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Zusammenfassung

Das Neuroblastorist der haufigste extrakranielle solide Tumor im KindesalDee Prognose fur
Patienten mit refraktarem oder rezidiveen HochrisikoNeuroblastomist trotz intensiver
multimodaler Therapieregime nach wie wwhlecht Firintensivvorbehandelte Patienten gibt es
keine etablierten Therapieprotokolle fur den Fall eiRéskfallsoder Therapieversagensnd es
werden dringend neue therapeutische Optionen bendtigt. Die multimodale, metronomisch angelegte
RIST-Therapie kombiniert molekular zielgerichtete Medikamente (Rapamycin und Dasatinib) mit
konventioneller Chemotherapi(lrinotecan und Temozolonjidund wurdein einer klinischen
Phasdl-Studie (RISTrNB-2011) untersucht. Die vielversprechenden Daten dieser klinischen
Studie sind zum Zeitpunkt diesBrssertatioreur Veroffentlichung eingereicht wordefiel dieser
Arbeit war es, in einemin vitro Modell desNeuroblastomszu analysieren, oleine MycN-
Amplifikation zu einem Unterschied in der Ansprechbarkeit REST-Therapiefihrt. Zweitens
zielte dieséArbeit darauf ab, ein tieferes Verstandfiisdie der RISTTherapiezugrunde liegenden
molekularen Mechanismen zu erlangen bisther nicht bekanntierapierelevante Signalwege zu

identifizieren.

In  ApoptoseAssays mit Annexin V- und PropidiumiodieFarbung und anschliel3ender
Fluorescencé\ctivated Cell SortingAnalyse konnte gezeigtwerden, dass RISTden
programmierten Zelltod effizienteén MycN-amplifizierten(KELLY , LAN-5) als in MycNnicht-
amplifizierten (SK-N-SH, SK-N-AS) NeuroblastorrZelllinien induziert Durch RIST konnte in
semiquantitativen  MultipleXAntikdrperArrays und basierend auf dem Status der
Phosphorylierung definierter Zielproteinéne erfolgreiche Hemmung von Schlussehponenten
innerhalb des PI3K/AKT/mTO#Signalwegssowiedie Aktivierung vonTumorsupressoen, wie
der PhosphatadeTEN und der Protenkinase GSK-3b, nachgewiesen werdekVeiterhin wure
durch RIST eine niedrigere Proteinexpression des molekularen Chaperons HSP6€inend
geringere AktivierunglesTumorforderndenTranskriptionsfaktors CREB sowie der Angiogenese
stimulierenderProteinkinase WNKjezeigtDieseEffekteder RISFTherapievurdeninsbesodere

in MycN-amplifizierten NeuroblastorrZelllinien im Vergleich zu MycMichtamplifizierten
NeuroblastorZelllinien deutlich wahrend die Hemmurder SrcKinaseFamilie unabhéngig vom
MycN-Status zusein scheintDie hier vorgestellteergebnisse liefern wichtige Einblicke in die
molekularen Mechanismen der RIS herapie und bilden die Grundlage fur weitere Folgestudien
zur dringend notwendigen Verbesserung der Therapie fir Patienterrefratktarem bzw.

rezidiviertem Neuroblastom



Abstract

Neuroblastomas the most commoextracraniakolid tumor of childhoodandthe prognosis

for patients with refractory or relapsed higbk neuroblastomaremains dismaldespite
intensive multimodal therapegimens No established therapy protoca@sist forheavily pre
treated patients in the case of relapséreatment failureand novel therapeutic options are
urgently needed. The multimodal metronomically designed RIST therapy combines
molecularly targeted drugs framycin and dasatinib) witltonventional chemotherapy
(irinotecan and temozolomiflandhas beerevaluated in a clinical phase 1l trial (RISWNB-
2011).The promising resultsf this trialhave been submitted for publication at the time of this
thesis publicationThis study aimedo analyzevhether the presence of a MycN amplification
in neuroblastomaeads to a difference in responsivenessh RIST therapyn anin vitro
model of neurolbastoma Secondly, this study aimed to gain a deeper understanditige of
underlying molecular mechanisnasd to identifypreviously unknowrsignaling pathways

relevant tahe RISTtherapy

RIST was shown to induce programmed aidlath more efficiently in Mychmplified
(KELLY, LAN-5) than in MycNnonamplified (SKN-SH, SKN-AS) neuroblastomacell

lines n apoptosis assays utilizing Annexift and propidium iodidestaining followed by
fluorescenceactivated cell sortingnalysisIn semiquantitativenultiplex antibodyarrays and

based on the status of phosphorylation of defined target progeiceessful inhibition of key
componentsvithin the PI3BK/AKT/mTOR pathwayas well asctivation oftumor suppressors,

such as the phosplaaePTENand theprotein kinas& SK-3b, by RISTcould be demonstrated
Furthermore, lower protein expression of the molecular chaperone HSP60 and lower activation
of the tumofrpromotingtranscription factor CREB and the angiogenasisiulating protein
kinase WNK were demonstrated after treatment with RIST. These effects of the RIST therapy
were particularly evidenh MycN-amplifiedneuroblastomaell lines compared to MycNon
amplified neuroblastomaell lines In contrast, inhibitiorof the Src kinase family appears to

be independent of MycMNtatus The results presented here provide important insights into the
molecular mechanisms dhe RIST therapy and lay the groundwork for fumtHellow-up
studiesurgently needed to improve therapy regimens for patientsrefthctory or relapsed

high-risk neuroblastoma
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Protein kinase B

Anaplastic lymphoma kinase

5' adenosine monophosphatetivated protein kinase
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Annexin V

Bicinchoninic acid
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(BCR, chromosome 9)
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Chimeric antigen receptor T cell

CREB binding protein

Chronic myeloid leukemia

Cyclic AMP response elemebinding protein
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Cancer stem cell

Dasatinib

Dead box helicase 1

Dimethyl sulfoxide

Deoxyribonucleic acid
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Ethylenediaminetetraacetic acid

Eukaryotic translatio initiation factor 4E

Eagle's Minimal Essential Medium
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Fluorescenceactivated cell sorting
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Fluorescein isothiocyanate
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Forward scatter

Disialoganglioside GD2

G proteincoupled receptor

Growth factor receptebound protein 2

Glycogen synthase kinasé 3

Heat shock protein
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Half-maximal inhibitoryconcentration
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IRS-1
ITT
LOH
MAPK
MNA
MNN
MSK
MTD
MTIC
MTOR

mTORC 1/2

NB
NRAS
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PARP
PBS
PCR
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PIP;
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PLK1
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PP2A
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RAPTOR
Ras
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RICTOR
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RNA
ROS
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International Neuroblastoma Risk Group
International Neuroblastoma Risk Group Staging System
Insulin receptor substrate 1

Intention to treat

Loss of heterozygosity

Mitogenactivated protein kinase
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Mitogenand stressctivated protein kinase
Maximum tolerated dose
5-(3-methyltriazenl-yl) imidazole4-carboxamide
Mammalian target of rapamycin

Mammalian target of rapamycin complex 1/2
Neuroblastoma
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Non-smaltcell lung cancer

Overall survival

Poly (ADP)-ribosepolymerase
Phosphatéuffered saline

Polymerase chain reaction
3-phosphoinositidelependent protein kinade
Penicillin/ streptomycin

Progressfree survival

Propidium iodide

Phosphatidylinositol &inase
Phosphatidylinositol (4,5biphosphate
Phosphatidylinosito(3,4,5}triphosphate
Protein kinase A

Polo-like kinase 1

Per protocol

Protein phosphatase 2A

Phospholipid phosphatidylserines
Phosphatase and tensin homolog
Tyrosineprotein phosphatase noaceptor type 11
Rapamycin

Rapidly accelerated fibrosarcoma
Regulatoryassociated protein of mMTOR

Rat sarcoma protein

Ras homolog enriched in brain

Rapamycin insensitive companion of mTOR

Combinatorial therapy consisting of Rapamune® gragpcin), Irinomedac®
(irinotecan), Sprycel® (dasatinib), and Temomedac® (temozolomide)
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Roswell Park Memorial Institute medium 1640
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Introduction

1. Introduction

1.1.Neuroblastoma

Neuroblastoma (NBis an embryonal tumor derived from peripheral sympathetic nervous
system precursor celld, 2). It is the most common extracranial solid tumor of childhood,
accounting for approximately 6 to 10 % of pediatric malignancies with a predominant
occurrence in infanc{B-6). It is also the most commonly fatal extracranial pediatric solid tumor
(2). While overall longterm survival is nearl$0 %, patients with advanced disease (stage V)
have a substantially worse progno&s 7). The median age at diagnosis &ronths(1, 8)
Almost half of the primary tumors arise in the adrenal gland, while others are found in the
paraspinal ganglia in the abdomen, chest, or pelvic(@rea 9) It is a heterogeneousmor,

and heexactetiology of NB is unknownNo consistetunderlying environmentaxposure or
genetic abnormality has yet beeentified; however, subsets of NB are frently associated

with gene alterations such ag/tlN amplification or segmental chromosome alteratidns).

NB mainly occurs sporadically. Only2% of all NB patients account for familial disegd5e

8). Germline mutations of the anaplastic lymphoma kinase (Ajdfte are detectable in a large
proportion of familial NB and approximately?8 of primary NB(10, 11) The disease spectrum
ranges from complete tumor regression in a subset of NB witliguemetastatic pattern in
infants (stage IVS) with minimal or no therag¥2, 13)to markedly metastatic, aggressive
tumors with poor prognosis despite intensive multimodal therapy in older childrerl8>12
months of agefl, 2, 9) About half of all patients present with distant metastasis at the time of
diagnosig8, 9). These most commonly involve the bone marrow, bone, lymph nodes, and liver
(8, 9). Symptoms of NB vary greatly depending on the location and extent of treselise
ranging from completely asymptomatic to severe symptoms such as organ dysfunction or

paraplegia due to paraspinal locat{8n9)

Patients with NB are stratified tm four risk groups according to thelnternational
Neuroblastoma Risk GroufNRG) classification system (very low, low, intermediatad
high-risk) based on several clinical and molectatureg14). These include disease stage as
defined by the International Neuroblastoma Risk Group Staging SYN&®GSS (15), age at
diagnosis, tumor pathology, YN status, 11q aberration, and DNA ploidy).
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The clinical course angrognosis are primarily determined by genetic alterations, especially
MycN amplification and 1p deletiof8, 1618). MycN is a proteoncogene located within the
region 2p24, which encodedranscription factor that playa role in the expression of a wide
array of human gend8, 19)and is associated with a dysregulation of the PAKK /mTOR
pathway (20). When MycN is overexpressed, it leads to the deregulation of growth and
proliferation, promotes cell survival, angiogenesis, and metastasisjnhmits immune
surveillance(21, 22) The prevalence of ¥tN amplification is about 22 % in all N, 8).
Furthernore, MycN amplification is associated with advanced disease, rapid tumor
progression, and poor outcome, even in patients with otherwise favorable markers (age < 18
months, lower stage of disease, absence of unbalanced transloqatois))

Other genetic alterations associated with advanced disease stage and poor prognosis include
deletion of 1p, deletion of 11q, and unbalahgain of 172, 8). Deletion of 1por loss of
heterozygosity (LOM meaninghe loss of normal function of the allele of one gene in a cell

in which the other allele was already inactivaisanost commonly attributed to region 1p36

It is found in up to 35 % of NB and is strongly associated wigltNamplificationand poor
prognosis(2, 18, 23) Deletion of 11q (11923) is detected in up to 44 % of(RB2326) and
inversely correlates with N amplification and 1p deletion bud still associated with other
high-risk features such as advanestdge diseag@3, 24, 26)In addition, it is associated with
decreased survival and might serve as a prognostic marker in clinicallyiskghB lacking

MycN amplification(2, 23, 24) An unbalanced gain of 17q is alassociated with highisk

NB and poor outcome, whereas whole chromosome gains are found in more favorable NB
subtypeq25, 27, 28)

Nearly half of all patients present with higk NB (22). These patients undergo multimodal
therapy, including conventional chemotherapy, radiotherapy, surgerydbgghchemotherapy
with autologous stem cell rescue, and immnthecapy (8, 2932). Unfortunately, despite
intensivetreatment, 5/ear survival rates for these patients remain belo% %04, 22) with a
reported Syear survival rate below Z& if relapse occurg33, 34) Furthermore, children who

are treated for highisk disease or relapse often suffer severe treatnetated side effects,
such as sensorineural hearing loss, cardiac toxicity, infertility, and second neofdasms

the same timethese therapies only show limited efficg®p). Therefore this patient group
urgently needs new thegpeutic approaches that improve the prognosis and survival while not
impairing quality of life Knowledge of the underlying pathological mechanisms and aberrant
tumorspecific pathways in recegpearshasled to the development of targeted therapsesh
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as tyrosine kinasenhibitors (TKIs), inhibitors of the PISKAKT/mTOR pathway, and
immunotherapy utilizing anisD2-antibodieq21, 22, 36) Chimeric antigen receptoCAR)-

T cell-based therapies aatsocurrently being investigatg@2, 36) Compared to conventional
chemotherapy drugs that target all rapidly dividing ¢elisluding healthy tissues, these
targeted therapy approaches are thought to act specificatlgforedindividual components
of the aberrantly activated signaling cascadéserebyspecific interventions can be made in
the tumor metabolisnmintending to makeherapy more effective and tolerab{@ne of these
new therapeutic approaches is the RiBa@rapy(37). Below, pathways, drugs, and rationale

for the RIST therapy design are outlined.

1.2.The PISK/AKT/mTOR Pathway

While many mutations and genetic aberrations are responsible for cancer development, most
driver mutations leading to cancer devel@niare associated with only a handful of signaling
pathways (38). Two main pathways associated with aberrant cell survival are the
PISK/AKT/mTOR pathway and the MARERK pathway(38).

The phosphatidylinositol &inase PI3K)/ protein kinase B AKT)/ mammalian target of
rapanycin (NTOR) signaling pathwayplays a crucial role in regulatingellular functions
cancer developmen@nd progressianlt is involved inregulating cell growth, survival,
metabolism, and angiogene$89-41). Furthermore, dysregulaticand aberrant activation of
the R3K/AKT/mTOR pathway contribute to cancer developm@f, 41)as well as (primary,
adaptive, and acquired) resistance to anticancer thét@pyigure loutlinessignificantsteps
within the PISK/AKT/mTOR pathway.
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Figure 1: PI3K/AKT/mTOR Pathway (based on 42, 4317)

lllustration showing the relevant targets and mechasibkat are primarily affected by the ptreatment rapamyci(R) within

the RIST theapy.

Various ligands such as growth factors activate receptors on the cell surface (tyrosine kinase receptors, RTKs) and
phosphatidylinositol %inase (PI3K) is activated. PI3K converts phosphatidylinositol {dij)osphate (PH to
phosphatidylinosito[(3,4,5}triphosphate (PIf} which recruits3-phosphoinositidelependent protein kinade (PDK-1) and

protein kinase BAKT/ PKB). Phosphatase and tensin homolB EN) negatively regulates the pathway by conversion of

PIP: to PIR. AKT inhibits thetuberais sclerosis protein complex 1/PSC complex 1/pandprolinerich AKT substrate of

40 kDa PRAS40, thereby disinhibitinghemammalian target abpamycin complex In{TORCJ). mTORC1 in turn activates
ribosomal protein S6 kinas&§K1) and inhibitsthe eukaryotic translation initiation factor 4fhding protein 14EBP-1) by
phosphorylation, thus releasing #hekaryotidranslationinitiation factor 4E (elF4E). These events lead to translation initiation,
protein biosynthesis, cell gndh, and proliferationThe glycogen synthase kina8deta GSK-3b) phosphorylateshe MyN
proto-oncogene proteiand Cyclin D, marking them for degradation. GSiis inhibited by AKT via phosphorylation, leading

to cell cycle progression and MycN stéhittion. The pathway is regulated via several feedback loops (represented by dotted
lines). The MAPK/ERK pathway can be triggered by several RTKs that are activated by growth factors and can activate the
PI3K pathway directly or indirectly.

CDK-1: cyclindependent kinase 1, ERK: extracellular sigregjulated kinase, IR$: insulin receptor substrate MAPK:
mitogenactivated protein kinasenTOR: mammalian target ahpamycin, mMTORC1/2: mammalian targetrapamycin

complex 1/2, Ras: rat sarcoma virus @G, Raptomegulatoryassociated protein of mTOR, Rheb: Ras homolog enriched in
brain, Rictorrapamycininsensitive companion of mammalian targetagfamycin, RSK: ribosomal S6 kinase (#96K), Src:

sarcoma kinase
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Under physiologic conditions, PI3Ks iactivated by various extracellular stimuli, including
growth factors, certain hormones, or cytokiri@9). PI3K catalyzes the phosphorylation of
phosphatidylinositol (4,5biphosphate (PHW to phosphatidylinositol (3,4,8)iphosphate
(PIPs), a second messenger, that recruits a variety of-fipiding domains of downstream
targets, including AKT an@-phosphoinositidelependent protein kinade(PDK-1) to the cell
membrang39-41, 48) The phosphatasad tensin homologRTEN) negatively regulates the
activation of the PISK/AKT/mTORpathway by dephosphorylating RIRo PIR, thus

preventing the activation of downstream targ@g41, 48)

AKT is the main target of PI3K and is phosphorylatedhegonine 308 Thr308 by PDK-1

(39, 41, 48) Additional phosphorylation aserine 473 $er473 by mammalian target of
rapamycin complex 2 (InNTORX} is necessary to fully activate AKB9, 41) Upon activation

by mTORQ, AKT phosphorylates many downstream targets involved in bulimiéd to
increased cell metabolism, cell cycle progression, cell proliferation, survival, and blockage of
apoptosis(39). mTOR, therefore functions as an activator of AKT via mTOR®@2ediated
phosphorylation of AKT 8473 as well as a substrate to AKT via mTORCL1 signal ).
MTORCL1 is viewed as the most important substrate in the downstream pathway GAHKT

and will be the main focus in the section below.

The mTOR signaling cascade is a central regulator for cell growth, survival, protein
biosynthesis, and cellular metaboligd8, 45, 46) Many other pathways converge into the
MTOR signaling cascade or are tightly interconne¢&d 45) A wide array of signals, such

as growth factors, nutrient supply, energy status, as well as stress signals, and hypoxia, are
integrated througmTOR, subsequentlyriggering an appropriate cellular response, thereby
balancing anabolic and catabolic processes in a cell in response to environmental conditions
(45, 46, 49)In the absence of stress signals such as hypoxia, osmotic stress, heatabitiek,
oxygen species0S), or DNA damagd50), mTOR mediates the generation of proteins, lipids,

and nucleotides by promoting anabolic processes in a ndteplgte environment while
turning off catabolic processes such as autopligy46, 49) On the contrary, in a nutrient
depleted environment, mTOR inhibits energiensive bosynthetic processes and upregulates
autophagy(45, 46, 49) which is a seHldegradation process by which proteins and cell
organelles are recycles$ anadaptiveresponséo unfavorable condition&1, 52) Therefore,

it is crucial for cell survival anfunctionand whendysregulagéd, contibutes to a wide array

of diseases, including cangér, 52)
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MTOR is a seringhreonine kinase and exists as a catalytic subunit of two complexes, mMTOR
complex 1 and 2 (mMTORC1 and 2). mTORC 1 and 2 differ strally, especially by the
unique accessory proteiilsregulatoryassociated protein of mMTOR (RAPTPR mTORC1

and rapamycifinsensitive companion of mTOR (RICTQE mTORC2(45, 46, 49) The
subunit composition distinguishes mMTORCL1 and 2 in their substrate specificity, functions, and
their sensitivity to rapamyci5, 46, 49) The key negative regulator of mMTORCL1 is the
tuberous sclerosis 1 (TSTandtuberous sclerosis 2 (TSE2omplex (TSCITSC2 (45, 46,

49). Upon activation of the PISK/AKT/mTOR pathway AKT phosphorylates and thereby
inactivates TSCZ49). Inhibition of TSC2 leads to disinhibition of the smalp@tein Ras
homolog enriched in brairRHEB), which in turn activates mTORQ#5, 46, 48, 49)Upon
activation, mTORC1 Iposphorylates ribosomal p70 S6 kinds$2 (S6K12) and, to a lesser
extent,eukaryotic translation initiation fact@dt-binding protein 1 (4BP1) (47, 49, 53)To

this date,S6K and 4EBP1 are the primary known substrates downstream of mE@R49,

53).

Phosphorylation of 4BP1 releases eukaryotic translation initiation factor 4E (€)lFéEning
the elF4E complexthereby initiating translatiofd3, 45, 47, 49)Through phosphorylation
(activation) ofS6K1, mTOR regulates the translation of ribosd proteing43, 53) mMTOR
controls cell growth by praoting nucleotide and protein biosynthesis autivating the
transcription of genes that encoderious enzymesn addition, by regulating proteins required
for cell cycle progressiomTOR serves as a gatekeeper for progression frontdS3Ephase
(43, 49)

Signals such as energy status and hypoxia also get integhatadgh mMTORC1 in an
AKT/TSC-dependent manner via 6 adenosi ne -activatedpnotbiro kimagea t e
(AMPK) signalirg (46, 49) In addition, through AKT/TSC complerdependent pathways,
amino acids can activate mTOR via the Rag family of GTR@&e<19)

Several negative feedback loops modulate mTOR function and the PI3BK/AKT/mTOR pathway
to maintain proper signaling via growfactors (see Figure 1). For example, S6K1 and
MTORC1 mediate the downregulation of insulin receptor substrate 11jIB% inducing its
degradation and thus uncoupling the insulin receptor from PI3Kakedng its location(46,

49, 54) S6K1 can also phosphorylatédROR, which may influence mTORC2 signaling to
AKT, although its exact function remains inconclus(®®, 56) mTORC2 also limits PI3K
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signaling by inducing the degradation of R$46). Other feedback loogarget grovth factors
or growth factor receptdsound adaptors to limit growth factor signalif@®, 48)

Deregulation of the PISK/AKT/mTOR pathway occurs in many human ca(@®&rd4) Thus

its members present ideal targets for pharmaceutical interve(@@n 42, 44) Many
components of the PISK/AKT/mTOR signaling pathway, such as loss or inactivation of PTEN
and other involved phosphatases, genetic alterations of PI3K, or mutatamgldications of

AKT, all lead to oncogenic activation of mTOR, promoting -pusvival and evasion of
apoptosis, cell growth, enhanced proliferation drive, tumor progression as well as metabolic
transformation(39, 42, 44) Several PI3K AKT-, andmTOR inhibitors have been developed

and ardestedn preclinical and clinical trial¢42, 44)

The PIBK/AKT/mTORpathway also plays a vital role in the development and progression of
NB (41). Opel et alshow that AKT phosphorylation {AKT) as a surrogate for the activation

of the PI3/AKT/mTOR pthway occurs in a large proportion of primary NB samples tested,
indicating an activation of the PISK/AKT/mTOR pathway vivo (57). In these studies,
activation of AKT also correlated with advanced disease stage, established negative prognostic
factors such as WtN amplification, and was associated with poor outcqsi®. | Uy-c k a
Swi es z e wsdn&dJohasen et alalso foundevidence for the activation of the
PISK/AKT/mTOR pathway in almost all NB samples testg#l, 59)

Exactly how the PI3BK/AKT/mTOR pathwayg iactivated in NB remairmmainly unclear(41).

As described above, commorutations in adult cancers, such as loss of PTEN, rarely occur in
NB (41). In a subset of NB, ALK mutations such as ALK F1174L lead to the overactivation of
the PISK/AKT/mTOR and MAPKERK pathways and potentiate the oncogemitivity of
MycN (60). Activating ALK mutations are more common in advanced(BIB. Otherreceptor
tyrosine kinasesRTKs) and their ligands have been implicated in playing a role in driving the
overactivation of the PIBKWKT/mTOR pathway as wel(41, 57) While MycN itself
contributes to the malignant behavior of NB by drivpgliferation, angiogenesis, and self
renewal (20), the ativated PI3BK/AKT/mTOR pathway leads to the stabilization ojcM
protein by negatively regulating glycogen synthase kinalsd @SK-3b) through inhibitory
phosphorylation by AKT19, 41, 48, 62further contributing to the malignancy and progression
of NB (41). Active GSK3b phosphorylates WcN at Tyr58, marking it for degradatid9).
Furthermore, mTORCHIso phosporylates and thereby inhib# protein phosphataseA2
(PP2A), which enables the accumulation of actived™ (19).
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While several therapeutical agents targeting the PI3K/AKT/mTOR pathway are being
evaluated for use in NB treatmd@0, 21, 36, 41, 63}argetingthe transcription factavlycN
directly proves diffcult (20, 64, 65) Several studies have shown that inhibition of the
PISK/mTOR cascade can sensitize NB cells for chemothermjuced apoptosi$6), decrease
angiogenesigs7), and PI3BK/mTOR inhibitors themselves may @apoptosis in NB58, 62,

65, 68) Schramm et aland others demonstrated thagd-driven NB displayed activation of
the mTOR pathway, suggesting mTOR inhibitors as a possible treatment &&j@8, 64)
Several studies show downregulation ofdM expressionMycN degradation, and NB growth
inhibition in vitro and in vivo when treated with mTOR inhibitor¢58, 62, 64, 65, 68)
Furthermore, severalf thesestudiesdisplayed a greater sensitivity ofyleN-amplified NB
when treated with PI3K/mTOR inhibitoré8, 62, 64, 65, 68)Thus, MycN and the
PISK/mTOR pathway preseattractive targets itreatinghigh-risk NB (21, 63)

1.3. SRC Family Kinasesand the MAPK/ERK Pathway

Themitogenactivated protein kinasdAPK)/ extracellular signalingegulated kinaseERK)
pathwayplays acrucialrole in cellular proliferation, differentiation, and surviyé®). Aberrant
regulation is common in many human types of can@ s Multiple stimuli, such as Grotein
coupled receptor ligats or growth factors activate the MAPK/ERK pathway69). In a
simplified mode] as depicted ifrigure 2, mitogens and growth factors bindRFKs, leading
to dimerizationandassembly of a signaling compl€x0, 71) Activated RTKSs recruit kinases
such assarcoma kinaseSfc) or PI3K, adaptor proteinsuch agyrowth factor receptebound
protein 2 Grb2), anddocking proteingecessary for activating effector cascafily. These
events ultimately lead to the activation of the GTRassarcoma virus GTPagRag (69, 71,
72), which subsequently activatdse rapidly accelerated fibrosarcoma protein kinéss), a
serine/threonine protein kina@g9, 71, 72)
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lllustration showing the relevant targets andchanismshat are affected by the pteeatmentasatinib(D) within the RIST
therapy.

Various ligands suchs growth factors can bind to membrdreind receptors such as receptor tyrosine kinases (RTKs). Upon
ligand binding, RTKs dimerize and subsequently activate several downstream signaling cascades such as thed?Bi&/AKT
MAPK/ERK pathway Activation of the MAPK/ERK pathwayia ligand binding leads to a series of phosphorylation events
downstream including the phosphorylationtioé extracellular signakgulated kinases 1 and 2 (ERK 1/2). ERK 1/2 in turn
activate mitogen andtressactivatedprotein kirases 1 and 2 (MSK 1/2) and p90 ribosomal s6 kinase (RSK) which then
phosphorylate and activate cAMP response elethbierting protein (CREB)PhosphatidylinositdB-kinase (PI3K) is also able

to activate CREB upon growth factor activation the recruitment of protein kinase B (AKT/ PKBActivation of CREB
promotes cell survivalproliferation, and angiogenesi©ther stimulusdependent CREB kinases leading t® dictivation
include protein kinase A (PKA) and €Acalmodulindependent protein kinase kinases (CaMKK3gveral nofreceptor
tyrosine kinases, such aarcoma kinaseSfc) and Src family kinases (SFiKarticipate inRTK signaling.Activated Src
interads directly withseveradownstream molecules suchths rapidly accelerated fibrosarcoma protein kin&sd) (thereby
stimulating the MAPK/ERKpathway.

AC: adenylyl cyclase, ATP: adenosine triphosphate, cAMP: cyclic adenosine monophosphate, CRE:sphM®eakement,
CREB: cAMP response elemebinding protein, MEK (MAPKK): mitogefactivated protein kinase kinase, mTOR:
mammalian target afpamycin, p38 MAPK: p38 mitogeactivated protein kinase, PTEN: phosphatase and tensin homolog;
Src: sarcoma kinas Ras: rat sarcoma virus GTPase

A series of phosphorylation events downstream within the MAPK cascade leads to
phosphorylation and activation of ERK1 (Thr202/Tyr204) and ERK2 (Thr185/Tyr(B%7)

9
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76). ERK thenpositively regulates gene expression by diyeot indirectly phosphorylating
severalcytosolic and nuclear targets suchkasases andranscription factor$69, 72, 76)For
example,ERK phosphorylatesytosolic signaling proteins such athe ribosomal S6 kinase

(RSK) family and afamily of RSK-related kinases, thmitogen andstressactivatedprotein

kinases (MSK) (76-78). MSK 1 and 2 can be activated by ERK or p38 via sequential
phosphorylation(77, 78) RSK andMSK phosphorylateseveral transcription factqrsuch as

cyclic AMP response elemebindingprotein (CREB atserine 133%er133 (77, 78) Several

other transcription factors regulated directly or indirectly via ERK include Myc.
Phosphorylation of Mc by ERK leads to its stabilizatiofY9). ERK phosphorylates several
upstream mediators in a negative feedback loop manner and induces gene expression of several

phosphatases and protethatinterfere with Raimedated activatior(72).

Phosphorylation of CREBtSer133 is thought to be a critical residue, and when phosphorylated
in a stimulusinducide manner facilitatesthe binding of the transcriptional coactivator CREB
binding protein (CBPF together with othe modifications and ceactivator proteins
subsequently triggering gene expressioa, 75, 80) Phosphorylion of CREB atSer 133
occurs via several signaling pathways such as through stimulation of G motpied
receptors (GPCS#) via protein kinase A (PKYA Ca*-mediatedactivaion as well as through
growth factor signalingvia RTKs and theMAPK/ERK pathwayas well as via AKT as
described abové74, 75) Activation of CREB and CREB familyranscription factors are
implicated in neuronal survivainder physiological conditions as well as in response to stimuli
such as oxidative stress or hypogi@). While CREB is vital foressentiatellular functions
such ascell proliferation and cell cycle, survival, angiogengsaisd DNA repair, increased
CREB expression and activatimassociated with tumor progression and drug resistande
downregulation has been shown to inhibit cell proliferation and invasion as wieltluse

apoptosig75).

Several nofreceptor tyrosine kinasesuch as Src anfirc family kinaseg¢SFKs), play a role

in mediating signal transductidB81, 82) participate in theignaling of manyRTKs (81-84),

and have been implicated warious downstream signaling cascaq88). Activated Src
interacs with theRTKs but mayalsointeract directly with downstream molecules such as Raf
(83, 85) therebystimulatingthe MAPK/ERK pathway69, 71)

Aberrant activation of neneceptor tyrosine kinases such as l&sbeen implicated in tumor
development, progression, and metastasimany types of canc€81, 84, 86) Interaction of

10
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Src with aberrantly expressed or muta®3dKs can lead to constitutively increased Src activity,
promoting proliferation and survival via tMAPK/ERK pathwayand the PI3K/AKT pathway
(81, 87) Increased Src activity has also been demonstiatBlB (88, 89) Inhibition of Src,
e.g.,via dasatinibhas shown antitumoral activity warious cancerg81, 90, 91)alone andn

combination with other targeted dru@®).

There is extensiverosstalkbetween the PISK/AKT/mTOR pathway and the MAPK/ERK
pathwayimplicating crosanhibition as well as crosactivation, which has been reviewed
elsewhere(92, 93) Targeting only one pathway may facilitate drug resistaneethese
mechanismsThe pathwaysilsoconverge on several signaling targgtgmoting cell survival
and proliferation, such adyc (92). Co-inhibition of these pathwaysay prove more effective
in reducing tumor growtaAndreducingthe risk of the development of drug resista(@2 93)

1.4.The RIST Therapy

The RIST therapy is a multimodal metronomic therapy combining the biologics rapamycin
(®RapamunegR) and dasatinib (®SprycelD) with the chemotherapeutic agemtmotecan
(®Irinomedag I) andtemozolomide (®Temomedat) (37, 94, 95)

The RIST therapyas beerested in a clinical setting in a randomizadnblinded phase Il
study led by ProfDr. Selim Corbacioglu(RIST-rNB-2011, Clinical Trialgov Identifier:
NCT00146798p (37) and the results are currently under evaluataord prepared for
publication

The study aim to find out whether a therapeutic effect can be achieved with-teeptenent
consisting of moleculéy active drugs (biologics) and subsequent treatment with "mild"
chemotherapy as part of a metronomic therapy apprg@®hThe study hypothesizes that a
combinatorial therapy of thebovementioned agentssuperior to conventional chemothmra
alone by targeting oncogenic survival pathw8s). Figure 3shows the targets of the drugs

used.
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Figure 3: Targets of the Drugs Used in the RIST Therapybased on 129)

lllustration of the molecular targets and mechanisms of action of the drugs used in the RIST therapy.

Rapamycin, an mTOR inhibitorand dasatinib, a tyrosine kinase inhibit6FKl), act together in inhibiting tl
PIBK/AKT/mTOR andMAPK/ERK pathway thereby inhibiting cell growth and survival. Irinotecan, a topoisomet
inhibitor, and temozolomide, an alkylating agent, lead to genomic DNA damage

AKT: protein kinase B (PKB)CREB: cAMP response elemeinding protein MAPK: mitogen-activated protein kinas
mMTORC1: mammalian target eipamycin complex 1, PI3K: phosphatidylinositekiBase, RTK: receptor tyrosine kinas
Src: sarcoma kinase

1.4.1. Rapamycin

Rapamycin, produced by a strain of Streptomyces hygroscopiagasnitially reported to have
antifungal propertieg96, 97) Subsequent studies revealed potent immunosuppressant and
antitumoral activity, which led to its use jmeventinggraft rejection in organ transplantation
(96). Several rapamycin derivativespalogsuch agverolimus temsirolimus) with improved
pharmacokinetic propertiaghile retaining the rapamycin backbone structure responsible for
its function hae been developed98). The molecular mechanism underlyingpamycin's
antifungal, antiproliferative, and immunosuppressive activiggsin its interaction with a
family of intracellular bindig proteins (FKBB, most notably FKBP12). The
rapamycin/FKBP1zomplex binds directly to mTORin an allosteridashion interfering with
mainlythe mTORC1-mediated signaling pathwsleading to cell cycle arrest (theG1 phase)

and inhibition of proliferatior{49, 96, 98)
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Johnsen et alvere able to show that rapamycin was able to inhibit growtlraludeapoptosis
of NB in vitro andin vivo (58). FurthermoreBahmad et alshowed that rapamycicould
suppress proliferation, migratipand invasion in @NB cell line andinhibit selfreplication
through cancer stem/progenitor cells (G$€9). However, seriatreatment was necessary to
preventthe persistence of viable CSC populatioi$ierefore,a metronomic approach may
successfullyeradicate th€SC population and exhidingerlastingeffects in reducing tumor
burden(99).

1.4.2. Dasatinib

Dasatinib is an @l tyrosine kinase inhibito(TKI), initially developed as a Bakbl
(Philadelphia chromosomeiinase inhibitor. Along with many other receptor and-neceptor
tyrosine kinasesdasatinib also targets Src and SFkvhich drive many different signaling
pathwayq90, 100102). Aberrant SFK activity promotes survival, proliferation, and metastasis
in many human cance(81, 90) Dasatinib has been shown to induce cell cycle arrest iB1he
phase cause apoptosis in several cancers, and imhetiastatic disseminatid81, 90) Timeus

et al. showedan antiproliferative andantrmigratoryeffect of dasatinib iftNB cell lines(103)

Vitali et al. could show induction of apoptosis in several NB cell lines treated with dasatinib as

well as partial anttumor effects in an orthotopic mouse model of (1B4)

1.4.3. Irinotecan

Irinotecan is an analog of the alkaloid camptoth€tdb) It targets the DNA topoisomerase |

and leads to DNA strand breaks asdbsequentlycell death(105) The metabolizgon of
irinotecan occurs mainly in the liver via a carboxylesterase to various metabolites, including
SN-38(105), which is used in ik study

In various xenograft models BB, anin vivoanticancer activity afrinotecan again$iB could
be shown(106-108) In following small clinical trials however, irinotecan yielded mixed
results with very limited efficacy as a single agent in treagfigictory or relapsedB but with
manageable side effedts09-112)
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1.4.4. Temozolomide

Temozolomide is an alkylating agt(113, 114) Its active metabolite is-&-methyltriazenrl-

yl) imidazole4-carboxamide (MTIQ, which causes methylation of guanine and adenine at
several positions (most critical for its cytotoxic activity is methylation of position O6 of
guanine) which in turn beds to disruption of DNA replication and apoptosis of the affected
cells(113, 114) Limited data from clinical trials using temozolomide asrayle agent show
antitumoral activity of temozolomide in patients with refractory or relapsed heavily pretreated
NB in up to 20% of patients while being generally well tolerdfeld, 116)

1.4.5. Combination Therapy

Signaling networks are commonly dysregulated in oncogeli¢$i® The development of
targeted therapeutic agents against dysregulated oncogenic proteins has shown an improvement
in cancer treatmenHowever singleagent treatment has oftdemonstratetimited efficacy,
partly due to feedback loops and crosstalk between signaling net@ttk$y Combination
therapy, combining two or more therapeutic agents in a therapeutic rediasehen welt
established in cancer therafd 8, 119) Combinatorial treatment alloviargetingmultiple key
pathway components for more efficient treatment comparesingfleagent therapie§l18,
119) Combining agentthattarget different pathways may also reduce the overall toxicity of
the treatment and often work in an additive or synergistic eratitus,lower drug doses are
required, reducing the risk of undesired side eff¢tfis8) Additionally, targeting various
pathways at once may also decrease tligyabf cancer cells to develop escape mechanisms
and may reduce (acquired) drug resistgids, 119)

The combination ofapamycin andlasatinib has shown promising synergistic effentanin
vitro model of various breast cancer armmh-smaltcell lung cancerNSCLC) cell lines(120,
121) Combiningdasatinib withrapamycin was also shown to be able to blockrntbgative
feedbackoop adivation of AKT due to mTOR inhibition byapamycin in a breast cancer
model (122) Laukkanen et alrecentlyshoweda synergistic effect between AKT/mTORC1
inhibitors anddasatinib in xenograft and primary humascdll acute lymphoblastic leukemia
(T-ALL) (123). Rapamycin combinedwith TKIs, has also been shown to overcome drug
resistancé€124, 125) In NB, the combination of aallostericALK inhibitor with rapamycin
showed greateefficacy in inhibiting cell growth than either drug alo(i®6). Bender et al
couldshowthat the treatment with the PISBK/mTOR inhibitor P1103 sensiti¢Bctells to the
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following chemotherapy66). FurthermoreKling et al.recently showe that the combination
of an allosteric mMTOR inhibitoran a fi br o mo d oterminahmoatf (B&T)irehibitorr a
significantly suppressed NB cell growHnd survival andeducel the expression of key
component proteins of the activated mTOR translatiatmyay, along with suppression of
MycN (127)

In the context of his dissertatiod, Leisterwas able to demonstrate a synergistic eftdct
rapamycin and dasatinib three out of fouNB cell lines used in the presestudy(128) and
Watzig et alcould also show a synergistic effect of this drug combinatiweveral NB cell
lines, including KELLY(129, 130)

Irinotecan andemozolomide were generally well tolerated and showed limited efficacy in
treatinghigh-risk refractory relapsed\B (rNB) as single agentKushner et altreated 49 high

risk stage IVFNB patientswith 5-day irinotecan and temozolomide 3-to-5-week intervals in

an outpatient setting with manageable side effd&%) Of 36 patients assessable for response,
33% (12/36 showed disease regression, and an additional @5#86)showed stable disease
duringthelength of therial (131) Bagatell et alconducted a phase Il study with 55 patients
with rNB andachieved an initial objective response rate of 158%5) an additional 53%
(29/55 of patients achievesdtable diseasgl32) despitesubstantially lower therapy intensity
thanadministered in the trial &fushner et alTherapy was generally well tolerajedid several
patients withstable diseaser betteroutcomewere able to carry otteatmentor tenor more
cycles in these trialdl 31, 132) which makes this combination a feasible therapy alternative in
heavily pretreated patients with highsk rNB with manageable side effects and good quality
of life (131) A modifiedtherapy regime based #&ushner et alservedas the control arm of
the RISTrNB-2011 trial(37).

1.4.6. Metronomical Design

The metronomic therapy design is based upon frequent drug administration in comparatively
low dosesfar below the maximum tolerated dose (MTDBhus reducing the necessity for
prolonged therapy interruptions to allow for recovery from therafated toxicity(133, 134)

It is theorized that such drug administration schedule targets the tumor environment and
angiogenes (133-135). Such metronomic scheduling can lead to continuously sustained or
even improved antitumor effects, allows for the combination of conventional chemotherapy

with newer targeted anticancer drugs, antiangiogenic drugs, or other targeted therapies, reduces
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thelevel of therapyrelated toxicity, and thus may improve quality of life and may even prolong
survival times compared to conventional MTD chemothe(a@, 134) For example, long

term dasatinib treatment led to cardiac failure am@nic myeloid leukemiadML) rat moctl;
however, these limitations were overcome by an intermittent treatment sch{é&adale
Similarly, improved tolerability while maintaining therapy effectiveness has been shown in
CML patients treated with an intermittent dasatinib sche{8&). In addition, it has been
shown that drug administration in a metronomic schedule may reduce or even overcome
(acquired) drug resistan¢g33, 135)

The RIST therapy design offers heavily reated patients withNB a promising tolerable
therapeuti@pproach that can be administered in an outpatient settingpanelduce therapy
related toxicity for a better quality of lifélternating courses of thaolecularlytargeted drugs
rapamycin(Rapamune®R) and dasatinib (Sprycel®, D or § and the chemberapeutics
irinotecan (Irinomedac®, ) and temozolomidg Temomedac®,T) are administered in a
metronomic desigiiFigure 4) (37, 95) Treatment consists afourses of R/S (4 days/week)
followed by courses of I/T (5 days/week). Phase 1 is defined by alternating single courses of
R/S and I/T respectively over the duration of eight weeks. Phase 2 is comprised of cycles
consisting 6two R/S followed by one I/T course over the duration of 12 weeks. In phase 3 and
ongoing, additional R/S courses may be added to each Tyadiologicals used aim to target
multiple pathwaytargetsto maximize efficacypossiblyreducetoxicity and development of

drug resistance, and exarpotential synergistic or additive effect.
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Figure 4: Schematic Outline of the Clinical RIST Therapy Protocol

lllustration of theRIST protocol as applied in the clinical settifJST treatment consists of courses of rapamycin (R

dasatinib (Sderived from the trade name Spryckl@ days/week) followed by irinotecan (I) and temozolomide (°

days/week). Phasecbnsists ofdur cycles with alternating courses of R/S and I/T. Phase 2 is defined by four cycles cc

of two R/S courses followed by one I/T course. In subsequent phases additional R/S cycles may be given before on

Cancer cells are thought to synchize their cell cycle phases through -pesatment with
molecularlytargeted drugs in a metronomic manf@4, 95) It is also suggested ah pre

treat ment with biologicals may trigger modul
improved therapeutic drug delive(g38) Thus, the timeoptimized sequential treatment of
molecularly targeted biologicals and chemo#ipeutic agents or radiotherapy is thought to
increase the sensitivity of cancer cells to cheororadiotherapy95, 135, 138L40), even in

already drugresistant diseagd 35, 141)thus leading témproved outcome

A pilot study of 21 patients showed promising resuligh 12 (57 %) patients achieving
complete remissiorand 7 of those still in remission after a median folloyw of 148 weeks
(142) In addition, theRIST therapy with sunitinib as a receptor tyrosine kinase inhibitor instead
of dasatinib has been utilized sassfullyin vitro andin vivoin a study treating glioblastoma
conducted byNonnenmacher et a(95). Additionally, despite the multitude of inhibitory
effects, the profile of adverse effects rmpamycinand dasatinb, as well as the lowlose
chemotherapeuticsemain relatively benig(®4), and the RIST therapy can be administere

an outpatient settingreserving the best possible quality of life for these patients.
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1.5. Aim of this Study

This study aims to analyze in @&m vitro model of NB if the combinatorial treatment of the
molecularly targeted drugs rapamy¢am mTOR inhibitor) plus dasatinia(TKI) (R+D) with
chemotherapeutic drugs irinotecan plus temozolorfitlE), as designed in the RIST therapy,
has an advantage in treatiNg with MycN amplification.The RIST therapy is based on the
hypothesis that the pteeatment with molecularly targeted agents will synchronize the cell
cycle and sensitize cells for the following chemother&gyeral studieBave indicatedreater
sensitivity of MycN-amplified (MNA) cell lines toward mTOR inhibitorsFurthermore,
researchn our lab indicated greater sensitivity dNA NB cell lines to the RIST therapy as
well. By comparing four differentB cell lines with specific genetic markers, this studi}
analyze ifNB cells with specific molecular characteristics show a better response to this
targeted therapy than othdxg performing apoptosis assays (based on Annexin V/EANG -

and propidium iodide (PBstaining) In a second step, the study aino identify therapy
relevant signaling pathways through whitie RIST therapy inhibits tumor cell growtmnd
whether predictive markers for treatment response cdeteemineditilizing semiquantitative
multiplex antibody assays The findings will allow for future morén-depthresearch into
relevant targets using more refined methods such as Wésteamalysis.In addition, these
studies will provide the basis for future studies to further improve the RIST therapy approach
in the long term (e.gby usingrapamycinanalogs etc.) and to possibly identify a driver seat
mutation to predict which tumor entities will potentially responth&RIST therapy.
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2. Material and Methods

2.1. Material

Material and Methods

2.1.1. Equipment, Software, Supplies, Chemicals,ral Reagents

Table 1. Equipment

Device Manufacturer
Centrifuge, benchtop, ventilated/refrigerated 5810 R  Eppendorf
Centrifuge 5424 R Eppendorf

Centrifuge Universal 320/320 R
COz Incubator HERA Cell 240

Flow Cytometer MacsQuant

Gel electrgphoresis chamber Biometra Compact

Integra Pipetboy acu 2
ImageQuant LAS 4000 Mini
Laminar Flow Unit HERAsave
MacsQuant Chill Rack 50

Magnetic mixer with heating unit VMAC4

Microcentrifuge Micro Star 17R

Microscope Nikon Eclipse TS100

Microscope Camera Nikon D$il
Multi-Pipette research 300 pl
Neubauecell counting chamber

Pipettes HandyStep ®

Pipettes Eppendorf research plugd,0100ul, 200,

1000l
Scale
Spectrophotometer TECAN

Thermocycler Biometrd Professional Basic Gradient

Vortex GvLab
Waterbath GFL 1086

19

Hettich Zentrifugen
Heraeus
Miltenyi Biotec
Analytic Jena
Integra

GE Healthcare
Heraeus
Miltenyi Biotec
VWR

VWR

Nikon

Nikon
Eppendorf
Brand

Brand
Eppendorf

Kern EW
Tecan
Analytik Jena
Gilson

Gesellschaft fur Labortechnik
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Table 2; Software

Software Manufacturer

Adobe Photoshop CS6 Adobe Inc.
EndNote E20 Clarivate

GraphPad Prism 9 GraphPad Software Inc.
ImageStudio Lité/ersion 5.2 LI-COR
MacsQuantifyE Software Miltenyi Biotec
Microsoft 360 Excel, Word, Powerpoint Microsoft Corporation
NIS Elements Imaging Software Laboratory Imaging

Table 3: Supplies

Supplies Manufacturer
Cell cultureflasks 75 crf BD Biosciences
Cell culture flaskscollagencoated 75 ch Biocoat

Cell culture plate$ well Falcon Corning
Cell culture plates 6 weltollagencoated Falcon Corning
Cryo Tubes D mi Sarstedt
Eppendorf Tubes®.6 ml, 15 ml, 20 ml Eppendorf
Falcor® tubes50 ml, 15 ml Sarstedt

Falcon® 60 mm T@reated Cell culture dish Corning

Falcon® 60 mm T@reated Cell culture disttollagen Corning

coated

Fast Read 102® Cell Counting Slides Biosigma
Multi-Step pipette tips 12 ml Brand

Pasteur pipetteglass230 mm VWR, Roth
Pipette tips with filter (Biosphere®Filter Tips) Sarstedt

Pipette tips without filter 10 pl, 20 ul, 2Q4, 1000 pl Gilson, Biosphere
Pipette tips 5 ml, 10 ml, 12 m| Brand, Eppendorf
Sampletubes5 ml Sarstedt

Serological pipettes 2 ml, 5 ml, 10 ml, 25 ml, 50 ml Sarstedt
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Table 4: Chemicals andReagents

Material and Methods

Substance, Catalog Number (#)

Manufacturer

2-Propanol

Agarose(peqGOLD Universal) (#35-1020)
Annexin V-FITC Kit (#130092052)

Aprotinin (#A6279)

BC Assay Protein Quantification Kit (#UP40840A)
DMSO, HybriMa x E, -ilteredr(#DR6&0)

Dul beccods Phosphate

EMEM Cell Culture Media

Ethanol Rotipuran

Fetal Bovine Serum (FBS) (#S0415)
Gi bcoE RPMI 1640

Gi bcoE RPMI 1640

Hambés F12 Cel |l
L-glutamine (LGlyn), 200 mM
Leupeptin (#1167)

MACSQuantCalibrationBeads (#13®93607)
MACSQuant Runmg Buffer (#130111-562)
MACSQuant Storage Solution (#1-892-748)
MACSQuantWashingSolution (#136092749)

MEM NEAA (Non-Essential Amino Acids)
PathScan® Akt Signalingntibody Array Kit (#9474)

Cul ture

Buf

p h
without

M

PathScan® RTK Signaling Antibody Array Kit (#7982)

PCR Mycoplasma Test Kit I/C (PromoKine)
Penicillin/Streptomycin (Pen/Strep, ,000 U/ml)

Pepstatin (#1190)

Propidium iodidesolution (PI) (#P4864)

Proteome Profil er E-KikaserAaay

Kit (#ARY003B)
Sodium azide (NaBy 5%
Sodium citrate (6HsNasO7) 0,1%

Chemicals Distribution
Universitat Regensburg

VWR

Miltenyi Biotec

Sigma Aldrich

Uptima

Sigma Aldrich

Sigma Aldrich
BioWhittaker

Carl Roth

Biochrom

Gibco Life Technologies
Gibco Life Technologies
Biochrom

Gibco Life Technologies
Tocris

Miltenyi Biotec

Miltenyi Biotec

Miltenyi Biotec

Miltenyi Biotec

Gibco Life Technologies
CST

CST

PromoCell

Biochrom

Tocris

Sigma Aldrich

R&D Systems

Merck
Merck
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Staurosporiné#1285) Tocris
Trypan Blue BioWhittaker
Trypsin Q05%/ EDTA 002% in PBS Biochrom

2.1.2. Cell Culture

Table Slists theNB cell linesused, theiphenotypein cell cultureas well aghe sourceFigure
5 shows light microscopic images of the cell lines used in culfiaigle 6lists relevant genetic

markers of théNB cell lines used.

All cell lines were cultured in 75 cfrculture flasks in the respective growth medium listed
below and incubated at 37dhda CQ content of 5%.

Table 5: NeuroblastomaCell Lines

Name Origin Phenotypein cell culture Source

KELLY derived from human brain neuronal cells, round to ECACC
tissue ofanNB patient(143) fusiform, adherent, grow in (#92110411)
monao and multilayers, with

polar neuritic processes

LAN-5 derived from a bone marrow polymorph cells, adherent, DSMZ
metastasis diB of a 0.4 grow in monolayers and (#ACC673)
yearold boy(144, 145) small clusters

SK-N-SH derived 1970 from a bone  epithelial morphology, ATCC
marrow metastasis ™B of a adherent (#HTB-11)

4-yearold female with prior
treatmeni(145-147)

SK-N-AS Derived from a bone marrow neuroblasts with epithelial ATCC
metastasis diiB of a 6year = morphology,adherent (#CRL-2137)
old girl with prior treatment
(145, 148)

ATCC: American Type Culture CollectiolECACC. European Collection of Authenticated Cell Cultui@§MZ: Deutsche
Sammlung von Mikroorganismen und Zellkultur&B: neuroblastoma
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Figure 5: Light Microscopic Images of Neuroblastoma Cell Lines in Culture

Light microscopic images of the cell lines used at 10x magnifica®rKELLY (MNA), (B) LAN-5 (MNA), (C) SK-N-SH
(MNN), (D) SK-N-AS (MNN). MNA: MycN -amplified, MNN: MycN-non-amplified. The scaléar represents 100 pm.
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Table 6: NeuroblastomaCell Lines andT heir Genetic Characteristics

Material and Methods

NB cell line MycN 1pdel ALK mutation 11g23del 179 gain p53 or p73 NRAS
amplification mutation mutation
KELLY + + F1174L + + P177T -
(100-600fold) (LOH p21.3 (Gainof (Lossof
pter;loss function) function)
p36.32;gain
p36.33
(145, 149, 150) (151) (10, 151) (151) (151) (151) (152)
LAN-5 + + R1275Q - + - -
(50-200-fold) (Loss p33pter) (Gainof
function)
(24, 145, 149, 150) (24, 145, 151) (151, 153, 154) (24, 151) (151) (151, 155) (152)
SK-N-SH - - F1174L - + - -
(24, 145, 147) (24, 145, 151) (10, 11, 151, 153, 154) (24, 151) (11, 151) (151, 155) (152)
SK-N-AS - + - + + H168R Q61K
(Loss p36.22 (151, 155)
3632) (LOSS.Of
function)
del of p73
(1p36.33)
(24, 145, 149) (24, 145, 151) (10, 11, 151, 153154) (24, 151) (151) (145, 156) (152)

ALK: anaplastic lymphoma kinase, del: deletia@H: loss of heterozygosityN\B: neuroblastoma, NRASieuroblastom&AS viraloncogene homolag
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2.1.2.1. Cell Culture Media and Reagents

Table 7: Medium Preparation

KELLY and LAN-5: 1x RPMI 1640 with phenol red, 15%8S, 2
mM L-glutamine, 1% Pen/Strep

SK-N-SH and SKN-AS: Hamoés F12:1EtiVghéhol redl0%
FBS, 1% Pen/Strep

Cryo-conservation: FBS 10% DMSO
DMSO: dimethyl sulfoxide, E ME M: Eagl ebs Mi ni maWFBS: Hetak bowitei sedum, Menfbtrep: m,

penicillin/streptomycinRPMI 1640: Roswell Parkiemorial Institute medium 1640

All growth medawerefreshly gepared one to two times per month and stored at 4°C.

Medium for cryeconservation was akys freshly prepared directly before intended use.

2.1.3. Pharmaceutical Drugs

Table 8: Pharmaceutical Drugs Used toTreat Cells

Name, Catalog Number (#) Manufacturer
Dasatinib (#33307) LC Laboratories
Rapamycin (#R5000) LC Laboratories
SN-38 (activemetaboliteof irinotecan) (#2684) Tocris
Temozolomide (#22280) BioVision

All pharmaceutical drugsvere dissolved according the respective data sheetdimethyl
sulfoxide ODMSO) as vehiclealiquoted, and stored é20°C. The dissolved substances were
frozen and thawed a maximum of 10 tsni@ order to prevent any resulting impairment of
effect. After thawing and during the preparation of the various necessary dilution steps, aliquots
were vortexed thoroughly to ensure that a solution with an evenly distributed substance

concentration wasvailable for further use.
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2.2.Methods

2.2.1. Cell Culture, Passagingand Seeding

NB cells were cultured ithe appropriate medium of the respective cell line &&sxtion 2.1.2)1

in 75 cnt-cell culture flasksn ahumidified atmosphere at 37°C an@bCQG; in an inabator.

All working steps were conducted under sterile conditions in a laminar flow hood to prevent
contaminationAll work surfaces and materials were disinfected wit/i3opropanol before

use and only sterilized or autoclaved culture medium, pipite and consumable materials
were used. All solutions weteroughtto room temperature by leaving the solutionsit at

room temperaturéefore use or using a 37°C warming bd#or the cell line SKN-SH,
collagencoated culture flasks were used.

Cellswere passaged approximately twice a week. For this, the confluence of cells was regularly
assessed under the microscope and passaged when reaching a confluence of 8 1o 100
case of insufficient confluence, only a medium change was performed. Tihe glieells was
ensured by frequently assessing their morphology under the microscope and regularly

performingmycoplasma tests

To passage cells, the medium was first removed, and cells were washed with 10 ml of
phosphatéuffered saline®BS. This wasdoneto remove residudetal bovine serumHBS),

which would result in the inhibition of the trypsin and prevent detachment of the cell layer from
the bottom of the cell culture flask. Subsequently, trypsiimzafollowed (2 ml of trypsin

EDTA per T75 bottle) at room temperature (cell lines KELLY, LAN SK-N-AS) for
approximately five minutes. In the case of the cell lineNs&H, it was necessary to incubate

the culture flasks in the incubator at 37°C for the duration of trypsinization (3 to 5 minutes) to
ensure the detachment of cells. When cells visibly detached from the bottom of the culture
flasks, the trypsinization was stopped by adding 10 ml of fr&®&dentaining medium to
prevent irreversible cell damage due to prolonged contact with trypsially, the culture

flasks were thoroughly rinsed with medium, and cells were isolated by pipetting the cell
suspension up and downhen,cells wereresuspendeth fresh culture medium angseeded

into new culture flaskaccordingto thesplit ratiossuggested in the respective data sheets

For seedingnto culture dishes for experimentlls were detached from the culture flasks as

described above and resusged in 10 ml fresh medium. Cells were counted Seetion
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2.2.3, and a batch containing the required number of cells was prepared in the appropriate
amount of medium. Before seeding, cells were carefully mixed by pipetting up and down to
ensure an everell distribution. Seeding was done using a serological pipette-Wwel Gissue
culture plateggrowth area 9.6 cfj 0.5x1® cells per well in 1 ml medium were seedEdr
cell culturetreateddishes(growth area 21 cf), 2x1® cells were seeded per dish 5nml

medium.

2.2.2. Freezing and Thawing of Cells

Surplus cells were frozen during a low passage number to prepare a seedirfremrkcells
were stored in liquid nitrogen BS containingl0% ofthe cryoprotective agent DMS®@he
freezingmedium was prepare@ht before usas directed above and stored at 4°C unatdded

Cells then were gently detached described above using the protdoolsubculturing cells
(seeSection2.2.1). Afterward, cells were resuspended in thgpeopriate mediumand cell
numberand viability were determinedusing a hemacytometer and Trypan Blue exclusion
according to the protocotiescribedbelow (seeSection 2.2.8 Cellswere thercentrifuged at
300x g and4°C for 5 minutesThesupernatanivas decanted without disturbing the cell pellet.
The pelletwas therresuspended in the appropriate amount of cold freezing medium. Aliquots
of the cell suspension were dispensed into cryogenic storage viatehinamberof 2x1¢

cells percryo-vial, suspended ira volume of1.5 ml. To maintain a homogenous cell
suspensioycells were gently mixedCells then were slowly frozen by reducing the temperature
at approximately 1°C per minute using the controlled ratetryoe e zi ng cFoostpai ner
Alternatively, cry-vials were placed in an isopropanol chamber and stor8@4E overnight

Forlong-termstoragecryo-vials were subsequently placed in a liquid nitrogen tank.

When thawing cellshie cell suspension was immediateguspended in an appropriate-pre
warmed medium to thaw the cells with minimal stréSerward, the cell suspension was
centrifuged aBB00 x gand 20°C for 5 minutes. The supernataais thendecanted without
disturbing thecell pellet. This step was regated if necessatp ensure that as much freezing
mediumcontainingDSMO as possible was removed. Cells then were gently resuspenbded

appropriate mediuntransferred int@5 cn? cultureflasks and stored in the incubator
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2.2.3. Determining Cell Count in the Fast Read 102® Hemacytometer

To determine the number of cells, cells were first detached from the cell culture flasks as
outlined above (se®ection 2.2.)1 Then 10 pl of cell suspension were diluted WitgipanBlue

solution to a ratio of 1:10 th:20, depending on the expected cell count.

TrypanBlue exclusion is a rapid assaydetermine the viability of cells accuratelyamaged

cells are taking upl'rypanBlue, meaning it can travel into cells through damaged membranes.
Positively stained cellare considered neviable and are excluded from the cell count. An
aliquot of the cell suspension is pipetted into the Fast -Réaainber. Depending on cell
number and distribution of the cel&to 6 squares were counted. Subsequently, the cell number

was calculated using the following formula:
Cell number = average of cell counts per square
X volume of cell suspension-&ml)
x dilution factor (10 or 20)
x chamber factor 10

The chamber factor is calculated as follows: Because of tlreddfeight of the chamber, a
threedimensional space of defined size is created. In the used chathkeédrsight equals 0.1
mm. Therefore, the assessed volume in one sgsdrd mni (0.1 pl). Through multiplication

per square with 10(10,000) the cel count per ml (1 ml = 10ul) is determined.

2.2.4. Mycoplasma Test

To exclude mycoplasma contamination in the cell littles,PromoKine PCR Mycoplasma Test

KIT I/C was usedwhich utilizes polymerase chain reactioRCR) detection of mycoplasma
DNA in thecell culture supernatant. The procedure was performed according to the protocol of
the test kit. After performing PCR, the PCR produaisre mixed with loading buffer,
transferred to a 1.%-agarose getontaining GelRd, and electrophoresis was performed at
100 Vfor 30 minutesThe DNA bands were visualized using UV ligAtpositive mycoplasma
sample shows a distinct band at 265 to 278 bp. The internal controsBdiAdshow a distinct

band at 479 bp in every lanadicating a successfully performed PGRregularly performed

mycoplasma tests, no positive bands were detected for the cell lines in use
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2.2.5. In Vitro RIST Therapy

To assess the efficacy of the RIST therapMiNA - versus MycNnonamplified (MNN) cell
lines, anin vitro model ofNB with two MNA cell lines, KELLY and LAN5, and two MNN
cell lines, SKN-SH and SKN-AS, was established.

In extensive preliminary studies, thalf-maximal inhibitory concentration (Ig) values for
single and combination drug treatment were established bgister (128) and in further
internal lab studieby M. Matthes The drug concentrations applied in this study can be found
in Table 9below.

Table 9: Drug ConcentrationsUsed for Combinatorial Treatment Rapamycin Plus Dasatinib
and Irinotecan Plus Temozolomideand RIST Treatment in Different NB Cell Lines

Cell line Rapamycin Dasatinib Irinotecan Temozolomide
(SN-38)

KELLY 2 UM 5 UM 1.5 nM 250 pM

LAN-5 0.1 uM 1 uM 0.3nM 35 uM

SK-N-SH 0.2 uM 0.1 uM 1.3 nM 100 pM

SK-N-AS 0.1 pM 5 nM 6.7 nM 200 pM

For clarity, SN38 is used synonymously withinotecan (I) and will be referred to asotecan(l) in the following.
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72h mcubation 72h mcubation

Day 4:
Medium change/
Seeding
Day 0: harvest for R+D Day 8:
Seeding protein lysates Cell harvest for apoptosis assay

Day 1: A Day SA
“Pre-treatment™: “Chemotherapy”:
Rapamycin + Dasatinib Irinotecan + Temozolomide

(or control treatment with DMSQO) (or control treatment R, D, I, T, R+D, I+T, DMSO)

Figure 6: Schematic Outline of the in Vitro RIST Therapy (based on 129, 130)

lllustration of the RIST protocol as applied in the laboratory setting. Cells were seeded and 24 hours later (day 1y rapamyci

plus dasatinib (R+D) at concentrations listed @ble 9or control treatment (DMSO vehicle in the maximum concentration as

applied in the drug treatment) was administered. After 72 hours (day 4) medium was changed followed by 24 hours of rest
before applying chemotherapeutic drugs irinoteghus temozdomide (1+T) at concentrations listed ifable 9 Cells were

harvested after 72 hours (day, 8nd apoptosis assays were performed. For phosphorylation assays, cells were only treated

with R+D or control treatment (DMSO vehicléarvested on Day,4nd futher processed.

D: dasatinib, DMSOdimethyl sulfoxide I: irinotecanR: rapamycinT: temozolomide

For thein vitro RIST therapy Figure 6), cells were first plated by seeding 0.5 ¥ &6lls per

well in 6-well plates(apoptosis assays, Proteome Peofil E  ar r ay $cells percell2  x 1

culturetreateddish (PathScan® arrays), respectively.

After 24 hours (day 1R+D treatmentvas administered at concentrations liste@able9. As
a control, cells were treated with vehicle (DMSOQO) alone in the maximum concentration as

applied in the drug treatment.

After 72 hours (day 4 medium change was performéallowed by 24 hours of rest before
treatment with the chemotherapeutic agéntsat concentratios listed inTable9. In addition,

cells for singledrug treatmentyR, D, |, and T) and the combinatorial treatments with two
drugs R+D and I1+T, were seeded in-@ell plates with 0.5 x 10cells per wellon day 4 and
treated withsingledrugtreatmen{R, D, | or T) or combinatorial treatment consisting of R+D

or I+T after 24 hours of resin concentrations listed aboveTiable9. As a control, cells were
treated with vehicle (DMSO) alone in the maximum concentration as applied in the drug
treatment.Cdls were harvested after 72 hours (day 8phd the following assays were

performed. Each treatment was done in triplicates.
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For apoptosis assaysells were treated with the complétevitro RIST therapy, as well as the
individual drugR, D, |, and Tthe drug combinationR+D and I+T as well as controls treated
with vehicle (DMSO)only. For the apoptosis assays, 0.5 X ddlls per well were seeded in 6

well plates.

For the Proteome ProfileEarrays and PathScan@rays cells were treated witR+D or as

controlwith vehicle (DMSO) in concentrations as applied in the drug treatment only.

2.2.6. Apoptosis Assay Annexin V/FITG and Propidium lodide-
Staining

Fluorescencectivated cell sortingFACS) analysis using the MacsQuant Flow Cytometer by
Miltenyi Biotec was used to evaluate apoptosis induditiodrug and controltreated cells

Flow cytometric analysis is based measurindight scatter ad fluorescence when cells pass

a laser beam perpendicular to the sample flow. To analyze, cells are labeled with a dye, if
necessary, suspended in a liquid (sheath fluid) and then passed in a laminar flow by a focused
monochromatic light beane(g.,488 rm). When cells pass through the laser beam, the resulting
scattered light can be used to record various measured variables. Scattered light that is diffracted
at anarrow angleo the laser beam is detected as forward scatter)(RB@ scattered light at

right angles (90°) as side scatter ($SIhe FSC describes a rough measure for the cell size
SSCdepends on the cell 6s inner structure and
treatment of cells before analy$ib7) Depending on the size, granulariyd staining of the

cells, a specific scattering of the light and characteristic emission of the dye can be measured
with suitable photodetectors. The emitted light is directed into emission detectors and detected
via photomultipliers. Light is separateding interference filters/banghss filters according to

the emission spectrune.g.,for MacsQuant FL1 (B1): 525 nm, FL2 (B2): 585 nm, FL3 (B3):
655730 nm) and detectgd58). Adequate compensation methods mestused t@orrect an

overlap of the emission spectrumtibé dyes usedCells stained with a fluorescence dye can be

quantified as eventsd further analyzed using specialized software.

Apoptosis is a process in which a cell actively participates in its destructive pro(Es®es

This process is characterized by a series of specific morphological chengigding loss of

plasma membrane asymmetry and integrity, condensation of the nucleus and cytoplasm, and
internucleosomal cleavage of the DN259, 160) In most @karyotic viable cells, there are
phospholipid phosphatidylserines (R&cated in the cytosolic leaflet of the plasma membrane
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but not the outer leaflgtl59, 161, 162)These phosphatidylserines are negatively charged
(161) If a cell is undergoing apoptosis, PS rédlsition from the inner to the outer leaflet of
the membrane occurs in the early stages of apoptb®ls 163) thus PS is exposed to the
extanal cellular environmentln necrosis or late stages of apoptosis, PS becomes widely

accessible due to the disruption of membrane inte@rég)

Annexin V (AV) is a 35kDa phospholipiebinding protein with a high affinity to PS in the
presence of physiological concentrations of calciunt)G462) It binds to the exposed PS of
apoptotic cell surfacgd60, 162) AV can be conjugated to fluorochromes sucHwmescein
isothiocyanate (FITE(160, 162)while retaining its high affinity to PS) and can therefore be
used as a sensitive probe for flow cytometric analysis of cells undergoing apoptosis.
Fluorochrome FITC emission witlan emission maximumof ~520 mm is detected in
fluorescence channel 1 (Fl/MacsQuant Analyzer BI)L58, 164) Doublestainingwith AV

and PI1 to confirm (early) apoptosis vaiecrosis(162) has been widely useds mentioned
above, PS translocatigrecedes the loss of complete disruption of membrane integrity found
in the later stages of apoptosis and necrosis. Pl inkéesabetween base pairs of double
stranded nucleic acids and thus can be used as a marker of necrotic/late apoptotic cells that have
lost membrane integritfd 65) DNA-bound Pl is detected at a fluorescence emission maximum
of 610620 nm and can therefore be detected inZF{MacsQuant Analyzer BA)L58, 164)

When combining staining witlluorescentFITC-labeledAV (AV/ FITC) with a stainng
protocol for cell viability such as Rlkells intheearly and late stages of apoptosis/ necrosis can
be identified.Figure 7 illustrates a simplified model of determining cell viability via the
AV/FITC- and Pistaining.
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Figure 7: Schematic Diagram Showing Detection of Apoptosis With Annexin ViEorescein
Isothiocyanateand Propidium lodide

(A) Schematic diagram showing the loss of membrane asymmetry of cells undergoing apBptsphatidylserines (PS)
beconeexposed in the outer leaflet which resultghi@binding offluorescein isothiocyana(&1TC)-labeled Annexin \(AV).

(B) Schematic diagram showing the uptake of AV and/or propidium iodide (PI) dependinhggiage cells are in. Healthy

live cells apgar AV-/PI-, early apoptotic cells appear AV+/Pand late apoptotic cells appear AV+/PI+.

Viable cells will take up neither Pl nor AV due to their intact phospholipid membrane and are
therefore negative for AV and o Pl/ no AV). Cells in the early siges of apoptosis have
lost their membrane asymmetry and expose PS in the outer leaflet of their membrane, thus
taking up AV. Still, cellmembrane integrity is intact, so no Pl uptake occlingrefore cells

in early apoptosis are negative for Pl uptalsedre highly positive for A\(no or low PI/ high

AV). Cells in late apoptosihigh PI/ high AV) orundergoing necrosigow AV/ high Pl)have

lost their membrane integrity atlderefore takeip PI(Table 10) Distinguishing between late
apoptosis and necrosis is not reliably possilolezivo, apoptotic cells would be phagocytized

by macrophages or neighboring ceilewever this does not happen in culture conditi¢hio,

167) Those cells will undergo scalled secondary necrosighich includes membrane rupture
and thus Pl-uptake. It is not possible teeliably differentiate between late apoptotic and
necrotic cells. In thdinal results, therefi®, it was distinguished between live and dead

(apoptotic/ecrotic) cells.
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Table 10: Cell Populations Stained With Annexin V/Fluorescein Isothiocyanateand Propidium

lodide
AV/FITC Pl
(Early) apoptotic cells positive negative
(Late) apoptotic/ necrotic cells positive positive
Viable cells negative negative

AV: Annexin V, FITC: fluorescein isothiocyanate, PI: propidium iodide

The Annexin VFITC Kit by Miltenyi Biotec was used to conduct the apoptosis asEay
binding buffer was prepared accordingkib instructions and stored at 4°C until use. For

protocol, an established protocol from the laboratory was used.

For the assay, 0.5 x 46ells were seeded inell plates and treated as descrilie®ection

2.2.5 As gooptosis control (AV/FITC positivex el | s wer e treated on
staurosporie in 0.5 ml medium and incubated for 4 hours at 378€ necrosis control(PI
positive) cells were treated with 0.5 ml 70% ethanol and incubated for r3@tawiat 37°C.
Longer incubation time resulted in complete cell deaththrednability to harvest cells for
measurement via FACS (all cells discarded with supernathung) the reduced incubation time

was choseffor ethanol treatment.

For the harvest afells, the medium was aspirated, and cells were washed with 2 ml PBS per
well. Subsequently, trypsinization followed (0.5 ml of trypEBIDTA per well) in the incubator

at 37°C for the duration of trypsinization (3 to 5 minutes) to ensure detachmers of\d&tn

cells visibly detached from the bottom of the wells, the trypsinization was stopped by adding
0.5 ml of FACS buffer solution. Wells were carefully but thoroughly rinsed by pipetting
solution up and down to ensure all cellsreaspirated. The salion was then transferred to
FACS tubes and centrifuged H80 x gfor 5 minutes at 4°C. The supernatant was discarded.
The washing step was repeated twice with 2 ml PBS per FACS tube. Subsequently, 100 pl
binding buffer wasadded to each tuband cell péets were thoroughly resuspended. Then 5

pl AV/FITC wasadded, mixed well, and celgereincubated at room temperature in the dark
wrapped in aluminum foil. Then 5 pl of PI solution and 40Mipding buffer per tube were
added, thoroughly mixed, and std in a MacsQuant Chill Rack during analysis. Analysis was

done immediately by flow cytometry using the MacsQuant Flow Cytometer by Miltenyi Biotec.
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Initially, careful compensation was done to eliminate the emission overlap of the dyes used. Per
tubg 20,000 events were recorded for each tube. The following plots were generated using

propercontrols
1. FSC vs. SSC with a gate foells for further analysis, separating them from debris
2. AV/FITC vs.Plwith gates for the following populations:

a.AV-/PI- (live cells)

b. AV +/PI- (eaty apoptotic cells)

c. AV +/ Pl +(late apoptotic cells)

d. AV-/PI+ (necrotic cells)

The following were used as controlmtreated, unstained cells, untreated cells stained with
AV/FITC only, and untreated cellstainedwith PI only to set up initial compensations and
quadrants. As controls during experimentmtrol OMSO vehicle}treated cells served as live
control, cells treated with staurosporine as apoptosis coatrdicells treated i ethanol as

necrosis control.

Additionally, a summary report for each sample was calcylatating the percentage of cells
for each gate for further analysis. Each drug and drug combinvegicadone in triplicates, and
each experiment was repeateddapendentlythree timedor each cell lineThe recorded data
wereanalyzed using the Machuan'ﬁfysoftware and Microsoft ExceResults were grouped

into live (no PI/no AV) and dead/apoptotic cells (AV and/or PI positive) for final analysis.

Statisticalanalysis was done using the software GrapH®R&m.Results were entered as the
number of apoptotiAV and/or Pl positive) cells. First, each treatmentlDRI+T, RIST) was
compared to their respective control (DMS@ated population within each cefi¢. Data sets

were assessed for normality. A visual analyzation usingapbt was done (data not shown)

and two normality tests were performed to creskdate resultsUsing more than one
normality test can provide a more comprehensive understanfiwgethera given data set
follows a normal distributionThe ShapireWilk test and the AnderseDarling test were
performedbecause they are regarded as the most powerful among the available normality tests

These two tests were chosen to receive the robsist results. The Shapiwilk test is widely
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used and accommodates very small samplewlzereas the Andersebarling test is less well

known, however can be more powerful for smaller sample sizes.

In the data groups tested, blit onedatasetfollowed a normal data distribution. In one case
(LAN-5, group R+D), the ShapH¥/ilk Test did not find a normal distribution, however the
AndersonDarling test did. The €Q plot visually appeared slightly sWwed, so a neaussian
distribution was assumed for more robust resagtaormality tests with small sample sizes are

limited in their power

To analyze each individual treatment group within each cell line compared to the respective
control group, a-test was performed for each grodgesults were plotted in a bar plot with

standard deviatiorSD) values. A Gaussian distribution (parametric test) was asstonedl

data sets but the LAS population treated with R+[Bor this particular group a nggarametric
MannWhitney U test was performed as the requirement of normal distribution forteke t

was not metRegarding standard deviations, constant standard deviations were not assumed for
determiningp values becaudhree independent experiments with triplicates were performed

for each drug or drug combinatioso an unpairedtt e st wi t h Wel chés corr
tailed pvalue was performed. In case of the one set with aGarssian distribution, a Mann
Whitneytest with a twetailed pvalue was performed.

To compare the effect of the therapy between the different cell lines, data was normalized. To
do this, the data of each treatment group was computed as a percentage of the respective control
group mean (whictvas set as 100 %). Then, in case of the S+T and RIST groups which showed
a Gaussian distribution for all data sets, a-wag ANOVA was performed. No equal SD was
assumed because data setsefrom different populationsnd pooled from the independent
experiments per cell line and treatment grosp BrownForsythe and Welch ANOVA tests

were performed. For the following multiple comparison tests, Dunnet T3 (recommended, when
n <50/groupaccordingto Prism) was performed. In the case of the R+D treatmentpg
comparison, which included the data set of LBMith a norGaussian distribution, a Kruskall

Wallis nonparametric test was performed instefaar. the following multiple comparison tests,
Dunnés test Pwalses greerepbried aw €.42. (533 (*), 0.002 (**), <0.001

(***) .
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2.2.7. Preparation of Protein Lysates and PathScan® and Proteome
ProfilerE Arrays

To assess which pathways and targets are aff
Human Phosph&inase Array Kit, the PathScan® ABlignaling Antibody Array Kit, anthe

PathScan® RTK Signaling Antibody Array Kit were used. These arrays allow the parallel
determination of relative protein phosphorylation levels of many kinases and targets at once to
gain insight into which targets aadfected by goarticulartherapy. Thus, relevant targets and
pathways can be narrowed down, and results can be verified using Wastemnalysis for

example.

Arrays are based dhesandwich immunoassay principle. Capture and control antibodies have
been spotted on nitrocellulose membranes. Cell lysates are incubated on the array, arrays are
washedand biotinylated detection antibodies are applied in a secondrstelty, streptaidin-
conjugatedchemiluminescent reagents are applied to make the reaction visible, producing a
signal at each spot correspondingthe amount of phosphorylated protein bound. The signal

intensitycan therbe quantified using image analysis software.

Topr epare protein |ysates for t KmasdPArrays,e o me |
cells ofthe cell lines KELLY (MNA) and SKN-AS (MNN) were seedenhto 6-well plates

and treatedvith R+D and, as control, vehicle (DMS@}p described abovgeeSection

2.2.5. One 6well plate of vehicle (DMSOjtreatedcells and one 6vell plate of cells

treated withR+D were prepared for each cell lin€he medium was aspirateand wells

were thoroughly rinsed with PBSAIl buffers were prepared freshight before use
according to the Pr ot e o-KimaseRray {Chémdumbesdeéntma n F
Readout) Kit to prepare and analyze the protein lysates

To prepare protein lysates for tRathScan® Arraysells of thecell lines KELLY (MNA),
LAN-5 (MNA), SK-N-SH (MNN), and SKkN-AS (MNN) were seedethto cellculture
treated dishesand treatedvith R+D or vehicle (DMSO)only, as described abovesde
Section 2.2.% For each cell lingonecell culturetreateddish @rowth area 21 cf with
vehicle (DMSOjtreated cells as control amhe cell culturetreated disHgrowth area 21
cm?) with cells treated wittR+D were preparedlo prepare and analyze the samples, the
PathScan®AKT Signaling Antibody Array Kit(Chemiluminescent Readougnd the
PathScan®RTK Signaling Antibody Array Kit (Chemiluminescent Readom@reused. All
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buffers were prepared fresh right before use according to the test kit instructions. Protein
lysates were prepared according to the test kit

A bicinchoninic acid assafBC Assay Protein Quantification Kit, Uptima)as performed

for the determination of protein concentrations of dgates The BCA assay allows a
colorimetric detection and quantification of total protdinown as the BCAnethod(168).

It is based on the reduction of €uo Cu" by tripeptides and larger polypeptides in an
alkaline medium containing sodium potassium tartrate (biuret reac(igg). Protein
forms a blueto-violet chelate complex with cupric ions. The intensity and color produced
are propaetional to the amount of protein present. BCA is a selective colorimetric detection
reagent that reacts with Céormed in the first reaction steps a result, urplecolored
complex is formedCuw?*+ 2 B CA -CyWR@nblex). The formed complex is water
soluble and exhibits a linear absorbance at 562 nm with increasing protein concentrations
and thus can be measured using colorimetric technigL@8). A standard curve was
prepared with albumin dissolved in T4&uffer 50 mM in concentrations from 0 mg/ml
(Tris-Buffer only) up to 1 mg/ml. Protein lysates were also plated in triplicates. Per well,
10 ul standard or protein lysate was platadd 200 pul BCA was added to each well using

a multrwell-pipette. Then 200 pl BCA solution (prepared as instructed) was added to each
well using a multiwell pipette and incubated at 37°C for 30 minutes. Then colorimetric

analysis followed using the speaphotometer TECAN.

Protein lysates were stored -®0°C until ready to use. To perform arrays, lysates were

gently thawed and kept on ice prior to use per instruction. 300 pg lysate per array set was
used as suggested in the test kit for the Proteomed Rraf r E Hu ma-Kinasgh o s p h ¢
Arrays. 75 ug lysate per array set was usedimgdicatedin the test kit for the PathScan®

Arrays. Arrays were prepared according to the test kit and then exposed with the
ImageQuant LAS 4000 Mini for a maximum time of 10 minutéarious images were

taken for further analysiat 1, 3, 5, and 10 minuteBorthefinal analysisimages with the
exposur e ti me of 10 mi nut eand 3 Bnd dbtnantes e Pr o
(PathScan® Arrays) were used. Care was taken that corresggoadiays of treated and

control cells were exposed for the same amount of time to ensure comparability.

Images were analyzed using the image analysisvare ImageStudio Lite Version 5.2 by
LI-COR Signal valueswere thenexported to a spreadsheet filer ffurther analysis in

Microsoft Excel. An average background signal using the negative control spots as
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background value was subtracted from each target spot value. Restdtshen analyzed
by comparing the absolute signal intensity valuesd the relative change in
phosphorylationin %) between drugand controltreated cellsvas calculatedGraphical

analysis was performed using GraphPad Prism.

Forgraphicalanalysistheabsolutesignal intensi values for each target spogre entered into

Prism and graphed. A visual descriptive analysis was then performed as only two values per
target were available per array. To compare the same target across multiple arrays and across
cell lines, the relatie change in phosphorylatiari the R+Dtreated cell population in regard

to the correspondingontrottreated cells was calculatesid entered into Prism and graphed

followed by a visual and descriptive analysis.
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3. Results

3.1. Induction of Apoptosis

3.1.1. Assessmehof Pre-Treatment With Rapamycin Plus Dasatinib
in Neuroblastoma Cell Lines

To assess the pteeatment of NB cells with the molecularly targeted combination therapy
consisting of R+D, apoptosis assays applying the AYiRdiing assay were performed using
two MNA NB cell lines, KELLY and LAN5, and two MNN NB cell lines, SI-SH and Sk-

N-AS. Cells were seeded and after 24 hours treated with a combination of R+D at IC50
concentrations, as shownTable 9 As a control, cells were treated with vehicle (DMSO) in
concentrations as applied in the drug treatment. After 72 hours, esiharvested, AV/FITC,

in combination with Rbktaining was performed, and the numbers of apoptotic (early apoptosis:
no Pl/high AV, late apoptosis: high Pl/high AV, necrosis: high Pl/no AV) and living (no PI/no
AV) cells were determined using FACS anadysiccording to the protocol outlined in the
sectionMaterial and MethodsResults were grouped into live (no Pl/no AV) and dead/apoptotic
cells (AV and/or PI positive) for final analysas described above

All control-treated cells showed a viability of > 99 % for all cell lines in all independent
experiments, and the amount of necrosis (high Pl/no AV) in all experiments was below 3 %
except for the cell line LAMN (data not shown). One R+D data point of ¢te# line LAN-5

had to be omitted due to a technical error. All other data sets were complete. The mean amount
of necrosis for LANS was about 10 %. These values were attributed to already dead cells at
the time of FACS analysigzigure 8 shows that the RD treatment induced apoptosis to a

varying degree compared to control (DMS@ated cells in all cell lines.
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Figure 8: Induction of Apoptosis in Neuroblastoma Cell Lines After Molecularly Targeted Pre
Treatment Compared to Contol (DMSO)-Treated Cells

Annexin V (AV)- and propidium iodide (Pipased fluoresceneactivated cell sorting (FACS) analysis evaluating live (no
Pl/no AV) and apoptotic (AV and/or Pl positivegll numbers 72 hours after combinatorial treatment with rapanplus
dasatinib (R+D) at I¢; concentrations (as shown Trable 9 compared to control (DMS@jeated cells in Mychamplified

(MNA) neuroblastoma (NB) cell lines KELLYA) and LAN-5 (B), and MycNnonramplified (MNN) NB cell lines SKN-SH

(C) and SKN-AS (D). Data represents 3 independent experiments for each cell line (n=3) performed with one control per
experiment and molecularly targeted treatment performed in triplicates. Displayed are the numbers of eplipitieo)

after (control) treatmentData sets were assessed for normality followed byeattor ManAWhitney test for each set as
described irMaterial and Methods.

C: control, MNA: MycNamplified, MNN: MycN-hon-amplified, R+D: rapamycin plus dasatinib. P valaes reported as

0.002 (**), < 0.001 (***).

In order to compare the effect of R+D treatment among the cell lines, the valuesiwelated

as percentages of their respective control nasatlescribed iMaterial and Methods
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Figure 9: Induction of Apoptosis in Neuroblastoma Cell Lines After Molecular Targeted Pre
Treatment

Annexin V (AV)- and propidium iodide (Pibased fluorescenexctivated cell sorting (FACS) analysis evaluating live (no
Pl/no AV) and dead (AV and/or PI positive) cell number§i@@rs after combinatorial treatment with rapamycin plus dasatinib
(R+D) at 1Go concentrations (as shown Table 9 in MycN-amplified (MNA) neuroblastoma (NB) cell lines KELLY and
LAN-5, and MycNnonramplified (MNN) NB cell lines SKN-SH and SKN-AS. Datarepresents 3 independent experiments

for each cell line (n=3) performed in triplicates. Displayed is the percentage (%) of apoptotic cells in respect tivitiealind
controls after R+D treatmefdr each cell lineData was assessed for normalitydaled by a KruskalWallis nonparametric

test as described Material and Methods.

MNA: MycN-amplified, MNN: MycN-non-amplified, ns: not significant. P values are reported as 0.12 (ns), 0.33 (*), < 0.001
(***)_

In comparisonfigure 9shows that in the MN cell line KELLY, 64 % SD= 6 %), and in the
MNA cell line LAN-5, 91 % 6D = 6 %), of cells were AVand/or Pipositively stained after
treatment with R+D. These results were overall greater than the apoptosis induction in the MNN
cell line SKN-AS with only 27 % SD = 5 %) of AV- and/or Pipositively stained cells after
R+D treatment. However, there was no statistically significant difference between the MNA
cell line KELLY and the MNN cell line SKN-AS performing the KruskalWallis test. The

MNN cell line SK-N-SH showed 87 %SD = 8 %) of AV- and/or Pipositively stained cells

after R+D treatment and thus showed no significant difference in the induction of apoptosis
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compared to the MNA cell lines KELLY and LAB. However, the treatment with R+D induces
significantly more apoptosis in the MNN céfle SK-N-SH than in the MNN cell line SIN-
AS.

3.1.2. Assessment of Chemotherapeutic TreatmenVith Irinotecan
Plus Temozolomide in Neuroblastoma Cell Lines

To assess the conventional chemotherapy consisting ottikie enetabolite of | (SNB8) and

T in MNA and MNN NB cell lines, the two MNA cell lines, KELLY and LAB, and the two

MNN NB cell lines, SKN-SH and SKN-AS, were seeded, incubated for 24 hours, and then
treated with a combination of I+T for 72 hours @dconcentrations as shownTable 9 As

a control, cells were treated with vehicle (DMSO) in concentrations as applied in the drug

tfreatment.

After 72 hours, cells were harvested, AV/FFTGn combination with Rktaining was
performed, and the numbeysapoptotic (early apoptosis: no Pl/high AV, late apoptosis: high
PI/high AV, necrosis: high PI/no AV) and living (no PI/no AV) cells were determined using
FACS analysis according to the protocol outlined in the seMaterial and MethodsResults
weregrouped into live (no Pl/no AV) and dead/apoptotic cells (AV and/or PI positive) for final

analysisas described iMaterial and Methods

All control-treated cells showed a viability of > 99 % for all cell lines in all independent
experiments, and the amnat of necrosis (high PI/ no AV) in all experiments was below 3 %
except for the cell line LAMN (data not shown). The mean amount of necrosis for-bAtas

about 6 %. These values were attributed to already dead cells at the time of FACS analysis.

The I+Ttreatment induced apoptosis in all cell lines to a varying degree compared to control
(DMSO)-treated cells, as shovim Figure 10.
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Figure 10: Induction of Apoptosis in Neuroblastoma Cell Lines After Conventional
Chemotherapy Treatment Compared to Control (DMSO)}Treated Cells

Annexin V (AV)- and propidium iodide (Pibased fluoresceneaxctivated cell sorting (FACS) analysis evaluating live (no
Pl/no AV) and apoptotic (AV and/or PI positive) cell numbers 72 hotes @énventional chemotherapy combination treatment
with irinotecan plus temozolomide (I+T) ats3oncentrations (as shown Trable 9 compared to control (DMS@Gjeated
cellsin MycN-amplified (MNA) neuroblastoma (NB) cell lines KELL(A) and LAN-5 (B), and MycNnon-amplified (MNN)

NB cell lines SKN-SH (C) and SKN-AS (D). Data represents 3 independent experiments for each cell line (n=3) performed
with one control per experiemt and chemotherapy treatment performed in triplicBtisplayed are the numbers of apoptotic
cells after (contre) treatment. Data sets were assessed for normality followed-tgstfor each set as describedviaterial

and Methods

C: control, I+T:irinotecan plus temozolomide, MNA: MyeBimplified, MNN: MycN-non-amplified. P values are reported as

< 0.001 (***).

In order to compare the effectlefT treatment among the cell lines, the values wateulated
as percentages of their respective contrebnas described iMaterial and Methods
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Figure 11: Induction of Apoptosis in Neuroblastoma Cell Lines After Conventional
Chemotherapy Treatment

Annexin V (AV)- and propidium iodide (Pibased fluorescenexctivated cell sonig (FACS) analysis evaluating live (no

Pl/no AV) and apoptotic (AV and/or PI positive) cell numbers 72 hours after conventional chemotherapy combination treatment
with irinotecan plus temozolomide (I+T) at s&Cconcentrations (as shown ifiable 9 in MycN-amplified (MNA)
neuroblastoma (NB) cell lines KELLY and LAB, and MycNnon-amplified (MNN) NB cell lines SKN-SH and SKN-AS.

Data represents 3 independent experiments for each cell line (n=3) perfaithedne control per experiment and
chemotherapy treatment performed in triplicaiisplayed is the percentage (%) of apoptotic cells in respect to their individual
controls after I+T treatment. Data was assessed for normality and-#@nénova test was penfmed as described in
Material and Methods

MNA: MycN-amplified, MNN: MycN-non-amplified, ns: not significant. P values are reported as 0.12 (ns), 0.002 (**), < 0.001
(***)_

In theMNA cell lines KELLY and LAN-5, 79 % ED= 10 %) and 96 %SD= 3 %) of allcells,
respectively, werdV - and/or Pipositivelystained after I1+T treatment as showrrigure 11

These results were significantly greater than the apoptosis induction in the MNN cell {ine SK
N-AS with 29 % 6D = 6 %) AV - and/ or Pipositively stainedcells after treatment. On the
other hand, the MNN cell line SKI-SH showed 72 %SD= 7 %)AV - and/ or Plpositively
stained cells after treatment and thus showed only slightly lower numbers compared to the
MNA cell line KELLY. Again, there is a greatenduction of apoptosis after chemotherapy

treatment in the MNN cell line SK-SH than in the MNN cell line SIN-AS.
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3.1.3. Assessment of the RIST Treatment in Neuroblastoma Cell Lines

To assess the RIST treatment combining thetrne@ment of R+D with the conveanal
chemotherapy treatment I+T (as showirrigure 6 in MNA and MNN NB cell lines, the two

MNA cell lines, KELLY, and LANS5, and the two MNN NB cell lines, SK-SH and SKN-

AS, were seeded and incubated for 24 hours. First, cells weteepted with RD for 72 hours,

then the medium was changed, and after an additional 24 hours, the chemotherapeutic |+T
treatment was added for 72 hours. All drugs were appliedsgciihcentrations, as shown in
Table 9 As a control, cells were treated with vehicle (B®) in concentrations as applied in

the drug treatment.

After 72 hours, cells were harvested, AV/FFTGn combination with Rbktaining was
performed, and the numbers of apoptotic (early apoptosis: no Pl/high AV, late apoptosis: high
PI/high AV, necrosishigh Pl/no AV) and living (no Pl/no AV) cells were determined using
FACS according to the protocol outlined in the sectaterial and MethodsResults were
grouped into live (no PI/no AV) and dead/apoptotic cells (AV and/or Pl positive) for final

analyss as described above

All controttreated cells showed a viability of > 99 % for all cell lines in all independent
experiments. The amount of necrosis (high P1/ no AV) in all experiments for cell lines KELLY
and SKN-AS was below 1 %. Cell lines LA and SKN-SH showed higher vaés at 5 %

for SK-N-SH and 8 % for LAN5 (data not shown), respectively. These values were attributed
to already dead cells at the time of FACS analysis. Due to a technical error, two RIST data

points for SKN-SH had to be omitted from the analysis.

As shavn in Figure 12, the treatment with the complete RIST therapy protocol induced
apoptosis in all cell lines to a varying degree compared to control (DXt8&igd cells.
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Figure 12: Induction of Apoptosis in Neuroblastoma Cell Lines After RIST Treatment
Compared to Control (DMSO)-Treated Cells

Annexin V (AV)- and propidium iodide (Pihased fluoresceneactivated cell sorting (FACS) analysis evaluating live (no

Pl/no AV) and apoptotic (AV and/or Pl positive) cell numbers after Ri€atment (as shown ifigure 6 at 1Gso
concentrations (as shown Trable 9 compared to control (DMS@jeated cells in Mychamplified (MNA) neuroblastoma

(NB) cell lines KELLY (A) and LAN-5 (B), and MycNnonamplified (MNN) NB cell lines SKN-SH (C) andSK-N-AS (D).

Data represents 3 independent experiments for each cell line (n=3) performed with one control per experiment and RIST
treatment performed in triplicates. Displayed are the numbers (in %) of apoptotic cells after{jdoeatohent. Data setvere

assessed for normality followed by-test for each set as describedviaterial and Methods

C: control, MNA: MycN-amplified, MNN: MycN-nonamplified. P values are reported as < 0.001 (***).

In order to compare the effectRfSTtreatment amondne cell lines, the values werelculated
as percentages of their respective control nasatlescribed iMaterial and Methods
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Figure 13: Induction of Apoptosis in Neuroblastoma Cell Lines After RIST Treatment

Annexin V (AV)- and propidium iodide (Pibased fluorescenexctivated cell sorting (FACS) analysis evaluating live (no
Pl/no AV) and apoptotic (AV and/or Pl positive) cell numbers after RIST treatment (as sholRiguire 6 at 1Gso
concentrations (as showin Table 9 in MycN-amplified (MNA) neuroblastoma (NB) cell lines KELLY and LA and
MycN-non-amplified (MNN) NB cell lines SKN-SH and SKN-AS. Data represents 3 independent experiments for each cell
line (n=3) performed in triplicates. Displayedh®percentage (%) of apoptotic cells in respect to their individual controls after
RIST treatment. Data sets were assessed for normality and\W&nAnova test was performed as describedarerial and
Methods

MNA: MycN-amplified, MNN: MycN-non-amplified, ns: not significant. P values are reported as 0.12 (ns), 0.002 (**), < 0.001

().
As seen irFigure 13 in the MNA cell line KELLY, 91 % $D= 5 %), and in the MNA cell

line LAN-5, 92 % ED= 4 %) of cells werd\V - and/ or Pipositively stainedaftertreatment.
These results were significantly greater than the apoptosis induction in the MNN cell lines SK
N-SH with 73 % §D= 7 %) and SKN-AS, which showed 30 %50 = 8 %) of AV- and/ or
Pl-positively stainedtells after treatment. There was no sigRrifitdifference in the induction

of apoptosis between the two MNA cell lines KELLY and LANHowever, there was a
significantly greater induction of apoptosis in the MNN cell lineI$#SH than in the MNN

cell line SKN-AS.
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Taken together, the RIST therapsotocol showed greater efficacy regarding the induction of
apoptosis in MNA cell lines KELLY and LAM compared to the MNN cell lines SK¥-SH
and SKN-AS.

3.2.Phosphorylation Status Profiling

An approach using multvell antibody signaling arrays was usedidentify pathways and
targets responsible for the greater efficacy of the RIST therdgiNi compared td/INN NB

cell lines These arrays allow the parallel determination of relative protein phosphorylation
levels of many signaling nodes and downstreairgets at once in an efficient way, narrowing

down relevant targets to be verified using more refined methods such as Wiesdtamalysis.

These arrays are based on a sandwich immunoassay princigitdotingsignaling proteins
that have undergone péghorylation R+D-treated anaontrol OMSO vehicle-treated cells
were comparedand absolute pixel density (signal intensigues were graphed to analyze
phosphorylation status before and after R-ti2atment for each cell line. Relative
phosphorylation (%pf R+D- compared to contrdfeatedcellsfor each target was calculated

to identify difference®etween cell lines.

First,onePr o f i | e peEcellinerwagerformedfor the cell lines KELLY (MNA) and

SK-N-AS (MNN), which allows he simultaneous detectiontife r el ati ve phosp
|l es@efil 43 different si gmmaldiwmeg | andd ef Owoat ompr p
independent PathScan® RTK Signaling Arrayshich allow the detection of the
phosphorylation status of 2@&bsine kinases and 11 signaling no(ethway componenthat

route received signals through a variety of pathways and incamrregulate a number of

different effectorsto elicit a particular respongeand two independent PathScan® AKT
Signaling Arrgs, analyzing 16 signaling nodes predominantly belonging to the AKT signaling
network,were done for all cell linegsed in this studMNA: KELLY, LAN -5; MNN: SK-N-

SH, SKN-AS). These specific arrays were chosen as they alloweathtigsisof targets taking

part in the PISBK/AKT/mTOR and MAPK/ERK pathways. As outlined above $&stions 1.2

and 1.3, these pathways are critical in cell signaling, regulating cell growth and cell cycle,
proliferation, survival, as well as protein biosynthesisd are directly targeted by the RIST

therapy modelAdditionally, the PathScan® Arraywere also usetb verify findings from the
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Pr ot eome &raye fRi+D-teeatefl cells and vehicle (DMS@pated cells in
concentrations as applied in the drug timent were assessed for each cell li@ells were
seededind after24 hours treated with a combination of[R#t IGso concentrationsas shown

in Table9. As a control, cells were treated with vehicle (DMSO) in concentrations as applied
in the drug treatmnt. After 72 hours, cells were harvested, protein lysates were prepared, and

arrays were performed as outlined abmeeSection 2.2.)

The qualityof the arrays was first assessednsideringwell-staired positive control spots as

well as true norstained negative control sp@sdeven staining of the individual target spots
relevant to the following analysis ensure reliable resulsll Pr ot e 0 me affaysovere | er E
used for further analysigll PahScan®arrays for the cell line KELLY (MNA) were of good
quality andused in further analysis. One PathScan® RTK Signaling Array and one PathScan®
AKT Signaling Array had to be omitted due to lewd uneven staininguality for theLAN -5

(MNA) and SKN-SH (MNN) cell lines respectively. One of each PathScan® array had to be
omitted from further analysis for the cell line $KAS (MNN). Array target maps, array
layout, andcompletearray data of the arrays used can be found in the supplementary section
(Appendix, Figure 44-68). Figures 14 and15 show exemplary arrays of the MNA NB cell line
KELLY and the MNN NB cell line SKN-AS, respectivelyThe difference in intensity of
staining in control (DMSO vehicleyeated in comparison to R+eated cells withinhe

different cell lines is seen and canfbeher analyzed
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Figure 14: Exemplary PathScan® AKT Signaling Arrays of the NeuroblastomacCell Lines
KELLY and SK -N-AS, Target Spotfor Phosphatase and Tensin Homolog at Serine
380

Exemplary PathScan® AKT Signaling Arrays #8474 by Cell Signaling Technologyor the MycNamplified (MNA)
neuroblastom&\B) cell line KELLY and the MychNnhon-amplified (MNN)NB cell line SKN-AS, comparing control (DMSO
vehicle}treated (NT) and rapamycjplus dasatinib (R+Djreated cells, arshown. Targespecific capture antibodies have
been spotted in duplicate onto nitrocellulasated glass slides and cell lysatedl®f and R+Dtreated cells were incubated,
followed by a biotinylated detection @mdy cocktail. Streptavidiconjugated reagents were used to visualize the bound
detection antibody by chemiluminescence. Images were captured with the ImageQuant LAS 4000 Mini.

Relative phosphorylation lewein NT- and R+Dtreated cells ophosphatase and tensin homolog (PTEN) at serine 380
(Ser380)yare markedA defined reduction in phosphorylation at Ser380 as a readout for PTEN activity is seen in R+D treated
KELLY (MNA) cells but not in SKN-AS (MNN) cells.
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Figure 15 ExemplaryPr ot eome Pr of i | e rKibasélArmaya of th® h os p h o
Neuroblastoma Cell LinesKELLY and SK -N-AS, Target Spot for cCAMP Response
ElementBinding Protein at Serine 133

Exempl ary Pr otHumam@hosphiinase Arey Kit by R&D Systems (#ARY003®)r the MycN-amplified
(MNA) neuroblastomgNB) cell line KELLY and the MycNnonramplified (MNN)NB cell line SKN-AS, comparing control
(DMSO vehiclejtreated (NT) and rapamycin plus dasatinib (Rt2atedcells,areshown. Targespecific capture antibodies
have been spotted in duplicate onto nitrocellosated glass slides and cell lysateNd+ and R+Dtreated cells were
incubated, followed by a biotinylated detection antibody cocktail. Streptasisijugated reagents were used to visualize the
bound detection antibody by chemiluminescence. Images were captured with the ImageQuant LAS 4000 Mini.

Relative phosphorylation lewein NT- and R+Dtreated cells oEAMP response elemebinding protein (CREBat serine

133 (Ser133pre marked. While CREB (Ser133) is noticeably stronger phosphorylated in untreated KIRELYY NT)

cells than in untreated SK-AS (SK-N-AS NT) cells, relative phosphorylation levels are noticeably reduced in the MNA cell
line KELLY after R+D treatment but not in the MNN cell line $KAS.

3.2.1. Greater Reduction in the Phosphorylation Status of Signaling
Nodesin MycN-Amplified Neuroblastoma Cell Lines

The NB cell lines KELLY (MNA) and SKN-AS (MNN) were used as the primary cell lines
for the Proteome ProfilerE arrays because
responded to the RIST therapy versus an MNN cell lineNSKS) with the least respse to

the RIST therapy applying the apoptosis assays (as descrili&uapter 3.1 and so most

significant differences in molecular changes were expected for these two cell lines.

When comparing changes induced by the combinatorial treatment of R+D cdrtgpaoatrol
(DMSO vehiclejtreated cells, it was notable that the molecularly targeted therapy induced
distinctively greater changes in phosphorylation levels in the cell line KELLY than HNSK

AS (Appendix, Figure 47 and 48

Additionally, the phosphoration levels in KELLY were more substantially reduced than in
SK-N-AS, in which several target proteins even showed an increase in phosphorylation levels
(Appendix Figure 47 and 48). Similar trends, albeit less profound, could be seen when
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comparing thePathScan® RTK Appendix, Figure 63, 64 and p&nd PathScan® AKT
(Appendix, Figure 52, 53 and pb%ignaling Array data

In conclusion, the molecularly targeted treatment R+D reduced in higher quantity and quality
the phosphorylation levels @ignaling and effector proteins in the MNA cell line KELLY
compared to the MNN cell line SK-AS.

As a side note, when only comparing vehicle (DM$&®ated cell populations of the cell lines
KELLY and SK-N-AS, phosphorylation levels of the 43 signalingl affector proteins were
relatively similar across most targets. However, notable differences in phosphorylation levels
(defined as a change of signal intensity by at least twofold) between those two cell lines were
detected in three targets. Phosphorglatevels of CREB (Ser133) and three phosphorylation
sites of p53 (Serl5, Ser46, Ser392) were noticeably greater in the cell line KELLY (MNA). In
contrast, the phosphorylation level of AMPKalpha 1 (Thrl83) was greater in the cell ine SK
N-AS (MNN) (seeAppendix Figure 44-48).

3.2.2. Evidence for Greater Inhibition of mMTOR Pathway in MycN-
Amplified Neuroblastoma Cell Lines

3.2.2.1. mTOR

The seringhreonine kinase mMTOR exists as a catalytic subunit in two distinct complexes,
MTORC1 and mTORC@5, 46, 49)mTORC 1 is activated by AK{49).

Phosphorylation at serine 2448 (Ser2448) of mTOR may occur directly viarA1ifo (169)
but has recently been sugtgEbto be a target of S6K1 rather than AKI70). It is commonly
used as a readout of mTOR activity, but the functisimalificance remains uncle@8, 169)

Change in phosphorylation of mROat Ser2448 after the treatment with R+D was analyzed
for the MNA cell line KELLY and the MNN cell line SiN-AS utilizing the Proteome

Prof i | er-KinaBeAoayBidure 16shows the phosphorylation status as absolute pixel
density values (AU) after 27 hours of treatment with R+D compared to control (DMSO

vehicle}treated cells.
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Figure 16: Phosphorylation Status of Mammalian Target of Rapamycin in Control and
Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphoylation status of mammalian target of rapamycin (mTOR) at serine 2448 (Ser2448) after 72 hours of treatment with
rapamycin plus dasatinib (R+D) compared to control (DMSO vehimayed cells of the Myclmplified (MNA)
neuroblastoma (NB) cell line KELLYA) and the MycNnon-amplified (MNN) NB cell line SKN-AS (B) were analyzed
utilizing the Pr ot eo ménasP Aray by R&DrSksteids DatameprBsknts omelamay with duplicate

target spots for each cell line. DMSO: dimethyl sulfoxide. Atbitrary unit): absolute pixel density values, displayasare
means.

The molecularly targeted combinatorial R+D treatment showed a marked decrease in
phosphorylation at Ser2448 of mTOR in both cell lines teskégufe 16 A and B The

reduction in pbsphorylation is slightly greater in the MNA cell line KELLY than in the MNN
cell line SKN-AS, as shown ifrigure 17.
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Figure 17: Slightly More Reduced Serine 2448 Phosphorylation of Mammalian Target of
Rapamycin in KELLY Compared to SK-N-AS Cells After Rapamycin Plus
Dasatinib-Treatment

Phosphorylation status (%) of mammalian target of rapamycin (MTOR) in rapamycin plus dasatin#réRted)cells relative
to control (DMSO vehiclejreated cells (100%, red lindpata rgpresents one array with duplicate target spots for each cell
line. DMSO: dimethyl sulfoxide, MNA: Mychamplified, MNN: MycN-nornramplified. Displayed bars are means.
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3.2.2.2. PRAS40

PRAS40 is a component and a substrate of the mTORC1 and has been suggestedrt@suncti
a negative regulator of mMTORC#7, 48, 171) Upon phosphorylation ahreonine 246
(Thr246) by activated AKT(47, 48, 171)it is thought that PRAS40 dissociates from the mTOR
complex and thereby loses its ability tqpptess mTOR signaling to its downstream targets
S6K and 4EBP1 (47, 48, 171) However, several other studies indicated that PRAS4
necessary for mTORC1 activity and that its effects might be tsse@fic(171).

The change in phosphorylation of PRAS40 at Thr246 after the treatment with R+D was
analyzed for the MNA cell lines KELLY and LA and the MNN cell lines Si-SH and
SK-N-AS utilizing the PathScan® AKT Signaling Arradyigure 18shows the phosphorylation
status as absolute pixel density values (AU) after 72 hours of treatment with R+D compared to

control (DMSO vehicle}reated cells.
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Figure 18: Phosphorylation Status of ProlineRich AKT Substrate of 40kDa in Control- and
Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphorylation status of prolimieh AKT substrate of 40 kDa (PRAS40) at threonine 246 (Thr246) after 72 hours of treatment
with rapamycin plus dasatinib (R+D) compared totodn(DMSO vehiclejtreated cells of the Myclmplified (MNA)
neuroblastoma (NB) cell lines KELL§A) and LAN-5 (B), and the MycNnon-amplified (MNN) NB cell lines SKN-SH (C)

and SKkN-AS (D) were analyzed utilizing theathScan® AKT Signaling Array by G&ignaling TechnologyData represents
one array with duplicate target spots for each cell line. DMSO: dimethyl sulféMiéiéarbitrary unit): absolute pixel density
values, displayetlarsare means.

Treatment with R+ronsiderablyreducedhe phosphorylation oPRAS40 afThr246 in both
MNA cell lines tested (KELLY, LANS5) (Figure 18 A and B. In contrast, ngorofound
reduction in phosphorylation could be shown for the MNN cell lines-X88H, SKN-AS)
(Figure 18 C and D. In an independent P&ltan® arrayresults for the MNA cell lines
KELLY, and LAN-5 could be confirmed with similar resul&ppendix Figure 69 A and B.

No additional arrays for the cell lines 9%SH and SKN-AS were available. The
phosphorylationstatus of PRAS40 atThr246 was also analyzed utilizing the Proteome
Profil er E Hukinasae Ar@yhforghe lcell lines KELLY (MNA) and SKAS
(MNN). While the overall reduction in phosphorylatiai PRAS40 aiThr246was less than in

the PathSca® array, a reduction in phosphorylation affehourtreatment with R+D could
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be confirmed for the MNA cell line KELLYand agaimorelevantdecreasen phosphorylation
occurred in the MNINell line SKN-AS (AppendixFigure 70 A and B.

In conclusionthe molecularlytargeted combinatoridR+D treatment leads to a decrease in
phosphorylatiorof PRAS40at Thr246in MNA cell lines KELLY and LAN-5 but notin MNN
cell lines SKN-SH and SKN-AS as depicted ifrigure 19.
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Figure 19: Phosphorylation of Proline-Rich AKT Substrate of 40 kDaat Threonine 246 is More
Reduced in MycNAmplified Compared to MycN-non-Amplified Neuroblastoma Cell
Lines After Rapamycin Plus Dasatinib Treatment

Phosphorylation status (%) pfoline-rich AKT Substate of 40 kDA (PRAS40in rapamycin plus dasatinib (R+eated
cells relative to control (DMSO vehiclteated cells (100%, red line). Data represémtse arrays for KELLY, two arrays
eachfor LAN-5 and SKN-AS, and one array for S#-SH, with duplicate target spotser array DMSO: dimethyl sulfoxide
MNA: MycN-amplified, MNN: MycN-nonramplified. Displayed bars are means.

3.2.2.3. mTORCL1 Substratep70 S6 Kinaseand S6 Ribosomal
Protein

S6K1 is one ofthe main downstream targets of the PISBK/AKT/mTOR pathpay 49, 53)
S6K1 phosphorylation athreonine 229Thr229 (by PDK-1) andthreonine 229Thr389 (by
MTORC1)are critical for its kinase activit{47, 53) Thr389phosphorylation isknown to be
blocked by rapamycin(53). Phosphorylation sitesthreonine 421 and serine 424
(Thr4a21/Ser42)lie in a pseudaubstrate regioand are thought to activaB6K1 by relievng
pseudesubstratesuppressioti53). While phosphorylation at this site contributes to activity, it
does not appear to loetical (53).

The dange inphosphorylatiorof S6K1 at phosphorylation sites Thr38and Thr421/Ser424
afterthe treatment withR+D was analyzedor the MNA cell line KELLY and the MNN cell

line SK-NAS util i zi ng the Proteome -HnasefAirdy EBiguie 20Hu ma n
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showsthe phosphorylation status as absolute pixel density values (AU) after 72 hours of
treatment with R+D compared to contrBINISO vehicle)}treated cells.
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Figure 20: Phosphorylation Status of p70 S6 Kinase in Contreland Rapamycin Plus Dasatinib
Treated Neuroblastoma Cell Lines

Phosphorylation status of p70 S6 kinase (S6K) at threonine 389 (Thr389) and threonine 421/ serine 424 (Thr421/Ser424) after
72 hours of treatment with rapamycin plus dasatinib (R+D) compared to control (DMSO wetgate cells of the MycN
amplified (MNA) neuroblastoma (NB) cell line KELLYA} and the MycNnonramplified (MNN) NB cell line SKN-AS (B)

were analyzed utilizingther ot eome Pr of i | eKinge Afnaynbg R&DBysterasp Data represents one array
with duplicate target spots for each cell lilBMSO: dimethyl sulfoxide AU (arbitrary unit): absolute pixel density values
Displayedbarsare means

Treatment withR+D led to anoticeablereduction in phosphorylation at both phosphorylation
sites in the MNA cell line KELLY as well as the MNN cell line $AS (Figure20A and B.
Notably, a much greater reduction in phosphorylation at the primary rapargemnsitive
phosphorylation site Thr389 occurred in the MNA cell line KEL{FYgure 21 A), whereas the
reduction in phosphorylation at the unspecific site Thr421/Ser424 was greater in the MNN cell

line SK-N-AS (Figure 21 B). No independent confirmation arraygreavailable.
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Figure 21: Reduced Phosphorylation of p70 S6 Kinase at Threonine 389 in KELLY Compared
to SK-N-AS Cells After Rapamycin Plus DasatinibTreatment

Phosphorylation status (%) p70 S6 Kinase (S6K) phosphorylation sites threonine 389 (Th(83@nd threonine 421/ serine

424 (Thrd21/Ser424(B) in rapamycin plus dasatinib (R+ieated cells relative to control (DMSO vehietepated cells

(100%, redine). Data representmnearraywith duplicate target spofsr each cell lineDMSO: dimethyl sulfoxide MNA:
MycN-amplified, MNN: MycN-non-amplified. AU (arbitrary unit): absolute pixel density valu€ssplayed bars are means.

The PathScan® AKT Signaling Array was not utilized to analg?EOR downstream targets

as signals for Thr389 and Thr421/Ser424 were too weak to be analyzed reliably (data not

shown).

S6ribosomal proteir(rpS9 is a substrate dd6K and has been used as a readout for mTOR
activity (47). The phosphorylation siteserine 235 and serine 238¢r235/Ser236represent
two major phosphorylation sites responsible for its activadimhare phosphorylatedy S6K

as well as RSK53, 172)

The tange inphosphorylatiorof rpS6 atSer235/236 after treatment with R+D was analyzed
for the MNA cell lines KELLY and LANS and the MNN cell lines SI-SH and SKN-AS
utilizing the PathScan® RTK Signaling Arradsigure 22 A-D shows the phosphorylation status
as absolute pixel density values (AU) after 72 hours of treatmenRwBrcompared to control
(DMSO vehicle}treated cells.
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Figure 22. Phosphorylation Status ofS6 Ribosomal Protein at Serine 235/236 in Contreland
Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphorylatiorstatusof S6 ribosomal protein (rpS6) at serine 235/236 (Ser235/236) after 72 hours of treatment with

rapamycin plus dasatinib (R+D) compared dontrol OMSO vehicle}treated cells of the Mycldmplified (MNA)

neuroblastomé&NB) cell linesKELLY (A) andLAN-5 (B), andthe MycN-non-amplified (MNN)NB cell lines SK-N-SH (C)

andSK-N-AS (D) wereanalyzed utilizing th®athScan® RTK Signaling Array by Cell Signaling Technolddgta represents

one array with duplicate target spots for each cell biMSO: dimethyl sulfoxideAU: absolute pixel density valueBisplayed
bars areneans.

Treatment wih R+D showed markeddecrease irser235/236hosphorylation levels in all
cell lines testedindependent of MycN statfigure 23). For the cell lines KELLY (MNA)
and SKN-SH (MNN), an independent secoradray was available, showing similar results,
respectively (AppendixFigure 71 A and B.
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Figure 23: Reduced Serine 235/236 Phosphorylation &6 Ribosomal Protein in all
Neuroblastoma Cell Lines After Rapamycin Plus Dasatinib Treatment

Phosphorylation status (%) 86 ribosomalprotein (rpS6)in rapamycin plus dasatinib (R+@eated cells relative to control
(DMSO vehicle}treated cells (100%, red line)ata represents one array with duplicate target spotsAidr-5 (MNA) and
SK-N-AS (MNN) and two arrays each for cell lines KELLY (MNA) and $KSH (MNN). DMSO: dimethyl sulfoxide MNA:
MycN-amplified, MNN: MycN-non-amplified. Displayed bars are means.

Taken together, there is some evidence thatriblecularlytargetedcombinatorialtreatment
R+D causd a greater reduction in phosphorylationat the rapamycirsensitive S6K
phosphorylation site Thr389 in the MNA cell line KELLY than in the MNN cell line-l$K
AS. In contrastphosphorylation ofpS6at Ser235/236vas equail reduced following R+D

treatment in all cell lines, independent of MycN status

3.2.2.4. AKT

AKT, upstream of mMTORCI1s the main target of PI3K and is phosphorylated at two key
phosphorylation siteghreonine 308 Thr308) and serine 473 $erd73 (39, 41, 48) While
Thr308 is phosphorylated as a direct downstream target of PI3K vialP(@3HK, 41, 48)
phosphorylation at &473 by mTORC2 is necessary to fully activateT (39, 48) Upon
activation, AKT disinhibits mTORCL1 thereby promotingincreased cell melelism,

proliferation, survival, and blockage of apoptqgi8).

The dhange in phosphorylatiasf AKT at Thr308 and Ser4#dterthetreatment with R+D was
analyzedfor the MNA cell lines KELLY and LAN5 and the MNN cell lines SiN-SH and
SK-N-AS utilizing the PathScan®TK Signaling Array Figure 24 shows the phosphorylation
status as absolute pixel densmjlues (AU) after 72 hours of treatment with the combinatorial

treatment R+D compared to contrBINISO vehicle}treated cells.
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Figure 24: Phosphorylation Status ofProtein Kinase B (AKT) at Serine 473 and Threonine 308
in Control- and Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphorylation status pfotein kinase B (AKTat serine 473 (Ser473) and threonine 308 (Thr308) after 72 hours of treatment
with rapamycin plus dasatinib (R+D) compared to control (DM&®icle}treated cells of the Myclmplified (MNA)
neuroblastoma (R) cell lines KELLY (A) and LAN-5 (B), and the MycNnonramplified (MNN) NB cell lines SKN-AS (C)

and SKkN-AS (D) wereanalyzed utilizing th®athScan® RTK Signaling Array by Cell Signaling Technology. Data represents
one array with duplicate target spots for each cell Aibe(arbitrary unit): absolute pixel density valu&isplayed bars are

means.

Treatment with R+D showedreticeabledecrase in phosphorylatioof AKT at Thr308 and
Ser473 in the MNA cell lineKELLY and LAN-5 (Figure 24 A and B. A second independent
arrayperformed forKELLY confirmed areductionin phosphorylation athr308 but showed
no profoundchanges at site Serd{8ppendix Figure 72 A). An additional arrayor Kelly also
confirmeda decrease in phosphorylation at Thr308 and Se(Appendix, FigureZ3 A). No
furtherarray was available fatAN-5.

Treatment with R+D showedc@nsiderabléncreasen phosphorylatiorof AKT at Thr308 and
Serd473 in the MNN cell line SI-SH (Figure 24 C). This could beconfirmed in a second
independently performed arraglbeit to a lesser exteffppendix Figuré’2 B). In the cellline
SK-N-AS (MNN), R+D treatmentlso ledto a noticeablancrease in phosphorylatiai AKT
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at Thr308 but no change at site Ser{Fgjure 24 D), whereasan independently performed
array applying the Pr oadeoeassn ART ghésphorglatidh atar r ay
both siteqAppendix Figure 73 B).
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Figure 25: ReducedProtein Kinase B (AKT) Phosphorylation at Threonine 308 in MycN
Amplified Compared to MycN-non-Amplified Neuroblastoma Cell Lines

Phosphorylation status (%) of tipeotein kinase B (AKT)at serine 473 (Ser473)A) and threonine 308 (Thr308(B) in
rapamycin plus dasatinib (R+@eated cells relative to control (DMS@hicle}treated cells (100 %, red lin®)ata represents
three arrays for KELLY, two arrays each for 8KSH and SKN-AS, and ame array for LAN5 with duplicate target spots per
array.DMSO: dimethyl sulfoxide MNA: MycN -amplified, MNN: MycN-nonramplified Displayed bars are means.

Taken together-igure 25 shows thatreatment with thenolecularlytargeted combinatorial
R+D treatment Id to a decrease in phosphorylation of the key regulatory target AKT in MNA
cell lines KELLY and LANS5, however with a wide spread of results for KELLY at Ser473
Conversely, results in the MNN cell line S%SH showe an increase in relative

phosphorylation of AKT, whereas results in phosphorylation change for the MNINeebK-
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N-AS remain inconclusivéVhile these results show a trend towagdsater inhibition of AKT
in MycN-amplified NB cell linesresults shoul be verified, especiallgegardingSK-N-AS.

3.2.2.5. GSK-3b

The protein kinas&SK-3 is another key component within the complex regulation of the
PISBK/AKT/mTOR pathway andis generally active (48). Upon activation of the
PIBK/AKT/mTOR pathwayAKT phosplorylatesGSK-3b atserine 9 $er9, thereby inhibiting

its function(19, 48) Inhibition of AKT thereby should lead to activation of GSK. It may
also be inhibited due to phosphorylation by S8K3) When activatedGSK-3b leads tathe
phosphorylatiorof several downstream targgtscludingMycN andcyclin D1, leading taheir
destabilization and degradati@l®, 48, 62)

The change in phosphorylation G5K-3b at Ser9afterthe treatmenwith R+D was amlyzed
for the MNA cell lines KELLY and LANS5, and the MNN cell lines SIN-SH and SKN-AS
utilizing the PathScan®KT Signaling Array Figure 26 A-D showsthe phosphorylation status
asabsolute pixel densityalues(AU) after72 hours of treatment with tmaolecularlytargeted

combinatoriaR+D treatment compared to contr@NISO vehicle}treated cells
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Figure 26: Phosphorylation Status of Glycogen Synthase Kinasé & Control- and Rapamycin
Plus Dasatinib-Treated Neuroblastoma Cell Lines

Phosphorylatiorstatusof glycogensynthasekinase ® (GSK-3b) at serine {Ser9)after 72 hours of treatment with rapamycin
plus dasatinib (R+D) compared ¢ontrol (DMSO vehicle}treated cell®f the MycN-amplified (MNA) neuroblastoméNB)
cell lines KELLY (A) and LAN-5 (B), and the MycNnon-amplified (MNN) NB cell lines SKN-SH (C) and SKN-AS (D)
were analyzed utilizing thBathScan® AKT Signaling Array by Cell Signaling TechnoloDgta represgs one array with
duplicate target spots for each cell liB&SO: dimethyl sulfoxideAU (arbitrary unit): absolute pixel density valuBssplayed
bars are means.

Treatment with R+D showedsbstantiabecrease in phosphorylatioh GSK-3b at Ser9in
the MNA cell lines KELLY and LANS5 (Figure 26 A and B. Additionally, anindependently
performed array showed decreasing tendency for KELLY, albemuch less profound

(AppendixFigure 74 A).

No decrease in phosphorylation was measurable in the B#INines SKN-SH and SKN-
AS,; in fact, the arrays showed an increase in relative phosphorylation aspedally in SK

N-SH (Figure 26 C and D. No confirmational arrays were available.

GSK-3Ub phosphorylation at serine 21/%Bdr21/Serp was also argzed utilizing the
Pr ot eome APRayoThd afray didnot distinguish between GRK(Ser21) and GSK
3b (Ser9) Results of the PathScan® arrays could be confirmed for the cell lines KELLY (MNA,
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noticeabledecrease in phosphorylatio(ppendix Figure 75 A) and SKN-AS (MNN, no
distinctchange)AppendixFigure 75 B).
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Figure 27: Reduced Serine 9 Phosphorylation of Glycogen Synthase Kinadei8 MycN -
Amplified Compared to MycN-non-Amplified Neuroblastoma Cell LinesAfter
Rapamycin Plus DasatinibTreatment

Phosphorylation status (%) of glycogen synthase kinbBg6&3SK-3b) at serine 9 (Ser9) in rapamycin plus dasatinib (R+D)
treated cells relative to control (DMS@hicle}treated cells (100 %, red lind)ata represes three arrays for KELLYtwo
arrayseachfor LAN-5 and SKN-AS, and one array for SI-SH with duplicate target spots per arr&MSO: dimethyl
sulfoxide MNA: MycN-amplified, MNN: MycN-nonramplified. Displayed bars are means.

Taken togetherFigure 27 strongly suggestghat the molecularly targetedR+D treatment

inhibits the phosphorylation of GS¥b in MNA cell linesbut notin MNN cell lines

3.2.2.6. Tumor Suppressd?TEN

The phosphatadeTEN functions as a tumor suppres@%41, 48) It negatively regulatethe
activation of the PISK/AKT/mTORpahway by dephosphorylating PiRo PIP, thus
preventing the activation of downstream targ@841, 48) Phosphorylation at residussrine
380 Ser38(), among othersis thought to be a mechanism of inactivation resulting in the
activation of the PISK/AKTIMTOR pathway (174) Thus, dephosphorylation of PTEN at
Ser380 is a sign of inhibition of the PIBK/AKT/mTOR pathway.

Thechange in phosphorylation BiTENat Ser38(@fter the treatment with R+Deatmenivas
analyzed in the MNA cell lines KELLY and LA, and the MNN cell lines SHN-SH and SK
N-AS utilizing the PathScan®@KT Signaling Array.Figure 28 shows the phosphorylation
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status as absolute pixel densiglues(AU) after 72 hours of treatment with theolecularly
targeted combinatorial treatmeR+D compared to controOMSO vehicle}treated cells.
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Figure 28: Phosphorylation Status of Phosphatase and Tensin Homolog in Contrand
Rapamycin plus Dasatinib Treated Neuroblastoma Cell Lines

Phosphorylation status of phosphatase and tensin hor(lIgN) at serine 380 (Ser380) after 72 hours of treatment with
rapamycin plus dasatinib (R+D) compared to control (DM&®icle}treated cei of the MycNamplified (MNA)
neuroblastoma (NB) cell lines KELL¥A) and LAN-5 (B), and the Mychhonramplified (MNN) NB cell lines SKN-SH (C)

and SKN-AS (D) were analyzed utilizing thReathScan® AKT Signaling Array by Cell Signaling Technolddsta repesents
one array with duplicate target spots for each cell DMSO: dimethyl sulfoxide AU (arbitrary unit): absolute pixel density

values Displayed bars are means.

Treatment with R+D showeddistinctdecrease in phosphorylation BTEN at Ser380in the
MNA cell lines KELLY and LAN-5 (Figure 28 A and B. Independently performed arrays
confirmed a decrease in both deles(AppendixFigure 76 A and B.

Treatment with R+D showedslight decrease in phosphorylation levels of PT&l$er380n
theMNN cell line SK-N-SH (Figure 28 C), although to a much lesser extent than in the MNA
cell lines. Noprofoundchangein phosphorylation levels of PTEBt Ser380was detected in

the MNN cell line SKN-AS (Figure 28 D). No confirmational arrays wer@vailable for SK
N-SH and SKN-AS.
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Figure 29: Phosphorylation Statusof Phosphatase and Tensin Homolog at Serine 3&8)More
Reduced in MycN-Amplified Compared to MycN-non-Amplified Neuroblastoma Cell
Lines

Phosphorylation status (%) plfiosphatase and tensin homolog (PTENapamycin plus dasatinib (R+ieated cells relative
to control (DMSQvehicle}treated cells (100 %, red lind)ata represents two arrays per MyaMplified (MNA) cell line
and one any per MycNnonamplified (MNN) cell line with duplicate target spots per arf@jSO: dimethyl sulfoxide
MNA: MycN-amplified, MNN: MycN-nonramplified. Displayed bars are means.

Taken togetherFigure 29 showsthe resultsindicating a greatereffect of tie molecularly
targetedR+D treatment in MNA cell lines than in MNN cell linesgarding the activation of

the tumor suppressor PTENe to reduced phosphorylation at Set380

3.2.3. Evidence for Greater Inhibition of the MAPK/ERK Pathway in
MycN-Amplified Neuroblastoma Cell Lines

3.2.3.1. Src and SKFs

Activity of the dual AbISrckinase inhibitor dasatinib wasonfirmed by analyzing the
phosphorylation of Src arflFKsas well as targets of the MAPK/ERK pathwadye tyrosine
kinaseSrc is activated via phosphorylation or binding to specific tyrosine autophosphorylation
sites in liganestimulatedRTKsthrough itsSH2 domain, leading to conformational chal@k,

175) This allowsthe autophosphorylation df/rosine 49 (Tyr419) within the activation loop
andthestabilization of its active conformati¢@l, 175) Tyr419 may also be a target for other

tyrosine kinases, resulting in Src activat{@a5).
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The SFKs are comprised of nine membe&rc, Yes, Fyn, Lyn, Lck, Hck, Fgr, BIk, and Yrk
(83) i which are similar in their structure and function but whose expression levels vary
depending on tissue ty86). While Src, Fyn and Yes araibiquitously expressedlLyn is
mainly expressed in hematopoietic cells and neuronal tissussreas Hck is primarily
expressed in myeid cells(83).

The dange in phosphorylation of Src after the treatment with R+D was analyzée fdiNA

cell lines KELLY and LANS5, and the MNN cell lines SWN-SH and SKN-AS utilizing the
PathScan® RTKSignaling Array.Figure 30 A-D shows the phosphorylation status as absolute
pixel density valueg¢AU) after 72 hours of treatment with the combinatoRalD treatment
compared to controOMSO vehicle}treated cells.
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Figure 30: Phosphorylation Status of Sarcoma Kinase in Contreland Rapamycin Plus
Dasatinib-Treated Neuroblastoma Cell Lines

Phosphorylation status of sarcoma kinase (Src) after 72 hours of treatment with rapamycin plus dasatinib (R+D) compared to
control (DMSO veltle)treated cells of the Mycldmplified (MNA) neuroblastoma (NB) cell lines KELL{A) and LAN-5

(B), and the MycNnon-amplified (MNN) NB cell lines SKN-SH(C) and SKkN-AS (D) were analyzed utilizing theathScan®

RTK Signaling Array by Cell Signaling Thoology.Data represents one array with duplicate target spots for each cell line.
DMSO: dimethyl sulfoxide AU (arbitrary unit): absolute pixel density valu&ssplayed bars are means.
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Treatment with R+D led to mmarkeddecrease in phosphorylation of $qgplying a pasryr
antibody (detection of general phosphorylatian)the MNA cell lines KELLY and LAN5
(Figure 30 A and B, as well as in the MNN cell line SKI-SH (Figure 30 C), but not in the
MNN cell line SK-N-AS (Figure 30 D). However, signals in the SK-AS arrays were low
compared to signals of the other cell linesaddition, confirmational arrays were available for
KELLY (MNA) and SKN-SH(MNN), showing similar result®r KELLY and also a decrease,
albeit to a lesser exte for SK-N-SH (MNN) (AppendixFigure 77 A and B.

The Proteome Pr of iKinase ArayHuasnasetb aRayreSrp andSHK

phosphorylatiorfor the cell lines KELLY (MNA) and SKN-AS (MNN). Figure 31 A and B
shows the phosphorylation status as absolute pixel density @udsafter 72 hours of
treatment with the combinatoriR+D treatment compared to contr@¥SO vehicle}treated

cells.
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Figure 31: Phosphorylation Status of Sarcoma Kinase anBelated Sarcoma Kinase Family
Kinases in Control and Rapamycin Plus DasatinibTreated Neuroblastoma Cell
Lines

Phosphorylation status of sarcoma kinase (Src) at tyrosine 419 (Tyr419) and the related Skirfaseity(SFKs) ¥, Yes,
Lyn, and Hck at their corresponding phosphorylation sifsr 72 hours of treatment with rapamycin plus dasatinib (R+D)
compared to control (DMSO vehiclegeated cells of the Mycldmplified (MNA) neuroblastoma (NB) cell line KELY (A)

and the MycNnon-amplified (MNN) NB cell line SKN-AS (B) were analyzed utilizing ther ot eome Profil er E |
PhospheKinase Array by R&D Systems. Data represents one array with duplicate target spots for each & 3iGe.
dimethylsulfoxide AU (arbitrary unit): absolute pixel density valuEssplayed bars are means.

Treatment with R+D showed distinct decreasen phosphorylatiorof Srcat Tyr419in the
MNA cell line KELLY (Figure 31 A) but notin the MNN cell line SKN-AS (Figure 31 B),
confirming results from the PathScan® arrégeatment with R+D alsaoticeablydecreased
therelative phosphorylatioaf three(Fyn at Tyr420, Yes at Tyr426, Hck at Tyr4 1t of four
SFKs(Lyn at Tyr397 waselatively uraffected)in the MNA cellline KELLY (Figure 31 A).

On the contraryenly theSFKHck at Tyr411(and to a lesser extend Fyn at Tyr2d@pshowed

a decrease iphosphorylation in the MNN cell line SK-AS (Figure 31 B).
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Figure 32: ReducedPhosphorylation of Sarcoma Kinase in Three out of Four Neuroblastoma
Cell Lines

Phosphorylation status (%) of sarcoma kinase (Src) in rapamycin plus dasatinibt(&ate) cells relative to control (DMSO
vehicle}treated cells (100 %, red line). Data reg@nts two arrays each for KELLY and-8KSH and one array each for LAN
5 and SKN-AS with duplicate target spots per array. DM$i®nethyl sulfoxide MNA: MycN-amplified, MNN: MycN-nor
amplified.Displayed barsepresentneans.
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Figure 33: Reduced Phosphorylation of Sarcoma Kinase and Sewma Kinase Family Kinasesn
KELLY Compared to SK -N-AS Cells After Rapamycin Plus Dasatinib-Treatment

Phosphorylation status (%) of sarcoma kinase (Src) and related Src faraggk(SFKs) Fyn, Yes, Lyn and Hcka@pamycin
plus dasatinib (R+Djreated cells relative to control (DMSO vehietedated cells (100 %, red lind)ata represents one array
for KELLY and one array for SKN-AS with duplicate target spots per array. D®Sdimethyl sulfoxide MNA: MycN-
amplified, MNN: MycN-non-amplified. Displayed bars represent means.

Taken togetherfigures 32 and 33 show thatreatment with R+Ded to a greater decrease in
phosphorylatiorof Src and Src family kinas@sthecell lines KELLY, LAN-5, and SKN-SH
compared to thcell line SKN-AS, suggesting thahe inhibition of the Src kinase family was

efficientin most of the NB cell lines testeehd independent of the MycN status
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3.2.3.2. ERK 12, MSK 1/2, and RSK 1/2/3

ERK1 and 2MSK 1 and 2and RSK1, 2 and 3are all kinases within the MAPK/ERK pathway
(69, 76) Phosphorylation athreonine 202 and tyrosine 20%h§202/Tyr204 andthreonine
185 and tyrosine 187hr185/Tyr187 activates ERK 1 and, 2espectively(69, 76) which in
turn activates RSK via a series of sequential phosphooylatncluding aserine 380%er380
(78). MSK 1/2 is activated via phosphorylation of ERd serine 360 $er360, while
autophosphorylation aerine 377 %er377 is important for its activity{176).

The dange in phosphorylatioof ERK, MSK, and RSKat ther respective phosphorylation
sitesafterthe treatment with R+vas analyzedior the MNA cell lines KELLY and LAN-5,
and the MNN cell lines SKN-SH and SKN-AS utilizing the PathScan® RTK Signaling Array.
Figure 34 A-D shows the phosphorylation statfSRK as absolute pixel density values (AU)
after 72 hours of treatment with the combinatdR&D treatment compad to control DMSO

vehicle}treated cells.
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Figure 34: Phosphorylation Status of ExtracellularSignal-Regulated Kinases 1 and 2 in Contrel
and Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphorylation status of extracellular sigregulated kinasesdnd2 (ERK 1/2) at threonine 20’ hr202)andtyrosine 204
(Tyr204), respectively, after 72 hours of treatment with rapamycin plus dasatinib (R+D) compared to control (DMSQ vehicle)
treatedcells of the MycNamplified (MNA) neuroblastoma (NB) cell lines KELLW) and LAN-5 (B), and the MycNhon
amplified (MNN) NB cell lines SKN-SH (C) and SKN-AS (D) were analyzed utilizing theathScan® RTK Signaling Array
by Cell Signaling TechnologyData represents one array with duplicate target spots for each celDM®O: dimethyl
sulfoxide AU (arbitrary unit): absolute pixel density valu&isplayed bars are means.

Treatmenwith R+D led to acleardecrease in phosphorylation of ERKand 2 (ERK1/2) at
Thr202 and Tyr204n the MNA cell lines KELLY and LANS (Figure 34 A andB) as well as
the MNN cell line SKN-SH (Figure 34 C), butto a lesser extemh the MNN cell line SKN-
AS (Figure 34 D). Results could be confirmed in a secandependently performed array for
the cell lines KELLY (MNA) and SKN-SH (MNN) (Appendix Figure78 A and B. However,
the reduction in phosphorylation was less profound in these arrays for both cellTihees
phosphorylatiorstatusof ERK was als@nalyzdfor the cell lines KELLY (MNA) and SKN-
AS ( MNN) wit h t heArr&(ApperdiaFigare 7@ A and B) Resuitsieonfirm
the observations made in the PathScan® arrg®wing a noticeable reduction in
phosphorylation after treatment with R+D for the cell line KELLY (MNA) buich lesdor

the cell line SKN-AS (MNN).
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Figure 35: Reduced Phosphorylation of Extracellular SignalRegulated Kinases 1/2 at Threonine
202 andTyrosine 204 in Neuroblastoma Cell Lines

Phosphorylation status (%) of extracellular sigmgjulated kinase 1 and 2 in rapamycin plus dasatinib (Rrejed cells

relative to control (DMSO vehicldyeated cells (100 %, red lind)ata represents threerays for KELLY, two array®ach

for SK-N-SH and SKN-AS, and one array for LAMS with duplicate target spots per arrBydSO: dimethyl sulfoxide MNA:
MycN-amplified, MNN: MycN-non-amplified. Displayed bars are means.

Taken together, the resulits Figure 35 suggest that treatment with R+D leads tmare
profounddecrease in phosphorylation of ERKR in the MNA cell lines KELLY and LANS
compared to the MNN cell lireSK-N-SH and SKN-AS; however, the treatment is als
effectiveto a certain extend in the MNN cell lines, especially-B¥SH, as shown irFigure

35. The scatter of results of different test kits have to also be taken into account and results

should be verified in future studies.

The dange in phosphorylatn of the ERK downstream targets MIK2 at Ser376 and Ser360
and RSK 1/2/3 at Ser380, Ser3&8d Ser37afterthe treatment with R+vas analyzedor

the MNA cell line KELLY and the MNN cell line SWN-AS only utilizing theProteome

Pr o f iArray.rFigure 36 A-D shows the phosphorylation status as absolute pixel density
values (AU) after 72 hours of treatment wiRkD compared to controOMSO vehicle}treated

cells.
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Figure 36: Phosphorylation Staus of Mitogenand StressActivated Kinases 1 and 2nd p90
Ribosomal S6 Kinases 1, 2 @h3in Control- and Rapamycin Plus DasatinibTreated
Neuroblastoma Cell Lines

Phosphorylation status of mitogeand stressctivated kinases 1 and 2 (MSK 1/2) at sefié (Ser376) and serine 360
(Ser360), respectively, and p90 ribosomal kinase 1, 2 and 3 (RSK 1/2/3) at serine 380 (Ser380)/ serine 386 (Ser386)/ serine
377 (Ser377) after 72 hours of treatment with rapamycin plus dasatinib @@#fpared to control (DMS®ehicle}treated

cells of the MycNamplified (MNA) neuroblastoma (NB) cell line KELLYA) andthe MycN-non-amplified (MNN) NB cell

line SK-N-AS (B) were analyzed utilizing he Pr ot eome Pr o f-KihaserAfray HyuR&B Systénts.oDatp h o
represents one array with duplicate target spots for each celDM80O: dimethyl sulfoxide AU (arbitrary unit): absolute

pixel densityvalues Displayedbarsare means.

Treatmentvith R+D led to anoticeabledecrease in phosphorylationMdSK 1/2 at Ser376 and
Ser360and RSK1/2/3 at Ser380, Ser38énd Ser377n the MNA cell line KELLY but only
minimal change in phosphorylatiamthe MNN cell line SKN-AS. However, signals for RKS
are very low and might not be conclusive.
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Figure 37: Greater Reduction of Phosphorylation of Mitogen and StressRegulated Kinases 1/2
and p90 Ribosomal S6 Kinases 1/2/3 in KELLY Compared to SIN-AS Cells After
Rapamycin Plus DasatinibTreatment

Phosphorylation status (%) of mitogeand stressegulated kinases 1/2 (MSK 1/2) and p90 ribosomal S6 kinases 1/2/3 (RSK
1/2/3) in rapamycin plus dasatinib (R+Bgated cells relative to control (DMSO vehieteated cells (100 %, red lind)ata
represents one array with duplicate target spots for each ceDM@O. Dimethyl sulfoxide MNA: MycN-amplified, MNN:
MycN-non-amplified. Displayed bars are means.

In conclusion Figure 37 suggests thatR+D treatmentalso leads to a reduction in
phosphorylation of ERK downstream targdtSK and RSK in MNA cell line KELLY but

much lessn MNN cell line SK-N-AS.

3.2.3.3. CREB

Phosphorylation dfranscription factoCREBatserine 133%er133 by growthfactor signaling
via receptor tyrosine kinase signaling through the MAPK/ERK patlweayrs ina stimulus
inducible manner(74, 75, 80) Togethemwith other modifications and eactivator proteins
phosphorylation at Ser13ibsequently triggelgene expressiofr4, 75, 80)While CREB is
essential for cellular functiongyareased CREB expression and activatiorassociated with
tumor progression and drug resista(ic®).

The dange in phosphorylatiosf CREBat Ser13&fterthe treatment with R+Wvas analyzed

for the MNA cell line KELLY and the MNN cell lia SK-N-AS only utilizing the Proteome

Pr o f iAtray.Figure 38 AandB shows the phosphorylation status as absolute pixel density
values (AU)after 72 hours of treatment with the combinatoRalD treatment compared to
control ODMSO vehicle}treated cel.
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Figure 38: Phosphorylation Status of CAMP Response Element Binding Protein in Controand
Rapamycin Plus DasatinibTreated Neuroblastoma Cell Lines

Phosphorylation status of CAMP response element binding protsieriae 133 (Serl33) after 72 hours of treatment with
rapamycin plus dasatinib (R+D) compared to control (DMSO vehidajed cells of the Mycldmplified (MNA)
neuroblastoma (NB) cell line KELLA) and the MycNnon-amplified (MNN) NB cell line SKN-AS (B) were analyzed
utilizingt he Pr ot eome Pr o f-KihaserAfay byuR&R BystaPns. Matgrapeesents one array with duplicate

target spots for each cell linBMSO: dimethyl sulfoxide.AU (arbitrary unit): absolute pixel density valu@isplayed bas
are means.

Treatmenwith R+D led to asubstantiatiecrease in phosphorylation©REBat Ser133n the
MNA cell line KELLY (Figure 38 A) andeven showed slightincrease in phosphorylation

the MNN cell line SKN-AS (Figure 38 B). It is also noteworthy that CREB was phosphorylated

to a greater extent in the conttodated cell population of KELLY (MNA) than ithat of SK-
N-AS (MNN).
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Figure 39: Reduced Serine 133 Phosphorylation of cCAMP ResponEtement Binding Protein in

KELLY Compared to SK -N-AS Cells After Rapamycin Plus DasatinibTreatment
Phosphorylation status (%) of CAMP response element binding protein (CREB) at serine 133 (Ser133) in rapamycin plus
dasatinib (R+D}reated cells relativeatcontrol (DMSO vehiclejreated cells (100 %, red lind)ata represents one array with

duplicate target spots for each cell liEVSO: dimethyl sulfoxide MNA: MycN-amplified, MNN: MycN-non-amplified.
Displayed bars are means.
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Taken togetherf-igure 39 shows that R+0Oreatment leads to markedreduction of CREB
phosphorylation in the MNA cell lin€ELLY but notin the MNN cell lineSK-N-AS.

3.2.4. Additional Targets

3.2.4.1. HSP60 Protein Levels

Heat shock protein 6(HSP6Q belongs to the faity of heat shock proteins, mainly a group of
molecularchaperongsand is essential for cell functionality and surviyar7). Abnormal

expression of HSP60 has been implicated in many cancers, including neurobldsténa

Thetotal protein level of HSP60 after the treatment with R+D was analyzed for the MNA cell

line KELLY and the MNN cellline SKN-AS ut i |l i zi ng t hArrapFiguee o me F
40 A andB shows the absolute pixel density values in total prdésiel after72 hours of R+D

treatment compared to control (DMSO vehidi®ated cells of the MNA cell line KELLY
(Figure40A) and the MNN cell line SKN-AS (Figure 40 B).
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Figure 40: Total Protein Level of Heat Shock Protein 60 in Control and Rapamycin Plus
Dasatinib-Treated Neuroblastoma Cell Lines

Total protein level of heat shock protein 60 (HSP60) after 72 hours of treatment with rapamycin plus dasatinib (R+D) compared
to control (DMSO vehiclejreated cells of the Mycldmplified (MNA) neuroblastoma (NB) cell line KELLYA) and the
MycN-non-amplified (MNN) NB cell line SKN-AS (B) were analyzed utilizingthBr ot eome Profil er E
Kinase Array by R&D Systems. Data represents one array with duplicate target spots for each E8l3i@edimethyl
sulfoxide AU (arbitrary unit): absolute pixel density valu&isplayed bars are means.

Hu mar
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As summarized ifrigure 41, the esultsshow adistinctdecrease ithe protein level of HSP60
induced by R+D treatment in the MNA cell likELLY , while treatment did natoticeably
affecttheHSP60 protein level in the MNN cell line SK-AS.
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Figure 41: Reduced Protein Level of Heat Shock Protein 60 in KELLY Compared to SKN-AS
Cells After Rapamycin Plus DasatinibTreatment

Total protein level (%) oheat shock protein 60 (HSP6@)rapamycin plus dasatinib (R+ieated cellselative to control
(DMSO vehicle}treated cells (100%, red line). Data represents one array with duplicate target spots for eachDieiSIoe.
dimethyl sulfoxide MNA: MycN-amplified, MNN: MycN-non-amplified. Displayed bars are means.

3.2.4.2. WNK

The with nolysine kinase(WNK) pathway, mainly known for regulating ion transport, is also
implicated in cancer progression and angiogen@8s The phosphorylation sitat threonine

60 (Thr60 of WNK 1 is phosphorylated by AKT anid often used as a readout for WNK
activity (73).

The dange in phosphorylation of WNK at Thr60 after the treatment with R+D was analyzed
for the MNA cell line KELLY and the MNN cell line SiN-AS utilizing the Proteome

Pr o f iAtray. Figlire42A and Bshows the absolute pixel density valueptiosphorylatia

of WNK1 at Thr60after 72 hours oR+D treatment compared to contr@d NSO vehicle}
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treated cells of the MNA cell line KELLYFigure 42 A) and the MNN cell line SKN-AS
(Figure 42 B).
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Figure 42: Phosphorylation Status ofWith no Lysine Kinase 1 in Control and Rapamycin Plus
Dasatinib-Treated Neuroblastoma Cell Lines

Phosphorylation status of with no lysine kinase 1 (WNK 1) at threonine 60 (Thr60) after 72 hours of treatment with rapamycin
plus dasatinib (R+D) compared ¢ontrol (DMSO vehicle}reated cells of the Mycfdmplified (MNA) neuroblastoma (NB)

cell line KELLY (A), and the MycMNhonamplified (MNN) NB cell line SKN-AS (B) were analyzed utilizing thBroteome
Profil er E H«KimasaArr&ythypR&P Bystems. Dmtepresents one array with duplicate target spots for each cell
line. DMSO: dimethylsulfoxide.AU (arbitrary unit): absolute pixel density valu&isplayed bars are means.

In summaryFigure 43shows a decrease in phosphorylation of WNK 1 at phosphorylation site
Thr60 in the MNA cell linéKELLY. In comparisonthetreatment led to aoticeablencrease
in phosphorylation in the MNN cell line SK-AS.
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Figure 43: Slightly Reduced Threonine 60 Phosphorylation of With no Lysine Kinase in KELLY
Compared to Increased Phosphorylation in SKN-AS Cells After Rapamycin Plus
Dasatinib-Treatment

Phosphorylation status (%) wifith nolysinekinase 1 (WNK 1) at threonine 60 (Thr60)rapamycin plus dasatinib (R+D)
treated cells relative to control (DMSO vehietegated cells (100 %, red lind)ata represents one array with duplicate target

spots for each cell lin®©MSO: dimethyl sulfoxide MNA: MycN-amplified, MNN: MycN-non-amplified. Displayed bars are
means.
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4. Discussion

4.1, Greater Efficacy of RIST in MycN-Amplified Cell Lines

This study airedto analyze if the combinatorial treatment of the molecularly targeted drugs
rapamycin (mTOR inhibitor) plus dasatinibl) with chemotherapewtidrugs irinotecan plus
temozolomide, as designed in the RIST therapy, has an advantage in th\hi#d\NB
compared t¢INN NB in anin vitro model ofNB. The RIST therapy is based on the hypothesis
that the prdreatment with molecularly targeted agentdl wynchronize the cell cycle and
sensitize cells for the following chemotheragydditionally, it is hypothesized that iMNA

NB, the PIBK/AKT/mTOR pathway is overly activated. Therefore, treatment with the mTOR
inhibitor rapamycinn combination with the TKI dasatinis believed to present an advantage
in treating these mTO®riven tumor entitiesDuring extensive studiegrior to the present
study, J. Leistercould already showhat agreaterreduction in cell viability inNB cell lines
harboring the unfavorabMycN amplification (KELLY, LAN-5) could be achieved compared

to cell lines withoutMycN amplification (SKkN-SH, SKN-AS) when treating the cells with
the multimodal RIST therap§l28). In addition, a dose reduction for the chemotherapeutics
could be archived in th®INA cell lines by preareatment withR+D compared to the nen

amplified cel lines (128).

For this presensstudy, the individual cell line-specific approximatelCso concentratios
established for the RIST therajy our laboratorywere used to evaluate the induction of
apoptosis ViaAV/FITC and Pistaining assag in four NB cell lines with distinct genetic
markes. Two MNA cell lines (KELLY, LAN-5) and two MNN cell lineSK-N-SH, SKN-
AS) were comparedt kcould beshownthat the moleularly targeted combinatorial treatment
R+D alonesuccessfully induces apoptosisath NB cell linestested Greaterefficacy of the
molecularly targeted treatment coulddsmonstrateth MNA cell lines compared to the MNN
cell line SKN-AS, albeit onlyresulting in statistically significant results for the MNA cell line
LAN-5. However, due to data sets not following a normal distribution, gpacametric Mann
Whitney-U test was performed which has much less power than a parametric test in samples
with small sample sizeaComparedo the MNN cell line SKN-SH the molecularly targeted
therapyaloneshowedno greater efficacin MNA cell lines The treatment proved to be more
efficient in inducing apoptosis in the MNN cell line $SH compared to the MNNedl line
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SK-N-AS. Regarding thehemotherpeutic treatment consisting BT, the treatment was more
efficient in inducing apoptosis in the MNA NB cell lines than in the MNN cell lineNsKS.
Compared to the MNN cell line SK-SH, the chemotherapy only@aked more efficiency in
the MNA cell line LAN-5 but not the MNA cell line KELLY. Greater apoptosis was induced
by the chemotherapy treatment in the MNN cell line!$#H compared to the MNN cell line
SK-N-AS. When comparing the cell lines regarding the RIST therapyoee significant
induction of apoptosis could liEemonstratedor both MNA cell lines compared tall MNN
cell lines, suggesting a greater efficacy of the RIST theragNA NB. Also, a greater
sensitivity towards the RIST therapy could be shown for the MNN cell lind&NS¥H compared
to the MNN cell line SKN-AS, suggesting possible underlying genetic mark¢her than
MycN that alsampactsusceptibility to treatment with RIST

In line with theg results,JJohnsen et alcould also shownTOR inhibitoractivity in NB cell
lines with a dependence of sensitivity towards rapamgcthe mTOR inhibitor CGI779 on
the expression dflycN in theMycN-regulatable cell line Tet2168). Segerstrom et atould
show a greater sensitivity towards the dual PISK/mTOR inhibitor PHIQ8 the PDk1
inhibitor OSU03012 in MycNON-cells of the Tet21N cell lin¢68). On the contrary, these
results could not be replicated ByWatzig who also ugdthe Tet21N cell line and rapamygin
however, in a slightly differing experimental sep regarding the indumn of MycN
expression in the Tet21N celishich might explain the conflicting resu(&8, 129, 13Q)While
Johnsen et akultivated cells in tetracyclinfree media (MycNON cells) until 24 hours prior
to experiments whetie expression was suppressed by addtigacyclinefor MycN-OFF cell
experimentsWatzig efal. cultivated cells in tetracyclinreontaining media (MycMOFF cells)
until 24 and 72 hourprior to experimentsrespectively, when MycN expression was induced
for MycN-ON cell experimentby removing tetracyclinevhich might have led to differences
in the stability of MycN expressiofb8, 129, 13Q) Vaughan et al showed an increased
sensitivity ofMNA cell linescomparedo MNN cell lines as well as for cell lines engineered
to contain MycN amplification (SHEPgompared to their MNN parental cell lirfey several
PIBK/mTOR inhibitors including the allosteric mTOR inhibitor rapamycin and the ATP
competitive mTOR inhibdr Torin 1 in a panel of NB cell lines including KELLY, S¥-SH,
and SKN-AS (65). In several ofthese studies, there wagasitive correlation between the
extentof proliferation inhibition andhelevel of MycN amplification and expression of MycN
protein,showing a greater inhibition of proliferationNB containing MycN amplification and
high MycN protein expressiof®5, 68) Kling et al.could show a greater sensitivity GINA
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NB cell lines (IMR-32, SKN-BE2, SKN-DZ) toward thecombinatorial treatment of the
rapalogtemsirolimusplus a BETinhibitor compared to MNN NB cell ling$SK-N-SH, SK-N-
AS) (127) Furthermore, treatment with temsirolimus resulted in apoptosis induction detected
via AV/FITC assag in MNA andMNN cell linesand led togreater apoptosisn MNA cell
lines(SK-N-BE2, SKN-DZ) comparedo SK-N-AS (MNN) (127). Vaughan et alcould show
apoptosis induction in thBINA cell line KELLY induced by the ATRRompetitive mTOR
inhibitor Torin 1 via a Caspag@lo 3/7 cleavage assayn d Ce | | Deat h(6BLI SA (
Johnsen et alshowed the induction of apoptosis in sev&alN NB cell linestreated with
rapamycin orthe mTOR inhibitor CGI779, including SKN-AS, by demonstratinghe
activation of caspas@ and subsequent cleavage of poly (ADiBpse polymerase (PARRia
Westernblot analyss (58). These results support the apoptosis indudtiokINA and MNN
NB cell lines observed in the present study after treatment with Rteuever neither
Vaughan et alnor Johnsen et abirectly compared apoptosis induction of MidAd MNN NB
cells. R. Watzigcould only detectPARP cleavage productsy Western blot analysin the
MNA NB cell line IMR-32 treated withdasatinib pluseither rapamycin or Tori but not
KELLY at the determined I§ concentrations for the combinatorial treatmg9, 130) in
contrary to theapoptosis induction shown in tipeesent studyFor treatment with rapamycin
at concentrations above g€concentrations for single treatment but nogol€ncentrations
PARP cleavage could be detec{@@9, 130) Differences inthe detection of apoptosis in NB
cell lines, even though the same concentrationDOR inhibitor and TKwere applied, could
be due to variations in ¢bniques detecting various stages of apoptasesmarker likeAV
detects early stages of apoptosis and PARP cleavage occurs at later apoptoti€wtihges
investigations are needed to identify the exact underlying mechanisms of apwutosi®on

shown within the present study.

To this day,MycN amplification is the most important genetic prognostic marker in the risk
stratification of NB in clinical use. AberramdlycN expression is associated with higbk
disease, poor prognosis, and frequentapyrefractory relapsé€8). Theincreased sensitivity

of MycN-expressing NB cells to the RIST therapy is of great importance as this could
significantly improvethe targeted treatment of patients WMNA tumors, for whomeffective

treatment optionsemainlimited (36).
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4.2.Greater Inhibition of mMTOR Signaling in MycN-Amplified
Cell Lines

In a second step, semiquantitative multiplex antibody assays were performed to identify
therapyrelevant targets and signalipgthways through whidieRIST therapy inhibits tumor

cell growth Cells were treated witR+D in their respective 16 values(as shown imrable 9

in order to be able to compare the effect on a molecular. [Ekel phosphorylatiostatus of
several tyrosine kinases and other signaling nodes were evaluatedriol (DMSO vehicle-
treated and drugeated cells in the foudB cell lines as mentioned abovEhe effect of the
allosteric mTOR inhibitor rapamycin is mainly attributed to its inhibition of the mTORC1
complex Inhibition of mMTORC2 only occurs celine-specific after prolonged rapamycin
treatmen{(178). Additionally, there is evidence that some mTORC1 functions may be resistant
to rapamycin(179-181). In the present stugyit could be shown thathe combinatorial
molecularly targeted treatmentith R+D successfully inhibited the mTOR pathwas
reduction in phosphorylation of mTO& Ser2448 as well as a reduction in phosphorylation
and thereby activation of PRAS4G@t Thr246 could be shownRapamycin also induced
reductionin phosphorylatiorof key downstream targe®6K (Thr389, Thr421/Ser424) aris
effectorrpS6(Ser235/Ser236MNA cell lines (KELLY, LAN-5) showeda greater reduction

in phosphorylation of key targaetsTOR,PRAS4Q andS6K1 (Thr389)comparedd MNN cell

lines (SK-N-SH, SKN-AS). No differencein effectiveness could be shown f&6K1
(Thrd21/Ser424) anchS6(Ser235/236%inceall of those phosphorylation sites were strongly
affected by R+D treatment in all NB cell lines tesiedependent of the MycN status

Inhibition of the mTOR pathwayould also be shownin various NB cell linesincluding
KELLY and SK-N-AS, by Western blot angkis of phosphgroteinscompared to total protein
levels for key targets mTORSeR448),S6K1(Thr389) and to a lesser extent-BP1 (Ser65)
by Johnsen et al(58) and R. Watzig (129, 130) respectivelyin line with results of the
phosphorylation ssays of the present study. mTOR pathway inhibition tivaebyachieved
by Johnsen et alwith the treatment of either mTOR inhibiterapamycin or CGI779 (58).
Watzig et alusedthe combinatorial treatment of eithR#D (as used in the present study) or
the ATRcompetitive mTOR inhibitor Torin | plus dasatinib achieve mTOR pathway
inhibition (129, 130) However, no direct comparison between MyaMplified and non
amplified cell lines has been done these studiesKaess et al.could showreduced

phosphorylation of the key mTOR pathway targe®1and 4EBP1 as well as the tyrosine
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kinase Src following treatment wifR+D in the 2D and 3D cultures &iNN cell line SK-N-
AS and the MNN cell line SWN-BE2 using Western blot analysisoweversing much higher

dasatinib concentratior{$82)

The differential inhibition of S6K1 phosphorylation sites Thr389 and Thr421/Ser424 in
KELLY versusSK-N-AS may lie in a differencén rapamycin sensitivitypr specificityof the
phosphorylation sitesThr389 phosphorylation is known to be blocked by rapamwcid
correlates with its activity183), whereas posphorylation sites Thr421/Ser424 lie in a pseudo
substrate regionnal are thought to activat6K by relieving pseudsubstrate suppressias

an early step withirS6K activation(53). Thus, a more accurate readt for effective mTORC1
inhibition by rapamycin milgt be the phosphorylation site Thr388hich shows a greater
reduction in phosphorylation after R+eatment in McN-amplified cell linesn the present

study.

rpS6is a substrate 086K and has been used as a readout for mTOR aci@ity The
phosphorylatiorat Ser235/Ser23éepresentdwo major phosphorylation sites responsible for
its activationwhich arephosphorylated by SGKoweveralsoRSK (53). RSK lies downstream
of Src kinases and ERK within the MAPK/ERK sigmgli cascad€76-78). Roux et al.
demonstreed that whileS6K phosphorylategpS6 at all known phosphorylation sitger235,
Ser236, Ser240, Ser244 Ser2A¥K exclusivelyphosphorylateSer 235/236n vitro andin
vivovia an mTORiIndependent mechanisfh72) Thereduction inphosphorylatiothat occurs

in this studyafter treatment with R+D ight, in part, bea dasatinibmediatedeffectas RSK
lays downstream of Src kinases and ERK within the MAPK/ERK signaling caddadenay
also explain whythe reduction inphosphorylationis equally profound regardless bfycN

status

4.3.Feedbackl nhibition Only in MycN -Amplified Cell Lines

In the present studythe phosphorylation status of AKT at T8 and Ser473 was also
analyzed. It is known that treatment with rapamycin leads to feedback actiwétitre
PISK/AKT pathwaydue tosuppressiomf the negtive feedback loop mediated throu§bK
and IRS1 upregulation and activation of AK{Figure 1) (46, 49, 54, 184)As mentioned
aboverapamycimay inhibitmTORC2in acell line-specificmanneiafter prolonged treatment
(178) Here, it could be shown that the PR3ediated phosphorylation of Thr30&s well as
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the mMTORC2meadiated phosphorylation at Ser478puld be inhibited withthe 72-hour
treatment of R+D in MNA NB cell lines In contrast hyperphosphorylation at both
phosphorylation sites was shown /NN cell linesin most assaysn line with observations
by Sarbassov et glthere seemto be cell line-specific sensitivity toward the ability of
rapamycin to block mMTORC2 during prolonged treatm@it8) Results suggest that a
prolonged treatment (#burs) with rapamycimay bedifferentially able to suppress mTORC2
function inMNA cell linesused in this studyThe occurring hyperphosphorylatioh AKT in

the MNN cell lines can probably be attributed to the feedback activagmentioned above.
Contrary to thisR. Watzigwas not able to show a reduction in phosphorylation of AKT at
Ser473as a readout for mTORGRhibition via Western bloanalysisin the cell line KELLY
and even showed hyperphosphorylation after six hourdR-eD treatment (129, 130)
Additionally, after inhibition of phosphorylation at Thr308, reinduction and
hyperphosphorylatiowereobserved after 24 hours of treatmét29, 130) However, in the
MNA cell line IMR-32 sheshowed a reduction in pephorylation at AKT (Ser473) after
prolonged treatment (24 hours) with-BR (129) Effects might be celline specific Another
potential reason might be the shorter duration of treatnWhtle Sarbassov et ashowed
MTORC?2 inhibition in several celines after 24 hours of rapamycin treatment, they also
showed a lasting effect of this inhibition at 48 and 72 hours, respectivé®y Additionally,

Yori et al.showed that combined SHKus mTOR inhibition prevented pamycirmediated
feedback activation in several breast cancer cell [[h28) The combinatorial treatment with
dasatinib in the present study migherefore also be responsible for the AKT suppression,
however intriguingly only inthe MNA NB cell linesusedand in contrary to experiments
conducted byr. Watzg with the same cell line and treatment combinaftomweveranalysis

by R. Watzigwas done after 24 hours of treatment orfhg9, 130) Neverthelesshis effect
warrants further testing, as an unintended feedback activdaimpens therapy efficacy and
may be one reason WiWNN tumors respond less to RISiithin the present study but is also
a potential risk factor regardifdNA tumors A possible option teidesteghis problemcould

be the use of ATfeompetitive mTOR inHaitors The drawbacks of rapamycin and its rapalogs
have led to the development of A-EBmpetitive inhibitors such as Tory, which inhibit
MTORC 1 and 2 and are thought to circumvent the dilemma of feedback activation of
PISK/AKT (185). These dual mTOR inhibitors have also been shown superiorto rapalogs

in blocking proliferation and inducing apoptogis85) In further studiesR. Watzig has
successfullydemonstratedhe effectivenesand a more sufficient AKT suppressiah a

modified RIST therapy substituting rapamycin for T&iGriST) intwo MNA neuroblastoma
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cell lines(129, 130) Severadual mTOR inhibitors are currently in clinical trigB3). Further

studies with the modified RIST therapy should be performeal panel oMNN tumor cell

lines in order to test if the combination of an AG&mpetitive mTOR inhibitor plus dasatinib

is sufficient to circumvent AKT feedback activation in tkighset of NBHowever Rodrik
Outmezguine et alhave shownin breast cancer cell linethat treatment withthe dual
MTORC1/2 inhibitorAZD8055 initiates an RTK-driven feedback loop, which ultimately leads

to rebound accumulation of activated AKIB6). Another potential drugp considemight be

the recently developedhird-generationbivalent mTOR inhibitors,c a |l | e d BRapali
combining rapamycin with an mTOR kinase inhibi{@87), which have shown promising

results in severaancersn in vitro andin vivostudiesand circumvent the development of drug

resistance seen in prolonged therapy with mTOR inhib§i@B8, 189)

While the present study shows the efficacy of R¥® treatment within th&®IST therapy in
MycN-amplified NB cell lines used, the treatment with the allosteric mTOR inhibitor
rapamycin carries the risk of the feedback activation of the PIBK/AKT/mTOR pathaay
MTORC2. A modified RIST therapy model utilizing either an AddMmpetiive mTOR
inhibitor such as Torin 2 or the newly developed RapaLinks may be desirable to overcome this

drawback.

4.4.Activation of GSK-3b in MycN-Amplified NB Cell Lines

Within the scope of this study, other targp#sticipating in the PISK/AKT/mTOR pathway
were also analyzed, suchsesinethreonine protein kinas@SK-3b. Phosphoylation of GSK-
3b at Ser9via phosphorylation by AKT, among othemhibits its kinase activity190). In its
unphosphorylated and thereby activated state, GBihosphorylates Mychat Thr58 and
cyclin D1 at Thr286 and subsequently facilitates their degradaféim 191) Inhibition is
reversed by th protein phosphatase PPZA90). PRP2A is phosphorylated and thereby
inactivated by mTORCMWwhich leads to the accumulation of doupleosphorylated, activated
MycN (19). mTORC inhibition by rapamycin mayehefore lead to disinhibition of PPZA92)
and subsequent activation of GS8K by dephosphorylation witthefollowing degradatiorof
MycN andcyclin D1. Downregulation otyclin D1 (193, 194)and a reduction in MycN58,
65) havebeen shown in several NB cell lines after treatment with rapamyaimghan et al.
theorized that mTORC?2 inhibition and the following disinhibition of GEKs vital for MycN
degradatior{65).
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In the present study, results shoaducedohosphorylation at Ser9 of GSBb aftertreatment
with R+D in MNA cell lines, supportingthe abovementioned hypothesis line with other
results in this study, this effect is only seetMNA NB cell lines compared thiINN NB cell
lines.Rapamycin seems to be able to block mMTOR@®Ztions after prolonged treatment cell
line-specific inMNA NB cell lines (within this study)as discussed abavand therefore

activaton of GSK-3b can be seen.

In support of the present findindg®, Watzigshowed a decrease@5K-3b phosphorylation \a
Western blot analysis idlycN-amplified NB cell lines KELLY and IMR32treated withR+D.
However, a reduction in MycN levels could only be shown for the Mguoiylified NB cell
line IMR-32, not for KELLY, which isused in the present study.ciclin D1 reduction could
be demonstratedth bothNB cell linestreated withR+D (129, 130) Dong et al.were able to
show an increase in GSBD activity and subsequent degradatiorcgélin D1 in rapamycin
sensitivebreast cancer cell linés vitro andin vivo, thoughindependentf thephosphorylation
status of Ser@193) However, tleseeffects seento becell line-specific,and evidence suggests
that GSKk3b canact as a tumor suppressorpsomote cell proliferation in aeell type-specific
context(195) Furthermorewhile severaktudiesindicatethat active GSK3b reducesviycN
protein(19, 62) Duffy et al. showthat several GS inhibitors reduced MycN mRNA levels
by likely altering mRNA stabilitywhich subsequently also led to reduced MycN protein $evel
(196). GSK-3 inhibition with the GSK3 inhibitorslithium chloride(in much higher doses than
those use for itsneuroprotectiveffects)and BlIGacetoximded to decreased NB viabiliin

a time and concentraticdependent manngncluding inthe cell line KELLY, and effects on
viability seemed to berimarily apoptosisnediated(196) A correlation between loss of
viability and MycN amplification level could be shown in that MNA NB cell lines with greater
MycN amplification fold (including KELLY) showedreater loss of viability compared to lew
fold MycN amplification cell lines (196) According toDuffy et al, the effects oflithium
chloride or BlO-acetoxime treimnent were comparable with thse of the dual PIBK/mTOR
inhibitor NVP-BZ235 (196). Duffy et al. hypothesized, that active GSKreduces MycN
protein(19, 62)while stabilizing MycNmRNA level(196)and that therefore GSK inhibition
may be beneficialor the treatment of NB196). Dickey et al.utilized SB415286, a selective
GSK-3b inhibitor, to show reduced cell survival and the induction of apoptosis following
treatment, including in the cell line SM-SH, which isalso used in the present stud®7).
These results suggest that not just GSHKctivation but also its inhibitioplaysa role in NB

survival.
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The effect of rapamycin may vary with the activity of the PI3BK/AKT/mTOR pathevayther
signaling pathways not further investigated here within each cell line or experimental model
Additionally, the underlying mechanisms by which rapamycin leads to-8&&iCtivationare

not entirely clear.The present study and &stern bloanalysisby R. Wéatzigsuggestreduced
phosphorylatiorat Ser9 as one component of GSfKactivation However othersshow GSk

3b activation in the presence of rapamycin independent of phosphorylation abrSed
activation of GSK3b at all GSK-3b may thereforebe regulated by othanechanismsot
identified within this studyAdditionally, complex bdirectionalcell type-specific interactions
between GSK3 and AKT exis{195) While GSK activation seems teduceNB cell viability,

GSK inhibition is also implicated in other studies to attenuate NB grotstboinplexrole in

NB thereforeremainselusiveanddeserve further analysis.

4.5.Activation of Tumor Suppressor PTEN in MycN-Amplified
Cell Lines

Yet another targetnalyzedvasthe phosphatadeTEN, which functions astamor suppressor
gene(198, 199)PTEN, which is activated upon dephosphorylafibré), negatively regulates
the adivation of the PI3BK/AKT/mTOR pathway by dephosphorylating i® PIP, thus
preventing the activation of downstream targE80, 201) PTEN inactivation has been
implicated in many cancer§0, 199, 201) PTEN activity is regulated by sariety of
mechanismsjncluding phosphorylation(202) Phosphorylation within the PTEN taflC2
domain) including Ser38affects its phosphatase activity, subcellular location, and protein
stability (202-204). It has beerproposedthat phosphorylation of thearboxyerminal site
resultsin a decreasa PTEN activity(202), which may lead to a decrease or los#s tumor
suppressor functiorDysregulatedPTEN phosphorylation of residgeSer380 Thr382 and
Thr383has been shown to promote cell survival through the PISBK/AKT/mTOR pathngy

is implicated in thecarcinogenesis of several cancgrg4, 205207).

In the present study, treatment wiRkD led toreducedPTEN phosphorylationafd thereby
activation) mainly inMINA cells andto a much lessegxtent,in the MNN cell line SKN-SH.
Dephosphorylation of PTEN occurs at least in part via PR24). PP2A is phosphorylated
and inactivated by mTORQ19). mTORCL1 inhibition by rapamycin may thereforedéathe
disinhibition of PP2A and its subsequent dephosphorylation of PaENeen in the present
study.
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In line with other results in the present study and the notion that the RIST therapy is more
effective InMNA NB cell lines than in those not amplifigeatment withR+D led to PTEN
dephosphorylation (activation) mainly MNA cells and to a much lesser extend in the MNN

cell lines SK-N-SHwhereas no change was detectedSigN-AS.

4.6.Efficacy of Dasatinib

The dficacy of the multikinase inhibitodasatinib could be shown by the effective inhibition
of Src and ERK1/2 in bothINA andMNN NB cell lines.However, the effect is only mild and
in the case of some target®t detectable in thRINN cell line SKN-AS.

In line with these resultgjimeus et aland Vitali et al. showedantiproliferative and anti
migratory effecs in NB cell lines treated with dasatin{h03, 104) Treatment of several NB
cell lines resulted imeduced phosphorylation of S®KT, and ERK1/2as shown byVestern

blot analysis done byitali et al. andR. Watzig(104, 129, 130)As shown byVitali et al,
dasatinibexertedts dfects viaheterogeneousmechanisms, inducing senescence in one NB cell
line while other cell lines underwent apoptosis without any sign of senegd@@d¢dn contrast

to these resultslimeus et alcould notshow the induction of apoptosis dt im the NB cell
lines used103) Dasatinib seems to exert its effects in a cell typel cellline-specific manner.
Besides the inhibition of Src kinasemstinib alsoinhibits a variety of otheserine/threonine
kinases, some of which may be responsible foh#terogeneousffects when treating NBut
have not been further evaluated within the scope of this s8aiyie of these kinases may also
befunctiorally altered within certain NB cell lines, which may also account for the differential
behavior.Within the present study, the cell line $AS only showed mild response to & 72
hour treatment witliR+D. However Kaess et alclearly showed a reduction phosphorylated
Srchy Western blot analysia the cell line SKN-AS after treatment witR+D, although with
much higher dasatinib concentrations than used within this study and shorter treatment duration
(24 hours)182) Vitali et al. also showed an effective reduction in cell viability of the NB cell
line SK-N-AS via MTT assay after 72 hours of dasatinib treatn(&®d4) However,Vitali et

al. used a 14dold higher concentration of dasatinib in a single drug treatmenipsedmpared

to the dual treatment employed withims study, which may account in part for the discrepancy

of effects.
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Extensivecrosstalk between the PISK/AKT/mTOR pathwayd theMAPK/ERK pathway
among otherspccurs It has been shown that selective mTORCL1 inhibition enhances RTK
signaling not onlyto PIX/AKT via the aforementioned feedback activation but also to ERK
1/2 (92, 93, 208) which limits the overall therapeutic effect and resultghapersistence of
protein synthesis despite rapamye¢iratment(41). Therefore, a combined treatment with
rapamycinand the multkinase inhibitordasatinib might help to overcome these limitations.
The combinatorial molecularly targeted treatmiRmD has been testad NB cell lines, breast
cancer cell linesand NSCLC cell lines by. Leister, Parket al.,andChenet al, respectively

and shown to be superior to single drug treatni@&20, 121, 128)Furthermore dasatinib
treatment might be responsible for suppressing the feedback actit@lowing rapamycin
treatment,which leads to activation of the PI3K/AKT pathway due to suppression of the
negative feedback loop mediated thro®f#K and IRS1 upregulatiorand activation of AKT

as shown byrori et al (122) As mentionecbove the combinatorial treatment BH+D within

this study may therefore also be responsible for the demonstegtgiolack inhibition in the
MNA cell linesKELLY and LAN-5.

4.7. Other Targets

4.7.1. HSP60

Heat shock proteifrlSP 60, a highly conserved protein of tamily of molecular chaperones,
is induced by cells under physiological stress or pathologiraditions(177) HSP60 has been
implicatedin tumor cell metastasis, inhibition of apoptesiad drug resistance incall type
specific context(177). The present study shovesreduction in HSP60 protein levels upon
treatment with RD in theMNA cell line KELLY but not in theVINN cell line SK-N-AS.

In NB, HSF60 overexpression has bdatked tohighexpressionsf survivin, a member of the
inhibitor of apoptosis (IAP family (209) Additionally, a decreasen HSP60leadsto the
instability and degradation of mitochondrial survivin, which in turn results in the loss of
mitochondrial membrane integrity and the induction of apop(@4i8, 211) Survivin has been
associated with highisk NB andunfavorableprognosis in NE212, 213) Down-regulation of
HSP60 in glioblastoma cells hasippressegroliferation via the mTOR pathway network
(211) Rapamycindasatiniband other multikinase inhibitorgve been shown to downregulate

survivinin several types of cangeat least in pantia inhibition of the mTOR pathway network
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(214-216) However, onestudy showed increased survivin expression upon rapamycin
treatment in B cell lines(217) In the present studyowering effectsof R+D treatmenbn
HSP60protein levelshaveonly been seen in thdNA cell line KELLY, which is also more
sensitive tomTOR inhibition viathe RIST therapy.The exact underlying mechanisms and
pathways in which HSP60 levels are affectett their preciserole in NB remain to be

examined but were naetithin the scope of the present study.

4.7.2. WNK1

Anothernovelfinding within the present study was the reduction in phosphorylation of WNK1
(Thr60) upon RD treatment in th&INA cell line KELLY but not in theVINN cell line SK-N-
AS.

The with no lysin&kinase(WNK) pathway, mainly known for regulating ion transpactoss
membranes is also implicated in cancer progression and angiogengs3 The
phosphorylatiorof WNK1 atThr60 by AKT is often used as a readout for WNK acti{it9).
In line with the hypothesis that RIST theramgy R+D, respectively,is effective in
downregulation of the PIBK/AKT/mTOR pathway MNA NB, downregulation of AKT
subsequently leads to a reduction of phosphorylation of WNK1 by AK& .exact role of this
posttranslational modificationits effects on WNK activityand its implicated role in cell

migration remain to be seén3).

4.8.Cell Line-Specific Effects

While some cancers are characterized by a unique constitutive aberrant actfasion

oncogene or inactivation of a tumor suppressor gene, which makes these mutations ideal targets

for targeted cancer thera®18) asing e such targetable fAaddicti
found for NB The mutation rate is low compared to adult cancansl, a general targeted

approach geared towards commaaiberranpathways remains challengi(@19) Few somatic

alterations of significance have been identified, including ALK, PTREMITRX, MycN, and

NRAS (219), which present themselves as putative candidates foolacularly targeted
therapeutic appach,more soas an individualized approach based on the identification of

targets in subsets of patientatherthan as a generalized approach.
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A subset of NBs characterized by the genomically amplifiegdd oncogene associated with

dismal outcomé&2, 16, 17) The transcription factor WEN itself, associated with dysregulation

of the PI 3K/ AKT/ mTOR pat h(20aMoweversevedakesgategssl f u n d
are beingpursuedto directly or indirectly target M/cN, for example, by targeting its
transcription via BET inhibitors or its oncogenic stabilization, e.g., by inhibitimg
PIBK/AKT/mTOR pathway21, 63)

The present styd hypothesized that targeting the PI3SK/AKT/mMTOR pathway vilte
molecularly targeted drug combinatiBaD (allosteric mTOR inhibitonnultikinase inhibitor)

and thereby indirectlyargetingMycN, is superior in MycNdriven NB

Data from the present studg well as the results of others outlined abovandicate thathe
RIST therapy is @uccessful strategy in treati?NB and is especially effective MNA NB,
definingMycN as We i rcxatl dAiertiG 4 €seds 6 o f(218)ia this selbsel of NB

In those tumors where mTORG4 the likely downstream effector of oncogenic actiyity
blockage of mMTORCL1 seems te h feasible strateggnd evidencérom this studysuggests
that in combination with dasatiniii does not necessarily seem to indéd€rl activationin
MNA but inMNN cell linesvia suppression of the negative feedback ldt@wvever, as some
functions ofmTORC1 are rapamyciresistan{179-181, 220)and a possibility of unintended
indirect activation of the PIBK/AKT/mTOR pathway may oc@ubstituting rapamycin for an
ATP-competitive dualmTORC1/2 inhibitor may bedesirable as consequently all mTOR
activities including AKT activation via phosphorylation at Ser473 are blo¢keal 181, 220Q)
In a follow~up study,R. Watzighas shown the efficacy of the dual mMTORCZ1/2 inhibitor Torin
2 as a promising possible substitution foraraycin in the RIST therapy regiméih29, 130)
By suppressing rapamyenmesistant mMTORC1 and mTORC2 functions, Addmpetitive
MTOR inhibitors lead to a more profound and durable suppression of prolifefbfi@n181)

and may be a promising substitute candidate for rapamycin within tAetRégapy.

Oneadditionalmechanism to consider as to WAINA tumors seem to be especially susceptible
to the RIST therapy may be thaisceptibilitymay, in part be mediated through metabolic
reprogrammindpy co-amplified genes such as DDXA family of genes that encode for DEAD
box proteins, putative ATHependent RNAelicases implicated iseveralcellular processes
(221) In MNA NB, DDX1 is oftenco-amplified (222-225), andsomestudiesmplicate a more
aggressive phenotype in DDXMycN co-amplified tumorg224) No DDX1 amplification was
observed in NB tumors or cell lines lacking MycN amplificat{@22-225). A recent study
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found that ceamplification of MycN and DDX1 does not influence tumor initiation or
progression, nor did it alter tumorigenic properties or show differences in overall survival
compared to Mychonly amplified tumor$221) However, DDX2MycN co-amplified NB cell

lines were associated with a high dependency on mTOR@ILDDX1 ceamplification was
implicated in mTOR pathway activation in this subset of (281) When treated with the
MTOR inhibitor rapamycin, DDXMycN co-amplified NB was significantly more sensitive to
MTOR inhibition than MycNonly amplified NB in cell line and zebrafish mod€221) The

MNA NB cell line LAN-5 within the present study also harbors DDXZacoplification,
whereas thé/MNA cell line KELLY does not(221-223) Within the apoptosis assays, the cell
line LAN-5 was most sensitive to preeatmentvith R+D alone,but no significant differene
between the twdNA cell lines was detected when treated with the complete RIST therapy
protocol However these results might indicate tladovehypothesizedsensitivity toward
MTOR inhibitionalonein co-amplified NB.It might be of interest to testia preclinical and
clinical setting whether NB patients wibDX1 co-amplification respond better to RIST than

MycN-only amplified NB.

In the present study, botMINA NB cell linesresponded similarlyo the RIST therapy
However it is noteworthythathigher dosages of rapamycin and dasatinib are necessary for the
cell line KELLY, andin thestudy done byr. Watzigon KELLY and anotheMNA cell line,

MycN expressionn the cell line KELLY was not affecteddespite responsiveness to RIST
(129, 130) These results mightebdue tothe coexistence of an ALK mutation qotential
differences irtheexpression of protein kinases such as Aufokinase(129, 130)r Pdo-like
kinase 1(226, 227)

MNA NB cells evadeegulation of MycNdegradation in order to sustain high Myabtivity
necessary for proliferation and survival via a variety of rma@msincludingoverexpression
of the protein kinase AurorA (228, 229) Overexpression of AurorA is associated with
advanced stage, poor prognosasnd disease relapg@28, 229) In these cells, Auror@d
interferes with MycN degradatiofbut not eMyc degradation)via a kinasendependent
proteinprotein interactionrendering these cells less dependent on active PI3KIAKDR
signaling but on high Aurord levels to sustain high MycN level(228, 229) Within the
present studyno determination of Aurora A expression in the cell lines used has beertdone.
might be of interest texamineAuroraA expressionn a panel oMNA NB treated with RIST
andits effects on MycN leved as well as a possible combination of RIST with anoka A
inhibitor.
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Pololike kinase (PLK1) is another serine/threonine kinase with elevated expression levels in
high-risk NB, which has been linked to poor outcome in these pat{@28, 230) PLK1
counteracts ubiquitination and degradation of MycN. MyadN turn, activates PLK1

transcription resulting in a positive feedforward loop driving the oncogenic potential of MycN

(227) and might be part of an escape mechanism in subsets with high PLK1 expression.

Elevated PLK1 expression has also been linked to poor outcoliMNB, and preclinical

in vitro andin vivo studies showed antitumor effects of a PLK1 inhibitor, including in the cell
lines KELLY and SKN-AS, regardless of MycN stat(@26, 230) Therefore PLK1 inhibitors
might be a viable treatment option, potentially in combination with RI&Tless responsive
MNA NB or MNN NB alike, and it mightbe of interest to examine its emgssion and

therapeutic effects in combination with RIST in a suitable panel of NB cell lines in the future.

Yet another potential mechanisior the differential response in MycN expressmight be the
presence of an ALK mutation. In the present studyh ddNA NB cell lines harbor an
activating ALK mutation (F1174L and R1275Q, respectively). Klis known toreduce
phosphorylation at Ar58 of MycN, thereby enhancing its stabil{§0). ALK mutations such
as ALK F1174L in KELLY are associated witadvanced disease stagéd), lead to the
overactivation of the PISK/AKT/mTOR and MAPK pathwagsd potentiate the oncogenic
activity of MycN (60). Treatment combination witiin ALK inhibitor such asrizotinib might
be anotheoption and should be further tested in a paneMMA/ALK mutated andvINA/
ALK wildtypeNB cell lines tcexamine the importance of additional ALK mutations in treating
MNA NB with RIST and to examine peible effects of a combination with an ALK inhibitor.
However, it is of note that the mutation ALK F1174L causésnsic resistance tarizotinib

in ALK -mutated tumorg60). Neverthelessa combination of the ATompetitive mTOR
inhibitor Torin 2 and crizotinib overcame resistance and led to the induction obajsoahd
tumor regressiof60), and might therefore be a promising combinatiotreéatingthis subset
of doublemutated NB.

High-risk NB without MycN amplification may also be clinically aggressiaed a subset of
thesetumors also lead to thegoy resistance and poor outcome, suggesting factors other than
high MycN levels that influence tumor behavidm. the present studyVINN NB cell lines
responded less to the RIST therapy th&A cell lines which might be due to the fact that the
PISBK/AKT/mTOR pathway is overly activated MNA NB and t hese cel |l s
this overactivation and are thus more susceptible to interference of this pathiiaaypotential
mechanismf therapy resistangencluding the differential expression of seaeprotein
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kinasessuch a”LK1, which not only influences the stability of MycN lkalsoc-Myc or the
presence of activating ALK mutatiorfsave been discussed and might also play a roléNIN
NB.

Other potential mechaniswof therapy resistana@nd oncgenic aggressivenesxludec-Myc
as a potential oncogene in a subset of migkiNB lacking amplification of MycN231-234).

In recentstudies a subset of highisk NB patents lacking MycN amplification/high levels of
MycN protein but instead expressing high levels -dflyc proteinwas correlated with poor
outcome(231, 232)

The MNN NB cell line SKN-AS used in the present study has beerwshtm contain high
levels of eMyc (235) When disrupting Myc expression in KELLY (MNA) and SAS
(MNN) using a CRISPRCas9 approaclZimmerman et alwere able to show loss in cell
viability and reduced colony formation in S¥AS (MNN, elevated eéMyc) but not KELLY
(MNA), which is MycNdrivenand contains minimal-Byc, thereby proving the dependency
of SK-N-AS on e¢Myc (235). This might explain why especially the NB cell line 8KAS is
relatively unresponsive to the RIST therapyhibition of ubiquitin-specific protease 28, a
deubiquitinase, which plays a ratethe stabilization of MycN as well asMyc, has shown to
be effective inMNA and eMyc-driven NB (SK-N-AS, SK-N-SH) cell lines alike (235)
Zimmerman et alshowed thataberrantlyelevated levels of -Myc are driven byfocal
amplification of enhancer elements and hijacking of (syparhancers, where chromosomal
translocations result in rearrangemetst juxtapose Myc withsuperenhancerérom partner
chranosomes, leading to elevatedviyc (235). In the cell line SKN-AS, for example, the
translocation t(4;8(g34;q24) led taherepositioning of &uperenhancein the vichity of Myc
regulatory sequencg235). It is of note that irimmerman et alin the cell line SHSY5Y
(t(7;8) (933;924)), auperenhancewithin chromosome 7 is trandated just downstream from
the Myc transcriptional start si(235) Thesame translocation could be detected by DNA PCR
in the parentatell line of SHSY5Y, SK-N-SH. However,the activity of enhancer marks
(H3K27ac)wasmuch higher in SEBY5Y than in its prental cell line SKN-SH (235). Another
subclone of SKN-SH (SHEP) also harboring the translocation does not show any enhancer
activity or high levels oé-Myc (235) Additionally, focal amplification of the specific enhancer
region could be detected, especially in-SM5Y and to a much lessegxtent,in SK-N-SH
(235). Thereforeijt is likely thatc-Myc levels in SKN-SH are much lowecompared t&K-N-
AS and the cell line SKN-SH may not beas dependent uponMyc. This might bein part,
why the SKN-SH cell line ismore susceptible than SI-AS to the RIST therapy within the
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present studyas SKkN-SH may lack the oncogenic drive of higiMyc levels displayed by
SK-N-AS and may thus possess a less aggressivehmmioeresistant phenotype.

Othermechanisms by whicMNN NB might be driven is via deregulated WNT-catenin
signaling pathway21, 236) resulting in transactivation of Myc and other target genes, leading
to a more aggressiand chemeesistanNB phenotypg236) Liu et al.found upregulate®-
catenin target gene expression in prim& without MycN amplificationand elevated
expression of-Myc andb-catenin levels in NB cell lines in the absence of MycN amplification
includingNB cell linesSK-N-SH and SKN-AS (236). In this study SK-N-AS expresses higher
levels ofb-catenin than SKN-SH (236), suggesting a possibly more aggressive and chemo
resistantphenotype While no NB cell line tested showed specibicatenin transactivation,
evidence for relative-catenin target gene upregulation was demonst(a&#). In the cell line
SK-N-AS, one study showed that MI signaling drives proliferation rather than
differentiation as shown in other NB cell lines testsdggesting cellne-specific fate237)
Several studies implicate that interference withWT pathway leads to a reductiontime

proliferation and migrationf NB (21, 238)

Additionally, a candidate tumor suppressor gene p73 mapping to 1p36.33 has been identified,
which is deletedn the cell line SKN-AS (156) p73 has structural and functional homologies
to p53 (156) Transfection of p73 intdghe SK-N-AS cell line suppresses its tumorigenic
phenotypg156) Therefore, this might add to the more chemsistant behavior seen in the

present study.

Taken together, the RIST therapy is effectivéreating NBcell lines especially irMNA NB
cell lines It is crucial to identify collateral vinerabilities such as DDX1 eamplification or
potential escape mechanisms such as raukdkinase overexpressian order todefinelikely
therapy responders and patients for which additional targeted therapeutic agents might be

beneficial.

4.9. Limitations of This Study

As described by. Leister, the 1Go concentrationsf the used drugare in line with published
data from other studidsr single treatments and could be reduced substantially when used in
combination (128) Combinations of the drugs were applied atsol@oncentrations

individualized for the cell lines to make the cell lines comparable in terms of tkean@ to
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compareresponsesf the RIST therapy in the dosage relevant for each cellllna clinical
setting however,standardized uniform dosages will be used, wlshbuld be taken into
account for futurestudies. ltis also of note that dosages of the molecularly targeted drugs for
the MNA cell line KELLY are greater than that of thenet cell lines used, potentially due to
the existence ofhe abovediscussedescape mechanisms, however within this cel, lthe
greatest dose reduction of the drugs could be archived compared to the other delstietes
when used in combinatiqi28), underscoring the effectiveness of RISThis MNA cell line.

In the present study, individual 4€concentrations have also been used to examine changes
within eachcell line in thér respective effective dos®/ithin the present study, a lower dosage
of dasatinib has been used for-8KAS than has been established ag tlosage byl. Leister,
howeverexperiments in our lab byl. Matthesconfirmed the used dosages are still wittne

ICso range.

As with all in vitro studies, tk present study hdsnitations when it comes to translatimng

vitro findings into a in vivo or clinical setting. It is difficult to establish an vivo relevantin

vitro system as isolated and cultivatedicé@iffer strongly from the corresponding cell type
within an organismand it is challenging to recreate an andlagormicroenvironment where
gene regulation occurs the same as it woulth iwivo conditions. Additionally, interactions
between differencell typesare notconsideredand xenobiotic metabolism @hallengingto
recreateand predictin in vitro settings. Due tdhe complex structure and organization of
organismsit is also challengingo account for recompensating mechanisms of stress situations
and toconsider thesahen testing substancaesvitro, and promising prelinical results can

often not be translated into clinical settir{g89)

Neverthelessthe presented results providebstantiakvidence for the efficacy dhe RIST
therapy in higkrisk relapsed and refractoNB, especially when Mychimplified,andwarrant
further studiesOne optiom to overcomehe limitations of two-dimensional monolayer cancer
cell models and toresemblein vivo tumor biology and architecture more closaf/to use
threedimensional culture mode(239) In a follow-up study C. Kaesssuccessfully established

a threedimensional spheroid culture of NB and has proven RIST to be effective in this
experimental setip as wel(182)

Additionally, the recently published results of the prospective randomized RIST trial-(RIST
rNB-2011) are consistent with the peknical results of this studyrogressree survival (PFS

and overall survival (OSwere significantly better in the RIST arm vs. the control arm
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(irinotecan/temozolomide only) in the intention to treat (I'pdpulationas well as in theer
protocol(PP) population(240) Furthersubgroupanalysis shows a selective effecMiNA NB
patients. PFS and median @8resignificantly better iTMNA NB patients treated with RIST
compared to contrarm treatmentwhereasViINN NB patients showed no differences neither
in PFS nor in OS between the two treatment protq@4l8)

4.10. Outlook

The results presented keprovide important insights into the molecular mechanisntheof
RIST therapy and lay the groundwork for further follay studies.To gain a deeper
understanding and confirmation of the findings obtainedimetigese should be validated in
further studes,e.g.,utilizing Western blotanalysis Several molecular targets and pathways,
such as the exact role of GSR, PTEN or HSP60should be further evaluatéa gain a deeper
understanding of their relevance in the molecular mechanisms of the RISTytAeramestep

the possibility of unwanted IRT induction by incomplete mTOR inhibitiofiurther studies
should evaluate the replacement of rapamycin with -&@fpetitive mTOR inhibitors in a
preclinicalin vitro (as done already by. Watzig andin vivo as well as in a clinical setting.
Further experimental seips should take into account theterogenicityof NB aside from
MycN-amplification and the cexistence of resistance or escape mechanisms such as the
presence of aberrantly expressed Aard kinase or Poldike kinase or relevant €o
amplifications suchsathe helicas®DX1. A precise understanding of the genetic complexity

of NB is necessary in order to identify subgroups of patients based on their genetic
predisposition. This could lead toetldentification of prognostic tumanarkers and a more
accurate prediction of their likelihood of therapy response to targeted treat/editsonal
testing of the RIST therapy in representative NB panels to identify subghaipsght benefit

from addtional molecularly targeted drugs aombinationwith RIST, such as ALK or Aurora

A kinase inhibitors, might béelpful to tailor molecular targeted combinatorial treatments
toward patients' needsuture testing should be done in a more physiologicalgvantrobust

and technically reproducible model such as tuiesensional spheroid cultures or the use of
e.g, zebra fish models in order to provide a better representation of tumor biology and

microenvironment and to test drugs and therapy reginuetsr more relevant conditions.
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5. Appendix

5.1. Additional Figures: Phosphorylation Status Profiling

51.1.Pr ot eome Pr of i | erKihaselArmayeKit Phospho

Membrane/ Target/Control Phosphorylation DuoSet® IC (Total) ELISA  DuoSet® IC (Phospho) ELISA
Coordinate Site P System P System
A-A1,A2 Reference Spot —_— —_ —_—
A-A3, A4 p38a T180/Y182 DY(86918 DY(8698
A-AS, A6 ERK1/2 T202/¥204,T185/ — DY(10188
Y187
A-A7,A8 INK1/2/3 T183/¥185,1221/ DY(1205 DY(1387
Y23

A-A9,A10 GSK-3a/B $21/59 DYQ157 DY(2630
B-A13,A14 ps3 $392 DYC1043 DY(29%
B-A17,A18 Reference Spot —_ — —
3,84 EGFR Y1086 DYC1854 = 3
A-BS,B6 MSK1/2 $376/5360 — — |
A-B7,88 AMPKa1 83 DY(3197 DY(3528 g
A-B9,B10 Akt 1/2/3 S473 — DY(8878 ;
B-811,812 Akt 1/2/3 1308 — — e
B-813,814 ps3 $46 DYC1043 DY(1489 'g.
AQ,Q TOR 52448 — DYC1665 Q
AG, G4 B s133 — DYQ510 =
A-G5, (6 HSP27 S78/582 DYC(1580 DYQ2314 8
A8 AMPKa2 nn — — fiud
A-(9,C10 B-Catenin —_ DY(1329 —_ g
B-C11,(12 p70 56 Kinase 1389 DY(8962 DY(89% .,°<’
B8-(13,C14 ps3 S15 DY(1043 DY(1839 9
815,16 Jun 563 — — =3
A-D1,D2 stc Y419 — DYC2685 =
A-D3,D4 lyn Y397 — DY(3936 §
A-DS, 06 Lck Y394 - e 4 ]
A-D7,08 STAT2 Y689 — —
A-D9,D10 STATSa Y694 — —
B-D11,012 p70 56 Kinase T421/5424 DY(8962 DY(8965
B-D13,014 RSK1/2/3 $380/5386/5377 — DY(8898
B-D15,D16 eNOS 77 — -

Membrane/ Target/Control Phosphorylation DuoSet® IC (Total) ELISA | DuoSet® IC (Phospho) ELISA

Coordinate Site Development System Development System

A-E1LE2 Fyn Y420 — —

A-E3, B4 Yes Y426 —_— DY(3929

A-ES, E6 Fgr Y412 — —

A-E7,E8 STATE Y641 — —

A-E9,ET0 STATSb Y699 —_— —

B-E11,E12 STAT3 Y705 — DYC46078

B-E13,E14 pd? T19%8 DY(2256 —

B-E15, E16 PLC-y1 Y783 —_— —

A-F1LF2 Hek Y411 — —

A-F3,F4 Chk-2 68 — DY(1626

A-FS, F6 FAK Y397 DYC4467 DY(4528

A-FI,F8 PDGF RB Y751 DY(385 DY(3096

A-F9,F10 STATSa/b Y694/Y699 — —

B-F11,F12 STAT3 s7127 —_— —

B-F13,F14 WNK1 T60 — DY(4720

B-F15,F16 PYK2 Y402 — —

A-G1,G2 Reference Spot _— —_ —_

A-G3, G4 PRAS40 T246 — DY(6890

A-G9,G10 PBS (Negative Control) _— —_ —_

B-G11,G12 HSP60 — DY(1800 —

B-G17,G18 PBS (Negative Control) — —_— —_—

Figure 44: Target Map of the Proteome ProfilelE Human PhospheKinase Array Kit by R&D
Systems

Target map of the ProteorRer o f i | er E H+«KimeseArr&yibas utireed in the provided protocol for the Prot

Profil erE H«KimasaArr&yKio sy R&DoSystems (#ARY003B).

101



Appendix

oo B9
® »
-~
® »
oo 99

os o ®
k] 2] 5 .
:l .
.- [
eee S eee o0
oo oo oo o0

®e te
.0 e
KELLY NT KELLY R+D

Figure45:Pr ot eome Pr of i | e rKibasélArrays oy R&hSystems for theMycN-
Amplified Neuroblastoma Cell Line KELLY

Relative phosphorylation levebf 43 phosphorylation sites of human kinasesl 2total protein leve$ of contiol (DMSQO
vehicle}treated cells and cells after 78ursof treatment with the moleculgrtargeted combinatoridgteatmentrapamycii
plus dasatinib (R+Dywere analyzedut i | i zi ng t he Pr ot eo m&inagerkKitfby R&DrSkstert
(#ARYO003B)for the MycN-amplified (MNA) neuroblastoma (NB) cell line KELLYData represents one array with dupli
target spot$or control OMSO vehicle}treated cells (NT) and cells after A@ursof treatmentwvith R+D.

Targetspecific capture antibodies haleeen spotted in duplicate onto nitrocellulasated glass slides and cell lysate
control (DMSO vehicle}treated (NT)or R+D-treated cells were incubated, followed by a biotinylated detection an
cocktail. Streptavidirconjugated reagents wereedgo visualize the bound detection antibody by chemiluminescence.
were captured with the ImageQuant LAS 4000 Mini.

Targets used for further analysiSrc (Tyr419), Src Family i Fyn (Tyr420), Yes (Tyrd26), Hck (Tyrdll) ERK1/2
(Thr202/Tyr204, Thr185/Tyr187), MSK1/2 (Ser376/Ser36Q)RSK 1/2/3 (Ser380, Ser386/Ser377)

, TOR (Ser2448) ) S6K1 (Thr3g9, Thr421/Ser424) GSK-3Uh
(Ser21/Ser9) PWNK1 (Thr60), HSP60(Protein Level).
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Figure 46: Proteome ProfilerE Human PhosphoKinase Arraysby R&D Systems for theMycN-
non-Amplified Neuroblastoma Cell LineSK-N-AS

Relative phosphorylation lewvebf 43 phosphorylation sites of humédimnasesand 2total protein leve$ of control DMSO

vehicle}treated cells and cells after 7@aursof treatment with the moleculgrtargeted combinatoridgteatmentapamycin

plus dasatinib (R+DWwere analyzedut i | i zi ng the Pr ot e ohoKinaferkKitfby R&DrSysterisu man Ph
(#ARYO003B) for the MycN-non-amplified MNN) neuroblastoma (NB) cell lin8K-N-AS. Data represents one array with

duplicate target spotsr control DMSO vehicle}treated cells (NT) and cells after R8ursof treatmenwith R+D.

Targetspecific capture antibodies have been spotted in duplicate onto nitrocetiokeel glass slides and cell lysates of

controt (DMSO vehicle}treated (NT) andR+D-treated cells were incubated, followed by a biotinylated detection antibody

cocktal. Streptavidinconjugated reagents were used to visualize the bound detection antibody by chemiluminescence. Images

were captured with the ImageQuant LAS 4000 Mini.

Targets used for further analysiSrc (Tyr419), Src Family T Fyn (Tyrd20), Yes (Tyrd26), Hck (Tyrd11), ERK1/2
(Thr202/Tyr204, Thrl85/Tyrl87), MSK1/2 (Ser376/Ser36Q)RSK 1/2/3 (Ser3805er386/Ser377,)

} TOR (Ser2448) } S6K1 (Thr389, Thrd21/Ser424) GSK-3Ub
(Ser21/Ser9) PWNK1 (Thr60), HSP60 (Protein Level)
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Figure47.Pr ot eome Pr of i | e rKibasélArrays oy RRDhSysem$ ab the MycNAmplified NeuroblastomaCell Line KELLY

Relative phosphorylation levebf 43 target proteins and t®tal protein leves of control OMSO vehicle}treated cells and cells after 72urs of treatment with the moleculgrtargeted
combinatoriakreatmentapamycin plus dasatinib (R+D) of the My@plified (MNA) neuroblastom@\B) cell line KELLY were analyzed t i | i zi ng the Proteome Profil
Kinase Kit by R&D Systems (#ARYO003B). Data represents one array with duplicate targdospotsrol (DMSO vehicle}treated cells and cells after F@ursof treatmentvith R+D.

Targetspecific capture antibodies have been spotted in duplicate onto nitrocetiokteel glass slides and cell lysates of confbdl$O vehicle}treated (NT) andR+D-treatd cells were

incubated, followed by a biotinylated detection antibody cocktail. Chemiluminescent detection reagents were used tthéseslilte. Images were captured with the ImageQuant LAS 4000

Mini. Target spot intensities were visualized usimg array signaling analysis software ImageStudio Lite by Léut statisticahnd graphical analysis was done in Microsoft Excel and GraphPad

Prism. Signal values were exported into an Excel spreadsheet file. An average background signal derivechégatiieecontrol spots was subtracted from each target spot signal value.
Corresponding signals from control and RtrBated arrays were graphed in GraphPad Prism for comparison. AU (arbitrary unit): absolute pixel densigis@mes] values are nresa
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Figure48 Pr ot eome Pr of i | e rKibasélArrays by REhSystemé ab the MycNnon-Amplified Neuroblastoma Cell Line SK-N-AS

Relative phosphorylation levebf 43 target proteins and ttal protein leves of control OMSO vehicle}treated cells and cells after 72urs of treatment with the moleculgrtargeted
combinatorialtreatmentrapamycin plus dasatinib (R+D) of the MyeMnamplified (MNN) neuroblastom@NB) cell line SK-N-AS were analyzedtilizihgt he Pr ot eome Profil er
PhospheKinase Kit by R&D Systems (#ARY003B). Data represents one array with duplicate targdébspotgrol ©OMSO vehicle}treated cells and cells after A@ursof treatmentith R+D.

Targetspedfic capture antibodies have been spotted in duplicate onto nitroceltdased glass slides and cell lysates of conBM$O vehicle}treated andR+D-treated cells were incubated,

followed by a biotinylated detection antibody cocktail. Chemiluminesbetetction reagents were used to visudliesgesults. Images were captured with the ImageQuant LAS 4000 Mini. Target

spot intensities were visualized using the array signaling analysis software ImageStudio Lite pgnidciatisticahnd graphical argsis was done in Microsoft Excel and GraphfPagm.

Signalvalues were exported into an Excel spreadsheet file. An average background signal derived from the negative contraldgcastedsrom each target spot signal value. Corresponding

signals from control and R+BDeated arrays were graphed in GraphPasim for comparison. AU (arbitrary unit): absolute pixel density values, displayed values are means.
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