 LB medium

1 LBplateswith appropriate antibiotic (selection plates)

Procedure

A tube of competent.colicells was slowly thawed on ice. Plasmid DNAu(2f the ligation mix or
2l of the LR reaction mix) was added to the cells, flicked and theum@xtvas incubated on ice for
30min. Heat shock was performed fomiin at 42°C and the mixture was pled back on ice for Bin.
Next,200> fpre-warmed (37°C) LBmedium without antibiotics was added and the mixture was
shackedfor 30min at 37°C. Meanwhileselecton plates were pravarmed at 37C. Finally, the

mixture was spread onto a selection plate and incubated inverted overnight a€.37
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2.2.1.4. DNApreparation

After the transformationprocessin whichvector DNAvasamplified only in slected cells containing
the vector of interestthe DNA hdto be isolatedIn the firststepof DNA preparationcells from grown
colonieswere pickedfrom the plate with sterile tips andnoculated in2 ml LB mediunfovernight) or
YTA medium (seval hours) supplemented with (@ appropriate selection antibiotic (se22.1.3.

After amplificationovernightat 37°Cwith continuous agitationthe minipreparation and following

midi-preparaton were used to isolate thelasmid DNA.

2.2.1.4.1. Mini-preparation

The minipreparation of plasmid DNA is a smsdhle isolation of plasmid DNA from bactersedto

test constructs afterrestriction digestion on agarose gels and select positive clones for further

amplification
Reagents
9 P21 minibuffer
T P2 minibuffer
T P3 minibuffer
T 100%EtOH
T 70% EtOH
Procedure

1.5ml ofthe overnight culture wagoured intoan Eppendorfube ard centrifuged for Imin at 390g.
The pellet was resuspended in 160P1 mini buffer 200> P2 mini buffer wasaddedand vortexed
After addition of 150> f minidouffer, tubes were inverted & times. Thesamples were centrifuged
for 6 min at 190009 at 4 °Cwhile new tubes with 900> f IWEMOMH were prepared. Theipernatant
was transferred into the preparetlibes and mixedvell by inverting 68 times Thesamples were
centrifuged for 12nin at 21500 g at 4 °Cand the supernatant was discardéethe pellets were washed
with 1 ml 70%EtOH and centrifuged foriBin at 19000g. Supernatant was removed completely and

the pellets were dried at 65C inanincubator andinally dissolved in 25 #€dH.0.

2.2.1.4.2. Restriction digeston

In the next stepisolatedplasmid DNA watested for positive insertion alesiredconstruct Restriction
enzymes weraised to cut the plasmid DNA in a sfipecific manner andgarose gel electrophoresis

was used to separate different band patterns and identify plasmids with eotr insertion.
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Theenzymesused for restriction digestion of each plasmid and expected positive band patterns are

shown inTable23.

Table23: Setup for estriction digestionof plasmids.

Plasmid Restriction enzymes Expected positive band sizes

pLentrmEcadherin Psyl (= Tth111l) 7192 bp + 3674 bp

pLKO.1 puro for all sShRNAs  Ndel + EcoRl 6958 bp + 126 bp

pLX302mEcadherin Psyl (= Tth111l) 8750 bp + 1907 bp
Reagents

1 Plasmid DNA from imi-preparation
1 Appropriate buffer
1 Restriction enzymes

Procedure

10pl plasmid DNA, @l buffer and 0.5ul of each restriction enzyme wemixed with ddHO to a final
volume of 20ul and incubated for h at 37°C.Agarose gel electrophoresis was performed as described

previously (se€.2.1.1.2.2and band patterns were verified in a transilluminator under UV light.

2.2.1.4.3. Midi-preparation and sequencing

The midipreparation of plasmid DNA is a largeale isolation of plasmid DNA from bacteugedto
produce large amounts of the construct for later usafge €xample lentiviral particle production).
After successful control digestion, the positive clermuld be inoculated for further amplification and
midi-preparation. An Erleneyer flask was prepared with 58l LB medium and 53 appropriate
selection antibioticgee2.2.1.3. 5ul ofthe remaining overnight nmi-cultures wasadded to the flasks
and midi-cultures were incubated overnight at 3T with continuous agitation. On the next daye
midi-cultures were centrifugedplasmid DNA wagpurified with the Nucleo BondPC 20/100 kit
according to the manufactur& instructions and a sample wasent to Microsynth AG for further

sequencing.
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2.2.2. Cell culture methods

2.2.2.1. Maintenance of murine tumor cell lines

Tumor cellavere cultivated at 37C and %CQ in a humidiied incubator. They were passaged twice
a week by washing once with PBIStaching by incubation with thl 1x TrypsirREDTAor up to 15min
and splitting in a ratio of 13:20. All experiments were performed with mycoplasimee cells
confirmed by regulatests. For maintenance of various cell lines over a lopgeod, they were frozen

in dimethyl sulfoxidewith 90% FCS and stored in liquid nitrogeftsn overview of all @l lines with

respective mediand supplements is shown rable24.

Table24: Cell lines with respective media and supplements

Cell line Culture medium Supplement Selection antibiotic
410.4 DMEM (1¢*) 10%FCS 1
410.4pLKO.iImEcadherinshRNA DMEM (1d*) 10% FCS 1 pgml*t puromycin
410.4pLKO.IscrambledshRNA DMEM (1 d*Y) 10% FCS 1 pgml** puromycin
CMT93Var DMEM (1d*) 10% FCS 1

CMT93VapLKO.iImEcadherinshRNA DMEM (1 d*)  10% FCS 1 pgmlbt puromycin
CMT93VapLKO.1scrambledshRNA DMEM (1d*Y) 10% FCS 1 pgml** puromycin

CT26 RPMI 1640 10% FCS T
CT26pLentiempty RPMI 1640 10% FCS 400 ugmlb G418
CT26pLentimEcadherin RPMI 1640 10% FCS 400 pugmlb G418
EOr71-LG RPMI 1640 10% FCS T
EQr71-LGpLX302empty RPMI 1640 10% FCS 1 ugml! puromycin
EQr71-LGpLX302nEcadherin RPMI 1640 10% FCS 1 ugml! puromycin
HEK293T DMEM(45gl*) 10% FCS T

2.2.2.2. Lentivirusmediated gene deliverytransduction)

Cell lines with stable knockdown awverexpression of the cell adhesion proteircatiherinwere
generated through shRN@ediated gene silencing or introduction of expression vectors by lentivirus
mediated gene delivenAfter transduction,lentiviral vectorscouldintegrate into thenucleusof the
target cells and le to stable expression of the gene of intereBhe following procedures were carried

out in a S2 cell culture ladnd 26 P/S was added to the culture medium to avoid contaminations.

2.2.2.2.1. Lentiviral particle preparation

For virus prepaation, 8x 10° HER93T cells were seeded in a Ifdn cell culture dish and allowed to

adhere overrght to reach a confluence of 820n the next mornng,the medium was replaced with
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20ml serumfree DMEM (4.5g 1 glucosg. 15ug lentiviral plasmid,3.75ug enveloping plasmid
pMD2.Gand11.25ug packaging plasmidCM\AdR8.2dvprwere mixed with DMEM4.5g I*! glucose)
to a total volume of 123@l, vortexedand 120l polyethyleniminewas added. The mixture was
vortexed againfor 10s, incubated for 5 min at RTand added dropwise to the cell®laes were
incubated for énh at 37°Cbefore the medium was replaced with 3Gl DMEM (4.5g I’* glucose)with
10% FCS.

For virus collection, the edium was collected after #2 and centrifuged for 1Bnin at 3000y to
remove large cell particles. The supernatant was transferred intotobes and centrifuged for & at
75,0009 and 4°C to pellet viral particles. The pellet was dissolvedsidid DMEM(4.5g I** glucose)
with 10% FCS by gentj@petting and left on iceovernightat 4°C. On the next morning, the viral

particle suspension was mixed agaimddrozen in small aliquots &80 °C.

2.2.2.2.2. Transduction of target cells

The day before transductiortumor cells were seedkin 1@ mm cell culture dishes and allowed to
adhere overnght to reach a confluence of §80%. On the next morninghe medium was replaced

with only 8ml of the appropriate culture medium with 1@ FCS. |8l Polybrene (8ngml*) and 50ul

of the viral particlesuspension wasimultaneously added dropwise to the plate and evenly distributed
by gentle circular movementPlates were incubated foribat 37 °Cbefore the medium was replaced

with 10ml of the appropriate culture medium with 1% FCS. On the neday, appropriate selection
antibiotics (puromycin or G418) were added and plates were incubated to get rid of any untransduced

tumor cells.The glection medium was replaced every other day until single colonies remained.

2.2.2.2.3. Selection of single clones

Single claes were selected using a microscope, picked with sterile tips and transferred iwelR4
plates containing apppriate culture medium with 1% FCS and selection antibiotics. Cells were
expanded by appropriate cetulture technigues until sufficient dehumbers were available for
protein isolation to quantify the expressionviel of Ecadherin by Western Ibt analysiqsee2.2.4).

Positive clors were further expatted in 100mm cell culture dishes.

2.2.2.2.4. Viral particle test

The absence of any viral particles in thedified cell lines was confined by a marker rescue assay
(Forestell et al., 1996)Virus test cell lines were chosen according to their sensitivity to selection
antibiotics of nodified cell lines confirmed by antibiotic kill curve&sn overview of the test setup is

shown in Table25. Modified cells were incubated for 48 in culture medium without selection
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antibiotic. Meanwhilg 2x 10° virus test cells were seeded in 16@n cell culture dishes and allowed

to adhere ovenight to reach a confluence 60%. On the next morning, the medium of theodified

cell lines wasdallected and centrifuged for 1&in at 3000g to remove large cell particles. The medium

of the virus test cell lines was replaced with the sugatant andL0 pl Polybrene (8ng ml*t) wasadded
dropwise to the plates and evenly distributed by gentle circular movem®&tdses were incubated for

72h at 37 °Chefore gpropriate selection antibiotics were added ancigls werefurther incubated

for up to twoweeks.The glection medium was replaced every other day and confluence of remaining
cells was assessed until no surviving cells were visible (virus test negative) or single colonies remained
(virus test positive). In the latter case, the pealure had tdoe repeated. Viral partickree modified

cell lines could be then transferred into a S1 cell culture lab.

Table25: Setup for viral particle test

Modified cell line Virus test cell line Selection antibiotic
410.4pLKO.1 variants HEK293T 0.75 ug mI** puromycin
CMT93VapLKO.1 variants HEK293T 0.75 ug ml?* puromycin
CT26pLenti variants 410.4 1000ug mib G418
EO771LGpLX302 variants HEK293T 0.75 ug mI** puromycin

2.2.2.2.5. Stability of ransduction

The nodified cell lines were cultivated in the absence efegtion antibiotics for up to fouweeks and
protein lysates were isolated once a week. Stability of trantidn was confirmed by Westerndi

analysigsee2.2.4). This wagssential fosubsequentanimal experiments without use of antibiotics.

2.2.2.3. Assessment of cell viability and proliferation

In the beginning, cell lines were testdor basic features such as cell viability and proliferation
All cellular assaywere conductedht leastin triplicateand in case of wdifiedtumor cell lines in culture

media without selection antibiotics

2.2.2.3.1. Cell proliferation

To assess cell proliferatioates,5 x 10¢, 1x 10° and 1.5x 10° cells per well were seeded in duplicates
in 24well plates and icubated for 4&h. Cells were then trypsinized artte cell number was

determined.The proliferation rate was calculated as follows:

LJN\BtATSNYSI. OSfiAyszOSNJ ony KO0
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2.2.2.3.2. MTT assay

The viability of cells can be determineddgsessment of their metabolic activity. The colorimetric MTT
assay measures the reduction of the soluble yellow tetrazolium3dfe5dimethylthiazot2-yl)-2 5-
diphenyltetrazolium bromide(MTT)to the insoluble purple formazan. This process is driven by
NAD(P)Hdependent cellular oxidoreductase enzymes in the endoplasmatic reticulum and is only
carried out by living celldn apoptotic or necrotic ells with an altered metabolism this process is

impaired.

5 x 10* cells per well were seeded duplicates irR4-well platesand incubated for 24, 48h and72h.

At each end point, confluence and amount of dead cells were asse$se=theldium was replad with
500l 10% MTT solution inulture mediumand cells were incubated foritat 37°C. The medium was
carefully aspired anthe formazan complexes were lysed@0ul MTTlysis buffer for 10nin at RT in
the dark on a shakef.he intensity was proptional to the amount of enzyme activity in the cells and
a photometer was usedo quantify the coloredreaction product by measuringthe extinction at

550nm in triplicates.

2.2.2.3.3. BrdU assay

The viability of cells can also be determined by assessment of thergmbnewly synthesized DNA
of actively proliferating cells. The colorimetric BrdU as$etgctsBrdUthat can beincorporated into

the genomic DNA of proliferating cells during DNA synthiegitace of thymidine

2x10* cells per well were seeded imriglicates in 96well plates and incubated overnight.
Subsequently, th&rdU Cell Proliferation ELISAW#sused according to manufactur@rinstructions
Briefly, cells were labeled by thedition of BrdU reagent for A at 37°C. The following fixation of the
cellsfor 30min at RTed to the denaturation of DNAfter addition of a detector antBrdU monoclonal
antibody, which bound tany incorporated BrdU within i, secondary horseradish peroxida$tRP)
conjugated goat artmouse antibody was added for 3din to bind to the detector antibodyrinally,
the peroxidase catalyzed thedded substate tetramethylbenzidineduring an incubation time of
30min which converted the solution from colorless to blue and finallyetbow after the addition of

a gop solution. The intensity was proportional to the amount of incorporated BrdU in the cella and

photometer was used tquantify the colored reaction product by measurithg extinction at 45Ghm.
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2.2.2.4. Functionalin vitro assays

Next, cell lines were tested in various functional assayscerningmigration behavior and invasive
capacity as well as spheroid and colony formation abiiityitro. Allcellular assaywere conductecht

leastin triplicateand in case of wdifiedtumor cell lines in culture media without selection antibiotics

2.2.2.4.1. Cell migration assay with turned coverslips

The ability of tumor cells to migrate into the surrounding area was analyzed bybB&3 migration

assays using turned coverslipsgurell).

Coverslips were placed into 2dell plates and coated with ECM diluted 1:4 in setinee medium.

5 x 10° cells were seeded onto coated aanslips and incubated for 24until they reached confluence.
On the next day, coverslips were turned over upsidevn into 6well plates coated with BT and
incubated for up to 9. The distance of migrated cells was measured &t (start) and 72h or
96 h (end) dependingn the el line using the EV@&&microscope. Migration speed (um per day) and

number of spreaderscélisper mm?) wereanalyzedusing the ImageJ software
ASSAY PROCEDURE @] 0]

TIME t = start t=end

n
L

I ECM overlay Medium = Coverslip @ Tumorcell | | 24-well 6-well

ASSAY ANALYSIS

RAW PICTURE MIGRATION FRONT MIGRATION DISTANCE SPREADERS

Figurell: Schematic of cell migration assay with turned coverslips
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2.2.2.4.2. Cellinvasion assay in a modified Boyden chamber

The ability of tumor cells to invade through a membrane was analyzed by-mi@sion assays in a

modified Boyden chambdFigurel?2).

Themodified Boyden chamber consists of two plates, a lower one with normal wells and an upper one
with wells without bottom. Both plates can be sealed tightly with screws. Firstbésewells were
completely filled with culture medium and aked with a polycarbonate membrane (30n pore
diameter) previously coated with ECM diluted 1:4 in seffuee medium. The upper plate was placed
onto the membranetop wells werefilled with culture medium and allowed to equitdite for 30min

at 37°C. Nat, the equilibration medium was removed x 1(° cellswere seedednto top wellsand
incubatedfor 96 h. Afterwards the chamber was carefully disassembled #meimedium inbasewells

was resuspended thoroughly to detach the tumor cells that had iegddarough the membrane from

top wells. Finallythe number of invaded cedlwas counted using a Neubauer countingrober.

ASSAY PROCEDURE ’_> @ _l ANALYSIS
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TIME t = start t=end
I ECM overlay Medium = Membrane == Tumorcell | | Basewell | [ Top well

Figurel2: Schematic otell invasion assay in a modified Boyden chamber

2.2.2.4.3. Colony formation assay in soégar

The ability of tumor cells to grow in anchoramglependent conditions was analyzed by soft agar

colony formation assay§igurel3).

For the base agar laydr.0% agarose wamixed withsupplementectulture medium (28 EES, %P/S)
in equal partslayered into 6well plates and allowed to solidifgr 30 min atRT For the top agar layer,
5 x 10 cellswere resispended irsupplementedculture medium (186 FCS1%P/S) mixedwith 0.5%
agaroseand layered onto 1.86 agar beds in-&ell plates.Supplemented culturenedium (10% FCS,
1% P/Syvas added on top of cells and replaced with fresédium twice a week for up to finvweeks
(depending on cell line)mages were tadn of five fields for each well on three subsegtifocus layers
using the EVOBL microscopelonies were countedising the ImageJ softwand classified into

three groupssmall 0.001¢0.005 mm?2) medium 0.005%0.05 mmj andlarge (.05 mmj. Finaly,
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the wells were stained with 0/l crystal violesstaining solutiorfor 1 h at 37°C, washedwice with

ddH0O and whole well images were taken withiagée-lens reflex camera
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Figurel3: Schematic otolony formation assay irsoft agar

2.2.2.4.4. Spheroid formation assay using hanging drop method

The ability of tumor cells tiorm a spheroid irmnchorageindependent conditios andits subsequent

outgrowth were analyzed bypheroid formation assays using the hanging drathod (Figurel4).

First, a sgle cell suspension @b x 10°in 0.5 ml) wasprepared. The bottom of a 108m cellculture
dish was filled with 1@nl PBS to act as a hydratichamter. The lid was inverted and 26 drops of
the cell suspension (125tlls per drop)wvere placed onto it wittsufficient distance between them
The lid was carefully inverted, placed onto the RiB&l bottom chamber and incubated fat2 h
leading b the formation of spheroids in those hanging drodext, 24well plates were prepared with
1 ml culture medium per well. After careful removal of tiRBSthe plate was inverted and pictures
(pre) were taken from spheroids usinge EVO3F-L microscope.dfmed spheroids were then very
carefully transferred in separated 2dells and incubated for up to 96 One image was taken after
3 hwhen spheroids had settled dow(start) and then every 24 until the end of the experiment at

96 h (end).Spheroid outgowth (mm?2) wasanalyzedising the ImageJftware.
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Figurel4: Schematic of spheroid formation assay using hanging drop method
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2.2.3. Invivoexperiments

All animal work was approved by the local veterinary authorities fromGlogernment of Bavaria
based on European guidelines and national regulations of the German animal protection act
(permission no. 55:25322-908).

2.2.3.1. Maintenance of animals

Adultfemalemice were obtained from Charles River (Hannover, Germanyg@mstantly lept under
standard laboratory conditions (112 light/darkcycle, lights on at 07:00 h, 22 °C, B + 5% humidity,
low-phytoestrogen andoy-free diet and tap water ad libitum). Theyere grouphoused in standard
mousecages with sawdust bedding amadlowed to habituate for at leasthree weeks after arrival

Atthe beginning of thexperimentsall mice werel2to 13weeks old.

2.2.3.2. Cancer cell preparation for injection

One or two days prior to the experiment, cells were seeunteculture flask&nd allowed tcadhereto
reach a confluence af0¢80% First, the level of confluence was assessed and bfiglatimages were
taken. Gel matrix was prepareconsisting of one part of culture medium atwlo parts of ECM, and
kept at 4°C.Cells were trypsinized, couatl and thedesired number of cells (410° cellsper animal)
was centrifugedor 5min at800 g. Supernatant was removed;ells were resuspended el matrix

(3l per animaland stored on ice until injection.

2.2.3.3. Stereotactical intracortical injection

To assess the effects of-&adherin nodificationin our late brain colonizatiorin vivomodel, control

and modified tumor cells were stereotactically injectedtinthe cortical region of syngeneic mies
depicted inFigurel5. Briefly,anesthetic slution consisting of 10Ql Ketamin10% 25ul Domitor
(ImgmltY) and 875ul NaCl 0.% was prepare(B) The mouse waweighted(A)and anesthetized by
intraperitonealinjection of the anesthetic solutio (7.5ul g** body weight for BALB, 5pl g™ body
weight for C57BL/® (C) Eyeswere protected against dehydration during the whole procéss
Bepanthen application. Aftatisinfection, a small incision was made in thigldle of the head and the
periosteum of the right skull cup was carefully removed with a sterile scalpel (D). Next, the mouse was
placed into a stereotaxic frame and fixed with ear bars in order to hold the skull in a horizontal position
to the ground(E) A drill hole of approixnately 1 mm of diameter was steotactically bored 1.5nm

rostral and 1.5mm right lateral of the bregma sing astereotaxic tooth-technical drill (F&).
Anopening or damaging of the dura mater must be avoided during this proddss.previously

prepared cell suspension was mixed &y weredrawn up in a 1Qul Hamilton syringe with tapered



MATERIALS AND METIOD 53

cannula tip which was then fixed in the holder of the stereotaxic frame in a position directly above the
skull hole and with the open end tife cannula to the left sidéhe cannula was inserted 31im deep

in the brain and pulled back Orbm forminga small cavity for the cell suspension. Subsequently, the
cells were injected directly into the cortical regiohtbe brain over a period of 68econds and the
cannula was left in the same position for additional two minutes to ensure the establishment of the
cells in the brain parenchyma (H). After removal of the cannula and simultaneous rihgdection

site with NaCl 0.%, the skull holevas closed with bone wax. The skin on the head was sutilyed
apainkiller(10% Rimadyl in NaCl @69 wasnjected subcutaneously &g g™ body weight) (J) and the

mouse was placed on a thermal gab recover from anesthesi&).

Figurel5: Stereotactical mtracortical injection of tumor cells A 12-to-13-weekold mouse is
(A)weighedand (B+Q put under anesthesia by intraperitoneal injectidi®) A small incisiofs made

in the middle of the head and the periosteum of the right skull cup is removed carefully with the help
of a sterile scalpel(E) The mouse igplaced into a stereotaxic framand (FG)a drill hole of
approxmately 1 mm of diamete is stereotactically bor 1.5mm rostral and 1.%5nm right lateral of

the bregma.(H) The cell suspension (3 pl) is stereotactically injected into the cortex using a Hamilton
syringe.(l) The skin is stitched up ar{d)a painkilleris administered subcutaneouslyK) Finally the
mouse isallowed to recovefrom anesthesian a thermal plate.
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2.2.3.4. Animal monitoring andHanging Wire est

After injection, mice wereregularlymonitored for heir physical fithess and any emerging sensory
motor deficits Animals were weighedt least once a week, ddy weight loss is often an indicator
for or accompanied by neurological symptoms soon as the mice showed abnormalities in their
behavior, theywere submitted to the Hanging Wire test. This testaluates motor functionsby
assessingnuscle strength, coordinatigrand orientation of theanimalsand is useful tandirectly
identify neurological dysfunctionsaused bymetastatic outgrowth(Blazquez et al., 2018Briefly, a
wire wasstretched between two platforms35cm above the ground of a cag®vered with sft
bedding Animals werehang with their fore limbs to the wire and had to reach one of the platforms.
Mice thatdid not manage this task within G8econds or dropped to the ground were sacrificed due to

advanced metastatic growth.

2.2.3.5. Perfusion andorain tissue sample collection

A perfusion set witOml PBS in a syringe was prepared. The mouse was anesthetized with diethyl
ether and an incision was made in the skin of the abdomen. The thorax was opa&gethe
peritoneum was cut through to expose the heartieneedle was inserted into thieft main heart
chamber and a small hole was cut into the right cardiac atrium for the drainage of blood during
injection of PBSThe perfusionwasted out the blood from thecirculatorysystem and stiffened the
brain tiss®. Themouse was decapitatedhe brain wagaken outand cut in pieces according to the
schematic irFigurel6. The anterior parts were immediately shock frozetigaid nitrogen and stored

at 180 °C until homogenization for RNA isolation and further geneesgion analysis yuantitative
reaktime polymerase chain reactiongRFPCR (see2.2.5.9. The posteriorpart of the metastatic
brain was fiated in4% PFAfor 48h, washedand stored inrPBSat RT until embeddinin paraffinand
further investigation of MMPI patterns hynmunohistochemicallHQ stainings (se@.2.6.2.

_________________ i ;%: o =P @ gRT-PCR
) { 2
_________________ ' — [®_HC

Figurel6: Schematic of brain tissue sampléaken at theend ofin vivoexperiment.
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2.2.4. Protein biochemical methods

2.2.4.1. Proteinisolation

For the generation of whole cell lysates5x 10° cellsper well were seeded i6-well plates and
incubated for 2, 48h and 72h. Confluence wa assessedndimages were taken with thEVOS-L
microscope Cells were washed once with cold RBE harvested from the well with 5100pl RIA
lysis buffer using a cell scrap@he detergentomponentsNadeoxycholate and Triton-X00 helmd
to solubilize proteins whilproteaseandphosphatasénhibitors prevened proteolysis and inactivated
phogphatasesAfter incubation for 3min on ice, lysates were n&ifuged for 10min at 16,0009 and
4°C to pellet cell debris and DNA. Supernasastntaining dissolved proteingere collected and
stored atb20°C.

2.2.4.2. Protein quantification

A colorimetricmethod for determining the total level ofrptein in a solution is thedetergent
compatible protein assaylt is similato the widely used Lowry assélyowry et al., 1951 )ut has been
modified to save time. The assay is based on the formation of complexes betwé&esn@yeptide
bonds of the protein sample in alkalineedium. Cé'is reduced to Ct, whichfurther reacts with the
FolinCioalteu reagent finally resulting in a blue color. The intensity is proportional to the amount of

total protein concentration in the sample and can be quantified.

Samples were diluted in 1@ ddHO (120) and a BSA standard curve (0/25/125/250/500/1000/
15,000pugmiFt) was included in each measurement. The assay was carried out according to the
manufacture instructions and a photometer was used to quantify the colored reaction product by

measuring the extinction at 70@m in duplicates.

2.2.4.3. Protein separation bySDSPAGE

Proteinsfrom whole cell lysatewere separated according to their molecular weight by discontinuous
SDS polyacrylamide gel electrophordSSIOSPAGERS described previous(Laemmli, 1970py using
two-layer gels. After preparation and polymeation of the resolving gel (10%), a stackjeb(36) was
layered on top Table26). Protein samples (20 ug) were mixed with 4x Laemmli loading buféerd
denaturated for Gmin at 95°C. Protein disulfide bondsvere reduced bythe 2-Mercaptoethanol
content of the buffer and the&sDSngredient quantitatively band to proteinsand appli@ a negative
charge in proportion to thig mass, whictenabled the separatioaccording to their molecular weight
during the electrophoresisThe gel was placed in an elegitwresis chamber filled with

electrophoresis bufferThe samples were loaded onto the gel aagrestained protein standard
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marker was included to determine @tein size. Proteins were first pted in the stacking gel for 3@in

at 90V and subsequently separatedthe resolving gel for around 9@in at 130V.

Table26: Composition of resolvingrad stacking gels

Component Resolving gel (0% Stacking gel %
ddH,0 1975 pl 1725 pl
Acrylamide solution (3®) 1675 pl 415 pl
Resolving gel buffer 1250 pl T

Stacking gel buffer T 315 pl
APJ10% (w/v) 50 ul 25 pl

TEMED 5 ul 2.5 ul

2.2.4.4. Protein analysis byVestern ot

After separation through SEFAGEproteins were transferred onto a nitrocellulose membrane for
subsequent detectioy specific antibodies. Resolving gel, nitrocellulose membrane and Whatman
blotting paper were equilibrated iappropriateblotting bufferand stacked together in a blot sandwich
with the gel on top of the membrane covered by two steeef paper on each side. Theotein transfer
was performed usingither atraditional semidry transfer systen(TransBlotSD Sembry) at 15V for
90min at R ora highperformance transfer systemr(ansBlot Turbg at 25V for 7min at RT.
Afterwards the membrane was stained with @& Ponceau S solution to verify loading and transfer
efficiency. After thorough washing of the membrane with TBST, unspeadifimbisites were saturated

by incutation with blocking solution (5% MMP cv&BSA in TBS®) 1 h at RT. Nexthembranes were
incubated with the specific primary antibodies (2.6 in the corresponding blocking saolot (MMP

or BSA) overnight at 4. Membranes were whed three times with TBST fom&in each, incubated
with secondaryfHRPconjugatedantibodies(see2.1.6) in the correponding blocking solution for A

at RT and washedgain three times in TBST fombn each. Substrate was addeatcording to
manufacture® instructions(ClarityWedern ECL substrate or SignalFEEL Reagent) detect the
HRP. This enzyme catalyzbd oxidation of luminoand producedh chemiuminescencssignal, which
was detected in the LAB00 imagerProtein expression was quantified by analyzing the intezssiti

of bandswith the ImageJ software and calculating the ratio of protein of interest to corresponding

loading controbb Jactin orheat shock protein 9(HSP9}).
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2.2.5. Gene expression analysis

2.2.5.1. Isolation oftotal RNA fromtumor cells

For the isolation of tothRNA from tumor cell2.5x 10° cellsper wellwere seeded in 6vell plates
andincubated for 24, 48h and 72h. Isolation was performed using ttspin columnrbased High Pure
RNA isolation ik according to manufactur& instructionsBriefly, cells wer washedonce with PBS
and lysed in 40Ql lysis/binding buffer supplemented with 8Qul PBS. The buffaomponents made
cell membranes permeablenducedprotein denaturationand inactivated RNase&fter vortexing for
15s to support @Il lysis the samples were loaded onto spinl@mnsand centrifuged for 15 at
8000g. Nucleic acids bound to the column while proteins, salts and cellular debris passed through and
were discardeafterwards. 1Qul DNase | in 90l DNasé incubation bufer wasadded directly orthe
column and incubated for 1®min at RT to digest the bound DNA. After three washing steps with
different buffers, the remaining RNA was eluted into a rtebye with 50ul nucleasdree water by
centrifugation for Imin at 8000g. Concentration angurity of the RNA were measured using a

NanoDrop spectrophotometer and samples were stbaeb80 °C.

2.2.5.2. Isolation of total RNA fronmbrain tissues

Total RNA wasxtractedfrom murine brain metastases samplat had been dissectedlfter the end

of in vivoexperiments (se@.2.3.9. RNA extraction had to be carried out under RNase free conditions
to prevent the degradation of the RNA. Isolatizvas performed using the TRIzol reagdnhtonsists

of phenolfor phase separatioand guanidine isothicocyanafer denaturation of proteins as well as
RNasesSmall tisse samples were homogenized iml TRIzol, 200l chlorobrm wasadded, mixed

for 15sand incubated for Bnin at RT. Samples were centrifuded15min at 20000g and4 °Cwhich
resulted in an upper aqueous phase containing the RNA and a lower red organic phase made up of the
chloroform andphenoldissolving the hydrophobic lipidBNA also precipitated into the organic phase
due to the acidity of the mixturdn the interphae, the hydrophilic proteins wemgresent. To proceed
with the RNA extraction, the aqueous supernatant was transferred into a tubanvithout dismupting

the interphase layer. Tpreciptate RNA out of th phase, 50Q isopropanol wasdded and the
mixture was incubatedor 10min at RT. Followingentrifugation for 30min at 13000g and 4°C.the
RNA pellet was washed inndl 70% EtOHor 10min at 20000g and 4°C.During this time, aDNA
digestion mix was prepared withill DNase | (10 pl*), 0.5 RNase OUT (40ulbY), 5ul 10x DNasé
incubation bufferand nucleasdree water to a final volume of 50l. The pellet was resuspended in
this DNA digestin mixand incubated for 2@nin at 37°C in order to remove any contaminating DNA.
The remaining RNA was purified by adding 1BD nucleasdree water and 20Qul

phenol/chloroform/isoamyl alcohoMortexing for 30s and centifugation for 2min at 20000g and
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4°Cresultedagainin a phase separation with anpper ajueous phase containing the RNAeT
aqueous supernatant was transferred into a cléaine again and 2Ql sodium acetate (3, pH4.8)
and 200ul isopropanol wasdded.After incubation for 30min at 4°C, the samples were centrifed
for 30min at 20000g and 4°C to precipitate the RNA. The pellet weashed twice in Inl icecold
70% EtOHor 5min at 20000g and 4°C and ahdried for 10¢15min at 37°C Finally, tlre RNA pellet
was elutedwith 20yl nucleasefree water for 10min at 42°C.Concentration and purity of the RNA

were measured using a NanoDrop spectrophottenend samples were stored 880 °C.

2.2.5.3. Reverse transcription

Theisolated RNA was reverse transcribed ictamplementaryDNA ¢DNA using the iScript cDNA
synthesis kitl>3 2 F G20 f wbdul 56iScépt r¥aktiBrSnRandal jl iS€ript reverse
transcriptaseand nucleasdree water wasadded to a final volume of 28 { THe reaction mix was
incubated in a thermatycler for 5min at 25°C to anneal the primerslext,cDNA wassynthesized for
30min at 42°Cand the enzymatic reaction was stoppedterwardsby degradation othe revese
transcriptase for Bnin at 85°C.After cooling,each sample was dilutedith nucleasefree waterin a

ratio of 1:5 and stored &t20°C for up to one month.

2.2.5.4. Quantitative real-time PCR

Changes in gene expression can be analydddquantitative realtime PCRThis method usesDNA

as atemplatendSYBRSreen as detection dye due to its ability to intercalate into all double stranded
DNAand emit green light at 52@m. In the first stephot-start iTaqg DNA polymeraseas activated.
Next, amplificationof the gene of intereshappenedduring 40 cycles of DNdenatration, primer
annealing and elongatio.hefluorescent signal intensity incread@roportionally to the amount of
amplified GOand couldbe plotted versus the cycle number. The Ct value was defined by the number
of the cycle in which the fluorescenaeached the threshold level and was normalizied the
expression of two houseepinggenesHKY=n / i  @Holfowiz andplification, a melting curweas
produced ly slowly heating up the samplesvhile constantly measuring the green fluorescence.

This procedure gavehe melting point of the amplified DNA.

The primers used for this thesjsee2.1.7) were designed as described 212.5.4.1 All procedures

were carried out on iceThe reation mixture consisted of 5.6t A ¢l lj ! YASGSNAFIt {, . w
each0.3>f 2F T2 NB I NR (10uR)anB .S NEySdAckENG&itetESX&ch gene, gl

of the corresponding reaction mix wasepared in a 84-well plate in triplicates. il cDNA solution

(10ng diluted in nucleaséree water in a ratio 1:1) waadded to each well, the plate was sealed and

centrifugedfor 5min at400g and 4°C.Negative controlsno primer,no template) were included
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gRTFPCR was carried out using t@eiantStudio5 RealTime PCR Systeatcording to the following
protocol (Table27) and analyzed withhe QuantStudio Design & Analysis softwaBene expression

of murine cell line and brain tissusampleswas quantifiedrelative to the expression of the
housekeeping gereGapdhand Pgkl To allowstatistical evalation of groups including samples
where fluorescerte did notreach the threshold levekithin the scalethe Ct value waset to 400
(equivalent tono expressionPurity of the qRFPCR products was determined through analysis of their

respective melting curves.

Table27: Protocol ofgRTFPCR program

Step Temperature Duration Repetition
Activation of &g DNApolymerase: 95 °C 12 min
Denaturation: 95 °C 15s
: . _ 40 cycles
Annealing and elongation: 60 °C 1 min
Melting curve analysis: 95 °C 15s
60¢95 °C 2 °C/min

2.2.5.4.1. Establishment of primers for gRPCR reactions

For eachG 0Ol a specific primer pair is needed for gRTR analyses. The PerlPrimer softwitarshall,
2004)was used to design several primer pairs per target and their efficiency was subsedesteity

to choose the rost suitable ones. Comparable primer efficiencies are essential for the analysis of
relative gene ekJNB & & A 2 yvaldes ds yhid methodiassumes an amplification efficiency of 100%.
A primer efficiency of 100% means that during each PCR cycle the PCR product is exactly doubled.
TheBioGPS databag€. Wu et al., 2009)as used to choosappropriate positive controls, which were

cell lines or tissug showing high expression of the GBirst,cDNA of those positive controls was
produced and serial dilution series were prepardext, QRFPCR was performed as described in
2.2.5.4and the measured Ct values were plottadainstthe amount of input cONAThe QuantStudio
Design & Analysis software was used to calculatediope of he resulting graph. A slope q8.33
equals a primer efficiency of 100%irRers withan efficiency of 9§110% were chosen for further

analysis

2.2.5.4.2. Data visualization with leatmaps

To visualize gene expression data from a large number ol samples, heatmaps wereated
using thefree availableonline tool Heatmapper from micX (https://omictools.com/heatmapper
tool). It further enabledhe unsupervised hierarchical clusterinfjgenes depicted by dendrograrts

revealsample groups witimilarexpression profiles.
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2.2.6. Staining

2.2.6.1. Staining of tumor cells

5 x 10* cells were seeded on coversliips24-well plates and incubated for 48at 37°C.After fixation
with 300ul 4% PFA for 1fMin at RT, covelips were washed twice with 5Q0 PBS for Bin.
Thefollowing staining procedures were performed at & are described below (s&s2.6.1.1and
2.2.6.1.2. Finally, coverslips were turned and placed ontdeswith fluorescentmounting medium
and allowed tosolidify for 24h at 4°C Slides were stored at€ until images could be takevith a

SP8 Leica confolckaser scanning microscope.

2.2.6.1.1. Phalloidin staining

Phalloidinis aphallaoxin derived fromthe deah cgp mushroom Amanita phalloidel which isoften
used for visualization of cell morphology in microscoflye bicyclic peptide selectivdiyndsto actin
filaments, whichare present in almost all eukaryotic ceimdthus can make cellular structurgsible

by previous conjugation to fluorescemtyes for example FITC)

First, coverslipsvere incubatedin 0.5% Triton X solution for min to make cell membranes
permeable Followingincubation in blocking buffer for 3fin, cells were stained withH FGconjugated
Phalloidin (se.1.6 for 1h. Forvisualization of cell nuclgtoverslipsvere incubatedwith DAPIfor

5 min. Washing steps were includedlietween each timgTable28).

Table28: Phalloidin staining protocal

Reagent Incubation

500 pl PBS 5 min wash
500 pl 0.8%6 Triton X100 inPBS 10 min

500 pl PBS 3 x5 min wash
500 pl blocking buffer (1% BSA in PBS) 30 min

500 pl PBS 3 x5 min wash
200 plPhalloidinFITGn blocking buffer 1lh

500 pl PBS 3 x5 min wash
200 pl DAPI (1:2000 in PBS) 5 min

2.2.6.1.2. Immunofluorescencestaining

Cellular localization of -Badherin was visualized with immunofluorescence (IF) stainings.

First coverslips wereincubated in 0.8% Triton X solution for 1fin to make cell membranes



MATERIALS AND METIOD 61

permeable After subsequent incudition in blocking buffer for 3fin to block wnspecific binding sites
cells were stained wittprimary antibodyagainst Ecadherin(see 2.1.6 for 2h. SecondaryFITC
conjugatedantibody(see2.1.6 wasadded for 1hto bind to the primary antibodyor visualization of
cell nuclej coverslps were incubatedvith DAPI for 3nin. Washing steps were included between
each time (Table29). Negative controls (only secondary antibody) weperformed to exclude

unspecific staining.

Table29: IFstaining protocol

Reagent Incubation

500 pl PBS 5 min wash
500 pl 0.8%6 Triton X100 in PBS 10 min

500 pl PBS 3 x5 min wash
500 plI blocking buffer @BSA in PBS) 30 min

500 pl PBS 3 x5 min wash
200 plI primary antibody in blocking buffer 2h

500ul PBS 3 x5 min wash
200 pl secondary antibody in blocking buffer 1 h

500 pl PBS 3 x5 min wash
200 pl DAPI (1:2000 in PBS) 5 min

2.2.6.2. Staining of brain tissug

Collected brain issues (see2.2.3.9 were routinely processed inteassetts, dehydrated and
embedded in paraffin at the Institute of Pathology of theiversity Hospital Regensbumgext, they
were sectioned into 3im slices wh a sliding microtome, floated on a warm water bath to remove
wrinkles and placed on glas#dgls by a technical assistalices were allowed to dry overnight at RT
and backedn an oven for 3@nin at 60°Con the next dayFor the staining protocolsidsue samples
were taken through alecreasing alcohol concentration seri€gable30) consisting of short changes
of xylol, alcohol and water to hydratthe tissue. Thesubsequentstaining stepsvaried between
investigated targetaind aredescribedbelow (se€2.2.6.2.1and 2.2.6.2.2. Afterwards, samples were
rinsed, taken back through an increasing alcohol concentration s€rase30) consisting of short
changes of water, alcohol, and xytol dehydratethe tissueand finallysealed with coverslipasing
RotiHistokitt [I. Samples were scanned the Institute of Pathology of théJniversity Hospital
Regensburgsing thePannoramic 26 didesscannersystem, preparedvith the CaseViewer software

and further analyzed using the ImageJ software
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Table30: Alcohol concentration series for staining of brain tissue

Decreasing alcohol concentration series Increasing alcohol concentration series
Reagent Incubation Reagent Incubation
Xylol 5¢10 min Deionized water short
Xylol 5¢10 min 70% EtOH 3¢5 min
100% EtOH 3¢5 min 96% EtOH 3¢5 min
100% EtOH 3¢5 min 96% EtOH 3¢5 min
96% EtOH 3¢5 min 100% EtOH 3¢5 min
96% EtOH 3¢5 min 100% EtOH 3¢5 min
70% EtOH 3¢5 min Xylol 5¢10 min
Deionized water short Xylol 5¢10 min

2.2.6.2.1. Hematoxylin and esinstaining

Hematoxylin and eosin (H&E) staining is still the gold standard to visualize cell morpholiggue

sectionsand recognizealifferent tissue types. Ncleic acidsare stained by the blupurple colored

hematoxylin and proteins are stained by the pink eosin. Téssilts in ble cell nuclei and pink
cytoplasm and extracellular matrix in H&E stairtessues (Cardiff et al., 2014)After hydrating the

tissue, fices were stained with the nuclear dyeinatoxylin washed and counterstained with eosin
(Table3l).

Table31: H&E staining protocol

Reagent Incubation
Hematoxylin 5 min
Warm tap water 5¢10 min
72% dHO/28% HChloohol 022% short
Warm tap water 5¢10 min
Eosin + 1 drop of 100% acetic acid 3 min
Warm tap water 3 min

2.2.6.2.2. Immunohistochemicaktaining

Different immunohistochemicabtainings were used to visualize morphological features of brain
metastasesForevaluationof the MMPI pattern, brain slicewere stained against vimentin (VIM) for
diffuse infiltrativemouse models andytokeratin8 (CK8jor epithelial infiltrative onesFor evaluation

of Ecadherin expressignbrain slices were stainedgainst Ecadherin ECAR For visualization of

angiotropic idiltration, endothelial cellswere stained withcluster of differentiation 31 (CD31)
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antibody. Forevaluation of the corresponding MME, brain slices were stained with the following
immune panel:microglia/macrophages were detected with allograft inflammatdactor 1 (IBA1),

astrocytes with glialibrillary acidic potein (GFAPandT cells with cluster of differentiation 3 (CD3)

2.2.6.2.2.1. CD3,CK8 andBAlstaining

After hydrating the tissue, slices were incubated xirarget Retrieval@ution for 30min at 330W in

a microwaveto break protein crosdinks, expose theepitopesand antigens and enhance staining
intensity. They wereallowed to cool down and incubatedin 3% peroxidase solutiono block
endogenous peroxidasactivity in the tissue. Unspecific binding sites wetecked with antibody
diluentbefore slices were stained with the corresponding first antibodies 2sé#) oveanight at RT.
Secondarybiotin-conjugatedgoat antirabbit antibody was added fat h at RTto bind to theprimary
antibody. The slies were incubatd with ExtrAvidinPeroxidase for h at RTin order to form
conjugates between the ExtrAvidin protein anidtin. Next, samples were incubated &nsubstrate
chromogendiaminobenzidingDAB solution for 10min atRT inthe dark The peroxidse catalyzed
the substrate DABesulting in stable, brown colored stain at the site of the target antigen.
Forvisualizaion of cell nucleithe slies werefinally stained with hematoxylin for 28. Washingsteps

were includedn between eacttime (Table32).

Table32 IHCstaining protocolfor CD3,CK8ndIBAL

Reagent Incubation

1x Target Retrieval solutionjttate pH 6.1 30 min 330w, allow to cool down
Deionizedvater shortwash 3x
Triswashbuffer (pH 6 10 minwash
100 ul 3% peroxidase solution 10 min
Triswashbuffer (pH 6 10 minwash
100 pul antibody diluent 20 min

100 ul primary antibody in antibody diluent overnightat RT
Triswashbuffer (pH 6 10minwash
100 ul Rabbit IgG (H+B)otin (1:250) in antibody diluent 1h RT
Triswashbuffer (pH 6 10 minwash
100 ul ExtrAvidifPeroxidase (1:1000) in antibody diluent 1h RT
Triswashbuffer (pH 6 10 minwash
100 ul DAB solution (1:50) 10 min RT
Triswashbuffer (pH 6 10 minwash
Hematoxylin 20s

Warm tap water 1 minwash

Deionizedvater short wash
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2.2.6.2.2.2. CD31 and/IM staining

After hydrating the tissue, slices were ut@ated in citrate buffer for 3tnin at 330W in a microwave

to break proteincrosslinks, expose the epitopes and antigens amtha&nce staining intensity.

Theywere allowedto cool down and incubated in98 peroxidase solution to block endogenous

peroxidase activity in the tissue. Unspecific binding sites were blocked with antiblogynt before

slices were stained with the corresponding first antibodies &éef for 1h at RT. &ondarybiotin-

conjugatedgoat antirabbit antibody was added fod h at RTto bind to the primary antibody.

Theslies were incubaté with StreptavidinHRPConjugate(Reagent 3ZytoChem Plus (HRP) Anti

Rabbit kt) for 15min at RT in order to form conjugates between thieeptavidinprotein andbiotin.

Next, samples were incubated énsubstratechromogenDAB slution for 10min at RT inthe dark

Theperoxidase catalyzetthe substrate DABesulting in stable, brown colored stain at the site of the

target antigenFor visualization of cell nuc/éhe slies werefinally stained withhematoxylin for 2Gs.

Washingstepswere included in between each tin{@able33).

Table33: IHCstaining protocolfor CD31 and VIM

Reagent

Incubation

Citrate buffer pH 6

Deionizedwater

Triswashbuffer (pH 6

100 ul 3% peroxidase solution
Triswashbuffer (pH 6

100 pul antibody diluent

100 ul primary antibody in antibody diluent
Triswashbuffer (pH 6

100 ul Rabbit IgG (H+B)otin (1:250) in antibody diluent
Triswashbuffer (pH 6

100 ul StreptavidirHRPConjugatgReagent 3)
Triswashbuffer (pH 6

100 ul DAB solution (1:50)
Triswashbuffer (pH 6

Hematoxylin

Warm tap water

Deionizedwater

30 min 330w, allow to cool down
short wash 3x
10 min wash
10 min

10 min wash
20 min
1hRT

10 min wash
1hRT

10 min wash
15 min RT

10 min wash
10 min RT

10 min wash
20s

1 min wash
short wash
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2.2.6.2.2.3. ECADstaining

After hydrating the tissue, slices were incubated xTarget Retrievaldution for 30min at 330W in

a microwave to break protein cro$igks, expose the epitopes and antigens and enhance staining
intensity. They were allowed toool downand stored overnight at 4C. On the nexday,they were
incubated in 86 peroxidase solution to block endogenopsroxidase activity in the tissue.
Unspecifidinding sites were blocked witblocking solution (Reagent ZytoChem Plus (HRP)
Anti-Rabbitkit) before slices were stained withe first antibody(see2.1.6 for 3 h at RTBiotinylated
secondaryanti-rabbit antibody(Reagent 2ZytoChem Plus (HRP) AR&bbitkit) was added foBOmin

at RTto bind to the primary antibody. The slies were incubateé with StreptavidiRHRPConjugate
(Reagent 3ZytoChem Plus (HRP) ARibbitkit) for 15min at RT in order to form conjugates between
the streptavidin protein and biotinNext, samples were incubated & substratechromogenDAB
solution for 10min atRT m the dark The peroxidase catalyzede substrate DAB resulting in stable,
brown colored stain at the site of the target antigdfor visualization of cell nucldéhe slies were
finally stained with hematoxylin for Znin. Washing steps were included between each time

(Table34).

Table34: IHCstaining protocolfor ECAD

Reagent Incubation
1x Target Retrieval solutionjttate pH 6.1 30 min330W, allow to cool down
Deionizedvater short wash 3x

incubate overnightit4 °C

Triswashbuffer (pH 6 10 min wash
100 ul 3% peroxidase solution 10 min
Triswashbuffer (pH 6 10 min wash
100 ul blocking solution (Reagent 1) 8 min
Triswashbuffer (pH 6 5 min wash
100 ul primary antibody in blocking solution (Reagent1) 3 h RT
Triswashbuffer (pH 6 10 min wash
100 ul botinylated secondary antibody, rabbit (Reagent 2 30 min RT
Triswashbuffer (pH 6 10 min wash
100 pulStreptavidinHRPConjugate (Reagent 3) 15 min RT
Triswashbuffer (pH 6 10 min wash
100 ul DAB solution (1:50) 10 min RT
dH0 stop reaction
Hematoxylin 2 min

Warm tap water 1 min wash

Deionizedwater short wash
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2.2.6.2.2.4. GFAPstaining

After hydrating the tissue, slices were incubated xTarget Retrievaldution for 30min at 330W in

a microwave to break protein cro$igks, expose the epitopes and antigens and enhance staining
intensity. They were allowed to cool dovamd stored overnight at 4°C. On the nexday,they were
incubated in 86 peroxidase solution to block endogenous peroxidase activity in the tissue.
Unspecifidinding sites were blocked with antibody diluent before slices were stained with the first
antibody (see.1.6 for 1h at RTBiotinylatedsecondaryantibody(Reagent AB2Dako REAL detection
system) wasadded forl5min at RTto bind to theprimary antibody. The slies were incubat& with
streptavidinalkaline phosphatas€ReagenAP,Dako REAdletection ystem) for 15min at RT in order

to form conjugates between the streptavidin protein and biofNext, samples were incubateslith
chromogensolution (Chromogens Red 42 + 3 (1:25) in AP substrate buff@ako REAHetection
system) for 1.5min at RT in the dark. Thadkaline phosphataseatalyzed thehydrolysis ofpphosphate
groups from thesubstratemoleculesresulting in stablered colored stain at the site of the tget
antigen. For visualization of cell nuclehe slies werefinally stained with hematoxylin for 2nin.

Washing steps were included in between each tiffiable35).

Table35: IHCstaining protocolfor GFAP

Reagent Incubation

1x Target Retrieal solution, drate pH 6.1
Deionizedvater

30 min 330W, allow to cool down

short wash 3x
incubate overnightit4 °C

Triswashbuffer (pH 6 10 minwash
100 ul 3% peroxidase solution 10 min
Triswashbuffer (pH 6 10 min wash
100 ul antibody diluent 20 min
100 ul primary antibody in antibody diluent 1hRT
Triswashbuffer (pH 6 10 min wash
100 ul biotinylated secondary antibodiReagent AB2) 15 min RT
Triswashbuffer (pH 6 10 min wash
100 ulstreptavidinalkalinephosphatase (Reagent AP) 15 min RT
Triswashbuffer (pH 6 10 min wash
+2+
(129 in AP subsvatalten o s minT
Triswashbuffer (pH 6 10 min wash
Hematoxylin 20s
Warm tap water 1 min wash
Deionizedwater short wash
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2.2.6.2.3. Quantification of immunohistochemicastaining

After stainedbrain slicedhiad been scannednagesof whole brain slices or differemeégions of interest
(ROIl)were taken withthe CaseViewer softwarand further analyzed using the ImageJ softwarer
this purposedifferent methodswere establishedo quantify the expression of-€adherin,assesshe
number of endothelial cells aneivaluate the immune redion of the metastatic microenvironment
with spatial resolutionThis enabled a quantifiable comparison of changesdadherin level$ECAD)
angiotropic infiltration(CD31)or the microenvironment concerningicrogliainacrghage response
(IBA1), astrodjc reaction (GFAP) and T cell response (Gi2B)een entities andafter genetic

modificationof the different models Three representative samples were analyzed for each group.

2.2.6.2.3.1. Quantification of ECADstaining

Ecadherinstainingwas quantifiedin images dwhole brain slicesBriefly, the channels of the RGB
imagewere split using color deconvolution. Theown channelvasselected a previously established
threshold (defined by pranalysis) was applieghd the percentage dftained aea was measured in

relation to whole brain area.

2.2.6.2.3.2. Quantification of CD31staining

CD3L1 staining was quantified in images of whole brain slices. First, ROls were dedimeallyfor
brain andmetastatictissue based on thelearly identifiableMMPland the size of the respegt areas
was measuredNext, he channels of the RGB imagere split using color deconvolution. THeown
channelwasselected ad converted to a mask. Particles representing endotheliad aelie separately
countedin ROIs of both brain antetastatictissuebased orpreviously establishedettings(defined

by preanalysis)Microvesgl densitywas calculated as counts per mmz2in respective tiggigurel?).

[ ROl selection ] [ Color deconvolution ] [ Mask conversion ] [ ROI application ] [ Particle counting ]
e % Skl o el T
— | . - mdls - -\ 43 -
\ ’ T = b \ ’
Original Original + ROIs Brown channel Mask Mask + ROls
(RGB image) (8-bit image)

Figurel7: Workflow of CD31 IHC staining quantification
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2.2.6.2.3.3. Quantification ofIBA1, GFAP and CD3 staining

IBA1,GFAP an@D3staining werequantified intriplicate images of selected ROThefollowing ROIs
were evaluated: metéatic corg metastaticmargin, MMPI, adjacent brain tissue and contralateral

brain tissug(Figurel8).
IBAY GFAP

Briefly, the channels of the RGB images were ggiitg color deconvolution. The appropriate channels
(brown for IBAlred for G-AB were selected angbreviously established threshad(defined by

pre-analysis) werapplied Finallythe percentage o$tained aea was measured
CD3

The channels of the RGBiagewere split using color deconiigion and the brown channel was
selected. Briefly, the contrast was enhanced aslitable thresholdvas appliecbefore the image
was converted to a mask. After noise removal arsdershedseparation particles represnting T cels
were counted basedon previously establishedettings(defined by preanalysis) T cell density was

calculated as counts per mmz? in respective brain region.

[ Representative ROl locations ] [ Color deconvolution ] [Treshold application ] [ Area measurement ]
o !
= y WLk
6 = - 1> (omamnayer
5. i
< ot
@ % 7 PN 78 23 s
Original Brown/Red channel Treshold image
- (RGB image) (8-bit image)
[ Color deconvolution ] [ Treshold & Mask ] [ Particle counting ]
[52]
a: metastatic core 8 - — | Data analysis
b: metastatic margin
c: MMPI A .
2 ?g]ne’l(r:;r;:rﬁlgrt;is:?iessue Original Brown channel Mask
i - (RGB image) (8-bit image)

Figurel8: Workflow of IBAL/GFAP/CD8HC staining quantification
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2.2.7. Microscopy

2.2.7.1. Bright field microscopy

Cell morphology of parental and adified tumor cells was evaluated by bright field microscopy.
2.5 x 1P cellswere seeded in6vell plates and incubatefbr up to 72h at 37°C After 24h, 48h and
72h, images were takerafter washing the cells with PB& visualize celmorphology at different
stages of confluencesingthe EVO%Lmicroscopeat 4x and 10x magnificatioffhis device was also
used to take images for analysis of various functionalitro assays investigating migration, colony

formation and spheroid formation.

2.2.7.2. Confocal microscopy

Phalloidin andrmmunofluorescence stainings pfarental and nodified tumor cells wereevaluated
with a SP8 Leica confocal laser scanning microseomk the corresponding LAS X software
Twodifferent lasers (405m for DAPI, 488m for FITC) were used to acquire images with a 63x oil

immersionobjective To avoid crostalk betweenchannels a sequential acquisition moaas applied

2.2.8. Statistical analysis

All experiments were performed at least lnologicaltriplicates unless stated otherwiseSatistical
analysis was performed with GraphPad Prissoftware.Datasets were analyzedith unpairedt-test
(one variabletwo groups), onavay analysisf variance (ANOVAQne variable, three or morgroups),
or two-way ANOVAwith or without repeated measurementfiwo variables, two or more groups
depending on the experimental desighiNOVAsvere followed byappropriatepost-hoc tessincluding
Dunnett@(comparingevery mean to a control meay) dz] $céniparingevery mean with every other
mean)2 NJ { Ichtrpdritgelected pairs of meansultiple comparisonsFor KaplasdMeier sunival
analysis, a logank test was performed-or contingency tables, éhi-squaretest was usedData are
displayedas meant+ standarddeviation (SD unless stated otherwiseP values less than 0.05vere
considered aeing statistically significarft P<0.05; **P< 0.01; ***P< 0.001; ****P<0.0001).Data
were plotted with GraphPadrBm 7 software.
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3. Results

The existence of different MMPI patterasd their prognostic impact strongsuggestedhe study of
their underlying mechanisms and pathophysigjolt is necessary to understand these differences on
a molecular level for the identification of potential effective treatmerttience, appropriate mouse
models were requireddr the detailed study of the different infiltrative MMPI patterigdentified in

human brain metastasessdescribed in the introductiorsgeel.1.4).

The first step of thishesis was to choose suitable brain metastasis mouse models@ngare their
morphologicalfeatures One of the key differences between diffuse and epithelial infiltrative MMPI
models wagheir innate level of Ecadherin, a cell adhesion receptor that seems to play an essential
role in the metastatic process$n addifon, initial comparisoa of the metastaticmicroenvironment

already showed differences in immune infiltrate compondmg$veen models

Adetailed characterization of theespectivediffuse and epithelial infiltrativenurine brain metastasis
model cell lins confirmed the significant differences in theirigrationbehaviorand invasiveapacity

in vitro. Since dw levels of Ecadherin were asxiated with higher migration and invasiveness across
entities, the modificationof this cell adhesion receptan the metastatic outgrowth models appeared

to be a suitable target to switch the pattern of the MMPIs.

The establishment aftable overexpression and knockdown cell limes accomplished bypposing
geneticmodifications othe innateEcadherin expressionsingalentiviral approachThis enabledhe
comparativestudy ofEcadherin leveéffects on brain colonizatiohe first parfocusedon thedirect
impact on the cell lines bgerformingthe same panel oin vitro assaysas used for the wildype
characterization Across entities,lte gain of Eeadherin dereased migration and invasive capacity,

while the artificial lossmade them moranvasive.

Becaus ofthese promisingn vitrofindings the modified cell linesvere injected into syngeneic mice
and investigatedn thein vivosituation. In the animal modethe overexpression of-Eadherin led to
less aggressive metastases while theockdown even increasedaggressiveess and irfiltrative
metastatic outgrowth Both approachesitered the MMPI anchad a significant impact on overall

survival and e metastatic microenvironment

An additional aim of thishesis was to findorognosticgene fargets thatcould representa tool to
classify the outcome of patientgith metastasedvased on the analysis of their tumor gene expression
signature.Indeed, ve could establish a gene signature that clearly differed between diffuse and
epithelial infiltrativecell linesof mesenchymal or epithelial charactérreliably distinguished betwan
metastases according to the associated survival rat@sir mouse models anelven demonstratd its

prognostic impact immuman patient samples



RESULTS 71

3.1. Brain metastasis mouse models

For the following study dhe role of Ecadherin in metastatic brain colonizan, the first step was to
choose suitable brain metastasis mousedels thatepresent the differentnfiltrative MMPI patterns
observed in human brain metastaseAs already described in the introduction, our grobps
establisheda late brain colonization modelwhere tumor cells are stereotactically implanted into the
cortex of syngeneic mi¢cdor a variety of murine cancer cell liness themice havea functional
immune systemthe simultaneousnvestigationof MMPI patterns and MMIechanisns inanintact

systemis possible

3.1.1. MMPI patterns inbrain metastasisnousemodels

| decidedo study the mechanisms ghifferent entities commonly involved in brain metastases in order
to find mechanisms that are robust between entities and could be gahevalid.Therefore, | chose
breast and colorentities as both cancer types are among the ones accounting for the highest risk of
brain metastases formatiori.was able to matckoth infiltrative MMPI patterrs to two of our brain
metastasismouse models one ofbreast andthe other one ofcolon origin. Different histological
markers were used for the detection of metastajrowth and MMPI patterin the brain parenchyma

the mesenchymal marker vimentifor diffuse infiltrative models and theepithelial marker

cytokeratin8 for epithelial infiltrative ones

The diffuse infiltrative MMPI patternwas bestrecognizablein the E0771LG model, &ighly
tumorigenicbreast cancercell ling and the CT2@nodel, a hifly metastaticcolon cancer cell line
(Figurel9A). Vimentin shows cellspecific expression in intermediate filaments of cells with
mesenchymal origirand isused to visualize growth pattesnof carcinoma without noticeable
expression of epithelial marker§he vimentin stainingevealed diffuse infiltration with a isible
macroscopic metastasis characterized hymor cells with mesenchymdike features deeply

infiltrating the adjacent tissu@Blazquez et al., 2020b)

The epithelial infiltrative MMPI pattern was bestcognizablein the 410.4 model, amoderate
metastatic breast cancer cell line, atlte CMT93Var model, a los moderate metastatiocolon
cancercell line(Figurel9 B). Cytokeratin8 shows ceklspecific expression in intermediate filaments of
epithelial cells and is widelysedin pathologyfor the diagnosis of adenocarcinomahe cytokeratir8
stainingrevealedepithelial infiltration characterized by clusters of tumor cells physically separated
from the metastatic border that collectively infiltraténto the adjacent brain parenchyma as cohorts
or, in case of CMT93Var, as clusters with an inner lumen in a glandular appetBtarspuez et al.,
2020b)
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Figurel9: MMPI patterns in brain metastasisnouse models IHC staining of vimentin (VIM) and
cytokeratin8 (CK8) in tissue sections of brain metastasgg\pdiffuse infiltrative EO771.G (breast)
and CT26 (colon) an(B) epithelial infiltrative 410.4 (breast) and CMT93Var (colon) cancer cells.

Representative imges of coronal brain sections and images of the MMt higher magnifications
areshown.

3.1.2. Ecadherin expression in brain metastasisousemodels

Analogous to the human modelscomparedthe Ecadherinexpressionin the brain tissue samples
between diffug and epithelial infiltrative brain metastasisousemodelswith immunohistochemistry
analysesThe diffuse infiltrative MMPI models EOZLG(breast)and CT2gcolon)showed no visible
Ecadherin staining Kigure20A) while the epithelial infiltrative MMPI models 410(Breast) and
CMT93Vactcolon)showed pronounced Ecadhein staining within themetastatic tissugFigure20B).
In case of the epithlial infiltrative modelsthe Ecadherin staining revealedgain the characteristic
epithelial patterns with cluster and glandular infiltratiomhe quantiftation of ECAD staining

emphasizedhe significant difference between MMPI patteri&Edure20 C).
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Figure20: Ecadherin expression ibrain metastasignousemodels IHC staining of-Eadherin (ECAD)

in tissue sections of brain metastaseqAfdiffuse infiltrative EQ77-LG (breast) and CT26 (colon) and

(B) epithelial infiltrative 410.4 (breast) and CMT93Var (colon) cancer cells. Representative images of
coronal brain sections and images of the MMPI at higher magnifications are sf@@uantfication

of Ecadherin staining is indicated as tipercentage of stainedreain whole brain slicegmean+SD,

n =3; two-way ANOVA followed by Tuk@&ymultiple comparisons;P<0.05).

3.1.3. Metastatic microenvironmentin brain metastasisnousemodels

Sincedifferent infiltrative MMPI patterns could influence the immune cell composition within the
macrao-metastasis and the formation of the MME, | compared éx@ression of majoCNS immune
response components at the MMPI between diffuse and epithelial infiltrative modelgnitial
histological stainings of the metastatic brain tissuigh an activatedmicrogliainacrophage marker
(IBA1),GFAP as a marker for astrocytic activatiord a panT cell marker (CD33lreadyreveakd
noticeable MMPI patternspecific differences. While bothbreast cancemodels showd a clear
activation of astrocytes,dawenormous morphological differencesatherimmune cell compositin.
The epithelial typerepresentedby 410.4 displayedhigh kvels ofactivatedmicrogliaimacrophages
and Tcells while both cell types weralmost absent at the diffuse MMBf EO771LG(Figure21).
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Figure21: Metastatic microenvironmentn brain metastasisnousemodels IHC staining of immune
responsecomponents in tissue sections of brain metastasegf9fiffuse infiltrative EO771L.G and
(B)epithelial infiltrative 410.4breast cancer cells. Brain metastases were stained with antibodies
againstactivatedmicroglia/macrophagegMu ) (IBA1) activatedastrocytes (GFARNd Tcells (CD3).
Representative images abronal brain sections and images of the ®Mat higher magnifications

areshown.

These profound morphological differences in the MME emphadsdize importance ofa systenatic

investigation and quantification of microenvironment components in all available animal models via

immunohistological and morphometric analyses.
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3.2. Characterization of murine brain metastasis model cell lines

| went onwith the detailedin vitro characterization of the murine brain metastasis model cell lines
that generatedthe diffuse and epitheliainfiltrative MMPI patterns. The diffuse infiltrativeell lines
EO771LG (breast) and CT26 (colon) were compared to the epithelial infiltrative cell lines 410.4 (breast)
and CMT93Var (colon) first concerning basic features such as morphology, protein expression and
proliferation rates. | continued with vanis 2D and 3D functional assagssessing migratiooehavior
andinvagve capacity as well apheroid and colony formation abilitfhis was followed by the study

of contact inhibifon mechanisms. Finallyperformedgene screenings andievelopedcharacteristic

expression signatures feine respectivaMMPI model cell lines

3.2.1. Basic characterization of murine brain metastasis model cell lines

The EO774.G cell line is a highly metastatic subclone isolated from experimental lung metastases
originating from the parental EO771 cell linevhich was originally isolated from a spontaneous
mammary gland tumor of a C57BL/6 moKé&amura et al., 2019)t was dtained from Prof. J. Pollard
(Edinburgh, UKgnd hasa very high meastatic potential. The CT26 cell line is an undifferentiated colon
carcinoma line originally isolated from annitroso-N-methylurethaneinduced colon tumor of a
BALB/c mousé¢Brattain et al., 1980)it is @mmercially available at AT@@d hasa high metastatic
property and tumor initiating potentialBoth cell lines are adherent and display a mesgntd

phenotype with fibroblastike morphology(Figure22 A1).

The 410.4 cell line wagenerated througlserial transplantations of 410 LM derived framsingle lung
nodule isolated after subcutaneous injection of a single spontaneously arising mrgntumnaor of a
BALB/cfC3H mougiller et al., 1983)It was dtained from Prof. F. Balkwill (London, &kl hasa
moderate metastatic potential. The CMT93Var cell line is a more metastatic subclone of the
commercidly available parental polyploicblorectal CMT93 originally isolated fraarectaltumor of

a C57BL/6 mousé-ranks et al., 1978)he variant has been shown to be more aggressive when
injected intracorticallycompared to the parental lineand was obtained from Dr. med. C. Hackl
(Regensburg)CMT93Varcells have alow to moderate metastatic potentialBoth cell lines are
adherent and display an epithelial phenotype with cobblesttike morphology and pronounced tel

cell contacts when theyeach confluencéFigure22 A2).

| reinforced the differences in@&dherin expression between thkiffuse andepithelial infiltrative cell
lines morphologically by immunofluorescen@nd on protein and RNA levbly Western kot and
guantitative RTPCR analysis, respectivelfhe morphological featuresand the localization of
Ecadherin on a cellular level are defsd in detail in confocal images of Phalloidin anciBherin

stainings Figure22 B).In epithelial cell lined=cadherinwas mainly localized in theell membranes,
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especially at regions of cedell contacts. Botlepithelial cell lines expreesd higher proteinand RNA
levels of the ephelial markers fadherin, cytokeratif8 andi -cateninwhile the diffuse cell line
EO771LG dsplayed extremely high levels of the @senchymal marker vimentigFigure22 C+D)
Despite those distinct molecular characteristitscould not observe any MMPI pattern-specific

differences oncerning cell proliferation asurvival ratesKigure22 &5G).
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Figure22: Basic characterization ofmurine brain metastasis model cell linesn vitro.
Diffuseinfiltrative EO771LG(EO)(breast) and CT26 (colon) cells and epithelial infiltrative 410.4 (breast)
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and CMT93VafCMT)(colon) cellsare characterized concerningiorphdogy, proten expression
proliferationand viabilityin vitro. (A) Phase contrast images @&1)diffuse and/A2) epithelial murine
breast and colon cancer cells. Enlarged sections of the characteristic cell morphology are also shown.
(B)Confocal microsapy images ofB1)diffuse andB2)epithelial murine breast and colon cancer cells
after Phalloidin or fadherin staining of cells (green) and nuclear staining with [ohR). All <ale
bars represent 3@um. (C)Western blot analysis of epithelial-@adherin (ECAD), cytokerain(CK8)
andi -catenin6 4CAT)) and mesenchymal markers (vimentin (VI{)))Representative bands for all
indicated proteins and one representative loading control are sh@&vhrgast,C: colon, DIFF: diffuse,
EPlepithelial). (C2)Quantification of Ecadherin protein expression is displayed as band intensities
normalized to corresponding loading contr@4$SP9Q)(D) Quantitative RTPCR analysis ofdadherin
(Cdhl. GapdhandPgklwere used as houseepinggenes (Hkshown aranean and individual values).
(E)Cell proliferation rate(F)BrdU cell proliferation analysis afi@)MTT assay showing cell siva
after 48h (mean+SD, n=3; twoway ANOVA followed by Tuk&y multiple comprisons;
**rx P<0.0001, n.s=not significant).

3.2.2. Functional characterizatioof murine brain metastasis model cell lines

Our group uses a broad spectrumfafctional 2D and 30assays to assess migration behavior and
invasivecapacity as well as spheroid and colony formation akifityitro that have been established
and refined over the yearsee2.2.2.9. In these assa| could observe pronounced MMPéattern-

specific differences concerning migration, invasion and spheroid outgrowth.

TheECMbased migration assay using turned coverslips analyzes the ability of tumor cells to migrate
into the surrounding aredalhe difiseinfiltrative cell lines migratd faster and displagd significantly

more spreades, which aresingle tumor cells detached from the migration front that deeply invade
into the surrounding areaHigure23 A). Futhermore, thediffuse cell linesad aslightlyhigher invasive
capacity compared to the epithelial cell linegen | analyzedthe ability of tumor cells to invade

through a membrane bgnicro-invasion assays in a modified Boyden chambayure23 B).
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Figure23: Functional 2D characterization of murine brain metastasimodel cell linesin vitro.
Diffuseinfiltrative EO771LG(EO)breast) and CT26 (colon) cells and epithelial infiltrative 410.4 (breast)

and CMT93VafCMT)(colon) cellsare characterized concerningpigration kehavior and invasive

capacityin vitro. (A) ECMbased migration assayAl)MigNJ G A2y &LISSR A adagyRAOL
(A2)number of spreaders is displayed ealls per nm2 and (A3) representative images arghown.

Scale bars represent 560Y B) Modified Boyden chamber invasion assay. The invasive capacity is
indicated as number of invadedells through a membrane (mearSD,n=3; two-way ANOVA

followed by Tuke§ multiple comparisons;P<0.05, ***P<0.001, n.s=not significant).

Besidesthose 2D methods| alsoused3D cell culture models thatimic the formation of micre
metastases and metastatic outgrowth in the braliinvestigated the ability dhe different infiltrative

cell lines to form spheroids @nchorageindependent conditiosin hanging drops and analyzed their
subsequent outgrowth in wells. Both diffuse cell lines formed spheroids with larger outgrowth
compared to the epithelial 410.4 arlde CMT93Var was not able torfn quantifiable spheroids at all
(Figure24 A). The situation was similar when | analyzedithbility to grow in anchoragsdependent
conditions in soft agamHgure24 B). Compared to the diffuse CT26 less colonies grew inafaseth

epithelial cell lines.
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Figure24: Runctional 3D characterization of murine brain metastasis mdel cell lines in vitro.
Diffuseinfiltrative EO772LG(EO) breast) and CT26 (colon) cells and epithelial infiltrative 410.4 (breast)
and CMT93VafCMT)(colon) cellsare characterized concerningpheroid outgrowthand colony
formation abilityin vitro. (A) Spheroid formation assay using hanging drop meth@d.) Spheroid
outgrowth is indicated in mmz2 an@\2) representative images are shown. &chars represent 508 Y
(mean+SD, n=3; twoway ANOVA with repeated measures followed by T@kemultiple
comparisons; **P<0.001, ****P<(0.0001 EO0771LG/CT26/410.4vs. CMT93Var); Bk 0.05,
##P<0.001 (CT26 vs. 410.4JA3) Spreroid outgrowth after 96 is diplayed separately in mm?2
(mean+ SD,n =3; two-way ANOVA followed by Tuk@ymultiplecomparisons; P<0.05 n.sph.=no
outgrowth of quantifiable spheroigs(B) Colony formation assay in soft agéBl) Number of colonies
per 30mm?, (B2) percentage of alony sizeseparatedinto three groupgS:small, M: medium, Latge)
and (B3) representative images are shown. $eabars represent 200m (meantSD, n=3;
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two-way ANOVA followed by Tek® multiple comparisons¥P<0.05, ** P<0.01, **P<0.001,
n.s.=not significan}.

3.2.3. Contact inhibition mechanism#& murine brain metastasis model cell
lines

As alreadyexplainedin the introduction,the mechanism of contact inhibitionandthe celladhesion
receptor E-cadherinare inseparably linke@see1.2.2. Due to the pronounced differences in innate
Ecadherin levels betweethe diffuse and epithelial infiltrative murine brain metastasis model cell

lines, the nextogicalstep was teexamine these mechanisnsand draw a comparison between them.

| therefore investigatedthe mechansms of contact inhibition in thdiffuseand epithelialinfiltrative
cell lines by quantification dhe protein ratio of the Hipp@ignaling pathway componeMAPand its
phosphoryated form phospheYAR(p-YAP)n a confluence assay. In case of intact contaleibition,
the p-YAP/YARatio rises with increasing confluenc&lthough all cell lines grew to confluengea
similar wayafter cultivation for up to 96 IfFigure25A),l saw huge differences in theYAP/YAlPatio.
The epithelial infiltrative cell lines (410.4 and CMT93Var) showed functional contadtiorhibith a
rising ratio whereaboth diffuse infiltrative cell lines (HT1-LG and CT26) sheda tonic YAP signaling
and seened to be independent of contact inhibitiorF{gure25B). | could therefore confirm contact
inhibition as onanechanism thatlearly differecbetweenthe diffuse andepithelialinfiltrative MMPI

models.This could be an importatarget for specificcumor therapies in patients.
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Figure25: Contact inhibition mechanisms in murindorain metastasis model cell lines vitro.
Diffuseinfiltrative EO771LG (breast) and CT26 (colon) cells and epithelial infiltrative 410.4 (breast) and
CMT93Var (colon) cellare characterized concerning contact inhibition mechanisimsvitro.

(A) Confluence assafyAl)Representative images at low and high confluence are showif/)devel

of cellular confluence during cultivation is displayed percent Sale barsrepresent 20Qum.
(B)Western blot analysi of phospheYAP (pYAP) and YAP over time as measurement for functional
contact inhibition.(B1)Protein band intensities of-y AP and YAP were normalized to corresponding
loading controls(ACTIN)and the ratio wa calculated. Quantification of-YAP/YAP expression is
displayedas fold changeover 24h. (B2) Representative bands for all indicated proteins and one
representative dading control are shown (meanSD,n =3; two-way ANOVA followed by Dunngit
multiple comparisons;P<0.05, n.s=not significant).
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3.2.4. Gene expressiosignatureof murine brain metastasis model cell lines

To further characteize the differences betweenliffuse and epithelial infiltrative murine brain
metastasismodelcell lines] performedquantitative RFPCR screenings selectedgenetargets based
on previous proteomics analyses amdcroarray datain our laband found severaldifferentially
expressed genes (DEQEjgure26). By clustdéng the gene expressiodata, | could identify two

clusters with distinct patterns: genes in cluster 1 were highly expresséitfuise infiltrative cell lines

while cluster 2 consisted of gea showing high expressionepithelialinfiltrative cell lines
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cells and epithelial infiltrative 410.4 (breast) and CMT93Var (colon) Gafslhand Pgklwere used

as houskeeping genes (HK) (A) Heatmap displaying log transformed zscores of 24 genes.
Unsupervised hierarchical clustering reveals two gene clusters with distinct expression profiles, as
highlighted by dendrogram colary (orange green). (B) Representative candidate genes of
(B1)clusterl (HIGH in DIFFUS&nd(B2)cluste 2 (HWIGH in EITHELIAYmeanand individual values

n=3;twog & ! bh+! FT2f{f2gSR 08& ¢ &F098QR<0TIYzA*BA0ODLS O2 Y LJ
*kk P<(0.0001).

In summary the data demonstratel the existence of significant differences between the diffuse and
epithelial infiltrative MMPI cell type$n the ore hand, the diffuse infiltrativ&0771LG and CT26 lost
the expression of£adherin hadno functional contact inhibition and showed incesal migration and
invasion capacity compared to the epithelial type. They seem to be independenicadherin

expression for successful organ colonization.

In contrast, he epithelial infiltrative410.4 and CMT93Var cells retadthe expression ahis adhesion
moleculeat the MMPI infiltration front, showd intact contact inhibition anchad a lowermigration
and invasion capacityompared to the diffuse typelhey seem to depend ondadherin expression

and epithelial barrier formation for initial outgveth and 3D colony formatioim vitro.

The different dependencies of thdiffuse and epithelial infiltrativecell lines on Ecadherin point to
different molecular mechanisms supporting both types of breast and colon cancer infiltratibe at
MMPI. Due tothese findingsformer observations in our groufBlazquez et al., 2020and other
publicationsemphasizing its importance for metastasis and cancer progre@diendonsa et al., 2018;
Padmanaban et al., 2019)decided to focus on theole of thecell adhesiorreceptor Ecadherinin

the further course of thighesis.
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3.3. Ecadherin modifications in murine brain metastasis model cell le

The specifigenetic modificatiorof Ecadherin in the metastatic outgrowth models appeared to be a
suitable target to switch the pattern of the MMPTeheefore, | established stable cell lines with altered
levels of Ecadherin and continued with a detad characterization concernintpeir morphology,
molecular characteristicsnigratory and invasive behavior as well as 3D outgrowth abityitro.

Additionally, lassessed the impact afodified E-cadherin leved on contact inhibition mechasms.

3.3.1. Establishmenof Ecadherin modificationan murine brain metastasis
model cell lines

Taken together, thelata pointed to a different role of-BEadcherin atthe MMPI ofdiffuse andepithelial
infiltrative MMPI models. Thus, to further investigate the impattEcadherin on infiltration and
colonization & brain metastases,dpecificallynodified the expression of £adherin according to the

MMPI phenotypesn anopposing wayT{able36).

Entity
Parental cell line EQ771-LG 410.4
MMPI pattern Diffuse Epithelial
E-cadherin expression Low High
Genetic modification Empty vector E-cadherin vector Scrambled shRNA E-cadherin shRNA
Modified cell line EQ771-LG CTL EQ0771-LG OE 410.4 CTL 410.4 sh
Entity Colon
Parental cell line CT26 CMT93Var
MMPI pattern Diffuse Epithelial
E-cadherin expression Low High
Genetic modification Empty vector E-cadherin vector Scrambled shRNA E-cadherin shRNA
Modified cell line CT26 CTL CT26 OE CMT93Var CTL CMT93Var sh
l E-cadherin overexpression \ E-cadherin knockdown ‘

Table36: Ecadherin modifications in murine kain metastasis model cell lineJhe diffuse infiltrative
EOQ771LG (breast) and CT26 (colon) cell lines were stablyferatesl with empty (CTL) d&cadherin
expression (OE) vectar The epithelialrfiltrative 410.4 (breast) and CMT93Var (colon) cells were
stably transfected with scrambled shRNA (CTL}aardBerinshRNA (shjectors

For the generation ofadl lines with stable overexpression ardckdown of the cell adhesion protein
Ecadherin | introducedexpression vectors or shRMNw#ediated gene silencing by lentivirasediated
gene delivenftransduction) After transductionlentiviral vectors can integrate into theucleusof the
target celk and lead to stable expression of the gene of inter€bts methodenables theextensive
study ofmodified cell lines in cell culture without the need for repeated reintroduction of constructs
into the cells for mairgnance of manipulation effe@ndfurthermore enables the study of loaerm

effects inin vivomodelswithout additional administration of potentially interfering substances
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| started with the construction of different-€adherin expression vectgrscrambled shRNA vectors
and Ecadherin shRNA vectors, which involvedmerous molecular cloning processes (data not
shown).A detailed description of cloningrocedures is listed ithe methods section(see2.2.1). Next

I produced lentiviral particles containing the respective construansl generated the different
modified cell lines byehtiviral transductionsl usedempty (CTL) or-Badherinexpression (OE) vectors
in the diffuseinfiltrative EO771LG (breast) and CT26 (colon) cell lifesupregulation of Eeadherin
on the one handand scranbled shRNA (CTL) orc&dherinshRNA (shyectorsin the epithelial
infiltrative 410.4 (breast) and CMT93Var (colon) cell lines downregulation of EEadherinon the
other hand For each parentatell ling | choseone control and twalifferent modified cell lineswith
the most pronounced changes irc&dherin level$or the further studies(data not shown)A detailed

description of lentiviral transduction procedureslisted in themethods section(see2.2.2.2.

3.3.1.1. Ecadherin overexpression in diffusfiltrative celllines

First, | confirmedhe successful stable lentiviral transduction of EGLGLand CT26 breast and colon
cancer cells resulting in control (CTL) arca@herinoverexpression (OE) lines oropin and RNA

level by Western ot and quantitative RFPCR analysi§igure27 AcC,I¢K). Contrary tothe current
concept of EMTthese modifications did not substantially affec¢her cell characteristic markersn

protein level There was neither an increase of thetbpiial marker cytokeratifr8 nor a decrease of

the mesenchymal marker vimentin. Instead, both proteins showed stable levels across all groups.
However,the level ofi -catenin a binding partner of €adherin,was increased particularly in CT26

(Figure27 A1+11).

As expected, the modification ofdadherin had a significant impact on cell morphologga&herin
overexpression in EO7741Gand CT2@ells changed their mesenchynpdienotype with fibroblastike
morphology (control linesjowards a more epithelidike phenotypewith some cobblestondike
features (EO77.LG OE) or stdike morphology (CT26 OE) with increased -cell contacts
(Figure27 D+1).

The overexpression of&adherinwasalsovisibleon the cellular level. Mrphological features and the
localization of EEadherin within thecells are depicted in detail in cardal images of Phalloidin and
Ecadherin stainingsCompared to the control situation without any stained areas, a weadherin
staining was visible iall OE linesespecially in CTZBigure27 E+M) HoweverEcadherinwasmainly
localizedin the cytoplasm otells, whichwas differentfrom the situation observed in epithelial wid
type cell lines where-Eadherin wasnainly localized athe cell membranes angspecially imegions

of cellcellcontacts(see3.2.1).
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Figure27: E-cadherin overexpression in diffus@filtrative murine brain metastasis model cell lines
Characterization ofAcH) EO771LGand (IcP) CT26control (CTL) and-&dheriroverexpression (OE)
breastand coloncancercells after stable lentiviral transduction of EO7ZGand CT26vith the empty
vector or Ecadherinvector, respectively(A+l)Western blot analysis of epithelial-&dherin (ECAD),
cytokeratin8 (CK8) andi -catenin 6 4CAT)) and mesenchymal markers (uvitie (VIM)).
(Al+11)Representative bands for all indicated proteins and one representative loading control are
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shown. (A2+12) Quantification of Ecadherin protein expression is displayed as band intensities
normalized to corresponding loading contrgld3°90) (B+J)Stability of Ecadherin overexpression
verified by Western blot analysis after cultivation withoelexction antibiotics for up to fouweeks.
Representative blots are show(C+K)Quantitative RTPCR analysis ofdadherin Cdhl. Gapdhand
Pgklwere used as houseepinggenes(HK;shown are mean and individual value@)+L)Phase
contrast images. Enlarged sections of the changed cell morphology are also ggewt)Confocal
microscopy images after Phalloidin oic&dherin staining of cellgreen) and nuclear staining with
DAPI(blue). Scale bars represent gth. (F+N)Cell proliferation rate(G+O)BrdU cell proliferation
analysis angH+PMTT assay showing cslirvival after 4& are displayed as fold change owemntrol

cell line (meantSDN=3;0negl & ! bh+! F2ff26SR o0& 5 dzP¥Y®obi Qa
**P<0.01, **P<0.001, ***P<0.0001, n.s=not significant).

Overall, the overexpression ofdadherin had no major effects on cell proliferation and survival rates
in EO771LGor CT26 cigure27 FgH,N¢P). This waparticularly important for the following functional
characterization of the cells, as it predkd proliferation-induced effects of £adherin modification

on migration andnvasion.

3.3.1.2. Ecadherinknockdownin epithelial infiltrative celllines

Inthe same manner confirmed thesuccessful stable lentiviral transduction4#0.4and QMT93Var
breast and colon cancer cells resulting in control (CTL) -aadlierinrknockdown(sh) lines on potein

and RNA level by Westerrdob and quantitative R‘-PCR analysig-igure28 AcC,I¢K). Again these
modifications did not substantially affeother cell characteristic markers on protein level. There was
neither a decrease of the epithelial marker cytokeraiinor an increase of the mesenchymal marker
vimentin. However, the level of thedadhein binding partner -catenin was decreased particularly in

410.4(Figure28 A1+11).

As expectedalso the downregulationof Ecadherin had a significh impact on cell morphology.
Ecadherin knockdown in 410.4 and CMT93Vacells turned their epithelial phenotype with
cobblestonelike morphology (control lines) towards a mommesenchymalike phenotype with

fibroblastlike featuresand lesscellcell conacts Figure28 D+L).

Theknockdownof Ecadherin was also visible on the cellular level. Morphological features and the
localization of EEadherin within the cells are depicted in detail in cordl images of Phalloidin and
Ecadherin stainings. Compared to the control situatieith strong Ecadherin expression mainly
localized at the cell membranes, especially in regions ofcedllicontacts,only a weak Ecadherin
staining was visible inoth shlines Figure28 E+M).Interestingly, the dimiishedEcadherinsignalwas
mainly locdized in the cytoplasm of cells insteadtb& cell membrane. This reflectade situation in

the Ecadherin overexpression cell lines (:8.1.)).

Y dz
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Figure28: Ecadherin knockdown irepithelial infiltrative murine brain metastasis model cell lines
Characterization ofAcH) 410.4 and (IcP) CMT93Varcontrol (CTL) and-&adherirknockdown (sh)
breastand coloncancercells after stable lentiviral transduction of 410ahd CMT93Vawith the
scrambled shRNA or-dadherin shRNA, respectivelyA+l) Western blot analysis of epith@l
(Ecadherin (ECB), cytokeratir8 (CK8) and-O I i S yCR7)) and mesenchymal markers (vimentin
(VIM)).(A1+11)Representative bands for all indicated proteins and one representative loading control
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are shown. (A2+12) For quantification of Ecadherin protein expressionband intensitieswere
normalized to corresponding loading contrdldSP90and are displayedas fold change overontrol

cell line. (B+J)Stability of Ecadherin overexpression verified by Western blot analysis after cultivation
without selection antibiotics for up to fouveeks. Representative blots are shoW@+K)Quantitative
RTFPCR analysis ofdadherin Cdhl. Gapdhand Pgklwere usel as houskeepinggenes(HK;shown

are mean and individual valuegp+L)Phase contrast images. Enlarged sections of the changed cell
morphology are also show(E+M)Confocal microscopy images after Phalloidin-caftherin staining

of cells (green) andiuclear staining with DARDblue). Scale bars represent gth. (F+N)Cell
proliferation rate,(G+O)BrdU cell proliferation analysis arfli+P)MTT assaghowing cell survival
after 48h are displayed as fold change oveontrol @ll line (mean+SD,n=3; oneway ANOVA
F2tft26SR o0& 5dzyy Sl @®<000ztPAALIDS **EPXV.QI0INASEOY & T
significant).

Consistent with the findings from the-dadherin overexpression, also the knockdown @aBherin
overall had no major effects omell proliferation and survival rates in 410.4 or CMT93Var
(Figure28 —H, N¢P).

3.3.2. (Characterization of Ecadherin modifications in murine brain
metastasismodel cell lines

Having confirmed thathe Ecadherin modificatios had no major effects on cell proliferation and
survival rates in neither of the groups,could precludeany proliferatiorinduced effectsin the
following experimentsl continued with he detailedmolecular and functionatharacterization of all
modified murine brain metastasis model cell linesestigating the gene expression of DEGs via
gRTFPCRs (se&.2.4 andusing the samdunctional assays assessimigration behavior and invasive
capacity as well as spheroid and colony formation ability as previfarstiie parentalwild-type cell

lines(see3.2.2.

3.3.2.1. No effect of Ecadherin modifications on gene expression signature

By guantitative RPCR analysis of previously identified DEGs in all modified cell lines, | confirmed that
the Ecadherin nodifications did not alter the gene expression signature of the diffuse and epithelial
infiltrative cell lines to any substantial exteftigure29). Aithough the altered level of-Eadherin was
clearly visible in the heatmap, it was not reflected in the rest of the signaturesupervised
hierarchical clustering still revealed the same two gene clusters with sole high expression in diffuse
cells with mesnchymal characteor epithelial cellswith epithelial characteras described earlier
(see3.2.9 independent of Ecadherin modificationsThatmeansthat Ecadherin alone wagot able

to switch thesignature that includeaell adhesion markers, ECM binding gries, EMT markers,

cytoskeletakcomponents ananetabolic genes
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Figure29: No effect of Ecadherin modifications orgene expression signatur€@uantitative RIPCR

analysis of previously established differentially expressed genes in murine brain metastasis model cell

lines after Ecadherin modifications (CTL: control, OEcaBherinoverexpression, sh:-€adherin
knocldown).GapdhandPgklwere used as housekeeping genes. Heatmap displayingdogformed

z-scores. Unsupervised hierarchical clustering revélaés same two gene clusters with distinct
expression profiles independent ofdadherin modification (clusterd W1 L DI Ay 5L CZX} { 9Q0
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3.3.2.2. Reduced migration and invasivecapacity after Ecadherin
overexpression

Ecadherin overexpression led to a significant decrease inntigration speed in EO771G breast
cancer cells and a significantly reduced number of spreaders in CT26 colon cancer cells in-the ECM
based migration assay using turned coverslfigyre30 A+D) Additionally, invasiveapacity of cells

with upregulated Ecadherin levelsvas significatly decreased in micrinvasion assays in a modified

Boyden chambecompared to control cell@~igure30 B+E)

Furthermore Ecadherin overexpressicalso had an impact on spheroid outgrowth. Initially all groups
were able to form spheroids under anchoraigelependent condions in hanging drops, bubbserved
a significant reduction of theutgrowth area after @erexpression of €adherin in bth models in

concordance with the@revious resultsKigure30 C+F).
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multiple comparisons; EO771G: **P<0.001, ****P<0.0001 (CTL vs. OE#1},<40.05, ###<0.001
(CTL vs. OE#2); CT26: *P%0.0001 (CTL vs. OE#1/OE#&ZB+F3ppheroid outgrowth after ®h is
displayed separately in mm2 (mearSD,n=3; oneway ANOVA followed by Dunn@tmultiple
comparisons; P<0.05, *P<0.01, **P<0.001).

3.3.2.3. Increasel migration and invasive capacity after Ecadherin
knockdown

In contrast, Ecadherin knockdowrin 410.4 breast and CMT93Var colon cancer cells significantly
increased the migration speed and the number of spreadethe ECMbased migration assay using
turned coverslipsRigure31 A+D)as well as thénvasivecapacity in micranvasion assays in a modified

Boyden cmber compared to control cel(Figure31 B+E).

However, and contrary to expectation, the downregulation afa8herin didnot lead to an increase

of the spheroid outgrowth areand even had an impact on spheroid formation abilitycontrast to

the contrd line,the 410.4breast cancer knockdown cells were not even able to form spheroids under
anchorageindependent conditions in hanging drops any more and remained as single cells growing to
confluency over timeKigure31C). This observation represents iaterestingfinding and indicates

that the epithelial infiltrative410.4 cells highly depend onc&dherin for their initial outgrowth and
spheroid fomation. The situation was similar in alIMT93Varcolon cancetines where neither the
control nor the knockdown cellwere able to form quantifiable spheroidgigure31F). Although it

was not a surprise in this case, as already the-tyite cellline had shownno spheroid formation
ability compared to the other diffuse and epithelial infiltrative cell linBlse impact of Eadherin on

colonization thus seems to be contedé¢pendent.
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measures followed by Dunn@t multiple comparisons; 410.4: *£<0.0001 (CTL vs. sh#1/sh#2);
n.sph.=no outgrowth of quantifiable spheroifl(C3+F3pBpheroid outgrowth after 96 is displayed
separately in mm2rfean+ SD,n =3; oneway ANOVA followed by Dunn&tmultiple comparisons;
*xx P<0.000% n.sph.=no outgrowth of quantifiable spheroigis

3.3.2.4. olony formation ability after Ecadherin modifications

Nevertheless, all cell linasere still able to grow in anchoragedependent conditions in soft agar
independent of thee-cadherin modificationsAlthoughl observed a slight decreasedalony number

in one overexpression line in botliffuse EO771LG (data not shown) andT26(Figure32 A) anda
noticeable increase in both knockdown lingfgthe epithelial 410.4 Figure32B) in concordancwith
previous findingsnone of these changes were significaAgain, dfferencesbetween control and
knockdown groups fo€CMT93Var were almost not quantifiable due to the low number of colonies
(data not shown), as expected after the initial characterization of-tyie cell linesvhere CMT93Var

alsodisplayedthe lowestcolonyratescompared to the othediffuse and epithéal infiltrative cell lines
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Figure32: Effects of Ecadherin modifications on colony formatiom vitro. Colony formation assay in
soft agar of A) CT26ontrol (CTL) and-€adherinoverexpression (OEploncancer celland(B)410.4
control (CTL) and-&adherirknockdown (sh) breast cancer cel{.1+B1)Number of coloniegper
30mmz2is displayed (meat SDn =3; oneway ANOVA followed by Dun@ multiple comparisons;
n.s.=not significant).(A2+B2)Percentage of alony size separatednto three groups (S: small,
M: medium, L: larggis indicatedmean+ SD,n =3; two-way ANOVA followed by Dunn&tmultiple
comparisons; *P<0.01vs. CTL)(A3+B3Representative images ashown. Scale bars represent
200pm.
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3.3.3. Effectsof Ecadherin modificatiors on contact inhibtion mechanisms

Having identified contact inhibition as one mechanism that clearly differed betvwek#unse and
epithelialinfiltrative MMPI model cellines (see.2.3, the next step was to clarify whetherdadherin
modifications had an impact on thgystem. Again, | performed confluence assays with all modified
cell lines and quantifiedhe protein ratio of phospheYAP and YARvhich riseswith increasing

confluence in case dfitact contact inhibition.

3.3.3.1. Norescue of contact inhibition afteE-cadherin overexpression

Contrary toexpectations, Eadherin overexpression had no effect on contact inhibitibala All cell
lines grew to confluencafter cultivation for up to96 h (Figure33 A+@, but the pYAP/YAP ratio did
not rise with increasing cell density in any of the diffuse nafiilve EF71-LG (breast) or CT26 (colon)
Ecadherinoverexpressioncell lines (Figure33B+D) This demonstrates that theEcadherin
overexpression could not restontact inhibition.Instead,the cells continud to show a tonic YAP

signalingwithout functional contact inhibition.
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Figure33: Effects of Ecadherin overexpression on contact inhibitiormechanismsin vitro.
Characterization ofA¢B) EQ771LGand (C;D) CT26control (CTL) and-Badheriroverexpression (OE)
breastand coloncancercells concerning ontact inhibition mechanismin vitro. (A+C)Confluence
assay.(A1+Cl)Level of cellular confluence during cultivation is displajegercentand (A2+C2)
representative images at low and high confluence ateown. Scale bars represent 20@n.
(B+D)Westernblot analyss of phospheYAP (pYAP) and YAP over time as measurement for functional
contact inhibition. Protein band intensities ofYAP and YAP wermrmalized to corresponding
loading controls(ACTIN)and the ratio wascalculated. Quantification of -fWAP/YAP expression is
displayed as fold changeover 24h. Representative bands for all indicated proteins and one
representative loading control are shawmean+SD,n =3; two-way ANOVA followed by Durn@
multiple comparisons; n.s: not significant).
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3.3.3.2. Impaired contact inhibition after Ecadherin knockdown

In contrast, the situation was different after downregulation e¢&lherin. Although controlsawell as
knockdown cell lines grew toonfluence aker cultivation for up to 96 h(Figure34A+C), | saw
noticeable differences in the ratio ofpAP and YAP. In both epithelial infiltrative 410.4 (breast) and
CMT93Var (colon) control cell lines ther BP/YAP ratio rose with increasing cell density pointing to
intact contact inhibition mechanisms. Howevedhe knockdown abolished the increase of the
p-YAP/YAP ratio by confluence as expecigus demonstrates that the@&dherin knockdowihed to

loss of contact inhibitionHigure34 B+D. It further emphastes that epithelial infiltrativecell lines

seem to depend on-Eadherin levels for maintenance of functional contact inhibition.
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Figure34. Effects of Ecadherin knockdown on contact inhibition mechanisms in vitro.
Characterization ofA¢B) 410.4and (cD) CMT93Varcontrol (CTL) and-&dherirknockdown (sh)
breastand colon cancercells concerning contact inhibition mechanisrrs vitro. (A+C)Confluence
assay.(A1+Cl)Level of cellular confluence during cultivatiandisplayedn percentand (A2+C2)
representative images at low and high confluence ateown. Scale bars represent 20@n.
(B+D)Western blot analysiof phospheYAP (pYAP) and YAP over time as measurement for functional
contact inhibition. Protein bandntensities of pYAP and YAP were normalized to corresponding
loading controls(ACTIN)and the ratio wascalculated. Quantification of -fWAP/YAP expression is
displayed as fold changeover 24h. Representative bands for all indicated proteins and one
representative dading control are shown (meanSD,n=3;twog | € ! b h +! F2ff26SR
multiple comparisons;P<0.05, *** P<(0.0001, n.s=not significant).































































































































































