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Summary

1. Summary

The hematopoietic, atypical GTPase RhoH is repdadddnction as a negative regulator of progerctt
differentiation, proliferation and survival. IL-3 ian important cytokine, signalling mainly via thaK-
STAT pathway and by this promoting hematopoiesimgenitor cell survival and differentiation of
myeloid cells, such as mast cells. This study airtednvestigate the role of RhoH and important
components in the signalling network of RhoH in3lmediated signal transduction. It was attempted to
link published, as well as the gained, informatidrihis study to profile hematopoietic malignancieith
aberrant RhoH expression. Finally, complementargliss were performed wiih vitro IL-3 derived mast
cells to address the role of RhoH in IL-3 mediatell differentiation and its function in mast celediated
processes, such as anaphylaxis.

RhoH overexpression in BaF3 cells resulted in iitloib of IL-3 induced proliferation correlating it
increased STAT1 and decreased STATS activity. Degulation of RhoH was followed by an increase in
IL-3 proliferation associated with enhanced STATwgphorylation. Altered STAT1 activation induced
increased expression of the cell cycle inhibita®@DKls) p21*¥" and p2#°. Enforced IL-3 induced
STATS activation in cells with low RhoH expressiea to enhanced sensitivity of cells to IL-3, agsult

of an upregulation of the STAT5 dependent tranfioripfactor IRF-1 which induced increased IL-3 aph
chain (CD123) surface expression. RhoH expressies tested in lymphoma cell lines which were
characterised based on their immunophenotype, SBA@ GTPase activity. RhoH was strongly
underexpressed in almost every cell line, sugggstiat RhoH plays an important role in the formatod
hematopoietic cancer types. To gain further insigta the IL-3 dependent signalling networks of Rho
cytokine treatment dependent proteomic experimebyerre performed with IL-3 dependent BaF3 cells.
A cytokine dependent pattern of protein interadioms identified. The interaction with RhoH wasifieal

in HEK cells for two proteins: Cofilin-1 and PTP1Both of these proteins were found to have efféwis
can be related to the previous findings of thiglgtin IL-3 mediated signalling. Finally, experimerih
mast cells were performed to identify the role dbR for IL-3 dependent cell differentiation and €tion,
indicating that RhoH deficiency does not affect the3 induced differentiation. However, the loss of
RhoH has functional consequences on mast celldyolsuch as decreased cytokine production and mast
cell mediator release.

These findings link RhoH expression and RhoH maddldlL-3 induced proliferation on the one hand to
STAT1 dependent induction of CDKIs and on the ottend to the increased STAT5 dependent CD123
expression. It is suggested that RhoH is a tandgulator of IL-3 dependent STATS5/STAT1 activation,
most likely by newly discovered interactions witbyksignalling proteins such as PTP1B and Cofilin-1.
Altered RhoH expression pattern in different herpatetic disorders also suggests that the identifidel

of RhoH in IL-3 dependent signalling is transfeteabo aberrant signalling in cancerogenous diseases
Furthermore, it was postulated that, although Rlldispensable for IL-3 mediated myeloid mast cell

differentiation, the lack of RhoH has serious inmtpaon mast cell mediated effects.



Zusammenfassung

1. Zusammenfassung

Die hamatopoetische GTPase RhoH ist ein negativeguRtor flr die Vorlauferzelldifferenzierung,
Proliferation sowie fiir das Uberleben hamatopoké&sStammzellen. Die Regulation der Differenzierung
und des Uberlebens dieser Zellen erfolgt hauptisickiber den IL-3 abhangigen JAK-STAT Signalweg.
Ziel dieser Studie war es die Rolle von RhoH in [leB abh&ngigen Signaltransduktion zu untersuchen
und neue Komponenten der RhoH vermittelten Sigmadoiuktion zu identifizieren. Zusatzlich wurde
anhand von Hinweisen aus der Literatur verschiedeymhoma Zellinien hinsichtlich ihrer RhoH
Expression im Zusammenhang mit der Aggressivitdtjelweiligen Tumorzellen analysiert. Ausserdem
sollte der Einfluss von RhoH auf die IL-3 abhanglastzelldifferenzierung und deren Funktion (z.B.
Anaphylaxie) mittelsn vitro generierter Mastzellen geklart werden.

Die Uberexpression von RhoH in der murinen Pro-Blifiee Baf3 korrelierte mit der Inhibition IL-3
vermittelter Proliferation einhergehend mit einerhdhten STAT1 und verminderter STATS5
Phosphorylierung. Umgekehrt fiihrte die Inhibitioer dRhoH Expression zu einer verstarkten IL-3
vermittelten Proliferation, verbunden mit einer@rten STATS Phosphorylierung. Die verstarkte STAT1
Aktivitat induzierte eine erhéhte Expression dell Zgklus Inhibitoren (CDKIs) p2¥2"P*und p2#* in
RhoH tberexprimierenden Zellen, wahrend die erh8AtAT5 Aktivierung in RhoH defizienten Zellen in
einer gesteigerten Expression des STAT5 abhéandiganskriptionsfaktors IRF-1 resultierte. Dies fihrt
wiederum zur Uberexpression der Ila¥XKette CD123 an der Zelloberflache.

Verringerte RhoH Expression konnte in verschiedelbgmphoma Zelllinien nachgewiesen werden, die
aufgrund ihres Immunophentoyps sowie ihrer verderdeSTAT und GTPase Aktivitdten ausgewahlt
wurden. In verschiedenen RhoH Proteomanalysen wuZgéokin abhéngige Bindungsmuster mit RhoH
interagierenden Proteinen festgestellt. Es konitiggraktionen von RhoH mit Cofilin-1 und PTP1B in
HEK Zellen nachgewiesen werden. Diese beiden Mwt&bnnen potentiell an den in dieser Studie
gefundenen RhoH abhéangigen Modulationen im IL-3&algigen Signalweg beteiligt sein. Abschliel3end
konnte in Mastzellen gezeigt werden, dass RhoH ekeirEinfluss auf die IL-3 vermittelte
Zelldifferenzierung nimmt. Der Verlust von RhoH fteat jedoch schwerwiegende funktionelle
Konsequenzen in den Mastzellen, wie eine vermied@ytokin- und Histaminsekretion. Schlussfolgernd
kann gesagt werden, dass RhoH die IL-3 vermit®igmaltransduktion und vor allem die-3 abhéngige
Proliferation beeinflussiDies geschieht zum einen durch eine ModulationQIBAT1 Aktivitat und der
Expression von STAT1 abhangigen CDKIs und zum amdelurch die Veranderung der STAT5/IRF-1
abhangigen CD123 Expression. RhoH wird eine Roke Tandem-Regulator in der IL-3 induzierten
STATS/STAT1 Aktivitat zugeschrieben, die wahrschiem durch die Interaktion mit den Proteinen
PTP1B und Cofilin-1 zustande kommt. Anhand der gewliesenen Expressionmuster von RhoH in
Lymphoma Zellinien wird angenommen, dass RhoH aiiedhtige Rolle in der Krankheitsentstehung als
auch in deren Verlauf spielt. Fir Mastzellen korggeeigt werden, dass RhoH keinen Einfluss aufldie

3 abhangige Zelldifferenzierung nimmt jedoch digpiession von RhoH essentiell fiir die vermittelten

Zellfunktionen ist.



Introduction

2. Introduction

2.1 Interleukin-3 (IL-3) and the IL-3 receptor

Interleukin-3 (IL-3) is an important cytokine foemmatopoiesis, supporting the proliferation
and survival of hematopoietic progenitors and prngothe differentiation of myeloid cells
(e.g. basophils, erythrocytes, dendritic cells (P&sd mast cells (MCs)from a common
myeloid progenitor (CMP). IL-3 is a four helical cytokine serving as ligafat the IL-3
specific type | cytokine receptor alpha) (chain, CD123. The (human) IL-3 gene is located
on chromosome 5g23-31 and is neighbored by the farBily cytokine genes GM-CSF
(Granulocyte macrophage colony-stimulating factond anterleukin-5 (IL-5§. IL-3 is
produced mainly by CD4T-helper (Th) cells and to a lesser extent by otiedis, such as
MCs, endothelial cells and monocytes.

The IL-3 receptor belongs to the type | cytokineeor family, which are mediating signal
transduction by the formation of receptor heteguoiiers. These receptors commonly
comprise a shared betf)(and a cytokine specifia-chair’®. In humans it was found that
GM-CSF and IL-5 can compete with IL-3 for recepbarding suggesting that these cytokines
share a commof chain’ (Fig.2.1). This observation does not occur in the muringesys
since there is an additional IL-3 specific betaigh@_3) present on murine cells. Ligand
binding to the IL-3 recepton chain (CD123) causes the formation of a high &ffin
heterodimeric receptor compfék The IL-3 Bc is quite unique within the type | cytokine
receptor family, since the conserved WSXSW mosfjally found within the CHR stretches
of type | cytokine receptors, is replaced by aingsive LSXSW motif°. The membrane
proximal intracellular part of th@c subunit of the IL-3 receptor includes a Box-1 dam
which was found to be of importance for the inductof proliferation associated genes (
myg pim-1andoncostatinM *°*2 Upon ligand binding, this region plays an impotteole in
the interaction with different signal transducingpteins, such as Janus-Kinases (JAKS),
STATSs (Signal Transducers and Activators of Sigimainsduction) , c-Scr (cellular-sarcoma)
and PI-3K (phosphoinositid-3-kinas&) The membrane distal region is known to mediate
survival signals and growth inhibiting signals isdd by the cytokines of the IL3-famtfy
Moreover, the membrane distal region is reportetbke part in the activation of Ras (rat

sarcoma) as well as in the transcriptional actvatf transcription factotd Due to a lack of

3



Introduction

intrinsic enzymatic activity, type | cytokine redegs, such as the IL-3 receptor use mainly

the JAK—STAT signalling pathway to transmit incomisignals™.

2.1.1 The JAK-STAT pathway

The investigation of cytokine signalling pathwagsl lto the discovery of four types of JAK
proteins containing seven JAK homology (JH) dom&inslembers of the JAK family are
JAK1, JAK2, JAK3 and Tyk2. Except for JAK3, JAKseaubiquitously expressed. The C-
terminal JH domains inhabit the kinase and the gadunase region. Upon ligand binding to
the receptor, receptor associated JAKs becomeatetithrough phosphorylation of critical
tyrosines in their “activation loop” located withtheir kinase domaift’. The FERM (four-
point one, ezrin, radixin, moesin) domain is N-teratly located and is thought to mediate
the association with the Box1 domain on cytokineeptors (type | and 1. Upon activation
JAKs initiate the phosphorylation of specific retmptyrosine residues which serve as
docking sites for the STAT proteitis The seven discovered members of the STAT family
STATL, STAT2, STAT3, STAT4, STAT5a, STAT5b and STAT90-100 kDa), inhabit a
SH2 domain which is able to bind to phosphotyrosesdues, provided by JAKSs. In resting
cells, STATs are mostly located as inactive homediwithin the cytoplasti Once bound

to the phosphorylated receptors sites, the STATepre become phosphorylated by JAKs and
thereby activated. Activated STATs are releasethftbe receptor and reorient into an anti-
parallel dimer. To achieve this conformation, thé2Slomain of one activated STAT has to
bind to the phosphorylated tyrosine of anothervat®id STAT. The resulting STAT dimers
translocate to the nucleus, where they bind to iBpeDNA sequences and initiate gene
transcription. The regulation of the JAK-STAT sitimg pathway is tightly controled by
different mechanisms. One important mechanism idiaed by phosphatises, such as Src
homology region 2 domain-containing phosphatase$iP§JS which are able to
dephosphorylate JAK proteitis Members of the protein tyrosine phosphatase (PfER)ily
such as PTP1B are known to dephosphorylate STATeimo Only two of these
phosphatases, TC-PTP and SHP-2, are able to déphgkie nuclear STATs, which plays
an important role for the next regulatory mechanisorclear import and export of STATS.
This process is driven by nuclear localisation andear export signals in the sequence (NLS
and NES) of STAT proteid® Another important control function is initiateg members

of the family of suppressors of cytokine signallifOCS) molecules. These molecules are
STAT target genes which directly inhibit STAT aetion resulting in a classical “feedback

loop”. Once these inhibitory mechanisms fail torftoff” the cytokine induced reaction, a
4



Introduction

hyperactivity of the cytokine receptor results, gbhis frequently found in diverse cancer

types?®
2.1.2 IL-3 mediated JAK-STAT signalling

The major signalling pathway activated by IL-3lie IAK-STAT pathwayFig. 2.1). Upon
receptor activation, the membrane proximal receggsociated JAK2 kinase (N-terminally) is
activated and induces tyrosine (docking sites fbABs) and serine phosphorylation Bt
residues. The subunit of the IL-3 receptor (CD123), which is oged to be pivotal in IL-3
mediated differentiation of hematopoietic stem eit also involved in JAK2 activation.
Normally STAT5a and STAT5b can be activated by lltr8atment which leads to the
transcription of pro-proliferative gend$'? To a much lesser extent Tyk2, STAT1 and
STAT3 phosphorylation, following IL-3 treatment,shiaeen observéd

Fig. 2.1 The IL-3 receptor and its associated sigralg

S — molecules
Cysteins for D t
yslems forEmerizetion . Schematic diagram of IL-3 bound to the type | cytek
LSXLS-Motif receptor IL-3. IL-3 comprises an unique ligand fgd
WSXWS-Motif \Y subunit that is not shared by other members oflith&

. 13 . family receptors. The commorB3-chain is mostly

HOBHR b responsible for cytokine mediated signal transdumctind
RO 0T Y | bran is shared by the IL-5 and GM-CSF receptors (modified

bsbbostl febsdobc e Mo
. from Reddy 2000)

JAKS 4 — STAT activaton
Proximal STAT activation

oximay F PlaK
Src
Phosphatases

Transcription
DNA Synthesis]

It needs to be highlighted that STAT1 and STATSpile both being targets of IL-3, have
oppositional effects in cells. In inflammation, STA mediates the recruitment and the

Distal

activation of immune cells via control of gene wamption of cytokines, chemokines,
adhesion factors and proinflammatory medigfofghe induction of apoptosis is controlled by
STAT1 activation by initiating the transcription oispasés or death receptors and their
ligand$®?. Also, the activation of STAT1 is known to have @mhibitory effect on the
transcription of prosurvival genes such as memobfktisebcl-2 family®’. Moreover, STAT1 is
known to be an inhibitor of proliferation by thamscriptional repression of proteins involved
in cell cycle progression, such as the cyclin c-thy% or initiating the cell cycle dependent
inhibitors (CDKIs) p2127“P* and p2%#"* which can bind to the cell cycle dependent kinases
(CDK2, 4/6) and by this causing cell cycle arrastGl phas&>*3** By regulating cell

survival and proliferation STAT1 is a major factor the control of tumourigenedfs
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However, STATS a key regulator of hematopoiesigphissphorylated and activated to a much
higher content by IL-3 than STAT1. STAT5 is repdrte act “reverse” to different STAT1
dependent processes by counter- regulating ovenigppgnalling pathways. By regulating
genes such as-myg bcl-xI and genes of thécl-2 family, STAT5 activity takes part in
enhancing cell proliferatidn® Proliferation and cell cycle progression is praeco by
STATS5 through the initiation of the expression eflcycle progressing cyclin protein, as it
was demonstated for CyclinA2and CyclinD#® or as recent studies suggest by the regulation
of p21"27eP1 and p2*#** proteind®“® Apoptosis is thought to be directly inhibited BYAT5
through the regulation of the members of caspastips™*% Aberrant STAT5 activation is
also frequently found in a variety of malignancaesl plays a key role in tumour development

and oncogenic transformation and cancer progreSsion

2.1.3 The physiologic relevance of IL-3 and the IL-3 receptor

2.1.3.1 Physiologic relevance of IL-3 for murine m&t cells (MCs)

Mast cells (MCs) are inflammatory tissue-basedscell myeloid origin, that function as
major effectors of allergic reactions (e.g. anapkid) and to a lesser extent as modulators of
innate and adaptive immunffy Different groups of mediators are produced by MCs
preformed mediators such as histamine, which efféoe smooth muscle contraction and
induces an increase of the vascular permeabildsine proteases and the cytokine Tumour
Necrotizing Factor alpha (TN&). TNF-a is also reported to bale novosynthesised like
other cytokines (IL-6, IL-10, IL-4) by MCs upon &gen challengé**%. MCs are carriers of
the high-affinity Immunoglobuline E (IgE) receptffceR1)*°. The release and secretion of
MC mediators is triggered after antigen recognitmnpolyvalent allergen binding to the
FceRI bound IgE. Following antigen challenge the gtasduse to the plasma membrane and
the granule contents are reledéedhe FeRI B-chain inhabits immunoreceptor tyrosine-
based activation motifs (ITAM&), which are conserved sequences composed of tngrosi
residues found throughout different types of immuelated proteirf€. Upon IgE binding the
crosslinkage of the ERI is induced and the ITAMs get phosphorylated ssmluit the spleen
tyrosine kinase (Syk) kinase. Syk initiates the dstnream signalling cascades leading to the
activation of the M. Also STAT5 was found to significantly contribute the activation
and to the maturation of M&Ss which differentiate to their mature form localbfter
precursor migration to the target tis§ueHowever, many factors in the micro-environment

can dramatically influence the resulting mature Mkenotype in the tissu&*° In vitro
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hematopoietic stem cells (HSCs) can be triggeradifferentiate into MCs in the presence of
only one of the required factors, which means eithethe presence of SCF-1 or IL-3.

However, the details of the influence of the envment and signal transduction leading to
MC development are still unknotth

2.1.3.2 Physiologic relevance of CD123 in Acute Mypéd Leukemia (AML)

Acute Myeloid Leukemia (AML) is a myeloid clonakst cell disorder. Characteristic for this
disease is the occurrence of clonal chromosomaktiefind a low production of healthy cells.
A few leukemic stem cells (LSC) are the origin ofast amount of leukemic cells undergoing
an aberrant and poorly regulated process of hemisig’ °2.Characteristic markers and
features of AML is the elevated expression of the Ireceptora chain on primitive AML
cells, which is associated with an increased ogllecactivity and an increased resistance of
these cells against apoptosis, when facing groathof deprivatioff. In addition CD123
overexpressing AML blasts showed either spontan&IusT5 activation or increased levels
of STAT5 phosphorylation after IL-3 treatment. # thought that the increased CD123
surface expression in AML cells, as a result of #levated expression of the STAT5
dependent interferon regulatory factor-1 (IRF-1)face’®. Recent observations indicate that
low expression levels of the atypical GTPase Rhoittions as an unfavourable prognostic

marker for overall and disease free survital

2.2 Rho GTPases member of the Ras superfamily of small
GTPases

There are over 150 highly conserved monomeric Gotepis belonging to the Ras
Superfamily of small guanosine-triphosphatases @EBE)]. Due to their sequence
homologies and functional similarities, the membefs the Ras Superfamily can be
subdivided into six main branches: Ras, Rho, Ram, RArf and Miro. These small GTP-
binding proteins act as molecular “switches” inexaV cellular processes, working in a binary
fashion. Stereotypic members of these subgroupke detween a GTP bound “on” and a
guanosinediphosphate (GDP) bound “off” conformafion
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Fig. 2.2 Unrooted phylogentic tree of the 20
members of the Rho GTPases Family
Classification of the members of Rho GTPases
sy based on their amino acid sequence similarities

RhoH 1

under specifications of the sequence homology
(Rhel) Rt (percentage) and indications of their GTPase
activity (“classical” and “atypical”), (from
Heasman and Ridley 2008)

RhoBTB2

RIF
(RhaF)

RhoD
RND3 (RhoE)

RND2

2.2.1 Structural features of Rho GTPases

Rho GTPases are monomeric 20-30 kDa GTP bindingipg) found in all eukaryotic cells.
22 mammalian genes encode for 25 Rho GTPases, whiche subdivided according to their
functional and sequential homologies into 8 clss{&ig 2.2) the “classical” GDP/GTP
binding proteins including RhoA, Racl and Cdé42These classical GTPases are cycling
between an inactive GDP (inactive) and GTP (actibeund conformation. The cycling is
promoted by their intrinsic ability to hydrolyse 8To GDP. They are thought to interact with
their downstream targets and signalling mainlyhieit GTP-bound form. Besides the typical
members there are the so called “atypical” Rho G&Rawhich are comprised by the
subbranches Wrch-1/Chp, Rnd, RhoBTB and RhoH/TFk. 2.2) The atypical Rho
GTPases are in a constitutively GTP-bound “on” comfatiort®.

Fig.2.3 Structure and “loaded spring
mechanism” of Rho GTPases

Schematic illustration of the universal
loaded spring mechanism. Switch | and Il
domains are bound to thephosphate via.
amino groups of conserved threonine and
glycine residues. Switch region relaxes
after release ofy-phosphate following
GTPase hydrolysis (from Vetter and
Wittinghofer 2001)
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Characteristic for Rho family proteins is the Rigped GTPase like domain, lined up within
short N- and C- terminal extensions and inhabi@n@Rho specific structural insert of 13
amino acids (ad)*° In addition to the GTPase domain, GTP-bindingeunoles have 4 to 5
other conserved sequence elements, of which therswegions (I and Il) and thg andy-
phosphates located in the phosphate binding loed®) are of particular interest for
nucleotide base binding. The “loaded spring medmhdescribes the conformational change
of the GTPase, when the GDP is exchanged for I 2.37%*%° In the GTP-bound form,
two hydrogen bonds from thgphosphate oxygens are formed to the invariant exvesl
threonine in the switch | region (37 in RhoA, 36RhoH) and to the glycine in the switch Il
region. The release ¢dphosphate after the GTP hydrolysis allows the@dwio relax back to
its “off”, GDP bound conformatiofi.

2.2.2 Important regulation mechanisms of Rho GTPases

2.2.2.1 Gene expression

Rho GTPases are expressionally regulated. Most ®Bases are ubiquitously expressed,
while other GTPases show tissue specific exprespatteri®. In addition to the tissue
specific gene expression, the control of transicnipaind translation are important regulatory
mechanisms of Rho GTPases. The transcriptionalraorg of particular interest for the

atypical, constitutive active members of Rho GTBaseh as RhoPf"®*

2.2.2.2 Regulation through interactions with GEFsGAPs and GDIs

Guanine nucleotide exchange factors (GEFs), aréeips that promote the exchange of
bound GDP to GTP of Rho GTPases. GTPase activatotgins, (GAPS) are accelerating the
weak GTP hydrolysis activity of Rho proteifi§®> Guanine dissociation inhibitors, (GDIs) are
interacting with the switch | and Il region, as iva$ the C-terminal polybasic domain and
CAAX motif of Rho GTPase$§*. GDIs are able to: (1) inhibit the GDP dissociati§2)
inhibit the hydrolysis of GTP and blocking interiacis with effector proteins, (3) mediate the
cytosol sequestering of Rho GTPases, (4) providesttuctural stability of Rho GTPases and
facilitate the transport of RhoGTPases betweerewifft intracellular compartmerfts®® The
GTPase RhoH was found to interact with GBl$lowever, the function and the mechanism
of these interactions remain widely speculativem@etition between Rho GTPases for the
interaction with overlapping effector and targedtpins has been shown to contribute to the
regulation of Rho GTPases and their mediated diggaathway$’.
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2.2.2.3 Posttranslational protein modifications

The activity and the mediated function of Rho GTé3aalso depend on their subcellular
localisation. C-terminal CAAX motif determines GTdealocalisation, and is known to be
targeted for posttranslational lipid modificationshe CAAX motif can be prenylated,
geranylated or methylat® thereby the -AAX sequence is cleaved off and fiee
carboxylate anion of the cysteine residue is meted®*°® Rho GTPase activity can also be
regulated by direct phosphorylation or ubiquitinat"’®. The serine phosphorylation within
the polybasic region of Rho GTPases was shown tdufate the binding affinity to their
GDIs®. Ubiquitinylaton of Rho GTPases in response tdmusli results in the

posttranslational degradation of Rho GTP&s&s

2.2.3 Function and signalling of Rho GTPases

Rho GTPases and their effector proteins are weltrilged modulators of the cytoskeleton
and related cell functios’®’* RhoA, Cdc42 and Racl are known to stimulate cgtle
progression either by promoting Cyclin D1 inducett&transition or by negative regulation
of the cell cycle inhibitors p247P* andP?"“P% The atypical GTPase Rnd3/RhoE however,
blocks cell cycle progression via Cyclin §1Rho GTPases are also known to control wide
ranges of “nuclear factor kappa-light-chain-enharofeactivated B cells” (NkB)-mediated
processes such as cell survi%dl. Rho GTPases are also important for cytokine media
JAK-STAT signalling. The phosporylation, as well th& nuclear translocation, of STAT5
and STAT3 was demonstrated to be facilitated byatetd Racl and the GAP molecule
MgcRacGAP?"® Also interferony induced inflammatory response via STAT1/STAT3
signalling strongly depends on Racl actifityRho GTPases are mediating numerous
functions in hematopoiesis such as long-term etggtft, proliferation and migration of HSC
or in the differentiation and development of MCs, &d T- lymphocytés. Apparently
dysregulation of Rho GTPases is found to promatetigenesis and malignant disorders.

2.3 The atypical GTPase RhoH

RhoH, initially named Translocation Three Four (),TWwas discovered in 1995 by Dallery
and co-workers as a fusion transcript from chromes@3:4) translocation in Non-Hodgkin-
Lymphoma (NHL) with the transcriptional repressorc@l lymphoma-6 (BCL6)/LAZ¥.

Sequence analysis assigned the sequence to theyslgvunknown small G like protein

RhoH. RhoH is localised on the short arm of chromosdmieand p13 and has a length of

10
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191 aa. RhoH shares a 27% H-RAS and a 45% rel&ipis other Rho family members and
is GTPase deficient. Thereby RhoH activity is thaup be controlled through interactions
with other GTPases, posttranslational modificati@amsl transcription regulati&h RhoH
expression is restricted on hematopoietic cellsh differential expression levels among the
lineage&® The strongest expression of RhoH was detectablgniphocytes, lower RhoH
expression was also detectable in hematopoietgemitor cells and myeloid lineages such as

in vitro derived MC8&-

2.3.1 Structural features of RhoH

RhoH is GTPase deficient, due to absent residutsatito catalytic GTPase activity such as
the conserved glycine 12 (RhoA), which is replaite®hoH by a serirfé and glutamine 63

(RhoA) that is asparagine in RhoH. The specific Rdraily insert of 13 aa was found to be
significantly shorter in RhoH with a length of orifya&®. The conserved CAAX motif on the
C-terminus is present in RhoH as a CKIF-motif. RteoH CKIF-motif was demonstrated to

undergo farnesylation and to a lesser extent, gkxgon",

2.3.2 RhoH in signal transduction

2.3.2.1 RhoH and its inhibitory function on other G'Pases

RhoH was found to significantly retard the degremabf IKBa and thereby suppress the
NFkB activatiofi®. RhoH was also able to reduce the activation okB|Finduced by the
expression of constitutive active RhoA or Racl. Rh@s an inhibitory effect on Racl and
Cdc42 dependent TNF induced p38 activation indepethyl of JNK or ERK activatiot.
Furthermore it was demonstrated that RhoH is ablalttibit stromal derived factor-1 (SDF-
1) induced, Racl mediated chemotaxis and polavisaif HPC&'. The inhibitory effect of
RhoH on other GTPases is considered as a physialodinction, although the exact

mechanisms remain unknown.

2.3.2.2 RhoH in T-cell signalling

Studies of RhoH in lymphocytes showed that phorb2tmyristate 13-acetate (PMA)
treatment, which activates Protein Kinase C (PKi@) thereby mimics T-cell receptor (TCR)
complex mediated signal transduction, results éndecrease of RhoH mRNA lev&sRhoH
null mice exhibited substantial blocks at distim#velopmental stages leading, to fewer
mature T-cells and thereby indicating RhoHs" imaace for pre-TCR signallifiy Mature T-

cells of RhoH-/- mice, despite normal amounts oRT&@ their surface, failed to respond with
11
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adequate proliferation in response to stimulatidn &nti-CD3 antigen. It was found that the
spleen tyrosine kinase homolouge Zap70, binds pgatative ITAM in RhoH, which in turn
sequesters its recruitment to the GB®ain following TCR activation leadinding to the
initiation of proper downstream signallffigNevertheless, the interaction of RhoH and Zap70
is contested since Brakebush and co-workers weablemno detect this interactih RhoH is
subject to proteasomal degradation after TCR, hait after B-cell receptor activation,
highlighting its distinct role for TCR signallifg

2.3.2.2.1 Anaplastic large T-cell lymphoma (ALCL)

Anaplastic large T-cell lymphoma (ALCL) is a biologand clinically heterogeneous subtype
of peripheral T-cell lymphoma (non-Hodgkin lymphorfiHL))®. 50-80 % of all ALCLs
contain a chromosomal translocation which brings ¢inphan tyrosine kinase, anaplastic
lymphoma kinase (ALK) under the promoter controtlifferent genes (ALK ALCL)®*. Most
systemic ALK ALCL types inhabit the translocation t(2;5)(p2335 which brings ALK
under the promoter control of the nucleolar phogpbiin nucleophosmin (NP®f) One
hallmark of ALCL subtypes is the aberrant immunapitgpe, typicaly lacking the TCR and
associated molecules such as CD3 and Zap70, assviellv or no expression of CD4/Ct8
NPM-ALK™ ALCL show enhanced STAT5 phosphorylation corraktivith higher cell cycle
progression rates and cytokine independent growth Recent studies also reveal an
important role of small GTPases (e.g. Racl, Cdcéa}ributing to the oncogenic attributes

of NPM-ALK rearrangements in systemic AL&®

2.3.3 RhoH, a negative modulator of hematopoetic proliferation and
its function in cancer

2.3.3.1 RhoH a negative modulator of hematopoietell proliferation and survival
Hematopoietic progenitor cells with enhanced Rhekkls showed decreased proliferation
rates in response to the cytokine SCF-1. AdditigndRhoH expression led to impaired
colony formation in response to SCF-1. The susb#ipyiof RhoH overexpressing progenitor
cells to undergo apoptosis was enhanced causimgassd cell counts. The explanation of
the observed defects was due to an antagonisgctedf RhoH on the GTPase Racl, which

was previously described to have opposing consegseon the described processes in stem
cell”,

12
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2.3.3.2 RhoH involvement in cancer

RhoH is a protooncogene since its coding regigoxtaposed to the immunoglobulin locus.
BCL6/LAZ3 translocations with RhoH are frequentlyuhd during the process of indolent
follicular lymphoma transformation to aggressivegi&B-cell lymphoma, which indicates a
role of RhoH in pathogenesis and as a marker famsformation potential of follicular
lymphom&®. RhoH involving translocations were also detecablmultiple myelomas, nodal
marginal lymphomas and splenic lymphomas. Rholdaated on a hypermutable gene locus,
and is thereby targeted by aberrant hypermutatiats anon-coding region which indicates
altered RhoH expressiotl. Hypermutations in RhoH are considered as a tuaseociated
event®. RhoH expression is downregulated in hairy calkémia (HCL) and AML. It was
found that RhoH underexpression is a diagnostickeraior HCL associated with increased
proliferation, adhesion and migration of HCL cH#lfs RhoH underexpression in AML
supports Racl dependent protection from apoptasis daug resistance and was thereby
determined to be a poor prognostic factor for gainand disease-free survival of AML
patient§>*. Overexpression of RhoH also plays a role in leukia. Increased RhoH
expression levels correlated with Zap70 expressioB-cell chronic lymphocytic leukemia
(CLL) leading to enhanced Akt/Erk phosphorylatiolidwing B-cell receptor activatidft’

2.3.4 RhoH, inhibitor of IL-3 mediated proliferation and signalling:
Preliminary data

Previous work from our lab (Liu, H.) with parenthd RhoH overexpressing BaF3 cells
showed indications for RhoH as a negative modulattdl-3 dependent proliferation. Further
work suggested that RhoH might eventually modulat® induced STAT activity leading to
the observed proliferation defects. Physiologicevahce of RhoH for IL-3 dependent
differentiation and cell function was tested by knunitial experiments with RhoH deficient,
IL-3 derived MCs. These experiments suggested tldie® dependent MC development due
to altered MC marker expression and altered MC tfans based on decreasdt

hexosaminidase release measurements of RhoH defidigs®
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2.4 Aim of this study

Based on the preliminary findings of Liu aim of thest part of this study was to gain an
understanding of the role of RhoH IL-3 induced sifing and its relevance for hematologic
malignancies. Subject of investigation was the e of RhoH to modify specifically IL-3
induced proliferation and cell survival by using tmurine model proB cell line BaF3. Next it
was attempted to understand how RhoH expressiomble to alter IL-3 dependent
proliferation by investigating IL-3 mediated JAK-AT signalling in BaF3 cells with distinct
RhoH levels. In this context it was further aimed understand the alterations in gene
expression induced by RhoH modulated JAK-STAT digrensduction with focus on the
expression of STAT dependent CDKIs and CD123 sarfagpression. Complementary
studies were assessed to outline a possible rd&oH in the aberrant signal transduction of
the myeloid malignancy AML, in which RhoH was refgal to be underexpressed,
transferring the previously gained knowledge frdma BaF3 model system. Furthermore it
was aimed to test RhoH expression in different Igompa types with aberrant
immunophenotypes and STAT signalling to gain insigito a potential role of RhoH in
disease progression. To extend the knowledge aBboH and the signalling networks
involved in controlling IL3- mediated signal transdion it was planned to find novel
interaction partners of RhoH by using mass speatom

The second part of this work addressed the roleRbbH for IL-3 dependent cell
differentiation and function usinigp vitro derived murine MCs. It was sought to understand
the consequences of RhoH deficiency on MC mediatadtions using IL-3 derived bone
marrow MCs from RhoH ko mice. Additionally, it wadtempted to relate the previous
findings of RhoH as a modulator of STAT activatisnthe BaF3 model system, to MCs

differentiation and function.
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3. Materials and Methods

3.1 Material

3.1.1 Lab equipment

Agarose Gel Elektrophoresis systenferfectBlué™ Mini S, Pequlab, Erlangen

Bacteria Shaker

Bunsen burner
Cell Counting Chamber

Centrifuges

Chemical Balance
Extractor Hood
FACS

Gel documentation system

Ice Flakes Device

Incubators

Luminometer
Magnetic agitator (with heating)

Microscopes

Microtiter-Plate reader
Microwave oven

pH meter

Pipettes

Pipettor

Power supply

Refrigerator

Safety cabinet
SDS PAGE System

Incubator 1000, Unimax, 1010 Shakeidolph Instruments GmbH Co. KG,
Schwabach
Gasproff2WLD-TEC GmbH, Géttingen
Neubauer 0.0025 mm#/0.1 mm,dB&mbH Schwerin
1. Biofuge fresco, Heraeus Instruments, Hanau
2. Biofuge pico, Heraeus Instruments, Hanau
3. Biofuge stratos, Heraeus Instruments, Hanau
4. Sorvall RC 5B Plus, Thermo scientifc, Bonn
EW600-2M, Kern & Sohn GmbH, Balingen
Variolab Mobilien W90, Waldner-Lakorichtungen GmbH, Wangen
BD FACSCantB", BD Bioscience, Heidelberg
L.Infinity Video ducumentation system 3000, Peglathaigen
2.  Chemi-Smart 5000, Peqlab, Erlangen
ScotsnfalF-30, ENODIS Germany GmbH, Herborn
1. BBD 6220, Heraeus Instruments, Hanau
2. B5060 EK/CQ Heraeus Instruments, Hanau
LUMIStar OPTIMA, BGM Labtech, Offenburg
IKARCT basic, IK& RCT labtech, Staufen i.Br.
1. Invers-microscope, Axiovert 25 CFL, Carl Zeiss Jemab®, Jena
2. Incident-light microscope, Leica DMLS, Leica Micyssems GmbH,
Wetzlar
3. Confocal Microscope, Leica TCS SMD FCS, Leica Micrisys
GmbH, Wetzlar
SUNRISE Absorbance ReadearaifeSalzburg, Austria
R-234, Sharp Electronics GmbH, Hambur
SevenEas) , Mettler Toleado GmbH, GieRRen
Gilson, Middletown, Wisconsin, U.S
Pipetboy acu, Integra Bioscience AG, ChwitZgrland
Consort Power Supply E835, PequlabnBen
1. divers equipment, Liebherr home equipment OchsesgrauGmbH,
Ochsenhausen
2. HERA Freez@(-SO"C), Heraeus Instruments, Hanau
HERAsafe classll, Heraeus Instruméfanau
1. SE400 Sturdier Vertical Electrophoresis Unit, Hoéfe., San Franciscao,
u.S

15



Materials and Methods

Semi-Dry Transfer Unit

Shaking devises

Sonicator

Thermocycler

Thermomixer

UV/Vis Spectrometer

Vacuum pump
Waterbath

2. PowerEase 500 Pre-Cast Gel System, Invitrogen GrdaHsruhe
Standard Semi Dry Unit, Hardihc., San Francisco, U.S
1. Vortexter, MS 1 Minishaker, IKA Works Inc., Wilmingn, USA
2. RS-24 (orbital shaker), Lab4You GmbH, Berlin
1. Branson Sonifier B-R, Branson Sonic Power Company, Danit.S.
2. Sonoplus, Badelin electronic GmbH & Co. KG, Berlin
1. quantitative RT-PCR: 7900 HT Fast Real-Time PCR Systeppliéd
Biosystems, Darmstadt
2. Primus 96 advanc&dradient, Pequlab, Erlangen
Thermomixer Comfort, Eppendorf AG, Hamgpu
NanoDr8pND-1000, Peglab, Erlangen
LabopcﬁtNSll KN, 18, KNF Neuberger GmbH, Freiburg
WB/OB 22, Memmert GmbHCo. KG, Schwabach

3.1.2 Expandable material

Blotting paper

Canula

Cover slides

Cyro tubes

Disposable inoculation loop
FACS tubes

Falcon tubes

Flat bottom 96 Well plate
Luminometer plate

Nitrocellulose membrane

Object plate

Parafilm

Pasteur pipettes
PCR plate sealing foil
PCR-plates

Petri dishes

Pipette tips

Precast gels

Reaction tubes

Sterile filter

Syringe

Tissue flasks

WhatmahGB003, GE Healthcare, Dassel
27G, 0,4 mmx19 mm, BD Biosciences, Heidelberg
Round, @12mm, Carl Roth GmbH Co. KG, Kainglr
Cryotubé¥, Nunc GmbH Co.KG, Wiesbaden
Loopl&sLP ITALIANA SPA, Milan, Italy
BD FalcoR" 5 ml polystyrol tubes, BD Biosciences, Heidelberg
Cellstar, polypropylen, sterile, GreBie-One GmbH, Frickenhausen
PS-Microplate, 96-welbnrsterile, Greiner Bio-One GmbH, Frickenhausen
CulturePIdt% white, 96-well, non-sterile, Perkin Elmer, Rodghigesheim
Whatmat? Protan Nitrocellulose Membranes BA83(0jn), GE Healthcare,
Dassel
Double smoothed, SiiRe GmbH, Gudensberg
American National C&H, Chicago, US
WU, Mainz
Absolute QPCR Seal, ABgene Hdtssom, UK
Thermo-F&5t96 Detection Plate, ABgene House, Epsom, UK
Greiner Bio-One GmbH, Frickenhausen
1. TipOné , Pippette Tips, Starlab, GmbH, Ahrensburg
2. TipOné, Filter Tips, Starlab, GmbH, Ahrensburg
1. Anamed Elektrophorese GmbH, Gross-Bieberau
2. Invitrogen GmbH, Darmstadt
1. Safe Lock, Eppendorf AG, Hamburg
2. PP-PCR tubes, Greiner Bio-One GmbH, Frickenhausen
Millex®-GS 0,22um, Millipore, Billerica, U.S.
BD Discardit I, BD Biosciences, Heidelberg

Cellstar, polystyrol, sterile, GreiB&-One GmbH, Frickenhausen
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Tissue petri-dishes polystyrol, sterile, Nunc Gmbi€o. KG, Wiesbaden

Tissue plates Cellstar, polystyrol, sterile, GreiB&E-One GmbH, Frickenhausen

3.1.3 Purchaseable kits and buffers

Absolutd™ QPCR SYBR Green Thermo Fisher Scientific Inc., Waltham, U.S.
ROX Mix

Annexin-V-FLUOS Staining Kit Roche, Penzberg

BCA™ Protein Assay Reagent Kit  Pierce Biotechnology, RarckfU.S.

BD OptEIA™ mouse IL-6 ELISA BD Biosciences, Heidelberg

Kit

BD OptEIA™ mouse TNF ELISA BD Biosciences, Heidelberg

Kit

CellTiter-Glo Luminescent Cell Promega, Madison, Wisconsin, U.S.
Viability Assay System

Dual-Glo Luciferase System AssayPromega, Madison, Wisconsin, U.S.

System

FITC-BrdU-Flow Kit BD Biosciences, Heidelberg

High Pure RNA Isolation Kit Roche Diagnostics, Pemgbe

High Speed maxi Kit Quiagen, Hilden

High Speed mini Kit Quiagen, Hilden

NEB 5-alpha New England Biolabs GmbH, Frankfurt/Main
Platinun?Pfx DNA Polymerase Invitrogen GmbH, Darmstadt
QIAquick Gel Extraction Kit Qiagen, Hilden

QIAquick PCR Purification Kit Qiagen, Hilden

Restore Western Blot StrippingPierce Biotechnology, Rockford, U.S.
Buffer

RevertAid" First Strand cDNA MBI Fermentas, St. Leon-Rot
Synthesis Kit

SuperSignal West Pico Pierce Biotechnology, Rockford, U.S.
Chemiluminescent Substrate

Taqg DNA Polymerase MBI Fermentas, St. Leon-Rot

3.1.4 General chemicals

If not stated otherwise, all chemicals and solvevese purchased from Merck (Darmstadt),
Roth (Karlsruhe), Sigma-Aldrich (Taufkirchen) or plichem (Darmstadt).

4',6-diamidino-2-phenylindole (DAPI) Molecular pebinc. Eugene, U.S.

A/G Agarose Santa Cruz Biotechnology, Santa Cruz, U.S
Acetic Acid (100%) Merck, Darmstadt

Acetone Roth, Karslruhe
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Acrylamide rotiphenol
Adenosine-5'-triphosphate (ATP)

Agar bacteriological

Agarose ultra pure

Ammonium Persulfate (APS)

Ampicilin

Aprotinin

Aqua ad iniectabilia (10 ml)

Bovine serum albumine (BSA)

Bromphenole Blue

Complete Protease Inhibitor Cocktalil
Dimethylsulfoxide (DMSO)

Dithiothreitol (DTT)

Doxurobicine

Dulbecco’s modified Eagle's medium (DMEM)
Ethanol

Ethidium bromide

Ethylendiaminetetraacetic acid (EDTA)
FACSClean"

FACSFlow™

Fetal calf serum (FCS)

Geneticin (G418, 50 mg/ml)

Glycerol

Glycine

Hydrogen chloride (37%) (HCI)

Immersion oll

Indole-3-acetitc acid (IAA)

Isopropanol
Isopropylp-D-1-thiogalactopyranoside (IPTG)
Kanamycin

Leupeptin (-hydrochloride)

L-Glutamine, 200 mM (100x)

Luria-Bertani- borth

Magnesium chloride-Hexahydrate (Mg&bH,0)
Metafectene

Methanol

MOPS (3-(N-morpholino)propane sulfonic acid)
Mounting medium

N,N,N°, N'-Tetramethylethylethyllendiamin (TEMED)
Paraformaldehyde

Penicilin/Strepromycin solution (100x)
Pepstatin A

Phenylmethylsulfonylfluorid (PMSF)

Roth, Karslruhe
Sigma-Aldrich, Tkaxghen
Agar No. 1, Oxoid GmbH, Wesel
Gibco BRL, Life technologid¥', Eggenstein
Sigma-Aldrich, Taufkirohe
Kanamycine
Sigma-Aldrich, Taufkirchen
Braun, Melsungen
AppliChem GmbH, Darmstadt
Sigma-Aldrich, Taufkirchen
Roche, Penzberg
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Biochrom A&&rlin
AppliChem GmbH, Darmstadt
Merck, Darmstadt
Sigma-Aldridtaufkirchen
BD Biosciences, Heidelberg
BD Biosciences, Heidelberg
Biowest, Nuaille, France
PAA Laboratories, PasghAustria
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Merck, Darmstadt
Merck, Darmstadt
AppliChem GmbH, Darmstad
Roth, Karslruhe
AppliChem GmbH ribatadt
AppliChem GmbH, Darmstadt
Sigma-Aldrich, Taufkiean
Biochrom AG, Berlin
AppliChem GmbH, Darmstadt
Merck, Darmstadt
Biontex, Munich
AppliChem GmbH, Darmstadt
Sigdrich, Taufkirchen
AF1, Citifluor Ltd., London, UK
igBna-Aldrich, Taufkirchen
Merck, Darmstadt
PAA Laborags, Pasching, Austria
Sigma-Aldrich, Taufkirchen
Sigma-Aldrichatifkirchen
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Phosphate buffered saline (PBS)
Phosphatic acid (}POy)

PhosSTOP Phosphatase Inhibitor Cocktail
Polybrene

Poly-D-Lysin

Puromycine

Roswell Park Memorial Institute 1640 medium (RPMI)
Sequencing grade modified trypsine
Serva Blue G

Sodium chloride (NaCl)

Sodium hydroxide (NaOH)
Sodiumdeoxycholate
Sodiumdodecysulfate (SDS)
Sodiumfluoride (NaF)
Sodiumorthovanadate (§O,)
Staurosporine

Thioglycolate

Tris-Base

Tris-HCL

Triton-X-100

Trypan-Blue

Trypsin/EDTA (10x)

Tween 20

B-Mercaptoethanol

3.1.5 DNA modifying enzymes

BamHI

Notl

Notl
T4-DNA-Ligase
Xhol

3.1.6 Stimuli for cell culture

Anti- Trinitrophenol(TNP)-ovalbumin(OVA)IgE (x100)
Lipopolysaccharide (LPS)

Mouse IL-3

Mouse IL-4

Mouse INFy

TNP-OVA (2ug/ug)

PAA Laboratoriesciiag, Austria
Merck, Darmstadt
Roche, Penzberg
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
od@irom AG, Berlin
Promega, Madidsconsin, U.S.
Serva, Heidleberg
AppliChem GmbH, Darmstadt
Merck, Darmstadt
Sigma-Aldrich, Taufkirchen
Roth, Karslruhe
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
BD Pharmingen, Heidelberg
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen
PAA Laboratories, Pasching, Austria
Sigma-Aldrich, Taufkirchen
Sigma-Aldrich, Taufkirchen

New England Biolabs GmbH, Frankfurt/Main
New England Biolabs GmbH, Frankfurt/Main
New England Biolabs GmbH, Frankfurt/Main
Roche, Penzberg

New England Biolabs GmbH, Frankfurt/Main

N.N. (University Freiburg)
Sigma-Aldrich, Taufkirchen
ImmunoTools, Oldenburg
ImmunoTools, Oldenburg
ImmunoTools, Oldenburg

N.N. (University Freiburg)
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3.1.7 Antibodies and isotypes

Antibody Target
species
Anti-mouse 1gG, HRP- Secondary
linked Antibody
(heavy chain)
Anti-rabbit 1gG, HRP- Secondary
linked Antibody
(heavy chain)
APC-CD123 human
Cofilin-1 human,
mouse
FITC-CD4 human
FITC-F&RI, mouse
FITC-pSTAT1 (Y701) human,
mouse
FTIC-pSTATS5 (Y694) human,
mouse
Green Fluorescent tag
Protein (GFP)
Hemaglutinin (HA) tag
N-DYKDDDDK-C tag
(FITC-FLAG)
p21°P! mouse
p27Pt mouse
PE-CD123 mouse
PE-c-Kit, CD117 mouse
pPSTATL1 (Y701) human,
mouse
PSTATS (Y694) human,
mouse
PTP-1B human,
mouse
RhoH-Serum murine
STAT1 human,
mouse

~kDa

20

20

20

30

90

90

50

20

90

Detalils
(dilution, isotype)
1:1000

1:1000

as prescribed by
Mouse 1gG «
Detection 1:1000
IP g
as prescribed by
Mouse 1gG «

as prescribed by
as prescribed by
Mouse 1gG,, «
as prescribed by
Mouse 1gG,, «
Detection 1:1000
IP 1pg

1:1000

Detection 1:1000
IP1:100
1:1000

1:1000

as prescribed by

Rat IgG,x
as prescribed by
1:1000

1:1000

1:1000

Detection 1:200

IP N.N.
Detection 1:5000

IP: 1ug

Company

Cell Signalling Technology, Danvers,
U.S.

Cell Signalling Technology, Dasyer
U.S.

eBioscience, Frankfurt

Cell Signalling Technology, Danvers,
u.s.

BD Biosciences, Heidelberg

eBioscience, Frankfurt

BD Biosciences, Heidelberg

BD Biosciences, Heidelberg

Santa Cruz Biotechnology, Santa Cruz,
u.s

Santa Cruz Biotechgg/Santa Cruz,
u.s
Sigma-Aldrich, Taufkirchen

Cell Signalling Technology, Danvers,
u.S.

Santa Cruz Biotechnology, Santa Cruz,
u.s

eBioscience, Frankfurt

eBioscida@mkfurt
Cell Signalling Technology, Danvers,
u.s.
Cell Signalling Technology, Danvers,
uU.S.
Abcam, Cambridge, UK

Eurogentec, Seraing, Belgium

Santa Cruz Biotechnology, Santa Cruz,
U.S.
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STATS human, 90 Detection 1:5000 Santa Cruz Biotechnology, Santa Cruz,
mouse IP: 1ug u.s

B-Actin human, 45 1:1000 Cell Signalling Technology, Danvers,
mouse u.s.

MCPt-1 mouse 36 1:1000 Abcam, Cambridge, UK

*|sotypes for FACS Analysis
Isotypes used in this work were purchased fronstirae company which provided the target antibodgllad

in the same fashion and were used in the same oatien as target antibody.

3.1.8 Size markers

3.1.8.1 Protein marker
P7711S ColorPlus Prestained Protein Ladder, Braady® (10-230 kDa)

New England Biolabs GmbH, Frankfurt/Main
161-0324 Kaleidoscope Prestained Standart, BiotRhdratories, Hercules, U.S.

3.1.8.2 DNA marker
Depending on the expected size of the analysed DMdgements, different DNA marker

ranges were used. If not otherwise stated, markers purchased from New England Biolabs
GmbH, Frankfurt/Main or MBI Fermentas, St. Leon-Rot

3.1.9 Vectors

Plasmid name Basic vector Describtion Source
pPGEX-2T-GST-RhoH pGEX-2T bacterial expression vector,Institute for Experimental
pGEX-2T-GST-T36A amp  resistance, IPTG and Clinical Pharmacology
pGEX-2T-GST inducible promoter, GST-tag and Toxicology,

University Freiburg

pMX-IRES-GFP-HA- pMX-IRES-GFP (PIG) mammalian, retroviral, amp Institute for Experimental
hRhoH resistance and Clinical Pharmacology
pMX-IRES-GFP-mRhoH- and Toxicology,

flag) University Freiburg

pMX-IRES-CD4-PURO- pMX-IRES-CD4-PURO mammalian, retroviral, amp generated by D. M.

mRhoH-flag resistance, puromycin
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pMX-IRES-CD4-PURO selection gene

p-EGFP-N1-Cofilin-1 p-EGFP-N1 Institute for Immunology,

CMV  promoter, amp.
University Heidelberg

resistance
BSSK-ptplb Blue-Scripe-KS Amp. resistance Addgene, Cambridge, U.S
pSilencer-RhoH pSilencer-Retro 5.1 U6 Amp.Resistapeeomycin - Ambion, Austin, USA

selection gene

3.1.10 Oligonucleotides

All oligonucleotides were obtained from MWG BiotecBberberg or Apara Bioscience

GmbH, Sexau/Freiamt.

3.1.10.1 Primer sequences for quantitative real-tim PCR (qPCR)
To avoid amplification of genomic DNA primer for GR, primers were chosen according to

their intron / exon boundaries.

Gene species Sequence-53°
GAPDH human fw ACGGATTTGGTCGTATTGGGC

rv TTGACGGTGCCATGGAATTTG
GAPDH mouse fw TTCACCACCATGGAGAAGGC

rv. GGCATGGACTGGACTGTGGTCATGA
Interleukin-2 human fw AACTCACCAGGATGCTCACATTT

rv. TTAGCACTTCCTCCAGAGGTTTG
IRF-1 human fw GCTGGACATCAACAAAGGAT

rv TGGTCTTTCACCTCCTCGAT
IRF-1 mouse fw GGAGATGTTAGCCGGACACT

rv TGCTGACGACACACGGTGA
p21 mouse fw GCAGACCAGCCTGACAGATT

rv  GCAGGCAGCGTATATACAGGA
p27 mouse fw AGGGCCAACAGAACAGAAGA

rv. CTCCTGGCAGGCAACTAATC
RhoH human fw GACTTCGGCACAGGAACTTGCTT

rv GCA AGA GCT CGATATTTGGTTATTAT
RhoH mouse fw GCTACTCTGTGGCCAACCAT

rv AGGTCCCACCTCTCTCTGGT
B-Actin human fw AGCTACGAGCTGCCTGAC

rv AGCACTGTGTTGGCGTACAG
TCR beta human fw 1 CAGGAT AGG GCC AAACC

fw2 GTGTTTGAGCCATCAGAAGC
rv. CACGAGGGCACTGACCAG
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3.1.10.2 Primer sequences for genotyping

Name Sequence 553°

Rh1l fw GTG TAC GAG AATACGGGTGT
Rh2 rv GTGGCCACAACCAGCACC

Rh4 fw CTTGTGTAGCGCCAAGTGC

3.1.10.3 Primer sequences for gene mutation, sequérg and cloning

plasmid / gene  primer Sequence 5>3°

PIG rv IRES-3 CCAACTTAATCGCCTTGCAGCA

P1G-RhoH fw BamHI-RhoH GATGCTGGATCCATGCTGAGCTCAA

PIG rv IRES EcoRI-mRhoH CGAGGAATTCGTTAGAAGATCTTGCA

RhoH fw RhoH-T36A GCCTACAAACCCGCGGTGTACGAGAAT

RhoH rv RhoH-T36A ATTCTCGTACACCGCGGGTTTGTAGGC

PIG-HA rv PIG-HA GAC CAC CCC ACC GCC CTC AAAGTAGAC GG
PIG fw MX6 CGC CTC GAT CCT CCC TTT ATC

PIG rv pMX Hindlll TGT CTT CAA GAA GCT TCC AGA GGA

3.1.11 Eukaryotic cells

Cell lines were either obtained from DSMZ (Germams@urce Centre for Biological Material), ATCC

(American Tissue Culture Collection), or were gewsty provided by the Megan Lim lab, (Ann Arbor,

Michigan).
Name Origin Culture Medium
BaF3 Murine pro-B cell line RPMI/10%FCS (not heatctinaated)/1% PS/ 1-0,5% IL-3
containing supernatant
DEL human RPMI/1%PS/10% FCS
FL-18 Human B-cell B-NHL RPMI/1%PS/10% FCS
FL-518 Human B-cell B-NHL RPMI/1%PS/10% FCS
Granta 519 Human B-cell Mantle cell RPMI/1%P S/10@5F
HEK293 Human Embryonic Kidney = DMEM/1%PS/10% FCS
HH Human T-cell CTCL RPMI/1%PS/10% FCS
HUT78 Human T-cell CTCL RPMI/1%PS/10% FCS
Jurkat Human T-cell RPMI/1%PS/10% FCS
Karpas 299 Human T-cell ALCL RPMI/1%PS/10% FCS
KG-1 Human AML RPMI/1%PS/10% FCS
KG-1a Human AML RPMI/1%PS/10% FCS
Mac2A Human T-cell ALCL RPMI/1%PS/10% FCS
NCEB Human B-cell Mantle cell RPMI/1%PS/10% FCS
OCI-LY1 Human B-cell B-NHL RPMI/1%PS/10% FCS
Phoenix-Eco Human Embryonic KidneyDMEM/1%PS/10% FCS
(packaging cell line)
SKW-3 Human RPMI/1%PS/10% FCS
SR-788 Human RPMI/1%PS/10% FCS
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SUDHL-1 Human RPMI/1%PS/10% FCS

SUDHL-4 Human B-cell B-NHL RPMI/1%PS/10% FCS

SUDHL-6 Human B-cell B-NHL RPMI/1%PS/10% FCS

SUPM2 Human RPMI/1%PS/10% FCS

THP-1 Human AML RPMI/1%PS/10%FCS

X63Ag8-653 Murine myeloma cells RPMI/1%PS/10%FCS/ 2 mM L-Glutamin, 1xla p-

Mercaptoethanol

3.1.12 Special software & databases

Name Application

BioProfile Western-blot spot quantification

Clustal W Gene search and Alignments

Ingenuity Pathway Analysis Software

Mascot Protein identification based on MS data
Primer 3 Primer search

Serial Cloner Molecular biology software

Weasel FACS data analysis

3.1.13 Buffers and working solutions

10 x TNE Buffer

Bacteria Lysis Buffer

Buffer

Coomassie-Staining solution

Destaining-Solution

ELISA substrate

ELISA wash Buffer
ELISA-Block-Buffer
ELISA-Coating-Buffer
ELISA-Stop Solution

Ethidium Bromide Solution
FACS Washing/Blocking Buffer
Freezing medium

Gluthation Elution Buffer (10 ml)

GST-Fish Buffer

100 mM Tris, 2 M NacCl, 10 mM EDTA, pH 7,4
20 mM Tris-HCI (pH 7,4), 10 mM NacCl, 5 mM Mgg£l11%
Triton X-100 (not for MS), 5 mM DTT, Protease lhhors
Contents
1,25 g Coomassie Brillglne R-2510, 227 ml methanal,

46 ml acetic acid (96%),
aqua bidest. ad 500 ml
150 ml acetic acid (96% v/v), 100 ml Methanol, agidest.
ad 2|
3,3',5,5'-Tetramethylbenzidine (TMB)
PBS, 0,05% Tween 20
PBS/ 10%FCS

0,1 M NZCGs, pH 9,5
1 M HPO, 1 mM H,SO,

10 mg/ml ethidium bromideH,O

PBS /2% FCS
10% (v/v) DMSO, 90% (v/v) FCS
1 M Tris (pH8), 5 M NacCl,, 0.001 98-mercaptoethanol,
0.0301 g Gluthatione , pH 7- pH 8
150 mM NaCl, 50 mM Tris-HCI (pH 7.4), 5 mM MgCh
mM EDTA, Protease Inhibitors

24



Materials and Methods

HAA Lysis Buffer
HAA-Stop-Solution
HAA-Substrate Buffer

High Salt Buffer

Hypotonic Buffer

Membrane-Blocking Buffer

MS- Lysis Buffer (mammalian cells)

NP-40 Lysis Buffer (2x)

PBS

PonceauS-Solution

Protein Sample Buffer (4x)

RIPA Lysis Buffer

Running Buffer MOPS (Novex ) (20x)

SDS- Stacking-Buffer (2x)
SDS-Separation-Buffer (3x)
TAE Buffer (50x)
Tail-Lysis-Buffer

TBS (Tris buffered saline) (10x)
TBST (Membrane Wash Buffer)
TE(Tris-EDTA)- Buffer

Transfer Buffer

Tris-Glycine Running Buffer (10x)
Tyrode Buffer

0.5% (v/v) Triton X-100
0.2 % (w/v) glycine, pH (10,7)

3.8 mM p-Nitrophenyl-glycNAc Mitrophenyl N-acetyB-
D-glucosaminide, 0.05 M tri-sodiumcitrate-dihydrate
pH 4.5

240 mM NaCl, 20 mM HEPES (pH 7.9), 10 mM KClI, 1.0
mM EDTA, 10 % Glycerol (v/v), 0.2% NP40 (v/v), Peaise
Inhibiotrs
20 mM HEPES (pH 7.9), 10 mM KCI, 1.0 mM EDTA, 10 %
Glycerol (v/v), 0.2% NP40 (v/v), Protease Inhibgotr
3% (w/v) BSA, 0.1 % (v/v) Tere20, solubilised in 1x TBS
150 mM NaCl, 50 mivis-HCI (pH 7.4),5 mM MgGl, 1
mM EDTA, Protease Inhibitors
2% NP-40, 300 mM NacCl, 40 mis (pH 7.4), 20 mM
NaF, 2 mM EDTAx2 HO (pH 8), 2mM MgCI2x6 HO,
2mM NaVO, 20% Glycerin, Protease/Phosphatase
Inhibitors
8 g NaCl, 1.78 g KCI, 1.15 g MdPO, x 2 H,0, 0.2 g
KH.PO,
aqua bidest ad 1000 ml, pH 7,5
0.15 % (w/v) PonceauS, solubilised in 0.5 % (v/gpt
acid
200 mM Tris-Hcl (pH 6,88% SDS (w/v), 40% Glycerol
(vlv), 0,02% (w/v) Serva Blue G 2% (w/v), 20% (V/$)
Mercaptoethanol
50 mM Tris, HCI (pH 7,4), Igepal 1% (v/v),
Sodiumdeoxycholate 0.25% (v/v), 150 mM NaCl, 1 mM
EDTA, Protease/Phosphatase Inhibitors
1 M MOPS, 1 M TBsase, 69,3 mM SDS, 20,5 mM
EDTA; pH 7,7
250mM Tris-Hcl (pH 6.8)26 (w/v) SDS
1.125 M Tris-Hcl pH (8.8)3% (w/v) SDS
2 M Tris-Acetate (pH 8.0), 100 MM EDTA
100 mM Tris (pH 8), 5 mM EDTA, 0.2% SDS, 200 mM
NaCl, 10 mg/ml Proteinase K
100 mM Tris-HCI (@D), 1.5 M NaCl
0.1% (v/v) Tween 20 inTBS
10 mM Tris-HCI (pH 8.0), 1 mMDTA
25 mM TRIS, 192 mM Glycin, 0.5 mM NeO,, 10%
Methanol (v/v), 0,1 % SDS (10%) (v/v)
0.25 M Tris, 1.92 Glycin, 1% SDS (w/v); pH 8.25
137 mM NaCl, 2,7 mM KCI, 11.9 mM NaHGQ0.3 mM
NaH,PQy, 5.6 mMD(+) Glucose, 1 mM MgGlIx 6 H,O, 2
mM CaChx 6H,0, 2% FCS
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3.2 Methods

3.2.1 Eukaryotic cells

3.2.1.1 Murine bone marrow preparation and mast céldifferentiation

Bone marrow cells (BMCs) were isolated from muriamurs of BL6 mice. The cells were
rinsed from the bone using RPMI medium, washed omite PBS and then cultivated in
RPMI medium containing 1-0.5 % IL-3 supernatantfrd63Ag8-65, 20% heat inactivated
fetal calf serum and OAM B-mercaptoethanol. Cells were obtained in culture3fd weeks
to allow differentiation into murine MCs. To avoidhpurities and growth of adherent
fibroblastic cells, growth surface was changed anwegeek during differentiation by carefully
collecting cells containing supernatant. After eliintiation MC maturation was controlled by
analyzing FceRI and c-Kit expression, after actoratof MCs with 1.0 % IgE stimulation

(overnight or at least 6 hours).

3.2.1.2 Cultivation of mammalian cells

Mammalian cells were cultivated in incubators at@75% CQ, in humidified atmosphere.
Suitable centrifugation for tissue culture wasaim temperature (RT), 3 min. at 1300 rpm.
Mammalian cells were cultivated in media with agprate supplements (as described in
section 3.1.11) and passaged in ratios recommehgdte cell line distributers, Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMahd/or American Type Culture
Collection (ATCC). For cell passaging, supernataotvering adherent monolayer was
removed. Cells were washed once with pre-warmed PESC) and covered with an
appropriate amount of Trypsin-EDTA solution. Thetpase trypsin digests peptide bonds,
leading to the loss of the adherent cell assenttilyylenediaminetetraacetic acid (EDTA) is
supporting this process by binding metal ions, megufor the formation of cell clusters.
Trypsin digestion was stopped after 5 minutes (roypddition and resuspension with fresh
growth medium in a ratio 1:10 regarding trypsin amo From this cell suspension cell

seeding was performed.
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3.2.1.2.1 IL-3 dependent cell lines
The IL-3 dependent cell line BaF3 was cultivatedRiPMI medium containing 10% FCS (not
heat inactivated) and 1-0.5% IL3 containing supemarom X63Ag8-653 cell line.

3.2.1.3 IL-3 production with X63Ag8-653 cells

As shown previously by Fritz Melcher's lab, tramgfation with a bovine papilloma virus-
based expression vector pBV-IMTHA of X63Ag8-653 Isehllows these cells to stably
express copies of murine IL-3 and to secrete thibigh amounts and qualify®> For this
work X63Ag8-653 cells were cultivated in medium tning 0.3 mg/ml G418 to select for
transfected cells. After confluent expansion oflc@&n approximately (approx.) 20 petri
dishes, cells were washed with PBS to remove amaireng G418 and distributed for two
daysin a ratio lower than 1:2 on 30 petri dishedlsGvere kept in culture for further 48 hours
(h), then the supernatant was collected and alsjabtappropriate volumes were prepared.
Aliquots were stored at -20°C until usage.

3.2.1.4 Cell counting
Cell counting was accomplished using a Neubauér-walinting chamber. 1Qul cell
suspension was mixed with 90 Trypan Blue which allowed exclusion of non-vitells

during count.

3.2.1.5 Cryo-conservation of mammalian cells

Approximately 1x18cells were spun down; pellet was resuspended ihAreezing medium
and transferred to a fresh cryo tube. The tube wesediately placed into a pre-cooled
isopropanol containing “Mr. Frosty” freezing deviaad stored for 24 h at -80°C. After this

time period, cryo tubes were transferred into kiguitrogen containing cell storage container.

3.2.1.5.1 Recultivation of mammalian cells

Cells were thawed at 37°C and immediately traneteto 9 ml pre-warmed growth medium.
After spinning down, supernatant was discardedthactell pellet was resuspended in 10 ml
fresh, warm growth medium and cultivated for 24 isom a T25 tissue flask. The next day,

growth medium again was changed to remove any texmains of the freezing medium.
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3.2.1.6 Liposome-based transfection of mammalian t€

To obtain altered target gene protein expressian order to produce viral supernatants, cells
need to be transfected with expression vectors.

To transfect adherent human embryonic kidney (HEK)Phoenix-eco cells, cells were
seeded out at desirable scale 24 hours prior tofeithon and either Metafectene or
Lipofectamin was used, according to the manufactirmstructions. To obtain optimal
protein expression, cells were allowed to furtmeubate for 24-72 hours.

THP-1 cells were transfected using Metafectene anddapted form of the manufacturer’'s
transfection protocol. 1xf0cells/well (6-well) were seeded 24 h prior to sfatTtion. A
DNA: Metafectene ratio of 1:4 was used, cells watllowed to incubate 48 h post

transfection.

3.2.1.7 Retrovirus production

To stably transduce BaF3 cells, it was requireds® retroviral gentransfer in order to deliver
target gene expression in the cell line. The Pheeoo packaging cell line is based on the
293T cell line. Transfection of this cell line ighly efficient using liposome-based methods.
The cell line was created by insertion into 2931 censtructs capable of producing gag
(proteins of the virus nucleus) —pol (reverse tcapsase and integrase), and envelope (hill)
protein for ecotropic (Phoenix-“eco”) viruses. Tlusll is capable of carrying episomes for
long-term stable production of retrovirus. In ordeproduce virus particles, the cell line has
to be transfected with retroviral vectors contagnimand 3° the “packaging-signal” long-
terminal-repeat. This retroviral vector also comsaihe target gene which needs to be stably
transferred into the BaF3 cell line. Transfectioithva retroviral vector enables the Phoenix-
eco cell line to produce “safe” virons which ardeato stably infect cells but which are not
able to induce their own reproduction in the hadtdne. To obtain high virus titer, Phoenix-
eco cells are seeded 24 hours prior to transfeatianratio 1:4 after trypsin proteolysis (as
described above) into a 6-well plate. 70-80% confluent cells weransfected using the
appropriate retroviral vector containing the dddgatarget gene. 48-72 hours post
transfection, virus-containing supernatant wasectdld and stored for at least two hours or

until usage at -80°C.

3.2.1.7.1 Retroviral infection and puromycine seld¢on
In order to retroviral transduction of BaF3 cett® virus must enter the host-cell to be able to

properly integrate viron information into the hgsnome.
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5x10° BaF3 cells were resuspended in 850 pl of freshiwed virus supernatant. After
addition of 16 pg/ml polybrene, cells were spunZdr at 37°C. After this time period, cells
were resuspended in fresh growing medium and taresf into a T25 flask and checked for
protein expression after 48 h. For selection aotiité (puromycin 1.5 ng/ml) were added after
48 h and cells cultivated for 48 hours to ensura tnly successfully transfected cells

remained.

3.2.1.8 Proliferation assays

To investigate the time dependent proliferatiore rehanges in response to equal doses of
cytokine over time, a proliferation assay was penfed. 2.5x10 BaF3 cells were seeded out
in 2 ml of growth medium containing equal amountxyiokine. Cells were counted every
day using a Neubauer-counting-chamber until celésih saturation of proliferation (approx.
after five days). For Cell Titer Glo (CTG) assawrsed (3 h) cells were seeded out in
appropriate  numbers and stimulated with IL-3 (iatkd time/concentration) ATP

measurements were performed according to manuécsunstructions.

3.2.1.9 Survival assay

To check for changes in resistance to cytokine idapon 5x10 BaF3 cells were washed
three times with PBS and seeded out in 2 ml of RRMdtium containing 10% bovine serum
albumin (BSA). Cells were counted and stained widbus on declining viability rates.
Immediately after reaching theoretical limit of bitity (less than 1x1bvital cells), cells were

spun and taken up in fresh growth medium contaiHirg,

3.2.1.10 Cytospins

Prelabeled glass slides were placed onto the ruhlagr of the metal holder. 204 of single
cell solution (approx. 0.5xf@ells/ml) was loaded in a cytospin cuvette. Bytd&mation at
1300 rpm for 5 min, cells were absorbed onto thesglsurface. Remaining liquid was
carefully removed and the cells were washed ontle 500l PBS. After centrifugation, the
supernatant was removed. Cells on the glass sunfacefixed for 20 minutes (min) with 0.4
% paraformaldehyde (PFA) containing PBS at roompemature (RT). After two additional
PBS wash steps, cells were stained according tafacturer's protocol.
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3.2.2 Prokaryotic cells

The gram negative bacteriuascherichia coli(E. coli) was used as host for the production of
plasmid DNA and recombinant eukaryotic proteinsctBaal growth was determined by
photometric measurement of the optical density (@D)acterial cell suspension versus
growth medium. Measurement was performed at a wagéh of 600 nm in a plastic cuvette
(2cm).

3.2.2.1 Cultivation and storage oE. coli

Bacteria were either cultivated on solid growthiatBertani broth (LB) medium (LB-Agar)
or in liquid LB media (inoculated with a single oal), containing the appropriate antibiotics
in sufficient amount. In the case of ampicilin stahce ampicilin concentration of 100ug/ml
was used. For plasmid DNA, cells were then cul&dabvernight between 14-16 h at 37°C.
For protein expression, overnight culture was ugadinoculation of (6 litre/RhoH, 6
litre/RhoH-T36A, 1 litre/GST) growth medium in aign of 1:10 and cultivated for approx. 3
h until optical density (OD) of 0.9 was reachedyd<conservation of bacterial culture was
obtained by mixing of 50@ overnight cultured bacteria suspension with 50fusterile

glycerol (80%) and storage at -80°C.

3.2.2.2 Preparation of competenE. coli cells

In order to enable exogenous DNA uptake of badteghs, E. coli were chemically treated
with calcium chloride solution. Bacterial cell merabe is permeable to chloride but non-
permeable to calcium ions. Water molecules accompha charged chloride ions upon
entrance into the cell, resulting in swelling. Thuptake of water is necessary for the
introduction of plasmid DNA. Competent cells wereegared by inoculation of 50 ml
antibiotic free LB medium with a single colony eé&$hly grownE. coli from LB-agar plate.
The bacteria suspension was incubated at 37°C Oitilof approx. 0.5 was reached. The
culture was centrifuged at 4000 rpm for 10 min &€ .4After discarding the supernatant, the
pellet was resuspended in 2 ml of 0.1 M calciunotde solution. After adding 0.4 ml of

Glyerol, 50 pl aliquots of competent cells wereaetbat -80°C until usage.

3.2.2.3 Bacterial cell transformation

Transformation represents an efficient method tmduce exogenous DNA molecules into

competent bacterial cells. The calcium chlorideusoh in the aliquots of the previously
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prepared competent bacteria cells along with anded heat shock after DNA supplement
supports the uptake of the plasmids. Competens eadre thawed on ice. 10 pl of ligation
reaction or plasmid DNA between 50 ng and 1 pg a@dded to the bacteria with gentle
mixing, and then incubated on ice for 10 min . €#tlen were heat shocked for 2 min at 37°C
and incubated for further 5 minutes on ice andsiemed into preheated liquid LB medium
(37°C, without antibiotics) and incubated for 20nnait 37°C. This step allows bacteria to
recover from the treatment and leads to an incr@agke number of clones carrying the
antibiotics resistance. Bacteria were then pelldigdcentrifugation (10000 rpm/ 30 sec).
Supernatant was discarded and bacteria were regilegp@ the remaining LB medium in the

tube and streaked onto a LB-agar plate, contaiappyopriate antibiotics.

3.2.2.4 Recombinant protein expression

The E.coli strain BL-21 was used for protein expression. &aalt cells were freshly
transformed with the GST-2T expression vectorsaiairtg the appropriate gene variation of
RhoH (wt RhoH, RhoH T36A) and streaked onto antibi@ontaining agar plates. After
overnight incubation at 37°C, a single colony wasdifor inoculation of an overnight liquid
culture. The next day this overnight liquid cultweas transferred in the ration 1:10 in new
growth medium and was allowed to grow to an ODpgfrax. 0.9. Expression of recombinant
proteins was induced by the addition of 0.2 to 1 msbprypylthiop-D-galactoside (IPTG).
Binding of IPTG inactivates the lac repressor whiehds to the expression of downstream
regions. Optimal expression temperature, time &Td5l concentration can vary depending on
the expressed protein. In the case of wt RhoH amHRT36A expression, 600 ml overnight
culture was scaled up to 6 litres. The expressidheotag protein GST was scaled up 1:10 to
1 litre volume. IPTG was added in a concentratibh mM and expression proceeded for 4 to
5 hours at 37°C. Cells were pelleted by centrifimga{4°C, 4000 rpm, 15 min, GSA rotor,
Sorvall). Bacterial pellets were washed one timi\WiBS and either used directly for lysis or
were stored at -20°C. Bacteria pellets were reswudga with suitable bacteria lysis buffer
containing protease inhibitors (Roche Proteasebitdri Mix). Cells were then lysed by
sonication on ice, for 3x pulses of 40 seconds (&ndgde 42 %) with a break of 10 seconds
after each pulse. The lysate was cleared by cegéiion for 30 minutes at 15,000 rpm (SS34
rotor, Sorvalb) and the resulting supernatant was used for affshiromatography.

31



Materials and Methods

3.2.3 Molecular biological techniques

3.2.3.1 Genomic DNA extraction from mouse tail biogy

For genomic DNA extraction, (approx. 0.5 cm) tabgsies of four to five week old mice
were used. Each tail was incubated overnight in ZlL6f “Tail-Buffer” supplemented with
10 mg/ml Proteinase K. After digestion, tubes waired for 5 min, after which 250 pl of 5
M NaCl was added and the tubes were mixed agaimpks were centrifuged down at
14,000 rpm/5 min/RT to remove tail debris. Supantivas transferred to a new tube and
DNA was precipitated using 550 pl Isopropanol. Aftegorous shaking for 2 min, samples
were again spun down for 5 min (14000 rpm at RTe DNA pellet was washed with 70%
Ethanol and centrifuged at same conditions. Aftecatding supernatant, pellet was air-dried
for 10 minutes and finally resuspended in 100-20@uTE-Buffer or ddHO and incubated

for at least two hours at 37°C.

3.2.3.2 Purification of plasmid DNA

Methods and Kits for Plasmid purification were degent upon the required amount of DNA
for each respective experiment. Large and smallugmsoof Plasmid DNA were obtained by
usage of Qiagen Plasmid Maxi- Kit and Mini-Kit (@gen, Hilden) and PureYield Plasmid
Midiprep System (Promega, Mannheim) was used ftermmediate amounts of plasmid DNA.
Qiagen Gel Purifcation Kit (Quiagen, Hilden) wasaaused for preparative DNA purification
from agarose gel slices. PCR products were purifiett PCR-Purification Kit (Promega,
Mannheim). The preparation was performed accordliregmanufacturer’'s instruction. The
underlying principle for the plasmid purificatiors ibbased on a modified alkaline lysis
procedure, followed by binding of plasmid DNA to amion exchange matrix under
appropriate low-salt and pH conditions. Washing thatrix with a medium salt buffer
removes RNA, protein, and other impurities. In timal step, nuclease-free water is used to
elute bound DNA from the matrix. Long-Term storaj®NA was kept at -20 °C.

3.2.3.3 DNA quantification

DNA concentration was determined using the NanopD8&pectrometer by measuring the
absorption maximum of double stranded DNA at 26Q Rwtential contaminants, such as
proteins and single stranded DNA particles, havalsmorption maximum of 280 nm, the ratio
of OD at 260 nm and 280 nm is a parameter desgrithi@ purity of the DNA sample. Ratios
between 1.8 and 2.0 indicate pure DNA.
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3.2.3.4 Restriction enzyme digestion

Restriction enzymes recognize and cut double stcridNA at specific sites, also called
restriction sites. Restriction sites are often cosgal of 4 to 8 palindromic nucleotides.
Depending on the type of DNA processing enzyme,réselting fragment can either have
“sticky ends” which are overlapping ends that carrddigated or “blunt ends” which result in
a smooth cut that usually prevents religation & ©DINA. According to manufacturer’s

instructions, the DNA (5-10 pg preparative digesti®.5-2 g analytic digestion) was
incubated with the appropriate buffer system wittwahout BSA and the chosen restriction
enzymes at the optimal concentration at 37°C ftr 2 hours. If double digestions were not

possible, sequential digestion after the DNA priggijpn step was performed.

3.2.3.5 Polymerase chain reaction (PCR)

Defined DNA fragments of a DNA template were ametifby using PCR with appropriate
oligonucleotide primer pairs. These oligonucledtidare complementary to the DNA
sequence and are defining the starting regionefdlgion to be amplified. The 5 prime sites
of oligonucleotides used for the replication of te@@ene inserts normally contain restriction
sites for further cloning of the PCR product. Thestable polymerases were used to perform
PCR reactions. The PCR reaction takes approx. 8@syomprised of a denaturation step
performed at 95°C (30 sec) , a primer annealingedadgation step at 60° to 65°C (2 min)
and the final elongation step (4-7 min at 72°C)e Tésulting PCR product was analysed with
agarose gel electrophoresis. Depending on thewwilp procedure the whole reaction was
either directly purified using a PCR purificatiornt, kor first separated with agarose gel
electrophoresis and isolated from the gel matrimgus gel-purification kit. Isolated DNA
fragments were either used for another PCR reactiatigestion to their included restriction

sites.

3.2.3.5.1 PCR based site directed mutagenesis
A standard mutagenesis PCR was performed usingfth®NA polymerase kit (Invitrogen,
Darmstadt) and performed according to manufactsiiastructions. A template concentration
between 10 pg and 200 ng was appropriate for optiesalts. A standard program was used
starting with a DNA denaturation step at 95°C (h)mfiollowed by 35 cycles of DNA
amplification:
94°C 30 sec
60°C 2 min
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72°C 4 min
The reaction was finished with an elongation stefpComin at 72°C. DNA was stored until

usage at either 4°C or -20°C.

3.2.3.5.2 Genotyping PCR

Mice were genotyped using a touchdown PCR. Thimmfof PCR is used to prevent the
amplification of nonspecific products. For this ¢ypf PCR, a primer annealing temperature
just below the optimum is used to allow bindingooly highly specific primer sequences to
the DNA. To distinguish RhoH genotypes of mice, tdifferent PCRs were set up. The
“wild-type (wt) detection” PCR reaction containdtetprimer Rhl (located within the RhoH
coding region) and Rh2 (located outside of RhoHrmgdegion) which amplified a 240 base
pair (bp) product. This product represented thalele. The “knockout (ko) detection” PCR
contained primer Rh2 and Rh4 (located within thenmgcin resistance cassette) and an
amplification product of 325 bp resulted. The ggpes were analysed after agarose gel
electrophoresis. Heterozygote and homozygote we méacted positive for the Rh1+Rh2
PCR, no product was detectable for homozygote K€nin the Rh2+Rh4 PCR, no product
was detected for homozygote wt mice. For genotypitice, the Fermentas (Fermentas, St.
Leon-Rot) Taq DNA Polymerase kit was used. Forrdeetion, 2 pl of 10x PCR buffer was
mixed with 50 mM MgCJ, 10 mM dNTPs, 100 pmol/ul primer and 5 U/ul Tadypeerase.
Template DNA was added to a maximum concentratib20® ng. Finally, the reaction
mixture was diluted to a final volume of 20 pl wddH,O. A touch down PCR program from
65 to 55°C was used. The standard program startedaWDNA denaturation step at 95°C (3
min) followed by 9 cycles of DNA amplification:

95 °C 30 sec

54 °C 30 sec

72 °C 30 sec

Followed by a second amplification cycle with 3pestions:

55 °C 30 sec

72 °C 30 sec

The reaction was finished using an elongation sfel0 min at 72°C. DNA was stored until

usage at either 4°C or -20°C.
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3.2.3.5.3 Quantitative real-time PCR

To avoid contaminations with genomic DNA, DNasesRdtases all preparative steps were
performed with the usage of gloves, RNase and DIiasetips and tubes. To quantify target
gene expression on mRNA levels, target gene-spamiimers and the Absolute gPCR SYBR
green ROX mix (Thermo-Fisher, Waltham, U.S.) wasdu® analyse template cDNA. The 2x
PCR mixture contains a Thermo-Start DNA polymeragkich prevents non-specifc
amplification during the reaction. To activate thizyme, an initiate PCR step of 95°C for 15
min was required. The mixture contains the propaction buffer system including optimized
MgCl, concentrations and PCR enhancers to improve dogtldn rates, dNTPs, and the
intercalating cyanid fluorescent SYBR Green I. Tiye fluoresces after binding to the newly
synthesised double stranded DNA .The detected b¥ei@escence increases proportionally
to the increasing concentration of double strafdié. The passive reference dye ROX was
also supplied to the reaction mixture and was usgdhe PCR apparatus to normalise
detected SYBR Green signals. The term real-time P€IBs to the measurement of the
fluorescence signal after each PCR cycle whichgcantrast to end-point measurements,
allows the monitoring of gene amplification in réahe. The data is measured at the
exponential phase of the PCR reaction, which isohteanal time point to analyze data. 2.5 ul
of template cDNA, 12.5 pmol of forward and revepsiener, and 12.5 ul of SYBR Green Rox
mixture were used for each 2B PCR reaction. PCR reaction and signal detectiemew
performed in the 7900 HT Fast Real-Time PCR SygieBApplied Biosystems, Darmstadt)
in a 96-well format (program: 95°C (15 min); 4055f€, 15s, 60°C; 1min]). Measurements
were usually performed in duplicates. Automaticedgon of baseline and threshold values
was used and the determined Ct values were suddr&@m the Ct values of an endogenous
constitutively expressed reference gene (GAPDHyltieg in a ACt for each target gene.
Relative expression (rE) was calculated as rE=1C2 &d PCR reactions were verified for
similar efficiencies. For reaction specificity, “neverse transcriptase” and “no template”
controls were performed with each reaction. Addilty, the dissociation curves of each

target gene were determined.

3.2.3.6 RNA isolation

To isolate RNA for further procedures including cBNynthesis, the High Pure RNA
isolation kit (Roche, Penzberg) was used. The muealgd contents were absorbed by a Silica
fleece located in the purification column in thegence of chaotrophic salt. Isolation of pure

RNA was obtained by a digestion step with DNasee iBolation procedure was performed
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using 1x16 cells. DNA was digested for 20 min at RT and RNasveluted using 50 pl of the
provided RNA elution buffer following to manufaceuis instructions. RNA was either

directly used for cDNA synthesis or stored untéhges at -80°C.

3.2.3.7 cDNA synthesis

RevertAID first strand cDNA Sythesis kit (Ferment&. Leon-Rot) was used to generate
cDNA from RNA templates. 11 ul of the RNA isolatasl described above was mixed with 1
pl of the provided oligo dig primer. This primer selectively binds to the pdlytail of the
RNA and marks the starting point of the reversadcaption. Only 0.5 pl of the supplied
RiboLock RNase Inhibitor and 0.5 ul of the revars@scriptase were needed to get cDNA of
appropriate yield and quality. Manufacturer’s recoemded incubation steps for synthesis
reaction were performed using a Thermo-cycler. dgtantitative real-time PCR, cDNA was

diluted in a ratio of 1:4 and stored until usage2@cC.

3.2.3.8 Agarose gel electrophoresis

To analyze or purify digested DNA fragments, agargsl electrophoresis was used. This
method allows for the separation of DNA by sizengsan electric field. The phosphate-
containing sugar backbone of DNA strands is negbtigharged and migrates once loaded on
a gel matrix towards the positive charge. Dependimghe mass of the migrating strand and
the pore size of the DNA gel matrix, differing magjon rates are observed resulting in the
separation of the fragments. By co-loading a DNAdEr, which marks different DNA
masses, the size of the migrated fragment canyebsildetermined. Depending on the
expected DNA fragment size, gel concentrations betw0.3-2.0 % [w/v] agarose solubilised
in 1x TAE buffer were used. 1-2 pg Ethidium bromidas added to the gel to make DNA
visible under UV light (302 nm). DNA samples were&ed with 6x DNA loading buffer and
loaded onto the gel which was placed in the elpbimoesis unit containing the appropriate
amount of 1IXTAE buffer and run between 120 and\L4DNA bands migrating according to
the expected mass were cut from the gel usingandealpel under ultraviolet (UV) light.

DNA damage was avoided with short time periods flight exposure.

3.2.3.8.1 DNA elution after gel electrophoresis
DNA isolation of preparative agarose gel was pend using the QIAEX Agarose Gel

extraction Kit (Quiagen, Hilden) according to maaaifirer’s instructions. DNA was eluted
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from ion exchange matrix by incubation with gDof preheated nuclease-free water for 1-5

minutes prior to a final centrifugation step.

3.2.3.9 DNA ligation

The enzyme T4-ligase catalyses the formation ofalemt phosphodiester bonds between
adjacent Jydroxyl ends of one nucleotide with thephosphate end of another via ATP turn
over. This enzyme is used for introduction of DN#serts into cloning vectors. Typically,
100 ng of linearised vector was combined in a rafid:5 with the DNA insert, 0.5 Units of
T4-ligase and appropriate amount of 10x reactioffebicontaining ATP. When required,
ATP was also added to the reaction. The reactisin@ubated between 1-2 h at 16°C. This
reaction was used for transformation of competenbli. To check for background, clones
resulting from self-ligation control reaction comtiag only vector (in the absence of insert

DNA) were used for bacteria transformation.

3.2.3.10 DNA sequencing

Sequencing was performed commercially by GATC (Kamz): 2-3ug plasmid DNA was
analysed with either standard or specifically destdy primer. Results were analysed by
alignments with the theoretical sequences using dlhgnment program CLUSTALW?2
(www.ebi.ac.uk/tool/clustalw?2)

3.2.4 Biochemical and immunological methods

3.2.4.1 Enzyme-linked immunoabsorbent assay (ELISA)

Enzyme-linked immunoabsorbent assay (ELISA) is afethe most commonly used
guantitative immunoassays. In this method, a coatlwn of an enzyme, namely
streptavidine-horseradish-peroxidase conjugateaahbtinylated detection antibody is used
as marker for determining antigen concentratioassubstrate turn-over. Either an antigen or
antibody is immobilised on a solid surface allowiog the rinsing and removal of unbound
components. For sandwich ELISA based detectiorLaf &nd TNFe 1x1@ cells/ml were
seeded out in a volume of 2Q0 into a 96-well plate and stimulated either fohéurs or
overnight with 1% anti-TNP-OVA-IgE. Antigen challga triggers cytokine release of MCs.
Therefore different concentrations of the AntigddPFOVA were used. Cells were incubated
either overnight or at least for 5 hours with timtigen. Supernatant was then collected and
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either frozen at -20°C or directly applied in difat dilutions with PBS for ELISA. The assay

was performed according to the manufacturer’s urcsions.

3.2.4.2 Hexosaminidase assay (HAA)

To measure MC mediator release following antigeallehge, the3-hexosamindase assay
(HAA) was performet’®>. When compound exocytosis is triggered, MC gramuéenbranes
fuse with the plasma membrane leading to the releafs their components into the
surrounding environment. The amount of the enz@vteexosaminidase released, directly
correlates with those of histamine and chymasemBgsuring the enzyme activity of this one
component in the supernatant of MCs under hightygusne can quantify and determine the
efficiency of MC degranulation. 2xi@ells/ ml were activated by incubation with 1%iant
TNP-OVA-IgE (hen egg OVA) conditioned medium ovemti or for at least six hours. Cells
were then washed once with Tyrode buffer beforeiggending in 10Qul Tyrode Buffer.
Antigen challenge was performed with varying corniions of TNP-OVA (10.0 ng/ml)
solubilised in Tyrode buffer at 37°C for 1 hour. FNDVA as well as anti-TNP-OVA IgE
were produced and generously provided by Prof. Aésogroup (University Freiburg). To
measure released mediators, supernatant was migedith HAA-substrate solution. To
determine the remaining unreleased mediators, eatie lysed by addition of 10 pl of
Tyrode-TritonX lysis Buffer and mixed in a ratio2lwith HAA-substrate solution. After
incubation for 1 h at RT, the reaction was abotigcadding 100 pl of HAA-stop solution.
Enzyme activity was measured by the turn over efdilibstrate 4-nitrophenyl-2-acetamido-2-
deoxyf3-D-glucopyranosid. The product of the colorimetriaction is the yellowish p-

nitrophenol which can be measured photometrical40& nm.

3.2.4.3 Fluorescence activated cell sorter (FACS)

The underlying principle of the FACS is the lasemslated light emission of cells stained

with different fluorescently labelled molecules. tlns case, antibodies were used to mark
certain cell population with specific propertiesclsuas activation, size and granularity.

Different fluorescent dyes and labels require déifeé laser types to acquire fluorescent
spectra. The scattering of monochromatic lasett liglidependent upon the properties of the
samples. Forward diverted rays (Forwardscatterjetaie with the cell size while rays

radiated at a 90° angle correlate with cell gramiyla(Sidwardsscatter). In the case of

fluorescent labelled cells, additional absorptiérine monochromic light is absorbed by the
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dye and light of higher wave length is emitted hg fluorescent molecules. To guarantee
specific results and avoid staining artefacts, sample included antibody stained samples,
unstained cells, as well as cells labelled withyise control of the antibody with appropriate
labelling into the measurements. In the case obldostained samples it was required to
measure samples stained with only one of eachalige table to identify problematic staining

and wave length interferences.

3.2.4.3.1 Extracellular FACS staining

Approx. 1x16 cells per probe were harvested and pelleted biifteration (30 sec, 10,000

rpm). Cells were washed once with PBS/2%FCS. Roostaining, nonspecific antibody

binding was avoided using a blocking step. Theeefarells were resuspended in 100ul
PBS/2%FCS and incubated on ice for 30 min. An gmpeite amount of antibody was then
added directly to the cell suspension and incubateithe dark and on ice for 45 min. To
remove the remaining nonspecific staining, samplese washed twice with PBS/2%FCS

prior to FACS analysis.

CD123 staining:

CD123 staining of murine primary or BaF3 cells wpasformed by the addition of 0.2 pug of
murine CD123-APC antibody. CD123 staining of THRdlls was done using 10 ul of
human-CD123-APC antibody.

All experiments were performed using the approprisbtype staining.

c-Kit (CD117) / FceRI:

MCs were treated for at least 6 h with IgE priosstaining for maturation marker using 1 pl
(0.2 ng) of PE-labelled anti-c-Kit antibody togethéth 1 pl (0.2 pg) of FITC-labelled anti-
FceRl.

3.2.4.3.2 Intracellular FACS staining

Approximately 1x168 cells were pelleted by centrifugation (30 s, 10 ®pfh). Cells were

washed once with PBS. For intracellular stainingllscwere fixed 20 min at RT with
PBS/4%PFA. Fixation is required to prolong stapildf the intracellular proteins. After
fixation, cells were washed twice with PBS/2%FC3 germeablised overnight with either
incubation with 1 ml 90% methanol at -20°C overnjgbr with 0.1% saponin detergent

containing PBS at RT for 20 min. Following permdiahtion, cells were again washed twice
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with PBS/2%FCS resuspended in 100 ul of the sarfferbéntibody in appropriate amounts
was added to the sample and incubated 45 min ah RiE dark.

Intracellular staining of phosphorylated STATs

Cells were washed three times with PBS and cultureger IL-3 deprivation conditions for
three hours prior to stimulation with 50 ng/ml ILf& different time points (5 min, 10 min,
30 min) or left untreated. Stimulation was aborbsdwashing cells with cold PBS (30 s,
10,000 rpm) followed by fixation using the proceeldescribed above.

All experiments were performed under the usag@defippropriate isotype staining.

Propidium lodide (PI) staining (Dye exlusion methodl

Propidium iodide is an intercalating, florescenedyommonly used for intracellular DNA
staining as a parameter for cell viability. Nearotiells with their porous membrane are
strongly positive for Pl while viable cells have mtact membrane which is inaccessible to
P1. PI can not only be used for the detection aroigc cells but also to exclude nonspecific
staining of cells when probed with labelled antiesd Necrotic cells would also
nonspecifically take up fluorescence-tagged mok=xullo exclude necrotic populations,
double-positive cells were left out of the measweimby appropriate gating. For dye
exclusion, appropriately antibody-stained cellsevew-stained with 1 pl of Pl (50 pg/ml) and
analysed immediately by FACS.

3.2.4.3.3 Annexin V- PI staining (Apoptose assay)

Apoptosis was determined using the Roche Annexiak\JOS-staining Kit.

These proteins exhibit high binding affinity forgagively charged phospholipids in a calcium
dependent manner. Annexin V, however, is a protgin high affinity for phosphatidylserine
which is a phospholipid component normally localisat the inner leaflet of the cell
membrane. Cells undergoing apoptosis, however, ssxghosphatidylserine on the outer
leaflet of their membrane. Using the provided FlléGelled Annexin V reagent, this PS can
be stained. Since necrotic cells also have phospiedrine exposed on their cell membrane,
it is required to co-stain with PI. Necrotic cetiave a highly cavernous membrane leading to
strong PI staining. This enables one to distingbistween highly Pl and Annexin V positive
necrotic cells and apoptotic cells highly positige Annexin V and low for PI.

For the measurement of RhoH-induced apoptosis eate starved in the absence of IL-3 for

3 hours and 2.5x2@BaF3 cells/ml were seeded in a 6-well plate. Ggbse either incubated
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in RPMI medium (10% FCS) overnight or under otheess conditions (e.g.treatment with 1
UM Doxurobucin or 1 uM Staurosporine). For analysils were stained with Annexin-V

and Pl according to the Annexin-V-FLUOS kit protbpoovided by the manufacturer.

3.2.4.4. Toluidine Blue staining of MCs

MC cytoplasm contains granules (metachromatic) amseg of heparin and histamine.
Toluidine blue should stain MCs red-purple (metaomatic staining of sulphated
polysaccharides) and the background blue (orthochtic staining of nucleic acids). For
staining of MCs, previously prepared cytospins wiapeibated for two minutes in Toluidine

Blue staining solution. Cytospins were then wadinde with PBS.

3.2.4.5 Sodium dodecyl sulphate polyacrylamided gelectrophoresis (SDS-PAGE)
SDS-PAGE seperates proteins according to theitrelgworetic mobility. The migration of
the proteins is not determined by their intrindeceic charge of the polypeptides but by their
molecular weight. The substance SDS is a stronglpnéc detergent which denatures
secondary and non-disulfate linked tertiary strregu This is achieved by wrapping the
hydrophobic tail around the backbone of the polyidep SDS thereby confers a negative
charge to each protein proportional to its masecBp molecular weight standard range
markers allow for the estimation of the moleculagight. Complete unfolding of protein
structure is achieved by the usage of disulfidexcedy agents such g&mercaptoethanol.
SDS-PAGE was performed by using discontinuous buffgstems with two layer gels
containing a stacker and a resolving gel layer. Blecking gel layer containing 5%
acrylamide and Tris-HCL (pH 6.8), was used to cotrege proteins in a thin starting zone
before being resolving in the second Tris-Glycim lgayer. The acrylamide content of the
resolving gel was specifically-chosen to accommedtte size of the target protein.
Acrylamide concentrations in the resolution parin ceary between 10-20%. Higher
acrylamide concentrations are suitable for resglpnoteins of lower sizes and vice versa.
Continues gel systems containing an acrylamide exunation gradient (4-20%) were used to

obtain optimal resolution for proteins of differartunknown sizes.

3.2.4.5.1 Protein detection in SDS-gels with Coonss Blue
One method to visualize protein bands nonspedyicaiter SDS page is Coomassie Blue
staining of the gel. The Coomassie mechanism fatepr attachment is through ionic

interactions and non-covalent bonds to non-polgiores via Van-der-Waals interactions as
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the dye Coomassie is negatively charged and stalbee anionic form. The gel was washed
twice for 5 min with water, then the proteins wésed by incubating the gel for 1 h at RT
with fixing/destaining buffer (40% methanol, 10%etc acid, and 50% #D). Gel was rinsed
three times (5 min) with water and then coveredhvilbomassie Blue staining solution. After
45 min of gentle shaking at RT, the gel was agaised several times with water. Destaining
of the gel was performed to make individual bandsible by incubating the gel in
fixing/destaining buffer 2 h or overnight. Afterishprocedure, gel was stored in buffer
containing 1% acetic acid.

3.2.4.6 Eukaryotic cell lysates

To obtain protein lysates for SDS Page from eukaryeells, different methods were used.
All working steps for the preparation of cell lysatfor protein analysis were performed on ice
with cooled buffers (4°C) containing Roche Phosabatinhibitors and Protease Inhibitors

(Roche, Penzberg), and cooled (4°C) centrifuges.

PBS- lysates

1x10P-1x10 cells were collected and washed twice with PBSS300,000 rpm). Cells then
were resuspended in 250 pl PBS. To prevent higtosity of the lysates via nucleic acids,
samples were frozen at -80°C for at least two hoAfger thawing, the cells were lysed
through sonication with using 3x 10 sec pulses aeqed by five seconds each. Cell debris
was pelletted by centrifugation and the supernateast collected and either stored at -80°C or

directly used for SDS-PAGE after determination wftpin concentration.

NP40-lysates

Stimulated cells in solution were quickly lysed thy addition of an equal volume of 2xNP-

40 lysis buffer containg the appropriate amounpratease and phosphatase inhibitors. After
resuspending the cells with lysis buffer, sampleseaspun for 45 min at 4°C. The lysates
were then centrifuged at maximum speed for 30 Bumpernatant was then collected and
either stored at -80°C until usage or directly umddetermining protein concentration and

SDS PAGE.

RIPA-lysates
At least 1x16 cells were washed three times with PBS and resaigukin 350 pl of RIPA

Buffer. Cells were incubated while rotating upsatavn for 15-30 min at 4°C. Cell debris
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was pelleted by maximum speed centrifugation feBQ0nin. Supernatant was then collected
and either stored at -80°C until usage or direagd for determining protein concentration
and SDS PAGE.

3.2.4.7 Bicichinonic assay (BCA)

For the measurement of protein concentrationss#tgs and of GSH-matrix eluates, the BCA
was used. The “biuret reaction” is the underlyimpgple of the BCA. Peptides containing
more than two aa residues form a chelating complighx cupric ions (C&" in an alkaline
environment. One cupric ion forms a complex witho46 nearby peptides bonds which
absorbs visible light. The blue color intensitysuking from the reduction of cupric ion to
cuprous ion, is proportional to the number of pdgptonds participating in the reaction. This
reaction is combined with a second reaction in Wwhie chelation of BCA with the cuprous
ion of the former reaction yield an intense purmaiéor. The reaction products are formed by
the chelation of two molecules of bicichinon (BCjttwone cuprous ion. The BC/copper
complex is water soluble and exhibits a strongdinabsorbance at 562 nm with increasing

protein concentrations.

3.2.4.8 Immunoprecipitation (IP) and Co-IP

Immunoprecipitation (IP) is used to precipitated @ahereby concentrate and isolate, a single
protein type out of a mixed solution by using imntisbd antibodies. Cell lysates are
prepared with suitable lysis buffer and are mixath\80 ul of freshly resuspended Protein
A/G Sepharose Beads (Santa Cruz, San Diego). 1-bftbe antibody is added to the
reaction. After rotating incubation for at leash @t 4°C, beads are centrifuged at 13,000 rpm
for 30 sec. Supernatant is either collected andedtat -80°C or discarded. Beads were
washed twice with 350 ul lysate buffer and oncéhWiNE-buffer to remove any remaining
detergents. Beads were mixed with 30 ul of 2x sanmpiffer (LAmmli) and heated for 3-5
min at 96°C. After centrifugation for 3 min at madum speed, the supernatant was loaded
onto a SDS page gel and proteins were detectecenti@mnced chemiluminescence. This

method was also used to co-precipitate potentiataction partners of the target protein.

3.2.4.8.1 Immunoprecipitation of STAT proteins
1x10 starved (3 h) BaF3 cells in 20 RPMI medium were either stimulated with 50 ng/ml
IL-3 or left untreated. Cells were lysed using 3802x NP40 lysis buffer. A/G Sepharose
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beads as well as 5 ul of either STAT1 or STATS lmdy were added to the reaction.

Samples were run on 12% SDS-Page.

3.2.4.8.2 Co-Immunoprecipitation of RhoH interactim partner

100 ul of generated RhoH antibody serum (Euroger@etaing, Belgium) was preincubated
overnight with 30 ul of protein A/G sepharose pample. Beads were collected after
centrifugation and the serum supernatant was stamddeused up to three times. Lysates of
1x10 BaF3 cells of 1x1Dtransfected HEK cells were incubated with the Rtasttibody-
coupled beads over night. Samples were run on taatdde concentration gradient (4-20%)

gel (Anamed, Bad-Ems).

3.2.4.9 Western-blot (semi-dry)

After SDS-PAGE, the separated proteins were tramsfeonto a nitro cellulose membrane
using a semi-dry blotting technique which allows farotein detection with antibodies.
Nitrocellulose and filter paper (Whatman) were sabkvith Transfer buffer. Four to eight
soaked layers of Whatman paper were stacked betimegpositive and negative electrode of
the blotting unit. Then the soaked membrane waseplaon top of the staple of Whatman
paper. The SDS gel was positioned onto the nithdose membrane and was covered again
with equal layers of Whatman paper. To avoid diganeies during transfer, air bubbles were
removed. Proteins were transferred vertically taithe anode for one hour under a current of
approximately 0.8 mA per cm? gel. Transfer of pirgeo the membrane was checked using

Ponceau S.

3.2.4.9.1 Antibody-mediated detection of immobiliz# proteins

After protein transfer, the membrane was incubatgld 3% lactose or 5% BSA containing
TBST-buffer for 1 h/ RT to block nonspecific bindinThe membrane was then probed with
the antigen-specific antibody overnight at 4°C. Tiedowing day, the antigen-specific
antibody was removed, washed three times with TESmin, RT), and the membrane was
incubated (1 h, RT) with horse radish peroxidaseRHcoupled secondary antibody directed
against the Fc portion of the primary antibody.eAftliscarding the secondary antibody and
three additional washing steps with TBST, detectbbound antibody was performed using
luminol. Luminol serves as a substrate for HRP ahaing oxidation of the agent
chemiluminescent molecules are formed. The lumemse signal is proportional to the

amount of target protein and can be detected asubhsed with the detection unit Chemi-
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Smart 5000 (Peglab Erlangen). For analysis andtidigation of resulting bands the software
ChemiCapt (Peglab, Erlangen) was used.

3.2.4.9.2 Stripping

Stripping was performed to remove primary and sdapnantibodies from the membrane in
order to re-probe chemiluminescent western-blokee fembrane was incubated for 1 h at
37°C in the appropriate amount of Restore Westdot Btripping Buffer (Pierce). After
discarding Stripping buffer, membrane was washeth WBST several times to remove
residual buffer. Finally, the membrane was bloc&sdiescribed above and probed again with

the primary antibody of interest.

3.2.4.10 Nuclear extracts

1x1@ cells per sample were washed with 5 ml of cold PB&ls were transferred into falcon
tubes and spun 5 min at 1000 rpm (4°C). The cdléfpeas resuspended in 4Q0hypotonic
buffer and allowed to swell on ice for 10 min. Agaiells were centrifuged for 1 min at
12,000 rpm and 4°C. Supernatant containing cytoplaextracts were either kept at -80°C or
used directly for SDS-PAGE. Nuclear pellets wersuspended in 5Ql of high salt buffer
and rocked or vortexed for 30 min at 4°C. Suspemnsias centrifuged for 10 min at 12,000
rom and 4°C. Protein content was quantified usiG@gAEand either kept at -80°C until storage

or 50l of the lysates were directly used for SDS PAGE.

3.2.4.11 Affinity chromatography: GST-pulldown assg

GST tagged proteins were purified using Glutathi@®®epharose TM 4 fast flow (GE
Healthcare). The gluthatione beads were conditidneslipernatant settings by three rinsing
steps using appropriate bacteria lysis buffer. Haated glutathione coupled beads were then
incubated at 4°C for 2 h with bacteria supernatafiter this period beads, together with
supernatant, were transferred to a column (Bio Rafigr five washing steps with bacteria
lysis buffer, matrix bound proteins were elutedhwit ml of reduced Gluthation-Buffer. For
enhanced efficiency, this step was repeated timesst Next, the protein concentration of the
eluate was determined colorimetrically using 10ofileluate which was mixed with 1 mi
Coomassie Plus Bradford Protein reagent. Protentartiration dependent absorption was
measured after 10 min at RT (595 nm) and the ragufirotein concentration was from the

pre-determined calibration curve.
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3.2.4.12 Sample preparation for protein in-solutiortrypsin digestion

In order to analyze and identify proteins by liquitiromatography (LC)-tandem mass
spectrometry (MS/MS) methods, proteins are prot=ay(e.g. digestion with trypsin) into

their corresponding peptide fragments. For efficieligestion, the proteins should be
denatured and solubilized in an aqueous solutidfetad at an optimal pH (~ 7.5). The
procedure for denaturing and digestion of the pmnstevas as follows: First, the proteins were
precipitated overnight at -80°C by adding ice catittone in at a ratio 1:4. The next day,
precipitated protein was pelleted by centrifugatimaximum speed, 45 min, 4°C).

Supernatant was discarded and pellet was allowekdytat RT for 15 to 20 minutes. Protein
pellet was resuspended in 6M Urea containing AmonorBicarbonate Buffer (0.1 M). This

step denatures the protein structure. 5mM dithetblr (DTT) was added break disulfide

bonds between different cysteinyl residues and #tep, combined with denaturation,
enhances the accessibility of proteolytic cleavages within the proteins. To prevent
reforming of disulfide bonds, an alkylating aget#, mM iodoacetamide (IAA) was added to
the mixture. After 30 min incubation at RT in therkl DTT was added to the reaction to
guench any excess IAA. In the final step, the mixtwas diluted to a final concentration of 2
M urea and trypsin (Promega) was added in a rdtlo2®. Trypsin digestion was performed
overnight at 37°C.

3.2.4.13 Peptide fractionation and mass spectrométranalysis

The peptides from each of the sample digestionurestwere separated using two orthogonal
fractionation techniques composed of strong ca@irchange (SCX) followed by reversed-
phase HPLC of each fraction. Fractionation wasqoaréd on a polysulfoethyl aspartamide
column (200x 2.1 mm; 5um; ZOOA) (PolyLC Inc., Columbia, MD) using a Paradigm MG4
HPLC system (Michrom BioResources, Inc., Auburn,)CReptides were loaded onto the
SCX column with mobile phase A (5 mM KPIO, (pH 2.7)/30% acetonitrile) and eluted with
an increasing salt gradient from phase B (mobikesphA containing 500 mM KCI). The flow
rate was set at 20d/min and elution was monitored with a UV-visibletdctor (214 nm).
Fractions were collected at 2 min intervals (30cticms) and then pooled (based on
absorbance) for a total of twelve fractions for seduent reversed-phase LC-MS/MS
analysis. Reversed-phase separations were pedarm€18 media (5 um particles; Applied
Biosystems, Foster City, CA) packed in fused siteagillary tubing (8cm x 50 umi.d.). An
acetonitrile gradient was delivered by a binaryma® pump (nanoL€2D™: Eksigent).

Buffer A was composed of 0.1% formic acid and buBewas composed of 90% ACN/0.1%
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formic acid. Peptides were delivered to the collahB8% buffer B and separated via a linear
gradient of increasing buffer B to 60% at 45 misutieé was held at 60% B for five minutes
and then the composition was reset to 3% B fordheation (65 min/run). Eluates were
analysed with an ion trap/Orbitrap hybrid mass speteter (LTQ Orbitrap, Thermo Fisher
Scientific, San Jose, CA) equipped with a Nanomasémospray ion source (Advion
Biosciences, Ithaca, NY, USA). Settings includearay voltage 1.3 kV; spray current 100
MA; capillary voltage 35 V; ion transfer tube temgiare 220C. The mass spectrometer was
operated in the data-dependent mode to automatisaikch between Orbitrap-MS and ion
trap-MS/MS acquisition. Survey full scan MS sped¢tram n/z 400—-2000) were acquired in
the orbitrap at a resolution of 30,000 (basedndn400). The four most intense ions were
isolated for fragmentation in linear ion trap usingllision-induced dissociation with a

normalised collision energy setting of 27.0.

3.2.4.13.1 Data analysis and interpretation

MS/MS peak lists from the raw files were extrac{atta format) using Bioworks Browser
version 3.3.1 SP1, ThermoFisher Scientific Incn(Sase, CA, USA). The combined list of
.dta files from each set of LC-MS/MS runs (from3@X fractions each) were then converted
to .mgf format (as one concatenated file) usinged &cript (merge.pl) available from Matrix
Science Inc. (Boston, MA, USA). The .mgf peak ligtsre then analysed using the Mascot
database searching software from Matrix Science (Boston, MA, USA) using the IPI
mouse database.The following fixed settings andifications were used in the searches:
trypsin as the protease allowing for up to two missleavage sites; carbamidomethylation
(C); precursor mass tolerance of 20 ppm (ion madsrance of 1 Da). The variable
modifications included deamidation (N and Q) andlation (M). Peptide identifications and
residue modifications were accepted if their scavese above the confidence threshold (95%
confidence interval) as established by Mascot. @iata from biological replicates were
combined and sorted by IPI protein accession nunmbbticrosoft Excel. Proteins identified
by a single peptide hit were removed from thedistl stored in a separate file. The data was
then sorted by peptide aa sequence to identifyndaht peptides. The total data from all of
the 2D-LC-MS/MS experiments, including the duplesaivt RhoHt IL3 and mutant T36A
RhoHIL3 and the GST control, was then combined. The emof unique and/or redundant
peptides were then entered into the appropriatgpksacolumn for each protein identified.
Two unique peptides were required for a proteimiifieation to be considered as a solid hit.
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4. Results

4.1 RhoH modulates IL-3 signalling through regulation of
STAT activity and IL-3 receptor expression

4.1.1 Regulation of RhoH expression in the IL-3 dependent system

The IL-3 dependentroB cell lineBaF3 was used as a model syst&inoH is a cortitutively
active GTPase and it is assumed that transcripticegulation is a major mechanism
control RhoH initiatedsignalling. Less is known about the induction of RhoH expogsand
only two modulator®f RhoH expression are kno®**?® To gain insighinto the integrity of
the chosen system amthethe RhoH expession would be transcriptionally regulated b-
3, parental BaF3 cells were cultivated under diverseditions and suected to different
treatments RhoH expression on mRNA level was determined usjogntitative re«time
PCR and GAPDH as reference g. BaF3 cells were either cultureunder “normal
conditions” in IL-3 containing medium or were starved (withdrawalllc-3) for 3 hours.
Starved cells were then eitherstimulated with I1L-3 (5h) or k& under starvin conditions
(5h). RhoH expressioremaired stable when IL-3 dependent cells weither continuously
starved or cultivated in I3 containing medium. Interestin, BaF3 cells which wer
previously starved and restimulated witt-3 for 5 hours showed a decrease of RhoH mF
levels, indicatinga transcriptional regulation of RhoH expressionuicetl bylL-3 (Fig.4.1)
This experiment clarified that Rholexpression is downregulated by-3, indicating a

negative role for Rholduring theinitial induction of IL-3 signalling.

Fig. 4.1RhoH mRNA regulation after IL-3
stimulation of starved BaF3 cells

RhoH mRNA levels of parental BaF3 ce
either cultivated under I3 withdrawal for 2
hours (starved), starved for 3 hours and 1
transferred back in 113 containing mediur
for 5 hours (5h IL3) or continuously kept i
IL-3 containing growth medium (ct.) mRNA
levels were detected by quantitative SY
Green RealFime PCR usingRhoH specific
primers andGAPDH as reference gene. Dz
is presented as induction of RhoH mRI

10

RhoH gene induction
!

0.1 levels compared to starved cells. Statist
Starved IL3, 8h IL3, eult significance was determined usiStudent’s t-
BaF3 cells test (n=3, mean + SD and <0.05; ***P

>0.005)
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4.1.2 RhoH, an inhibitor of IL-3 induced proliferation

To address the question of an inhibitory role obRhn IL-3 dependent, next BaF3 cells
overexpressing RhoH (RhoH cells), BaF3 cells whigdre retrovirally transfected with a
vector containing short hairpin shRNA directed agaiRhoH (siRhoH cells), and a control
cell line of BaF3 cells, transduced with the copmesding empty vector (Mock) were
generated. All vectors were containing a puromyesistance gene for antibiotic selection.
BaF3 cells were several times tested upon theB tdependency to ensure solid and reliable
results. To guarantee that only transduced celte weralysed, cells were kept continuously in
puromycin containing medium. Due to a lack of aclisnal antibody against endogenous
RhoH, the altered expression levels of RhoH in eiRhRhoH overexpressing and control
cells were checked by quantitative real-time PCRR BRmoH cDNA specific primers, that
were suitable to detect endogenous and transdudedH RexpressionFig. 4.2A). Short
hairpin RNA mediated knock-down of RhoH reducedag@hous expression of RhoH up to
90% of that of control cells while overexpressidiRboH enhanced RhoH mRNA expression
approximately fivefold the mRNA levels detectedcills transduced with the control vector.
It was previously reported that simultaneous exgoesof multiple genes in mammalian cells,
transduced with IRES (internal ribosomal entry)ssiequence containing vectors, are highly
comparabl&’. Therefore CD4 was cloned into the IRES containiagtor and was used for
surrogate measurements to determine transductiicieaty. To demonstrate successful
transduction, cells were analysed by FACS uponr t68&4 surface expression. The CD4

expression in both samples was about 80% comparnautitansfected cell$ig. 4.2B)

(A) (B)
c 10 )| 333
2 c HBaFS
§ 8 Mock
S 1 © 80%
= o POS.
$ [1b] mean
c * @)
S
T 01
o
£
c W e e
0.01
CD4-FITC
Mock siRhoH RhoH

Fig. 4.2 Generation of BaF3 cells with distinct Rhid expression levels

(A) RhoH mRNA levels of BaF3 cells retrovirally tranducedth either empty vector (pMX-IRES-CD4-Puro)
indicated here as Mock, with shRNA directed agaRibH containing vector, indicated as siRhoH or RhoH
overexpression vector (pMX-IRES-CD4-Puro-RhoH) weralysed by quantitative SYBR Green Real-Time PCR
usingRhoH cDNA specific primer andsAPDH as reference gene. Statistical significance wasrohéned using
Student’s t-test (n=2, mean + SD and0®R5; *P<0.01) (B) Human CD4 expression after puromycin selact
of Mock or RhoH overexpression vector transduced Bafflameasured using FACS analysis. Parental Ba#S8 cel
served as negative control.
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To determine whether RhoH expression levels wonddaict IL-3 induced proliferation of
cells, a proliferation assay was performed. Thestdapendent proliferation rates of RhoH
overexpressing cells, siRhoH and control cells withstant IL-3 concentration in the growth
medium, when seeded out with equal cell counts weneparedFig 4.3A). When observing
the proliferation of cells with different RhoH ldgeover 5 days it became apparent that cells
with shRNA mediated knock-down of RhoH showed aréased proliferation in response to
IL-3, while cells overexpressing the protein shoveedecrease of proliferation compared to
empty vector transduced BaF3 cells. The differefmEame most prominent at day 5 when
cell proliferation rate exit log phase. At day 5Sthb&hoH overexpressing and siRhoH cells
differed from control cells in a cell count of abodx1@ cells. To clarify whether this
observations correlated with a IL-3 dependent desponse sensitivity caused by modified
RhoH expression levels, a cell viability assay witdrying IL-3 concentrations (0.001-1
ng/ml) in the medium, was performed. In this astey ATP levels of cells are measured.
ATP levels are increasing with rising cell couffsg. 4.3B) ATP levels measured after 48
hours of culture in different IL-3 concentratiorenirmed and even clarified the observations
which were made in the time-dependent proliferatassay. RhoH overexpressing cells
showed 70% lower proliferation potential than cohtrells, while siRhoH cells proliferation
showed an increase of 160% in proliferation comgai@ Mock transfected cells. The
inhibitory effect RhoH had on proliferation was raidile to be compensated with increasing
IL-3 concentration. To address the question wheRigoH expression would have similar
effects on proliferation rates when using a groveittor other than IL-3, BaF3 and RhoH
overexpressing BaF3 cells were co-transduced witth@poietin receptor (Epo-R) and were
cultivated together with parental (untransduced)F®acells in medium containing
erythropoietin (Epo) as growth factor. In this estpeent again ATP levels were determined
(Fig. 4.3C) Parental cells, as expected showed no prolitarain response to Epo and
interestingly RhoH overexpressing cells were graginth a proliferation rate, similar to that
observed in EpoR tranduced cells with lower Rhopregsion levels. These results supported
the hypothesis that the RhoH modulated IL-3 depengeoliferation effects previously

observed in cells with distinct RhoH levels weredfically in response to the cytokine IL-3.
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Fig. 4.3 RhoH modulates IL-3 stimulated proliferation
(A) Time dependent proliferation of 0.25 lIs over 5 days in
— of RhoH, Mock and siRhoH BaF3 cells, cultivated in%.8._-3
750.000 +Eggf§ﬂhoH containing growth medium. Cell numbers were analyssitig
™ BaF3 Neubauer's cell counting chamber. Presented refolts one
5 represented experiment performed in dublicates H18f2) (B)
& 500.000 IL-3 dose response curve of RhoH, Mock and siRhoHs ce

cultivated for 48 hours in medium with indicated -3L
concentrations. Viability of cells was determinacai CTG assay.
Presented results from one representative experipenformed
in triplicates + SD (C) Epo dose response curveanéptal BaF3

= cells (BaF3), BaF3 cells transduced with Epo-Rece(EpoR)
0 0.01 o1 ! ' and RhoH overexpressing BaF3 cells co-tranduced fib-

Epo [U/ml] receptor (RhoH-EpoR) cultivated for 24 hours in gtowtedium

containing indicated concentrations of Epo. Vidpitf cells was
determined in a CTG assay. Presented results from on
representative experiment performed in triplicat&D (n=2).
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4.1.3 RhoH overexpression results in increased IL-3 dependent STAT1
activation

RhoH was previously reported to induce apoptosiseématopoietic progenitor cells via an
unknown signalling pathw&y IL-3 is known to induce not only factors importaior
survival but to a much lesser amount also growthbiting and proapoptotic transcription
factor STATF2. To address whether RhoH levels can modulate STAGtvation in
response to IL-3, siRhoH, RhoH and control cellsenstarved prior to stimulation with IL-3
and phosphorylated STATL1 levels were determinedFBZS analysis(Fig. 4.4A). The
treatment of control and siRhoH cells with IL-3uked in only slight or no phosphorylation
of STAT1 compared to unstimulated cells, while he treatment of RhoH cells resulted in
a strong phosphorylation of STAT1. To confirm FAC&nalysis, STAT1
immunoprecipitation (IP) was performed to detecb$ine phosphorylated STAT1 (pSTAT)
using western-blot analysis. Since no significaififecence in phosphorylation has been
detectable between Mock and siRhoH transfected cmiing FACS analysis, only control

and RhoH cells were starved and stimulated witl8 Iker IP (Fig. 4.4B) The results
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confirmed that enhanced STAT1 activation can beentesl in RhoH overexpressing cells
after IL-3 treatment. The quantification of diffateexperiments clarified that there is a 1.5
fold increase of IL-3 induced STAT1 phosphorylatiom RhoH overexpressing cells
compared to the activation of STAT1 in control sellfhese observations lead to the
conclusion that RhoH expression causes enhance®l diependent phosphorylation of

STAT1, which most likely causes the inhibition bf3 induced proliferation.
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Fig. 4.4 RhoH overexpressing cells show increaseld-8 induced STAT1 phosphorylation

(A) Mock, siRhoH and RhoH BaF3 cells were starved3dr and then stimulated for 10 min with 50 ng/ii3l FACS
analysis of pSTAT1 was performed using a FITC lab@8TAT1 antibody. Results from one representatipegment is
shown (n=3). (B) (Left panel) Mock and RhoH cells avdysed for STAT1-IP, either directly after 3 h oftokine
withdrawal or after 10 min stimulation with 50 nd/tia-3 following 3 h starvation. For STAT1-IP STATdpecific antibody
was used, detection of pSTAT1 and total STAT1 wasfgpmed by enhanced chemiluminescence. (Right panel
Quantification of pSTAT1 levels was performed aft@rmalisation to STAT1 levels in control cells aisdpresented as
induction of phosphorylation compared to the unstated samples. Statistical significance was deterdhusing Student’s
t-test (n=3, mean + SD; ***R 0.005)

4.1.4 RhoH modulated IL-3 dependent STAT1 activation correlates
with expression of CDKIs

To check the induction of STAT1 dependent apoptasgsliated through the activation of
pro-apoptotic signalling pathways such as the atibwm of caspases 1 and 11 or through the
inhibition of pro-survival signalling pathwa3’s apoptosis was induced in cells with different
RhoH expression levels. To trigger distinct apaptahechanisms cells were kept under
different stress conditions. RhoH, siRhoH and cantells were either kept under IL-3
withdrawal, or treated with either doxorubicine Xdoub) or staurosporine (staurosp). As

negative control for apoptosis, cells culturedlir3lcontaining medium were us€HBig. 4.5
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A). Apoptosis was detected using FACS analysis. €helts showed that cells with different
RhoH levels did not differ in their ability to und® apoptosis, indicating that the observed
proliferation inhibition caused by RhoH overexpressis not the result of STAT1 induced
apoptosis. STAT1 activation can result in growthilaition by the induction of the CDKI
p21'afeiPl 34 |nyestigations of pZP*mRNA levels in siRhoH, RhoH and control cells shdwe
that indeed RhoH overexpression results in enhami@NA levels of p2t27°P! (Fig. 4.5B)
Suprisingly the mRNA expression of the CDKI §2£** measured in siRhoH cells seemed
to be slightly elevated in comparison to contrdlscéNext it was confirmed that the enhanced

tafeiPl also result in an accumulation of P24** on protein leve(Fig.

MRNA levels of p2
4.5B). To quantify the detected p#IP* protein amounts, the p#“P*signal intensity was
corrected usingg-actin loading control signal and normalised agaihe signal measured in
control cells (100%). RhoH overexpressing cellswadoh 100 fold higher signal intensity of
p21°*. On protein level siRhoH levels showed insignifitg lower p212"P! expression
than control cells.

The CDKI p2#*tis is known to be regulated by STA¥&nd IL-3 treatment® Therefore it
was assumed that this protein could be also a patearget of RhoH mediated cell cycle
inhibition. The mMRNA expression levels of th27""* gene were quantified in control, RhoH
and siRhoH cell{Fig 4.5C). RhoH overexpression resulted in enhanced“PJ2mRNA
levels. Investigation of the p9% protein levels in control, siRhoH and RhoH cell®whd
the same result. RhoH overexpression lead to aegufation of p2'#* protein expression,
while control cells and siRhoH cells showed complrdow p27‘"°l levels (Fig. 4.5C)
Quantification of the results revealed an approténiacrease of p2'?* protein expression of
30% compared to control cells. These results detraied that RhoH modulated enhanced
IL-3 dependent STAT1 activation inhibits cell pfehation by upregulation of cell cycle
inhibitors rather than by the induction of apopsosi
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4.5 RhoH dependent STAT1 activation after IL-3 stimuation correlates rather with increased CDKI expres®n
than with induction of apoptosis

(A) Apoptosis was measured using FACS analysis afekin V/PI staining of Mock, siRhoH and RhoH cellgpoptosis
was measured after cultivation in normal growth imed under IL-3 withdrawal (ON) or in growth mediurontaining 1
UM doxorub. (12h) or 1M staurosp. (3h). (n=3, mean + SD). (B)&(C) mRNA levef p21"P* (B) and p2%#(C) in
control, RhoH and siRhoH cells was performed bynjtetive SYBR Green Real-Time PCR and primers agaip#t?’c
(B) or p27%"{C) and the reference geAPDH (n=3, mean+SD) statistical significance was deteeah using Student’s t-
test (*P<0.05). Data is presented after normalization ofB2(B) or p27** (C) to mMRNA levels detected in control cells.
For western-blot analysis of p#4P* (B) or p2#*%(C) whole cell lysates of Mock, siRhoH and RhoH celese preparec
and separated by 4-20% gradient SDS-PAGE. Protield were detected using enhanced chemiluminescérar
quantification p2¥2™P! (B) or p2#PYC) levels were normalised to correlatifigactin levels (right panel). Data is
presented as percentage of {94! (B) or p2#*YC) levels detected in control cells. Statisticajnicance was
determined using Student’s t-test (n=3, mean +*8B0.05).

4.1.5 RhoH expression modulates IL-3 induced STATS5 activity

One of the major pro-proliferative signalling patys activated by IL-3 treatment is the
induction of the JAK2-STAT5 pathw&yresulting in the expression of cell cycle progi@ss
and survival supporting gerfésTo address the question whether the enhanceilepasion

of siRhoH cells could be connected to an increds8TATS activation, IPs of total STAT5
(followed by the detection of the amount of phospladed STATS) was performed. For this
purpose control, RhoH and siRhoH cells were staaretirestimulated with IL-8Fig 4.6A).
After comparing IL-3 induced phosphorylation levédsthe untreated sample a significant
decrease in STATS5 phosphorylation of RhoH overesgirg cells (50% compared to control)
was observed. The phosphorylation differences atvdock and siRhoH cells were hard to
distinguish using IP, since total STATS5 levels seenvary between samples. However the
comparison of different, to the total STATS5 levelsrmalised experimentéFig 4.6A),

showed a slight enhancement of STATS5 phosphorylaticcells with RhoH knock-down. In
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an effort to further characterise this slight diffiece in STATS activation, FACS experiments
were performed using Mock and siRhoH cdlsg 4.6B) Using FACS analysis made it
possible to detect a stronger difference in phogpaion between control cells and cells with
lower RhoH expressio(Fig. 4.6B) STATS5 activation is known to play a pivotal rotethe
mediation of cytokine independent proliferation aadhanced survival under cytokine
deprivation condition'§®.
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Fig 4.6 Low RhoH levels are correlating with enhanced STAT5 pbsphorylation (A)Mock, siRhoH and RhoH BaF3
cells were lysed for STAT5-IP, either directly af8h cytokine withdrawal or after 10 min stimuéatiwith 50 ng/ml IL-3,
following 3 h of cytokine starvation. For STAT5 IPTATS specific antibody was used, detection of p$3Aand total
STAT5 was performed by enhanced chemiluminesce@eantification of pSTATS levels was performed after
normalization to detected STATS5 levels in contrells Data is presented as induction of phosphtioylacompared to
unstimulated sample. Statistical significance watenined using Student’s t-test (n=2, mean + $B8;0.05) (B) FACS
analysis of pSTATS in Mock and siRhoH cells aft€ rin treatment with 50 ng/ml IL-3, following 3 H aytokine
starvation was performed using a FITC labeled pSH Amtibody. Presented data from one representatiperiment is

shown (n=3).

It was tested whether the increased STAT5 actimatioresponse to IL-3 would impact the
survival of siRhoH cells. Parental cells and BaEBscwith a shRNA mediated knock-down
of RhoH were tested in a survival-asgkig. 4.7) After removal of any IL-3 from the growth
medium, the decreasing cell viability and the datieg decreasing cell counts were
documented. After day 3 no vital cells were detagletausing Trypan Blue cell staining,
indicating that less than 1x16ells per ml medium were vital. At this time poiht3 was re-

added to the growth medium and cells were alloveedetover from starvation period for

several days before counting of vital proliferatioglls started. The outcome of this
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experiment showed that there is no increased salreivcells underexpressing RhoH after IL-
3 removal, highlighting that the increased levdlploosphoSTATS (pSTATS5) were a direct
result of IL-3 treatment. Instead, siRhoH cellsvsbd a more unfavourable reaction to the IL-
3 withdrawal than parental cells since cell cowftsiRhoH cells declined with an increased
rate in comparison to parental cells. However wie8 was re-added to the growth medium,
cells with less RhoH expression exhibited the gbito recover from IL-3 starvation in

contrast to parental BaF3 cells with higher RhoHregsion.

ury
n
o

Fig. 4.7 Low RhoH expression correlates with

[]Bar increased recovery from IL-3 starvation
Il sRhoH Increased IL-3 sensibility of siRhoH cells was
detected by daily counting of siRhoH cells and

o]
o

control cells using Trypan Blue and Neubauer's
cell counting chamber. Cells were kept 4 days in
medium without IL-3 until reaching of theoretical

viability limit then IL-3 was readded into medium

and again cell number and viability was

determined for further 12 days (n=2, +SD).
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siRhoH cells seem to recover from starvation ingiedhat these cells may inhabit a stronger
susceptibility to both IL-3 withdrawal and recovemhese experiments pointed out that RhoH
overexpression not only inhibited the proliferationthese cells by the induction of IL-3
dependent STAT1 activation but also by the inhiloitiof IL-3 induced pro-proliferative
signals via decreased STATS5 activation. At the same low expression of RhoH resulted in
an enhancement of STAT5 phosphorylation and arasad sensitivity to IL-3 stimulation in
response to IL-3 which explains the previously obsé IL-3 dependent proliferation

advantage of siRhoH cells.

4.1.6 RhoH- a modulator of CD123 surface expression

To explain the enhanced STATS5 phosphorylation aedbserved increased sensitivity to IL-
3 in cells with low RhoH protein levels, the Rholdpgndent surface expression of IL-3
receptor a chain (CD123) was measured. It was assumed thatedl IL-3 receptor
expression, and thereby distinct levels of ligamblimg to its receptor in cells with altered
RhoH levels, would consequently led to differenicethe activation and the outcomes of IL-3
dependent downstream signalling, such as STATyai@n and recover from starvation. To
check this hypothesis Mock, siRhoH and RhoH ceksenstained for the surface expression
of CD123, and analysed via FACEig. 4.8A). The analysis of the cells attested that
expression of CD123 was altered depending on theuatmof RhoH present in the cells.

RhoH overexpressing cells showed only about 30% Z3Dsurface expression compared to
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that measured on control cells. Controversially,12® expression on the surface of siRhoH
cells was enhanced. Previous reports suggest thanl@anced expression of surface CD123,
observed in AML cells can be initiated by a STATBpdndent upregulation of the
transcription factor IRF° To analyse RhoH and siRhoH and Mock cells foirtHRF-1
expression levels, quantitative SYBR-green reabtP€R was performedFig. 4.8B)
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Fig. 4.8 RhoH levels modulate IRF-1 dependent CD123irface expression in BaF3 cells

(A) (Left panel) FACS analysis of CD123 surface egpien on control, siRhoH and RhoH cells was perforosidg a
CD123-PE antibody. Specifity of staining was conéwlby the usage of correlating PE-labeled antibisdyype reagent.
(Right panel) Quantification of CD123 surface expi@s was determined using mean fluorescence vadungsis presented

as percentage of detected CD123 mean fluoresecemze m control cells (n=3, meanzSD, <B.05). (B)IRF-1 mRNA in
control, siRhoH and RhoH cells were determined usjugntitative SYBR Green Real-Time PCARF-1 specific primers
and GAPDH as reference gene. Obtained data was normalisedsaG\PDH reference gene expression and presented as
fold induction of IRF-1 gene expression detecteceinpty vector transduced cells induction|BfF-1 gene expression
detected in control cells. Statistical relevance determined using Student’s t-test (n=3, mean #8£0.05).

Interestingly siRhoH cells exhibited increased mRM#&els of IRF-1 compared to control
cells, although RhoH overexpressing cells showptbaninent upregulation of IRF-1 mRNA
levels as well. The upregulation of IRF-1 in siRhoélls lead to the conclusion that a lack of
RhoH in the cells induces IL-3 dependent STATS5vatton, eventually resulting in enhanced
IRF-1 expression and by this leading to an incré&sgression of CD123 on the cell surface.
These findings were also in line with the previgusbserved increased sensitivity to IL-3,

since the increased CD123 surface expression niay dhese cells to react with higher
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efficiency to the addition of IL-3, than cells willsss CD123 on their surface. IRF-1 is a well
known target of STAT1 activation and is reported&we tumour suppressor functi6hs'he

elevated IRF-1 expression detected in RhoH cellddcbe a result of the enhanced STAT1
activation caused by RhoH overexpression with ottagrscriptional consequences in the cells

than the regulation of CD123 expression.

4.1.7 RhoH reconstitution correlated with a downregulation of
prognostic AML markers in THP-1 cells

As mentioned above overexpression of the IL-3 rewep a characteristic prognostic marker
of AML cells'****2 Additional studies showed that there might bermetation of constitutive
STATS5 activation on the expression of the transgmpfactor IRF-1 finally resulting in the
overexpression of CD12%. Moreover, recent publications highlighted thet feat AML
cells also show decreased RhoH expression levlishvis associated with bad prognosis for
patients8®. To check whether the phenotype observed in AMIs @®uld be caused by a lack
of RhoH- and thereby be compensated through trensgitution of RhoH, experiments with
the AML cell line THP-1 were performed.

(A)

Fig. 4.9 AML cell line THP-1 mimics siRhoH phenotype

L (A) THP-1 cells transfected with either pMX-IRES-H&ioH or pMX-
& Q‘—“\ IRES empty vector (Mock) were lysed 48 h post tractsbn. Samples were
3 I separated using 4-20% gradient SDS-PAGE. HA-exfmesand B-actin
loading control were detected using enhanced chemnkescence. (B)
FACS analysis of CD123 in Mock and RhoH transfectedTIHcells was
performed using a CD123-APC antibody, specifity vedgtermined with
APC-labeled isotype control. Quantification of CD12%pression was
o-B-Actin ‘~ determined using mean fluorescence values. Presergepercentage of
detected CD123 mean fluorescence signal in conéltd (h=3, mean + SD,
*P<0.05). (B)IRF-1 mRNA levels in Mock and RhoH overexpressing THP-
1 cells, determined using quantitative SYBR Green Reak PCR,IRF-1
specific primers andGAPDH as reference gene. Data was normalised
against reference gene expression and presentieddaaduction ofIRF-1
gene expression detected in control cells. Stadilstirelevance was
determined using Student’s t-test (n=3, mean +*S{P;<0.005).
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The monocytic THP-1 lineage is generated from gpasuffering from AML. First, human
HA-tagged RhoH and the corresponding empty veceneviransduced into THP-1 cells and
expression was proved via western-blbtg. 4.9A). Next, cells were FACS analysed for
CD123 expressiorfFig 4.9B). Comparing control cell with HA-RhoH transfected Iseik
became apparent that the overexpression of RhaHplan approximate decrease of 60% in
CD123 surface expressigrig. 4.9B) To prove that the RhoH induced reduction of STATS
activity would consequently lead to a decreaserét-1 expression in these cells, control and
RhoH transfected cells were analysed for IRF-1 @esgion on mRNA level@=ig 4.9C) The
observed IRF-1 levels in RhoH transfected versugrobcells confirmed that through the
reconstitution of RhoH into the AML cells, the THPeharacteristic prognostic markers,
CD123 and IRF-1 expression were downregulated, rikedty through the RhoH induced
inhibition of STATS5, and thus it was able to linket prognostic CD123 expression in AML

cells to RhoH expression levels.

4.1.8 RhoH expression pattern in lymphoma derived cell lines

CD123 overexpressiohas well as low RhoH expression levélgere independently from
each other described as two negative prognosti&erafor acute myeloid leukaemia. In an
attempt to analyse other hematopoetic cell linesvele lymphoma for a yet unknown
correlation with RhoH expression patterns, difféerlsukaemia cell lines were subject to
investigations. 40 to 60% of diagnosed ALCL inhabithromosomal rearrangement leading
to the formation of the fusion protein NPM-ALK. Ratt prognoses of NPM-ALK(positive

for NPM-ALK) lymphoma are generally considered weothan that of patients negative (-)
for this specific rearrangement. This is due to féoet that the rearrangement results in the
formation of a constitutively active version of theaplastic lymphoma kinase, which seem to
be involved in the activation of various tumorigesignalling pathway$®. In regard to the
previous observations made in RhoH underexpreBate cells and AML cells, it was of

particular interest to determine whether an undaession of RhoH would be detectable in
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different ALCL subtypes and if these findings woulorrelate with the expression pattern of
the NPM-ALK fusion protein. To further specificyalobserved phenomena on their lineage
specifity, not only NPM-ALK positive and negativenéages were tested for their RhoH
expression, but also other lymphoma derived lingagaich as B-cell Non-Hodgkin
Lymphoma subtypes and mantle cell lymphoma types.aApositive control for RhoH
expression, the human T-cell line Jurkat, with knoexpression, of Rhdj and as a
negative control for RhoH expression the breasteacell cline MCF-7 was analysed on
MRNA level. Data were first normalised against éx@ression of the reference gdiERT

and than normalised against ReoHlevels detected in Jurkat ce(lSg. 4.10)
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Fig. 4.10 RhoH underexpression in lymphoma derivedell lines

RhoH mRNA was analysed from indicated cell linespgsijuantitative SYBR green PCR and primers directed

against human RhoH and the reference géR&®TThe human breast cancer cell line MCF-7 served gative
control, while RhoH mRNA levels detected in Jurkdtscenarked base line d®hoH expressionRhoH expression
was normalised againstPRT and compared to expression levels detected in oells. Statistical relevance was
determined using Student’s t-test (n=3, mean+ $B005, **P<0.01, **P<0.005)

Interestingly, almost all ALCL types showed a sigmint downregulation of RhoH

expression, compared to that of Jurkat cells, atdit by the baseline. The most prominent

downregulation could be detected in NPM-ALMac2A cells, while the lowest regulation of

RhoH was observed in the NPM-ALKEL cell line. However, a direct correlation betwee

NPM-ALK fusion gene expression in ALCL cells andexrtain RhoH expression pattern was

not found. When comparing the results of RhoH esgion in B-cell NHL, ALCL and B-cell

mantle lymphomas there was a clear downregulatiddhoH detectable in ALCL and B-cell

NHL cell lines. The two analysed B-cell mantle dgthphomas, as well as the B-cell NHL

cell line NCEB, showed an enhanced or almost elgwal of RhoH expression in comparison

to Jurkat cells.
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4.1.9 Proteomics of RhoH in IL-3 dependent cell lines

To gain insight into how RhoH in detail interferedéth IL-3 dependent signalling, GST-
pulldown assays with recombinant GST-RhoH and &saf BaF3 cells treated and untreated
with IL-3 were performed. Resulting eluates werbjsct to mass spectrometric analysis with
the aim to identify new interaction partners of Rhowith special relevance for IL-3
dependent signalling events. To exclude unspebifiding two negative controls were used
for pulldown assay. GST-only protein (25 kDa) wasduced withE. coli transformed with
GST-2T empty vector and additionally a T36A mutaatiant of RhoH (resulting in an
constitutive inactive variation of RhP was cloned into GST-2T vector and the correlating
recombinant protein was produced and used as atioaadd negative contralFig 4.11)

GST-Fusion proteins coupled to
GSH-Beads

l

GST-RhoH GST-T36A GST

A

Incubation with BaF3 (IL-3 dependent murine cell line)
lysates of
IL-3 treated cells
or
IL-3 untreated cells (ON starvation with RPMI containing 0.1%
BSA)

Replications:
Biological:2

Technical:2

Identification of RhoH
Interaction partner LC/MSMS

Expected Hits:
Syk / Zap70 (Oda et al 2008, Gu et al 2007)
RhoGDls a, b (Li et al, 2002)
GST
RhoH

Fig. 4.11 Work-Flow Proteomics of RhoH

Produced GST fusion proteins were coupled to GSHIBaad incubated with lysates of BaF3 cells whichevpgeviously
kept in IL-3 containing medium or were cultured 1®-hours under IL-3 withdrawal in RMPI medium wittl @ BSA.
Beads were washed and GST-fusion proteins wereeeldiaim beads. After eluation samples were prepfredC/MSMS
and peptide fragments of interacting proteins wibien identified using Mascot IPI software. Previgusublished or
interaction partner of RhoH (Syk, Rho GDI 1 and 2)expected hits (GST, RhoH) were identified andexbdut from hit-
list.

The resulting recombinant GST-fusion proteins (B&akwere purified using columns packed
with GSH-beads. SDS Page and Coomassie Blue gjaaifithe purified proteins from the
columns showed that there was indeed productiarafmbinant GST-fusion proteins of the
expected size, as well as stable expression of @B protein detectabléFig. 4.12A).
However it should be mentioned that recombinantHRl&pression irk.coli is difficult to
perform and requires six times the volume thaeduired, for instance for the production of
GST-only protein (1 litre), since the induction ®hoH protein expression seems to be toxic
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for bacteria. Additionally there was fragmentatafrthe final GST-RhoH-fusion protefffrig
4.12B). The recombinant production of RhoH required stepwmsubstantial process
improvement by careful selection of optimal produtttemperature, volume as well as the
time frame of protein expression. Samples for meassctrometric analysis were prepared
from eluates collected from columns containing dasprotein coupled beads which were

incubated with lysates generated from either lkedted or untreated cells.

(A) (B)
& & .
. /\93\ /\,,Q‘J IPTG concentration:
F & & (1) (2) (3) (4)
45kDa (1 o
(2) 50 um
(3) 100 pM
(4) 1.0 mm

25 kDa

.

Fig. 4.12 Recombinantly produced GST-fusion proteis

(A) BL21 bacteria were transformed with GST-on\§ TGRhoH and GST-RhoH-T36A, expression was inducedyasates
prepared. After coupling to GSH beads, samples wareon gradient SDS-PAGE (4-20 %) (B) Western-laloalysis of
GST-RhoH fusion protein production after inductioh expression with different IPTG concentration, esgsion was
allowed for 3 hours prior to lysis of BL21cells. Rrims were separated using 4-20% gradient SDS-PAGE.

4.1.9.1 Statistical evaluation of MS protein hits €ytokine dependent binding events

Mass spectrometric data was analysed and relatptbteins using the IPI-mouse databank.
The results of two technical and two biological esiments, were combined and processed as
follows: one peptide hits were considered as idshits and thereby removed, also proteins
simultaneously occurring in GST-only, as well astie RhoH and T36A samples, were
removed. Known interaction partners (Zap7®yk** GDI'$Y) and GST, and RhoH itself
were also considered as control proteins, and itteittification was interpreted as indication
for proper work-flow and experimental integrity. Meredundant protein hits were combined
and finally, to exclude further unspecific hitssuéis were checked fdE. coli sequence
homologues. Processed data was than manually sactading to their “binding pattern”
(Appendix Tab. 6.1.1) For instance, some proteins were found to bifg tmwt-RhoH and
only when cells were treated with IL-3, others wbneding exclusively to the T36A-RhoH
protein and this again only when cells were treatgd 1L-3.
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Tab. 4.1 Binding “pattern” of RhoH interaction partners

Tab. 4.1 Binding patthern of RhoH
interaction partners Listing of resulting
groups of interaction partners when hits
were sorted according to their binding

Binding ,,pattern™

RhoH (+ IL-3)

RhoH (— IL-3)

RhoH (+ IL-3) & (~1L-3) behaviour to either wt-RhoH (RhoH) or
T36 (+ IL-3) T36A-RhoH indicated as T36 in regard of
T36 (— IL-3) cytokine treatment (+/- IL-3)

T36 (+ IL-3) & (— IL-3)

RhoH & T36 (+ IL-3)

RhoH & T36 (- IL-3)

RhoH & T36 (+ IL-3) & (—IL-3)

.No pattern*

From this interaction behaviour a chart with diéiet binding conditions was postulated
(Tab.4.1). Surprisingly, when protein interaction partnersméfRhoH and RhoH T36A were
combined and statistically evaluated in a cytokimeatment dependent manr(€ig 4.13)it
became clear that 115 proteins can bind to RhoHhvdedls were cultivated in IL-3 prior to
their lysis, in addition, 133 proteins can bindl®6A under the same conditions. From these
hits 31 were specific binding partners of wt-Rhoktlad9 seem to be specific for T36A.
Interestingly there was an overlap of 84 proteiesd able to bind both the wt, and therefore
active, GTP bound RhoH as well as the negativecanébrmational inactive variant T36A in
a strictly IL-3 dependent manngFig. 4.13A) Numbers of interacting proteins in IL-3
untreated samples were comparable between wt-Rét}{ énd T36A variant. Again there
was an intersection of 38 proteins being able tallib wt-RhoH and T36A variar(Fig
4.13B) The examination of the numbers of the bindingtgins in dependency of the
cytokine treatment from these evaluations alreaglygssted a strong relevance of IL-3
treatment. The numbers of the interacting proteseem to decrease by 50% when
recombinant proteins were incubated with lysatesells cultured under IL-3 withdrawal
(Fig. 4.13 A, 4.13 B) This phenomenon becomes even more apparent wheimdp partners
of the same recombinant sample are sorted accotdirtgeir cytokine dependendyig.
4.13C, 4.13D) From the total of 116 RhoH wt specific bindinghdalates, 83 are specifically
occurring when cells are maintained in IL-3 priortheir lysis, only 28 proteins seem to bind
only when cells were kept under starvation condgiand the binding of an intersection of 33
proteins remains to be unaffected by the cytokieatiment of the cellg§Fig. 4.13C) In the
case of T36A a similar effect was obser&ilg. 4.13D) from a total of 133 interaction
partners for the T36A mutant of RhoH, 91 only bowiten beads were incubated with IL-3
treated lysates, 24 were binding only when celisrent treated with IL-3 and an intersection
of 42 proteins seemed to bind generally and indégenof the IL-3 treatmer{Fig. 4.13D)
These findings on the one hand indicated that therea surprisingly high number of
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interacting proteins which seem to be “blind” fdret conformational changes of RhoH,
induced by the T36A mutation. On the other handine with the previous findings of this

study, it was found that the binding of proteinteracting with RhoH seem to be strongly
influenced by the IL-3 treatment of the cells, segfqhg a specific IL-3 dependent role for
RhoH in BaF3 cells. As aim of this work is to ellaie the role of RhoH in IL-3 dependent
signalling the focus of further studies was dirdctewards hits occurring in wt-RhoH. For

further studies in this work T36A specific hits weareglected.

RhoH (+IL-3) T36A (+IL-3) RhoH (+IL-3) H&o?t IIL 3)
115 total 133 total 116tolal e otal
RhoH (-IL-3)
61 total

T36A (+1L-3) T36A (-IL-3)
T36A (-IL-3)
66 total 133 total 66 total

Fig. 4.13 Statistical evaluation of RhoH interactia partners: Venn diagrams

(A) Comparison of interaction partner, wt-RhoH (Rhoidjsus T36A-RhoH (T36A) variant found in lysatedlof treated

BaF3 cells samples (upper panel), lower panel cosgaof interaction RhoH versus RhoH T36A varianirfd in lysates
of BaF3 cells after IL-3 withdrawal. (B) Comparisondwtected interaction partner, form lysates of lireated BaF3 cells
versus IL-3 untreated BaF3 cells, upper panel wt-Rlootér panel T36A-RhoH variant

To gain insight into the function of the RhoH whding proteins under different cytokine
conditions a function dependent segmentation ofinteracting protein hits was performed
(Fig 4.14) It was found that under IL-3 containing condisprRhoH apppeared to bind
preferentially to proteins, involved into metabopoocesses in the cdlFig. 4.14A) these

interactions occured to lesser extent when cellsewept under IL-3 withdrawal. This

supported the previous findings in which RhoH intieith cytokine induced proliferation.
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RhoH (+IL-3) RhoH (-IL-3)
115 total 59 total
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Fig. 4.14 Statistical evaluation of according to ge ontology of RhoH interacting proteins

(A) Gene ontology of RhoH interacting proteins bimgliexclusively when BaF3 cells were treated witlBIpfior to lysis
(B) Gene ontology of RhoH interacting proteins bimgindependently of previous cytokine treatmentysét cells.

(C) Gene ontology of RhoH interacting proteins foemdlusively when cells were lysed after IL-3 deption -3.

4.1.9.2 Subcellular distribution of RhoH and T36A interacting proteins depends on IL-3
There are several publications in which RhoH is wshoto be incorporated after
posttranslational modifications on its CKIF motifitd the lipid rafts of celf§?78911>
Cytokine stimulation is reported to induce protéiafficking and recruitment in the cEff
which is important for various ongoing signal trdmsing mechanisms, such as cell
proliferation. Cytokine induced posttranslationaddifications of proteins can influence their
ability to bind to certain adaptor proteins, whigsults in the accumulation of proteins into
different cell compartments**® To clarify whether the capability of proteinsitweract with
RhoH changes with IL-3 treatment and to gain insigiio possible consequences on
functional and signal transduction of IL-3 withdi@won RhoH mediated signalling, the
interaction partners of RhoH, were sorted accortinidpeir localisation within the cell and in

dependency of cytokine treatment.

By this, the importance of cytokine induced posistational modifications of cellular
proteins leading to an enhanced binding capacitRiboH would be clarified. Also the
validation would address the question of whetherdhs a cytokine dependent influence of
preferred RhoH binding to specific groups of pmseiAdditionally, the data generated from

the T36A mutant was also reviewed and checkedifiafagities in the subcellular distribution

66



Results

between wt RhoH and T36A binding interaction padngince this mutant still inhabits a
functional CAAX-box, which was reported to play @amportant role in protein-protein

interactiot*.

First hits were sorted in different interaction tpats depending on the cytokine treatment
(Tab. 4.1) The majority of protein hits showed a clear &fibn to one of the resulting
groups but there was also a cluster of proteinsanflomly occurring hits. Assuming that
these proteins are most likely unspecific intemawi the focus was set on the proteins of the
remaining groups with clear affiliation patternsoriparison of the statistical distribution of
the hits detected in RhoH wt samples incubated kB treated cell lysate@-ig. 4.15)with

the distribution pattern of interaction partnersrfd in samples without IL-3 treatment or with
samples of the T36A mutant, regardless of the cytokreatment, it showed that 14% of
interacting proteins were related to the cytoskel€Fig. 4.15A) This was not present in all
other sampleqFig. 4.15B, C, D) Another remarkable observation was made when the
section of “nuclear” located hits of the cytokimeated wt RhoH sampl@=ig. 4.15A) was
compared to the hits occurring in the other samplése contingent of nuclear located
proteins increased from 5% in RhoH wt samples Wit treatment as high as 30% in the
other sampleqFig. 4.15B, C, D) The subcellular evaluation of the interaction tpar
indicated that RhoH seemed to be able to interabtdifferently localised proteins in the cell
upon IL-3 treatment, most likely depending on tlegtiokine induced altered posttranslational
conformation. Also this statistical read-out waseipreted as indication that RhoH might
shuttle, depending on IL-3 treatment, between thdeus and the cytoplasmic compartments
of the cell. Furthermore it was clarified that altigh the T36A mutation of RhoH does not
seem to directly influence the binding capacitytttd GTPase, it did however decrease the

ability of the protein to efficiently interact wigbroteins located in the cytoskeleton.
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(A) RhoH (+ IL-3) (B) T36A (+ IL-3)
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Fig. 4.15 Statistical evaluations of RhoH /RhoH T36Anteracting proteins according to their subcellula localisation

in dependency of IL-3 treatment

(A) Subcellular localisation of RhoH (wt) interawgi proteins when recombinant GST-fusion proteingeviecubated with
lysates of IL-3 treated cells. (B) Subcellular lagation of RhoH (wt) interacting proteins when retamant GST-fusion
proteins were incubated with lysates of cells wated under IL-3 withdrawal. (C) Subcellular locatisn of RhoH-T36A
interacting proteins when recombinant GST-fusiotgins were incubated with lysates of IL-3 treawslls. (D)

Subcellular localisation of RhoH-T36A interactingofeins when recombinant GST-fusion proteins weoeilbated with
lysates of cells cultivated under IL-3 withdrawal.

4.1.9.2.1 IL-3 dependent localisation of RhoH

To address the question of whether there is an Hefending “shuttling” of RhoH, as
indicated by the mass spectrometry data, BaF3 eedle retrovirally infected with flag-
tagged RhoHKig. 4.16A) Transduced cells were either kept under IL-3vstaon conditions

or were starved and restimulated with IL-3. Theyavéhen intracellularly stained with a
FITC labelled flag-tag antibody. First microscopigalysis suggested that there might be an
IL-3 dependent shuttling of RhoH, partly explainithg generated mass spectrometry analysis
(Fig. 4.16A) After IL-3 treatment however RhoH still is locdtén the nucleus but is also
clearly to a higher percentage present in the ¢gsopic region of the cells. At the same time
it seemed that starvation of IL-3 induces RhoH g@rotlegradatioriFig. 4.16A) Lysosomal
processing of RhoH, and thereby regulation of RhisHalready known to be an early event
after proximal TCR activatidA. Another initial experiment was performed to poeviurther
insight to the intracellular distribution of Rhoh protein levelFig. 4.16B) IL-3 treated and
untreated BaF3 cells were lysed to obtain nuclear @/toplasmic fractions. Western-blot
analysis of RhoH protein arfi#Actin as an indicator for the cytoplasmic fractiappeared to
confirm the preliminary microscopy. In this expeeimi RhoH was detected in the
cytoplasmic fraction of IL-3 treated cells, while tells cultured without IL-3 no RhoH

protein was detectable.
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(A)

Haochst a-Flag-Fite Overlay

IL-3

starved

(B)

Fig.4.16 IL-3 dependent subcellular localisation of
Cyto Nucl RhoH
(A) Confocal microscopy of IL-3 treated (upper pareel
starved (lower panel) BaF3 cells transduced withgFla
RhoH overexpressing vector. First row shows nuclear
staining with Héchst, second row shows stainingrlaf
tagged RhoH with FITC labeled flag antibody, thiradvro
show overlay of Hochst and FITC staining (B) Follogvin
IL-3 cultivation or three hours of starvation BaF8ls
cell proteins were separated into nuclear and ¢ysopic
fraction. Lysates were separated using 4-20 % gnadi
SDS-PAGE. Cytoplasmic contents were indicated by
detection of3-actin.

o-RhoH

In both conditions RhoH was detectable in the rarcleaction. However, to make final
conlusions the experiment needs to be repeatedmatie appropriate loading controls for the

cytoplasmic (e.g Tubulin) instead BfActin, as well as for the nuclear fraction (e.giia).

4.1.9.3 Verifying RhoH protein interactions — Cofiin-1 (Cof-1)

The mass spectrometry analysis revealed Cofili@df), a 19 kDa sized, ubiquitous protein
as a RhoH interacting candidate in IL-3 treated gam Cof-1 is a promoter of actin
polymerisation and filament elongatfoh As a downstream effector of the GTPases Racl
and Cdc42 it is known as a key molecule of cytastioel rearrangemeéfit To verify the data
obtained from the mass spectrometry experimergshitiding of RhoH to Cof-1 was tested in
HEK cells. HEK cells were cotransfected with HAdgad RhoH and GFP-Cof-1. HEK cells
lack IL-3 receptor surface expression, as such, HEHKs required treatment with sodium
ortho vanadate (N®O,), which inactivates phosphatases and thereby raiamcIL-3 treated
activation state. It was found that in HEK cell® timteraction of Cof-1 and RhoH only

occurred when cells were activated byWa@, prior to lysis(Fig. 4.17)
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Fig. 4.17 Verification of RhoH interacting protein
Cofilin-1 in HEK cells HEK cells were cotransfected with
GFP-Cofilin-1 overexpression and HA-RhoH overexp@ssi
vectors or with empty vector only (control) for 4®urs.
HEKCcells were treated with 1mM MO, or left untreated,
lysed and IP was performed using either antibodyire
Cofilin-1. Samples were separated using gradier20%)
a-Cofilin-1 [ i SDS PAGE. Precipitated proteins were targeted using
antibodies against RhoH (lower panel) and Cofilinufper
panel) and were detected with enhanced chemilucenes.

Mock GFP-Cof GFP-Cof
HA-RhoH HA-RhoH

Na,VO, - +

L5 BT
o-HA (RhoH) |

This binding of RhoH and Cof-1 confirms the resulfshe mass spectrometry analysis and
also suggests that also in BaF3 cells the intenmacif RhoH and Cof-1 would occur only after
IL-3 treatment of the cells. This interaction partrof RhoH could contribute to future
understanding of how RhoH takes part in cytoskelegated processes such as migration of
hematopoietic cells by a mechanism other than tegigusly reported inhibition of other
GTPase¥?’.

4.1.9.4 Verifying RhoH protein interactions- Proten tyrosine phosphatase 1B (PTP1B)

The mass spectrometry analysis revealed the ubigglit expressed phosphatase PTP1B, a 50
kDa sized protein, as a RhoH interacting candidatdL-3 treated samples. Different
publications show that PTP1B is able to targetl#K-STAT signalling pathway*?°**?and

IL-3 dependent proliferatiotf®>. Therefore the potential interaction of RhoH WiXfiP1B may
have contributed to the observed RhoH modulate® diependent effects. To verify the
specificity of the binding of RhoH to PTB1B, HEKIsewere cotransfected with flag-tagged
RhoH and PTP1B. Again, because of the lack of He@&ptor on HEK cells, treatment with
NagVO,4 was required. The results showed that in HEK déiésinteraction of PTP1B and
RhoH is only formed when cells were set in a stditactivation, and is not detectable when

cells remain in an inactivated stdkeg. 4. 18)

Fig. 4.18 Verification of RhoH interacting

PTP1B protein PTP1B in HEK cells
Mock RhoH-flag HEK cells were cotransfected with PTP1B
overexpression and HA-RhoH overexpression
Na,VO, _ . vectors or with empty vector only (control), for 48

hours. HEK cells were treated with 1mM N&,

or left untreated, lysed and IP was performed using
o-PTP1B L antibody against PTP1B. Samples were separated
using gradient (4-20%) SDS page. Precipitated
proteins were targeted using antibodies against
RhoH (lower panel) and PTP1B (upper panel) and
were detected with enhanced chemiluminescence

o. - RhoH
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4.2 RhoH in IL-3 derived bone marrow MCs

The aim of this work included investigations of tphhysiological role of RhoH on IL-3
dependent processes in murine MC. In early studiggernatant derived from mitogen-
activated T-cells was used to induce MC differaiaig®**?°IL-3 was identified to be the
cytokine which directed the differentiation of COB%Kit* cells into functional MC§°*2”
However, the details of the signalling cascade tifiggers the differentiation to MCs remains
fairly unknown. RhoH has been reported to be ofartgnce for the development, survival
and the differentiation of hematopoietic progenit®ll$®. Together with the previous
findings of this study regarding its relevance for3 mediated signal transduction and its
effect on CDKI expression it was decided to elatthe impact of a lack of RhoH for IL-3
mediated differentiation and of murine hematopoigtiogenitor cells to functional MCs in

more detail.

4.2.1 RhoH mRNA expression in IL-3 derived murine MCs

The relevance of RhoH for IL-3 mediated MC develepinfrom HPC was investigated. It
was assumed that unregulated or extremely low egfme levels of RhoH would suggest a
minor role for the atypical GTPase in the differatn and function of murine MCs. Bone
marrow cells (BMCs) isolated from C57BL/6 wt mieafurs were cultivated for 27-30 days
in IL-3 containing medium. mMRNA samples isolatednirthese progenitor cells at different
time points and RhoH expression was measured uguamtitative real-time PCR and
GAPDH as reference gern€ig. 4.19) The results of the quantification of RhoH mRNA
levels show a decrease of approx. 40% of RhoH mRMAday 5 (compared to day 0),
followed by an upregulation of RhoH mRNA and rensastably expressed at this level
during the period of cultivation. From these resutitwas assumed that RhoH plays a defined

role in the process of IL-3 dependent murine MQailing.

Fig. 4.19 RhoH mRNA expression in
murine HPCs differentiating to mast
cells over 27 days (4-weeksit mice
BMCs were isolated (day 0) and cultivated
in IL-3 containing medium for 4 weeks. At
indicated time points, mRNA was prepared
and RhoH expression was detected using
RhoH specific primersGAPDH served as
reference. RhoH  expression was
normalised agains6APDH and are shown
fold induction in comparison to day O.
0.01 4 Presented results from one representative
0 5 10 3 2 7 277 experiment performed in duplicates + SD
Time [days] (n=3)

RhoH gene induction
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4.2.2 RhoH null HPCs show elevated IL-3 induced proliferation

It was tested whether the findings made in the Baie8el system were transferable to the
more physiologic system of MCs. Therefore the ldeépendent proliferation behaviour of yet
undifferentiated hematopoietic progenitors from Rhaull mice in comparison to wt mice
progenitor cells was observed. The proliferatiosagisvas performed early after isolation of
BMCs, which was posted between day three and dayafiter isolation of cells from the bone
marrow. A Cell Titer Glo assay was performed to suea ATP levels after cells were
cultivated for 24 hours at distinct IL-3 concentas (Fig. 4.20A) The read out of this assay
showed that IL-3 concentrations higher than 0.0/nhgvere able to induce proliferation of
cells both, from RhoH null and wt mice origin. Wit progenitor cells reached a plateau of
proliferation at 0.1 ng/ml, RhoH null progenitorlseshowed a remarkable ongoing increase
in proliferation(Fig. 4.20A)
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a (a) PE-isotype
(b) CD123-PE wt
(c) CD123-PE RhoH-/-

=}

counts
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IRF-1 rel. gene expression [GAPDH]

0.001 4

RhoH -/- RhoH wt

Fig. 4.20 IL-3 induced proliferation, IRF-1 expresgon and CD123 surface expression in progenitors fra RhoH
deficient are similar to that observed in siRhoH B&3 cells

(A) IL-3 dose response curve of RhoH null and wigerditor cells (day 3-5 after preparation) cultichter 48 h in medium
with indicated IL-3 concentrations. Viability of Ite was analysed by ATP determination in a Cell Ti@&o assay.
Presented results from one representative experipenformed in triplicates + SD (n=2). (B) FACS arsdyof CD123
surface expression on wt and RhoH null progenitis @& IL-3 containing medium, was performed usagurine CD123-
PE antibody. Antibody specifity was controlled lnetusage of correlating PE-labeled antibody isotgagent. Presented
results from one representative experiment (n=8). NlormalisedIRF-1 mRNA levels detected in progenitor cells
cultivated 3-5 days in IL-3 containing medium usiugantitative SYBR green Real-Time PCR wiF-1 specific primers
andGAPDHas a reference gene. Presented results from oresegpative experiment performed in duplicates Jn=2

72



Results

The impressive observation of RhoH null prolifevatiresponse to cultivation in IL-3
containing medium confirmed that RhoH indeed funtdi as a negative regulator of IL-3
dependent proliferation not only in the BaF3 magatem, but also in progenitor cells. From
this experiment it was concluded that RhoH deficmngenitor cells show, similar to siRhoH
cells, an increase in IL-3 induced proliferationo Tlarify whether these increased
proliferation rates were due to an increased seitgito IL-3 and thereby enhanced pro-
proliferative signal delivery to the progenitor lselacking RhoH expression, the surface
expression of CD123 was determined using FACS ais(ffig. 4.20B). Here again the
previous results obtained from the model system3Bad#Hs with knock-down of RhoH were
able to be reproduced in RhoH null mice progentglts. Indeed RhoH deficient progenitor
cells showed a substantially higher surface expmessf CD123 than wt progenitors. This
enhanced CD123 expression was detectable oveetimmf differentiation and mast-cati
vitro cultivation. Since the elevated CD123 levels iRh&iH cells were a result of enhanced
expression of the STATS5 dependent trabscriptiortofatRF-1, IRF-1 mRNA levels of
progenitor cells lacking RhoH in comparison to tfaind in wt mice were analysed using
guantitative PCR to clarify whether the observdda$ in MCs were related to that observed
in siRhoH cells(Fig. 4.20C) The results of the IRF-1 mMRNA quantification seggpd that
there may be the same correlation between enha®t@d5 dependent IRF-1 expressions

which ended up in elevated CD123 surface expressitin3 cultivated progenitor cells.

4.2.3. RhoH null HPCs show lower p21waf/cir1 gnd p27kirl mRNA
expression only in early phase of IL-3 cultivation

It was hypothesised that the increased prolifenatibserved in RhoH null progenitors could
be indicative of a defective ability to differerteain response to IL-3 into MCs, due to a
shorter duration phase of cells in the G1-phasadi& made with pluripotent cells showed
that upon decreased entry of cells into G1-phdse,differentiation and cell-fate-decision
processes are introducéd In turn, cells that show high rates of cell digisseem to be more
resistant to these proces€ésThe mRNA levels of the cell cycle inhibitors 94! and
p27%*! were measured in freshly isolated and in IL-3icated bone marrow progenitor cells
from RhoH null mice and wt mic@=ig. 4.21A) The detected CDKI levels were normalised
against GAPDH and were compared (fold inductiorje Fesults showed that g21?* and
especially p29** show an increased expression than measured inttyeoretic progenitors

from wt mice in the early stage of cultivation with3. p23+afcirt 34

showed a 4-fold higher
mRNA expression in normal progenitor cells and“B2mRNA levels, were found to be 14-
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fold higher in progenitor cells expressing RhoHtie early cultivation state. To check
whether the decreased expression of'f2%* and p2**are stable during the differentiation
of the RhoH null progenitor cells to MCs, P24 and p2¥*'expression was tested in
different stages of differentiatiorfFig. 4.21B) Interestingly, expression differences in
p21"a7ePl and p2¥P were found to diminish after the early state dfieation in IL-3 (day 3-
5), and p2'*'seem even to be slightly, increased in RhoH-/scdlhis dynamic recovery of
p21"27PL and p2¥*'mRNA expression levels of RhoH ko mice indicateat fRhoH deficient
progenitors may proliferate with increased rated slnow less duration in G1-phase in the
very early state oih vitro culture in IL-3. Although there were clear diffaces in the early
expression of p2£7P* and p2**'the proceeding efficient upregulation of CDKI exgsien
levels indicated that proliferation rate of RhoHImrogenitor cells will decrease during the
course of MC differtentiation in IL-3 containing ahiam.

(A) (B)
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Fold expression wt / RhoH-/-
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Fig. 4.21 RhoH null progenitor cells dynamically upegulate CDKIs during mast cell differentiation

(A) mRNA from BMC of wt and RhoH null mice, day 3-%tex preparation (cultivated in IL-3 containing nigmh)was
prepared and analysed for CDE21"?"“P! and p27P* expression with quantitative SYBR green real-time PRR"a/cP!

and p27®! levels were normalised against the reference g@heDH and presented as fold induction compared to levels
detected in wt mice. Presented results from oneeseptative experiment performed in duplicates Y\né2) mRNA from
progenitor cells of wt and RhoH null mice, after dayere cultivated in IL-3 containing medium wagmared and CDKI
p21"@fePl and p2 7P expression was quantified SYBR green real-time PCRp@atf"“Pp27%* specific primer p21427ct

and p27%* levels were normalised against the reference @A&BDH and presented as fold induction compared to levels
detected in wt mice. Presented results from oneeseptative experiment performed in duplicates Jrex8 presented as
fold induction compared to wt mice.

4.2.4. RhoH null progenitors show no differences in the
differentiation to MCs

The IL-3 induced differentiation capability of HR& RhoH null mice to develop into MCs
was tested by analysing the MC specific markerst@aKld FeRI during MC differentiation.
For this purpose RhoH null and wt progenitors weuttivated 4 weeks in IL-3 containing
medium. Each week the expression pattern @RFand c-Kit receptor were analysed after
IgE mediated activation of the cells. The FACS wsial of c-Kit and FeRI expression of
RhoH null MCs in comparison to RhoH wt MCs indicht@o differences in MC

developmer(Fig. 4.22A) the same was true for all time poi{dsta not shown) To address
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the question of morphologic differences betweenHRUeficient and wt MCs, which could
occur independently of the expression of MC specdurface markers MC specific
histological Touluidine Blue staining of MCs wassal performed. The metachromatic
staining of MCs derived from RhoH null and wt micwlicated no obvious morphologic
abnormalities between RhoH null and wt ME%. 4.22B) Additional western-blot analysis
of MC specific proteases confirmed that RhoH nuotigenitors can differentiate to M@Big.
4.22C)However, thes@ vitro experiments do not clarify the vivo situation regarding MC
development, number and distribution in RhoH KOenic

(A)
A~
| m.; 23 &
g
;2‘ "o 03| a "y 03| G
: w 10 o mw‘u“ w‘nl’ mr 1‘15
FceRI-FITC
(B)
B . RhoH --
| .
'.
(©)
wt  RhoH-~ DC Fig. 4.22 RhoH-/- progenitor cells differentiate tomorphological typical
mast cells
omcrrs | S (A)FACS analysis of mature MCs (right panel: wtf lginel: RhoH null) MCs
were activated with 1% IgE overnight and co-staindth PE-c-KIT and

FTIC-FRI antibody. Presented results from one represestakperiment

n | — (n=3). (B) Cytopspins from bone marrow derived MCsdéW4) were prepared
o--Actin — —— and stained with Touluidine Blue (n=2)(C) Lysatedviifs from RhoH ko and

wt mice as well as dendritic cells (DCs) from cohtrice were prepared and
separated using 12% SDS PAGE. Proteins were ddtacting enhanced
chemicluminescence. Presented result from one septative experiment
(n=2).

4.2.5. RhoH is important for FceRI mediated degranulation of MCs
There were no obvious morphologic differences regabifor neutrophils generated from
RhoH ko mice. However, the GM-CSF induced neutrogbecific release of leucotriene, and
thereby the function of neutrophils, was found ifmpaired in RhoH ko mi¢&. To check
whether the same would be true for MC specific fioms of IL-3 derived RhoH ko MCs,

showing previously no obvious morphologic or depet@ntal defects, the antigen triggered
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release of the major mediator of anaphylaxis, mgia, was measure@-hexsosaminidase
assays were performed using fully differentiatee3liderived MCs from RhoH ko and wt
mice. Degranulation of MCs was triggered after dhégen, trinitrophenol (TNP)-haptenised
ovalbumin (OVA), induced aggregation of the IgE bdu~cRI, therefore MCs were first
incubated with 1% anti-TNP-OVA-IgE conditioned meai and then challenged with distinct
concentrations of TNP-OVA (0-10 ng/ml). The relehas well as the remaining intracellular
MC mediators were measured. The measurement ofettegme is a parameter allowing
inferences on the release of MC specific mediatmiduding histamine. Interestingly, the
results of the colourimetric reaction indicatedaitive MC antigen mediated degranulation
of RhoH deficient MCs. At each TNP-OVA concentrati@hoH deficient MCs were found to
degranulate to a lesser extent than wt MCs. Mostarkably at the lowest TNP-OVA
concentration of 0.0001 ng/ml RhoH ko MCs were fbtm degranulate to less than 25% of
the degranulation potential detected in wt MEg&y. 4.23) Even at the highest TNP-OVA
concentration of 10 ng/ml the MCs lacking RhoH shidegranulation decreased to 60% of
the amount measured in wt MCBig. 4.23. These experiments suggest that even though
RhoH does not play a role in the IL-3 dependerfedghtiation of MCs, the antigen mediated
function of MCs, such as degranulation, seem téesfifom the lack of RhoH and that there

may be defects in ERI mediated signal transduction.
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Fig. 4.23 Defective histamine release of

Bw RhoH null mast cells

O RhoH - Histamine release of MCs derived from
RhoH null and wt mice BMCs, previously
activated with 1% anti-TNP-OVA-IgE
overnight and incubated with indicated
concentrations of antigen TNP-OVA for 1h.

K = ' | ' ' | . Degranulation was determined b-
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hexosaminidase release. Presented results
0.0001 0.001 0.01 from one representative  experiment
TNP-OVA ng/ml performed in triplicates (mean + SD); n=2.
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4.2.6. RhoH-/- MCs show impaired release of IL-6 and TNF-a

To address the question of functional defects @hlgea lack of RhoH in MCs, cytokine
release was determined. MCs are known to releaseffammatory cytokines in response to
antigen challenge and thereby induce and promotauine responses in the organtdn
Degranulation of MCs was again triggered by TNPthaiged OVA induced aggregation of
the IgE bound FRI. From previous hexsosaminidase experiment it eaasluded that an
antigen concentration of 0.1 ng/ml would be sudiinti to trigger efficient MC cytokine
release. The comparing the released cytokine cimratiems showed that there were again
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strong differences between MCs of wt and RhoH kimnals (Fig. 4.24) The release of the
pro-inflammatory cytokine IL-6, which is known target immune cells such as T-cells and
other cell typeS**2 was remarkably decreased in MCs of RhoH defigieioe (Fig. 4.24A)

In comparison to wt MCs, which released about 4@@hof IL-6, RhoH deficient MCs were
only capable of releasing less than the half tmwwnt of IL-6, with a concentration of
approx. 200 ng/ml. The decrease in TNFelease, also playing a major role in host immune
defence and inflammatory reactidtiavas even more impressi€ig. 4.24B) While antigen
challenged wt MCs released about 380 ng/ml, of TNthe release from RhoH deficient
MCs was negligible. Again this observed defectntigen induced cytokine release indicated

that downstream signalling of &Rl mediated signals are impaired due to the ladRradH.
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Fig. 4.24 Defective cytokine release of RhoH null ast cells

(A)IL-6 release of MCs derived from RhoH null and mitce BMCs, previously activated with 1% anti-TNP-OVgE
overnight and either treated with 10 ng/ml TNP-OWAleft untreated for 5 h. Release was determinedlLky specific
ELISA. Presented results from one representatipem@xent performed in triplicates (mean + SD) né®. TNF-a release
of MCs derived from RhoH null and wt mice BMCs, preisty activated with 1% anti-TNP-OVA-IgE overnighidaeither
treated with 10 ng/ml TNP-OVA or left untreated forh. Release was determined by TtBpecific ELISA. Presented
results from one representative experiment perfdrimériplicates (mean * SD) n=2.
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5. Discussion

5.1 RhoH expression is regulated by IL-3 and modulates IL-3
induced proliferation

The results of this study have demonstrated thaiHRfunctions as an inhibitor of IL-3
dependent cell proliferation. Neither the starvatimor the long-term cultivation of IL-3
dependent BaF3 cells was shown to have an effedch@megulation of RhoH expression
levels. Only treatment of starved cells with IL-8used a downregulation of RhoH mRNA
levels within 5 hourgFig. 4.1) The results confirmed a transcriptional regulaiodd RhoH in
IL-3 mediated signal transduction. Transcriptioregjulation of RhoH was already shown by
pervious studies to to be crucial for proper sitinglin T-lymphocytes and neutropHits®

In contrast to this study the treatment of T-lymgytes and neutrophils with PMA or GM-
CSF led to an increase of RhoH expression and ligettee transcriptional upregulation of
RhoH was interpreted as indication for a functiordé of RhoH in the defined cell subsets
by the investigatof$'°® However, since RhoH is known to be a negativeuletgr of
hematopoietic cell proliferatidn it was assumed that IL-3 dependent induction of
proliferation would most probably cause a decrealsendogenous RhoH levels to allow
proproliferative signalling. The considerably hidgévels of RhoH, when cells are kept
continuously in IL-3 containing medium and after3Lstarvation(Fig. 4.1) suggests that
RhoH levels are dynamically upregulated and rensaimanced to control events involved in
IL-3 mediated signalling. Analysis of IL-3 dependewll proliferation with altered RhoH
levels confirmed previous work of Liu in which higkhoH levels had a specific inhibitory
effect on IL-3 dependent proliferation regardlekthe IL-3 concentratioli? in comparison to
parental BaF3 cellgFig. 4.3) In this study an additional control (Mock), aslwaes RhoH
underexpressing cells were included into CTG peadifion analysis, proofing the reliability
of the previous resuft¥ While the proliferation assay with constant ILs8ncentrations
shows rather small differences between the pralif@n rates of the distinct cell lin€big.
4.3A), the CTG assays clarify the inhibitory effect didd on IL-3 mediated proliferation
(Fig. 4.3B) Assays were carried out with empty vector trassducells as control. Since
shRNA was used for knock-down of RhoH it should dmnsidered to use BaF3 cell
transduced with control shRNA containing vectoraalitional control for proliferation as

well as signalling experiments to disclude shRNAlraged off-target effects.
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However, since RhoH underexpressing cells seemachrinhibitory levels of proliferation at
latter time points, future experiments could in€utie investigation of proteins which are
involved in contact inhibition of proliferation, wdh might be deregulated by a lack of RhoH
134135 RhoH is a known negative regulator of the adhregimtein LFA-1*° and also of
Racf® several reports show that adhesion moleculesyedisas the GTPase Racl, are
taking a substantial part in mediating growth irifoib*>***%> The results also highlighted that
the inhibitory effects that RhoH had on prolifeoati were specific for IL-3 induced
proliferation and are not detectable when the ap®KkL-3 is replaced by the growth factor
Epo (Fig 4.3C) Although, Epo does not belong to the IL-3 fanulycytokines®. To check
whether some of the observed effects may resuth feo RhoH dependent deregulated
signalling of the commof chain of the IL-3 receptor further proliferatiorperiments with
IL-5 and GM-CSF should be considered since JAK-STA&diated signaltransduction, for
example, is reported to depended partly on thehercommor chain of the IL-3 receptdt
Finally it would be interesting to investigate t@nsequences on IL-3 dependent proliferation
of the T36A mutant variant of RhoH, since it isogpd that SCF-1 mediated proliferation in
HPCs remains unaffected when the T36A variant atsiaf wt RhoH is transduced into the

cells.

5.2 RhoH: Fine-tuning of IL-3 dependent JAK-STAT signalling

The JAK-STAT pathway is one of the major signallingscades in hematopoietic cells,
controlling cell survival, proliferation and diffentatior*”**® STAT1 is known to initiate the
transcription of genes leading to cell cycle armrsapoptosis in ceff RhoH expression was
reported to induce apoptosis in HPCs, explaining ¢ibserved decreased cell cofhts
Preliminary data from Lius® work suggest that imsed RhoH levels modulate
STAT1/STATS5 activity®. However, these experiments were performed witerpal BaF3
cells as control cell line and did not include theestigation of RhoH underexpressing cells.
In this study it was confirmed that increased Rlieddression amplified IL-3 induced STAT1
phosphorylation(Fig. 4.4) in comparison teempty vector transduced cell line. The FACS
experiments imply slightly less IL-3 induced STAThosphorylation in siRhoH cells
compared to control cells. The significance of thiference however was not determined
during this study and can be subject for futureeexpents. The STAT1 activation did not
lead to enhanced apoptosis, instead it resulteegtninanced expression of the STATL1
dependent CDKIs p247°P! and p2'#"* ** 3{Fig 4.5) However, as well as being regulated by
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STATL, p2#** has also been described to be modulated followirjtreatment of celf€®
The enhanced expression of CDKIs was a result a@HRbverexpression, suggesting an
increasead G1 cell cycle arrest in RhoH cells. ifgeiction of a cell cycle arrest however
remains to be carried out in further experiments\@ould support the hypothesis that there is
a different mechanism in the IL-3 dependent sydbgmvhich RhoH can inhibit cell counts

other than its known role in inducing apoptosi$iPC$®,

While the induction of STAT1 by IL-3 is poorly degmed, IL-3 is well known as a potent
inducer of STAT5 phosphorylation, which initiatésettranscription of genes required for
proliferation and survivaf® Previously generated data from Liu suggested fRiaoH
overexpression results in decreased IL-3 inducediTSTphosphorylatiotf> However, these
studies used parental cells as control cell lingeimd of empty vector transfected cells.
Analysis of empty vector transfected cells is aé@pl importance since virus particle based
transduction of cells may target immunestimulaiosyhway$*® and thereby modulate STAT
activity. Furthermore, the previous data did nobvie solid information about the
phosphorylation state of STAT5 in RhoH underexpressells® In this study it was
confirmed that enhanced RhoH expression is abiehibit the phosporylation of STATS and
thereby its activation following IL-3 treatme(iig. 4.6A), it was also found that the shRNA
mediated regulation of RhoH expression resultedninanced levels of IL-3 induced STAT5
phosphorylatior(Fig. 4.6) The elevated STAT5 activation was difficult tveal on the first
sight using the STATS IP results, because of irsgdatotal STATS levels. However the
signal quantification and additional FAGBig. 4.6B) experiments supported the increase in
IL-3 induced STAT5S activation in siRhoH cells, whieventually leads to an increased
transcription of genes, important for cell cycleognession and the recovery from IL-3
starvation. A potent downregulation of g24"* and p2#"* protein levels was not detectable
in siRhoH BaF3 cells, compared to control cellsisT¢ould be a result of the already weak
expression levels of RhoH in BaF3 c8lIsFurther, shRNA mediated downregulation of
RhoH in BaF3 cells may not cause a decrease iexpeession of the CDKIs as this could
probably be detected when endogenous RhoH expnelesiels are on a higher level. To thest
this hypothesis shRNA mediated knock-downs of RhioHIL-3 dependent cell lines with
higher endogenous RhoH expression remain to bernpeefl and tested on the expression
changes of p2£7P* and p2¥**.
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Although low levels of RhoH did not protect celleoorh apoptosis caused by cytokine
withdrawal in the first instance, cells underexpneg RhoH were found to be able to recover
from long-term IL-3 withdrawal in comparision tordool cells(Fig. 4.7) This suggested that
siRhoh cells are able to react with higher efficketo the cytokine IL-3, while parental cells
expressing higher levels of RhoH failed to respawith recovery and proliferation. This
hyptothesis was confirmed by the finding that Rhmterexpressing cells showed decreased
surface expression of the IL-3 receptor alpha chaibil23, while cells with low RhoH
expression exhibited increased expression of COOERR 4.8A). This increased in CD123
surface expression in siRhoH cells was comparaiydnd showed high variation between
experiments. It was assumed that the variatiorsgly depended on the shRNA mediated
RhoH knock-down efficiency and that the slight gese in CD123 expression could be a
result of already weak endogenous RhoH expressi@ak3 cells and further downregulation
of RhoH as performed in this study would not lea tstong induction of CD123 expression.
Nevertheless, it was hypothised that low RhoH levieduce an enhanced activation of
STATS5 in response to IL-3 and the elevated expoessf the transcription factor IRF{Fig.
4.8B). The ability to recover from cytokine withdrawa well as the increased proliferation
rate of siRhoH cells can be dedicated to the erdthdelivery of proliferative and survival

supporting signals by the increased IRF-1 medi@ed23 surface expression.

IRF-1 is classically known to be involved in inendn-1/STAT1 dependent signal
transductioi*®**?but which was also reported to be a STAT5 depenelary response gene
in G-CSF mediated signaltransduction in neutrophilfhe surface expression of CD123 is
thought to be a result of STAT5 dependent IRF-Iresgion in AML cell§'™. Interestingly,
RhoH overexpressing cells also showed a slightyakd level of IRF-1 expressigRig.
4.8B) compared to control cells, which is not surpriscansidering the elevated STAT1
activation in response to IL-3 in RhoH BaF3 cells. mentioned above, IRF-1 is classically
described as a target of STAT1 mediated signdflitherefore the enhanced STAT1
phoshorylation in RhoH cells leads to elevated RExpression, with different signalling
targets than the CD123 surface expression obsemvei@®hoH cells. Similar observations of
insignificant STAT1 mediated IRF-1 regulation weanade in studies investigating signalling
pathways induced by G-C&F

This result, in particular, highlights that RhoHpesssion may function as a tool to finetune

IL-3 mediated proliferative and inhibitory STAT daplent signals by tandem activation of
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either STAT1 or STAT5 and their target genes. Ithlmases, STAT5 and STAT1 activation,
the outcome of experiments performed with an inactRhoH mutant would be highly
interesting. Although data from previously perfodneporter gene assays of the Kubatzky
lab exist, suggesting a RhoH modulated IL-3 depenh&@3 AT1 and STATS5 transcriptional
activity'%?, futher investigations of the transcriptional wityi of STAT5 specifically leading
to IRF-1 expression in comparison to appropriatatrad cells need to be conducted.
Additionally experiments to investigate the IRFebulated CD123 expression in BaF3 cells,
remain to be performed. Additionaly, CD123 expresshould be tested on cells with higher
endogenous RhoH levels after sShRNA mediated Rhadthkaaown to further investigate the

increase in CD123 expression.

5.3 RhoH expression in THP-1 cells, correlates with
increased IRF-1 and decreased CD123 expression

Enhanced CD123 expression, together with incre&3eAT5 phosphorylation and elevated
IRF-1 expression are reported to be characterietitures of primitive AML celf8®. The
observed effects are described to result in hige#mroliferation rates and are considered as
negative factors for patient progndsfs** Other investigations demonstrated that RhoH gene
expression in AML cells is remarkably decreased #mat lower RhoH levels are also
considered as poor prognostic marker for patientigai®*. In this study the observed effects
in siRhoH cells were connected to the AML charastier features using the AML derived
monocytic cell line THP-1 as model systérig. 4.9) It was demonstrated that reconstitution
of RhoH expression in THP-1 cells lowered both IRfexpression and CD123 surface
expression. RhoH reconstitution is suggested tiintne elevated STAT5 activation in these
cells, thereby targeting the STAT5 induced IRF-presgsion, which finally leads to lower
CD123 surface expression in THP-1 cells. Howevemmementary experiments showing the
changes of STAT5 activation, following RhoH recatoion in THP-1 cells remain to be
carried out. Like in the BaF3 system, these studiesd to include the investigation of
eventually occurring RhoH dependent changes opthkferation behaviour of THP-1 cells.
Additionaly the transcriptional activity of IRF-lemains to be determined to clarify the
impact of RhoH modulated STAT5 activation. Studiegestigating the treatment of AML
have suggested targeting of CD123 on AML blasth Wit3 ligand variants fused to catalytic
portions of bacterial toxii&>. However, the use of such a treatment in humaniaause
unexpected and unfavourable adverse effects, D23 is also present on other cell types

such as different progenitor subsé&tsA promising approach to treat AML could therefore
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the targeted reconstitution of RhoH in AML cellstbe attempt to find molecular candidates

leading to an upregulation of endogenous RhoH esa in the malignant cells.

5.3.1 RhoH is underexpressed in lymphoma derived cell lines with
abberant signalling patterns and immunophenotype

Elevated STATS activation, as well as the alteresistance to cytokine withdrawal and
enhanced proliferation rates as observed in Rhatt¢naxpressing cells during the course of
this study, are broadly found among malignant heptic disorder$>*° In a first attempt
to identify additional hematopoietic malignanciehiere RhoH underexpression may be
involved in cancer progression was performed by mamng the effects caused by a lack of
RhoH with described leukemia features. Differerit lages derived from B-cell Non-Hodgkin
lymphoma (B-NHL), as well as from ALCL lineages, analysed upon their RhoH mRNA
expressior{Fig. 4.10)

ALCL are described as a biologically and clinicatigterogeneous subtype of peripheral T-
cell lymphoma, with an aberrant immunophentotyp&LCL can commonly be detected to
inhabit chromosomal translocations, of which mogtky tyrosine kinase, ALK is found to be
under the promoter control of the nucleolar phogpbiein NPM* % Studies indicate that
upon expression of NPM-ALK enhanced STAT3 and STAphBosphorylation results
correlating with higher cell cycle progression satnd cytokine independent growth™
There is growing evidence that the constitutivévatibn of small GTPases such as Racl and
Cdc42 are contributing to the oncogenic featuredlBM-ALK rearrangements in systemic
ALCL%"*® and the enhanced expression of RhoH is reportéste an inhibitory effect on
the activity of other GTPases, such as Racland Z8& Proteomic analysis of NPM-ALK
positive and negative cells also revealed alsodihvenregulation of the phosphatase PTP,
which was demonstrated during this work to be a@eraction partner of RhokFig 4.18) to
the cancer progressive attributes of NPM-ALK pesitcells*’. Most interestingly ALCL
cells are reported displaying peculiar T-cell immphentoypes, which is the phenotype of
cells of hematopoietic neoplasms defined accorttntheir resemblance to normal T-cells.
ALCL are commonly deficient for TCR and T-cell r@ter associated molecules Zap70 and
CD3 expressioff’and CD4/CD8 expressiofl. Studies of RhoH in T-cells revealed its
importance for TCR mediated thymocyte selection araturation and for TCR mediated
CD3( phosphorylation and Zap70 recruitment to the imohogical synapse, indicating that
RhoH is a component of the TCR signalling comf5&% Together with the previous findings
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of this work, in which RhoH acted as an inhibitor k-3 induced proliferation via
modulation of the JAK-STAT signalling pathway it svAypothised that in particular ALCL
derived cell lines, and in more detail the NPM-ALKLCL types, because of their reported
STAT signalling signature, would show a characterislownregulation of RhoH. The
analysis of the RhoH mRNA levels demonstrated MRM-ALK positive, as well as NPM-
ALK negative ALCL types, exhibited significantlywer expression of RhoH than control
cells (Fig. 4.10A, 4.10B) Further studies will be required to address thestjon of the role
and consequences of a loss of RhoH expression irCLALsubtypes. Sequential
phosphoproteomic analysis or cDNA microarrays penéd with ALCL subtypes, or ALCL
cells with different RhoH expression levels, couilddicate in which direction the
reconstitution of RhoH, which was shown to be reeplifor proper TCR signalling, would
drive the ALCL characteristic inmonophenotype. tdery to gain further insight into the role
of RhoH in ALCL disease progression further invgations including the abnormal ALCL

phentoype, will be cruical to our understandingh& molecular mechansims of this disease.

Interestingly most of the the analysed B-NHL subtyplso showed prominent and significant
downregulation of RhoH on mRNA levdFig. 4.10D) This lymphoma type exhibits
constitutive STAT5 activation, which allows the geation of B-cell precursors growing and
surviving in a cytokine independent stdfe Remarkably RhoH was reported to be targeted
for aberrant somatic hypermutatidh¥° as well as aberrant chromosomal rearrangerénts
but not described to be underexpressed in this iyma subtype. The results of this study
showed that these cells seem to underexpress RioWel, although the T-lymphocyte
Jurkat served as a control cell line and not a IBloe, which would be more comparable in
terms of proper gene expression analysis. In thedwstudies of RhoH underexpression and
its consequences should be subject of further tigaggn. However, cell lines of other B-cell
lineages, the so called NHL mantle cell lymphomiatyoes, were also analysed to determine
the RhoH expression levels. Surprisingly, in thibtgpe the RhoH expression was slightly
higher than the expression levels detected in Jeedbs (Fig. 4.10C)

Mantle cell lymphoma, is an aggressive lymphomae tyith t(11;14)(q13;q32) translocation
that is reported to express uniquely high levelsyaiin D1, approximately four-fold higher
than detected in other B-cell lymphoma types. Theogenic protein cyclin D1 is a major
activator of the cell cycle machinery and is ddsauli to be transcriptionally regulated by

STAT5" In healthy mature B-lymphocytes cyclin D1 is kmoto be downregulatetf®
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Considering the connection of RhoH to the cell eytlachinery via counterregulating the IL-
3 dependent STAT1 /STATS5 activation, in particutarough the modulation of the STAT1
dependent CDKIs, the detected upregulation of Rimotdantle cells could be the result of the
cells effort to use inhibitory mechanisms to neligea elevated cell cycle progression.
However, mantle cell lymphoma shows an increasedepsomal degradation of CDKIs,
leading to their depletidf®. Therefore the attempt of the cell to inhibit agltle progression
by enhanced RhoH expression is unlikely to succésen so, studies made with B-cell
chronic lymphocytic leukaemia (CLL) also showedugmegulation of RhoH mRNA levels,
positively correlating with the expression of Zapvldich is a prognostic marker in aggressive
CLL (approx. 65% of all diagnosed patient sampfés)zap70, which enhances B cell
receptor signalling and thereby contributes topghthogenesis of CLL, is known to interact
with RhoH in order to mediate proper T-cell receptignallindg®. It was demonstrated that
the loss of RhoH contributes to a significant delaylisease progressifh However, only
8% of mantle cell lymphomas are found to overexp#ap70™°, which highlights that in the

case of mantle cell ymphoma, RhoH may play a kffié functional role.

5.4 RhoH interaction partner binding is IL-3 dependent

Proteomics is a powerful tool for gaining insighta target protein interactions as well as
signalling cascades involved in the function of iineestigated protein. In order to obtain a
detailed understanding of how RhoH interferes Witl3 dependent signalling, and is thereby
able to modify major hematopoietic signalling cakesa such as the JAK-STAT pathway,
GST-pulldown assays were performed with recombi@8T-fusion proteins. These assays
were carried out with recombinant GST-fusion prateof wt RhoH and the T36A effector
domain mutant variant of RhoH, being incubated Wytates of IL-3 treated and untreated
BaF3 cells. The resulting protein eluates were extibjo mass spectrometry analydisg
4.18) The aim was to identify new interaction partnefr&hoH, with particular relevance for
IL-3 dependent signalling and more-over to undexstather as yet unresolved questions

about the function of RhoH in the IL-3 dependerit £gstem.

Mass spectrometry is a highly sensitive method,ctvhincreases the tendency for false
positive hits. GST-fusion proteins were produced aarified fromE.coli. In theory, only
proteins with GST-tag should stick to GSH-beadsweler, many bacterial proteins are
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known to interact unspecifically with the targebiain and the complete removal from the
final GST-fusion protein is not possible. This ieywthe GST-only sample was included as a
negative control into the experimental layout. R&td proteins from thsese samples were
excluded for further evaluation. Additionally thesults of all mass spectrometry runs were
cross analysed in da.coli peptide data base. This was required to excludenpal E.coli
proteins from further investigations, although thés chance that some highly conserved
proteins of eukaryotic origin might also be excldd@&nother common source of error are
protein clusters. Many proteins are forming signgllcomplexes by physical interactions.
Even if only one candidate of the cluster is adyuable to directly interact with the target
protein there is a high possibility to detect salgproteins of the cluster with mass
spectrometry. Multiple washing steps within theification procedure, as well as technical
and biological replicates as applied in this stady thought to diminish but not to fully erase
unspecific hits. To further optimize the statisticalevance of the detected hits irregular
occurring peptides, such as non-reproducable withi6 the biological/technical replicates)
and single peptide hits (from one protein, in oar)rwere also removed from the list of
potential RhoH interaction candidates. Despitalake procedures, the resulting protein hits
obtained from the mass spectrometry data were derexi only as indications for a possible

protein interaction between RhoH and the corresimgngrotein.

The statistical analysis of the results of thessliess was remarkable and gave raise to a
number of new questions. The study of protein bigdio the target proteins resulting from
the differently cytokine treated cells confirmeattprotein binding and therefore downstream
signalling of RhoH, depends to a great extend @ phor presence of the IL-3 stimulus
(Fig.4.13) A closer look at the gene ontology function oé tidentified IL-3 dependent
interaction partners, confirmed not only that thenber of binding partners differs, but also
their mediated cellular function&ig. 4.15) 35% of the candidates interacting with RhoH
under IL-3 treated conditions were found to be Imgd in nucleic acid processes. The
precentage of interacting partners with the sanme gmtology increases to 46% when cells
were starved before. Another example for the fumeti shift depending on the IL-3 treatment
are proteins with functional responsibilities irethytoskeleton. The proportion of proteins
found in lysates of cytokine treated cells is alit% and drops, in regard to the total number
of interactions, to 9% in the group of cytokine epéndent bindings and is even lower with
7% after cytokine withdrawdlab. 6.1.2.1 Appendix)
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The explanation for this phenomenon of the cytokimatment dependent changes of the
function of interacting proteins, are most likelgsgtranslational modifications. The previous
cytokine treatment leads to the activation or ivation of proteins allowing or preventing
specific interactions with RhoH. However, not orpgsttranslational modifications can
depend on cytokine treatment, but also the praepression of the found interaction partners
may be affected by the cytokine treatment. Thestaption and protein expression of
particular genes is initiated when the IL-3 sigisateceived. Posttranslational modifications
initiated by cytokines are broadly reported andlarewn to influence the protein interaction
ability of proteins. The same is true for the esgren and synthesis of new proteins, which is
only efficiently promoted when cells are receivisigfficient signals to enter the interphase
state. Also, IL-3 deprivation of BaF3 cells is alite introduce apoptosis leading to the
subsequent degradation of proteins which otherwiseld be able to interact with RhoH.
Taken together these data support the IL-3 depéndealvement of RhoH in signalling
pathways through altered protein binding patteesedding on IL-3 treatment.

5.4.1 Similar proteins can bind to RhoH and to its effector domain
mutant variant

An unexpected functional conlusion was made abdwiHRregarding its ability to interact
with proteins when studying the interactions odogrbetween wt RhoH and with its
supposed loss-of-function mutant T36A. The effeckmmain T36 in GTP binding proteins is
reported to be fundamental for GTP binding, as aslfor the interaction with downstream
effector§’. The analysis of the binding patterns of protdifsb. 4.1)to the different RhoH
versions suggested that there are indeed sevesdims which are able to bind to RhoH
despite the T36A mutation. As these interactiongen@ccurred in GST-only samples the
detected candidates were considered to be solicsp@cific interactions. There is only one
report using the T36A variation of RhoH as an inectontrol, for HPC growth assays. The
proliferation assays performed with the mutant asatridemonstrated that the inhibitory
function of RhoH on SCF-1 mediated proliferatiohast when cells were transduced with the
T36A mutant variant instead of wt Rh&HThe authors suggest that this is simply due ¢o th
inability of the protein to interact with its downsam effecto$'*© However, the results of
the RhoH proteomic analysis performed in this stsdggest a broader answer to the
observed phenomenon.
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The observations of this study indicate that indase of the atypical GTPase RhoH a simple
mutation of its key threonin, located at the switegion, is not sufficient to abolish possible
interactions in IL-3 mediated signalling. Even lilet T36A mutation is still crucial for the
RhoH mediated suppression of growth factor indueéfdcts in HPCE, there could be
different interactions and functions of RhoH, stilediated by its other Rho protein typical
structural compartment@-ig. 5.1) Different publications have described the impucta of
the C-terminal CAAX-box of small GTPases, whichreguired for the proper localisation of
GTPases for protein interactions, as well as fer@1Pase function and for the interaction of
GTPases with other protefid®’ Similar observations were made for RhoH’s C-teahi
CKIF motif, where the cross-talk betwe&hoH and Racl in the regulation of the actin
cytoskeleton of hematopoietic progenitor cells was/en to depend on RhoH CAAX Bix
RhoH also inhabits a unique ITAM motif, which mdi#tely serves as a docking site for
Zap7@d° and SyR°> 4 In this study the interaction of RhoH with Syk svanly detectable
among the interactions which were able to bind toRRoH (when cells were previously
treated with IL-3). Other reported interaction pars of RhoH are GDI§ In contrast to the
interaction of RhoH with Syk, thex isoform of RhoGDI detected during the mass
spectrometry analysis, appeared as an interactastngy of RhoH that seems to bind
independent of the presence of threonine on pasktin RhoH(Tab.6.1.1.2 Appendix)but
only in IL-3 treated cells. To further clarify anohderstand the importance of structural key
elements of RhoH and their importance for RhoH nteteéd IL-3 dependent signal
transduction it is required to continue the masscgpmetry based, as well as biochemical
and immunological protein interaction, investigagoof RhoH interacting proteins with
different structural modified versions of RhoH, Buas the deletion of the putative NLS in the
polybasic region, the CKIF motif as well as with tation variants of the RhoH ITAM-motif
and again the T36A variant of RhoH.

Effectors Effectors Effectors Effectors Flg 51 Structural
GAPs GAPs GEFs ;
GErs st aDls dom_auns of GTPas_es
GDIs GDls serving as proteln

interaction sites

The different regions of
RhoGTPases are serving as
interaction sites for
regulatory and effector
proteins (switch 1, switch
Switch | Switch II II, Rho insert, Polybasic

region (PBR), CAAX motif

) (modified from

DerMardirossian and
Bokoch, 2005)
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5.4.2 IL-3 treatment determines the subcellular localisation of RhoH
interacting proteins

Cytokine stimulation causes protein trafficking amdruitment in the cell. This process of
protein recruitment is important for various ongpsignal transduction mechanisms inducing
cell proliferation, polarisiation, migration and tiity. Cytokine induced posttranslational
modifications of proteins can influence their ajilio bind to certain adaptor proteins, which
introduce the accumulation of proteins into differeell compartments”**’ The subdivision
of all detected interaction partner of each sanfple T36A-RhoH) under each condition
(with IL-3 treatment, without IL-3 treatment) acdorg to their “classical” cellular
localisation gave further insight on the subceHuteechanisms RhoH may be involved in
(Fig. 4.15) The majority of protein hits showed a clear &fibn to one of the resulting
groups but there was also a cluster of proteinsanfiomly occurring hit§Tab. 4.1) “No
pattern”). Assuming that these proteins are mdslyi unspecific interactions, this study
focused on the proteins of the remaining groupk wi¢ar affiliation patterns. IL-3 treatment
caused interactions of RhoH with proteins that weoalised to the cytoskeleton, while this
compartment disappeared when comparing to theds®86A group. This compartment also
was not present in the samples of the cytokinedsatived sample@~ig. 4.15) On the other
hand, among the hits specifically for IL-3 stansaimples and for the mutant RhoH variant,
there were increased fractions of nuclear protelagectable(Fig. 4.15) This strongly
indicated that the stimulation level not only definthe interacting protein but in more detail
also seemed to affects the localisation and thetimal role of the interacting protein. The
mutation of T36A(+IL-3), which is thought to resuiit a loss-of-function mutant of RhoH,
showed remarkable differences in the subcellulatribution of the binding partners when
compared to those found in wt RhoH. This circumstamowever, highlights that this region
of fundemental functional importance for typical BaSes, may also play a profound role in
RhoH, when defining the origin of proteins that ¢amd to RhoH.

5.4.3.1 IL-3 dependent subcellular localisation dRhoH

The statistical evaluation of the mass spectronaty implied a cytokine dependent cycling
of RhoH into different cell compartments since #fisence or presence of the cytokine was a
major factor in defining the nature and the suldatl distribution of the interacting
candidates. The Rho GTPase Racl facilitates diffefenctions in the cell which are

specified by its subcellular localisation, it isosin to cycle between cytoplasm and the
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nucleus where it is thought to play a role in pedliferation® In response to growth factors
and chemokines, Rho GTPases such as Racl and Radé@wn to accumulate in the cell
membrane where they direct cytokineses and fodaésidrt®®. Initial experiments with the
IL-3 dependent cell line BaF3 suggested that at leathe IL-3 dependent system, there may
be an IL-3 induced recruitment of RhoH from theopjasmic fraction to the nuclear
compartmen(Fig. 4.16B) Cytokine withdrawal seem to drive the GTPase RhbmiHuclear
compartments, while shortly after retreatment witokine there is an ubiquitous distribution
of the GTPase. Several Rho GTPases, such as Racbnthin a canonical NLS within their
polybasic region (PBRY’. PBRs are of importance for the proper functiothef GTPases as
well as for their membrane localisatt6h In the case of Racl it was shown that the NLS, is
of importance for the regulation of its nucleamsport, when it is coupled to larger protein
complexes that are unable to pass through nucleasp'® It remains to be clarified
whether the polybasic region of RhoH which lacke ttanonical NLS, as described by
Williams*®? is still able to mediate a regulated transporRbbH to the nucleus. If this IL-3
induced transport turns out to be the case themrdhsequences would be a more thorough
understanding of how RhoH is able to interfere witie IL-3 dependent JAK-STAT
signalling pathway. If the PBR of RhoH does notuoe the nuclear localisation of RhoH,
another interesting aspect would be the identificabf the nuclear transport mechanism of
RhoH. A possible mechanism could be the bindingthe protein Importin containing
complexes, which were observed to facilitate thelear import of Rac1-STAT5 complexes

as welf®

. Moreover if there is a cytokine dependent reamaitt of RhoH to the nucleus by
starvation; this should be validated by investyadi of recruitment-kinetics. The
microscopical analysis of the cells implies addiéitly reduced RhoH protein levels after
starvation (Fig. 4.16A) The western-blot, as well as the microscopic yamslof RhoH
localisation are only initial experiments and oWlguality, for instance future western-blot
anaylsis, need to include proper controls for temasmic and nuclear compartmens. RhoH
is known to be subject to proteosomal degradatifter fCR stimulatio”. Follow-up
investigations need to include the observation bblR degradation at the protein level in
order to gain further insight into the functionale of RhoH and the mechanisms by which it

can be regulated in the IL-3 dependent system.
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5.4.3 RhoH interacts with Cofilin-1 in HEK cells

Western-blot validations of the mass spectromegéteced interaction partners in HEK cells
involved Cofilin-1, were carried oFig. 4.17) Commonly known as a downstream effector
of the GTPases Racl and Cdc42, Cofilin-1 is a keleaule of cytoskeleton rearrangement
"4 Racl and Cdc42 regulate Cofilin-1 induced aatim-bver by the activation of the p21-
activated kinase (PAK1) which is able to induce @udilin-1 inhibiting LIM-kinase®®. RhoH
itself is reported to take part in the regulatidnchemotaxis and homing of hematopoietic
progenitor cells, mainly by inhibiting proper Raadtivation and recruitmefit®”. However,
the direct protein interaction of RhoH and Cofilinimplies that there could be different
mechanisms, by which RhoH can modulate cytoskeletediated processes. Besides of the
known “classical” cytoskeleton dependent processigaal transduction is also known to be
affected by the cytoskeletbi JAK-STAT signalling is described to be modulatgdactin
polymerisation events. The downregulation of Growibrmone (GH) mediated STAT5
activation is reported to strongly depend on a fimmal cytoskeleton, since the treatment with
actin polymerisation inhibitors causes prolonged\$5 activity'®>. In this study a lack of
RhoH was reported to enhance IL-3 induced STATSphorylation, additionally there were
preliminary data suggesting a prolonged STAT5 atiiv as well. However, a possible IL-3
induced interaction of RhoH with Cofilin-1 could ledicative for the stabilisation of the
required actin remodelling in the cytoskeleton.this role, a lack of RhoH would cause a
disruption in Cofilin-1 mediated actin polymerigatj which eventually leads to the observed
prolonged STATS activity. Also, the observed enleh&TATS phosphorylatiofFig. 4.6)
could be a direct result of the cytoskeletal diséunce as in cells with functional cytoskeleton
the downregulation of the signal would work morkcent than in cells with defective actin
polymerisation®>. To clarify whether the binding of RhoH modulatée activation of
Cofilin-1, experiments in which the IL-3 dependg@mtosphorylation state of Cofilin-1, with
and without cotransfection of RhoH should be cdroat. The experiments in this study were
carried out in HEK cells, providing high transfectiefficiency and uncomplicated handling.
However, to address the role of the IL-3 stimulnsthe formation of the RhoH-Cofilin-1
binding, the interaction has to be examined in BaEBs. Also the initial experiments
performed in HEK cells require further controls lsuas a GFP only containing vector

transduced sample to exclude unspecific proteidibgn
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5.4.4 RhoH interacts with PTP1B in HEK cells

Another interaction of RhoH in the IL-3 dependey$tem occurs with the protein tyrosine
phosphatase PTP1@ig. 4.18) This interaction was again due to uncomplicataddfing
and high transfection efficiency validated in HE&lls. PTP1B is widely expressed in tissues
and, due to a C-terminal hydrophobic stretch, (esigkly) localised at the cytoplasmatic face
endoplasmatic reticulum (ER5. Different reports confirm PTP1Bs regulatory effea the
JAK-STAT pathway?1?°1% JAK2, TYK 2 as well as both isoforms of STAT5 wdound to
serve as PTP1B substrates. Additionally this phatgse was found to negatively regulate IL-
3 induced proliferatiof®. RhoH contains five possible tyrosine phosphoigtasites. In the
case of the reported interactions between RhoHZap¥0/Syk the phosphorylation of the
tyrosines in the ITAM motif seem to play a pivotale®®*** although recent studies are
controversely discussing the phosphorylation ofghetive ITAM in RhoH®”. The RhoH-
PTP1B interaction in HEK cells indicates that tynesphosphorylated RhoH may serve as a
substrate for PTP1B. Dephosphorylation of RTKsPAy 1B, requires the internalisation of
the phosphorylated recept®t After dephosphorylation the RTKs are targetedifspsomal
degradatioff®'® The re-localisation or accumulation of the RhoFRa%es at the ER
however, is indicative for their lysosmal degradafi®. RhoH is thought to be targeted for
lysosomal degradation with and without activatiénhe TCR-comple¥. To be functional in
TCR signalling, RhoH is thought to be phosphoryaeits specific ITAM tyrosinds. If IL-

3 induced signal transduction requires RhoH phogditon either on its ITAM or on its
remaining tyrosines this could raise the needHterihvolvement of a tyrosine phosphatase in
RhoH modulated IL-3 mediated signal transductiorhiclv introduces the lysosomal
processing of RhoH by its dephosphorylation. Thedinig of PTP1B to RhoH was not
detectable in the N®Os; untreated sample, at the same time the resultdy inogver
expression level of PTP1B in the saffég. 4.18)which could explain why the interaction
was not detectable in this sample. To learn mooeiaBhoH and its regulatory mechanisms it
needs to be clarified whether in BaF3 cells, tieraction of RhoH and PTP1B is indeed IL-3
dependend, and furthermore, if, and on which tyresi RhoH gets phosphorylated by the IL-
3 stimulus. PTP1B recognise substrates contaimaga sequence (E/D)-pY-pY-(R/K). The
screening of the RhoH aa sequence shows no cledenee for this recognition motif
(Appendix 6.2), indicating that RhoH might serve as a PTP1B satestvia a yet unknown

recognition motif.
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5.5 Summary and outlook (I): RhoH modulates IL-3 induced
proliferation by fine-tuning IL-3 dependent JAK-STAT
signalling

[ W6

P21 waficip1 and p27kip1 IRF1
(cell cycle arrest) 5, CD123
B \ Proliferation

Fig. 5.3 Proposed model for RhoH modulated IL-3 indced signaling

In the case of low RhoH expression IL-3 induces anbd STATS activation followed by an induction dfet
transcriptionfactor IRF-1 which results in enhanc8®123 surface expression eventually leading to asmd cell
proliferation. High RhoH expression leads to enhdr8€AT1 phosphorylation and less STAT5 activati@hoH modulated
STAT1 activation causes an upregulation of CDKIsB2and p2'#* and decreased cell counts by the induction of cell
cycle arrest.The physical interaction of RhoH wiffPRB and Cofilin-1 are most likely taking part imtem regulation of
IL-3 mediated STATS/STAT1 activation. However, tinechanistic details and functional consequencéisesk interactions
remain to be clarified

Of particular interest would be in the future to@stigate the effects of T36A variant of
RhoH on IL-3 mediated proliferation, the phosphatign of STAT5/STAT1 and on the
induced gene expression of IRF-1 and CD123. Thasestigations can be essential to
address the structural key elements of RhoH faradiransduction and as a negative control
for experimental procedures. It is of particulaenest to address the function of RhoH in IL-3
mediated signal transduction to the interactiononé& or two of the identified interaction
candidates in this work, to be able to completelth8-RhoH mediated signaltransduction
pathway. The interaction of RhoH with PTP1B andil@ofl are required to be verified in the
IL-3 dependent BaF3 system to determine the roleytufkine treatment for the interaction of
RhoH with its interaction partners. To gain bettesight into the function of RhoH structural
key elemets such as the CKIF motif within the PBRthe conserved T36, the use of different
mutant variants for protein interaction and signgllexperiments need to be carried out. For
the future a strong focus could be set on eventaaiturring posttranslational modifications,

also in regard on distinct structural features bR, following IL-3 treatment. This work
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suggests the involvement of a protein tyrosine phatse in RhoH modulated IL-3
signalling, it needs to be clarified whether IL-8nailation is able to induce targeted
posttranslational modifications of RhoH, such a®gsine phosphorylation or targeted lipid
modifications. The overerxpression of differentogine mutant variants could further resolve
the question of the functional importance of th@s$yne phosphorylated residues. The use of
prenylation inhibitors could provide additional igist into the relevance of C-terminal
modifications for RhoH modulated IL-3 induced siljing. Also of importance is to draw
final conlusions about the IL-3 dependent shuttbhégrhoH between nuclear and cytoplasmic
compartments and the relevance of this process$Lf8r mediated signalling. Future work
needs to further clarify RhoHs involvement in heopaietic malignancies. In this study the
focus was set on malignancies which potentiallyr b@RhoH related “phenotype”. The
accumulating knowledge about RhoH involvement iMtoR signalling was also used to
profile potential malignancies with RhoH involvemer®©ngoing investigations need to
include RhoH reconsitution experiments in lymphonherived cell lines, to be able to
investigate the impact on cancer progression agrtaling. Of particular interest could be the
reconstutiton of RhoH in ALCL gernerated cells dhd effects RhoH reconstitution would
have on the described T-cell phenotype in ALCL geated cells and whether RhoH

expression modulates disease progression or pryidascribed prognostic markers.
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5.6 The function of RhoH in IL-3 mediated MC differentiation
and function

Mast cells are most commonly known as mediatomnajphylactic reactions; however, these
cells also play important roles in innate and aigagmmunity***’* IL-3 plays a central role
in the differentiation and maturation of erythroidegakaryocytic and myeloid lineag&s
such as MC¥'. Processes regulating stem-cell self-renewal agitl differentiation are
thereby controlled and influenced by cellular siing pathways which can be activated by
IL-3% such as STATS5 activatiofi'™* STAT5 was also demonstrated to play a pivota iol
MC development since MCs were reported to be coilypddsent in tissues of STATS a/b
null mice.In vitro generation of STAT5 deficient MCs was only suctidsshen cells were
incubated with both cytokines IL-3 and SCF-1. Taeklof STAT5 also had a large impact on
cell cycle progression and cell survival and ore lphase response of MG&'"> STAT1
activation, however, is known to play an importaoie in MC survival and MC mediated
inflammatiort’®. The studies discussed in this work demonstratat éxpression levels of
RhoH strongly modulated IL-3 dependent STATS/ STAmduced processes in the model
cell line BaF3. To gain further insight into theyglologic relevance of RhoH and its
involvement in IL-3 dependent differentiation angmalling, as well as its role for allergic
reactions, the studies of RhoH in the IL-3 depehdsstem were continued and emerged
using murine MCsn vitro differentiated in a strictly IL-3 dependent maniierm murine

femur progenitor cells.

5.6.1 RhoH mRNA expression is regulated during MC differentiation

The expression of the GTPase RhoH was previousported to be restricted on
hematopoietic lineagds As RhoH is an atypical member of the Rho GTP4selsing an
intrinsic GTPase activity it is assumed that trasional control is an important regulatory
mechanism for Rho¥. To get a basic idea of the involvement and reipraf RhoH during
IL-3 dependent MC development, BMCs from wt micerevgenerated into MCs and RhoH
MRNA level at distinct time points were measur@edg 4.19) The outcome of this
experiment showed a relatively high RhoH expressioineshly isolated bone marrow cells,
which drops after 5 days of cultivation in IL-3 ¢aiming medium. However, this decrease in
RhoH levels may be explained by a strong IL-3 irdlexpansion of precursor cells in the

early phases of differentiation which would mosblably require the downregulation of
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RhoH, a described inhibitor of HPC proliferaffan The IL-3 containing medium
suppositionally induces a boost in proliferationtire early phases of MC differentiation,
which would be accompanied by a lower differentiatpotential of the progenitor cells. Wt
BMMCs are described to show a high level of S-phassgression in response to IL-3 or
SCF-1, peaking by 36°h However, cell fate decisions are known to be s mainly
during G1 phase, when cells are in a state of@elle arrest’. During the course of MC
differentiation however, RhoH levels are increasumgil the attainment of a plateau value
which is approx. 2-fold the relative mRNA expressioom day 5. This observation strongly
implicated that RhoH in general seem to play anaortgnt role in MC development and
signalling. Studies investigating the stimulus defent RhoH mRNA alterations performed
in T cell derived cell lines or in primary neutralshwere interpreted as indications for a cell
type specific functional role of Rh&M'% For final conclusions about the role of RhoH
during the early phase of IL-3 dependent MC develept and in particular for its
significance for IL-3 induced differentiation, ergmous RhoH levels need to be measured in
progenitor cells during different states of MC diffntiation, in response to SCF-1 another
reported MC differentiation facttf. A similar RhoH induction caused by SCF-1 during M
development would be indicative for an IL-3 indegent regulatory mechanism of RhoH in
MCs. Due to highly varying mRNA levels, the presehtesults were from one representative
experiment from a series of 3 independently peréarrexperiments, showing the clearest
RhoH mRNA differences between day 5 and the follmgMlays. However scientifly solid
data should summarise the outcome of different mx@ats to provide insight into biologic

and statistical relevance.

5.6.2 RhoH null MC progenitors show enhanced proliferation in early
phases of cultivation in IL-3 containing medium

To test whether the progenitor cells of RhoH nulterncultivated in IL-3 would show similar
proliferation behaviour as siRhoH cells, a CelleTiGlo assay was performed using freshly
isolated cells (Day 3-5 after bone marrow preparngtfFig. 4.20 A) Several studies showed
thatin vitro exposure of HPCs to cytokines causes a dramaficoflgene expression patterns
in which cell division genes are turned on or afflifferent phases than genes responsible for
cell engraftment’®*! The early time frame was chosen upon the hypisthésst with
proceeding maturation level of the cells the pesation potential of hematopetiec cells
decreases consideralfl§ which would have complicated the detection of lifemation
differences. However, the results of ATP measureérsbowed an impressive proliferative
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difference in response to IL-3 between RhoH nud am mice progenitors. This leads to the
conclusion that the lack of RhoH in progenitor sefesults, as expected, in elevated
proliferation. A similar observation was made iRIsoH cells, where RhoH underexpression
was demonstrated to result in enhanced IL-3 depegrd€@ATS5 phosphorylation leading to
accelerated proliferation and increased IRF-1 depenCD123 surface expression. However,
the observed altered proliferation rate of RhoHaikefit progenitors is supposally a result of
enhanced IL-3 induced STATS activation, which igarted to be essential for progenitor cell
and MC proliferatiof®*"1%° For final conclusions about the effects causethbl of RhoH,
impacting specifically IL-3 induced proliferationf dHPCs, the investigation of HPC
expansion in response to SCF-1 is required. Toesddthe relevance of RhoH for IL-3
dependent MC development the effects of SCF-1 ogaritor cells deficient for RhoH need
to be compared. Furthermore, the hypothesis okasad STATS activity in RhoH deficient
progenitor cells in response to IL-3 remain to baftmed and ideally compared to STAT5
activation in response to SCF-1, since both cyekiare described to have fairly similar
effects on STAT activation in MC deveopm¥ft Again this experiment was performed
twice and due to high variance between the resulkg the proliferation assay with optimal
outcome was presented. For final conlusions howdher assay needs to be optimized for
solid understanding of the role of RhoH for progeniproliferation in IL-3 containing

medium.

To understand the extent of the similarities betwin® model system BaF3 and the primary
progenitor cells lacking RhoH, further analysistod CD123 receptor surface expression was
performed(Fig. 4.20B) CD123 presence on RhoH null progenitor cells wkvated as
detected in siRhoH cells. Finally, the mRNA anaysif IRF-1 was also found to be
upregulated in RhoH null progenitor ce{lsig. 4.20C) Gene expression pattern in stem and
progenitor cells are changing during developmeptalcesses in response to a cytokine,
especially the expression of cell cycling géfne¥’ Future experiments need to clarify
whether the altered CD123 and IRF-1 expressionergbd in freshly isolated progenitors,
would be detectable at latter time points, whersckave fully differentiated into MCs.
Another interesting aspect would be to observe ndreSCF-1 as differentiation factor would
cause similar effects in regard to IRF-1 and CD&&Bression in RhoH null progenitors.
Given the case that SCF-1 and IL-3 mediated Mkfitiation of RhoH deficient progenitor
have different effects regarding proliferation aBd@AT5 mediated IRF-1 and CD123

activation, cDNA microarrays and comparison of thene expression shifts during
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differentiation could be used to identify partiaugenes that are significantly regulated by a
lack of RhoH leading to the final cytokine depemunphenotype, and eventually to the

compensation of altered gene expression causedaunk af RhoH.

The observed enhanced proliferation in responsi-8f of MC progenitors is in particular
interesting, since abnormal MC expansion is a migjature of mastocytosf§. Mastocytosis

is a myeloproliferative disease with unknown prewae and variants and is known to have
complex pathologic consequent&s® Furthermore, the progenitor cells of a subset of
patients suffering from mastocytosis were foundexpress higher levels of CD123 surface
receptot®®!84 similar findings were made with progenitors of AMatient$®. Nevertheless
altered CD123 is not described as a diagnostic enafr mastocytosis. It needs to be
clarified whether RhoH deficiency contributes tce thbnormal proliferation pattern of
mastocytic cells. Also neoplastic MCs in mastociga@se reported to show altered STAT5
activation, which is another parallel to the effedetected in siRhoH celfé To define a role

of RhoH in mastocytosis, RhoH expression pattera subset of systemic and coutaneous
mastocytosis samples should be determined andatelation with the STAT5 activation
found in the samples needs to be investigated.eSimastocytosis and its different subtypes
are considered to be difficult to distinguish framch other and from other diseases such as
the hypereosinophilic syndronfé'®® RhoH expression patterns could serve as a adaditio
prognostic or diagnostic marker. In the human M6&tay the functions of the cytokine IL-3
is replaced by IL-#°. Follow-up studies could include work with humarCMto further
clarify the context between RhoH and the MC reléwatokine. The question of whether
RhoH serves as an IL-3 specific inhibitor of pretdtion in this system remains to be
speculative, since SCF-1 dependent proliferatiariess made with RhoH overexpressing
murine progenitor cells indicated similar inhibitoeffects of RhoH on cell proliferatifn
Due to highly varying IRF-1 mRNA levels, the preszhresults were from one representative
experiment from only two successfully performed eaxpents, showing the clearest IRF-1
MRNA differences. This is a relatively reduced ettdata and the parallels between the
primary cells and the BaF3 model system remain toquegble as long results are not

standardised.

5.6.3 No morphologic differences between RhoH null and wt MC

Mature MCs can be distinguished from other celle/gsuch as eosinophils or basophils by

the expression of the surface markersRcand c-Kit*. The IL-3 dependent generation of
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progenitors to MCs in this study was observed bgkle (4 weeks) measurements of the
FceRI and c-Kit surface expression, after IgE mediaetivation of the cellg¢Fig.4.22) In
contrast to Lius' experimental outcom®&§ the results of these experiments suggested no
obvious developmental abnormalities of RhoH defiti®Cs when analysing MC surface
marker c-Kit and F&RI. Additionally, the proper expression of the Mg@esific protease
MMP-6 was demonstrated and MC specific ToluidineeBstaining of RhoH KO MCs was
performed showing no developmental differences betwwt and ko MCs. However, alcian
blue stainings® as well as the analysis of CD13 and T1/8¥&xpression could help to draw
final conclusions about the proper MC morphology aevelopment. During the course of
this study, the group of Shirai published their kyanvestigating FeRI signalling in RhoH
KO MCs, in which they confirmed normal MC developthef RhoH deficient MCsn vivo

andin vitro***

Normal MC development of RhoH KO progenitors wagxpected considering the earlier
finding of the elevated proliferation rates detdcta RhoH KO progenitors, which were
thought to be indicative for impaired cell develagh Since stem cells and the derivative
progenitor cells are very complex systems and iriqudar the differentiation of MCs is
reported to be influenced by numerous factors eif tmicroenviromerif*°it can be assumed
that MCs inhabit regulatory feedback mechanism<iwiban eventually compensate possible
developmental consequences. It is reported that IEBKch as p2£"P! and p2#*, are
important key molecules contributing to cell faeecidions in HPCS?*%® HSCs from mice
lacking CDKIs were found to proliferate at elevatates, and showed altered differentiation
potentiat®***® In the BaF3 model system RhoH-BaF3 cells showedahsed IL-3 induced
proliferation, resulting from enhanced CDKI leveliswas hypothised that in contrast to the
observations in siRhoH cells, due to a completk tddRhoH in the KO animal, the p#i/©P*
and p2¥°* may be decreased in early time points after imslateading to the enhanced
proliferation rates in RhoH KO progenitor cells.eTtesults of p2£7°P! and p2#°* mRNA
measurements in freshly isolated (day 3-5 aftepgmaion) progenitor cells from RhoH null
and wt mice, cultivated in the presence of IL-Rfaoned this hypothesi@Fig 4.21A) It was
further hypothised that intracellular feedback natdms may be induced, during the course
of cultivation, which were rapidly regulating thepeession of p2f7"! and p2#* to a
normal level, to compensate developmental def&apeated measurements of {¥9"* and
P27 mRNA levels at latter time points (after day 7) sistently showed comparable

expression levels in RhoH null and wt mi¢eg 4.21B) This observed dynamic adjustment
99



Discussion

of CDKI levels in RhoH ko progenitors explains @ast partly the lack of any developmental
failures in RhoH ko MCs. The enhancement of the CBXpression could be a result of a
stronger regulation of other signalling pathwayschsuas NOTCH2 signallifg’ or
transcripton factors such as members of the EBFlyaof transcription factorS® which
were reported to be involved into cell fate decisttetermination and cell cycle regulation.
Also an upregulation of STAT1 phosphorylation amtivation in RhoH null progenitiors in
response to IL-3, induced by a RhoH independeterradtive pathway remain to be carried

out.

5.6.4 The lack of RhoH causes functionial defects in IL-3 derived MCs

Earlier studies made with RhoH ko mice only reppiestrong T-cell related phenotipé’ .
Nevertheless, later studies performed witlvitro generated neutrophils derived from RhoH
KO mice showed that these cells exhibited funcliodafects, despite the lack of
developmental deficiencies or morphologic abnortiest’®. Therefore, and because of the
significant similarities between Zap70 mediated Ta@RlI Syk mediated ERI signalling in
MCs"%?! it was necessary to gain insight into the furmaloattributes of RhoH ko MCs.
The reported T-cell defects in RhoH ko mice werantb to be related to the defective
recruitment and phosphorylation of Zap70 to the impiogical synap8& Syk, which is a
Zap70 homologue, plays a similar role ineRt mediated MC signalling and initiating of
down-stream effects such as histamine release gtukime production, following MC
activatiorf® Preliminary experiments of Liu already indicaggmssible functional defects of
RhoH ko MCs regarding ERI mediated B-hexosaminidase reledSe These initial
functional experiments were repeated because itraginto Lius' data no developmental
deficiencies in MC development were detectablehia study. Antigen mediated histamine
release between RhoH null and wt MCs was comparkedn antigen was applied in different

concentrations.

In RhoH deficient MCs reduced amountg3efiexosaminidase (indicative for histamine) were
detectable(Fig 4.23) the measurement of the reduced histamine levaks twought to be
either caused by defective synthesis of the MC atedi, or by inappropriate production of
the mediators as a consequence of defectigRIFsignalling following antigen challenge. A

scenario in which both defective mediator productias well as defective mediator release
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leads synergistically to the detected results was eonsidered as possible. Shirais™ group
published their work during the course of this gtwhd they also demonstrated reduced
histamine release from RhoH null M&% In their studies, they included an ionomycin
control. lonomycin leads to the perforation of ted membrane and helps to gain insight into
the over-all content of intracellular mediators eirtresults showed that RhoH null MCs are
able to produce equal amounts of histamine indigatihat RhoH is dispensable for granule
biogenesis, which lead them to the conclusion tineée RhoH deficient MCs show, instead,
impaired FeRI mediated degranulation. They also checked fesipa systemic anaphylaxis
and found that indeed RhoH KO mice also stiowivo defects of proper MC resporise
During the studies of this thesis, it was aimeduidher characterise functional defects in
RhoH null mice by the quantification of the main Mfgtokines: IL-6 and TNFx (Fig.
4.24¥. The released TNE-is upregulating endothelilal and epithelial adbaesinolecules,
enhances bronichial responsiveness and inhibitsrtyrogressioff. The release of IL-6 by
MCs is known to contribute to MC mediated immunienstatory functions, such as host
defense during bacterial infectiéh$*®® The outcome of this study showed that at least th
release of these important cytokines was dramétisapaired in RhoH null micéFig. 4.24)
Again, studies of the Sharai group confirmed theseobed effects and they additionaly
showed that this defect was not based on impaixedyosis of the cytokines, but instead
demonstrated that upon antigen treatment alread\NAnRevels, indicative for a lower
expression of these cytokines was significantlyucedt'*. The functional deficiencies in
MCs are indicative for impaired ERl mediated signalling. The group of Shirai obsdrve
impaired ion-flux as a result of inefficient phospylation of FERI downstream positioned
adaptor proteins PLy&, PLG2, SLP76 and LAT upon activation of dRl. They assumed
that the activation upstream of the adaptor pretemght be the cause for the lack of
phosphorylation detected in RhoH deficient MCs.c8ithe given similarities between TCR
and MC signalling™ and the impaired recruitment and phosphorylatib@ap70 (Syk in
MCs) in TCR mediated signal transduction in RhoH KGce®® they investigated the
phosphorylation of the Syk kinase in response tilgan challenge. It was found that the
phosphorylation and activation of the kinase SyKi@s strongly depends on the presence of
RhoH and that Syk is able to bind to RhoH in a M&timulated and even stronger after
activation of the FeRI, which most likely indicates that RhoH similarits identified role in
TCR signalling is necessary to mediate activatiod aecruitment of Syk to the proper

signalling subunits in MCs to guarantee proper M@vation.
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5.7 Summary and outlook (II): The consequences of RhoH
deficiency for IL-3 derived MCs
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Fig. 5.4 Effects of RhoH deficiency for IL-3 derivedmast cells
RhoH -/- progenitors show increased proliferation decreased p?3"*! and p2¥* levels in early phase of cultivation.
(after d 7) RhoH null progenitors show enhanced CDai8ace expression correlating with increased IRRRINA levels,
while p21%a7ciPl 027l |evels as well as MC specific marker expression @mparable to that of wt cells. Fully
differentiated MCs show decreased histamine releasesecreation of the cytokines IL-6 and Tdlfellowing FceRI
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The results from IL-3 derived RhoH null MCs suggésit although RhoH is not essential for
the development of MCs the lack of RhoH causestional defects in FaRl mediated signal
transduction, most likely through a defective aafion of the Syk kinase. However to cut
down the relevance of IL-3 and IL-3 mediated siinglin MCs, the observed effects such as
enhanced proliferation of RhoH deficient progenitells need to be further investigated and
compared to results obtained from experiments ugiegMC differentiation factor SCF-1.
RhoH deficiency resulted in enhanced MC progenpooliferation in IL-3 containing
medium. The proliferation rate of mature RhoH ko $M@mains to be determined and also
whether the altered proliferation correlates withreased STATS5 activity. In this context, it
should be clarified whether the dynamic upregutatb CDKIs during MC maturation is able
to decrease the observed proliferation rate arlatne points. Future studies should include
the investigation of endogenous pathways respanddsl the compensation of the effects
caused by the lack of RhoH. The answer to this tgqpresould potentially provide major
insight into RhoH modulated pathways. Due to highiations between biologic replicates,
the data obtained from analysis of primary MCs waidely speculative. In the future
experimental layouts have to be standardised ®ivedrustworthy results which will help to

understand the biology of this highly interesting TRase
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6. Appendix

6.1 Supplementary tables

6.1.1 Thesis relevant protein hits

6.1.1.1RhoH wt +IL3

Accession #
IPI00139795
IP100225634
1P100113377
1P100115477
1P100132352
IP100848599
IPI00121297
IPI00111265
IP100269481
1P100896602
IP100132966
IP100623545
1P100265471
IPI00118757
1P100228633
IPI00122565
IP100266281
1P100856350
IPI00110753
IPI00307837
IPI00169707
IP100227918
IPI00136929
1P100123039
IP100621468
IPI00377342
1P100114894
IPI00129105
1P100648513
IPI00845851
IPI00119959
IPI00331146
IPI00606189
IPI00131186
1P100129417
IP100463344

Gene
Rplp2
Rps12
Rplpl
Ccdc46
Cxorf26 homo
Dnahc7I
Naca
Capza2
Capzb
Ppfial
Ppid
Ppp1ri4db
Adsl
Phptl
Gpil

Gdi2 Iso
Txnll
Clipl
Tubala
Eeflal
Tpm3
Tpm2
Actgl
Ptpnl
EG665964
EG383341
Myh11
Sael Isol
Zc3h18 Isol
Syne2
Banfl
Cmpk1
Jaridla
Btf3 Iso2
Hnrpdl
Dnajc8

Aliases

Renal carcinoma antigen NY-REN-44, P2,RPP2, 60S acidic ribosomal protein P2
ribosomal protein S12

acidic ribosomal protein P1, RLA1,PI, RPP1

Isoform 1 of Coiled-coil domain-containing protein 46

CX026,

Hsp40 homolog subfamily B , member14

HSD48, NAC-alpha 3, Nascent polypeptide-associated complex subunit alpha
F-actin-capping protein subunit alpha-2

f F-actin-capping protein subunit beta

Liprin alpa 1, LIP1, PTPRF interacting protein alpha 1

PPlase, Cyclophilin-40, CYP40

Protein phosphatase 1 regulatory subunit 14B, PHI1 PLCB3N

ASL, adenylosuccinate lyase

PHP14,HSPC141, Protein janus-A homolog

PIG-Q, phosphatidylinositol glycan, class Q 1, Glucose-6-phosphate isomerase
Rab GDI beta, Rab GDP dissociation inhibitor beta isol

TPR32, TXL1, Thioredoxin-like protein 1

restin, RSN, CYLN1

Tubulin alpha-1A chain

CTCL tumor antigen, Leukocyte receptor cluster member 7

Tropomyosin3, gamma

tropomyosin2, DA2B, TMSB

Actin gamma actin like

PTP-1B, Tyrosine-protein phosphatase non-receptor type 1

similar to ubiquitin A-52

similar to ubiquitin A-52

Myosinl isoform1

Sua, AOS, SUMO1 activating enzyme subunit 1

NHNZ1, zinc finger CCCH-type containing 18

nesprin2, NUA, NUANCE, synaptic nuclear envelope 2

BAF, BCRG1, Barrier-to-autointegration factor

KCY, CM, KCytidylate kinase , UMP-CMP kinase

Jumoniji, AT rich interactive domain 1A (RBBP2-like), 14 kDa phosphohistidine phosphatase
basic transcription factor 3

JKT41-binding protein, JKTBP1, Heterogeneous nuclear ribonucleoprotein D-like
DnaJ (Hsp40) homolog, subfamily C, member 8

6.1.1.2RhoH wt and T36A +IL-3

Accession #
1P100118892

IP100453599
IP100331556

1P100127989
1P100125923

1P100323600

Gene
Lcpl
Cfdpl
Hspa4
ptges3
Ostfl
Corola

Aliases
L-Plastin, Lymphocyte cytosolic protein 1,Plastin2

Craniofacial development protein 1, CP27, bucentaur
Heat shock 70 kDa protein 4, APG4

Prostaglandin E synthase 3
Osteoclast-stimulating factor 1

Coronin-1A, p57
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IP100111560

1P100322312
IPI00555059
1P100405227
1P100131459
1P100227392
IP100230707
IP100465786
IPI00377351
IP100230427
1P100221402
1P100109061

1P100119458
IP100273646

1P100123181
1P100113870
1P100128904
1P100123199
1P100230139
1P100462934
IP100474446
IP100890117
IP100622235
IP100320645

IP100117011
IP100131138
IP100138892
IP100223253
IP100225307
IP100277930
IP100321147
IP100407130
IP100467266
IP100469103
IP100756894
IP100850795
IP100330767
IP100108206
IP100118676
IP100121427
IP100130883
IP100132080
IP100137409
IP100317309

SET Iso 1
Arhgdia

Prdx6

Vel

Nmel;

Ywhah 14-3-3 ¢
Ywhag 14-3-3y
Tinl

Apoa4

Mif r

Aldoa

Tubb2b

Aldoc
GAPDH
Myh9
Pcna
Pcbp1
Napll11
Fkbp4
Khsrp
Eif2s1
Cfll
Vep
Zfp830
Hcls1
Flna Isoform 1
Uba52;
Hnrnpk Isoform 1
Sars
Capg
Samsnl
Pkm2
Dut
Kars
Nsfllc
A-52
Cnbp
Mela
Eif4al |
S100a6
Rbm3
Pgls 6
Tkt
Anxab

6.1.2 Gene ontology

SET translocation, leukemia associated protein SET, Iso 1

Rho GDP-dissociation inhibitor 1
Peroxiredoxin-6, PRX6

Vinculin

Nucleoside diphosphate kinase A, expressed in non-metastatic cells 1
tyrosine 3-monooxygenase

14-3-3 gamma

Talin-1

Apolipoprotein A-IV, apo A-IV
Macrophage migration inhibitory facto
Fructose-bisphosphate aldolase A
Tubulin beta 2b, Tubulin beta-2B chain

Aldolase C,zebrin2, fructose-biphosphate
Glyceraldehyde-3-phosphate dehydrogenase
Myosin-9

Proliferating cell nuclear antigen
Poly(rC)-binding protein 1

Nucleosome assembly protein 1-like

p59, FK506 binding protein 4

KH type splicing regulatory protein, FUSE-binding protein 2,
Eukaryotic translation initiation factor 2 subunit 1
Cofilin-1

valosin containing protein, p97

Ccdcl6, Zinc finger protein 830

haematopoietic cell specific Lyn substrate 1

Filamin alpha

ubiquitin and ribosomal protein L40, ubiquitin-CEP52

KBBP, NOVA, Heterogeneous nuclear ribonucleoprotein K isof 1
Seryl-aminoacyl-tRNA synthetase, isoform CRA_b, seryl-tRNA synthetase
gesolin like capping protein

,SH3 domain and nuclear localization signals, 1, isoform CRA_SAM domainb
PK3, pyruvate kinase, muscle Isoform M2, CTHBP, THBP1

Deoxyuridine triphosphatase, isoform CRA_a

lysyl-tRNA synthetase isoform 1, KRS, LysRS

p47 , SHP1 homolog, UBX domain protein 2,cNSFL1 (P97) cofactor
residue ribosomal protein fusion product 1 isoform 1, similar to ubiquitin
Isoform 1 of Cellular nucleic acid-binding protein

melanoma antigene, Gag-Pol polyprotein

Eukaryotic translation initiation factor 4A-

Calcyclin

RNA-binding motif protein 3

6- phosphogluconolactonase

Transketolase, p68

Annexin A5

6.1.2.1 Gene ontology in precent

RhoH wt Hits % Hits % Hits %
Treatment (+)IL-3 | (+)IL-3 | (+/-)L-3 | (#/-)L-3 | () IL-3 | (-) IL-3
Total 82 100% 33 100% 26 100%
Apoptosis 4% 6% 0 0
Signal transduction 9% 9% 8%
Cell cycle 4% 9% 2 8%
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9%

8%

Cytoskeletal 13 16% 3

Differentiation 1 1% 1 3% 1 4%
Metabolism 16 20% 4 12% 2 8%
Nucleic Acid 29 35% 11 33% 12 46%
Stress response 2% 2 6% 2 8%
Unkown 6% 2 6% 2 8%
Others 4 5% 2 6% 1 4%

6.2 RhoH protein sequence (mouse)

(Sequence as obtained from: http://www.ncbi.niImgoki/protein/AAH94937.1)

61
121

MLSSI KCVLV GDSAVGKTSL LVRFTSETFP EAYKPTVYEN TGVDVFMDG Q SLGLWDTA
GNDAFRSI RP LSYGGADWVL MCYSVANHNS FLNLKNKW S ElI RSNLPCTP VLWATQIDQ
REVGPHRASC | NAI EGKRLA QDVRAKGYLE CSALSNRGVQ QVFECAVRTA VNQARRRNRR

181 KLFSI NECKI F
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