Molecular and Functional Chacterization of
the Galectin3-Binding Protein LGALS3BP in
Cancer and Centrosom@iology

InauguralDissertation

to obtain the academic degree
Doctorrerum naturalium (Dr. rer. nat.)

submitted to the Department of Biology, Chemistry and Pharmacy
of Freie Universitat Berlin

by
Sophia Schade
from Berlin

2015






Die vorliegende Arbeit wurdeon Oktober2010 bisDezember
2015 unter der Leitung von Herrn PD Dr. Bodo Lamgeer
Abteilung von Herrn ProDr. Hans Lehrach am Ma&Xanckinstitut
fur molekulare Genetik in Berlin angefertigt.

1. Gutachter: PD Dr. Bodo Lange
AbteilungAnalyse des Vertebratengenoms
Max-Planckinstitut fir molekulare Genetik

2. Gutachter: Prof. Dr. Rupert Mutzel
Institut fur Biologieg Mikrobiologie
Freie Universitat Berlin

Disputation am: 30.03.2016






~

1 O1y2¢t SRAIYSY (a4

First of &, | would like toexpress mygreatestgratitude to my supervisoBodo Lange
who introduced me into this interesting research field antdo supported my work

throughout the pastearswith his vast knowledge and patiententoring

| am grateful to Prof. Mutzel for reviewing this theaisd for being a member of my
committee. | would also like to thank Prof. Lehrach for introducing me into his
department and for giving me theopportunity to finish my thesis in such a

well-connected research environment.

| would particularly like to thank Prof. Schweider our fruitful collaboration and for
all the enthusiasm she brought into this work. Special thanks go to her former group
members Andrea Wunderlich and Stefan Bofmmbo did an excellent job contributing

to the LGALS3BiPanscriptional regulation part of this thesis

My sincerethanks go to all the members of tHermer Lange groupYou were more
than just colleagues as we helbeach other for better or for worse. | cannot thank
you enough for the great atmospher@uring the working time andof the joyful
moments we had ifbetween Particularly, | thank Hannah Miller ftne cowork on
our publication and for the proafeadingof my thesis. Thank you Marleaure Fogeron
for the initial work on this project and Verena Lehmann for managing albththings.
Having started in a huge groupamnow the last one to turn off the lighst | wish you

all the best for the future and e that we willfurther stayin contact.

Many thankggoto all my friendsnside and outside the institute for taking my mind off
things when | needed it and for discussimgportant things like the origin of the

universe.

Who would | be without my familyThank you foralways believing in me and

supporting man all my interest®ver since | can remember






7

| 2y 0Syda

L0 0 1)V I = N 0 PSP I
ZUSAMMENFASSUNG. ... oot e e e e e e eans VI
1. INTRODUGCTION. ...ttt et e et e e e e e e eeaa 1
1.1 THE CENIIOSOIME. ....eiiiiiiieee ettt e e e e e e e e e e e e e et r e e e e eaeeeeaaanns 1
1.1.1  Structure of the vertebrate CENtroSOME...........cooiuiiiiiiiiiie e 1
1.1.2 The centrosome duplication CYCle..........cuviiiiiiiiiiiiei e 2
1.1.3  CentroSOmME fUNCHONS.......ccciiiiiiiie it e e 5
1.1.4 Centrosome aberrations and CANCEL............corrriiieiiirereeeeiirreee e rrrreeessrereeessnrneeeenns 7
1.2 The galectir8-binding protein LGALS3BR........ccccooiiiiiiiiiiiiieeee i 10
1.2.1 LGALS3BP protein structure and known functions.............cccceeeeeveviveirieeeivieeiinnnnnnns 10
1.2.2 LGALS3BP expression and function in diSEaSE........ccueveeirirreiie i 12
1.2.3 Known regulators of LGALS3BP eXPreSSION........cccoiiiriieeiiiiiiieeeiniireeeesniieee e s e 12
1.3 EPIgENELICS QN CANCEL.......uuuiiiieeiiiiiiiiiee e s e e s e s e e e s e e e e e e e e e e e e e aa e e e e e e e e e e e e e e e eeaeeeees 13
1.3.1  Histone MOdifiCAtION.........ooiuuiiiiiiiiiii e 14
1.3.2  DNA MENYIALION. .. ..eeiiiiiiiiiie ittt e e 17
1.3.3  NONCOAING RNAS.....ooiiiiiitiiiee et e et e e s st e e e e e e e e s srneeeeeaa 18
1.3.4 Nucleosome positioning and hiStONe VAriants............ccoueeeeiiimieere i 18
1.3.5 Longrange chromatin interactionS.............occueeiiiiiiiieeee it 20
1.3.6  Cancer epigenomics and its liNk t0 gENELCS.........coovuriiiiiiiiniire e 21
1.4 AIMS Of thiS StUAY.....uueeiieeee e 21
2. MATERIALS AND METHRID.......ccooiiiiie e eee e e 23
2.1 MAEEIIAIS ...ceeiiie i 23
2.1 1 CITINES. .ttt e e e e e e e 23
2.1.2  ANTDOGIES ...ttt e e e e e 24
P2 N T @ To o] g ¥ el [=To i o L= S PRSP SRR 25
P Y /< Toi (] £ SR PP PP PP PPPPRPTPN 26
2.1.5  CREMICAIS ..ottt et 28
2.1.6  KitS @10 FEAGENTS.....eeiiiii ittt e e st e e e s st e e e e s ntbee e e e s s snbaeeeeean 30
2.1.7  SOIUtioNS @and DUFEIS.....cooiiiiiiii e e 32
2.2 METNOUS. ... 33

222 R O [« ] 1 oo P EEEE 33



2.2.2  CRIICUIUIE. ....eeie ettt e et e e e e 34
2.2.3  SDEPAGE ... et e e e e et e e ee et aeeaerarararaaas 38
Y V=) (T T o] (o) 1 ] o P EEUP 38
2.2.5 Mitotic index determination..............eieiiieiriee it 39
2.2.6 TUNEL assay and apoptotic index determination.............ccceeeeiniiireeenniiieeeennineen. 39
W A |V T (o 1= o] o)V SRR 40
2.2.8 Quantitative realtime PCR (QPCR).......uuuuiiiiiiiee e rnrene e e e 43
2.2.9 Gene expression analysis and methylation profiling of prostate cancers................ 45
2.2.10 LUCITErase rEPOIEr @SSAY...u.uuiieieeeiisiiirurirenerereeeeeeaiaiissretrrrreaeeaaeesssanannrrnrerrraeaeeeeens 46
2.2.11 Microtubule regrowth @SSay.........ccceeieiiiiiii e a7
P W Y 11 (o ol 14 2] S O PP PPT R OPPPPP N 48
2.2.13 Phosphorylation analysis in immunobIOLS.............ccooiiiiiiiinii e 48
2.2.14 Kinase profiling against peptide substrates..............cccccvvvvirrvriiiiiiiiciiiiin e 49
3. RESUL T S et e e e e anr e 51
3.1 Identification of centrosomal LGALS3BRP...........cccooiiiiiiiiiciiieeee e 51
3.1.1 LGALS3BP was identified within a centrosomal protein interaction network.......... 51
3.1.2 LGALS3BP localized t0 CENHOIES......ccciiiiiiieiiieee e 52
3.2 Functional characterization of centrosomal LGALS3BP.............cccccvveeeenee. 55
3.2.1 Overexpression of LGALS3BP caused PCM hypertraphy..........ccoccoeeiinniiiieennnnn. 55
3.2.2 Depletion of LGALS3BP affected centriolar integrity...........c.cccceeeeeeeeeeiivivieeeeiiiiiiinns R7
3.2.3 Qualitative analysis of LGALS3BP and its interaction partners...........cccceeeeeeeeeeennn. 62
3.2.4 LGALS3BP deregulation correlated with centrosome aberrations in cancer.cells...68
3.2.5 Analysis of LGALS3BP phosphorylation..............cccueeiiiiiiiiiieiiiiiiee e 72
3.3 Regulation of LGALS3BP EXPreSSION.........cvvuurirrrieririiiiiinininnenneeaseaeseeeeas 75
3.3.1 LGALS3BP expression depended on BRDA..........ccccoccvieieiiiiiiiieiniiiieeeeiieee e D
3.3.2 LGALS3BP expression was regulated through methylation....................cccceennnnnd 80
N B 1 oY 01 U 1531 [ N P 83
4.1 A protein interaction network identifies centrosomal LGALS3BPR................. 83
4.2 LGALS3BP is required for centrosome integrity..........ceevveevviuiiieeeeereeinnnnnnn. 85
4.2.1 LGALS3BP overexpression and PEPAEIrophY.........ooociiiiiiiiiiieieeee e 86
4.2.2  Multiple centriolar structures are generated upon LGALS3BP depletion................. 88
4.2.3 Synergistic effects of LGALS3BP ahh@l on cell viability and proliferation.............. 92
4.2.4 LGALS3BPa phosphorylated protein?..........coooiiiiiiiiiiieieeeiie e 96
4.2.5 LGALS3BP deregulation aghtrosome aberrations in CancCer...........ccccceeeeeeeeeeeeenn. 99

4.3 Transcriptional regulation of LGALS3BPR...........ccoooiiiiiie 101



4.3.1 The transcriptional regulator BRD4 is required for LGALS3BP expression........... 101

4.3.2 LGALS3BP expression is regulated through promoter methylation....................... 104
4.4 Conclusions and PerSPECLIVES..........cccovieiiiiiiieeee et 105
S. REFERENCES...... o e 109
LIST OF FIGURES..... .o IX
LIST OF TABB. ... et Xl
LIST OF ABBREVIATEIN......ccoviiiiiiiiiiiiiiitie e Xl
SUPPLEMENTT ..o XVII
CURRICULUM VITAE ... et XXVII
SELBSTSTANDIGKEIRBERUNG........c.ccviitiiieitieieeie e amae s XXIX






1 6a0N) O

The centrosome acts as the main microtubahganizing centre in eukaryotic cells.
Besides its function in microtubuleucleation it is further implicated in integrating
cellular signalling pathways that are essential for cell cycle progression or the response
to DNA damage, for instance. In cancer, numerical and structural centrosome
aberrations are frequently detected vehe they contribute to chromosomal instability.
Seeking for factors that are functionally relevant for these centrosomal abnormalities,
our group established a proteiprotein interaction network among centrosomal and

cell cycleregulatory proteins using ARMS analysis. Thereby, LGALS3BP, which is
deregulated in cancer, was revealed to interact with centrosomal components. The
subcellular localization of LGALS3BP to centrosomes and in particular to the proximal
part of centrioles was validated by severgdpaoaches in this study. LGALS3BP has
been previously reported as a secreted glycoprotein with extracellular functions. The
present study, however, provides striking evidence that LGALS3BP is involved in the
maintenance of centrosome integrity: LGALS3BPegydation caued centrosome
hypertrophy, while depletion k&to anaccumulation of defective centriolar structures.
Supportingly, LGALS3BP deregulation correlated with centrosome abnormalities in
certain prostate as well as breast cancer cell lines. Itambly, two rescue
experiments revealed a reversion of these phenotypes towards control cells upon
restoration of normal LGALS3BP levels. Furthermore, the presence of both LGALS3BP
and its interaction partner Glapl was found to be crucial for cell protd&on and
viability as simultaneous loss of these proteins caused aneuploidy and apoptosis. An
vitro kinase assay on LGALS3BP peptides revealed AKT1, CHK1 and CHK2 as candidate
kinases, which suggests an implication of LGALS3BP in AKT signalling downstream
events and DNA damage response. Together, these findings asked for mechaaisms
regulate LGALSBBexpression and reasons for its deregulation in cancer. The present
study revealed BRD4 as a positive regulatoL GALS3Bgene expression and as a
YSRA I (i 2 Ndndicdd LGALE3BP upregulation. Additionally, EZH2 was found
responsible for silencing. GA.S3BPgene expression in prostate cancer as EZH2
depletion in a respective prostate cancer cell line led teexpression of LGALS3BP.

BRD4 and EZH2 are deregulated in various cancer types, which might explain LGALS3BP



deregulation and centrosome aberratie. This study represents the first
characterization of intracellular LGALS3BP maintaining centrosome integrity and
function. The new insights intc GALS3BRanscriptional regulation now provide
opportunities to study ifepigenetic therapies targetingGA.S3BRcould counteract

centrosome aberration in cancer
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Das Zentrosom stellt das wesentliche Mikrotuknrganisierende Zentrum in
eukaryotischen Zellen dar. Neben seiner Funktion bei der Mikrotubulinukleation ist es
beteiligt an der Integration von zellularen Signaltransduktionswegen, welche
beispielsweise flrdas Fortschreiten des Zellzyklus sowie fir die Antwort auf
DNSSchaden wichtig sind. Numerische und strukturelle Aberrationen des Zentrosoms
treten sehr haufig wahrend der Krebsentstehung auf und tragen zur Ausbildung von
chromosomaler Instabilitdét bei. d funktionell relevante Faktoren fur diese
zentrosomalen Anomalien zu identifizieren, wurde von unserer Arbeitsgruppe ein
Proteininteraktiorsnetzwerk mittels TARMSAnalyse etabliert, welches sich um
zentrosomale und Zellzykluegulierende Proteine aufbauHierbei wurde LGALS3BP,

ein in Krebs dereguliertes Protein, entdeckt, welches mit anderen zentrosomalen
Proteinen interagierte. Es konnte durch mehrere Methoden gezeigt werden, dass
LGALS3BP am Zentrosom lokalisiert und zwar insbesondere am proxiredleerT
Zentriolen. Zuvor wurde LGALS3BP als ein sekretiertes Glykoprotein mit extrazellularen
Funktionen beschrieben. Diese Studie jedoch belegt, dass LGALS3BP auch an der
Aufrechterhaltung zentrosomaler Integritat kaligt ist. Eine Hochregulatiowon
LGALS3BP fuhrte zu zentrosomaler Hypertrophie, wohingegen eine Verminderung von
LGALS3BP eine Akkumulation fehlerhafter zentriolarer Strukturen bewirkte. Diese
Ergebnisse korrelieren positiv. mit LGALSBBRIexpression und zentrosomalen
Aberrationen in vershiedenen Prostataund Brustkrebszelllinien. Zudem konnte
durch die Wiederherstellung normaler LGALSBRPression inveei Experimenten der
jeweilige Entrosomale Phanotyp riickgadngig gemacht werden. Es wurde aul3erdem
gezeigt, dass LGALS3BP zusammen rmerse Interaktionspartner ®lapl fur die
Zellproliferation und-lebensfahigkeit bendgit wird, da das Hemterreguieren beider
Proteine zu Aneuploidiand Apoptose fuhrte. Des Weiteren wurden die Kinasen AKT1,
CHK1 und CHK2 uber eimevitro PhosphorylieangsAnalyse an LGALS3BEptiden
identifiziert, was darauf hindeutet, dass LGALS3BP in-SidfiBlwegen und in
Antwortmechanismen auf DNSchaden involviert sein kdnnte. Aufgrund dieser
Ergebnisse stellte sich die Frage nach Mdglichikedter transkriptiorllen Regudtion

von LGALS3BENd nachden Ursachen dessen DeregulierungKrebs. In dieser Studie



wurde BRD4 als ein positiver Regulator dgBALS3BBenexpression ermittelt,
5SSt OKSNJ I dzOK | £ 3Antveos Roh LAARSRBRdRS Zutem Gvurde

EA2 fur dieLGALS3BBenstillegung in Prostatakrebs verantwortlich gefunden, da
eine Verminderung von EZH2 zur Reexpression von LGALS3BP in einer entsprechenden
Prostatakrebszelllinie fuhrte. In verschiedenen Krebsarten werden BRD4 und EZH2
haufig fehéxprimiert, was auch die LGALS3Brregulation und somit die
zentrosomalen Anomalien erklaren konnte. Die vorliegende Arbeit stellt die erste
Charakterisierung von intrazellularem LGALS3BP dar, welches zentrosomale Integritat
und Funktion aufrechterhalt. Dieemen Einblicke in die transkriptionelle Regulation
von LGALS3BRrlauben es nun experimentell zu ergriinden, ob duBALS3BP
gerichtete epigenetische Therapien Auswirkungen auf die Krebsekiuig haben und

die moglicherwese ursachlichen zentrosomalen Analitaten reduzieren.
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1.1 The centrosome

The centrosome is a nemembrarous organelle, which acts as the main microtubule
organizing centre (MIOC). Iis present in eukaryotic cells with the exception of higher
plants (angiosperms, gymnosperms) and the majority of animal oocytes. Our
knowledge of centrosome assembly and function has acceleratingly increased ever
since its discovery in 1887, independently Bdouard van Beneden and Theodor
Boveri. Neverthelesstoday we are just beginning tainveil the compositional and
functional complexity of this organelt@roughout cell cycle andayelopmentas well

as its implications in various diseases.

1.1.1 Structure of the vertebrate centrosome

In vertebrates, a mature centrosome is comprised of two detés in orthogonal
arrangement that arembedded in a proteimich matrix, called pericentriotamaterial
(PCM) Figurelay. Amazingly, the human centrosome contains hundreds of proteins,
including cell cycle regulators and signalling molecuidsich either permanently or
transiently localize to centrosom#&8. The centrioles are barrshaped structures that
are made up of nine microtubule triplets, which are radially arranged and stabilizaed v
acetylation as well as polylutamylatiorf”. Compared to the scalled daughter
centriole, the older mother centriole additally owns distaland subdistal
appendages thaare essential for microtubule anchoring and docking to the plasma
membrane during ciliogenegi%®. From G1 until G2 phase of cell cycle, mother and
daughter centriole are tethered by interconnecting fibtfésAlthough the PCM appears
amorphous in electron microscopy, subdiffraction microscopy revealed that it is highly
structured by concentric toroidal layeod certain PCM proteins around centrioles and
a spokelike arrangement of the PCM protein pericenffi®. Towards mitosis, this
architecture expands together with acquisition of further components, to reach the
maximal MTOC activity Microtubule nucleation is mediated by the MTOC via
1-G dzo dzt Ay N Yy TJuRCsR Yvhiif aSchnlubate &t ’centrosomescting as
templates by LINS & Sy (i A y 3tubbilins Nidatynthke 2o0mgitudinal contacts with
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1.1.2 The centrosome dujation cycle

In proliferating cells, a single centrosome has to duplicate and to sepanate per cell
cycleto form a bipolar mitotic spindle. During cytokinesis, each daughter cell then
receives one centrosome as well as one set of chromosomes.

Centrasome duplication exhibits noticeable similarities compared to DNA replication:
both occur semiconservatively as well as only once per cell cycl¢hagdre strictly

controlled by the activity of cyclins in complex with cydependent kinases (CDKSs).



Futhermore, both rely on licensing mechanisms to prevent reduplication in a single
cell cyclé”*® To ensure chromosomal stability, centrosome well aschromosome
replication cycle have to proceed synchronously and in a coordinated manner.
Therefore, core components of the cell cycle machinery also regulate the centrosome
cycle. At the G1/S phase transition, cyd&inor A/CDK2 activity is required for
procentriole formatiod*??, Active CDK2 inactivates the anaphasemoting
complex/cyclosome (APC/C) towards the end of G1 phase and thepedvents
proteasomal degradation of its target proteins, such as SAS6, STIL and CPAP, which are
critical for procentriole assemti$25, CDK2 activation at the end of G1 phase thus
couples the G1/S phase transition with the onset of procentriole formation. In mitosis,
cyclinB/CDK1 activity leads to the activation of Aurdr&inase, which in turn activates
PLK1 torigger centriole disengagemetit?®. Centriole disengagement also requires
separase activity, which is checked by securin until the spindle assembly checkpoint
has been satisfied at metaphase to anaphase transition, indicating further coupling of
centrosane duplication and cell cyc®®,

In G1 phase of cell cycle, mother and daughter centriole are close to another,
disengaged but tethered by linker fibres established byapl, rootletin, CEP68 and
CEP215Rigurela andFigure2)30-3%

At the onset of S phas one procentriole begins to assemble orthogonally to the
proximal part of the mother and the daughter centriole, respectivéliggre 2). In
human cells, PLK4, CER1SAS6, STIL and CPAP arengakefor procentriole
assembly, sincetheir depletion inhibits procentriole formation, while their
overexpression gives rise to supernumerary procentrilegurthermore, CEP57,
CEP63 and CEP152 contribute to procentriole assembly by forming a ring at the
proximal part of centriole¥<®®. CEP192 an€EP152 together recruit PLKd 6ne
location within this ring and thereby triggeprocentriole formatiod?3¢ In the
following, PLK4 binds and phosphorylates STIL promoting its association with SAS6,
which in turn assembles a cartebl structure of nindold symmetry”4l STIL
additionally interacts with CPAP, which initiates procentriole elongation with CEP135
stabilizing the cartwheel as well as binding to the microtubule triplets and centrobin as
well as CP110 litimg procentriole length*4%45, Thereafter, STIL and SAS6 are

degraded and no longer detectable at the onset of G1 phdghe nextcell cycle324



Initially lacking PCM, the procentrioles now acqUR€M as the centrosomes steadily
accumulates PCM, a step called centrosome maturation, to reach its maximal
microtubule-organizing capacity in mitosis through collective action of the kinases

AuroraA and PLKIF{gure2)36:47.
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Figure2: The centrosome and chrnosome cycle in the course of cell cycle

Schematic illustration of key centrosomal and nuclear events throughout the cell cycle, includit
course of specific cyclin/CDK activities to correlate and compare with. ARG&Bhasepromoting
complex/cyclosomg cdc20: celkdivision cycle protein 20 Cdhl: Cdc26homologue 1 CDK:
cyclindependent kinaseNEB:nuclear envelope breakdowrNEA:nuclear envelope assemblyigure
takenfrom Pihar®.

At G2/M phase transition, the proteinaceous linker between the parental centrioles is
removed by NEkPhediated phosphorylation of-8apl and rootletin under control of
PLK1, a step referred to as centrosome disjunéliéf®’. Subsequently, the two
centrosomes separate, which is medidtby the motor protein kinesib, to form a
bipolar mitotic spindle ensuring even distribution of the genetic material to daughter
cell$558,

In the course of mitosis, the centriole and procentriole disggegdy losing their

orthogonal association while establishing a new proteinaceous linker at their proximal



ends and thus completing the duplication cydeg(re2)!®. Since very recently, the
precise mechanismfaentriole disengagement has been solved: CEP215 is present at
two distinct centrosomal locationdor one bound to CEP68 anar fanother bound to
pericentrin. Plkkmediated degradation of Cep68 as well as separasdiated
cleavage of pericenin releaseboth pools of Cep21%hereby promoting centriole
disengagemerif. As centrioleprocentriole engagement prevents further proceiatie
assembly, their disengagement is considered as a licensing step for procentriole

formation in the following cell cyclé>’.

1.1.3 Centrosome functions

The centrosome exerts several cellular functions by acting as a MTOC and as a hub that
integratesmultiple keysignalling pathways.

Since the centrosome is the main MTQCeukaryotic cells, it is implicated in the
coordination of microtubuledependent functions. In interphase, the microtubule
cytoskeleton shapes the cells, organizes their cytoplasm by positioning organelles,
providing trails for intracellular transport asell as establishing cell polarity, and is
further pivotal for cell motility and adhesié®®® In mitosis, the microtubule
cytoskeleton has to be rearranged into a bipolar mitotic spindleetsure even
segregation of chromosome’s However, cells can also divide normally in systems with
naturally absent centrosomes, as during female meiosis or in higher plants, by
nucleating microtubulesnear chromosomes and focussing their minus ends via
microtubule motor and microtubukbundling protein&’. Contrarily, centrosomes are
indispensable for asymmetric cell division as they contribudeat proper spindle
orientation®?,

Centrosomesin particular centriolesare further essential to form cilia and flagella. In
cells that have exited cell cycle, the centrosome migrates to the cell surface whie
mother centriole transforms into a basal body of a cilium. Motile cilia, which own an
axoneme of nine outer microtubule doublets and a central microtubule pair, are
mainly found in epithelial cells protruding numerously from the apical pole to ptemo

body fluid flow. Primary, nomotile cilia, which lack the central pair, are present in



almost all cell types to serve as sensory centres that regulate cell proliferation and
embryonic developmerst.

Asdetailedabove, the centrosome cycle is closely linked to cell cycle progression. The
centrosome itself, however is also involved in directing certain cell euaat$*S

This might be mediated by the centrosome wgigting as a scaffold that positions cell
cycle regulatory proteins close to their downstream targets or upstream reguftors

The centrosome might regulate mitotic entry as cy8I@DK1 activation initially
occurs at centrosomes at the onset of mitosis beforedissociatesfrom the
centrosome to promte nuclear envelope breakdown, chromatin condensation and
mitotic spindle formatiofi”. Centrosomal AurorA and CHK1 properly time the G2/M
transition, with AuroraA acting as a positive and CHK1 as a negative upstream
regulator of CDK1 via targeting CB8ZFigure3)%&70,

Figure3: Regulation of the G2/M transition
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Furthermore, the centrosome might be required for cytokinesis. At the end of
telophase, the mother centriole transiently moves to the midbody, which marks the
abscission site between thevb daughter cell&. In cells with eperimentally removed
centrosomes, a cleavage furrow is formdxit cytokinesis cannot be completed’2

As the Golgi complex associates with migrating centrosomes, it is suggested that this
transient movement delivers secretory vesicles as well as other regulatory components

to the midbody that are required for cytokine®isin agreement with this several



centrosomal proteins localize to the midbody, e.g. CEP55 or oénfriwhich are
essential for proper cytokineig<’’.

Previously centrosomes have been implicated iegulating G1/S transition as their
loss caused cell cycle arrest in G1 pHa&e’® However, later research wgiled that

loss of centrosome integrity rather triggers cellular stress responses involving p38 and

p53, which induce p2inediated cell cycle arrest in G1 ph&§e.

‘ DMNA damage l ‘ Stalled replication forks | ‘ Stress ‘ Figure4: The DNA damage checkpoints
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The centrosome is further implicated in the checkpoint response to DNA damage as
several DNA damage checkpoint proteins, such as ATM, ATR, CHKan&iHB2, can
localize to this organellgFigure 4)°%°2, Specific inhibition of centrosomal CHK1
activity, for instance, is sufficient taterrupt DNA damagénduced G2hase arrest.
Considering the aforementioned functions of the centrosoihes easily conceilde

that centrosome dysfunction may contribute to a plethora of diseases, such as

ciliopathies, neurodegenerative disorders and cancer.

1.1.4 Centrosomeaberrationsand cancer

Centrosome aberrations occur frequently in cancer and are implicated in promoting
chromosomal instability (CINpne of the hallmarks of can@r They can be classified

into structuraland numerical centrosomal abnormalities, with the latter ones being



the most abundantly documented phenotyfés Pihan extensively reviewed how
supernumerary centrosomes may arise from oveplication of preexisting
centrosomes within one cell cyéf&®8, de novoformation®®1%®or from accumulation of
centrosomes due to cytokinesis faildfé®1%2 The numerical classification of
centrosome aberrations, however, does not account for their qualitative aspects,
which may berepresented bymisshaped centrioles, excess or insufficient PCM or
acentriolar MTOCG8%106,

Supernumerary centrosomes give rise to multipolar mitotic spindasutcomethat
depends on several additional factors. One critical factor for a successful division is the
ploidy of the dividing cell adaughter cell viability depends on receiviadull haploid

set of chromosomé$. Other factors comprise the ability to bypass the spindle
assembly checkpoitft’, the competence ofpoptotic pathways leading to mitotie®

and postmitoticl® cell death, the ability to exit mitosis before anaphase (mitotic
slippage) and importantly the ability to rearrange a multipolar spindle into a bipolar
spindle before anaphade!®11? Figure5 hereof illustrates the possible outcomef

multipolar mitosesas outlined by Pihd#f.

Multipolar mitosis oompfehon Multinucleated giant tumor cell Figure5: The outcomeof multipolar mitoses
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1 s, . - . ie
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Mitotic slippage / o : resulting in multinucleated giant dsl (C)
(premalure m?tﬁmgem N Mitotic catastrophe ~ S°™Me cells die directly during mitosis (mitot
Fbefﬂreanaphml - Mulhpolar / C (deathinmiosis catastrophe) or(E)in G1 phase after mitotic

spind . . .
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E \ {mulnpalar[o bipalar remodeling) ~ Dipolar spindlegesultingin mostly nornal but

also abnormal (merotelic or syntelic)
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Frequently, the outcome of multipolar mitosempactscellular fithness and growth.
Centrosome clustering, howeveg an efficient mechanism that limits multipolar cell
division''’, The multipolar to bipolaspindle rearrangement before anaphase bear

risk for abnormal, merotelic or syntelic, spindle microtubkieetochore attachments



(Figure6). Particularly, meroteliattachments are dangerous as they are poorly sensed

by the spindle asembly checkpoint and may givise to lagging chromosomgg113

But also syntelic attachments are risky as they may promote further metétélt As

a result missegregation of chromosomasight then induceunstable aneuplady,

which salso known a€IN.
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Figure6: Multipolar to bipolar mitotic
spindle conversion in cancer cells
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It should be mentioned here, however, that CIN may not arise from centrosomal
aberrations alone, but rather presents aultifactorial phenomenon deriving
additionally from defects in kinetochore microtubule attachment and dynaticin

the spindle assembly checkpoifit in chromosome replication, cohesion or
condensatiod’’, in cytokinesit’® or from defective checkpoints that manage DNA
replication as well as the centrosome cy€E° Contributing to this, also structural
centrosome aberrations may result in CIN by providing abnormal PCM scaffolding and
thereby affecting several cellular signalling pathwayst may leadto cancer
progression.

While being associated with dynamic Cthie to chromosmal missegregation,

centrosome abnormalities might also be involved in promoting structural CIN by



micronucleus formation, chromosome breakage at centromered DNA damage on
aberrantly attached chromosom&s A combination ofstructural and dynamic CIN
might ultimately lead to genom rearrangementsas well asreprogramming of the
cancer genomgand thereby contributes to altered gene expression, genetic mutations
as well as oncogene gain and tumour suppressor, legsch further drivescancer

progression.

1.2  The galectir3-binding protein LGALS3BP

1.2.1 LGALS3BP protein structure and known functions

Lectin galactosidéinding soluble 3inding protein (LGALS3BP) has been described as
a soluble and highly glycosylated protein, which is secreted to the extracellular matrix
where it forms lage ringlike oligomers composed of &90kDa subunit®%2 |t is a
member of the scaveger receptor cysteingich superfamily, which includes secreted
as well as membranbound proteins implicated in the development of the immune

system and in the regulation of immune respondés

N_F SRCR BTB/POZ IVR nior domain 4 -C

regulatory (_:Ilme HZ_BIIO_H PCM acquisition
oligomerization

cell adhesion and ECM binding
antiviral i

Figure7: Domain structure of LGALS3BP

The LGALS3BP protein is composedixfstretches with four domains secretory signal peptide,

scavenger receptor cysteirech (SRCR) domain, subsequent BTRB/FBIRC, ttk and bab/ pox virus an
zinc finger) and IVR (intervening region) domains and an uncharacterized domain 4, which is col
via a linker region. The proposed domain functions in LGALS3BP oligomerization, pericentriolar r
(PCM) acquidibn, cell adhesion as well as binding of extracellular matrix (ECM) components anc
antiviral properties upon HP infection are assigned respectivellpomain structure according t
Mdller et al 12!

The 58%a sequence of LGALS3BP can be subdivided into six stretches with four
structural or functional domaingF{gure7)'?%. The Nterminal secretory signal peptide

is followed by a scavenger receptoysteinerich (SRCR) domain, which may have a
regulatory function in oligomer assembly and, together with the other domains, might

mediate binding of LGALS3BP interaction partiérdhe subsequent BTB/POZ (broad



complex, tramtrack, brica-brac/ pox virus and zinc finger) and IVR (intervening
region) domains have been found necessary for the antiviral function of LGALS3BP
after HI\A1 infectiont?. Furthermore, the BTB/POZ domain of LGALS3BP is required for
its dimerization and oligomerizatiorFigure 8), which has been reported for other
BTB/POzontaining proteins as wéR-124127 and aur group identifiel the IVR domain

to be necessary for the acquisition of pericentriolar material (PCM) at centroséines
The Germinal putative domain 4 shares no similarity to other protearsd is yet
uncharacterized. This domain is connected to the IVR via a linker region that contains a
cleavage site for the extracellular protease plasmin at position'443: The region
comprising the BTB/POZ, IVR and domain 4 was found necessary for mediating cell
I RKS&AA2Y GKNRdzZAK i m AYyGSaANAYyA FyR fMis2NJ 0AYRJ
such as galectitt and-3, fibronectin, nidogen, laminin and collagen- Wf20.121.127

a b ' B1 integrins

’ N
linker -C ' : ,
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Figure8: Extracellular LGALS3BP oligomers mediate cell adhesion

(a) The dimerization of LGALS3BP monomers is mediated through interaction of the respective B
domains. (b) LGALS3BP dimers interact eldend, probably via BTB/POZ and doméinto form
ring-like structures, which mediate cell adhesion throughv  Aigs(ad3several other extracellule
matrix componentsFigure prepared according to Miiller al.and Grassadoniat al 1?12

Several cellular functions hawreadybeen suggested for the extracellular pool of
LGALS3BP. As already implied, secreted LGALS3BP is implicated in cell adhesion via
binding to galectiro = i m Ay (S 3N yed ECMycBmpoaeht@FRighe 2 0K
80)120.130

Furthermore, several studies support a stimulatory role for LGALS3BP in the immune
defence system. LGALS3BP has been shown to activate natural killer ced as
lymphokineactivated killer cells and to induce secretion of the cytokines
interleukinl,2,c I YR {Gdzy2dzNJ ySONRaAa FIOGBME | £ LIKI
Additionally, LGALS3BP was shown to increase major histocompatibility (MHC) class |

antigen expression in human breast cariéér



Nevertheless, cellular functions of the intracellular pool of LGALS3BP have not been

identified so far.

1.2.2 LGALS3BP expression and function in disease

The LGALS3BP is conserved in the bony vertebriigel€¢osomi). In humans, it is
synthesized and secreted by various cell types, including haematopoietic cells and
glandular or mucosal epithelia céfis34 and can be mainly found in serum as well as
other body fluid$34136,

LGALS3BP is upregulated after viral infections, such as dengué&’yihepatits C
virus'*® and human immunodeficiency virus (Hi¥) for instarce. Concerning HiV
infections, it has been shown that high LGALS3BP levels in infected mothers and their
new-borns correlatewith a reducedmother-to-child HIV1 transmissioffC. In support

of this observationantiviral properties of LGALS3B#®/& been shown for its BTB/POZ
and IVR domain in reducing the viral particle infectivity of-HBY interfering with the
maturation and incorporation ofiral envelopeoroteins into progeny virion&=,

In cancer, LGALS3BP is frequently upregulated. Increased LGALS3BP expression in
serum or in tumour tissue has been found associated with poor clinical outcome in
patients with breat cancet*'*2 hepatocellular cancét®, pancreatic cancét’, lung
cancet*>146and gastric cancét’, for instance. LBLS3BP upregulation is implicated in
metastasi$??130.145.148 ce|l motility*4®1%0 chemoresistancé?, immune evasion of
tumour cell$? as well as oncogenic sighiag towards survival, proliferation and
migration mediated by cellular adherence to extracellular LGALS3B®ntrarily, also
downregulation of LGALS3BP in certain tumours as well as LGAAS@BRted

favourable prognoses on cancer have bascribed>15’,

1.2.3 Known regulators of LGALS3BP expression

The proposed regulatory elements withthe LGALS3BPromoter already point to
some of its transcriptional regulators as it contains a gamma interferon activation site
(GAS), an interferemensitive response element (ISRE), tweBbinding sites and
several SP1 binding sites, for instatt€é>® LGALS3BRas been reported as an

interferon-stimulated gene, which is responsive to type | interffd 6 S®3d L b Ch



LbCi v Fa ¢Sttt I a 2% ndslitionadyl ISALUSIBP axgrasSidwsr S NR y
Ad AYRdzOSR o0& (GKS Oeli21AyS ¢bChoB@iHhe O0AYRAY
LGALS3BRromotert®4  Supportingly, another study revealed an induction of
LGALS3BP by nerve growth factor (NGF) via the PI3K/AIST fEhway and that

NFeB promoter binding is critical fdtGALS3B&xpressio#®®. Therefore, it would not

be surprising iLGALS3BP expression is stimulated by other cytokines as well. The
induction of LGALS3BP through the aforementioned cytokines underlines its role in
iImmune response and might point to its upregulation in cancer.

There is further evidence that LGALS3BP esgion might be epigenetically regulated.

The breast cancer cell line MZFwhich exhibits low LGALS3BP expression, shows a
respective upregulation of mMRNA expression upon treatment with the
DNAdemethylating agent &zacytidiné®. Additionally, microRNAiR596has been

identified as an epigenetic negative regulator IGBALS3BMRNA expressidh’. An

epigenetic regulation ofLGALS3BFnight be another reason for its observed
deregulation in cancer as epigenetic alterations occur early during cancer

development®?

1.3  Epigenetics and cancer

Epigenetics is the study of heritable alterations in gene expression that are caused by
external orenvironmental factors and not by changes in the DNA sequence. Epigenetic
regulation plays crucial roles in various biological processes including embryonic
development, genomic imprinting as well aschfomosome inactivatiott®170
Deregulation of epigenetic processes cause®&ramt gene function as well as
expression and thereby contributes to several human pathologies such as metabolic
and autoimmune diseases, neurological disorders and caff€€éf. Histone
modification, DNA methylation, na@oeding RNAs, nucleosome positioning and
longrange chromatin interactions are the main machineries of epigenetic
modification, which also interplay to constitute an epigenetic theme associated with
gene regulation. A detailed description of the epigeneggulation is beyond the
scope of this thesis. The main mechanisaasvell as certain examples relevant for this

studyare therefore very briefly introduced in the following.



1.3.1 Histone modification

In eukaryotes, chromatin describes a highly ordered striectof DNA and proteins

that provides packaging of the genome in a cell cgelpendent manner. The basic

functional unit is the nucleosome, which repeats every §@340bp across the

genome and which is interconnected by sections of linker DIN&ach nucleosome

contains a nucleosome core, which is composed of an octamer of two copies of the
canonical core histones H2A, H2B, H3 and H4, respectively, together withld4®p

of DNA wrapped around iF{gure9). The linker histone H1 binds to short linker DNA
AU0NBGOKSE LINBaSyid 2y (GKS ydzOf SIgshRofBNAO2 NBE @ ¢
together with the linker histone H1 is called chratosome, which constitutes the
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Nucleosome:

Nucleosome core

Core histone octamer
2x H2A

2x H2B
2x H3 H2A A—

2x H4
Core DNA: 145 - 147 bp |’

Chromatosome

Linker + core DNA = 165 bp H4
Nucleosome core

Linker histone H1

Additional linker DNA

Figure9: Composition of a nucleosome

The nucleosome core is composedld’ ¢ 147bp of core DNA thais wrapped around an octamer ¢
the core histones H2A, H2B, H3 and H4. Nucleosomes are interconnected by linker DNA stretcl
are bound by the linker histone H1 at the nucleosome to form the chromatosdime.chromatosora
and additional linker DNA constitutes the nucleosome.

Up to now, several podtanslational modificationsof core histones have been
identified, such as acetylation, methylation, phosphorylation and many more, which
mainly occur in their terminal tailand which influence chromatin structure thereby
playing a tucial role for gene regulatid#*’® Histones are modified by smlled
writers, which covalently add modiations (e.g. histone acetyltransferases,
methyltransferases and kinases), and erasers, which remove modifications (e.g.

histone deacetylases, demethylases and phosphat&¥eBarticular nodifications on



histones characterizeither transcriptionally active or repressed chromatkigurel0).
Active genes are usually characterized by trimethylation obriB/sine 4 (H3K4me3),
trimethylation of H3on lysine 79 (H3K79me3), ubiquitylation of HaB lysine 120
(H2BK120ub1l), trimethylation of H# lysine 36 (H3K36me3) as well as high levels of
lysine acetylation on H3 and H4 histone tails, for inst&¥c&ilent genes, on the other
hand, typically show trimethylation of H8n lysine 27 (H3K27me3), ubiquitylation of
H2A on lysine 119 (H2AK119ub1) and trimethylation obhi8/sine 9 (H3K9meS¥.

But also the linker histone H1 is pasanslationally modified at its Nand Gterminal
tails and igherebyinvolved in reguling gene expression and chromatin dynamics as

extensively reviewed by 1zzo and Schneigfer

Active genes

H3/H4 acetylation
| H2BK120ubt |

\ H3K79me3

H3K4me3 | H3K36me3
Promoter

TSS

Repressed genes

H3K9me3
H2AK119ub1
H3K27me3 | &

TSS

Figurel0: Histonemodificationsat active and repressed genes
Schematic illustration of some typical histone modifications distributedr active and silent gene:
TSStranscription start site. Figureakenfrom Zhanget al 18°

However, besides influencing chromatstructure, histone moditiations can be
recognized by secalled readers, specific adaptor proteins that are able to recruit other
proteins necessary for gene regulatiéh'®2183

One of hose readers is the bromodomagontaining protein 4 (BRD, which is
expressed as three isoforms that vary in theite@ninus given by the absence of 568
or 640 amino acids in the two short isofort#s'®> BRD4 recognizes and binds to
acetylated lysines on histone H3 and H4 in interphase as welh amitosis with
preferences for H3K14, H4K5 and H4R&®7 By binding to acetylated histones



through its bromodomains, BRD4 is involved in transcriptiamegulation as it binds

and activatesthe positive transcription elongation factor b (pTEFb), which in turn
phosphorylates the large subunit of RNA polymerhs@RNAPolll) promoting the
transition from transcription initiation to elongation at target gesi®®1°3, Additionally,
BRD4 exhibits an atypical kinase activity to directly phosphorylate FRNAY.
Moreover, BRD4 is part of mediator complexes to play a role in transcription
initiation'®>1%¢ Other functions of BRD4 in downstream gene regulation as well as its
involvement in cell cycle progression, proliferation, inflammation and oxidative stress
response are comprehensivelyreviewed by Junget al. and Devaiahet all851%
Importantly, BRD4 is implicated in humerous haematologasalvell as solid tumours

and ®veral bromodomain inhibitors dve been developed so far thaappear
promising in anticancer therap¥?®. Supporting its role in cancer, BRD4 was found to
be required for the expression of the pretmcogene MY Jor instancé?”.

As a secalled writer, the enhancer of zeste homolog 2 (EZH2) represents another
relevant xample for this study. EZH2 is the catalytic subunit of the polycomb
repressive complex 2 (PRC2) and displays H3K27 methyltransferase transferase
activity!®®. EZH2 as part of PRC2 is able to mode, and trimethylate H3K27 and
these methylation states show different functional roles in gene expre$$iofioday,

the link of H3K27me3 to gene repression is wesliablished. Besides independent
processes, a common mecham of PRGHependent gene silencing has been
described, in which PR@2ediated H3K27me3 induces the recruitment of polycomb
repressive complex 1 (PRC1) that in turn catalyses the monoubiquitination of H2AK119
to promote chromatin compaction and gene sibémg?°>2°1 Recently, H3K27me1l has
been identified to accumulatat active genes and to promote transcription, while
H3K27me2 was shown to prevent the activity of tgle-unspecific enhancers on
large chromatin domairt8®. Under normal conditionsZH2 is expressed in stem cells

to maintain pluripotency by silencing differentiation geff&sImpatantly, in various
cancer types, such as prostate cancer for instance, EZH2 is upregulated and implicated
in the aggressiveness and prognostic outcome of c&RE&E. Supportingly,
drug-mediated inhibition of EZH2 hadreadybeen shown to interfere with tumour

growth and to increase the sensitivity to chemother#}3yL.



1.3.2 DNA methylation

DNA methylation is associated with staljene silencing and occurs primarily at CpG
dinucleotides in mammals via covalent modification of cytosine residues:ricpG
5b! ai0NBIOKS&a IINB OFtftSR /LD Aaftlyeéd o6/ DLAV
2F ISy Sa 60K of Aun@rdgedprommoterd'2 While CpG methylation is
detected throughout the genom the majority of CGIs remain unmethylated in normal
cell$13214 Exceptionally during development, some CGI promoters are methylated,
which remain stably silenced. Wddhown examples for tisi naturally occurring CGI
methylation are Xhromosome inactivation in female cells and the monoallelic
expression of several imprinted ger€s?'® Furthermore, certain tissuspecific CGl
methylation has been described for developmentally important genes in somatic
tissueg!’. Converselynon-CGI CpG methylation in normal cells, which is spread all
over the genome, predominantly occurs at repetitive genome regions, such as satellite
DNA, to maintain genome integrity and to reduce transcriptional noise as gathered by
various reviews'0.218.219

Nowadays, gene silencing mediated by DNA methylation oc@@aining promoters

is wellestablished. Much less is known abouettmylation of promoters that do not
contain CGls though. However, some studies have already revealed that the repression
of genes with norCGI promoters is mediated by DNA methylati&i3?2

DNA methylation is catalysed by DNA methyltransferases (DNMTSs), of which DNMT3A,
DNMT3B and DNMT1 are the three mainly acting enzymes. DNMT3A and DNMT3B are
so-calledde novamethyltransferases, which act on unmethylated and hemimethylated
CpGs n a replicationindependent way. DNMT1 represents a maintenance
methyltransferase, which methylates hemimethylated CpGs during replication and
thereby contributes tolie inheritance of DNA methylation pattefi&?25.

DNA methylation can either directly silence geegpression by interfering with
transcription factor bindin€r®2?” or indirectly by recruiting methyinding domain
proteins, which in turn mediate gene silencing through interactions with histone
deacetylases, for instan€®-228.229

Interestingly, the afoementioned histone methyltransferase EZH2 was also shown to

directly control DNA methylation events: as a part of BRQ, EZH2 is able to recruit



DNMTs to EZHBargeted promotersthus providing a direct link between labile gene
repression via histone maitcations and stable gene silencing via promoter DNA

methylatior?*,

1.3.3 Noncoding RNAs

Althoughnoncoding RNAs (ncRNAs) are not translated into proteins, they eob/au

in chromatin regulation, gene expression and other essential cellular funétiofitiey

can be categorized into small 200nt) and long (200 nt) ncRNAs, which comprise
several classes, respectivély

MicroRNAs (miRNAs) are 425nt small ncRNASs that silence the expression of target
genes postranscriptionally within the RN#duced silencing complex (RISC) via
basepairing to the mRNA o -Ontranslated regions2 MIRNA genes are mainly
transcribed by RNAdP Il and, like other genes, they can be regulated via epigenetic
mechanism&3234 The other way round, miRNAs can modulate epigenetic
mechanisms by targeting regulators of DNA methylation or histmodification, for
instance3236

As relevant for the present study, the miRN¥R26awas shown tairectly target and
silence EZH2 expresstéfi*®°. Additionally, the proteoncogene MYC was shown to
repress miR26a and thereby stimulates EZH2 prssion, which underlines the
implications of EZH2 in various cancer ty3&%*>. Furthermore, themiR26agene was
found hypermethylated and thus suppressedliMPRSS2:ERG@Gionnegative prostate
cancer tissue and cell lines correlating with EZH2 overexpréésion

Interestingly, also long ncRNAs interplay with other epigenetic mechanisms.
Davidovich and Cech critically reviewed the recent findings on how long ncRNAs

associate with the aforementioned PRC2 and mediate its recruitment to chrofffatin

1.3.4 Nucleosome positioning and histone variants

As noncovalent epigenetic mechanisms, nucleosome positioning and the
incorporation of specialized histone variants play an additional role in regulating

chromatin structure and therebgene expression.



Besides providing DNA packaging, nucleosomes can regulate gene activity by changing
the accessibility of regulatory DNA elentg to transcription factors. Jiang and Pugh
reviewed how certain DNA sequences and chromatin remodelling complexes
selectively position and organize nucleosomes so that they can regulate gene
expressiof*®. Highresolution genomewide maps of nucleosome positions, for
instance, reveal a common organization patternadthost every gene thatshows a
nucleosomefree region (NFR) at the beginning atit SY R 2 F HNFRY8ay P p

represent sites forthd 3 aSyYof & 2F GKS (NI yaNFRAmMGA 2y Y I (

provide sites for its disassemBty. Furthermore, the first nucleosome downstream of
transcription start sites (TSSs) has been revealed to gxdifferential positioning in
active and silent gené¥®. It is therefore suggested that TSSs can be determined by the
positioning of nucleosomes, which may alsgulate transcriptional initiatioff>24 A
deeper knowledge on how nuclemsies are positioned as a responte external
stimuli might also unveil how deregulatiorf aucleosome positioning is leading to
developmental defects and cancer.

In addition to nucleosome positioning via nucleosome remodellers, the incorporation
of certain histone variants into nucleosomes affects nucleosome allocation and thus
gene expressionThe expression of the aforementioned canonical core histones
(Figure 9) is tightly regulated during cell cycle, and they are incorporated into
nucleosomes in a press that is strictly coupled to DNA replication in S phase.
Contrarily, histone variants of these subtypes are expressed from orphan genes
throughout the cell cycle, and they are incorporated during as well as after the
completion of S phase often with tHeelp of special chaperone&4’-28¢ Some histone
variants, such as macroH2A and H2A.Z, differ greatly in their polypeptide sequences,
which causes changes in chromatin structure and funétfoThe histone variant H3.3,

on the other hand, shows minor differences to the canonical histéi3. However,
these minor differences cause substantial changes in-prasslational modification as
well as in interactions with chromatin readers and chaperé?®¥2 H3.3 and H2A.Z
show enrichnent at promoters of activated genes or genes prepared for activation,
and they are able to alter nucleosome stability thereby mediating gene
activatiorr4725%25_ Histone variants are involveih several specialized cellular

functions, such as H2A.X in DNA repair or GBNR kinetochore assemi#257 In



conclusion, the incorporation of histone variants into nucleosomes represents another
epigenetic mechanism to modify chromatin structure according to requirements of

different cellular processes.

1.3.5 Long-range chromatin interactions

Epigenetic gene regulation is also mediated by the thimeensional architecture of
chromatin within the nucleus as it is reviewaddepthby Ling and Hoffm&a®. During
interphase, the chromatin is spread out thré@mensionally into chromosomal
territories in a highly organized manner, and it has become evident now that nuclear
architecture and chromatin geography play a vital role in regulating gene expression in
normal as well as in malignant cellular backgrod¥*. Genes present on loops of
DNA, which protrude from euchromatic parts of chromosonas,localizel to active
chromatin areas where gene transcription happ®s This chromosomal looping
allows distant sections of DNA from the same chromosome but also from different
chromosomes to interact thereby modifying the expression of genes that locate
faraway from each othép® Additionally, recombination and genomic rearrangements
are also facilitated by the proximity of these 106§55°%°,

A prostate cancerelevantexample here is the gene fusion of the androggtimulated
gene TMPRSS2and ERG which encodes for a transcription factor. Both genes are
located 3,000,00@p apart on human chromosome 21g22.2 and their fusion is found
A Y'50% of prostate cancet®® ¢ KS T dza unRayisladrregidrKodif MRRSS?2

to ERGresults in androgemegulated overexpression of ERG, which is thoughibe
sufficient for the initiation of prostate canc®f2%” Importantly, is has been shown
that the androgen receptor induces chromosomal movements, which bring together
the TMPRSS2nd ERGgenes facilitating their fusigf®. As a consequence of ERG
overexpression IMMPRSS2:ER@sionpositive prostate cancezZH2is upregulated

as it is a target gene of ER& This highlights the dramatic consequences of

TMPRSS2:ERf@ne fusion contributing to transformation and cancer progression.



1.3.6 Cancer epigenomics antb link to genetics

In addition to genetic alterationsletected in cancer, the epigenomic landscape
undergoes extensive distortionncluding a genomavide loss of DNA methylation
(hypomethylation), an increase in promoter CGl methylatibypoacetylation of
chromatin and aberrant changes in nucleosome occupancy as well as in histone
modificatior??>2’% These epigenetic changes result in a global deregulation of gene
expression which also concerns the expression of epigenetic regulators delineated
above. Relating to this, Kanwetl al. compiled a plethora of epigenetic regulators that
are deregulated in various cancer typ@stheir introductory book chapter on cancer
epigeromics’o.

While the genetic origin of cancer is commonly accepted, alsgeeptic alterations

are increasingly considered as key initiating events in several cancer®/pege
genetic mutations, epimutations can lead to chromosomal instability, inactivation of
tumour  suppressors and activation of oncogenes contributing to
tumourigenesi&®®225271 Furthermore, epigenetic mechanisms are able to cause
genetic mutations. Methylcytosines in CpGs, for instance, are regarded as hot spots for
transitional mutations, which can destabilize gene structure and fun€f&’. It is
therefore suggestedhat genetic and epigenetic aberrations intertwine and cooperate
during tumourigenesi&L. However, the fact that epigenetic aberrations occurlgan
cancer development and, unlike genetic mutations, are potentially reversitddkes

epigenetic therapy a promising and relevant approach to fight cafcer

1.4  Aims of ths study

Seeking for factors that are functionally relevant for centrosome aberrations in cancer,
our group identified LGALS3Bfteracting with centrosomal componentwithin a
protein-protein interaction network among centrosomal and cell cyagulatory
proteins by using tandem affinity purification combined with mass spectrometry
analysis (TARS). It was quite surprisingthough, to detect LGALS3BP, a secreted
protein with only extracellularfunctions reported so fanvithin a centrosomal context.

As LGALS3BP deregulatien detected in several cancer types and centrosomal

aberrationsin cancerare implicated in chromosomal instabilitg cancer hallmarkhe



aim of the projectwas to molecubrly and functionally characterizéhe role of
LGALS3Bfer the human centrosome.

This aimhas been addressed by initial validatiostudies onLGALS3BP localizatitm
centrosomesvia immunofluorescence microscopy analysis of endogenous as well as
exogenowsly induced LGALS3BP expresslanthe following, LGALS3BP function at
centrosomes was examined by knockdown as well as overexpression studies.
Additionally, LGALS3BP interacting proteins as well as known centrosomal regulators
wereincluded in this fungbnal examination and possible upstream regulators, such as
kinases targeting LGALS3BRere determined. To further establish LGALS3BP
deregulation in cancer, relevant transcriptional regulatoshichare misexpressedn
cancer as wellwere examined inhis context Finally this sudy aimed atcorrelating
LGALS3BP deregulation and tcesome abnormalities in cancer, whichight allow

pharmaceutical interventiom the future
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2.1 Materials

2.1.1 Caelllines

Tablel: Human cell lines

DMEM(c Dulbecco's modified Eagle's mediukSFM¢ keratinocyte serurfree medium, FC&fetal calf
serum, HS horse serum,HI¢ human insulin, Cg cholera toxin, H@ hydrocortisone, BPEbovine
pituitary extract, EGE epidermal growth factor, ATGCAmerican Type Culture Collection

Cell line Culture medium Source
Uu20s DMEM 1g/I D-glucose, 1086 FCS, % l-glutamine ATCC
U20SGFPCentrin2 DMEM 1g/l D-glucose, 18 FCS, % Lglutamine Duensing, S.
RWPEL K-SFM, 50> 3k Yt ng/mESF p ATCC
PG3 RPMI, 186 FCS ATCC
LNCaP RPMI, 186 FCS ATCC
DU145 RPMI, 1806 FCS ATCC
VCaP DMEM 4.5/I D-glucose, 186 FCS, % L-glutamine ATCC
SKBR3 al/ 28 Qa%HRCBE X wmn ATCC
MEME Pk SRS o
HEK293 and HEK293T DMEM 4.5/l D-glucose, 186 FCS, % L-glutamine ATCC
Flpin TRex 293 DMEM 4.5/l D-glucose, 186 FCS, % L-glutamine, Invitrogen

Flpln TRex 293, stably
transfected

100pug/ml zeocin, 15ug/ml blasticidin

DMEM 4.5/l D-glucose, 186 FCS, % L-glutamine,
100pg/ml hygromycin, 1%g/ml blasticidin

Table2: Bacterial cell lines

Cell line Culture medium Source
Topl0 LB medium Invitrogen
DB3.1 LB medium Life Technologies




2.1.2 Antibodies

Table3: Primary antibodies
Commercial and nogommercial (NC) monoclonal (MC) and polyclonal @@ipodies applied in
immunofluorescence microscopy (IF) and Western blotting (WB)

Raised in/

Name Clone clonality Provider Catalogue #  Application
pnacelated 61181 MouseMC  Sigma T7451 IF
Anti-BRD4 rabbit PC Abcam ab75898 wB
Anti-CBS rabbit PC Eurogentec NC wWB
Anti-Centrin2 20H5 mouse MC  Salisbury’® IF
Anti-Centrin2 rabbit PC Santa Cruz SG27793R IF
Anti-Centrobin rabbit PC Sigma HPA023321 IF
Anti-CEP135 rabbit PC Abcam ab750025 IF
(Aggf;;g)p 1 rabbit PC  ProteinTech ~ 144981-AP  IF, WB
Anti-CPAP (CENP. 5D5 mouse MC  Abnova ;%(1055835 IF
Anti-FLAG M2 mouse MC  SigmaAldrich F3165 IF, WB
Anti-FLAG rabbit PC SigmaAldrich F7425 IF, WB
Anti-GFP mouse MC  Roche 11814460001 IF
f_’fi'?/'“é";‘l:';ﬂﬁ‘;ed GT335  mouse MC Enzo ALX804885  IF
Anti-LGALS3BP  12D4 mouse MC  Lafertéet al?’’ NC IF
Anti-LGALS3BP rabbit PC SigmaAldrich HPAO00554 WB
Anti-living colours rabbit PC Clontech 632377 WB
Anti-MAGED2 mouse MC  Abcam ab56805 IF, WB
Anti-myc 9E10 mouse MC  Upstate 05419 IF, WB
Anti-myc rabbit PC Upstate 06-549 IF, WB
Anti-Pericentrin rabbit PC Covance PRB432C IF




Anti-SAS6 91.390.21 mouse MC  Santa Cruz s¢81431 IF

Anti-STAT1 rabbit PC Cell Signalling #9172 WB
Anti-TUBGCP3 rabbit PC Eurogentec NC WwB
Anti -actin ACG15 mouse MC  SigmaAldrich A5441 wB
Anti- -tubulin TU-30 mouse MC  Abcam ab27074 IF
Anti- -tubulin rabbit PC SigmaAldrich T5192 IF

Table4: Secondary antibodies
Polyclonal secondary antibodies used in immunofluorescence microscopy (IF) and Western blotting
(WB)

Name Raised in  Provider Catalogue # Application
Qﬁﬁgﬂg I:BGB(H+L) goat Life Technologies  A11029 IF
:ﬁiggg? :QLE?H +1) goat Life Technologies A11034 IF
::]?Z%ELUSZ IZ%4(H+L) goat Life Technologies A11032 IF
:ﬁi)—(;g:)uif :9569‘5_' +1) goat Life Technologies A11037 IF
:rlii)-(;g)uilto {ch;leﬂ_) geelt Life Technologies A21244 IF
;ifn?ouse IgG (H+L) donkey Dianova 715035150  WB

HRPO goat Dianova 111-035-144 WB

anti-rabbit IgG (H+L)

2.1.3 Oligonucleotides

Table5: Oligonucleotides
Applied siRNAs, shRNAs and primers for RNAi, gq°PCR and cloning LGALS3BP and STAT1 promoters into
pGL3E luciferase reporter vector

Name { S1j dzS yaOBO 6 p Q Provider Application

{_Gd/iﬁsusBQPY “sense  AGAAAUUACUGGAAGGCUUUU Thermo SNA
. antisense AAGCCUUCCAGUAAUUUCUUU Scientific
duplex siRNA #1

/LgAZE‘S‘;BQPY “sense GGUGGUGAGAACCGGAGAAUU Thermo RNA
. . antisense UUCUCCGGUUCUCACCACCUU Scientific

duplex siRNA #:

SIGENOME SMARTDpool, mix of 4 siRNAs Thermo

EZHXIRNA (Catalogue #1-00421803-0005) Scientific RNAI




SIGENOME SMARTDpool, mix of 4 siRNAs Thermo RNAI
CEP55IiRNA (Catalogue # MD0689301-0005) Scientific

SIGENOME SMARTDpool, mix of 4 siRNAs Thermo RNAI
CEP258iRNA  (Catalogue # MD1236401-0005) Scientific

EI((BBEI[“SOBI\BAIE SMARTDpool, mix of 4 siRNAs Thermo RNA|
SIRNA (Catalogue # MD0801600-0005) Scientific

SIGENOME SMARTDpool, mix of 4 siRNAs Thermo RNAI
MAGEDZIRNA (Catalogue # M)1728400-0005) Scientific

SIGENOME nen . .

. . mix of 4siRNAs Thermo .
targeting SIRNA -~ talogue # D0120614) Scientific RNAI
pool #2
SIGENOME SMARTDpool, mix of 4 siRNAs Thermo RNA
TUBGCPSRNA (Catalogue # M)1832301-0005) Scientific
shC2 GACACTATGGAAACACCAG Schweiget’® RNAI
shE1l GCGGGAGCAGGAGCGAAGA Schweiget’® RNAI
shGFP GCAAGCTGACCCTGAAGTTC Schweiget’® RNAI
BRD4both forwmard AACCTGGCGTTTCCACGGTA Invitrogen PCR
primer reverse  GCCTGCACAGGAGGAGGATT g q
BRD4long forward GAAATGAAGCCTGTGGATGTCG Invitrooen PCR
primer reverse  TCGGCTCCTGTTTCTGTTTGTC g q
GAPDH forwmard CATTTCCTGGTATGACAACGA Invitrogen PCR
primer reverse  TCCTCTTGTGCTCTTGCT g q
HPRT1 forwmard AGGAAAGCAAAGTCTGCATTG Invitrogen PCR
primer reverse GGTGGAGATGATCTCTCAACT g q
LGALS3BP forward AGAGAGACGCTGGTGTGGTCT Invitrocen PCR
primer reverse GCTGGCTGTCAAAGATCTGG g q
STAT1 forward GCATGAAATCAAGAGCCTGGAA Invitrogen PCR
primer reverse CCACACCATTGGTCTCGTGTT g q
LGALS3BP forward TTTAAGCTTCTATGTGCAAACAGG Invitrogen cloning into
primer reverse TTTAGATCTTAGGAGAGTGGCCAC 9 pGL3E
STAT1 forward  TTTAAGCTTGCTCAGCCAATTAGA, . 'r‘éc'(f)er[;se
primer reverse  TTTAGATCTGACGTCGCCAAATCT g wimr

2.1.4 Vectors

Table6: Vectors
The vectors phRLK andpGL3Enhancer were kindly provided to Prof. Dr. Dr. med. Mi¢hah

{OKgSAISNNA INRdzZI 6@ t5 5N {&f Al YNROoAGAOKQa 3INER dz
Vector Backbone Source Application
pSUPER.retro.puro Schweiget’® Cloning of shRNAs
. Destination vector,
PCcDNA3N-TAP pcDNA3 Gingras, AC.

Gateway cloning




pcDNAS/FRT/TQITAP

pc-mycCMVED12

pdEYFRen

pFLAGCMVD11

pDONR221

pDONR223

pPGL3ELGALS3BPprom

pGL3Enhancer

pPGLIESTAT1prom

PhRETK

pDONR22LCEP250_stop

pDONR22ITUBGCP3_stop

pDONR223 GALS3BP

pDONR223 GALS3BP_stor

CEP25N-FLAG

EGFIN-FLAG

EGFIN-TAP

EGFPYFRPC

LGALS3ERFPC

LGALS3BR-FLAG

LGALS3BR-myc

LGALS3BR-TAP

PLKA4N-TAP

TUBGCRBI-FLAG

pcDNAS/FRT/TO

pCL

pCL

pGL3Enhancer

pGL3Enhancer

pDONR221
pDONR221
pDONR223
pDONR223
pFLAGCM\:D11

pFLAGCMVD11

PCDNAS5/FRT/TM
-TAP

pdEYFR@en
pdEYFRen
pFLAGCMVD11

pcMycCM¥D12

pCDNAS5/FRT/TON
-TAP

pCDNA3/FRT/TO
-TAP

pFLAGCMVD11

Lab stock

RZPD

DKFZ

RZPD

Invitrogen

Invitrogen

Wunderlich, A.

Promega

Wunderlich, A.

Promega

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Lab stock

Labstock

Lab stock

Destination vector,
Gateway cloning

Destination vector,
Gateway cloning

Destination vector,
Gateway cloning

Destination vector,
Gateway cloning

Donor vector, Gateway
cloning

Donor vector, Gateway
cloning

DualLuciferase Reporter
Assay

DualLuciferase Reporter
Assay, cloning gene
promoters
DuatLuciferase Reporter
Assay

DuatLuciferase Reporter
Assay, normalization

Entry clone, Gateway
cloning

Entry clone, Gateway
cloning

Entry clone, Gateway
cloning

Entry clone, Gateway
cloning

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection

Expression clone,
transfection




Flp recombinase expressio

pOG44 Invitrogen vector, generating stable
cell lines

2.1.5 Chemicals
Name Provider Application
Agarose Invitrogen Agarosegel electrophoresis
Ethidium bromide AppliChem Agarose gel electrophoresis
Acetic acid Merck Buffer component
Bromphenolblue AppliChem Buffer component
Dithiothreitol (DTT) AppliChem Buffer component
I(ElztgyTI(aAr;e glycol tetraacetic acid AppliChem Buffer component
I(EEtrllD)f;eAr;ediaminetetraacetic acid Roth Buffer component
Glycerol Merck Buffer component
Glycine Merck Buffer component
MgCh Merck Buffer component
NacCl Roth Buffer component
Nonidet P40 (Nf20) AppliChem Buffer component
PIPES Sigma Buffer component
Sodium dodecyl sulfate (SDS) Roth Buffer component
Trisbase Merck Buffer component
TrisHCI Merck Buffer component
Triton-X 100 Sigma Buffer component
Tween20 Sigma Buffer component
Xylencyanol FF AppliChem Buffer component
i -Mercaptoethanol Merck Buffer component




Blasticidin

Dimethylsulfoxid (DMSO)

Hygromycin B

Nocodazole

poly L lysine

Tetracycline

Zeocin

MeOH

Paraformaldehyde (PFA)

DAPI (diamidine€-phenylindot

dihydrochlorid)

Mowiol 4-88
p-Phenylendiamine (PDA)
Calyculin A

NaVOQy

NaF

Okadaic acid

i -glycerophosphate
Aprotinin

Leupeptin

Pefabloc SC

Pepstatin A

Acrylamide/Bis solution 37,5:1

Ammoniumpersulfate (APS)

Tetramethylethylenediamine

(TEMED)

Invitrogen

Merck

Invitrogen

Sigma

Sigma

Invitrogen

Invitrogen

Merck

AppliChem

AppliChem

Calbiochem

Sigma

Calbiochem

AppliChem

AppliChem

Calbiochem

AppliChem

Sigma

Sigma

Roche

Sigma

Serva

Merck

Invitrogen

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cellculture

Cell culture

Fixation, buffer component

Fixation

Immunofluorescence
microscopy

Immunofluorescence
microscopy

Immunofluorescence
microscopy

Phosphatase inhibitor

Phosphatase inhibitor

Phosphatase inhibitor

Phosphatase inhibitor

Phosphatase inhibitor

Protease inhibitor

Protease inhibitor

Protease inhibitor

Protease inhibitor

SDSPAGE

SDSPAGE

SDSPAGE




Ampicillin

Concanamycin A

Spectinomycin

Ponceau S

AppliChem

Sigma

Sigma

Sigma

Selecting resistant bacteria

Selecting resistant bacteria

Selecting resistant bacteria

Western blotting

2.1.6 Kits and reagents

Table7: Kits and reagents applied in this study

Name Provider Application

1 kb DNA Ladder Invitrogen Agarose gel electrophoresis
1 kb Plus DNA Ladder Invitrogen Agarose getlectrophoresis
DUERUIEIEE S0 RO AN ASEE) Promega Analysis of promoter activity

System

LB agar medium

LB medium

dNTPs

random primers

Nucleas€eree water

RNaseH

RNasin

SuperScript || Reverse
Transcriptase Kit

Bovine pituitary extract (BPE)

Cholera toxinCT)

DharmaFECT 1

DMEM

DMEM/F12

MP Biomedicals

MP Biomedicals

Bioline

Promega

Promega

Promega

Promega

Invitrogen

Sigma

Sigma

Thermo Fisher Scientific

Gibco

Gibco

Bacterial cell culture

Bacterial cell culture

cDNA synthesis

cDNAsynthesis

cDNA synthesis, gPCR

cDNA synthesis

cDNA synthesis

cDNA synthesis

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture




5dz 6 SO02Qa #%and
Mg?*, sterile

Effectene Transfection Reagent K
Epidermal growth factor

Fetal calf serum

Horse serum

Human insulin

Hydrocortisone

K-SFM

a0/l 28Qa p!
wSO2YO0AY Il yi Kdzy
RPMI

TrypsinEDTA 10x
XtremeGENE9

LR Clonase Il enzyme mix
Bovine serum albumin (BSA)
EndoFree Plasmid Maxi Kit
Plasmid Mini Kit

GoTaq qPCR Master Mix

QuickRNA MicroPrep Kit

PageRuler Prestained Protein
Ladder

In SituCell Death Detection Kit,
fluorescein

cOmplete Mini, EDT-fkee
protease inhibitor cocktail

Western Lightning PIECL

PAA Cell Culture Company Cell culture

Qiagen
Sigma
Biochrom AG
Gibco

Sigma
Sigma
Invitrogen
Gibco
PeproTech
Gibco

Gibco

Roche
Invitrogen
SigmaAldrich
Qiagen
Qiagen

Promega

Zymo Research

Fermentas

Roche

Roche

PerkinElmer

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cell culture

Cloning

Immunofluorescence staining,
L b -@eatment control

Plasmid DNA preparation

Plasmid DNA preparation

gPCR

RNA preparation

SDSPAGE

TUNEL assay

Western blotting

Western blotting




2.1.7 Solutions and buffers

Table8: Solutions and buffers

Buffer/solution

Composition

DNA loading buffer, 6x

Extraction buffer

Freezing medium

Freezing medium (MGEOA)

Lysis buffer A

Lysis buffer B for CIP

Main gel buffer pH8.8

Nonfat dry milk, 5 %

Nonfat dry milk, 5 %
with protease inhibitors

Nonfat dry milk, 5 %
with protease and
phosphatase inhibitors

PBS pH .4, 10x

PBST

PBSTween

Ponceau S solution

SDS running buffer, 10x

SDS sample buffer, 2x

Stacking gel buffer pBl.8

TAE running buffer pB.5,
10x

Western transfer buffer

0.25% Bromphenolblue, 0.2% Xylencyanol FF, 30 Glycerol
5mM PIPES, 2mM EGTA, 0.6 % Triton X 100
90% FCS, 1% DMSO

90% horse serum, 1% DMSO

125mM NaCl, 5nM TrisHCI, 1.5nM MgCi, 1mM DTT, 3%
Glycerol, 0.26 NP40, 2pg/ml Aprotinin, 2ug/ml Leupeptin, 1 mM
Pefabloc, jug/ml Pepstatin A, 25M NaF, InM NaVvQ, 5nM
okadaic acid, BM Calyculin A, 58" a -dlycerophosphate, inM
EDTA pH.0

100mM NaCl, 56nM TrisHCI, 1GnM MgC}, 1mM DTT, Zug/ml
Aprotinin, 2ug/ml Leupeptin, 1 mM Pefablock uf/ml Repstatin A

1.5M Tris, 0.£6 SDS

2.5g nonfat dry milk powder in 50nl PBSTween

1 cOmplete Mini protease inhibitor cocktail tablet dissolved inmlQ
of 5%non-fat dry milk

25mM NaF, InM NaVQ, 5nM okadaic acid, BM Calyculin A,
50Y a -glycerophosphate, inM EDTA p#.0, 1 cOmplete Mini
protease inhibitor cocktail tablet dissolved in & of 5% nonfat
dry milk

1.37M NaCl, 14. M KHPQ, 78.1mM NaHPQ, 26.8mM KClI
1x PBS, 0.00% TritonX 100

1x PBS, 0.0% Tweer20

0.1% Ponceau S,% Acetic acid

250mM Trisbase, 2.9M Glycine, ®6 SDS

0.125M Tris pH6.8, 4% SDS, 2%
i -Mercaptoethanol, 0.0046 Bromphenolblue

Glycerol, 180

0.5M Tris, 0.6 SDS

0.4M Trisbase, 0.0IM EDTA, 0.1 Acetic acid

19.3mM TrisHCI, 288nM Glycine, 286 MeOH




2.2 Methods

2.2.1 Cloning

Gateway Cloning

¢KS DIFEGSgle ¢SOKy2ft238 OLYGAGNRASYOD oI &
instructions to clone compatible entry clones into destination vectors via the LR
recombination reaction catalysed by the LR Clonase Il enzyme mix (Invitrogen). The LR
reactionmixture was transformed int&. coliTopl0 cells and expression clones were
selected by plating on LB agar containingig@ml ampicillin. A successful cloning was

evaluated by restriction digestion of the expression clones.
Transformation of bacteria viglectroporation

For transformation 42 pl of plasmid DNA were mixed with Hi0of the requiredE. coli
strain (Topl0 for entry and expression clones, DB3.1 for destination vectors) and
transferred into an electroporation cuvette (Ocin electrode). Cuvetts were then
loaded into an electroporator and electroporation was carried out ai5200m | y R
1.25kVv for 2s. Thereafter, bacteria were resuspended in B0OLB medium,
transferred into an appropriate Eppendorf vial and incubated fom30 at 37°Cat

400 rpm in a thermomixer. Bacteria were then plated on LB agar plates supplied with

the corresponding antibiotics and cultured over night at’&7
Plasmid preparation

For plasmid preparations, colonies from overnight cultures were picked from agar
plates and inoculated into LB medium provided with the respective antibiotics. After
shaking overnightat3 / = a Y| f f midwerfe gryp&réd withfthe Plasmid Mini

Kit (Qiagen) for plasmid DNA amounts up top@Oand larger volumes (150l) were
prepared with the EndoFree Plasmid Maxi Kit (Qiagen) for endotvem plasmid DNA
amounts up to 50Qug. Subsequently, the plasmid DNA was verified by restriction

digestion.

L



Restriction digestion

Restriction digestion was performed with appropriate restrictienzymes (NEB) to
verify plasmid DNA. Suitable restriction enzymes as well as expected bands after
digestion were computed with the Vector NTI Advance software (Invitrogen). The
following restriction digestion reaction mixture was applied:

1 2ul plasmid DNA

1 0.5ul restriction enzyme

1 2upl 10x NEB buffer

1 (2l 10x BSA)

1  dHO up to 20ul

The reaction mixture was incubated in a thermomixer (Eppendorf) aC33haking at

450rpm for 2h and subsequently analysed by agarose gel electrophoresis.
Agarose getlectrophoresis

Agarose gel electrophoresis was performed to separate DNA fragments by length and

to confirm expected DNA bands after restriction digestion. %.8agarose gels

(dissolved in 1XAE running buffer) containing p/ml ethidium bromide were

prSLI NBR Ay 3Stf St SOINRLK2NBaAa OKIFYOSNE 06«
doused with 1IXTAE running buffer before being loaded with samples iIrDEA

loading buffer. The kb DNA Ladder andkb Plus DNA Ladder (Invitrogen) served as a

size marker. Ectrophoresis was carried out at 8V with the PowerPAC Basic

(BioRad) power supply. Gels were then documented with the Alphalmager system

(Alphalnnotech).

2.2.2 Cell culture

Culturing and passaging of human cells

Cell lines were cultured in cell culture flask PP) containing their respective medium
(Tablel on page23) at 37°C,5% CQand 90% humidity. Cell culture reagents (PBS,

trypsinEDTA, culturing media) were sterile und fwarmed to 37°C before



application to the cells. The culturing medium was refreshed twice a week and cells
were split as they reached & % confluacy.

Splitting was performed by rinsing the cells with PBS followed by incubation with
0.05% trypsinREDTA at 37C until all cells detached. Subsequently, the cells were
resuspended in culturing medium (more than 5x greater volume than tryipBifA)

and asuitable volume of cell suspension was transferred into a new cell culture flask,

which was filled with fresh medium to the final volume.
Freezing and thawing of human cells

For cryopreservation of cell aliquots, cells were detached by trypsinization and
collected in a 15nl centrifuge tube. Cells were then pelleted at room temperature at
1,200rpm (Eppendorf Centrifuge 5810R) and subsequently washed iwanmed PBS
and pelleted again. Finally, cells were resuspended in freezing medium arid 1
aliquotswere transferred into cryovials. The aliquots were slowly frozer8&tC for

one day and then stored in liquid nitrogen.

Thawing of cell aliquots was performed shortly in a water bath atG37The cell
suspension was subsequently transferred into a@alure flask and culturing medium

was added to the final volume.
Seeding of human adherent cells

Adherent cells were detached from the bottom of the cell culture flask by
trypsinization and resuspended in corresponding culturing medium. The cell density
was determined with a hemocytometer (Laboroptik) so that the cell suspension could
be diluted with culturing medium to the desired cell number in a final volume.

If excess peedff of cells for immunofluorescence microscopy samples should be
avoided, cellsvere settled on polt-lysine (PLEyoated glass cover slips. Ridated
cover slips were prepared by dousing the clean glass cover slips foinli& a sterile
100pg/ml PLL solution followed by drying at ambient temperature. The PLL solution
could be eused up to five times and stored &0 °C. The coated cover slips could be

kept at-20 °C for further application.



Transient transfection of human cells

HEK293T and U20S cells were transiently transfected with enddteerDNA using
the Effectene TFa FSOGA 2y wSF3ISYyd YALG o6vAl ISy
instructions. In short, cells were seeded iaw6ll plates (TPP) one day before
transfection so that they reach 480% confluency the next day. Pem&ll, 0.4ug
DNA in a sterile reaction tebwere diluted with the DNAondensation buffer EC to a
final volume of 10Qul. Next, 3.3u of Enhancer solution were added and briefly
vortexed followed by Z 5 min incubation at ambient temperature. 30 of Effectene
transfection reagent were then aed to the DNAEnhancer mixture and mixed by
pipetting up and down. To allow transfection complex formation, the samples were
incubated for 5¢ 10 min at room temperature. In the meantime, the culturing medium
was aspired from the cells and replaced by D,AD of fresh culturing medium.
Subsequently, the transfection solution was mixed with A0@f culturing medium

and added dropwise to the cells. Cells were harvested aftey 28ih.
Stable transfection of human cells

The day before transfection,310° Flpin TRex 293 cells of a low passage number were
seeded per well of @vell plate (TPP). On the next day, the culturing medium was
replaced by medium without antibiotics 13 h before transfection. For transfection,
100l serumfree DMEM containing 0.ig of the transgene and 018y of the
recombinaseencoding vector (pOG44) were mixed with 300serumfree DMEM
containing 3ug PEI and incubated for b&in at room temperature. Thereafter, the
mixture was added dropwise to the cells. R4after transfecion, the medium was
refreshed with antibiotifree DMEM/10%. The next day, cells were transferred into a
25cn? cell culture flask (TPP) and selection for stably transfected cells was initiated
after the cells have settled down. For this purpose, the wuly medium was
exchanged by DMEM/1® FCS containing selection antibiotics |{@Bnl blasticidin

and 100ug/ml hygromycin B). Within the next two weeks, dead untransfected cells
were removed by exchanging the selective culturing medium ever§ @ays.Colonies

of stably transfected cells, which appeared approximately 10 days after transfection,

were further expanded and cryopreserved. Transgene expression in Flpin TRex 293

O
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cells could be induced by pg/ml tetracycline. A proper transgene expression was

validated by immunofluorescence microscopy and immunoblotting.

RNA interference

One day before transfection, a proper number of cells were seededwell6plates
(TPP) depending on the cell line and duration of RNAI. To transfect siR&As5],

the DharmaFECT transfection reagent (Thermo Fisher Scientific) was used according
A Yilaot AN2IMI SIRNXK &tdck C2 NJ G f

solution were mixed with 198l of serumfree RPMI medium without antibiotics in a

G2 GKS

YI ydzF I OG dzZNB ND &

falcon (Sarstedt) and @4 pl of DharmaFECT reagent were mixed with RPMI to a final

volume of 20Qul in another falcon. After incubation forrBin at room temperature,

the contents of both falcons were combined and incubated forn#fi at room

temperature followed by adding 1l of the respective culturing medium. The

culturing medium was then removed from the wells und replaced by the transfection

complex mix. Cells wetearvested after 24; 96 h.

The XtremeGENES9 transfection reagent (Roche) was applied to transfect HEK293T

cells with sShRNASTéble5) following the mg dzF I O dzNB NI &

Ay adNHOGA2Y

seeded depending on the plating formdtable9) one day before transfection. On the

next day, the culturing medium was repkd by medium without antibiotics. The

XtremeGENE9 transfection reagent was diluted in seftee medium without

antibiotics, incubated for Bnin at ambient temperature and then added to the ShRNA.

After another 15min of incubation the transfection comgt mixture was added

dropwise to the cells and distributed equally by gently swivelling the cell culture plate.

The cells were kept in the incubator until harvest afteth72

Table9: Transfection with XremeGENES9 in certain platg formats

. DMEM, +FCSAB DNA DMEM,-FCS;AB X-tremeGENE
Plating format  Seeded cells
(] [ng] (] 9 [u]
96-well 1x10 66.7 33.3 3.23 0.1
24-well 8x10 410 205 19.9 0.62
6-well 5x10° 2,000 1,000 97 3




L¥ OStfa akKkzdzZ R do648M additisrddty ltolitie RnockdownK thely b C
were treated with 100 L b @ afterHransfection. Treatment with 0% BSA served

as a negative control in this setup.

2.2.3 SDSPAGE

To separate proteins in cell lysates by molecular weight-F¥B&E was pefmed
according to Laemnifi®. Cell pellets were resuspended in 80S sample buffer and

denatured for 10min at 99°C in a thermomixer (Eppendorf).

Table10: Composition ofpolyacrylamide gels

. Main gel
k I

Stacking ge 7.5% 10%  125%

dHO 3ml 4.45ml 3.5ml 2.46ml
0 . . .

30%Acrylamide/Bis solution 0.6ml 311ml 4.15ml  5.19ml
37,51
Stacking gel buffer 1.3ml C C C
Main gel buffer G 4.6ml 4.6ml 4.6ml
TEMED 4l 10pl 0pul 10pl
10% APS 58l 83ul 83l 83l

Subsequently, samples were chilled on ice and either store@®&tC or loaded on a
polyacrylamide gel of a chosen compositiofalfle 10). The PageRuler Prestained
Protein Ladder (Fermentas) was applied as a molecular weight marker.

The electrophoretic separation of proteins was carried out in a gel electrophoresis
chamber (ENBL) in 1XSDS running buffer at 26A supplied by a PowerPac Basic
(BioRad).

2.2.4 Western blotting

To detect proteins of a certain molecular weight, immunoblotting was performed after
the principles of Towb#i°. Briefly, proteins were transferred electrophoretlafrom

a polyacrylamide gel onto a Whatman Protran nitrocellulose membrane (GE



Healthcare Life Sciences, 0¥5" LJ2 NB &k btSA00mAF @siNg aF wetank
blotting system (HoefefE22, Amersham Biosciences) filled with western transfer
buffer. Thetransfer of proteins was verified by staining the membrane reversibly with
PonceauS solution. After destaining with PB%een buffer, the membrane was
blocked with 5% nonfat dry milk (in PBSween). Subsequently, the primary antibody
was incubated forat least 1h followed by incubation with the HRR®upled
secondary antibody for maximum 48in. Antibodies were diluted in % nonfat dry
milk and excess amounts were washed off with FB8en between the incubation
steps. The Western Lightning REELreagent (PerkinElmer) was applied to detect

chemiluminescence of a labelled protein on ara¥( film (Fuji).

2.2.5 Mitotic index determination

The mitotic index was determined by immunofluorescence microscopy analysis as ratio
of mitotic cells given by positivehosphchistone H3labelling and total cell number
acquired by DAHR&taining. Statistical analysis was carried out bysduared test

compared to the respective negative control.

2.2.6 TUNEL assay and apoptotic index determination

MeOHfixed cells on glass cavslips were rehydrated and permeabilized forr in
PBST buffer. To label terminal DNgtrand breaks of apoptotic cells, a TUNEL assay
was performed. For this purpose, tte SituCell Death Detection Kit (Roche) was used
F2tft26Ay 3 YI yudidns. BietyNFNGD the pkoyided enzyme solution
(terminal deoxynucleotidyl transferase) was mixed with gb®f the label solution
(fluoresceincoupleddeoxyuridine triphosphate 50ul of this mix were applied to the
cells, which were then incabed in a humidified chamber in the dark at 32 for

60 min. At the end, 1Ql of a 4ug/ml DAPI stock solution were added to the cells for
1 min followed by washing the cover slipx 4vith PBSI buffer. Cover slips were then
mounted onto microscope skt by embedding them in Mowiol containingy@/ml
p-phenylenediamine (pda) followed by sealing the cover slips with nail varnish.
Analysis was performed by immunofluorescence microscopy. The apoptotic index was

then calculated as ratio of TUNfRGbsitive cdls and total cell number acquired by



DAPIstaining. Statistics were performed by dguared test compared to negative

control.

2.2.7 Microscopy

Prefixation extraction

Prefixation extraction was carried out before labelling endogenous LGALS3BP for
immunofluaescence microscopy. For this purpose, cells grown on glass cover slips
were incubated for 2@ in extraction buffer and immediately fixed with iceld

MeOH.
Fixation

Cells grown on glass cover slips were either fixed directly witbatteMeOH for nin
or with 4% paraformaldehyde (PFA) solution forrb followed by MeOHixation.
Cells in MeOH could be kept for storagez2 °C.

Immunolabelling

After fixation, cells were rehydrated in PBSbuffer for 15min at ambient
temperature. To reduce noespecific antibody binding at free aldehyde groups, cells
fixed by combined PFA/MeGiikation were blocked for at least 3@in in PBS buffer
containing 1%BSA. Subsequently, cells were labelled with the primary antibody for at
least 1h at room temperatureor overnight at £#C. Excess antibody was removed by
washing the cover slips four times before incubation with the secondary antibody for
maximum 45min. To stain DNA, DAPI solution was added directly to the secondary
antibody at 1jug/ml final concentratio for 1min at the end followed by washing the
cover slips four times. Antibody dilutions and washing steps were carried out with
PBST (containing 0.%BSA for combined PFA/Me@ided cells). Finally, cover slips
were mounted onto microscope slides by keudding them in Mowiol containing
2mg/ml p-phenylenediamine (pda) followed by sealing the cover slips with nail

varnish.



Microscopy and image acquisition

Sample examination and microscopic quantifications were carried out with the
Axiolmager Z1 fluoresace microscope (Carl Zeiss Microscopy, Jena) using the

following objectives:

1 Zeiss Pla\pochromat 20x/0.75
1 Zeiss Plan Apochromat 63x/1.4 Oil DIC

1 Zeiss Pla\pochromat 100x/1.4 Oil Ph3

The AxioVision software (Carl Zeiss Imaging) was applied for miceospapation,
image acquisition and data export.
The LSM700 confocal microscope (Carl Zeiss Microscopy) was used for colocalization

studies with the following objectives:

1 Zeiss EC Plaxeofluar 40x/1.30 Oil DIC
1 Zeiss Pla\pochromat 63x/1.40 QOil DIC

1 Zeiss Rin-Apochromat 100x/1.40 Oil DIC

Microscope operation, image acquisition and data export was performed with the ZEN

software (Carl Zeiss Imaging).
Image analysis

Quantitative image analysis was performed with CellProfiler (determination of DNA
contents viaintegrated DAPI intensities for examination of cell cycle distributions) and
ImageJ (determination of relative protein levels in immunoblots via densitometry, total
cell number given by DABtaining, immunofluorescence intensities at centrosomes,
area of pericentriolar material and microtubule regrowth). The following ImageJ

macros were written for a given purpose:

Determination of total cell number given by DARtaining (20x objective images)

setAutoThreshold("Default");

/lrun("Threshold...");

setAutoThreshold("Default dark");

run("Convert to Mask");

run("Watershed");

run("Analyze Particles...", "size=15tinity circularity=0.05..00 show=Nothing display includ
summarize");



Immunofluorescence intensities at centrosomes (63x objective images)
setAutoThreshold("Default");
KKNHzy 6 a¢ KNBAK2t RX£0T
setAutoThreshold("Default dark™);
run("Create Selection”, ");

run("Enlarge...", "enlarge=2");

run("Create Mask", ");

run("Set Measurements...", "area mean modal min integrated median display redireage.zvi
Ch2] decimal=0");

run("Analyze Particles...", "sizehfinity circularity=0.061.00 show=0utlines display exclude");

Area of pericentriolar material (63x objective images)

setAutoThreshold("Default");

KKNHzy 6 a ¢ KNBAK2f RX£€0T

setAutoThresholdDefault dark™);

run("Convert to Mask");

setThreshold(255, 255);

run("Restore Selection™);

run("Analyze Particles...", "size=380 circularity=0.3@.00 show=0utlines display summarize");

The analysis of nucleus shapes in U20S cells transfestedtaneously with sSiRNA
pools targeting LGALS3BP as well ada@l and with noriargeting siRNA as a
negative control was performed with the ImageJ software using the
Shape_Descriptorlu plugin written by Chinga, G. Image analysis was performed on
fluorescence micrographs of > 2,000 DARIined nuclei per experiment, which were
thresholded to obtain binary images of the nuclei. The area, form factor and roundness
were then analysed. In this case, the form factor describes the boundary of nuclei and
is catulated by:

, T4 301 Q®

N Qi Qa Qo Qi

A form factor of 1 represents a perfect and smooth circle whilst lower values towards 0

QETTAG DO

indicate increasing boundary irregularities given by greater nucleus perimeters.

The roundnesslescribes the circularity of a nucleus and is calculated by:
i tot Qe gg*”—gw
Q £0Q0
A roundness value of 1 again represents a perfect circle whilst lower values towards 0
indicate increasing stretching of a nucleus given by ellipsicapes of greater length.

Within the experiment, nuclei with areas smaller than 1,000 pixels were excluded from

analysis to eliminate the background of cell debris. Subsequently, the calculated form



descriptors were plotted against each other and agaihst nucleus area in scatter

plots. No statistical analysis was performed due to the lack of replicates.
Image processing

Immunofluorescence micrographs as well as scannemyXilms of immunoblots were
processed with Adobe Photoshop CS5 by slight levgulagon and contrast

enhancement. Figures were prepared with Adobe Illustrator CS5.

2.2.8 Quantitative reattime PCR (qPCR)

Preparation of total RNA from cultured cells

RNA preparations were performed by Andrea Wunderlich using the @RNgk
MicroPrep Kit Zymw S a S NOKO | OO0O2NRAYy3 (2 (GKS YIydzZIl O

cDNA synthesis

cDNA was synthesized by Andrea Wunderlich using the SuperScript Il Reverse
Transcriptase Kit (Invitrogen). 30@ of total RNA were mixed with 25@ of random
primers, 1yl of 10mM dNTPs and added nucleaBee water to a final volume of

13ul. The mixture was incubated formbin at 65°C and chilled on ice afterwards.
Subsequently, 4l of 5x first strand buffer, ul of 0.1M DTT, Jul RNasin (4Q/ul) and

1 pl of SuperScript Il xerse transcriptase (200/ul) were added to the mixture and
incubated successively formsin at 25°C, 60min at 50°C and 1%nin at 70°C (PCR
cycler PT@00, MJ Research). To digest template RN, &f RNaséd (2U/ul) was

added and incubated for 3@in at 37°C. Next, RNad¢ was inactivated by heat for
20min at 65°C and the remaining singg&tranded cDNA was diluted in nucledsee

water to 5ng/pl final concentration.
Quantitative realime PCR

gPCR was performed by Andrea Wunderlich and dagdyais as well as interpretation
was done by me.
Per reaction, g of cDNA were mixed with each O415of 5uM forward and reverse

primers {Table5), 5ul of 2xGoTa qPCR Master Mix (Promega, containing BRYT Green



dye, GoTaqg Hot Start DNA polymerase and dNTPs) and added ntfobsasater to a
final volume of 1Qul. gPCR was carried out in absolute quantifications (standard curve)
using the Fast Redlime PCR systemM900HT (Applied Biosystems) under specific
cycling conditionsTablell).

Table11: Cycling conditions for gPCR

Time Temperature
2min 50°C
10min 95°C
15s 95°C

1 min 60°C ] 40 cycles
15s 95°C
15s 60°C
15s 95°C

Results given b@r @1 f dzSa ¢ SNBE Ay (i ShielNdsl fofoRingdxapied 3 (1 K S

. A2a2aGSYaQ AyailiNdzOGA2ya Ay GKS Yl ydz o CA

NEBLX AOFGS YSI adzNBYSy GialugsveidScal@ilatedyzt | § SR b SE
y6 6 0

GAPDHand HPRT1were used as reference genes in this study. The standard

deviations2 ¥  iCK&uegnis calculated using the formula:

i i i

¢ K S Gryajue is calculated by:
e o Y6 Y6
ThestaR | NR RSOGH 1A 2YS B0 SFO2I NdZyiSuolyeg the subtraction
2 FCr ganrorand thus represents a subtraction of an arbitrary constant. Subsequently,
F2f R OKIy3Sa 6C/ 0 GBAINSusiOdtie@driulb:G SR 2dzi 2F pp
06 ¢ ¥

To better represent up and downregulation of gene expression in a bar chart, data
were log-transformed. A twetailedt-G0 Sa i ¢ & | LIGtvaluSsRo testyfor 0 KS pn

significance as compared to the respective controls



2.2.9 Gene expression analysis and methytat profiling of prostate
cancers

The experiments were performed by Boreb al. and results presented in this thesis
originated from their data set. The experimental methodology is briefly summarized in

the following according to Bornet al 243
Biological samples

Prostate tissue samples (51 prostate cancer and 53 normal prostate tissues) were
obtained from the University Medical Centre Hambigpendorf (Hamburg,

Germany) in agreement with the local ethmsmmittee and the patients. Only tissues

containing at least 7@6 tumor cells were included in the study. Normal prostate tissue

samples contained exclusively normal tissue material with epithelial cell content
between 20% and 400. Epithelial cells werecollected by Laser Capture
Microdissection (Zeiss) from 10 tissue sections each. DNA was isolated using the DNA
aAyA YAG oOvAlF3ASYy0wL | O02NRAY3I GBMPRBE2ERC | y dzF |

fusion status was determined with reaime PCR.
Geneexpression analysis on Affymetrix GeneChip microarray

To obtain amplified and labelled sense DNA, the Affymetrix GeneChip Whole
Transcript Sense Target Labelling Assay was appliequgrofitotal RNA. According to
0KS YI ydzZFl Ol dzNS NR A& hybrdized e (iAKyehsfrix 1.0 dusnan! 4| &

Exon ST arrays. The raw data were processed with the Affymetrix powertools.
Methylated DNA immunoprecipitation and higthroughput sequencingMeDIRSeq)

Briefly, 2.5ug of genomic DNA were fragmented to 1©R00bp using the Covaris S2
system and end repaired with End Repair mix (Enzymatics) followed by a purification
step (Qiagen DNA Purification Kit). Barcoded sequencing adapters were ligated
followed by nick translation with DNA polymerase | (NEBUYLOANti5-methyl
cytosinecoupled magnetic beads were used for the enrichment step of the
methylated DNA immunoprecipitation (MeDIP). Sequencing libraries were generated
before the enrichment and incubated with the beads fon 4n IP buffer (1@nmol/l
sodium phosphte buffer pH7, 140mmol/l NaCl, 0.286 TritorX100). Beads were
washed 3x in IP buffer and DNA was eluted in elution buffem{®@!/I TrisHCI



pH7.5, 10mmol/l EDTA, % SDS) for Ifain at 65°C. After zh of incubation with
proteinase K, the DNA wasxteacted (phenol/chloroform) and precipitated
(ammonium acetate/ethanol). SOLID sequencing libraries were prepared following the
SOLID V3 fragment multiplex library preparation protocol (Life Technologies).
Following MeDIP, enrichment libraries were ametf with multiplex library PCR
primers, sizeselected and quantified by gPCR with library PCR primers. Dilutions of a
prequantified SOLID fragment library control (DH10B) were used to create the
standard. Samples were diluted to 1p@/pl using 1x Low TEuffer (Applied
Biosystems) and qPCR was repeated. Equal amounts of up to 8 barcoded libraries were
pooled and fixed to sequencing beads by emulsion PCR following the templated bead
preparation protocol for SOLID V3. Sequencing was conducted on a SOufDusiRy

barcode sequencing chemistry (up to I3%; Lifetechnologies).

2.2.10 Luciferase reporter assay

To examine gene promoter activities under certain conditions, the -Dualferase
Reporter Assay System (Promega) was applied. The LGALS3BP and STAT1 promoter
regions were cloned by Andrea Wunderlich in front of fkotinus pyraligfirefly)
luciferase reporter gene, respectively, whose expression was later driven by the
promoter fragment. After substrate administration, the luciferase expression resulted

in light emission, which corresponds to the promoter activity. The pBil#ancer (E)
reporter vector system (Promega) was used for the promoter cloning andRérella
reniformis(sea pansy) luciferase vector phRK was applied for normalization. Both

vector ystems were kindly provided by the group of PD Dr. Sylvia Krobitsch.

8 x 10* Hek293T cells were seeded in-24ll plates and caransfected the next day

with the Renilla reniformigsea pansy) luciferase reporter vector and either the cloned
promoter constuct or the empty vector as a control. Additionally, cells were
transfected for 72h with shRNA targeting the long isoform of BRD4 (shE1l), both
Ada2F2Nya 2F . wbn o0aK/HO 2NJ aKDCt Fa | 02
stimulation on LGALS3BP promotetivty, cells were furthermore treated with 100

L b C+ hraddWIitmOyl% BSA as a control.



Afterwards, the luciferase reporter assay was performed according to the
YIydzZF I OGdZNBENDR&a AyaidNdzOGAz2yad . NASFiezr GKS
lysed directly in the 24vell plates in 10Qul of 1xPassive Lysis Buffer per well for
15min at room temperature. Subsequently, p0of the lysate were transferred into a
white clear bottom 96well plate (Costar), which was then inserted into the Glomax
Multi luminometer (Promega) to measure luciferase activities using adpsgyned
programme: Firefly and sea pansy luciferase activities were acquired successively for
each 10s with a 2s delay after initial application of 328 LARI substrate and
subseaient injection of 251l Stop& Glo substrate to the lysates. The firefly luciferase
activities were then normalized to the corresponding sea pansy luciferase activities
and further normalization was carried out to the empty vector, shGFP and

BSAtreatment controls. Results were tested for significance using athiled t-test.

2.2.11 Microtubule regrowth assay

One day before treatment 1.610° MCF10A cells, 1)610° stableFIpInTRex293 cellsor

3x10° SKBR3 cells were seeded on PLL coated coverslips iwé plates. To
depolymerize microtubules, cells were treated with |[B8 nocodazole diluted in
corresponding culture medium for two hours at 3Z. Thereafter, cells were washed
four times with warm culture medium and incubated at 37 to allow microtube
regrowth. Cells were fixed with iemold MeOH immediately after ®in and 10min
nocodazole washout, respectively and were immunolabelled for Boethbulin and
J-tubulin afterwards. Immunofluorescence images were obtained using a Zeiss
Axioimager Z1 mioscope with a Zeiss Plakpochromat 63x/1.4 oil objectivémages

were recorded with a Zeiss AxioCamMRm camera using AxioVision 4.8 acquisition
software. Microtubule regrowth was defined as the area covered by MTOC asters in
relation to the whole cell ar@ For regrowth quantification microtubule asters that
emanated from centrosomes as well as the corresponding cells were outlined by hand
dzaAy3d GKS LYIF3ISW a2FGgl NBEQa FTNBSKIYR aSft SOi
in pixels subsequently. The expaents were carried out in duplicates witi»200 of

analysed cells per replicate for each time point. Data were expressed as ratio between



aster and cell area and displayed by boxplots using the R package ggplot2. A Wilcoxon

rank sum test with continuityarrection was applied to obtaip values.

2.2.12 Mitotic arrest

A mitotic arrest was induced as performed by Q&tnal?8! by culturing U20S cells
successively for 24 with 2mM thymidine, 2h without thymidine and 14 with
100ng/ml nocodazole. Cells accumulated in mitosis were collected by sifakeand

lysed in an apgpriate lysis buffer for subsequent analysis.

2.2.13 Phosphorylation analysis in immunoblots

Detection of LGALS3BP phosphands in mitotic and interphase U20S cells

U20S cells were arrested in mitosis as described above and collected byoshake
left-over interphase cells were separately collected after trypsinization. Cells were
pelleted by centrifugation at 4C and 1,208pm (Eppendorf Centrifuge 5810R).
Subsequently, cell pellets were washed twice with cold PBS and lysed ffoin30
500l of lysisbuffer A (containing phosphatase and protease inhibitors) on ice. Lysates
were supplemented with 28DS sample buffer and separated by -BBSE.
Proceeding with western blotting, the dry milk solution was supplemented with
phosphatase and protease inhibig® Phosphorylated and ngphosphorylated
LGALS3BP was detected by antibtahelling of endogenous LGALS3BP.

Dephosphorylation of LGALS3BP

U20S cell pellets were washed twice with cold PBS and lysed fain36n ice in
500ul of lysis buffer B (supplem&d with protease inhibitors, but lacking
phosphatase inhibitors). Subsequently, 100of calfintestinal alkaline phosphatase
(CIP) were added to the lysate and incubation was carried out foni6t 37°C in a
thermomixer (Eppendorf). Thereafter, protesamples separated by SPSGE were
analysed by western blotting using dry milk solutions supplemented only with protease
inhibitors. Cells lysed in lysis buffer A without following-@#Btment served as
negative controls. Immunolabelling against endogus LGALS3BP was used to

evaluate the success of dephosphorylation.



2.2.14 Kinase profiling against peptide substrates

To find appropriate kinases responsible for LGALS3BP phosphorylation, three selected
phosphorylation  sites were examined, which were mentionemn
www.phosphosite.org (S256, S444) and www.phosida.com (T220). These
phosphorylation sites were then entered into two different kinase motif finder
platforms (PhosphoNET by Kinexus and KinasePhos2.0, respectively) to find best
matching kinases by algdnin. The kinases AKT1, CaMK4, CHK1, CHK2, CK1d and PLK1
were chosen because they showed high prediction scores.

Subsequently, Kinexus was assigned to synthesize wild type peptides of LGALS3BP
incorporating the annotated phosphorylation sites and mutant pegs, in which the
phosphorylatable serine or threonine was exchanged by a-ptasphorylatable

alanine Tablel2).

Table12: SyntheticLGALS3BP peptides used for Kinexus profiling against selected protein kinase
Six different peptides were synthesized for the predicted phosphorylation sites at T220, S256 a
of native LGALS3BP protein. For the pbiosphorylatable mutant peptidesS was replaced by A at t
site of interest. To allow binding to the phosphocellulose plate within the radiometric assay, '
removed from original T220 sequence, DL and SD was replaced by KK in the S256 and S44«
respectively. Sequence chargare highlighted in blue and phosphorylation sites of interest in redg
wild type, mt¢ mutant.

Predicted . . : . Purity
Phosphorylation Site Synthetic Peptide Status Synthetic Peptide Sequence [%]
1220 T220 wt --RRIDILSSVKCF >90
YSRRIDLSSVKCF A220 mt - - RRIDALSSVKCF >85
So56 S256 wt ILLPQDEFQMPKK >86
ILLPQDE-QMPLDL A256 mt ILLPQDRFQMPKK >90
sa44 S444 wt PLVKYS®YFQARK >98
PLVKY®YFQAPSD A444 mt PLVKYSDYFQARK >95

The various recombinant protein kinases employed in ghbstrate profiling process
were cloned, expressed and purified by Kinexus using proprietary methods. Kinexus
then profiled the kinases against the custom peptides in duplicates using the

radiometric assay method as followed:



1 Profile T220 and A220 peptig@gainst kinases AKT1, CK1d and PLK1
1 Profile S256 and A256 peptides against kinases AKT1, CaMK4, CHK1 and CHK2

1 Profile S444 and A444 peptides against kinases AKT1, CaMK4, CHK1, CHK2 and PLK1

The radiometric kinase assay was performed in a final volun2é pf according to the
following assay reaction recipe:

1 5xf 27F RAf dzi SR | OBOnD fhal padid@nicéhaeyitration iy thezassay) F m n

1 5ulof assay solution of test substrate (at 50d)

1 10ul of kinase assay buffer

1 5xf A ATE{25@M stock solution, 0.81Ci)
¢CKS laale gl a AyYRATPHReXIREIM@rto theRrBaktigrAmixtore.
Incubation at room temperature lasted 2@0 min depending on the protein kinase
tested. After the incubation period, the assay was terminatgdspotting 10Qul of the
reaction mixture onto a multiscreen phosphocellulose P81 plate. The plate was then
washed three times for 1Bin in 1% phosphoric acid solution. The radioactivity on the
P81 plate was counted in the presence of scintillation flmida Trilux scintillation
counter.
Measurements were then averaged and blank corrected. Next, the wild type peptides
were compared to the nophosphorylatable mutant peptides. Differences in counts
%8@: BSNBE RSOf I NER | a 30%didedtely lpfogohohylkt@dNE | ( SF
|y RB0%as weakly phosphorylated compared to the corresponding phespitant
peptide.
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This section comprisaesultsthat have partly beempublished by our grou3® as well

as outcomes oé collaboration with Dr. Andrea Wunderlich and Dr. Stefan Bowiam

are former members of Prof. Dr. Dr. med. Michatzi K { OKgSA 3ISNDa

contributions of others areindiceSR Ay (GKS GSEG a 688t | a

3.1 Identification of centrosomal LGALS3BP

3.1.1 LGALS3BP wadentified within a centrosomal protein interaction
network

The intial project focused on the identification of functional protein networks within
the centrosome to examine interdependencies between the centrosome and
regulatory and signalling proteins relating to centrosome aberrations frequently
observed in cancer. Fthat reason, 23 centrosomal and cell cydgulatory proteins
were expressed in human embryonic kidney cells (HEK293) as baits. Next, tandem
affinity purification followed by mass spectrometry (FRIS) was performed to isolate
protein complexes and todentify proteinprotein interactions (for more detailed
information please see Fogeragt all?®). The resulting large protein network with
1,560 interactions was then condersdo a smaller protein interaction network
among known and newly identified centrosomal proteifsg(re 11a). Two major
subO2 YL SESaz -TuBY dohpoyeRtand tie centriolar protein Glapl
(CEP250), were identified within the centrosomal network. To determine candidates
relating to centrosome abnormalities in cancer, only proteins with at least three
interactions and those, which are known to be deregulatedancer, wre selected

out of the first 1560 proteins. Twelve proteins were identified thereby, of which eight
proteins showed a centrosomal or spindigated phenotype after initial functional
characterization upon RNAIi. Among them, LGALS3BP intdragte the two major
sub-complexes via TUBGCP3 anNdp1, which was validated by immunoprecipitation
approachesKigurellb, c). Additionally, the newly identified MBED2 interacted with

LJp 0 = -TGRCS®Glapl and LGALS3BP (validatefigurelld) at a high confidence

level and might thus represent another centrosomal candidateein.

3N
Ay
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Figurell: LGALS3BP is identified within a centrosomal protein interaction network

(a) Centrosomal protein interaction subnetwork derived from a complete TAP interaction network
shows known, newly identified or newly localized centrosome proteins (LGALS3BP and MA
Interactions are displayed as lines between bait proteins (hexggand their interaction partners
(rectangles). Centrosomal proteins are coloured in grey and centriolar proteins in red. Solic
indicate high confidence interactions (Mascot score of the prey protein >50, at least two ider
peptides) and dottedihes candidate interactions (Mascot score >3Zh).The interaction of LGALSS3E
with TUBGCP3 was validated by-igonunoprecipitation after ceexpression of TUBGGIRBAG anc
LGALS3BRyc in HEK293 cell&) The interaction between LGALS3BIc and a FLAGgged CEP25
fragment was confirmed by FLA@munoprecipitation after ceexpression in HEK293 cell
Coexpression of EGHRLAG and LGALS3Bic served as a negative contr(d) Endogenous MAGED
interacted with TARagged LGALS3BP in HEK293 cells.-E&F®as used as a negative control. Fig
adapted from Fogeroet al1?®

3.1.2 LGALS3BP localized to centrioles

After validation of LGALS3BP within the centrosomal protein iotena network, it
was of interest whether LGALS3BP veritably localizes to centrosomes. For this purpose,
immunofluorescence microscopy of human osteosarcoma cells (U20S) was performed

using a mouse monoclonal antibody against LGALS3BP aftBxagiien exraction.



a anti-y-tubulin anti-LGALS3BP composite

Figure 12 Endogenous LGALS3|
localizes to the centrosome and |
amplified upon centriole overduplicatior
(@) LGALS3BP localized to the centrosc
in U20S cells in interphase and to a mu
lesser extent inmitosis. Centrosome
were labelled with an arti-tubulin
antibody shown in green, LGALS3BP
labelled with a mouse monoclon
antibody shown in red and DNA w
stained with DAPI shown in blue in tl
composite images. (b) LGALS3B
localized to the proximl part of
b Sk = CoRIIS SIERGRES JHE BN S centrioles in interphase U20S cells sta

expressing GF&entrin2. LGALS3B
labelling appeared weaker in mitos
=] GFFcentrin2 is  shown in greer
LGALS3BRbelling in red anc
. - . DAPistained DNA in blue in th
composite images. (c)LGALS3BP fo
were amplified after induction o
centriole overduplication by exogenot
overexpression of TARgged PLK4 fc
48h in U20S cells. Amplified LGALS
. - foci localized proximal to newly forme
centrioles and their signal intensi
c anti-centrin2 anti-LGALS3BP composite appeared weaker in mitosisCentrioles
were labelled with a mouse monoclon
- ! anti-centrin2 antibody shown in greet
LGALS3BP was labelled with a mo
= [ monoclonal antibody shown in red ar
DNA was stained with DAPI shown in b
in the composite images. Scale bars in

images represnt 5um.
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Endogenous LGALS3BRalizedto interphase centrosomes aounter-labelled with

interphase

mitosis

interphase

mitosis

interphase

mitosis

an antt -tubulin antibody, whereas LGALS3BPelling appeared weaker in mitosis
(Figurel2a). More precisely, LGALS3BP localized to the proximal part of centrioles in
interphase U20S cells stably expressing-&Gfin2, as judged by thpositioningof
procentrioles Figure12b). Next, LGALS3BP localization was examined in U20S cells
after induction of centriole overduplication by overexpression of -Tagged PLK4 for
48h. Interestingly, thisdd up to amplified LGALS3BP foci, which localized to the
proximal ends of the overduicated centriolesLGALS3BRbelling appeared weaker

in mitosisalsounder these conditionsHigurel2c).



In the following, localization of exogenously expressed LGALS3BP was investigated
through immunofluorescence microscopy. For this purpose, U20S cells were
transfected with a LGALS3BBAG expression plasmid for M8 Expression fo
EGFHFLAG served as a negative control. Labelling the centrosome with an
anti-' -tubulin antibody revealed a centrosomal localization of the LGALSBBB
expression construct while the negative control did nbig(ire13a). In more detail,
LGALS3BPLAG was detected at the centrioles and their interconnecting aea

revealed bycounterlabelling centrioles with a centrin@ntibody Figurel3b).

anti-y-tubulin anti-FLAG composite

Figure 13: Exogenous LGALS3BP locali
to the centrosome

FLAGagged LGALS3BP and EGFP v
transiently expressed for 48 in U20S
cells. (a) LGALS3BPLAG localized to th
centrosome as given bytubulin whereas
the negative control EGHALAG did not.
LGALS3BPLAG and EGHRAG were
labelled with an antFLAG antibody show
in red, ant¥ -tubulin-labelling is shown ir
green and DAF&tained DNA is shn in
blue in the composite images
(b) LGALS3BPLAG localized to th
proximal end of centrioles and to the
anti-centrin2 anti-FLAG composite interconnecting area. Centrioles wer

labelled with an antcentrin2 antibody
shown in green, LGALS3BPAQabelling
is shown in redand DARLtained DNA is
E| shown in blue in the composite imag:
Scale bars in all images represenfurb.
Figure modified from Fogeroet al*?®

Additional studies were performed by owgroup, including transmission electron

LGALS3BP-FLAG ©

EGFP-FLAG

o

LGALS3BP-FLAG

microscopy of preand postembedding immunogoldiabelling of LGALS3BP in U20S
cells, which also confirmed proximal localization of LGALS3BP to centfioles

Altogether, LGALS3BP was found to be a centrosomal protein associated with the
proximal part of centrioles. In a centrosomal context, LGALS3BP has only been
NBL2Z2 NIOSR (2 A y-TuB®A a0 that tindefi iut néitke® centrosomal
localization nor function has been analysed before. We therefore dddidd¢ocus on
LGALS3BP for furthdetailedstudies.



3.2 Functional characterization of centrosomal LGALS3BP

3.2.1 Overexpression of LGALS3BP caused PCM hypertrophy

After LGALS3BP has been identified as a centrosomal prateidescribed in the
previous section, anext question wasthe functional role of LGALS3BRor the
centrosome This was first addressdxy overexpression experiments. For this purpose
HEK293T cells were transiently transfected with a @kbvhoter-driven
LGALS3BPLAG plasmid for 48 HEK293Tetls were chosen because they are easily
transfectable and show high transfection rates. The pFCMYD11 vector backbone

additionally ensured high expression rates.

anti-FLAG anti-y-tubulin composite

Figure 14: LGALS3BP overexpressic
s leads to the accumulgon of
pericentriolar material
A HEK293T cells were transient
- transfected with a LGALS3BRAG
. - - expression plasmid for 48 Cells that
overexpress LGALS3BPAG displayed
dispersed centrosome structurewith
i accumulated pericentriolar materia
P, (PCM) as labelled with an antitubulin
antibody. Untransfected cellgbottom
left in the first two rows) on the other
. n - hand, exhibited focused centrosome
1 -tubulin i

is shown in green

anti-FLAGabelling in  red and

,!"'."._." DAPistained DNA in blue in the

G composite images. Boxes displi

" magnifications of the centrosome an
] . . . the scale bar representsjfin.

HEK?293T cells transfected with LGALSRBBYG for 48 showed ocalization of the

overexpressedusion proteinto the cytoplasm and prominently to the cell cortex.
Additionally, a strong labelling in the area of the centrosome was detected as given by
4 -tubulin immunolabellingKigurel4). Interestingly, centrosomes of those transfected
cells appearecnlarged withdispersedPCMand not as focussed as in untransfected
neighbouring cells. However, the enlarged PCM area never exceeded the
LGALS3BPLAG accumulations in the camdomal region. These findings might be due
G2 LJ2 (-BuRrG Adqdisition capabilities of LGALS3BP because it was shown to



Ay i SNI Ol -TURE viKk GEPR $ the centrosomal prebeieraction network
(Figurell).
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Figurel5: Microtubule regrowth assay in LGALS3B®erexpressing cells

Microtubules were depolymerized by nocodaztdeatment and then allowed to regrow after washot
with the respective culturing medium for 5 or bfin. Repolymerization was measured as ratio betwe
microtubule aster and whole cell area. Data are expressed as boxplots of duplicates (a) or trighic:
with eachn>200. Red circles indicate the meaRsvalues were obtained via Wilcoxon rank sum t
with continuity correction **** p<0.0001, **p<0.01 andn.s.not significant.(a) Expression of stabl
integrated LGALS3BHA-P was induced for #8by teracycline in Flpin TRex 293 cells before nocodaz
treatment. EGFFYFP served as a control. The area covered by regrowing microtubules increased |
in both expression backgrounds with the LGALS8BP expressing cells covering a larger area
10min compared to control cellstb) The breast cancer cell line -BIR3 showed larger areas c
microtubule asters after 1fnin of regrowth compared to the neatumorigenic breast epithelial cell lin
MCF10A.

PCM hypertrophies besides other centrosomagiahtions are hallmarks of cancer and

are known to affect microtubule nucleation ability of centrosoité$®3 To test
whether PCM hypertrophy due to LGALS3BP overexpression influences microtubule
nucleation, a regrowth assay upon nocodazoeatment was performed in stably
transfectedFlph TRexX293 cells Additionally, the breast cancer cell line-BR3 was
analysed, because it endogenously overexpresses LGALS3BP and shows PCM
hypertrophy Figure24 on page71). As a control the nectumorigenic breast epithelial

cell line MCRL.OA with normal cembsomes and normal levels of LGALS3BP expression
was included to the assay. As time points for measuremenisin5and 10min were

chosen for analysis because in all investigated cells the microtubule asters were clearly



visible after 5min in and the wha cell area was not yet covered by microtubules after
10min of nocodazole release.

The area of microtubule asters steadily increased in all examined cells after nocodazole
washout. Tetracyclinenduced overexpression of LGALS3BHP in Flpin TRex 293 ell

led to a significantly faster increase of aster area covering the cell compared to
EGFPYFP expressing cells afterrhin (Figurel5). The same behaviour was obsedv

in the two breast cell lines with the cancerous-EBR3 cells having shown faster
microtubule regrowth compared to the netumorigenic MCHOA cells after 1@nin
(example images shown Bupplemental Figur#).

High LGALS3BP protein levels leading to PCM hypertrophy might thus correlate with

overall centrosomal microtubule organization capacity.

3.2.2 Depletion of LGALS3BP affected centriolar integrity

As a next step, degtion of endogenous LGALS3BP was performed by RNAI to examine
a potential effect on centrosome structure or number. For this purpose, human
osteosarcoma U20S cells were transfected for 72 h with a siRNA pool targeting
LGALS3BP and a ntamgeting siRNA pdas a control.

As observed in immunofluorescence microscopy, an efficient depletion of LGALS3BP in
U20S cellsHgurel6e) led to supernumerary centrinfositive stuctures, which were

partly not associatedvith the PCM [igure16a). These multiple centriolar structures
appeared in interphaseF(50%) and in mitosis even moreeffuently ¢ 80%), which

was validated by quantification of centrin2 foci in immunofluorescence microscopy
carried out by Marid_aure Fogero¥® (Figurel6b).

This experiment was repeated with alternative LGALS3BP siRNAs to exclude any
off-target effects of the siRNA pool that was used initially.

Indeed, transfection of U20S cells withfawb ! L322t (I NAISAUSSBR (1 KS
mRNAas well as with another single LGALS3BP siRNA resulted in supernumerary
centriolellike structures detected in immunofluorescence microscopigyre 17a).

These structures significantly occurredfi80% andNJS & LIS O d5rRedbEthedcells,

which was validated after quantification of excess centpaBitive foci per cell

applying a twetailed t-test (Figurel7b). Furthermore, LGALS3BP protein levels were



effectively depleted by alternative silencing just as the initial transfection with the

LGALS3BP siRNA pool as determined by imniottioly (Figurel7c).
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Figurel6: LGALS3BP depletion leads to supernumerary centriolar structures

U20S cells were treated T2with a siRNA pool targetingGALS3BMontargeting siRNA served as
negative control.(a) Depletion of LGALS3BP led up to multiple centriolar structures in interphase
mitosis, respectively. These centripdsitive structwes were partly not associated with the PCM

labelled with an anti -tubulin antibody. Antibodyt | 6 St f Ay 3 2 F OSy (i Nibuimin

red and DAPR$tained DNA in blue in the composite images. The scale bar represgmts.

(b) Quantificaton of centriolar structures per centrosome. The plots represent messtandard
deviation of duplicates with eacih>200. (c)Immunoblotting of LGALS3BP validated the deplet
STTAOASY O& A yacinkend aS &lbaSimgconitsol ( & |

Subsequetly, a rescue experiment was performed in U20S cells to substantiate the

centriolar LGALS3BP depletion phenotype. For that purpose, endogenous LGALS3BP

gl a RSLI SGSR o0& whb ! LUGALS3BRENAGgktyeRwitl tkassiers Q! ¢ w2 °

overexpression of exgenous LGALS3BWHP. Thereby, the occurrence of excess
centriolar structures upon depletion of endogenous LGALS3BP was rescued in
LGALS3BPFPoverexpressing cells up to 9 Neighbouring cells that were not
expressing LGALS3BPP or cells expressing PP as a control did not show a

rescue of supernumerary centriolar structureBigure 18a). The quantification of



excess centrin2 foci revealed a significamdrease for cells depleted for endogenous
LGALS3BP together with EGAHP overexpression as a positive control compared to
cells transfected with notiargeting siRNA as a negative control. The occurrence of
these supernumerary centriolar structures sucsigsly decreased by time in cells
simultaneously expressing exogenous LGALS¥BP until there was no significant

difference anymore after 96 compared to the negative contrdfigurel8b).
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Figurel7: LGALS3BP depletion phenotype is reproduced by alternative siRai#sfection

U20S cells were transfected ®2 g A G K | aAwb! LJ2 2LGALE3IBRENSand witAan
alternative single siRNA againsBALS3BMontargeting siRNA was used as a negative confedln

immunofluorescence microscopy both siRN@atments targeting different regions of LGALS3BP lel
multiple centrin2positives  structures ex&R A y 3 t/ a I NB I -tubuli-fageBng.
Antibodyf | 6 St f Ay 3 27F OSy (i Nbwhuin rddiandZDRFAtE@ENEd DN in BINES rStlyt
composite images. The scale bar representgnb (b) Quantification of supernumerary centriole
structures that were more than 4 per cell. Data are expressed as mestasdard deviation of
triplicates with eacn>200.**** p<0.0001 and *<0.01 compared to notargeting siRNA control in .
two-tailed t-test. (c)Immunoblotting of LGALS3BP demonstrated the depletion efficiency of t
RAFFSNBYG [ D! [ {-actintsenied & @lloRdng yoatdl. Bigure modified from Foge
etall?®

Supportingly, western blot analysis corroborated an efficient knockdown of
endogenous LGALS3BP while protein levels of exogenous LGME3PBRgressively
augmented in this experiment{gure18c). Overall, these findings indicate that the
occurrence of supernumerary centriggdsitive structures was exclusively caused by

the depletion of LGALS3BP and did not represent antaajet effects.



Since fluoresceneactivated cell sorting and mitotic index analysis did not show
distinct changes cell cycle progression after LGALS3BP depletion compared to
control?8 the observed supernumerary centripsitive structures are not likely to
occur due to cell cycle deregulation. Moreover, these excess centriolar structures had

partially not acquired PCM, suggesting that they were not capable to mature.
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Figure 18. Exogenous LGALS3BP expression rescues the depletion phenotype of endog
LGALS3BP

58L SGAz2y 2F SyR23ISy2dza [D![{o.t gAGK | [
overexpressing exogenous LGALSSBP decreased th&upernumerary centriolar structures in U2C
cells. Overexpression of EGFPP and the netargeting (nt) siRNA pool served as negative contr
(@) The centriolar phenotype after depletion of endogenous LGALS3BP was rescu
LGALS3BPFPoverexpressingJ20S cells (asterisk) that showed a normal centriole number (u
panel). This was not the case in cells expressing &#GPRas control (lower panel). CentrlaBelling is
displayed in green, LGALS3BFP and EGFHFP are shown in red and DARlined INA in blue in the
composite images. The scale bars represenuh0(b) Quantification of the centrinzbositive structures
that were more than 4 per cell. Overexpression of exogenous LGAYFIBBY 96 decreased the
supernumerary centriolar structures ufpo control ranges. Data are shown as mearssandard
deviation of triplicates withn>200 for each experiment*** p<0.0001, ***p<0.001, **p<0.01 and
n.s.not significant compared to negative control in a tialed t-test. () Immunoblotting of LGAIBBP
and LGALS3BH-P validated the depletion of endogenous LGALS3BP while exogenous prote
2 @S NB E LINSir ser@eR as alloading control. Figure modified from Fogerah!?3

To verify this hypothesis, the protein composition of these structures was qualitatively

analysed by immunofluorescence microscopy. For this purpose, twelve centriolar and



pericentriolar markers were examined regarding their localization to supernumerary

centriole-like structureghat appearupon LGALS3BP depletion in U20S cells.

a anti-centrin2 anti-ac-tubulin composite
Figure19: Centrin2positive structures
after LGALS3BP depletion conta
acetylated tubulin and CPAP
[ Qualitative fluorescence microscof
- analysis of U20S cells being transfect

non-targeting

for 72h with a LGALS3BP siRNA pc
Nornttargeting siRNA served as

negative control. (@) In control cells
acetylated tubulin was located at th
parental centrioles but not to nely
formed procentrioles (G2entrioles in
upper panel). After LGALS3t
: knockdown acetylated tubulin localize
b comyosile to supernumerary centrindositive
structures  (lower  panel). (b)In
non-targeting siRNAransfected cells
CPAP localized to the centrioles (upg
panel). LGALS3RRpleted cells
showed excess centrinositive
structures with residing CPAP (low
panel). Centrinammunolabelling is
shown in green, ardach-tubulin and
anti-CPAP in red and DA&hined in
blue in the composite images. The sc:
bars represent jum.
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Intriguingly, these structures comprised centrin2, CPAP (early acquired to
procentrioles, but also present at the proximal end of parental centriéfesand

acetylated tubulin Figure19) but lacked the early centriolar markers PLK4 and SASS6,

CEP135, daughter centriolar marker centrobin, mother centriolar marker ODF2,
GblLim Fa ¢Sttt a G§KS 1t/ a -ubaivMEBSgheyres LISNRO
polyglutamylated tubulin localized to the supernumerary centriolar structurieblé

13 and Supplemental Figure?). Altogether, the marker composition of the
centrin2-positive structures detected upon LGALS3BP depletion did not indicate
precisely their origin. They might repregenewly formed, but incomplete centrioles or

might be the result of centriolar fragmentation.



3.2.3 Qualitative analysis of LGALS3BP and its interaction partners

In the following, the impact of LGALS3BP interaction partners on the formation of
supernumerary cetriolar structures and their marker composition was examined in
U20S cells after RNAI. For this purpose, cells were transfected forwith siRNA
targeting GCP3,-Rapl, CEP55, MAGED2 and LGAL&888Rgle knockdowns as well

as LGALS3BP siRNA togetiath GCP3, Glapl, CEP55 or MAGED2 siRNA for
simultaneous depletionTransfection with nottargeting siRNA served as a negative
control. Next, cells were immunolabelled for centrin2 together with centrobin,
acetylatedh -tubulin, CPAP, SAS6, polyglutamydsite | Yy Rtubulin, CEP135,-Bapl

or pericentrin and subsequently analysed via immunofluorescence microscopy. The
qualitative analysis of the phenotypes is briefly summariagd able 13 and example
images are shown iSupplemental Figurg.

In control cells, two centrin2 foci were observed in mitosis as well as-ph@de and

four foci in G2phase. Principally, two foci of each tested marker were observed at
interphase centrosomes, with centrobin being located more pronounced at daughter
centrioleg®, acetylated and glutamylated tubulin at mature centrioles and SAS6 at
procentrioles.CPAP and CEP135 foci were detected at the proximal parts of parental
centrioles and at the sides of newly forming procentriolesNap1 localized to the
proximal centriolar region as well as to the interconnecting area and pericentrin
around parental cemoles. In mitosis, two centrin2 foci were detected per spindle
pole with only one focus of each tested marker localizing to it. The fluorescence
intensities of CPAP andN&apl appeared weaker in mitosis as compared to interphase
cells.

Noticeably, GCP3 dvlIAGED2 single knockdown neither affected centriole number
after detecting centrindabelling nor any other tested marker as compared to the
negative control. Furthermore, in all RNAi backgrounds one SAS6 focus was detected
per pole in mitosis and two foet S and G2phase centrosomes. In G1 of interphase
no SAS#abelling occurred, because SAS6 is not acquired to procentrioles until the
beginning of centriole duplication in earlypBase&*.

The double knockdownsf LGALS3BP with GCP3 or MAGED?2 did not reveal alterations

in the marker composition of excess centrin2 structures compared to LGALS3BP



depletion alone. Simultaneous depletion of LGALS3BP together vitdpC or CEP55
displayed additive phenotypes of théngle knockdowns. However, in contrast to the
single knockdowns, centrobin foci were amplified from time to time but did not
colocalize to all centrinpositive structures in the LGALS3BP ardda@l as well as in
the LGALS3BP and CEP55 double knockdown.

Teble 13: Qualitative analysis of centriolar markers or PCM components upon RNAI

Markers were analysed in immunofluorescence microscopy concerning their localizatic
centrin2positive structures upon single and double knockdowh@GALS3BP and its interacting partn
for 72h in interphase U20S cells. Ntargeting siRNA served as a negative control. Red boxes repri
obvious and yellow boxes occasionally observed amplifications compared tdéargeting control.
Signal loss or @akening is shown by blue boxes. Numbers in boxes indicate signal foci observe
greenwritten text elucidates the localization of a tested marker to excess cenpogtive structures.
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Since LGALS3BP, MAGED2 aNal interacted with each otheat a high confidence
level Figure 11), it was of interest to examine the interdependencies of these
interactions regarding their localization and the formation of eupumerary centriolar

structures.



Firstly, centrioles and MAGED2 localization were examined via immunofluorescence
microscopy upon knockdown of all three interactors in U20S cells, respectively. The
transfection with nonrtargeting siRNA served as a negatigontrol. The efficient

protein depletion in this experiment was verified by immunoblottifgy(re20b).
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Figure20. Centrosomal localizadn of MAGED2 depends onNapl but not on LGALS3BP

U20S cells were treated for T2with SiRNA targeting MAGED2, LGALS3BRNapC. Nortargeting
siRNA served as a negative conti@) MAGEDZepleted cells lost nuclear localization of MAGE
whilst centrosomal localization of MAGED2 persisted. LGALS3BP knockdown did not affect
nuclear or centrosomal MAGED?2 localization but led to supernumerary centriolar structures as gi
centrin2labelling. Depletion of -Glapl did not diminish nuclear M®ED?2 localization but led to loss
centrosomal MAGED2 and to supernumerary cento3itive structures. In the composite imag:
immunolabelling of centrin2 is shown in green, MAGED?2 in red andiBi#ddled DNA in blueThe scale
bar represents fum. (b) Immunoblotting of this experiment validated the depletion efficien@s). The
schematidillustrates the interactions between LGALS3BP, MAGED?2 -Alapp Cwith ENapl mediating
their localization to the centrosome.

Immunofluorescence microscopy oéntrin2-labelling revealed no effect on centriole
number upon MAGED2 knockdown but showed multiple centpog&itive structures

after LGALS3BP aneNapl depletion Eigure20a, first column). Endogenous MAGED?2
showed a speckled localization to the nucleus as well as two foci at the centrioles in
control cells. The centrosomal localization of MAGED2 persisted after MAGED2
knockdown, its nuclear localization, howeversappeared. LGALS3BP depletion had

no effect on MAGED?2 localization to the nucleus and to the centrosome compared to



control cells. The multiple centriRRositive structures upon LGALS3BP knockdown
appeared around the two MAGED?2 foci in the centrosomaloregin contrast to
MAGED2 and LGALS3BP depletiomsNay@l knockdown led to a loss of centrosomal
MAGED42abelling whilst nuclear labelling was retaindéigure20a, sscond column).
Altogether, these findings suggestedN@pl being necessary for the centrosomal
localization of MAGEDZFigure20c).

Next, LGALS3BP andN@pl localizton was analysed upon RNAIi in U20S cells.
Antibody-labelling of endogenous LGALS3BP was again detected at the proximal part
of centrioles and their interconnecting region in control cells stably expressing the
centriolar marker GFBentrin2 Eigure 21a, first lane). LGALS3BP depletion led to
multiple centrin2positive structures in these cells accompanied by a reduced
[ D! [ {o.t Tt dz2 NS 606 af CeBtosdmesiaS yoinpaied the2cantrof
(Figure 21a, b). Surprisingly, -Rapl knockdown significantly decreased LGALS3BP
FEd2NBAOSYOS AyidSyanrleso)iharOSKLSIEP andckdswn S O3Sy
(Figure21a, b). Conversely, LGALS3BP knockdown did not afféapC localization to
centrosomes FKigure 21c, d). 8lely GNapl depletion significantly decreased
centrosomal ENapZXlabelling Figure2lc, d). Labelling of endogenous LGALS3BP and
CNapl in GFeentrin22U20S cells realed colocalization of both proteins at the
proximal part of centrioles as evaluated by the presence of procentriGigsie21e).

As a conclusion, -Napl also meidted the localization of LGALS3BP to centrioles
probably acting as an anchoring scaffold at the proximal part of centriblgarg21f).

In the following, the interation of LGALS3BP andN@pl was functionally analysed in
more detail. For this purpose, single and double knockdowns of LGALS3BMapd C
were examined in U20S cells by immunofluorescence microscopy.

At a first glance, strikingly few mitotic cells weobserved after simultaneous
depletion of LGALS3BP andN@pl compared tdhe negative control and the single
knockdowns. Additionally, the double knockdown revealed a large amount of
apoptotic cells as judged by condensed chromatin bodies. To validateniiptic and
apoptotic cells were quantified. LGALS3BP asda@l double knockdown led to a
AAIYATAOlI yi RSONBI DSwnasdmpakdo themndgatilieicdntroh y R S E
0 2.5%) while the LGALS3BP andNap1l single knockdowexperimentsshowved no

significant alterations compared to contreélls(Figure22a).
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Figure21: GNapl enables centrosomal localization of LGALS3BP

(a-d) Cells were depleted for LGALS3BP aih@l by siRN#&ansfection for 72h. Nontargeting siRNA
served as a negative contrafa) Stably GFeentrin2-expressing U20S cells depleted for LGALS
displayed amplified centriolar structures with decreadgdALS3BP fluorescence intensity at the reg
of centrosomes. Cells depleted forNapl also revealed supernumerary centriolar structures with e
lower LGALS3BP fluorescence intensity at centrosomes compared to LGALS3BP depletion
composite image GFPcentrin2 is shown in green, LGALS3®mMunolabelling in red and DABtained

DNA in blue. The scale bar representgnd. (b) The bar chart represents the ImageJ quantification
backgroundcorrected LGALS3BP fluorescence intensities within the megicthe centrosome upor
GNapl, LGALS3BP and control knockddig)ylJ20S cells depleted for LGALS3BP as well asNapC
showed supernumerary centrin2ositive structures, respectively-Kap1 fluorescence signals remainu
unchanged at the centrosometaf LGALS3BP depletion whilsN@pl knockdown led to a decreas¢
fluorescence intensity of-8apl. Immunolabelling of centrin® displayed in green,-Bap1l in red and
DAPIistained DNA in blue. The scale bar representsm5 (d) The bar chart plots thelmageJ
guantification of @Nap1l fluorescence intensities at the centrosome upeNapl, LGALS3BP and cont
knockdown (b,d) Bar charts represenineanst standard deviation of triplicates witm>200 for each
experiment.* p<0.05 and ***p<0.001 compared tmegative control in a twaailed t-test. () GNapl

and LGALS3BP colocalized in stably-ceRRin2-expressing U20S cells. The localization of both

detected at the proximal part of centrioles as judged by the presence of procentriolesceBEiP2 is
displayed in green, immunolabelling of LGALS3BP in red -&ap8abelling in blue in the compositi
image.(f) Schematic localization ofiapl and LGALS3BP to the centrioles.
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Figure22: Double knockdown of LGALS3BP andll@pl affects cell cycle distribution and apoptos
rate

U20S cells were transfected with siRNA targeting LGALS3BRNeull Gor 72h. Additionally, both
targets were depleted simultaneously. Ntergeting siRNA served as a negative conff@jThe bar
chart displays the quantification of the mitotic index in this experimdb). The bar chart represent:
the apoptotic index quantification of TUN{bsitive nuclei(a,b) The following total cell numbers wer
analysed in this experiment: ndargeting 6=5515), LGALS3BM=3,133), Napl (=2,071),
LGALS3BPN&pl (=1,973).(c) The immunofluorescence micrographs present example image
TUNEHabelling (shown in green) in this experiment with DARIined DNA shown in blugd) The first
four histograms @play DNA contents obtained by quantitative densitometry of BsA&thed nuclei
given as integrated intensities (int.int.) witt.>2.000 cells being analysed in each experiment.

different shades of grey within the plot area indicate bins of cell cstelges (from left: <G1, G1, G2/\
>G2/M). The bottom plot represents cell populations in each bin of cell cycle stage. @hlssdyared
tests were applied to test significance withp<0.05, **p<0.01, ***p<0.001, **** p<0.0001 and
n.s.not significantcompared to norargeting siRNA control.



Subsequently, a TUNEL assay was performed to label apoptotic cells in this experiment
(Figure 22c). Quantification of TUNHlositive fluorescein signals revealed a highly
AAIYAFAOLYG AYONBI &S 21% inilRGS celkXmdiaddousi) Ay RS
depleted for LGALS3BP andN@pl as compared to norargeting siRNAransfected

cells with an apoptotic index less than%d Single knockdowmxperiments of
LGALS3BP andNapl also displayed a significant increase of the apoptotic index with
F27: | y4R, rEspectivelyRigure22b). Nevertheless, these increases did not reach
the apoptotic index of the double knockdown, not even as an additive effect.
Considering the decrease of the mitotic indexd the increase of the apoptotindex

in cells cedepleted for LGALS3BP andN@pl, the question arose whether cell cycle
distribution might be affected due to a specific arrest. Addressing this question, the
DNA content was determined by quantitativeertsitometry of DAPs$tained DNA in
immunofluorescence micrographs using the CellProfiler software. The calculated
integrated intensities were then plotted as histograms and split into bins for <G1, G1,
G2/M and >G2/M nuclei. As a result, the cell cyclefigreof LGALS3Edepleted cells
appeared similar to the notargeting SiRNA control and displayed no significant
alterations of cells populating the different bins of cell cycle stagégu(e22d, last

plot). In comparison, the-SBapl single knockdown led to a significant shift from G2/M

to G1 phase cells, which is in line with previous finditf8 The LGALS3BP and
GNap1l double knockdown, however, displayed striking alterations compared to the
others given by a substantial decrease in the G1 population and a highly significant
increase in the >G2/M population of cells. Additionally, a fraction of cells
doubledepleted for LGALS3BP aneN@pl appeared multinucleated or displayed

deformed nuclei with nucleus boundary irregulariti€@ipplemental Figuré).

3.2.4 LGALS3BP degulation correlated with centrosome aberrations
in cancer cells

As aforementioned, exogenous overexpression of LGALS3BP caused PCM hypertrophy
and siRNAnediated LGALS3BP depletion affected centriolar integrity. Thus, a
consequent question was if cellsitiv endogenously deregulated LGALS3BP levels

exhibit the described centrosomal aberrations and if these could be even reverted.
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Figure23: Prostate cancer cells show deregulated LGALS3BP expression and centrosomal aberra
(@) QPCR analysis of prostate cancer cell lines revealed differential expressicBAGS3IBRARNA
compared to the nortumorigenic prostate epithelial cell line RWREThe DuL45, LNCaP and BC
cancer cell lines showed low expressionLGALS3BRRNA whegas the VCaP cancer cell line hig
expressed LGALS3BRvalues were normalized to the reference geBAPDHand to the RWPHE cell

line. Data are shown as IgeC (fold change) and represent mearstandard deviation of two replicates
(Raw data: Andre&@Vunderlich).* p<0.05 and **p<0.01 compared to RWPEcells in twatailed t-test.

Dotted lines indicate the cenff for differential gene expression at |lagC|x0.6.(b) Immunoblotting of
LGALS3BP revealed highly elevated LGALS3BP protein levelB icellCand low levels in BCLNCaF
and DU145 cells compared to RWREcontrol cells. LGALS3BP protein levels were normalized tc
i -actin loading control and plotted in the bar chart after densitometric ImageJ analgp@ompared to
the RWPH. cortrol cells, DU145, LNCaP and BCells exhibiéd amplified centrin2positive structures
in immunofluorescence microscopy. VCaP cells displayed dispersed pericentriolar materiala@

VCaP

RWPE-1 VCaP



labelled 6 & -tubulin. Centrin2A YYdzy 2t I 6 St f Ay 3 Aaébuliilébelibg in ey and
DAPIistained DNA in blue in the composite images. The scale bar represgnts (8) The bar chart
displays the quantification of supernumerary centrip@sitive structures (>4 per cell) in E45, LNCaF
and PG3 prostate caner cells compared to RWHEcontrol cells(e) ThelmageJ quantification of the
PCM area per cell in RWREcontrol and VCaP prostate cancer cells is presented by this bar «
(d,e)The bar charts show meanstandard deviation of triplicates with>20 in (d) andn>100 in (e)
for each experiment* p<0.05, **p<0.01 and ****p<0.0001 compared to RWHEcells in twetailed

t-test, assuming unequal variances.

QPCR studies within the collaboration with Andrea Wunderlich and Stefan Bérno
revealed differential expression dfGALS3BMRNA in certain prostate cancer cell
lines. TheTMPRSS2:ERG&gative prostate cancer cell lines W5, LNCaP and BC

for instance,displayed significantly decreasédsALS3BRMRNA levels compared the
normal prostate epithelial cell line RWRE The TMPRSS2:ER@dsitive prostate
cancer cell line VCaP, on the other hand, exhibited significantly elevad&d S3BP
levels Figure23a). In agreementwith the mRNA levels, the LGALS3BP protein levels
were reduced in D145, LNCaP and BCells and augmented in VCaP cells compared
to RWPEL cells as deteed by LGALS3BRmunoblotting Figure23b).

After the validation of LGALS3BP deregulation in these cell lines immunofluorescence
microscopy analysis was performed aeding centrosomal anomalies. For this
purpose, centrioles were labelled with an an@éntrin2 antibody and the PCM was
labelled with ant# -tubulin.

The RWPH prostate control cell line displayed two to four centrin2 foci per cell
dependingonthecellicOf S a Gl IS o qukidlin lacdlized t theNdknidlds
with one focus detected in Gghase and two foci in G@hase. However, the prostate
cancer cell lines DW45, LNCaP and BCwith decreased LGALS3BP levels exhibited
supernumerary centrinpod A 0 A @S & ( NadlindaddBing appéared drmal
compared to RWRE cells. VCaP cells with elevated LGALS3BP protein levels, however,
showed centrioles of normal appearance with scattered PEMufe 23c). These
phenotypes strongly resembled those upon LGALS3BP depletion and exogenous
upregulation as previously described. Quantification of excess centrin2 foci revealed
that these structures significantly oddINB R55%f DEmn p OXtofoflLNCaP
OSft t a45% WiRP@Fcells Figure23R0 @ =/ 't OSftta as@yAFAOIY
larger centrosomes than RWREprostate control cells as evaluated by ImageJ
macrod I & SR |j dzI y dubdirklabeling\FRyyie2F



Furthermore, the breast adenocarcinoma cell lineBEF3 was analysed because it
expresses high levels of LGALS3BP (www.proteinatlas.orgimdimenary epithelial

cell line MCHLOA with normal LGALS3BP expression served as a control.

To examine centrosomes and LGALS3BP localization via immunofluorescence
microsopy, the cells were antibodly I 6 St f SuRulinFahdNIGALS3BP after
pre-fixation extraction. Endogenous LGALS3BP again localized to centrosomes in
MCF10A cells Figure 24a, first row). In comparison, the BRKR3 cels showed

prominent accumulatiorof endogenous LGALS3BP in the centrosomal area.
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Figure 24: LGALS3BP depletion rescues PCM dispersion in breast cancer cells with GighS3BF
expression

(a) Compared to the control breast epithelial cell line MUOJA the breast cancer cell line -8BR3

endogenously overexpressed LGALS3BP and exhibited dispersion of pericentriolar material (PC|
0 € -tubulin. In immunofluorescencenicroscopy SIBR3 cells transfected 7B with a siRNA poo
targeting LGALS3BP showed smaller and more focused centrosomes comparedBRB Si€lls
transfected withanori F NASGAY3 aiwb! Lk2f | a vy SaEbuinis@wn
in red, endogenous LGALS3BP in green and-81AiRed DNA in blue in the composite images. The s
bar represents fum. (b) ImageJ quantification of total PCM area per cell revealed a reduction of
area in SBBR3 cells after LGALS3BP depletion up to mmnmanges of MGEOA cells. The data derive
from triplicate measurements of each>200. (c)Immunoblotting of LGALS3BP showed augmen
protein levels in SBR3 cells compared to normal levels in MOFA cells (left panel) as well as tt
validation of LGALS3BP knockdown efficiency irB8R cells (right panel). & I f 2 | RJagfid
wasusedin both experimentsFigure modified from Fogercet al.1?®

MCF-10A

SK-BR-3

Additionally, the PCMdefined 0 € -tubulin-labelling appeared disrupted with an
enlarged PCM area compared to MOJA cellsKigure24a, second row). Furthermore,
western blottingconfirmed highly elevated LGALS3BP protein levels-BRKcellsas

compared to MCF10A cells Figure 24c, left blot). Therefore, the centrosome



morphology of SIBR3 cells closely resembled that of the VCaP prostate cancer cell
line and HEK293T cells upon exogenous LGALS3BP overexpression.

A next question was if the dispersed PCM area irBBK cellsis depending on
LGALS3BP levels. To deplete LGALS3&#R3 cels were transfected for 78 with a
LGALSS3BP siRNA pool and with ataogeting siRNA pool as a control.
Immunofluorescence microscopy revealed mdoeused centrosomes in LGALS3BP
depleted SKBR3 cells compared tawon-targeting siRNAransfected SKBR3 cells.
Moreover, the centrosomal LGALS3BPrescencesignaldecreased to a great extent
with a minor LGALS3BSEignalstill detectable atcentrosomes Figure24a, kst row).
Immunoblotting of LGALS3BP confirmed an efficient depletion in this experiment
(Figure24c, right blot). To validate the reduction of PCM hypertrophy irBBR cells
upon LGALS3BP knockdown in comparison with -MI2F cells, the area of
J-tubulin-labelling was measured in pixels utilizing an ImageJ macro on
immunofluorescence micrographs of the respective cells. Plotting the data in
histogramgevealedlargerPCM areas in contrétansfectedSKkBR3 cells compared to
MCF10A cells Kigure24b and Supplemental Figur&a). Depletion of LGALS3BP in
SKBR3 cells, however, led to a notable shift towards a smaller PCM aregparable

to the results measured iMCF10A cells and thus represented a rescue of PCM
hypertrophy. The rescue was fuer verified by a second experiment using the

pericentriolar marker pericentriadditionally toof / -tubulin (Supplemental Figur8c).

3.2.5 Analysis of LGALS3BP phosphorylation

Phosphorylation plays an important regulatory role for centrosome structure and
function?0.49.5254,92,284,287293  Since LGALS3BP was shown to be a cenagsieciated
protein with functions in centrosome integrityif suggested itselto examine its
phosphorylation status.

First, phosphoration of LGALS3BP was analysed via immunoblotting in mitotic and
interphase U20S cells. For this purpose, mitotic cells were collected by-stiadfeer

a thymidinenocodazole block and the lefiver interphase cells were harvested after
trypsinization. Cells were then lysed in the presence of protease and phosphatase

inhibitors to preserve phosphorylated portions of LGALS3BP.
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' VYRSNJ 6KSaS O2yRAUGOAZ2YAZT AYYdzy20o6ft 20kDRy 3 2 7F
higher molecular band additionally to the ban@o [ D! [ {89kDia in mifbsisFand
interphase Figure25a).
¢ 2 I a0S NI2oKDY higheF malekufr bind represents a phosphorylated pool
of LGALS3BP, U20d<xwere lysed in the absence of phosphatase inhibitors and then
incubated for 30min with calf intestinal alkaline phosphatase (CIP). Cell lysate with
phosphatase inhibitors and no Gifeatment was applied as a negative control.
The application of CIP th KS OSftft f&aliS f SR10GkRaas ¢St 1S
detected by LGALS3BRmunolabelling, although the main band of LGALS3BP
appeared weaker, too, when compared to control lysates.

a b
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Figure25: LGALS3BP phosphorylationiiierphase and in mitosis

(@) U20S cells were arrested in mitosis by thymielioeodazole block and collected by shake off. T
remaining interphase cells were harvested upon trypsinization. Lysis of the cells and immunob
were performed in the presece of phosphatase inhibitors. LGALS&BmRunolabelling detected &
F201 51 KA3IKSNI Y2t SOdzt I NJ 6 yR | RBGkDai(h) Zhé highér énolatital
band of LGALS3BP weakened after incubating U20S cell lysate withtesdifial alkaline phosphatas
(CIP).(a,b)LGALS3BP was detected with a specific rabbit LGAIZ®8B&dy andi -actin served as ¢
loading control.

To discover kinases responsible for LGALS3BP phosphorylation, three phosphorylation
sites were further aalysed because they wetisted alreadyon www.phosphosite.org

(5256, S444) and www.phosida.com (T220). These phosphorylation sites were entered
into two different kinase motif finder platforms (PhosphoNET and KinasePhos2.0,
respectively) to find best malteng kinases by algorithm. The kinases AKT1, CaMK4,
CHK1, CHK2, CK1d, and PLK1 were chosen because they showed high prediction scores.
In the following, the Kinexus corporation was assigned to synthesize wild type peptides

of LGALS3BP incorporating the atated phosphorylation site as well as the
corresponding phosphmutant peptides, in which the phosphorylatable serine or

threonine was exchanged by a nphosphorylatable alanine. Additionally, Kinexus



profiled the wild type and phosphmutant peptides aginst the kinases using a
radiometric assay method.

Profiling of the T220 LGALS3BP peptide against the AKT1 kinase reve#et@4é
counts per minute when compared to the phosphmutant A220 peptide indicating a
high phosphorylation rate of the wild tygeeptide (Tablel4). In this context, CK1d and
PLK1 kinases showed weak phosphorylation%622nd 1®6) of the wild type peptide
when compared to the phosphmutant peptides.

Tablel14: The T220 peptide is highly phosphorylated by AKT1 compared to the phosphiant.

In vitro activities of AKT1, CK1d, and PLK1 kinases in the presence of wild type and mutant LGALS3BP
peptides T220 and A220 werebtained using a radioisotope assay format. Averaged and
blankcorrected measurements are given as counts per minute (cpm). The difference in counts between
wild type (wt) and mutant (mt) peptides (T220 A220) is also given as % change from the
phosphemutant control (CFC). The positive control verified the activity of the applied kinases.

_ Positive control ~ T220 (wt) A220 (mt) N T220- A220
nase cpm]  [cpm] cpm]  [cpm] CFC [3
AKT1 134,656 8,874 1,413 7,461 84
CK1d 57,692 6,208 4,826 1,382 22
PLK1 51,216 1,565 1,305 260 17

Profiling the S256 phosphorylation site against the AKT1, CaMK4, CHK1, and CHK2
kinases only resulted in weak phosphorylation 8y of the synthetic S256 peptide by
CHK1 when compared to the A256 phosghotant peptide Tablel5). AKT1, CaMK4,

and CHK2 kinases did not phosphorylate the wild type peptide though.

Tablel5: CHK1 weakly phosphorylates th&5ALS3BP S256 peptide.

In vitro kinase activities of AKT1, CaMK4, CHK1 and CHK2 in the presence of wild type and mutant
LGALS3BP peptides S256 and A256 were obtained by radiometry. Kinase activities were averaged,
blankcorrected and given as counts permate (cpm). The difference in counts between wild type (wt)
FYR Ydzil yi 0 %266 A266% isXiso Bi&a as dgchange from the phosphtant control

(CFC). All kinases were active in this assay as given by the positive control.

_ Positivecontrol S256 (wt)  A256 (mt) N S256- A256
nase pm]  [com]  [pm]  [cpm] CFC[%]
AKT1 134,656 38 0 38 -
CaMK4 174,417 348 356 -8 -
CHK1 165,948 2,624 1,658 966 37

CHK2 125,122 0 3 -3 -




The profiling of LGALS3BP S444 wild type peptide and A444 phospghnt peptide

against AKT1l, CaMK4, CHK1, CHK2 and PLK1 kinases revealed moderate
phosphorylation of the S444 peptide by CaMK4 ¥99and no phosphorylation by

AKT1 and PLK1 as compared to the phosphtant (Table16). CHK1 and CHK2, on

the other hand, highly phosphorylated the S444 wild type peptideX8and 98%) in
comparison to the A444 phosphautant peptide.

Tablel6: The LGALS3BP S4skptide is highly phosphorylated by CHK1 and CHK2.

Radiometric profiling of AKT1, CaMK4, CHK1, CHK2 and PLK1 kinases in the presence of wild type and
mutant LGALS3BP peptides S444 and A444 revealed high phosphorylation levels for CHK1 and CHK2. The

in vitro kinase activities were averaged, blao#rrected and given as counts per minute (cpm). The
RAFFSNBYOS Ay O2dzyia 0Si6SSy ¢ B44RALMAB LIBso giverias %l Yy R Y dzi
change from the phosphmutant control (CFC).The positiventrol verified proper activities of the

tested kinases in this assay.

_ Positive control S444 (wt)  Ad444 (mt) N S444- A444
nase cpm]  [pm]  [pm]  [cpm] CFC[%]
AKT1 134,656 20 73 -53 -
CaMK4 174,417 3,840 1,562 2,278 59
CHK1 165,948 50,871 7,606 43,265 85
CHK2 125,122 2,860 57 2,803 98
PLK1 51,216 950 1,042 -92 -

Summing up the results of thim vitro kinase assays, LGALS3BP wild type peptides
were able to be phosphorylated by certain kinases. Especially AKT1, CHK1 and CHK2
represented suitable kinases for further phosphorylation studies on LGALS3BP since
they displayed the highest phosphorylation rateand were also reported to affect

centrosome numbe®4 or to localize at entrosomeg?.295

3.3  Regulation of LGALS3BP expression

3.3.1 LGALS3BP expression depended on BRD4

The previous results pointed out a role of LGALS3BP in centrosome integrity as well as
a strong correlation between deregulated LGALS3BP expression and centrosomal

aberrations in cancerEspecially in relation to cancer it was of interest to understand



the regulation of LGALS3BP expression since this could possibly allow pharmaceutical
intervention in cancer progression.

The collaboration with Andrea Wunderlich was initiated because L@&L%3s one of

the top downregulated genes upon BRD4 depletion in HEK293T cells as resulted from

mRNA sequencing analysis during her studies in Miorgdi K { OK g SREISNDa 3
Moreover, an Ingenuity Pathway Analysis (QIAGEN) oBRBI knockdown mRNA

sequencing datadisplayed interferon signalling as the most significantly affected

pathway in this study Supplemental Figure4)®®®. As LGALS3BRepresents an

L b €timulated gené®1:163 we decided to include STAT1 into the further analysis since

Al YSRAFGSE GKS OSftf dzf I NJ L BE® DudFoatheley 8 S 0 @
findings it was of interest for us how BRD4 influences LGAL&3BPssion and if
.w5n FFFSOla GKS LbcC: NBalLkyasS 2F [D!]{

o
—

To address these questions, we performed isofapecific depletion of BRD4 in
HEK293T cells and analysed mRNA and protein levels as well as promoter activities in
L b -Stimulated and unstimulated backgrounds. An isofespecific BRD4 knockdown
was achieved by 72 shRNAransfection, which targets either both isoforms of BRD4
(shC2) or only the long isoform of BRD4 (sliijyre26a). ShGFP served as a negative
control.

Quantitative realtime PCR was performed to analyse mRNA expression in HEK293T
cells with the resulting data being normalizedH®RT ¥eference gene expression and

to shGFRransfected cells. Thereby, BRDdpleted HEK293T cells revealed
significantly downregulated mRNA levelsBRD4 STATJand LGALS3B{Figure26b).
Precisely, considerg the isoformspecific depletion of BRD4, sh@€ansfection led to

a 2.1¢4.4 fold downregulation oBRD4as detected with primers for botiBRD4
variants and to a 2.2 3.4 fold downregulation of the lonBRD4soform. Transfection

with shE1 resulted id.5¢ 6.5 fold downregulation of botlBRD4variants and mRNA
levels of the londBRD4isoform decreased 2.64.7 fold. STATland LGALS3BRRNA
levels were more downregulated after sh@ansfection (4.8; 7.3 and 25.&; 40.4 fold
downregulation) comparedat shE#ransfected HEK293T cells (%.8.7 and 4.1 5.6

fold downregulation). Additionally, western blot analysis of this experiment showed

downregulation of STAT1 and LGALS3BP protein |&igig€26c). The STAT1 band at
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HEK293T cells were specifically depleted for two different BRD4 variants for Adtitionally, this
experiment was carried out with 100L b C* & { A Y dzh. {afiThe sEherflaficNllustrates twi
different shRNAs applied for isoforapecific depletionof BRD4. ShC2 targets anté¥minal region
present in both isoforms of BRD4 and shEL1 targets ttexr@inal domain (CTD), which is only present
the long isoform of BRD4b) QPCR analysis of relatiBRD4 STATland LGALS3BPExpression after
isoform-specific depletion of BRD4Ar values were normalized to reference geR®RTland negative
controktreatment with shGFP. Data are shown askig (fold change) and represent mearstandard
deviation of four replicates. The ndag-transformed values of fd changes can be found in the ma
text. A two-tailed t-test was applied compared to shG#PBated cells.(c) Immunoblotting of the long
BRD4 variant, STAT1 and LGALS3BP after issfatific BRD4 knockdown with shGFP serving

yS3l GAGS CetiriimMinblabelliggRas & loading contré¢dl) Dual luciferase reporter assay ¢
LGALS3BRNd STAT1promoter constructs after BRD4 knockdown. Firefly luciferase activity
pGL3Epromoter constructs was normalized to sea pansy luciferase activity -ekpessed pRIK
vector and to pGL-E empty vector. The relative luciferase activities are presented as mestaadard
deviation of two replicates with &wo-tailed t-test being applied compared to shGiBnsfected cells.
(e)QPCR analysis d8RD4 STATland LGALS3BS ELINS&&aA 2y | FGSNJ . w5



stimulation. Cr values were normalized télPRTIand to shGFRansfection with BSAreatment as a
negative control. Data represent measstandard deviation of four replicates and are displayed
loFC. The notog-transformed fold changes are stated in the main teit.two-tailed ttest was
applied compared to the negative contr@f) Immunoblotting of BRD4, STAT1 and LGALS3BP after
1Y201R26Yy 6AGK LbC!' &A0AYWDISRA2EDYESHI yratBoeig:
as loading control. Immunobilots in (c) and (f) show cuttings of the same membrane with the very
exposure times.(g)Dual luciferase reporter assay of th&SALS3BPBromoter construct after BRD:-
depleton wa G K LbC* adAYdzZ I A2 y-treatment? Ridkflp BcHdRaselativity Wa
normalized to sea pansy luciferase activity and to p&ELl&npty vector control. The relative lucifera
activities are given as meaastandard deviation of two refdates with awo-tailed t-test being applied
compared to shGFansfected cellsRaw data were provided by Andrea Wunderlich. Dotted line:
gPCR plots indicate the coff criterion for differential gene expression at |lggC|»0.6.
***x n<0.0001, ***p<0.001, **p<0.01, *p<0.05 andh.s.not significant.

90kDa after shEtransfection did not appear as weak as after sti@asfection but

still weaker compared to the negative control, which could be explained by the slight
1.8¢ 2.7 fold downreguldabn of the STAT1 mRNA levels. Furthermore, the analysis of
STATland LGALS3BPromoter activities via luciferase reporter assay revealed
reduced promoter activities after BRD4 knockdown as compared to negative control
(Figure 26d). TheLGALS3BPromoter activitieswere significantlyreducedto 14%

after shC2mediated BRD4 knockdown anth 23% after shEInediated BRDA4
knockdown ascompared to the 100% activity of the negative control. This
fundamentallyconfirmed the results of the gPCR and western blot analysisSTAE 1
promoter activities after BRD4 knockdown, however, were not as strongly reduced as
the LGALS3BP promoter activitiehC&transfection of the cells led to &TAT1
promoter activity of 426 and shEfransfection to a promoter activity of still 7.
This might explain the weaker reduction 3TATINRNA expression and the strarg
STATL1 protein band observed by immunoblaitafter shEdransfection compared to
shC2mediated depletion of BRDA.

Subsequently (G KS SELISNAYSyiGa 6SNB NBLISHGSR
the shRNAransfected cells were added 100 2 ¥ Lt Gefore marvest.

[}
>+
i
A

ShGFRransfection and . % BSAreatment served as negative control.

First of all, gPCR was performed with following data normalization on the reference
geneHPRTHANd shGH&ansfection combined with BSiteatment.

The analysis of mMRNA expression via qPCR revealed no significary LJr OG 2 F LbC
BRD4mRNA levels after shGEPNI vy & T S O istim2ilgted keffsKigube26e). BRD4

knockdown via shC2 as well as sliahsfection led to a sigficant decrease in mRNA

expression as detected with primers for either boBRD4isoforms (1.6 4.0 fold



downregulation) or for the long isoform &RD4(2.1¢ 3.7 fold downregulation) after

LbcC: A0AYdzZ FGA2y ® { dzZNLISPAZVNRNE x@rassion irer RAR Y
control knockdown conditions. Interestingly, shtt@nsfection led to a significant

reduction of STATIMRNA levels (1.¢2.2 fold downregulation) whilst a significant

increase was observed after shidnsfection (1.7 2.5 fold upregution). LGALS3BP
expressiorwas significantly upregulated (160 ®n F2f R OKI y3S0 I ¥4 SNJ
Ay (KS O2yiNRf (yYy201R246y® |1 26SOSNE LbC: ad.
significant 2.6 3.4 fold downregulation oEGALS3B&Xpression ad a significant 2.4

3.3 fold upregulation in the shEfansfected cells.

Western blot analysis of this experiment verified the isofespecific depletion of

BRD4 and the gPCR results as detected with an antibody targeting the long BRD4

variant figure 26f). Interestingly, the STAT1 protein levels appeared augmented in

L b Gtimulated and shGF#ansfected cells Kigure 26f) when compared to

unstimulated cells Kigure 26c), which contradicted the gPCR results. On the other

hand, both types of w5 n RS LJ Sdiirutatéd cklly led.tdaQlecrease of STAT1

protein levels as compared to the stimulated and unstimulated shGFP coRigoiré¢

260 Food {2 FAFAYIT G tSIad-stmded ! ¢ v LIN
shEtransfected cells countered the respective qPCR results. The detected LGALS3BP
protein levels, however, supportethe respective gPCR results. LGALS3BP protein
SELINB&aarz2y ¢l a |dzAYSYGSR FF¥FGSNJ LbcCc: &dAYdA
compared to the unstimulated backgrounBigure26c, f) whilst shC2ransfected cells

showed downregulation of LGALS3BP and LGALS3BP levels were increased even more

after shE#transfection as compared to the shGFP control.

Parts of these findings could be explained by the analysis of LGALS3B&teprom

activity via luciferase reporter assaps compared to the BSreated control cells,

LbC: &0 A Ydz -transketgll cells/led doKasigriificant increaseLGALS3BP

LINR Y2 i SNJ | Aa7Redigiiré26g)dAiCAiadsfeétion significantly decreased

GKS LINBY2UGSNI FOGAGAGE | 0K2dzZaAK -sfirdulatedh T F SNB Y

6B&>0 YR dzyaidA Y2620) Ther® wad %if sigrificart Rifferende
[ D! [{o.t LINBY2{SNJI -stidilated &rit &instimGlatedl $is/ aftdr b C !

ShELYSRA LGSR . w5n 20%),2df Rréndoier adtifities remained

AAIYATAOIyGte RSONBIFaSR yR LbcC! a0AYdz FGA



100% as it wald have been expected regarding the immunoblots. Nevertheless, the

short isoform of BRD4, which remained after shE1l transfection, seemed to mediate
LGALS3BRINR Y2 G SNJ | OUAGI GA2Yy dzLl2Y LbC* &dGAYdzZ | G
All in all, these findings suggested a role of BRDtenregulation of STAT1and
LGALS3BPpromoter activity, which in turn affected mRNA and protein expression.

| 2y OSNYyAy3 [D!/'[{o.tX (KS&aS NBadzZ G§a AYyRAOI

expression could be mediated by the short isoform of BRDA4.

3.3.2 LGALS3BPxpression was regulated through methylation

Quite recently, Borncet al. discovered differential global methylation patterns in
TMPRSS2:ERCGgene fusiorpositive and -negative prostate cancers via
microarraybased gene expression analysis (Affymetrix) anethglation profiling
(MeDIRSeg¥*:. The fusiomegative tumours showed significantly more methylation
events on a global level compared to fusijeositive cancer and control tisstfé They
confirmed an upregulation of the histone methyltransferase EZH2 in both cancer
backgrounds and concluded that it is caused by either the-agedtribed ER@riven
mechanism in fusiopositive prostate cancéf® or by hypermethylatiormediated
epigenetic silencing of the EZH2 negative regulatd®26ain fusionnegative prostate
cancer that they identified in their stud?”-243

The collaboration with Stefan Bornet al. was started, becauseLGALS3BP
downregulation correlated with thd&eZH2upregulation in their prostate cancer data
set (not published).

Microarraybased gene expression profiling of normal and prostate cancer tissue
revealed significantly elevateBZH2expression in the cancer tissues compared to
normal samples.EZH2displayel even higher expression rates in fusioegative
samples when opposed to normal and fusioositive tissue samplé® (Figure27a).
LGALS3BeXxpression, on the other hand, showed significantly lowered expression in
the fusionnegative samples as compared to normal aiMPRSS2:ERGsionpositive
prostate cancer tissud={gure27b). Due to these findings, we took a closer look on the
LGALS3BP promoter region within the MeBH? data set. Correlating with tHeZH2
expression CpG methylation within th&sALS3Bpromoter region (50 bp upstream



of transcription start site) was significantly increased in the cancer samples when
compared to normal tissue. Compared to fusjoositive cancers, thi GALS3BP
promoter region was even stronger methylated in fusimegative samples, which

could explain the low expression rates by promoter silenciigure27c).
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Figure27: LGALS3BP expression is regulated by EZH2
(a,b) The boxplots show microarrapased analysis dEZH2(a) andLGALS3B®) gene expression i
TMPRSS2:ERGsionpositive (FUS+) andhegative (FU$ prostate cancer samples in comparison
normal prostate control tissue (NORM). Data are given asJalyes ofarray signals(c)Analysis of
LGALS3BP promoter methylation via MeB#&? revealed differential methylation among FUS+ and |
prostate cancer samples compared to normal prostate control tissue. Data show a region with
LGALS3Bpromoter 500bp upgream of the transcription start site and are given as Meb#g values
(rpm). Sequence was mapped on human genome 19 (H@48)Data displayed by boxplots sho
pools of FUS+ cancems£17), FUScancers if =20) as well as normal prostate tissue=<53). Data
were tested for significance by  multiple -t&iled MannWhithey tests  with
BenjaminiHochbergcorrected values**** p<0.0001, ***p<0.001, **p<0.01, *p<0.05 andn.s.not
significant. Experiments were performed by Bomtoal 243 (d) Data represent gPCR resultsEfH2and
LGALS3BmMRNA expression in FCfusionnegative prostate cancer cells transfected for 7 2vith
siRNA targetindeZH2 Nontargeting siRNA served as a negative control in ¢xigeriment.Cr values
were normalized taGAPDHand nontargeting siRNA contro{e) Analysis of EZH2 and LGALS3BP prc
levels via immunoblotting of R& cell lysates previously transfected witBZHZ2argeting SiRNA.
Non+targeting siRNA served as a ndg&d S O 2 y éadliR? ds a logfliRg controff) LGALS3BMRNA
expression analysis via gPCR of3Afostate cancer cells after F2of EZHXSIRNA andniR26amimics
transfection. Norargeting siRNA served as a negative cont@lvalues were normalizetb GAPDH
and to the RWPH prostate control cell line(d,f) Data represent meansstandard deviation of three
replicates and are displayed as log2 of fold changeKIBy The notog-transformed fold changes ar
stated in the main textA two-tailed t-test was applied compared to the respective negative control v
*** n<0.001, **p<0.01, *p<0.05 anch.s.not significant. Dotted lines indicate the catf for differential
gene expression at |lagC|x0.6. QPCRs were performed by Andrea Wunderlich.



Next, we asked whether EZH2 depletion in T@MPRSS2:ER®&sionnegative
background could influence LGALS3BP expression. Considering that question, we
analysed the fusiomegative prostate cancer cell line B®ecause it showed elevated
EZHZxpressiof* and lowLGALS3B&pressionFigure23a, b).

Hence, P@ cells were transfected for #2 with siRNA targetingZHZ2and LGALS3BP
expression was analysed by gPCR and western blottingtddgeting siRNA served as

a negative control

Thereby, EZH2 mRNA expression was significantly lowered 4146.7 fold
downregulation) and.GALS3BRRNA expression significantly increased (2330 fold
upregulation) as compared to the negative contrBlgure27d). These findings were
confirmed by western blot analysis as EZH2 protein levels were distinctly decreased
after EZH2 knockdown with LGALS3BP protein levels being clearly elevated in
comparison to thenegative control Figure27e).

Analysis o GALS3BRRNA levels by qPCR unveiled ac#4% fold downregulation in
non-targeting siRNAransfected P& prostate cance cells when related to RWPE
prostate control cellsKigure27f). A siRNAnediated depletion of EZH2 in these cells
led to a significant increase &fGALS3B&ene pression compared to netargeting
siRNA control albeit it was still 1¢51.9 fold downregulated in relation to RWRE
cells. Transfection of P& cells withmiR26amimics, on the other hand, significantly
elevated LGALS3BRMRNA levels to an exterthat was not significantly different to
RWPEL prostate control cells anymore.

Finally, these findings indicate that LGALS3BP downregulation TMRRSS2:ERG
fusionnegative prostate cancer background could be regulated by targeting the

histone methyltransferasEZH2ither directly or viamiR26a
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4.1 A protein interaction network identifies centrosomal LGALS3BP

LGALS3BP was identified by our group via tandem affinity purification mass
spectrometry (TARMS) within a proteirprotein interaction network among 23
centrosomal and cell cyclegulatory proteing?®. High confidence interactions with
LGALS3BP were shown feN@pl (CEP250), GCP3 (TUBG&RB)he newly identified
MAGED?2, which were further verified by immunoprecipitation approaches.

TARMS represents a powerful tool for protein complex analysis, since native protein
complexes can be isolateoh vivo and highly enrichedbecause of the twestep
purification proceduré®3® However, epitopaag affinity purfication approaches
display some limitations as reviewed by Ch&hdrirstly, the expression of the tagged
bait proteins must be high enough enable an efficient protein purification yielding a
sufficient amount of proteins for mass spectrometry analysis. Secondly, the epitop
tag has to besterically availablé¢o ensure affinity purification. Additionally, tagging
either the N or Gterminus of the bait protein may intervene in the natural localization
and the interacting proteins may thus be different. Thirdly, it is possthht the
tagged bait protein competes with the endogenous protein for binding to the
interacting proteins, which may lower purification efficiency. Fourthly, the
conformation of the bait protein or its charge state may be changed by tagging and
may thusinterfere with binding to the interaction partner.

Certain attempts were made by our group to address these limitatf8nBirst of all,
stably transfected Flpln TRex 293 €&lith high CMV promotedriven bait expression
were used for the study to ensure sufficient purification efficiencies. Afterwards, the
complexity of interacting proteins as well as their enrichment in TABtesuof bait
proteins wasstrictly comparedaganst the negative controls by Coomasstaining of
1cm SDSAGE geland further analysediia mass spectrometts®. Our centrosomal
protein interaction networkis of high qulty since also known interaction partners
were found and reverse TAP experiments, bidirectionalnemunoprecipitation as

well as tagmmunoprecipitation further validated the interactiot?s.
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TARMS analysis of mitotic protein complexes in HeLa llshhowever, neither
centrosomal localization nor function has been reported before. The present study
strikingly confirmed a centrosomal localization of LGALS3BP by sapprahches and

in several cell lines. In immunofluorescence microscopy, the localization tcldke
proximal part of centrioles, as given by the proximity of procentrioles, was shown in
human osteosarcoma U20S cells by antibladbelling of endogenousGALS3BRNd

by transient expression of the FLA&ged proteif?®, which was further confirmed in

the mammary epithelial cell line M&PA. Additionally, exogenously overexpsed

myc or FLAGagged LGALS3BP localized to centrosomes of HEK293%cells
Transmission electron microscopy of pend postembedding immunogoldiabelling

of LGALS3BP in O2 cells independently validated the localization of LGALS3BP to the
proximal part of centriole’®® Moreover, induction of centriole overduplication by
PLK4 overexpression ldd amplified LGALS3BP foci locating to the newly formed
centrioles, which further confirms the connection of LGALS3BP to centrioles and
indicates that LGALS3BP might be a relevant part of them.

Interestingly, antibodylabelling of endogenous LGALS3BP RO® cells appeared
remarkably weak in mitosis as detected by immunofluorescence microscopy. This
might be observed because centrosomes acquire additional PCM components upon
maturation at the onset of mitosis and LGALS3BP was thus not reachable by the
antibody?®’. However, thisis unlikely ascells were preextracted before fixation to
facilitate antibody accessibility. Another reason could be posttranslational
modifications so that LGALS3BP is not recognised by the antibody &SBBR itself
loses its centrosomal association in a cell egadpendent manner. A more plausible
explanationcould be derived from the identifiethteraction between LGALS3BP and
GNapl. To enabkl centrosome disjunction in late G2 phaseN&pl at the proximal

part of centriolesis removed by NekBhediated phosphorylation. Also within the
present study, a reduced immunolabelling ofN@pl at mitotic centrosomes was
observed by immunofluorescence ieroscopy $upplemental Figure2) and,
importantly, LGALS3BP aneN@pl were shown to colocalize at the proximal part of
centrioles. Together with the result that afAtiGALS3BP fluorescence intensities

significantly decreask upon GNapl knockdown, this suggests that centrosomal



localization of LGALS3BP depends eNa@l and might therefore be reduced in
mitosis due to éNapl dissociation from centrosomes.

For the newly identified MAGED?2 it is quite similar. MAGED2 was stwvmteract

with LGALS3BP;N&apl (CEP250), GCP3 (TUBGCP3) and p53 (TP53) at high confidence
f S@Std® ! RRAGAZ2YIFffes Al & kdbdis RUBGL AmRIA R G S
tubulin polyglutamylase complex subunit 1 (TPGS1, c190rf20). The centrosomal
localization of MAGED2 was confirmed by our gr&fipAdditionally, MAGED2 showed
speckled localization within the nucleus. Neither MAGED2 nor LGALS3BP depletion
affected centrosomblocalization of MAGED2. But agaiAN@p1 knockdown removed
MAGED42abelling at centrosomes. This might indicate that MAGED2 is a stable
component of centrosomes with a probable slow turnover rate, which might explain
the persistence at centrosomes up®AGED?2 depletion. LGALS3BP knockdown might
not affect MAGED2 localization since LGALS3BP is still weakly present at centrosomes
and MAGED?2 yet interacted withN&apl to reside there. -©lapl depletion, on the

other hand, might disrupt the interaction to c&roles. However, detailed localization

of MAGED?2 to centrioles and to the nucleus has to be further validated to exclude
non-specific labelling of the applied antibody. Although MAGED2 deregulation had no
impact on centrosome structure, it might be anengsting target for additional studies

since it ineracted with p53 in our studieand it has been reported as a negative
regulator of p53 activit$f2

In conclusion, the established TAM5S proteinprotein interaction retwork identified

new centrosomal proteins, namely LGALS3BP and MAGED2, which were notably

confirmed to localize at centrosomes witAN2ap1 being necessary to that end.

4.2 LGALSS3BP is required for centrosome integrity

The functional characterization of LGABB3by overexpression and RNA interference
studies in human cell culture revealed two different centrosomal phenotypes that
correlated with LGALS3BP deregulation in cancer cells. PCM hypertrophy was caused
by LGALS3BP overexpression possibly due to exCagdseeruitmentwhilst LGALS3BP
depletion led to the accumulation of supernumerary centrmdsitive structures,

which did not represent structurally intact centrioles.



4.2.1 LGALS3BP overexpression and PCM hypertrophy

Exogenous overexpression of LGALS3BP in39EK2Ils resulted in localization of the
overexpresedfusion proteinprominently to the cell cortex and to the centrosome as
detected by immunofluorescence microscopy. The cortical localization of LGALS3BP
might be explained by its reported function as sacreted extracellular matrix
protein’?®, Hence, LGALS3BP accumulating at the cell membrane might be
antibodylabelled while the extracellulairaction has been washed off during sample
preparation or was lost through secretionmportantly, cells overexpressing tagged
LGALS3BP @ived dispersed PCM accumulatiavhile untransfected neighbouring
cells possessed focused centrosomes. More thafo/76f HEK298ells displayed this
phenotype independently of the three different fusion tags being d$&dwhich
validates this phenotype. A possible explanation for the PCM hypertropagqgtipe

Y& 0S LIFuRS gcquisitioh capabilities of LGALS3BP since it interacted with
(i K STURC via GCP3. However, this could be also mediated indirectly by other
LGALSS3BP interacting partners. Thus, it would be of intargstemains to be testdif

other LGALS3BRteracting proteins accumulate within the centrosomal region upon
LGALS3BP overexpression in these cells.

Since PCM hypertrophies among other centrosomal anomalies are often observed in
cancer and known to affect microtubule nucleattétr83.393.304 the nextstep was to
analyse microtubule nucleath performing a microtubule regrowth assay upon
LGALS3BP overexpression. Thereby, the area covered by regrowing microtubules was
significantly larger after 1fhin of repolymerization in LGALS3BPP expressing
FIpInTRex293 cells compared to EGFHP expigsing control cells. This was also the
case in endogenously overexpressingBR3 breast cancer cells when compared to

the noncancer mammary epithelial cell line MTBA with normal LGALS3BP
expression. Although the observations in-BIR3 and MCHOA cdls might be cell
line-specific, the similar results in Flplikex293 cells might argue for a role of
LGALS3BP in centrosomal regulation of microtubule dynamics. The excessively
NB O Nbzabiili§ &one would not explain a rapid microtubule nucleation tather a
denser microtubule aster organized by the centrosome. However, accumulated

LGALS3BP at centrosomes may recruit other regulatory proteins to modulate



microtubule dynamics (e.g. via posttranslational tubulin modifications, minus end
stabilization B -TURCs or other anchoring proteins, promotion of plus end
St2y3aradAaz2yo 2N 2 SyKFIyOS YuRONRdingoadza S
ITUREYSRAF SR ydzOf SI-TwMAY yTo kdOréss @Hese 2hypothéses,
microtubule stabilization could be alyged e.g. by antibody detection of acetylated or
glutamylated tubulif®® or the presence or absence of microtubtdssociated proteins
(MAPs), which regulate microtubule polymerization or depolymerization, could be
analysed by immunofluescence microscopy. Nevertheless, LGALS3BP overexpression
might also lead to a centrosomal enrichmenttbé adenomatous polyposis coli (APC)
tumour suppressor, which has been detected etntrosomes in interphase and
mitosis’®6-307 Just recently, APC has been revealed to stimulate both the formation of
the core aster and the subsequent microtubule elongation in interphase aells
microtubule regrowth experimengg®,

Within our publication, microtubule regrowth was not influenced by LGALS3BP
overexpression in U20S cells as judged by aster dét¥skpwever PCM hypertrophy
was not detected in U20S celafter LGALS3BP overexpression amdrotubule
regrowth may thus not be affected. A reasonable explanation for LGALS3BP
upregulationrmediatedPCM hypertrophyn Fbin TRex29%&nd SKBR3 cellsbut not in
U20S cellanight be cell type-specific deregulation of certain proteins that are
necessary to that endFurthermore the experimental approach and the kind of
analysis differed: within this study, microtubules wetepolymerized with nocodazole
and regrowth upon washout showed differences in aster areas covered by
microtubules compared to the controls after bfin in LGALS3BHA-Poverexpressing
FIpInTRex293 and in S¥R3 cells. Within our publication, microtubule$s U20S cells
were depolymerized on ice and fluorescence intensities within a fixed circular region
centring on asters were analysedriin after addition of warm mediuf®. Theresults

of both studies are thus difficult to compare badb not contradicteach other.

y dzO



4.2.2 Multiple centriolar structures are generated upon LGALS3BP
depletion

An initial functional analysis of LGALS3BP revealed a lack of astral microtubules
occasionally accompanied by additional spindle gide structures as well as multiple
centrosomelike structures in mitotic U20S cells after LGALS3BP knocktfown
Subsequent examination of centriole structure and number, which would explain the
supernumerary centrosomal structures and the loss of astral microtubules, revealed an
accumulation of cetrin2-positive structures in mitotic and interphase U20S cells upon
siRNAmediated LGALS3BP deplefith Additionally, these centriolar structures were
partly not associatedg A G K GKS t/ a | &ubulm&beirgGiBR o @
immunofluorescence microscopy indicating that these structures were not capable

of recruiting PCMand thus also explaininthe loss of astral microtubulesSince this
phenotype was reproduced by siRMAnsfection targeting alternative regions of
LGALS3BMRNA and rescued by expression of exogenous LGALS3BP, these findings
together strongly suggest that this phenotype dependsLGALS3BP.

As the analysis o€ell proliferation and cell cycle by mitotic index determination,
fluorescenceactivated cell sorting (FACS) and quantitative densitometry on
DAPIstained nuclei did not reveal significant differences after LGALS3BP depleti
U20S cells compared the respectivenegative control?® it can be concluded that

the supernumerary centriolar structuregre unlikely to be the consequence oéll

cyde deregulation.

Ultrastructural analysis of LGALS3Rpleted U20S cells via transmission electron
microscopy unveiled, in addition to centrioles of structural integrity, a imgimber of

defect centriolar structures represented by malformed or incompletdinderlike
structures as well as smaller substructures of microtublikle aggregate'’®. The
phenotype thus does not resemble amplification of intact procentrioles upaonricte
overduplication but rather the accumulation of immature centriolar substructures or
fragments. This goes along with the centriolar marker composition of these
supernumerary structures appearing upon LGALS3BP depletion: additionally to

centrin2, CPR, acetylated -tubulin and sometimes polyglutamylated tubudimvere



present at these structures whilst other markers lack&dsuggesting that these
structures represent incoplete centrioles or aggregates of centriolar proteins.

Quite recently, ATF5 was shown to connect the PCM to the proximal part of the
mother centriole with ATF5 depletion resulting in centriole fragmentation, multipolar
spindles and genomic instabifi§y. The authors claim that ATF5 links polyglutamylated
tubulins present at the proximal end of the ni@r centriole to pericentrin thus
promoting mother centrioledirected PCM acquisition and P&Mpendent centriole
formation. Although the antibodyabelling of ATF5 and LGALS3BP at centrosomes
throughout cell cycle are complementary, it could be possibiat talso LGALS3BP,
GKAOK 02yy SOl a&TuRCK §GCR3Y with @ntrlolesN@p1), mediates
procentriole formation and stability.

However, the analysis of markers for maturated centrioles (glutamylated tubulin) and
daughter centrioles (centrobff®) reveal@ that the number of parental and daughter
centrioles was maintained upon LGALS3BP depletion compared to the negative
control, whereas centrinpositive substructures were amplifié. This suggests that
these structures are not likely to derive from parental or daughter centriole
fragmentation as described for ATFS

We further unveiled that the LGALS3BP depletion phenotype depended on the
centriole duplication factor PLK4 because double knockdown of LGALS3BP and PLK4
lessened the occurrence of supernumerary centriolar NsHzO (i dzZNJ0&6'28 6 &  F
Additionally, PLK4 knockdown as well as PLK4/LGALS3BP double knockdown resulted
in a large portion of cells (7685 %) containing at least one centeohfter 72h of

siRNA treatment indicating that centriole duplication is abrogated in both é¢&sdhe
observed decrease of supernumerary centriolar structures in PLK4/LBRLS3
double-depleted cells might therefore be due to the lack of procentrioles generated
since PLK4 was absent. Quite unexpectedly, LGALS3BP depletion in stably
PLK4overexpressing U20S cells did not lead to a further increase of amplified
centrin2-positive structures and all supernumerary centriolar structures contained
centrobin, a marker for procentriolé®28% Since centrobin was not present at excess
centriolar structures upon LGALS3BP knockdown alone, it could be concluded that
PLK4 overexpression might compensate LGALS3BP depletion in thesEiguales28

describes a model of how the formation of supernumerary centriolar structures



depends on the expression of PLK4: the presence of PLK4 is necessary for the
formation of supernumerary incomplete centriolar structures onp LGALS3BP
knockdown since simultaneous PLK4 depletion reduces these aberrant structures and
induces a shift towards one centriole per cell like PLK4 single knockdown does, too.
Excess PLK4 expression, on the other hand, leads to an accumulation oftpoteen
comprising all the respective markers. LGALS3BP depletion in a PLK4 overexpression
backgroun has no impact on procentrioleaccumulation and does not lead to
additional incomplete substructures. Altogether, PLK4 expression levels might be
crucial br either forming multiple centriolar structures or not and if they represent
intact procentrioles or not. The LGALS3BP depletion phenotype only occurs at normal

PLK4 levels whereas excess PLK4 levels overwrite this phenotype.

PLK4 KD+ PLK4 OE +
LGALS3BP KD PLK4KD LGALS3BP KD PLIa OF LGALS3BP KD
LGALS3BP LGALS3BP
PLK4 L4 PLIct
o e . L o/ . s o/ . E.

Figure28: The formation of supernumerary centriolar structures depends on PLK4

The schematic illustrates the formation of supernumerary centriolar structures
LGALS3B#epletion depending on proper PLK4 expression. LGALS3BP knodkdibverbackground of
normal PLK4 expression leads to multiple incomplete centriolar structures (displayed in y
additionally to normal centrioles (shown in green). Depletion of PLK4 results in a large fraction ¢
containing at least one centtli®, also in the background of LGALS3BP knockdown. Excess PLK.
evoke overduplication of centrioles thus leading to an accumulation of intact procentrioles (display
smaller green dots) in proximity to parental centrioles. This is also the catiee ibbackground of
LGALS3B#epletion suggesting that excess PLK4 levels overwrite the LGAU§3B®on phenotype.
Depleted proteins are shown in greyD- knockdown, OIE overexpression

However, the question still remains why LGALS3BP single knocktemvto an
accumulation of centriolar substructures and how PLK4 levels modulate their
emergence. One possible explanation could be a struestabilizing role of LGALS3BP

in centriole duplication. Interestingly, the supernumerary centriolar structurpsnu
LGALS3BP depletion contained distal and central procentriolar markers (2esutidn
CPAP) as well as stabilized centriolar microtubules (acetylated and polyglutamylated
tubulin) but lacked very proximal markers like PLK4, SAS6, CEP135 (localization of
these markers shown ifrigure 1b). It could therefore be that LGALS3BP depletion



leads to a fragmentation or breakup of distal procentrioles because LGALS3BP does
not stabilize procentrioles anymore until they fully matured. It would thus be of
interest to analyse CP110 localization to these structures since it is located to the very
distal ends of centriolé$®. However, centrobin, which localizes outside along the
microtubule tridets of the daughter centriol@® and thus also to their distal parts,

was not detected at these structures. Moreover, PLK4 overexpression in the
background of LGALS3BP depletion resulted in amplification of intact procentrioles
even though presumably stabilizih§GALS3BP was lacking.

Another explanation for the occurrence of multiple centriolar substructures could be
an ectopic assembly of centriolar proteins upon LGALS3BP depletion. CPAP and its
orthologues are known to bind tubulin dimers as well as microtuft&2 and are
required for microtubule attachment to the initial procentriolar scafféitf®>as well

as for centriole elongatici¥“3 It could therefore be that LGALS3BP dtpleleads to

an aberrant temporal andpatial acquisition of cytoplasmatic CPAP to cesumes,

which in turn binds tubulin dimers or microtubules and facilitates their stabilization
e.g. via acetylation and polyglutamylation. These structures may also acquire centrin2
and other yet not detected centriolar proteins. Although these structumaght be
ectopically assembled upon LGALS3BP depletion, PLK4 could be able to induce normal
procentriole formation in S phase of cell cycle. However, the LGALS3BP depletion
phenotype depended on the presence of PLK4. It could therefore be that PLK4 induced
procentriole assembly additionally at aberrant sites that were exposed due to
LGALS3BP knockdown. These structures might be instable and thus lose certain early
procentriolar marker proteins, e.g. PLK4, SAS6, CEP135 and centrobin, due to
proteasomal degrdation. Hence, it would be of interest to examine the marker
composition of supernumerary centriolar structures in LGALSPRted cells after
MG132 proteasome inhibitor treatment.

As overexpression of PLK4 |leads to overduplication of procentrioles tiplegites at

the parental centriolesthe acquisition of more procentriolar proteins is necessary for
the increased assembly raf€3% A probable reason whyupernumerary and
incomplete centrioleike structuresdid not occur upon LGALS3BP depletion when
PLK4 was overexpressed might be because these structures were recycled or

assimilated into overduplicated procentrioles. The integration of preassembled



procentriolar complexes might be preferred rather than ansecutive assembly of
procentrioles in this background. This hypothesis could be verified by live cell imaging
of supernumerary centriolike structures in LGALS3Bepleted cells beginning at the

time point when PLK4 overexpression is induced. Analysiseospatial dynamics of

the supernumerary centriolar structures might reveal whether they cluster to newly
formed procentrioles or if they disappear. As centriolar substructures upon LGALS3BP
depletion appeared malformed or incompletan incorporation 6 these structures

into PLK4ependently overduplicated procentrioles might also show structural
defects?®. An ultrastructural analysis of procentrioles by transmission tedac

microscopy in this experimental setup would therefore be instructive.

4.2.3 Synergistic effects of LGALS3BP anNapl on cell viability and
proliferation

The examination ophenotypes resulting from simultaneous depletion of LGALS3BP
and LGALS3BiRteracting proteinsrevealed no obvious effects regarding their ability

to modulate the LGALS3Bhgle knockdowmphenotype as judged by the presence of
multiple centrin2positive structureghroughout all double knockdown experiments
Interestingly, @apl as weélas CEP55 single knockdown revealed frequently amplified
centrin2 foci though their composition was distinct from that of LGALS3BP depletion
with respect to the tested centriolar markerdgHowever, a further validation and
analysis of these phenotypes migtrovide additional molecular insight into centriolar
duplication processes

Simultaneous knockdown of LGALS3BP interactors and LGALS3BP, on the other hand,
only led to additive pheotypes of the single knockdown experimeaisd did neither
influence theoccurrence of supernumerary centriolar structures nor the localization of
CPAP and stabilized tubulins to them. Admittedly, double knockdown of LGALS3BP and
GNapl or CEP55 additionally led to occasionally amplified centrobin foci that,
however, were not dtected at all supernumerary centriqiositive structures. All in

all, it could be said that LGALS3BEeracting proteins, at least those identified within

this study, were not capable to modulate the LGALS3BP depletion phenotype. Anyhow,

those results wee not quantified butonly qualitatively evaluated by eyand any



probable effect on the LGALS3BP phenotype as well as omahieer composition of
excess centrindositive foci might be therefore missed. Secondly, it could not be
assured that single cellsxamined were truly depleted for both targets in the double
knockdown studies. The generation and investigation of a monoclonal knockdown cell
line, which stably expresses LGALS3BP shRNA after induction, would consequently
reduce the aforementioned limiteon. Additionally, automated microscopy and image
analysis represent powerful tools to perform large scale screenings for phenotypes.
Both attempts weremade inthe present study. Unfortunately, the establishment of a
stable LGALS3BP shRNA cell linedféitcause the clones lost their inducibility due to
LINROFOfS FTRIELWGAZ2Y FYR dzi2YFGSR YAONRAO2LE
inappropriate for accurately detecting and counting the minute centriolar
substructures upon LGALS3BP depletion. Probably, maated high resolution
microscopy and image analysis on 3D samples would suit the given experimental
requirementsbetter3!’,

Although the composition of supernumerary centrip@sitive structures was not
affected, the double knockdown of LGABE3and @apl revealed a dramatic
phenotype compared to the negative control and to the respective single knockdowns:
mitotic cells were detected extremely rarely and a great fraction of cells was apoptotic.
Incidentally, the apoptotic index of LGALS3B& @hapl single knockdown was also
AAIAYATAON y e | ¥8%)HutlirdtRas éxiremely as in the double
1Y 2 01 R 2180). Fuitiiermore, quantitative densitometry on immunofluorescence
micrographs of DARtained DNA revealed significant decresge G1 cell population

as well as a prominent shift towards DNA contents greater than G2/M in
doubledepleted cells. Correspondingly, a portion of these cells appeared
multinucleated or displayed huge, deformed or indented nuclei as opposed to the
smoothly shaped nuclei of control cellThis outcome was also determined by an initial
ImageJ analysis of nucleus shapes, which showed an increase in cell populations
possessing lower values of form factor and roundness as well as larger nucleus areas.
The irregilar nucleus shapes might be explained by blebbing in the nuclear lamin
meshwork, which is associated with a variety of pathologies like cdndealso with
senescencg®3?l, The outcomes of nuclear shape description, however, have to be

validated by biological replicates.



Hence, these findings suggest that LGALS3BP aapC together are vital for cell
proliferation and that a lack of both proteins induces apoptosis aneraiiions in the
degree of ploidy which might bedue to cytokinesis or chromosome segregation
errors. Besides disruption of the spindle assembly checkpoint (SAC) and mitotic
slippage, cell fusion, DNA reduplication or cytokinesis failure for instancepsente
abnormalities can cause aneuplo¥®?¢. Centrosome amplification can result in
multipolar cell division leading to mitotic catastrophe or mdran two aneuploid
daughter cells that, however, are prone to #& Importantly, cells can evade this by
functional silencing or clustermgnof amplified centrosomes from multipolar spindles to
form a bipolar spindle in mitosi¥20432€332. The transient multipolar intermediate
favours the formation of laerrant merotelic kinetochoremicrotubule attachments
before entering the bipolar stag&:3%4333 Merotelic attachments aa cause
aneuploidy since they can escape the control of the SAC leading to chromosome
missegregation events and abrogated cytokinesis due to lagging chromoSéiiésA
prolonged activity of the SAC as well as mitotic catastrophe might not be present in
U20S cells simultaneously depleted for LGALS3BP &NapIas a mitotic arrest,
which & characteristic for bot1%8322was not detected by the analysis of cell cycle
distribution and mitotic index determination.

However, here must be another explanation for the significant elevation of apoptotic
indices in LGALS3BP antll&pl singladepleted cells and the even greater increase in
LGALS3BP and-Napl doubledepleted cells. Liet al. proposed an aneuploidy
checkpoint after revealing that aneuploidy results in an increased formation of reactive
oxygen species (ROS) in mousmabryonic fibroblasts (MEFs), which activates the
ATMp53 pathway leading to apoptosis in highly aneuploid #&I84 As a
consequence of ROS foation, ATM is activated either by oxidative DNA damage in a
noncanonical way or direcf§<33¢, Additionally, it has been revealed that the
proliferation of aneuploid human cells is limited by a g&$endent mechanisfi’-338
Furthermore, it has been shown that ROS decreases cell proliferation and induces
premature senescené®’. Since U20S cells express wild type p53 as well as RB protein
and are sensitive for p5fediated growth arrest and apoptosf&342 the proposed

model would wak in this cell line.



Figure 29 explains how aneuploidy arising from centrosomal aberrations upon
LGALS3BP andNapl double knockdown may lead to apoptosis and eased
proliferation in the aforementioned manner. According toeLial., slightly aneuploid
cells with low p53 activation are genetically unfit and mildly aneuploid cells with
medium p53 activation might enter pS8ediated cell cycle arrest or senescefi¢eAs
cells with nuclear shape irregularities were detected upon LGALS3ERT double
knockdown it could be assumed that these cells might be senescent sinceanucl
blebbing is characteristic for®#f329321 Highly aneuploid cells, on the other hand, are
not viableand are eliminated by p5fediated apoptosi®* This fraction of cells might
not be clearly definable by densitometric cell cycle analysis but rather by the iecreas

of the apoptotic index.
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Figure29: The outcomeof aneuploidy

(a) Schematicrepresentation of the cellular response to aneuploidy, which ranges from pa:
(unfitness) to active (activation of p53) depending on the grade of aneupl¢jyroposal of an
aneuploidy checkpoint. The dashed line indicates the possible direct activat ATM by reactive
oxygen species (ROS). Figure modified froen &i33*

However, to verify this hypothesis, several follow studies have to be performed.
Firstly, the effects of LGALS3BP andNapl double knockdown on cell cycle
distribution have to be validated by fluorescenraetivated cell sorting (FACS) and
probable aneuploidies could be detected by fluoresceircsitu hybridization (FISH).
Secondly,tihas to be investigated if merotelic kinetochem@crotubule attachments

or cytokinesis failure are indeed the cause of aneuploidy in cells simultaneously
depleted for LGALS3BP aneN@pl. This could be addressed, for instance, by the

analysis of immunolaelled kinetochores, by quantifying lagging chromosomes in



anaphase or via quantitative tirapse microscopy in single cells. Thirdly, ROS levels
as well as ATM and p53 activity have to be determined, e.g. by labelling ROS with a
fluorescent dye and subgeent FACS analysis as well as examination of ATM and p53
activity via phosphemmunoblotting. It would be additionally of interest if the
observations in doublelepleted cells represent additive results of the single
knockdowns or if they are uniquely tlt®ensequence of simultaneous loss of LGALS3BP
and GNapl. Finally, it would be instructive to dissect in detail the pathway how p53

activation might lead to apoptosis in LGALS3B®401 doubledepleted cells.

4.2.4 LGALS3B@a phosphorylated protein?

LGALS3BP as further analysed concerning its ability to be phosphorylated since
phosphorylation plays a crucial role for centrosome structures and furfétfdaz

54,92,284,281293  Additionally, it was of interest if phosphorylation appeared in a cell
cycleregulated manner.

To address this question, U20S cells in mitosis and in interphase were analysed in the
presence of phosphatase inhibitors as wa#l after incubation with calhtestinal

alkaline phosphatase (CIP). In addition to the usual LGALS3BP Wa2@lk@a higher

Y2t SOdzf | NIOOkDay \Ras tletectedl by immunoblotting in the presence of
phosphatase inhibitors, which appeared more prommtig in interphase. To clarify if

this band might be unspecific or represent phosphorylated fractions of LGALS3BP, cell
lysates were dephosphorylated by CIP. For this purpose, however, different lysis

buffers were used due to the requirements for CIP aistivi his might be a reason why

Al 61a RAFTFAOMZA G G2  Oflo0KkDA wenkeBed KdSeNdo G KS 0
dephosphorylation or just because LGALS3BP protein levels appeared weaker in
general in this approach. Another explanation could be that a large ponion

LGALS3BP was slightly phosphorylated so that phosphorylation did not lead to a drastic

shift towards higher molecular weights detectable in%0polyacrylamide gels. The

ol YR100TI5F YA3IKEG (KdzA 06S dzyalLlSOmFkbOmay yR G KS
result from dephosphorylation by CIP. Gels with lower amounts of acrylamide would

better separate proteins at 8kDa and may unveil shifts towards slightly higher



molecular weights due to minor phosphorylation. More accurately, mass spectrometry
analysis cold be performed on this.

The probable phosphorylation of LGALS3BP was further analyseditry studies.

Three predicted phosphorylation sites, T220, S256 and S444, were profiled by Kinexus
against AKT1, CaMK4, CHK1, CHK2, CK1d and PLK1 kinasesnwryadror this
purpose, peptides containing the predicted wild type phosphorylation site were
synthesized as well as phosphutant peptides, in which the respective serine or

threonine was replaced by a ngghosphorylatable alanine.

Figure 30: The PI3K/AKT signallin
pathway
Ligandbinding to the receptor tyrosine
kinase leads its autphosphorylation
and to the acquisition of substrat
PI3K - proteins (e.g. IRS1) that recruit th
P'P2 / TE| 5 regulatory (p85) and catalytic (p11(
®® suburit of PI3K. PI3K phosphorylate
PIP2 to PIP3, which acts as a seconc
messenger within the inner surface ¢
the cell membrane. AKT as well
PDK1 bind to PIP3 and PDK1 active

Receptor tyrosine kinase

ligand
(’.’#”’”’s’-‘ﬁ’%"’%”’ﬁi&%ﬂi&ﬁim’s’sn%:$3
S\ E o

G AKT by phosphorylation. Active At
: promotes cell survival, proliferatior
27 i .
@Af €D €eyein) g‘r"fﬁf:ig and growth by phosphorylation of ke
substrates. Figure adapted fror
Survival Proliferation Growth McGonnellet al 343

The wild type T220 peptide was strongly phosphorylated by AKT% (8dmpared to
phosphemutant). AKT1, one of three isoforms of the AKT/PKB family, is a
proto-oncogene as its activation is associated with cell sur#¥#®, growth®*’,
proliferation34%3%2 migration and invasiofi*®%, Figure 30 briefly explains the
phosphoinositide kinase (PI3K)/AKT signalling pathway, which is activated via the
receptor tyrosine kinase class of receptors. Interestingly, increased PI3K/AKTinggnall
additionally induces centrosome amplification and chromosomal instad3flit§2363,
Although AKT has not been found to localize to centrosomes, it may phospleorylat
cytoplasmatic LGALS3B® vivo and thereby regulating centrosomal localization of
LGALS3BP and centrosome integrity as it has been recently shown for TEIF, which also
colocalizes with ®lap®%%. As T220 is located within the BTB/POZ domain of
LGALS3BP, phosphorylation by AKT might thus function in LGALS3BP
dimerizatiort?:127 Either by promoting or by interfering with LGALS3BP dimerization,



AKT phosphorylation could lead to LGALS3BP dissociation from centrosomes and
thereby causing accumulation of aberrant cenfaiostructures.

The wild type S256 peptide only showed weak phosphorylation by CHKY)(37
compared to the phosphonutant peptide. The S444 wild type peptide, however, was
strongly phosphorylated by CHK1 and CHK24&hd 98%) and moderately by CaMK4
(59%). Unlike CaMK2, no centrosomal function or localization has been reported for
CaMK4 so f&8pf%367, CaMK4 is activated by <faalmodulin (C&7CaM) and
Ca*/CaM-dependent kinase kinases (CaMKK) to induce transcription by
phosphorylating transcription factors like CREB, for inst#ié€® In its inactive form,
CaMK4 is bound to the serine/threonipgotein phosphatase 2A (PP2%)36° As PP2A

was identified at interphase centrosomes in human cells via mass spectrobheetey
proteomic analysis CaMK4 might be present in its inactive form at centrosomes
bound to PP2A. Gasignalling pathways are partially integ¢ed at centrosomes and

are thereby involved in cell cycle progression, proliferation as well as in centrosome
duplication and integrit§”-37%373, Hence, centrosomal €alevels may result in
C&*/CaM-dependent dissociation of PP2A and thereby leading activation of
CaMK4%8, Active CaMK4 aidd be able to phosphorylate LGALS3BP at centrosomes
prior to its nuclear relocation to support transcription. This model, however, is very
hypothetical since CaMK4 was not shown to localize to centrosomes or to act in
centrosomerelated cellular functionget.

CHK1 and CHK2 phosphorylation of the S256 and S444 wild type peptides suggests that
LGALS3BP might be targeted by DNA damage checkpoints. Importantly, several DNA
damage checkpoint proteins, such as ATM, ATR, CHK1, CHK2 and p53 for instance,
localize to centrosome&%°2, Furthermore, it is known thaDNA damage induces
centrosome amplificatioff%385, Upon DNA damage, LGALS3BP phosphorylation by
CHK1/2 may lead to its dissociation from centrosomes thereby causing centrosomal
aberrations contributing to cellycle arrest or apoptosis. This might be contingently
important for the S256 phosphorylation site as it is located within the IVR domain of
LGALS3BP, which mediates protgintein interactions and which was unveiled by our
group to be responsible for exces PCM acquisition upon LGALS3BP
overexpressioft’128 At least theoretically,S444 phosphorylation within the yet

uncharacterized linker region of LGALS3BP could contribute tovthish would have



to be tested in future studiesCell cycle arrest might be mediated by other CHK1/2
targets as it was not detted upon LGALS3BP depletion aldheHowever, the
apoptosis rate significantly increased following LGALS3BP knockdown.

In the absence of DNA damage, CHK1 is also involy@éventing premature mitotic
entry and CHK2 is suggested to play a role in bipolar spindle formation, in proper
mitotic progression and in maintaining chromosomal stal§flity*3% As CHK1 is
localized to interphase and CHK2 to mitotic centrosomes, phosphorylation by these
kinases might regulate cell cyalependent LGALS3BP localizati to
centrosome$’295:38@388 - CHK1 phosphorylation couldstabilize LGALS3BP at
centrosomes in interphase or CHK2 phosphorylation may lead to LGALS3BP
dissociation in mitosis.

Nevertheless, the proposed LGALS3BP phosphorylationvgitelsl have to be further
validated by mass spectrometry, functionally charaizedin vitro andin vivowith full
length LGALS3BP phospimoitant constructsto define if and into which of the

aforementioned signalling pathwayisey can be integrated or not

4.2.5 LGALS3BP deregulation and centrosome aberrations in cancer

Centrosome aberrations occur commonly in cancer and are linked to aneuploidy as
well as chromosomal instabilit§495.104106,389.3%0  Fyrthermore, LGALS3BP is
deregulated in a plethora of tumours and proposed as a potent tumour
marker41,143,146,147.33800 Thjs, together with the centrosomal phenotypes observed
upon exogenously induced LGALS3BP deregulation in the present study, demanded for
the examination of centrosomes in cancer c&ligh endogenoust deregulated levels

of LGALS3BP.

The analysis of thaMPRSS2:ERg&ne fusiomegative prostate cancer cell lines
DU145, LNCaP and BCGevealed decreased LGALS3BP expression when compared to
the normal prostate epithelial cell line RWRE Interestingly,these cells showed
supernumerary centrinositive structures, similar to the LGALS3BP depletion
phenotype detected in U20S cells, which were not present in RIW&dhtrol cells.
Furthermore, theTMPRSS2:ERGsionpositive prostate cancer cell line VCa#ich
endogenously overexpresses LGALS3BP, exhibited hypertrophic PCM as given by



enlarged PCM areas. This might suggest a correlation between LGALS3BP expression
and centrosome aberrations in prostate cancer cells. However, a direct impact of
LGALS3BP degulation on the occurrence of centrosome aberrations in the examined
prostate cancer cell lines cannot be concluded from these data because a deregulation
of other pathways leading to this cannot be excluded. Rescue experiments in these cell
lines mightelucidate a dependency of centrosomal integrity on LGALS3BP expression
to this end. Furthermore, it would be interesting to clarify if LGALS3BP upregulation in
prostate cancer directly correlates with ERG overexpression caus@iIB\RSS2:ERG

gene fusion ad if LGALS3BP expression might be even directly regulated by ERG. If a
correlation principally exists, LGALS3BP serum level measurements might be a
convenient way to detect theTMPRSS2:ERg§&ne fusion state in prostate cancer
patients. Supportingly, LGALE levels, centrosome hypertrophies as well as CINs
increase upon prostate cancer progression, and TMPRSS2:ERf&ne fusion is a

valid progression marker of the disease as well as an indication of poor survival
pPrognosigs:389:392,401,402

Centrosomal aberrations together with LGALS3BP deregulation were also detected in
the examined breast cancer cell line-BR3 and in seminoma tissue.

tF0ASYdaqQ asSyYAayz2yYl A &adzSexpedsiorkcontparedytiNS 3 dzt |
testis control tissue exhibited centriolar amplificatioms situ that resembled the
exogenous LGALS3BP depletion phenotype in U20S'“&ellsportantly, the
endogenously LGALS3BP overexpressing breast cancer cell HBB3Skhowed
hypertrophic PCM, which could be reverted by LGALS3BP depletion in these cells. This
rescue was validated by biological replicates and by quantification of different PCM
markers. Taken together, this evidence strongly suggests that LGALS3BP deregulation
might indeed contribute to centrosome abnormalities at least in those cancer cells.

In conclusion, it would be of great interest to examine if centrosome aberrations in
other aancer backgrounds are caused by LGALS3BP deregulation. Targeting LGALS3BP
expression by drug treatment would then be a possibility to interfere with cancer

progression.



4.3  Transcriptional regulation of LGALS3BP

The collaboration with Prof. Dr. Dr. med. Michabzi K { OKg SA 3SNIDa& 3INEP dzL
substantial outcomes on how LGALS3BP expression might be regulated.
{LISOAFTAOLttex ol altf SELNBaarzy 2F [ D! [{o.t
depended on the presence of the transcriptional regulator BRD#th&more,

methylation events mediated by the polycomb group protein EZH2 were found to

silence LGALS3BBene expression iTMPRSS2:ERg&ne fusiomegative prostate

cancer cells.

4.3.1 The transcriptional regulator BRD4 is required for LGALS3BP
expression

AccNRAY 3 G2 ! YRNBI 2 dzy RSNI A QdofainingipiotiRA Sa 2y
(BRD4)LGALS3B&s well as signal transducers and activators of transcrip8arA§)

were some of the top downregulated genes upon BRD4 depletion in HEK293T cells as
revealed bymRNA sequencing analy¥fs Moreover, a pathway analysis (IPA) on this

data uncovered interferon signalling as tmeost significantly affcted oné®t. As
LGALS3BRXE LINB & Sy udstimuldted gends’ €3 STAT1 was included into the
FAZNIKSN) FylFféeara o06SOFdzaS AG YSRAIFGSa GKS C
homodimer97:2%8

The outcomeof thiswork showed a significant downregulation 8TATHAnd LGALS3BP

promoter activities, mRNA and protein levelsspectively, upon BRD4 depletion in

| 9YHgpot¢ OStfad LbC: aldAYdz I (A2 YyLGAL83BP 1KS 2
promoter activities and protein levels in the presence of both BRD4 isoforms as well as

in the absence of the long BRD4 isoform caused by staasfection. In cells lacking

both BRD4 isoforms (shC2)GALS3BPpromoter activities, mMRNA and protein levels

% SNB LINE YAY Sy Gt e R2 ¢-¥ NEHdA I ii SRY ddzLI ¢zNIi K 15 Gl
upregulated STAT1 protein levels althou@TAT1mRNA expression remad

dzy  TFSOGSR® ¢KA& &dz3a3SafTATINRKIA éxprésdioB but YA I K G
rather leads to stabilization of the STAT1 protein. However, an upregulati&iAT1

38y S SELINS & draafimént llzkJfegh previoGsly shodfi“%4 STAT1 protein

levels were depleted upon sh€2and shEimediated BRD4 knockdown in



L b Gtimulated cells. Certainly, STAT1 mRNA levels were upregulated in

L b Gtimulated and BEXdepleted cells. Bwever, ths disagreed with the depleted
STAT1 protein levels. The discussion will therefore further focus on the expression of
STATL1 protein as it exerts its cellular function. Taken together, these findings suggest
that BRD4 regulates STAT1 as well as LGALS3&Bsexp independently. This goes
along with the recent finding that BRD4 regulates transcription of
interferon-stimulated gene¥®.

Recently, BRD4 was also found associated with acetylated nucleosomes within the
LGALS3Bpromoter in HEK293 cetfS. Furthermore, BRD4 is ablo target promoters

over SP1 transcription factor binding sités Importantly, the LGALS3BPBromoter
contains several proposed regulatory elements: desia GAS, an ISRE and twaB\NF
binding sites, for instance, it features several SP1 binding'%iteogether, this
indicates that BRDA4 is able to target th& ALS3Bgromoter and mighteven regulate
LGALS3BRranscription. BRD4ssociation to DNA via SP1 might induce basal
expression ofLGALS3BRRNA as BRD4 knockdown results in LGALS3BP depletion
(Figure3l).

''LI2Y LbcC: albAyYdz I GA 2 yspecific wanscriptioh étars theis O NHzA (i
enhanceLGALS3B&xpression. Such as the phosphorylated STAT1 homodimer, which
binds to GAS elements of BNand thereby acts as a transcription factor in response to
LbC! & i*¥dEuttharkdtey STAT1 was found to be acetylated depending on
the balance between TATL-associated histone deacetylases (HDACs) and histone
acetyltransferases (HAT8) This is of particular interest here as BRD4 binds to
acetylated proteins via its bromodomaitd STAT1 addil G A2y dzZLl2y LbC:+ ad
might therefore lead taa BRD4STAT1 complex formation that may enhah€2ALS3BP
expressioniigure3l).

Following shG2nediated knockdow of both BRD4 isoform&§TATIland LGALS3BP
SELINB&&aA2y Ad R26yNB3IdzA | G S Rtimllgted doyiditians Y dzf | (G S
as the transcriptional regulation by BRD4 is missing.

Upon shE1 transfection, the short isoform of BRD4 remains expressedandina to
acetylated histones within th& GALS3BPromoter. However, this isoform may lack
SP1 binding capabilities, for instance. The short BRD4 isoform might thus not properly

align to theLGALS3Bpromoter, which inhibits the start of transcriptionalamgation



by RNA polymerase IRNAPol 1) mediated by the recruitment and activation of the

positive transcription elongation factor b (pTERE}®® . SaARSa (¢! ¢mZ
stimulation also activates other STAIRtlependent transcription factors that function
inparallet® b C® .3 FT2NJ Ayaidl yOSs -iddépendedtivaf®l G SR GA
“p Ly iSNBaudAaAy3ates [D!/'[{o.t LkaasSaasSa g2 |
NEIA2YSE YR .wsn Aa FofS G2 AYydSNI OGO s6AlGK
promote transcripional activatiod®®41@®  C dzNJi K S NMas Nkon td i@duce
LGALS3B&xpressiok®. Together, this might explain elevateGALS3B&pression in

bCS. OAYRAY3I (2 (GKS NBYFIAYAYy3d 4GASIBP Ad27F21
promoter might facilitate the proper alignment of this complex to induce

pTEFbmediatedRNAPol Il phosphorylation, which initiates transcriptional elongation

(Figure3l).
.
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Figure31: Model on how BRD4 may regulate5ALS3BExpression

Schematic illustration o£ GALS3BExpression regulation upon isoforspecific BRD4 knockdown

dzya G AYdzt I G SR 6t Sshriulatél2cbndiitioyfso (right yaRimnl. BBa&h BRD4 isoforms

depleted upon shC2 transfection while the short BRD4 isoform persists upon shE1 transfec@é&i®.
diplays a nortargeting control. Detailed information on the transcriptional regulation of LGALS3]
givenin the main text.



Ly FFOGzX GKS LINRPLR&aSR Y2RSt ada3sSada GKIFG

L b -dduced LGALS3BRxpression. This mig be supported by the finding that

I OSGet SR {¢! ¢m AYUSNIOGA oAGK GKS wSft!
DNA binding and target gene expressidfig(re 31)**2 However, if STAT1 is not
SELINB&&SRI b CS-stimiated GALSIBRAASsCEiStior Fig@e31).

To support the aforementioned model on BRiD4&diated transcriptional regulation of

LGALS3BExpression additional experiments are definitively needed. It should be

investigated if the short is@f N 2F . w5n AYyGSNIOGad 6A0GK bCS

with the LGALS3Bpromoter, respectively upon depletion of the long BRD4 isoform

ol

GAOUK &AYdz GFyS2dza LbC! AGAYdzE I GA2ythe CdzNIIKS)

proposedSP1protein binding doman within the long BRD4 isoforiend if the short
BRD4 isoform might be able to bind SP1l. This could be performed by
iImmunoprecipitation approaches on the short BRD4 isoform as well as on domain or
deletion constructs of the long variant, for instance. &dfic SP1 binding site might

be harboured by the @®rminus of the long BRD4 isoform that is absent in the short
one. Regarding the short BRD4 isoform, this might then be an explanation for a

deficiency in DNA binding via SP1 motifs. Moreover, STAT1 dieeaction with

.w5n aK2dzZ R 0S8 SEIYAYSR dzLl2Yy LbcC: aidAydz!l

necessary to that end.
As a conclusion, BRD4 plays a crucial role in regula@®#®y_S3B&ene expression as
gStft a Ay YSRAFOGAY3 . Ada NBaLRyaS G2 LbcC!

4.3.2 LGALS3BP expression is regulated through promoter methylation

Borno et al. discovered significantly higher global methylation patterns correlating
with a prominent upregulation of histone methyltransferageZH2expression in
TMPRSS2:ERf@ne fusioanegative prostate cancer tissues when compared to control
tissueé*%. The outcome of significantly decrease@ALS3BExpression together with
enhanced CpG methylation within thé GALS3BRromoter in TMPRSSERG
fusion-negative prostate cancer tissue asked for a dependen&yG#L S3BEpression
on EZH2. ElevateBZH2expression and.GALS3BPromoter methylation was also

detected in fusiorpositive prostate cancer samples. However, this outcome was

[N

N



significan but not as prominent as detected in fusioegative samples when
compared to control tissue. An increaseBZH2 expression in TMPRSS2:ERG
fusion-positive prostate cancer is caused by ERG overexpression as ERG directly targets
the EZHZromoter*'8, EZH2 overexpressionERGusionnegative prostate cancer, on

the other hand, is a result of DNA methylatiorediated silencing of thEZHxhegatie
regulatormiR26&*%. Here, it should be noticed again that EZH2 is able to repress gene
expression via binding and activating DNA methyltransferases (DNMTs) additionally to
its histone methyltransferasectivity?°230 To answer the question of EZrdiated
LGALS3BHlencing, theTMPRSS2:ERGsionnegative prostate cancer cell line BC

was investigated as it shows simultaneo&&H2 upregulation and LGALS3BP
downregulatior?*3, EZH2 knockdown in these cells revealed a significant increase of
LGALS3Bgene expression and LGALS3BP protein levels as compared to control cells.
This outcome was further validated byiR26amimics transfection.

It could be assumed that the loss of EZhi2diated gene silencing might lead to
re-expression of positive LGALS3BP regulators. If so, this would indicate an indirect
regulation of LGALS3BExpression by EZH2. However, this would not explain the
enhanced methylatin detected within theLGALS3B#romoter.

It was quite surprising to detect DNA methylatiorediated silencing of theGALS3BP
promoter as it is not particularly G@&h and does not contain CpG islatfdsHowever,

the prostate cancer MeDiBeq data set of Bornet al. clearly revealed differential
methylation at CpGs within theGALS3BBfromoter as redundant reads and reads with

no CpGs were excluded from further anal§fSisin support of these findingsDNA
methylation at Cp&oor promoters without CpG islands was shown to directly silence
the respective gene expressiti

Therefore, theseesultscollectively suggest thdtGALS3Bgene expressiors silenced

by EZHzZnediated promoter methylation inTMPRSS2:ERGsionnegative prostate

cancer.

4.4  Conclusions and perspectives

This study focussed on the molecular and functional characterization of LGALS3BP in

cancer and centrosomigiology. Thereby, sewal approaches validated the presence of



LGALS3BP at centrosomes and its localization to the proximal part of centrioles in

detail. So far, only extracellular functions of LGALS3BP have been reported. The
present study, however, provides striking evidernbat LGALS3BP is further involved

in the maintenance of centrosome integrity: LGALS3BP causes centrosome
hypertrophy when upregulated and the accumulation of defective centriolar structures

when depleted. Supportingly, LGALS3BP deregulation correlated ogittrosome
abnormalities detected in prostate cancer and breast cancer cell lines as well as in
seminoma tissu&® Importantly, two rescue experiments revealed a reversion of

these phenotypes towards control cells upon restoration of normal LGALS3BP levels.
Furthermore, the presence of-Rapl together with LGALS3BP was found to be crucial

for cell proliferation and viabilityas simultaneous loss of these proteins caused
aneupbidy and apoptosis.

Together, these findings askéor mechanisms that contrdlGALS3BP expression as it

is commonly deregulated in cancer and centrosomal aberrations contribute to genetic
instability, a hallmark of cancty®495.104106,141,143,146,147,38@00

The present study revealed the long BRD4 isoform as a positive regulator of basal
LGALS3BRSY S SELINB&aA2Yy | ViRlucedLGALS3BE pleduiatvbiNd 2 F L
Interestingly, the short isoform of BRD4 was still able to mediate LGALS3BP
upregulation as agalLl2yasS (2 LbcC: adAydzZlGA2y FfGK2d
LGALS3BP expression in unstimulated conditions. This outcome indicates different
functions of the two BRD4 isoforms in regulatingsALS3BRexpression. The
maintenance of the short BRD4 isaformight therefore be of interest in disease if
GNBFGAYy3 StS@OFGSR [D!'[{o.t tS@Sta sAlGK 1SE
demanded. Regarding the proposed model on BRigdilated LGALS3BExpression

(Figure31), small moleculenediated inhibition of the SP1 binding site within the long

BRD4 isoform might constitute a situation similar to that observed upon shEl
transfection. Inhibition of the SP1 binding site wid only target the long isoform of

.whn gKAES UGKS &K2NI Aa2F2NY YUGALS3BRI ALt |
SELINB&aarz2y @Al bCS.d |1 26SOSNE y2 AYKAOAG2NI
has been developed so far because this interaction hatsbeen characterized yet.

Otherwise, treatment with the weléstablished BET inhibitors JQ1 eBHT, for

instance, which block the bromodomains of BRD4 to inhibit ad¢gsyhe binding, will



target both isoforms of BRB¥*?L, This would lead to depletion of LGALS3BP and
AyaSyardAoaae G2 LbC! &AdGAYdzZ | GFRgargdl).l & AG Aa
The outcome oL GALS3Bpromoter silencing via EZHAediated DNA methylation in
TMPRSS2:ER@Gsionnegative prostate cancer displayed another path to regulate
LGALS3Bexpression. This study further revealed high EZH2 expreasmwmpanied

by LGALS3BP downregulation and centriolar amplifications TMPRSS2:ERG
fusionnegative prostate cancer cells. Supportingly, breast cancer tumours with
endogenously upregulated EZHRvels exhibited amplifications of centrosomal
structureg®® a2NB2PFSNE 9%l H dzZLINBAdz F GA2y Ay LI A
correlate with high tumour grade, aggressiveness and genomic instaflSifty The

NEOSYy il TFAYRAYI GKIFG 9%l uw SLAISYGHFEGRRI f £ & NI
expression together with the present finding of EZM@diated silencing of

L b -educibleLGALS3BiRdicates that EZH2 might be involved in global repression of

GKS OSftfdzZ  NJ LbC! NBalLlRyasS 2NR2@Eagtin2F (KS
MYGdriven prostate cancedrugY SRAF 1 SR AYKAOAGA2Y 2F 9%l H ¢
treatment led to remarkable antumour effect$??2. Furthermae, drugmediated

inhibition of EZH2 was shown to block tumour growth and to increase
chemotherapeutic sensitivity in certain cancer tyfl8@!L. Together, this suggests that

also EZHnediated downregulation of LGALS3BP might contribute to cancer
aggressiveness probably via affecting centrosome integrity.

The identification of potential kinases targeting LGALS3BIR faigro kinase profiling

on LGALS3BP peptides might establish LGAHSBREING by certain sigriéng

pathways. Hence, CHK1/2ediated phosphorylatiormay integrate LGALS3BP into

DNA damage checkpoints or unperturbed G2/M cell cycle transition. Furthermore,
AKTFmediated phosphorylation of LGALS3BP could contribute to AKT
signallingimplicated cellularoles in cell proliferation, growth, migration and survival,

for instance, in which centrosomes are involved as 3#€lf3 LGALS3Bfrgeting by

CaMK4 may further link €zsignalling pathways to centrosomesdcamight contribute

to its recently discovered function in the negative regulation of cell proliferation

Hence, LGALS3BP phosphorylation by the proposed kinases should be vatideted

by future experimentsand the centrosomal association of thresented signalling

pathways via LGALS3BP shdéddested



Figure32 summarizes the outcome of this study and presents a graphic model on the
centrosomal phenotypegprovoked by LGALS3BP deregulation as well as on how

LGALSS3BP is transcriptionally or ginahslationally targeted.

Figure32: Schematic integration of the outcomes
of this study

LGALS3Bgene expression is negatively regulate
by EZHanediated promoter methylation while
BRD4 promotes GALS3BPasal expression as we
Fa Ada LbcC: AYRdAzOGA2Y
cofactor. The LGALS3BP protein might be furtt
modified posttranslationally by CHK1/2, AKT1 ar
CaMK4 kinases. Upregulation of LGALS3BP lea
hypertrophic centrosomes as given by enlarg
PCM areas. Downregulati of LGALS3BF
however, gives rise to multiple incomplete

C-Nap1 KD
- ° E[b centriolar structures that are abrogated by PL}

co-depletion. Moreover, simultaneous depletiol

LGALS3BP LGALS3BP
downregulation /pLk4 kKD N\upregulation

m”“ip:e aneuploidy PCM of LGALS3BP and its interaction partneN&pl
c;englo ar apoptosis hypertrophy|  resulted in decreased cell proliferation, aneuploic
structures and apoptosis.

The gained knowledge about LGALS3BP regulation provided by this study but also by
others!37.161,164,167.42426 might consequently allow a reversion of centrosomal
aberrations caused by LGALS3BP deregulation. Rglath the transcriptional
regulators of LGALS3BRene expression presented by this study, several small
molecule inhibitors havalreadybeen developed that target BRD4, 3, EZH2 and
DNMTs, for instanc@%?1141%4224224%2 Byt also the proposed postanslational
modification via phosphorylation of LGALS3BP by CHK1/2, AKT1 and CaMK4 kinases
can be inhibited by specific dru§&*3°. Restoration of contextually normal LGALS3BP
expression in cancer with LGALS3BP deregulation orettagg LGALS3BP
phosphorylation might therefore antagonize cancer progression. Hence, future
experiments oncellular cancer models targeting the aforementioned kinases and
transcriptional regulators with the respective drugs should focus on LGALS3BP and
centrosome aberrations as well to explain possible outcomes relating to proliferation,
aneuploidy, apoptosis or centrosorassociated signalling pathways.

In conclusion, the presented study provides a substantial functional characterization of
centrosomeassociated LGALS3BP and new insights into its transcriptional regulation

as well as a comprehensive set of information for prospective research to be based on.
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Supplemental Figurd.: Microtubule regrowth in MCFLOA and SKBR3 cells

Example micrographs of the microtubule regrowth assay performed in-MBFand SIBR3 cells.
Microtubules were depolymerized with nocodazole and allowed to regrow after washout with
respective culturing medium for 5 or I0in. Anti- -tubulin-labelled centrosomes are shown in re
anti-h -tubulin-labelled microtubules in green and DASedined DNA in blue in the composite images.
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Supplemental Figur@: Centriolar phenotypes and marker compositions upon RNAI

Centriolar phenotypes as well as localization of certain centriolar and pericentriolar markees
analysed in immunofluorescence microscopy in mitosis and interphase upon single and ¢
knockdown of LGALS3BP and its interacting partners forid2J20S cells. Neargeting siRNA serve:
as a negative control. The tested markers centrobin, acedglaubulin (aetubulin), CPAP, SAS
glutamylated tubulin (glutubulin), CEP135,-Bapl and pericentrin were antibodgbelled and are
shown in red, anttentrin2labelling is shown in green and DAdined DNA in blue in the composi
images. Micrographshow magnifications of the centrosomal area.

LGALS3BP LGALS3BP LGALS3BP LGALS3BP LGALS3BP MAGED2

+ MAGED2 +CEP55 + C-Napl +GCP3
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Supplemental Figur®: PCM hypertrophy is rescued by LGALS3BP depletion iBEXKcells

(a-c) SKBR3 cells that endogenously overexpress LGALS3BP and displayhy@kirophy were
transfected for 72h with siRNA targeting LGALS3BP-blaf1. Nortargeting siRNA served as a negati
control. Samples were antibody 6 St £t SR T2 NJ &uwa@in (& /bror pelicaidri$ (dfEan
analysed by immunofluorescence misompy. The data represent meatstandard deviation of
triplicates with each »200.(a)L Y I 3SW | dzI y-fubunia@a eh c2lyon 208x micrograpl
revealed a reduction of PCM area in-BIR3 cells after LGALS3BP depletion up to control rarge
MCF10A cells(b) PCM area quantification on 63x micrographs in a second experiment also unve
PCM area reduction in S¥R3 cells compared to notargeting SiRNA control. Depletion of th
LGALS3BP interaction partneiN@pl, however, did not rese PCM hypertrophy(c) This was alsc
validated by analysis of pericentriabelling.
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Supplemental Figurd: IPA of MRNA sequencing data upon BRD4 knockdown

The most significantly affected canonical pathways were idedtifig Ingenuity Pathway Analysis (IF
within mRNA sequencing data of a Brd4 knockdown (shC2) in HEK293T cells. The pathways ar
according to the number of identified differentially expressed genes in a certain pathway in relati
the total number of genes belonging to that specific pathway. Data were obtained from An
Wunderlich.
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Supplemental Figur®: Subcellular @Nap1l localization during different cell cycle stages

(a) Immunofluorescence microscopy analysié U20S cells showed a strongN@pZllabelling at
interphase (e.g. G2) centrosomes whereadadpl fluorescence intensity at spindle poles in mitosis (
metaphase) appeared utterly weakb) During cytokinesis -Blapkimmunolabelling reoccurred a
centroomes and strikingly pronounced at the midbodyN&pZllabelling is displayed in red, the PC
labelled with an anti -tubulin antibody in green and DARtiained DNA in blue in the composite imagt
Boxes indicate magnifications of the centrosome or the railband scale bars represent {ufh.
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Supplemental Figur®&: Nucleus shapes upon LGALS3BP aiNbB@1 double knockdown

The scatter plots display the outcomes of an initial ImageJ analysis of nucleus shapes as well as
areas in U20S cells simultaneously depleted for LGALS3BRNapllGlower row) opposed to contrc
treated cells (upper row). The clusters of nucleus populations in control cells are highlighted with
plots (green, yellow and blue) to elucidate the shuftt of these clusters in LGALS3BR/&p1 double
knockdown cells. Doubldepleted cells showed a tendency to irregularly shaped nuclei given by |
form factors (plots in left and middle column, form factor described in left bottom box). Plotting
shgpe descriptors against the nucleus area revealed a shift towards cells with larger nuclei
compared to control cells (plots in middle and right column). Roundness values are not as prom
decreased by the double knockdown when compared to cortedis as it was observed for the for
factor but rather stay moderate even in cells with greater nucleus area (plots in left and right co
roundness described in right bottom box). The data represent measurements>@f000 nuclei per
single experimat.
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Supplemental Tabld: Raw data of radiometric AKT1 kinase profiling on LGALS3BP peptides

Raw data of Kinexus AKT1 profiling against synthetic wild type (T220, S256, S444) and mutant (A220,
A256, A444)LGALS3BP peptides were obtained by radiometry. The duplicate measurements were
averaged and blankorrected. Measurements are given as counts per minute (cpm). AKT1 activity is
given in % and is related to the positive control.

. Assay Restd Average Value Corrected Value Activity
Assay Condition

[cpm] [cpm] [cpm] [%]
622

Blank { substrate) 684 653 0 0
139,831

Control (+regular substrate) 130,786 135,309 134,656 100
. 9,561

T220 peptide 9,493 9,527 8,874 7
. 2,160

A220 peptide 1,972 2,066 1,413 1
_ 763

S256 peptide 619 691 38 0
_ 605

A256 peptide 625 615 -38 0
. 643

S444 peptide 703 673 20 0
_ 742

A444 peptide 710 726 73 0

Supplemental Tabl@: Raw data of radiometric CK1d kinase profiling b&ALS3BP peptides

Raw data of Kinexus CK1d profiling against synthetic wild type T220 and mutant A220 LGALS3BP
peptides resulted from a radiometric assay. The duplicate measurements were averaged and
blankcorrected. Measurements are given as counts pémute (cpm). CK1d activity is given in % and is
related to the positive control.

Assay Condition Assay Results  Average Value Corrected Value Actlv;ty
[cpm] [cpm] [cpm] [%]
Blank ¢ sub 089 696 0 0
ank { substrate) 202
Control (+regular sub >8,978 58,387 57,692 100
ontrol (+regular substrate) 57796 , ,
T220 peptid 0,961 6,903 6,208 11
peptide 6,845 ’ '
. 5,637
A220 peptide 5,521 4,826 8

5,405




Supplemental Tabl&: Raw data of radiometric PLK1 kinase profiling on LGALS3BP peptides

Raw data oKinexus PLK1 profiling against synthetic wild type (T220, S444) and mutant (A220, A444)
LGALS3BP peptides were obtained by radiometry. The duplicate measurements were averaged and
blank-corrected. Measurements are given as counts per minute (cpm). PLKiyaist given in % and is
related to the positive control.

. Assay Results  Average Value Corrected Value Activity
Assay Condition

[cpm] [cpm] [cpm] [%]
758

Blank { substrate) 639 724 0 0
51,850

Control (+regular substrate) 52,028 51,939 51,216 100
. 2,175

T220 peptide 2.402 2,289 1,565 3
. 1,864

A220 peptide 2.193 2,029 1,305 3
: 1,882

S444 peptide 1,464 1,673 950 2
. 1,846

A444 peptide 1,685 1,766 1,042 2

Supplemental Tabld: Raw data ofadiometric CaMK4 kinase profiling on LGALS3BP peptides

Raw data of Kinexus CaMK4 profiling against synthetic wild type (S256, S444) and mutant (A256, A444)
LGALS3BP peptides resulted from a radiometric assay. The duplicate measurements were averaged and
blank-corrected. Measurements are given as counts per minute (cpm). CaMK4 activity is given in % and
is related to the positive control.

. Assay Results Average Value Corrected Value Activity
Assay Condition .
[cpm] [cpm] [cpm] [%0]
Blank {sub 748 769 0 0
ank { substrate) 289
C | (+regul b 175,373 175,186 174,417 100
ontrol (+regular substrate) 174,998 , ,
X 4 1,124
S256 peptide 1,109 1,117 348 0
A256 id 1,094 1,125 356 0
peptide 1,155 ’
S444 tid I 4,608 3,840 2
peplide 4,547 ’ '
. 2,322
A444 peptide 2,331 1,562 1

2,339




Supplemental Tabl&: Raw data of radiometric CHK1 kinase profiling on LGALS3BP peptides

Raw data of Kinexus CHK1 profiling against synthetic wild type (S256, S444) and mutant (A256, A444)
LGALS3BP peptides wepbtained by radiometry. The duplicate measurements were averaged and
blank-corrected. Measurements are given as counts per minute (cpm). CHK1 activity is given in % and is
related to the positive control.

. Assay Results  Average Value Corrected Value Activity
Assay Condition

[cpm] [cpm] [cpm] [%]
735

Blank { substrate) 855 6,953 0 0
166,720

Control (+regular substrate) 166,765 166,743 165,948 100
. 3,628

S256 peptide 3,200 3,419 2,624 2
. 2,410

A256 peptide 2.495 2,453 1,658 1
. 51,225

S444peptide 52,106 51,666 50,871 31
. 9,849

A444 peptide 6,053 8,401 7,606 5

Supplemental Tabl&: Raw data of radiometric CHK2 kinase profiling on LGALS3BP peptides

Raw data of Kinexus CHK2 profiling agasysithetic wild type (S256, S444) and mutant (A256, A444)
LGALS3BP peptides resulted from a radiometric assay. The duplicate measurements were averaged and
blankcorrected. Measurements are given as counts per minute (cpm). CHK2 activity is given irs% and i
related to the positive control.

. Assay Results Average Value Corrected Value Activity
Assay Condition .
[cpm] [cpm] [cpm] [%]
Blank ¢ sub o 700 0 0
ank { substrate) 639
C | (+regular sub 126,208 125,822 125,122 100
ontrol (+regular substrate) 126,208 , ,
S256 id 095 697 4 0
peptide 698 -
A256 tid 709 703 3 0
peptide 697
S444 id S 3,560 2,860 2
peptide 3,678 ! :
. 814
A444 peptide 757 57 0

699
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