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Actuality: Neurogenic tumors of the mediastinum in children occur in 15% of all tumors of the nervous 
system. The main method of treatment of this pathology is surgery, including minimally invasive surgery. 
 
Objectives: To determine the possibility of minimally invasive surgery in the treatment of neurogenic 
tumors of the posterior mediastinum in children. 
  
Materials and methods: From 2007 to 2016, 47 patients underwent thoracoscopic operations of the 
neurogenic tumor of the mediastinum. The age of the patients varied from 5 months to 16 years. The 
largest number of children entered the group from 1 year to 3 years - 18 people (38.3%). The sex ratio was 
approximately equal to: boys were 24 (51%), girls - 23 (49%).The duration of the operations was, on 
average, 49 minutes. In 85% of cases, the operation time was less than 60 minutes, and only 15% more than 
1 hour. The blood loss during thoracoscopic operations averaged 14.3 ml. In 36 cases, blood loss was not 
observed. No intraoperative complications were noted. All patients within the first 24 hours after the 
operation were transferred to the profile department from the intensive care unit. Postoperative 
complications arose in 4 patients - Horner's syndrome, in connection with the localization of the tumor 
process in the apical part of the chest. 43 patients after surgery were in the surgical clinic for no more than 
3 days, and 4 patients were detained in the hospital for up to 7 days to assess the neurological status due to 
manifestations of Horner's syndrome. All neoplasms were represented by neurogenic tumors: 
neuroblastoma-23 (49%), ganglioneuroblastoma-14 (30%) and geglioneuroma-10 (21%). 
 
Conclusion: The advantages of using minimally invasive surgery for the treatment of neurogenic mediastinal 
tumors are: low traumatism, minimal blood loss, low number of complications, early activation of the 
patient and shortening of time in hospital, good cosmetic effect. Performing endosurgical operations in 
children with mediastinal tumors can be at the age of several months, while the oncological principles of 
performing surgical intervention are not violated, and the age of the child is not a limiting factor for 
performing endosurgical operations. 
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Histone Demethylases Are Novel Therapeutic Targets of Neuroblastoma 
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Neuroblastoma is the most common type of cancer in infants and causes as much as 15% of cancer-related 
deaths in children. Although the outcomes of children with low- or intermediate-risk disease are excellent, 
those of children with high-risk disease remain dismal. Thus, the need to identify novel therapeutic targets 
and develop more effective treatments for high-risk neuroblastoma is urgent. The genetic abnormalities 
that drive tumorigenesis are usually coupled with epigenetic alterations, such as aberrant histone 
modification, which may help oncogenic drivers accelerate cancer progression, metastasis, and therapy 
resistance. Oncogenic MYCN amplification is the most important biological feature of high-risk 
neuroblastoma. 
  
Histone lysine demethylases appear to be involved in facilitating the activity of oncogenic transcription 
factors such as Myc. Therefore, targeting histone demethylases may block Myc signaling central to 
tumorigenesis. Here we present that genetic or pharmacologic inhibition with novel inhibitors of histone 
demethylases is able to inhibit proliferation of neuroblastoma. Our findings provide new insight into the 
epigenetic regulation of Myc function via histone demethylation and indicate that pharmacologic inhibition 
of histone demethylases may be an effective approach for cancer therapy through Myc pathway inhibition.  
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Background: To establish the prognostic value of the presence of a minimal residual disease (MRD) in bone 
marrow (BM) in the high-risk neuroblastoma group at the end of induction. 
 
Methods: The study of MRD in BM on protocol NB2004m, end of induction, performed by flow cytometry 
(Syto16+CD45-CD56+CD81+ phenotype), immunocytochemistry (GD2-positive cells), molecular biology 
(semiquantitative evaluation of TH and PHOX2B gene expression using RT-PCR). 
 
Results: For flow cytometry and immunocytochemistry, we used cut-off positivity and negativity. Overall 
ǎǳǊǾƛǾŀƭ όh{ύ Ŧƭƻǿ ŎȅǘƻƳŜǘǊȅ όƴ Ґ рύ млл҈ Ǿǎ όƴҐомύ рн҈ҕмм҈ όͪҐлΣмсύΤ ŜǾŜƴǘ-free survival (EFS) 50%±25% 
Ǿǎ от҈ҕмл҈Σ όͪҐлΣпύΦ h{ ƛƳƳǳƴƻŎȅǘƻŎƘŜƳƛǎǘǊȅ όƴ Ґ мύ млл҈ Ǿǎ όƴ Ґ нлύ ус҈ ҕ ф҈ όp = 0,8); EFS 0% vs 40% ± 
мф҈Σ όǇҐлΣопύΦ ¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ aw5 ƛƴ .aΣ ŘŜǘŜǊƳƛƴŜŘ ōȅ ōƻǘƘ ƳŜǘƘƻŘǎΣ ŘƛŘƴΩǘ ƛƴŦƭǳŜƴŎŜ h{ ŀƴŘ 9C{ ƻƴ 
patients with neuroblastoma. 
 
˿ǳǘ-off, determined for the level of expression of TH and PHOX2B genes, allows to classify a part of patients 
as ultra-high risk: for expression of TH gene - log10> 0.0018, for PHOX2B gene - positive expression in BM. In 
case of expression of TH gene higher than cutςƻŦŦ h{ όƴҐммύ ол҈ҕмр҈ Ǿǎ όƴҐопύ ст҈ҕмл҈ όͪ Ґ лΣллонύΤ 9C{ 
11% ± 9% vs 53% ± 10%, (p = 0,0004). Positive expression of PHOX2B gene OS (n = 9) 35% ± 18% vs (n = 31) 
59% ± 11% (p = 0,0032), EFS  0% vs 55% ± 15%, (p = 0,0002). 
 
In Cox regression analysis, we used the following risk factors: age, stage, MYC-N amplification, the 
expression level of TH and PHOX2B genes in BM, end of induction. Two regression models for OS and EFS 
were constructed. In the model for EFS, the expression of PHOX2B gene had significance (p = 0,0087) with 
RR 3.02. 
 
Conclusion: the presence of MRD in BM, revealed by the evaluation of the expression of TH and PHOX2B 
genes, in our patients at the end of induction strongly negatively influences the prognosis of the disease. For 
this cohort of patients, the approaches to therapy should be changed, since the standard therapy is not 
effective for them. 
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Outcomes and Complications of Surgery in Patients with Intermediate-
Risk Neuroblastoma: Experience from an Indian Tertiary Cancer Centre 

Sajid Qureshi1, Girish Chinnaswamy1, Tushar Vora1, Seema Medhi1, Maya Prasad1, Mukta Ramadwar1, 
Omshree Shetty1, Siddharth Laskar1 

1Tata Memorial Hospital, Mumbai, India 

Background: The treatment of intermediate risk (IR) neuroblastoma has evolved with the focus now on 
reducing the drugs, dosage, and duration of chemotherapy. The aim of this study is to present the outcomes 
of treatment and the complications of surgery in patients with IR neuroblastoma treated at a tertiary cancer 
center in India. 
  
Procedure: All eligible patients with IR neuroblastoma treated between April 2005 and August 2016 were 
identified. The presence and number of image-defined risk factors (IDRF) before and after neoadjuvant 
chemotherapy were retrospectively analyzed as were the extent of surgery, complications, and outcomes.  
  
Results: Of 282 neuroblastoma patients treated during the study period, 54 had IR neuroblastoma. A 
median of 3 IDRF's were identified at presentation which reduced to 2 after preoperative chemotherapy; 
however, complete disappearance of IDRF was not seen in any patient. Complete excision was achieved in 
25 patients. There were 28 surgical complications in 22 patients with a similar incidence in patients with 
complete (n=14) or incomplete (n=13) resection (p=0.6). The most common complication was postoperative 
chylous leakage. There was no perioperative mortality. After a median follow-up of 47 months, the 4-year 
overall and event-free survival was 91.5% and 75% respectively. There was no difference in survival 
between patients who underwent complete resection versus those with incomplete resection (p=0.78). 
 
Conclusion: Outcomes of IR neuroblastoma are favorable. IDRFs do not predict the extent of resection or 
survival. The extent of resection does not affect the survival and complications can occur even when the 
resection is incomplete. 
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The prognosis of advanced stage neuroblastoma patients remains poor and, despite intensive therapy, the 
five-year survival rate remains less than 50%. We previously identified histone deacetylase (HDAC) 8 as an 
indicator of poor clinical outcome and a selective drug target for differentiation therapy in vitro and in vivo. 
Here we performed kinome-wide RNAi screening to identify genes that are synthetic lethal with HDAC8 
inhibitors. These experiments identified the neuroblastoma predisposition gene ALK as a synthetic lethal 
candidate gene. Accordingly, the combination of the ALK/MET inhibitor crizotinib and selective HDAC8 
inhibitors (6 µM PCI-34051) efficiently killed neuroblastoma cell lines with wildtype ALK (SK-N-BE(2)-C, 
IMR5/75), amplified ALK (NB-1), and those carrying the activating ALK F1174L mutation (Kelly). The effective 
dose of crizotinib ranged from 0.05 µM for ALK-amplified cell lines to 0.8 µM for cell lines with wildtype ALK. 
Bioinformatic analyses revealed that the mRNA expression level of HDAC8 was significantly correlated with 
that of ALK in two independent patient cohorts, from the Academic Medical Center (AMC; n=88) and the 
German Neuroblastoma Trial (n=649), and co-expression of both target genes identified patients with very 
poor outcome. Mechanistically, HDAC8 and ALK converge at the level of receptor tyrosine kinase (RTK) 
signaling and their downstream survival pathways, such as ERK signaling. Combination treatment of HDAC8 
inhibitor with crizotinib efficiently blocked the activation of growth receptor survival signaling and shifted 
the cell cycle arrest and differentiation phenotype toward effective cell death of neuroblastoma cell lines, 
including sensitization of resistant models, but not of normal cells. These findings reveal combined targeting 
of ALK and HDAC8 as a novel strategy for the treatment of neuroblastoma. 
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Anatomic Patterns of Relapse and Progression Following Treatment with 
131I-MIBG in Metastatic Neuroblastoma 
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Purpose/Objectives: Neuroblastoma is the most common pediatric extracranial solid tumor. Patients with 
MIBG-avid relapsed or refractory neuroblastoma following therapy may exhibit significant but often 
transient responses to salvage treatment with 131I-MIBG. It is not known whether disease progression 
following 131I-MIBG treatment occurs in previously involved vs. new anatomic sites of disease. 
Understanding this pattern of relapse may inform the use of consolidative external beam radiation therapy 
following 131I-MIBG administration.  
 
Materials/Methods: Patients with relapsed or refractory metastatic MIBG-avid neuroblastoma who received 
131I-MIBG on phase II/compassionate-access protocols at UCSF were included if they had 1) stable or 
responding disease 6-8 weeks following 131I-MIBG infusion, but subsequently experienced disease 
progression and 2) serial diagnostic MIBG scans from protocol enrollment through first progression.  Scans 
were reviewed to establish anatomic locations and temporal evolution of MIBG-avid disease. Progression 
was defined as development of MIBG-avid disease in a previously uninvolved site, recurrence of MIBG 
avidity in a previously involved site that fully cleared following treatment, or as progression in a previously 
involved site. 
 
Results: 84 MIBG-avid metastatic sites were identified prior to MIBG therapy in 12 patients. Median age at 
first 131I-MIBG treatment was 9.1 years (4.3-51.2). Following first 131I-MIBG infusion and prior to disease 
progression, seven patients received additional 131I-MIBG treatments, but none received external beam 
radiation therapy. Median time to progression after first 131I-MIBG treatment was 0.6 years (0.3-2.5). At 
first progression, 101 MIBG-avid sites were identified, of which 69 (68%) overlapped with pre-treatment 
disease sites, while 32 (32%) represented anatomically new disease areas. Eight of 12 patients had one or 
more new MIBG-avid site at first progression. Of the 69 involved sites at progression that overlapped with 
pre-treatment disease, 11 represented relapsed sites that had cleared following MIBG therapy, 2 were 
persistent but increasingly MIBG-avid, and 56 were stably persistent.  
 
Conclusions: Previously involved disease sites predominate at disease progression following 131I-MIBG 
treatment. Nevertheless, the majority of patients progressed in at least one new anatomic site. This 
suggests that consolidative focal therapies targeting residual disease sites may be of limited benefit in 
preventing systemic disease progression following 131I-MIBG treatment of relapsed or refractory 
neuroblastoma. 
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The overall survival of high-risk neuroblastomas is about 40 %, implying an urgent need for improvement in 
treatment strategies for this particular patient group. Clinical use of next-generation sequencing provides a 
comprehensive approach for rapid determination of genomic biomarkers for diagnosis/prognosis, and of 
ŦƻǊŜƳƻǎǘ ƛƳǇƻǊǘŀƴŎŜΣ ǘƻ ŀŎƘƛŜǾŜ ǇǊŜŎƛǎƛƻƴ ǘǊŜŀǘƳŜƴǘ ōŀǎŜŘ ƻƴ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ǎǇŜŎƛŦƛŎ ǘǳƳƻǊ ǘŀǊƎŜǘǎΦ 
 
Whole genome sequencing (WGS) was performed on tumor/normal-pair for 30 neuroblastoma patients, 
both retrospective samples and a subset of patients with progressive disease despite ongoing treatment. 
Sequencing was performed for an average coverage of at least 60X and 30X for tumor and normal tissue 
respectively. Read trimming, mapping to hg19 and variant calling were performed using the CLC Genomics 
Workbench software while copy number profiles were prepared through the CANVAS software. Systematic 
filtering was performed using the Ingenuity variant analysis tool. Variants with allele frequency above 3% in 
common population based cohorts were discarded as well as excluding all synonymous variants or variants 
in non-coding regions except those affecting canonical splice sites. 
 
In our present setting the approximate time for handling is 2,5-3 weeks, counting from arrival of material to 
analyzed data. The analysis includes copy number variations, structural aberrations and mutational 
screening. These alterations have then been thoroughly evaluated with regards to biological relevance and 
druggability, looking for drugs either used in existing cancer treatment or in clinical trials. Among the 30 
patients, potentially actionable targets were detected in 14 (47%) of the cases; including aberrations in ALK, 
CDK4/MDM2, CDKN2A, CCND1 and ROCK2. Overall interpretation was negative or inconclusive for 16 
patients showing no or only weak support for targeted treatment. 
 
Our results demonstrate the feasibility to incorporate WGS in clinical practice. A logistic and analytic 
pipeline has been established in order to present the results in a clinically meaningful time frame. 
Actionable targets that could be relevant in therapy were detected in 14 out of 30 neuroblastoma patients. 
The result from this study show promising results and we predict that integration of WGS in clinical routine 
will lead to improved management of the therapeutically most challenged group. 
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Human Metallothionein-3 Up-Regulation in Neuroblastoma Cells Lines and 
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Michalek1,2, Sona Krizkova1,2, Zbynek Heger1,2, Vojtech Adam1,2 
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Metallothionein-3 (MT-3) is predominantly expressed in the central nervous system. MT-3 could participate 
in the processes of heavy metal detoxification, regulation of metabolism and protection against oxidative 
damage of free radicals in the central nervous system, thus it could play important neuromodulatory and 
neuroprotective roles. MT-3 had been postulated to be a multipurpose protein which could play important 
neuromodulatory and neuroprotective roles in CNS besides the common roles of MTs. However, the 
primary function of MT-3 and the mechanism underlying its multiple functions were not elucidated so far in 
neuroblastoma. In the present study we focused on up-regulation of MT-3 gene in different neuroblastoma 
cells. The up-regulation of different genes from biological pathways related to cellular senescence process 
were identified using electrochemical microarrays. Cisplatin or cis-diamminedichloroplatinum (CDDP) is one 
of the most commonly used drug in the treatment of Nbl. CDDP induces cytotoxic cell death mediated by 
activation of death receptor-mediated apoptotic signaling mechanisms as well as mitochondrial pathways. 
In general, multiple mechanisms have been identified for the acquisition of drug resistance by cancer cells. 
Further, the cytotoxicity of the CDDP was examined in hMT-3 and mock cells by MTT and clonogenic assays. 
We also provide a clear in vitro evidence that hMT-3 participates on a formation of chemoresistance against 
CDDP and its expression could be considered as potential prognostic biomarker. Our data strongly suggest 
that up-regulation MT-3 is involved in induction of chemoresistance of neuroblastoma cells chemotherapy. 
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the Chick Embryo Transplant Model, Logic-Based Network and 5-color 
Immunofluorescence Predictor 
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Correlative analyses of genomic information from profiles of pediatric neuroblastoma cancers and known 
patient outcomes have led to specific gene lists put forward as high risk for disease progression. However, 
this reliance on gene expression correlation patterns rather than mechanistic insight has shown limited 
predictive accuracy. This suggests a critical need for models that include molecular network interactions 
that would better predict neuroblastoma progression. In this study, we construct and simulate a logic-based 
model with a molecular network of tyrosine receptor kinases and downstream signals that are involved in 
sympathetic nervous system development, from which neuroblastoma pathogenesis is derived. We show 
that by using 6 input genes, our model predicts the probability of reaching steady state outcomes with 
distinct prognostic indicators of cell differentiation, proliferation, apoptosis, and angiogenesis. We validate 
the mechanistic model assumptions by using RNAseq of the SHSY5Y human neuroblastoma cell line to 
define the states of the 6 input genes and show the model predicts a steady state outcome that aligns with 
antibody staining. To further illustrate the predictive strength, we transplant YFP-labeled SHSY5Y cells into 
the trunk dorsal neural tube of a Stage 10-12 chick embryos and assess changes in cell position and state 48 
hours later by 5-color antibody staining of our prognostic indicators.  We find that SHSY5Y transplanted cells 
show a differentiated identity compared to non-transplanted, in vitro cultured SHSY5Y cells.  This finding is 
indicative of an influence from the embryonic neural crest microenvironment to drive a favorable outcome. 
We propose the combination of our logic model and embryo transplant model with 5-color antibody 
staining represents a rapid prognostic indicator of neuroblastoma disease progression based on cell line and 
human patient derived tissues. 
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Inhibition of Fatty Acid Synthesis Induces Neuroblastoma Differentiation 

María Victoria Ruiz-Pérez1, Ganna Oliynyk1, Lourdes Sainero-Alcolado1, Marie Arsenian-Henriksson1 

1Karolinska Institutet, Solna, Sweden 

High MYC signaling or c-MYC/MYCN amplification are strongly correlated to poor prognosis and treatment 
failure in neuroblastoma patients. Survival for high-risk patients remains only around 40-50%, and survivors 
suffer long-term side effects from treatment. Alternative approaches, as differentiation-inducing therapies, 
are especially interesting for high-risk patients in which resistance to conventional chemotherapy arises. We 
previously demonstrated that silencing of MYCN or targeting the protein with small molecule inhibitors 
prompt changes in lipid metabolism due to reduced ß-oxidation and mitochondrial dysfunction (Zirath et al 
PNAS, 2013). Here our objective is to analyze the crosstalk between lipid metabolism and cell differentiation 
regulated by MYC(N), to identify new therapeutic targets with potential use for induction of differentiation. 
 
Proteomic analysis of neuroblastoma cells shows that lipid metabolism and related signaling elements, as 
well as proteins involved in cell differentiation, are consistently affected by MYCN downregulation. 
Additionally, high expression of acetyl-CoA carboxylase (ACACA) and fatty acid synthase (FASN) correlates to 
poor survival in neuroblastoma patients, suggesting fatty acid synthesis as a promising target for treatment. 
Accordingly, the chemical inhibition of de novo fatty acid synthesis (targeting either ACACA or FASN) 
triggers MYC(N) protein downregulation and differentiation of both MYCN-amplified and non-amplified 
neuroblastoma cells.  
 
Moreover, fatty acid synthesis inhibition has an impact in mitochondrial structure and function. The 
withdrawal of major nutrients as glucose and glutamine does not trigger neuroblastoma differentiation, 
while the incubation in delipidized cell culture medium induces neurite outgrowth. Consequently, cell 
membrane-permeable fatty acids prevent the phenotypes observed, suggesting a very specific relationship 
of lipid metabolism with induction of differentiation.  
 
Our work aims to elucidate the impact of lipid metabolism on neuroblastoma biology, with potential 
implications for metabolism-targeted and differentiation-based therapies. Here we show that targeting fatty 
acid synthesis could be an interesting therapeutic strategy for neuroblastoma treatment, especially as a co-
adjuvant in differentiation therapies. 
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Repetitive Retroelement Activity Is a Major Source of Genomic Instability 
and A Druggable Target Involved in Neuroblastoma Development and 
Progression 
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Nearly half of the mammalian genome is occupied by interspersed repetitive elements belonging to LINE1 
and SINE families. Their expansion has played an important role in the evolution of mammals, involving 
reverse transcription driven by a reverse transcriptase encoded by LINE1 elements (RTL1). This 
άǊŜǘǊƻōƛƻƳŜέ ƛǎ ƴƻǊƳŀƭƭȅ ǳƴŘŜǊ ǎǘǊƛŎǘ ŜǇƛƎŜƴŜǘƛŎ ŎƻƴǘǊƻƭ ǘƘŀǘ Ƴŀƛƴǘŀƛƴǎ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ǎƛƭŜƴŎƛƴƎ ŀnd 
protects cells from genomic instability associated with new retrotranspositions. There is a growing body of 
evidence indicating that activation of expression and amplification of retroelements frequently occur in 
malignant tumours. However, the enormous complexity of the retrobiome has made it difficult to 
systematically analyse the specific contribution of retroelements to tumour initiation and progression.  
 
We have recently solved this problem by developing new computational algorithms that enable us to 
detect, localize and quantify new retrotransposition events in Whole Genome Sequencing databases. We 
have applied these new bioinformatic tools to analyze the content of the retrobiome in tumours from TH-
MYCN transgenic mice and in primary human neuroblastoma samples. This analysis has revealed massive 
acquisition of new LINE1, SINEs and processed pseudogenes (intronless, promoterless cDNA copies of 
mRNAs) in these tumours, by comparison with normal somatic tissues. The scale of these events exceeds 
many times the occurrence of point mutations or amplifications that have been detected so far in 
neuroblastomas and suggests that the activity of the retrobiome may be the major driver of tumour 
progression. Furthermore, treatment of homozygous TH-MYCN mice, immediately post-weaning, with 
Stavudine, an antiretroviral reverse transcriptase inhibitor, significantly delayed tumour development by 
comparison with control mice (p<0.05). When mice with an established tumour were treated with 
Stavudine in combination with cyclophosphamide/topotecan, survival was significantly increased by 
comparison with chemotherapy alone (P<0.05). These data support the involvement of retroelement 
activation in neuroblastoma tumorigenesis and progression and open up a new opportunity for 
pharmacological inhibition of neuroblastoma genomic instability, with the potential of improving treatment, 
slowing progression, and ultimately preventing this aggressive childhood disease. 
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N-Myc overexpression in neuroblastoma has previously been associated with increased mitochondrial 
biogenesis and deregulation, resulting in apoptotic death resistance. Targeting deregulated mitochondria 
using specific inhibitors restores apoptotic pathways and drives cell death in neuroblastoma. 
Neuroblastoma tumorigenesis is characterized by ectopic histone deacetylase (HDAC) expression, resulting 
in transcriptional silencing of tumor suppressor genes. We have previously demonstrated the effectiveness 
of HDAC inhibitors in N-Myc-driven neuroblastoma, as there is a unique need for HDAC recruitment by the 
N-Myc oncogenic signal.   
 
We have now shown that the expression of two mitochondrial adenine nucleotide transporters (SLC25A5 & 
SLC25A6) significantly correlated with poor patient prognosis and N-Myc expression in neuroblastoma. 
Directly targeting these transporters in neuroblastoma cells using the selective Phase II inhibitor, PENAO, 
resulted in significant cell death in vitro. We found that the clinically approved HDAC inhibitor, SAHA, 
synergistically enhanced the cytotoxicity of PENAO across a panel of neuroblastoma cell lines. Our in vivo 
studies indicated that PENAO + SAHA treatment of neuroblastoma cell xenografts in Balb/c nude mice, 
significantly prolonged survival and reduced tumor growth. Propidium iodide cell-cycle analysis of 
neuroblastoma cells treated with this combination revealed sub-G1 arrest, whilst TUNEL & Annexin-V/7AAD 
assays indicated a synergistic induction of apoptosis at clinically achievable concentrations. Further analysis 
through JC-1, MitoSox Red and Dihydroethidium assays, indicated that the combination induced 
mitochondrial superoxide formation and depolarization, suggesting that the combination induced an 
intrinsic mode of apoptosis. This was validated by the detection of a downregulated anti-apoptotic 
mediator, Bcl-2.  
 
Expression microarray analysis of SH-SY5Y cells treated with the single agents or combination identified 
numerous genes to be modulated by this drug combination. Downstream analysis using GSEA suggested 
that the combination mediated its cytotoxicity by activating p53 and suppressing E2F signaling pathways. 
The preferential cytotoxicity of the combination to wild-type p53 over mutant p53 neuroblastoma cell lines 
further suggested that the overall mechanism of action of the combination was p53 dependent. Both agents 
are in clinical use, thus our promising data on this combination warrants further evaluation for an early 
phase clinical trial for advanced-stage neuroblastoma.  
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A distal portion of human chromosome 3p is often deleted in neuroblastoma and other cancers and it is 
generally assumed that this region harbors one or more putative tumor suppressor genes. A 2.54 Mb region 
at 3p26.3 encompassing the smallest region of deletion pinpointed the locus for the neuronal cell adhesion 
molecule close homolog of L1 (CHL1). We evaluated the association of CHL1 gene expression with 
neuroblastoma patient outcomes, using online microarray data of neuroblastoma tumors obtained from the 
R2 Genomics Analysis and Visualization Platform (http://r2.amc.nl). We found that low CHL1 expression 
predicted poor outcome in neuroblastoma patients. 
 
Then we used inducible cell models to analyze the impact of CHL1 on neuroblastoma growth. In vitro and in 
vivo assays were performed to investigate whether CHL1 affected cell proliferation and invasion of 
neuroblastoma cells. Three lentiviral small hairpin RNA plasmids, and the recombinant pCEFL-CHL1 over-
expression vector were transfected into two neuroblastoma cell lines to down-regulate or up-regulate CHL1 
expression. Over-expression of CHL1 halted tumor progression, inhibited anchorage-independent colony 
formation, induced neurite-like outgrowth and markers of neuronal differentiation in neuroblastoma cells, 
and suppressed the growth of human tumor xenografts. Our results demonstrated that over-expression of 
CHL1 inhibited the activation of Rho GTPases, of related p38/JNK MAPK pathways, and of p-Akt inducing cell 
apoptosis and differentiation. These findings demonstrate that CHL1 suppressed critical processes of 
malignancy in neuroblastoma cells.  
 
Knock-down of CHL1 in HTLA-230 neuroblastoma cell line triggered colony formation and anchorage-
independent growth, enhanced cell proliferation and migration, protected from p-Akt mediated apoptosis, 
induced activation of Rho GTPases, decreased expression of MAP2 and of the autophagy protein markers 
Beclin1 and LC3 inducing neurite retraction, and accelerated growth in orthotopic xenografts mouse model. 
CHL1 acts as a regulator of proliferation and differentiation of neuroblastoma cells through inhibition of the 
MAPKs and Akt pathways. Taken together, our data identify a novel unbalanced developmental network in 
neuroblastoma cells that may contribute to tumor aggressiveness. Thus, restoration of CHL1 expression or 
its associated pathways may represent a potential therapeutic strategy for neuroblastoma. 
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In neuroblastoma very few genetic mutations have been detected while chromosomal aberrations are 
common. Numerical whole-chromosomal aberrations (NCA) or recurrent patterns of segmental 
chromosomal alterations (SCA) suggest that neuroblastoma is driven by copy number chromosome 
aberrations rather than by specific gene mutations. SCA are associated with high-risk disease and with poor 
prognosis, whereas NCA are typically found in low-risk tumors with a much better prognosis; however, a 
small percentage of them (10-15%) subsequently relapse and/or die of disease. A cohort of 177 NB patients 
with NCA genomic profile was analyzed. Association between NCA and event free survival was investigated 
by the Kaplan-Meier estimator and prognostic Decision Tree. The chromosomes involved in whole 
chromosome gains and losses were the same included in SCA markers of poor prognosis for neuroblastoma. 
DT identified 65 patients with normal chromosome X and an excellent 5-year EFS (100%) independently 
from the stage at diagnosis. The poorest EFS (57%) was observed in 21 metastatic stages carrying abnormal 
X chromosomes (20 losses and 1 gain). Among the remaining patients with localized disease and abnormal X 
chromosome, those with a gain of chromosome 13 had the poorest survival (EFS=78%, n=40 vs. EFS=95%, n 
= 51). The association between EFS and NCA abnormalities of X and 13 chromosomes was confirmed after 
restriction to 126 patients with localized disease and age <18 months at diagnosis. 
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Dysregulated Expression Levels of HIF-нʰ !ŦŦŜŎǘ aƛƎǊŀǘƛƻƴ ƻŦ ¢Ǌǳƴƪ bŜǳǊŀƭ 
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Transcription factor hypoxia inducible factor (HIF)-нʰ ƛǎ ǎǘǊƻƴƎƭȅ ŜȄǇǊŜǎǎŜŘ ƛƴ ŀ ǎǳōǎŜǘ ƻŦ ǎǘŜƳ ŎŜƭƭ- and 
neural crest-like neuroblastoma cells located in perivascular niches. In tumor specimens the presence of 
these HIF-нʰ ǇƻǎƛǘƛǾŜ ŎŜƭƭǎ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ Řƛǎǘŀƴt metastasis and poor patient prognosis. Despite this, very 
little is known about the expression and action of HIF-нʰ ŘǳǊƛƴƎ ƴƻǊƳŀƭ ǎȅƳǇŀǘƘŜǘƛŎ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳ 
development. We use the chick embryo model to show that HIF-нʰ ƛǎ ŜȄǇǊŜǎǎŜŘ ŘǳǊƛƴƎ ŜŀǊƭȅ 
embryogenesis, specifically in migrating trunk neural crest cells at time points consistent with when 
neuroblastoma precursor cells have been suggested to emerge. Imbalanced expression levels of HIF-нʰΣ 
either by up- or down-regulation, leads to less migrating neural crest streams at the trunk axial level. 
Expression of gene sets associated with all neural crest populations (e.g. SOX10, TFAP2 and HNK1), and with 
gene sets recently linked to migrating trunk neural crest specifically (e.g. AGPAT4, MOXD1, HES6 and 
TAGLN3), decreased as a consequence of altered HIF-нʰ ƭŜǾŜƭǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ƳƛƎƘǘ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘǊǳƴƪ 
neural crest cells with dysregulated HIF-нʰ Ŧŀƛƭ ǘƻ ǊŜŀŎƘ ŀ ǇǊŜŘƛŎǘŜŘ ŎŜƭƭǳƭŀǊ ǎǘŀǘŜ ǊŜŦƭŜŎǘŜŘ ōȅ ǘƘŜ 
established expression profile. Chick embryos were further treated with the HIF-2-specific antagonist 
PT2385, which inhibits binding between HIF-нʰ ŀƴŘ ƛǘǎ ǘǊŀƴǎŎǊƛǇǘƛƻƴŀƭ ōƛƴŘƛƴƎ ǇŀǊǘƴŜǊ !wb¢Φ LƴǘŜǊŜǎǘƛƴƎƭȅΣ 
PT2385 treatment had virtually no effect on trunk neural crest-associated genes, suggesting that pure 
expression levels rather than transcriptional activity mediates the HIF-2-driven effect on trunk neural crest 
migration; possibly part of the recently proposed non-transcriptional functions of HIF-нʰΦ Lƴ ƴŜǳǊƻōƭŀǎǘƻƳŀ 
as compared to other tumor forms, these identified migrating trunk neural crest-specific genes are enriched 
and thus reflect the cellular origin of neuroblastoma. In summary, we show that migration of trunk neural 
crest cells ς presumed precursors of neuroblastoma ς relies on neuroblastoma-related protein HIF-нʰ ŀǘ 
embryonic time points previously associated with oncogenesis. Gene sets mapped to be specifically 
expressed in migrating trunk neural crest cells are expressed in neuroblastoma and correlate to patient 
outcome, outlining a gene network that together with HIF-нʰ ƛǎ ǇǳǘŀǘƛǾŜƭȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ƴŜǳǊƻōƭŀǎǘƻƳŀ 
transformation. 
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Analysis of The Biological Consequences of Targeting MYCN with Small 
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Neuroblastoma (NB) is an embryonic neural tumor and one of the most common extracranial solid tumors 
of childhood. Approximately 50% of all cases are patients with high-risk NB with a metastatic disease and 
only less than half of these patients can be cured. The MYCN oncogene is amplified in the 25% of the NB 
cases, and it is used as a genetic marker for poor outcome. Several small-molecule inhibitors of MYC have 
been identified to date, including 10058-F4, which targets MYC dimerization with MAX, leading to MYC 
degradation; and JQ1, a bromodomain and extraterminal (BET) domain protein inhibitor which has been 
shown to downregulate MYC transcription in some malignances.  
 
Amplification of the MYCN oncogene suppresses differentiation of cancer cells. We have previously 
demonstrated that targeting MYCN by 10058-F4 induces lipid accumulation and neuronal differentiation in 
MYCN-amplified NB cells (Zirath et al., 2013). In addition, we found that JQ1 downregulates MYCN on 
protein level and induces metabolic alterations resulting in lipid droplet formation.  
 
In order to explore the cellular effects of MYCN inhibition in neuroblastoma cell biology, we have now 
performed quantitative proteomics of untreated and JQ1-treated MYCN-amplified SK-N-BE (2) cells, based 
on high resolution isoelectric focusing of iTRAQ labelled peptides in a narrow pH gradient followed by LC-
MS/MS analysis. For comparison, downregulation of MYCN expression using short hairpin RNA (shRNA) 
followed by proteomic analysis was performed. We identified 8351 proteins which will be used for studying 
novel pathways involved in NB carcinogenesis and for description of potential MYC related biomarkers. Our 
preliminary analysis shows that the largest numbers of affected proteins are involved in metabolic 
processes including protein, lipid and nucleic acid metabolism. Taken together, our findings establish proof 
of concept for the development of MYC-inhibition as a promising strategy to inhibit tumor progression. 
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Background: MYCN regulates expression of many microRNAs. However, how MYCN regulates cell growth 
and survival through microRNAs remains unclear. ULK1 is a serine/threonine kinase essential in autophagy, 
a key pathway for cell survival under starvation and other stressors. Here we reported that MYCN negatively 
regulated ULK1 expression and starvation-induced autophagy through miR-17/92 family member miR-19.  
 
Methods: SHEP-Control, SHEP-MYCN, Kelly, IMR32, SMS-KCN-R, SY5Y, CHLA20 and SKNSH cells were used. 
Trypan blue, cell titer glo and flow cytometry assays were performed to measure cell growth and survival. 
ULK1 mRNA and protein levels were measured by western blotting and qRT-PCR. Survival of patients, and 
mRNA expression levels in human tumors were obtained from r2.amc.nl. For mouse experiments, TH-MYCN 
mice were treated twice a week, for two weeks with anti-miR19 (10mg/kg) or vehicle.  
 
Results: Compared to SHEP-controls, SHEP-MYCN cells were sensitive to starvation-induced apoptosis, 
resistant to starvation-induced autophagy, and hypersensitive to inhibition of ULK1. Results were confirmed 
in additional MYCN-amplified and non-amplified cell lines. In neuroblastoma patient samples, levels of ULK1 
and MYCN mRNA correlated inversely. Moreover, tumors from patients with MYCN amplification expressed 
significantly lower levels of ULK1. High levels of ULK1 correlated with improved patient survival. The ULK1 
оΩ-UTR, showed binding sequences for miR-17/92 family microRNA miR-19, which was transcriptionally 
upregulated by MYCN. In SHEP-MYCN cells, ULK1 was downregulated at both RNA and protein levels. Anti-
miR-19 treatment prolonged survival of TH-MYCN mice and induced autophagy. Finally, combination of anti-
miR-19 and autophagy inhibition induced tumor apoptosis.  
 
Conclusions: Our findings suggest that MYCN activation of miR-19 leads to downregulation of ULK1, and 
resistance to starvation induced autophagy. Blockade of MYCN thus drives autophagy as targetable 
pathway, contributing to resistance. Our study builds connections between ULK1 and MYCN and provides 
new therapeutic insights for patients. 
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Neuroblastoma, arises from the developing sympathetic nervous system, is one of the most aggressive solid 
tumors in infants. Amplification of the MYCN oncogene can be found in around 30% of NB patients and it is 
associated with rapid tumor progression and poor prognosis. We demonstrated that inhibition of MYCN in 
NB cells results in metabolic changes including mitochondrial dysfunction. 
 
In order to explore possible downstream effects of MYCN targeting therapy we have performed quantitative 
proteomics of MYCN-amplified stable transduced NB cells. We compared the protein profile generated from 
MNA NB cells with a gene expression data set of 649 patients. The analysis of protein and gene expression 
highlighted changes in key enzymes involved in metabolic pathways which are essential for cancer 
progression and are associated with poor patient outcome in NB.  
 
To functionally access the metabolic alteration indicated by data analysis we used Agilent Seahorse XF 
technology, which provide the information about main energy production pathways and the metabolic 
phenotype of the cells. Importantly, the metabolic profiling performed using an extracellular flux analyzer 
showed that MNA NB cells display both enhanced glycolytic and respiratory capacity compared to NMNA 
NB cells. Thus, our functional data demonstrates that MYCN-amplified NB cells are characterized by a high 
energetic metabolic phenotype.  
 
Based on this observation and our data analysis we hypothesized that OXPHOS is the main source of fuel in 
high energetic NB cells. We measured the oxygen consumption rate (OCR) in BE (2) shMYCN cells in the 
presence and absence of specific metabolic inhibitors. The drop in OCR in live cells upon acute etomoxir 
treatment suggests that 75 % of mitochondrial respiratory capacity or OXPHOS is fatty acid dependent in BE 
(2) shMYCN cells.   
 
²Ŝ ƴŜȄǘ ŀƴŀƭȅȊŜŘ ǘƘŜ ƭŜǾŜƭ ƻŦ ǘƘŜ ƪŜȅ ŜƴȊȅƳŜ ƻŦ ʲ-oxidation, CPT1 in a neuroblastoma patient data set and 
found that high expression of CPT1 correlates with reduced survival of NB patients with high MYCN level 
specifically. Additionally, the obtained data shows that CPT1 inhibition decreases survival of MNA NB cells. 
Furthermore, etomoxir treatment reduced tumor burden in vivo. 
 
Taken together, our findings provide novel information about MYCN-mediated high-energetic metabolic 
phenotype in NB.  
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Background: For parents, the decision for a second therapeutic approach after recurrence from stage 4 
neuroblastoma is heavily depending on the potential survival time and proportions. For clinical scientists, 
the reporting of phase 2/3 trials requires the comparison with equivalent risk groups. This study aims to 
support these tasks by a score system based on a large data set. 
 
Patients and Methods: Inclusion criteria were first recurrence from neuroblastoma stage 4, age at first 
ŘƛŀƎƴƻǎƛǎ җму ƳƻƴǘƘǎ-<21years and enrollment in first line trials between 1990 and 2010. Exclusion criteria 
were inadequate first line therapy (n=22), death from tumor in first line therapy without response (n=11), 
death from tumor <30 days after recurrence (n=2), death from toxicity (n=40), second malignancy (n=27), 
and insufficient information (n=2). Patients were stratified according to the variables MYCN amplification 
όȅŜǎκƴƻύΣ ǘƛƳŜ ŦǊƻƳ ŘƛŀƎƴƻǎƛǎ ǘƻ ŦƛǊǎǘ ǊŜŎǳǊǊŜƴŎŜ όҖмуκҔму ƳƻƴǘƘǎύΣ ƴǳƳōŜǊ ƻŦ ǊŜŎǳǊǊŜƴŎŜ ƻǊƎŀƴǎ όмκҔмύ ŀƴŘ 
randomized into a training set (n=339) and a validation set (n=168). A multiple time dependent Cox 
regression analysis was performed to identify independent prognostic variables (prognostic index PI) 
adjusted for the individual treatment the patients received and to build a risk score system. 
 
Results: 507 patients met the in- and exclusion criteria. More than one third of patients (n=179) had 
palliative treatment only, 328 were treated with curative intent. The median survival time for all 507 
patients to a second recurrence was 4.4 months, to death 9.0 months. The prognostic index (PI) included 
ǘƛƳŜ ǘƻ ǊŜŎǳǊǊŜƴŎŜ όҖмуκҔму ƳƻƴǘƘǎΤ IwҐнΦлнύΣ ƭƛǾŜǊ ƳŜǘŀǎǘŀǎƛǎ ŀǘ ǊŜŎǳǊǊŜƴŎŜ όȅŜǎκƴƻΤ IwҐмΦусύΣ ƭƛǾŜǊ 
metastasis at diagnosis (yes/no; HR=1.65), number of recurrence organs (1/>1; HR=1.35), and age at 
diŀƎƴƻǎƛǎ όҖпнκҔпн ƳƻƴǘƘǎΤ IwҐмΦнуύΦ .ŀǎŜŘ ƻƴ ŀƴ ƻǇǘƛƳŀƭ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ tLΣ ǘƘǊŜŜ Ǌƛǎƪ ƎǊƻǳǇǎ ǿŜǊŜ 
built which robustly discriminated patients in the validation set. The proportions for 2-year secondary EFS 
proportions were 21%/7%/3%, (p<0.001) and for 2-year secondary OS 36%/17%/6% (p=0.001). The scoring 
system was similarly useful for the subgroup of patients treated with curative intent.  
 
Conclusion: A new and robust risk score system for patients with first recurrence from stage 4 
neuroblastoma agŜŘ җмуƳƻƴǘƘǎ ŀǘ ŘƛŀƎƴƻǎƛǎ ƛǎ ŘŜǎŎǊƛōŜŘΦ  
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Background: Neuroblastoma (NB) is a highly heterogenic childhood tumor of the sympathetic nervous 
system with phenotypes ranging from spontaneous regression to poorly differentiated tumors and 
metastasis. Amplification of the MYCN gene is found in approximately 20-30% of all NB cases and is linked 
ǘƻ ŀƴ ǳƴŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǇƘŜƴƻǘȅǇŜ ŀƴŘ ŀ ǇƻƻǊ ǇǊƻƎƴƻǎƛǎΦ 9ǎǘǊƻƎŜƴ ǊŜŎŜǇǘƻǊ ŀƭǇƘŀ ό9wʰύ ŀƴŘ ǘƘŜ ƴŜǊǾŜ 
growth factor (NGF) receptors TrkA and p75NTR are involved in neuronal differentiation and survival. We 
have previously shown that MYCN, via miR-муŀΣ ŘƻǿƴǊŜƎǳƭŀǘŜǎ 9wʰ ƛƴ b. ŎŜƭƭǎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ǊŜǎǳƭǘǎ ƛƴ 
ǊŜŘǳŎŜŘ ƴŜǳǊƻƴŀƭ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴΦ ¢Ƙƛǎ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ŜŦŦŜŎǘ ƻŦ ŜŎǘƻǇƛŎ 9wʰ ŜȄǇǊŜǎǎƛon on the 
morphology and functional response of NB cells with MYCN amplification. 
 
Results: Here we show that interference with miR-муŀ ƻǊ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻŦ 9wʰ ƛǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ƛƴŘǳŎŜ bDC 
signaling and to modulate both basal and NGF induced neuronal differentiation in MYCN-amplified NB cells. 
Proteomic analysis confirmed an increase of neuronal features and showed that processes linked to tumor 
ƛƴƛǘƛŀǘƛƻƴ ŀƴŘ ǇǊƻƎǊŜǎǎƛƻƴ ǿŜǊŜ ƛƴƘƛōƛǘŜŘ ǳǇƻƴ 9wʰ ƻǾŜǊŜȄǇǊŜǎǎƛƻƴΦ LƴŘŜŜŘΣ ŜŎǘƻǇƛŎ 9wʰ ŜȄǇǊŜǎǎƛƻƴ ǿŀǎ 
sufficient to inhibit metabolic activity and tumorigenic processes, including glycolysis, oxidative 
phosphorylation, cell viability, migration, and anchorage independent growth. In line with our in vitro 
ǊŜǎǳƭǘǎΣ ǘǳƳƻǊ ƎǊƻǿǘƘ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘŜŎǊŜŀǎŜŘ ƛƴ 9wʰ ƻǾŜǊŜȄpressing cells in vivo when injected 
ǎǳōŎǳǘŀƴŜƻǳǎ ƛƴǘƻ ƴǳŘŜ ƳƛŎŜΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 9wʰΣ ŀ ƳŀƧƻǊƛǘȅ ƻŦ ƻǘƘŜǊ ƴǳŎƭŜŀǊ ƘƻǊƳƻƴŜ 
receptors (NHRs), including the glucocorticoid receptor and the retinoic acid receptor, correlated to clinical 
markers for favorable and low-stage NB disease.  
 
/ƻƴŎƭǳǎƛƻƴΥ Lƴ ǎǳƳƳŀǊȅΣ ƻǳǊ Řŀǘŀ ǎǳƎƎŜǎǘ ǘƘŀǘ a¸/b ǘŀǊƎŜǘǎ 9wʰ ŀƴŘ ǘƘŜǊŜōȅ bDC ǎƛƎƴŀƭƛƴƎ ǘƻ Ƴŀƛƴǘŀƛƴ ŀƴ 
undifferentiated and more aggressive phenotype in neuroblastoma. Notably, we identified the estrogen-
NGF crosstalk and a set of other NHRs as potential targets for the development of new therapeutic 
strategies against NB. 
 



 

23 

Combination of HDAC Inhibitors with Standard Chemotherapeutics in 
Zebrafish Xenografts Provides A Promising Approach for Neuroblastoma 
Therapy 

Jagoda Wrobel1,2, Sara Najafi1,2, Heike Peterziel1,2, Frank Westermann1,3, Benjamin Meder4, Martin Distel5, 
Olaf Witt1,2,6, Ina Oehme1,2 

1tǊŜŎƭƛƴƛŎŀƭ tǊƻƎǊŀƳ IƻǇǇ /ƘƛƭŘǊŜƴΩǎ /ŀƴŎŜǊ /ŜƴǘŜǊ ŀǘ ǘƘŜ b/¢ IŜƛŘŜƭōŜǊƎ όYƛ¢½ύ Σ IŜƛŘŜƭōŜǊƎΣ DŜǊƳŀƴȅ, 2Clinical 
Cooperation Unit Pediatric Oncology, German Cancer Research Center (DKFZ), Heidelberg, Germany, 3Neuroblastoma 
Genomics, German Cancer Research Center (DKFZ), Heidelberg, Germany, 4Analysis Center III / Internal Medicine III, 
Heidelberg University, Heidelberg, Germany, 5LƴƴƻǾŀǘƛǾŜ /ŀƴŎŜǊ aƻŘŜƭǎΣ {ǘΦ !ƴƴŀ /ƘƛƭŘǊŜƴΩǎ /ŀƴŎŜǊ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ 
Vienna, Austria, 6Center for Individualized Pediatric Oncology (ZIPO) and Brain Tumors, Department of Pediatric 
Oncology, Hematology and Immunology, University Hospital Heidelberg, Heidelberg, Germany 

The majority of high-risk neuroblastoma patients respond poorly to multimodal chemotherapy, thus the 
development of novel drug combinations and improved preclinical drug testing models are necessary to 
effectively target the disease. Histone deacetylases (HDACs) play an important role in numerous cellular 
processes, and their aberrant expression has been associated with a variety of malignancies, including 
neuroblastoma. We have previously reported selective inhibition of HDACs as a promising approach to 
sensitize aggressive neuroblastomas to chemotherapy. In the current study we describe a zebrafish 
neuroblastoma xenograft model and use it to evaluate efficacy of combination treatments involving 
standard chemotherapy and selected HDAC inhibitors (HDACis).  
 
A suspension of fluorescently labeled BE (2)-C, IMR-32 or patient-derived neuroblastoma cells, that have 
been briefly expanded in culture, is injected into the yolk sac or pericardium of zebrafish larvae. Cancer 
progression is monitored using confocal microscopy and cell proliferation by quantifying the expression of 
Ki67 and phospho-Histone H3, immunomarkers specific for cells undergoing mitosis. The efficacy of 
selective HDACis (tubastatin A) vs. pan-HDACis (panobinostat), alone and in a combination with doxorubicin, 
is assessed by comparing tumor volumes and numbers of migrating tumor cells. To validate in vivo class-
selective on target activity of specific HDACis, acetylated tubulin and acetyl Histone H4 levels are quantified 
in paraffin embedded larvae using immunohistochemistry.  
 
On average, 40%-50% of tumor cells remain mitotically active following injection, and we are able to 
monitor cancer progression, including tumor cell migration, with single-cell resolution in an intact 
environment. Importantly, tubastatin A and panobinostat significantly increase the expression of acetylated 
tubulin (up to five-fold), indicating that the compounds are acting on target in vivo. Furthermore, we 
observe a reduction in tumor volume following monotherapy with doxorubicin or tubastatin A, and future 
studies will inform on the efficacy of combination treatments with these and other drugs. The assessment 
of cleaved caspase-3 expression following the exposure to the compounds, suggests increased apoptosis as 
one potential mechanism involved. In summary, our findings indicate that engraftment of neuroblastoma 
cells into zebrafish can facilitate earlier results on drug responsiveness and toxicity, before moving on to 
more costly and time-consuming mammalian studies. 
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Vorinostat (SAHA) has showed clinical success in the treatment of cutaneous T-cell lymphoma but lacks 
efficacy as a single agent in many solid tumours. We screened 10,560 randomly selected compounds to 
identify a small enhancer molecule, SE486, which was synergistic with SAHA in neuroblastoma cells. 
Development of a SE486-focussed library identified a more potent analogue, SE486-11, which significantly 
improved the cytotoxicity of SAHA in combination treatment across a panel of three MYCN amplified or c-
MYC overexpressing neuroblastoma cell lines by reducing cell viability and proliferation, with minimal 
cytotoxicity to normal fibroblast cell lines and MYCN non-amplified neuroblastoma cell lines. Further in vitro 
testing showed significant increase in mitochondrial depolarization of cells treated with the combination 
therapy of SAHA (1µM) + SE486-11 (5µM), as well as a significant decrease in MYCN protein levels through 
increased MYCN ubiquitination, and reduced protein half-life. Combination treatment completely inhibited 
tumour growth in TH-MYCN homozygous mice.  
 
Using SILAC (Stable Isotope Labelling by Amino Acids in Cell Culture) analysis of neuroblastoma cells treated 
with or without combination therapy, we identified Ubiquitin-Specific Protease 5 (USP5) expression to be 
decreased by 70% in the presence of SAHA+SE486-11 treatment. siRNA knock-down of USP5 decreased 
MYCN protein stability and reduced neuroblastoma cell viability, whereas over-expression of MYCN in BE 
(2)-C and Kelly cells rescued combination therapy induced cell death. Co-immunoprecipitation studies have 
ƴƻǘ ǎƘƻǿƴ ŀƴȅ ŘƛǊŜŎǘ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ a¸/b ŀƴŘ ¦{tр ǿƘƛŎƘ ƛǎ ǎǳǇǇƻǊǘŜŘ ōȅ ¦{tрΩǎ ƪƴƻǿƴ ǎǳōǎǘǊŀǘŜ 
specificity for unanchored polyubiquitin chains. It is hypothesized that the combination therapy inhibits the 
isopeptidase activity of USP5, resulting in an increase in the pool of unanchored polyubiquitin chains which 
then bind to over-expressed MYCN, targeting it for proteasomal degradation. Taken together our data 
identifies a novel therapeutic target, USP5, and a combination therapy, SE486-11+SAHA, in MYCN-driven 
neuroblastoma.  
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Hypoxia inducible factor-2 (HIF-2) has been shown to possess oncogenic features in several human cancers 
and activating mutations in the HIF-нʰ ǎǳōǳƴƛǘ ǿŜǊŜ ǊŜŎŜƴǘƭȅ ŘŜƳƻƴǎǘǊŀǘŜd in paragangliomas and 
pheochromocytomas. In neuroblastoma, high expression of HIF-нʰ ƛƴ ǘǳƳƻǊ ŎŜƭƭǎ ƭƻŎŀǘŜŘ ƛƴ ǇŜǊƛǾŀǎŎǳƭŀǊ 
niches is associated with metastatic disease, aggressiveness and a more immature, neural crest- and stem 
like tumor cell phenotype. Thus, HIF-2 is a potential therapeutic target in neuroblastoma. A specific HIF-нʰ 
inhibitor was recently developed, PT2385, that inhibits the dimerization between HIF-нʰ ŀƴŘ ƛǘǎ ōƛƴŘƛƴƎ 
partner ARNT. PT2385 has shown promising results in clear cell renal cell carcinoma (ccRCC) cell lines and 
ccRCC patient-derived xenograft (PDX) models.  
 
To test the drug in a neuroblastoma setting, we had PT2385 synthesized and treated our established 
neuroblastoma PDX cells cultured in serum-free, stem cell promoting medium. We show that even though 
PT2385 prevents dimerization between HIF-нʰ ŀƴŘ !wb¢ ƛƴ ƻǳǊ t5· ŎŜƭƭǎΣ ƻƴƭȅ ƭƛƳƛǘŜŘΣ ƻǾŜǊŀƭƭ ŜŦŦŜŎǘǎ ŀǊŜ 
observed on classical downstream HIF-2 targets in neuroblastoma cells. This could, in part, be explained by 
the presence of HIF-мʰ ƛƴ ǘƘŜǎŜ ŎǳƭǘǳǊŜ ǎȅǎǘŜƳǎ ǎƛƴŎŜ ŀŘŘƛǘƛƻƴŀƭ Řŀǘŀ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ILC-2 transcriptional 
program is severely dampened by PT2385 in tumor settings were HIF-2 is the main driver of disease or 
where bona fide HIF-2 targets have been identified. Another explanation for this weak response to PT2385 
treatment in the neuroblastoma setting could be due to the fact that HIF-нʰ ǇƻǎǎŜǎǎŜǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ǊƻƭŜ 
other than acting as a transcription factor. Indeed, in our PDX cells, we observe a high expression of 
cytoplasmic HIF-нʰ ǇǊƻǘŜƛƴΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŀǘ ƻȄȅƎŜƴŀǘŜŘ ŎƻƴŘƛǘƛƻƴǎΣ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ILC-нʰ ŎƻǳƭŘ ƘŀǾŜ 
oncogenic functions that are independent of ARNT. Thus, based on our findings, it will be of importance to 
unravel ARNT-independent, specific mechanisms of HIF-нʰ ǘƻ ƛƴƘƛōƛǘ ǘƘŜǎŜ ƳŜŎƘŀƴƛǎƳǎ ŀǎ ŀ ǘǊŜŀǘƳŜƴǘ 
strategy for children with non-treatable neuroblastoma.  
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Background: Short-term infusions of the chimeric anti-GD2 antibody (Ab) ch14.18/CHO improve survival of 
high-risk neuroblastoma (NB) patients (pts). We initiated a European multi-center Phase II clinical trial 
evaluating long-term infusion (LTI) to reduce treatment toxicity with particular focus on pain which is an on-
target side effect of anti-GD2 Ab-based immunotherapies. Pain has been suggested to be mediated by 
complement-dependent cytotoxicity (CDC). Here, we report impact of human anti-chimeric (HACA) on 
ch14.18/CHO-dependent immunomodulation and pain intensity. 
 
Patients: 124 high-risk NB pts received up to 5 cycles (35d/cycle) of a 10 day (d) continuous LTI of 10 
mg/m2/d ch14.18/CHO (d8-18) (100 mg/m2/cycle) combined with 6x106 IU/m2/d s.c. IL-2 (d1-5; 8-12) and 
160 mg/m2/d oral 13-cis RA (d19-32). 
 
Results: 2/124 eligible pts progressed prior to first Ab treatment and were excluded from the analysis. In 
HACA-negative pts (99/122 pts), evaluation of ch14.18/CHO showed at the end of LTI concentrations of 
11.24±0.50, 11.44±0.56, 13.48±0.52, 13.67±0.56 and 14.79±0.64 µg/ml in cycle 1, 2, 3, 4 and 5, respectively. 
Trough levels were >1µg/ml allowing long lasting anti-tumor effects. 
 
Analysis of HACA revealed 23/122 (19%) pts who developed either HACA with strong negative impact on 
ch14.18/CHO (non-neutralizing HACA, 5/122 (4%) pts) or HACA completely neutralizing ch14.18/CHO 
(18/122 (15%) pts). HACA occurred early in the majority of pts (20/23 pts: cycle 1 or 2; 3/23 pts: after cycle 
2). 
 
HACA-negative pts showed strong GD2-specific CDC- (>95%) and ADCC-responses (>10%) on d15 of cycle 1, 
3 and 5. In contrast, CDC and ADCC were abrogated in HACA-positive pts. 
 
Evaluation of i.v. morphine usage confirmed a steady reduction resulting in morphine-free treatment 
starting on d6 of LTI in the majority of pts and further decrease in subsequent cycles. Validated pain scores 
were in line with the results of morphine analysis.  
 
Surprisingly, there were no differences in pain intensity and i.v. morphine usage in HACA-positive pts 
showing complete abrogation of CDC. 
 
Conclusions: LTI of ch14.18/CHO in combination with s.c. IL-2 results in a strong activation of Ab effector 
functions. Importantly, HACA response abrogated CDC but did not affect pain intensity indicating CDC-
independent pain induction.  
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Introduction: MYCN oncogene is overexpressed in high-risk neuroblastoma (NB) and associated with 
aggressive and refractory disease. Interleukin-21 (IL-21) is known to promote anti-tumor effects by 
stimulating cytotoxic and inhibiting regulatory T cells. Here, we developed protein- and IL-21-based DNA 
vaccines containing minigenes that encode for highly antigenic T cell epitopes of MYCN for active 
immunotherapy against MYCN-positive NB. To increase proteasomal degradation and MHC class I 
presentation of MYCN epitopes to cytotoxic T lymphocytes, an upstream ubiquitin sequence was 
additionally integrated in the DNA vaccine. For evaluation of anti-NB effects in vivo, syngeneic mice will be 
immunized with protein vaccine in combination with the AddaVaxTM adjuvant and DNA vaccine using 
attenuated Salmonella typhimurium SL7207 as vehicle. 
 
Methods and Results: For protein vaccine, a DNA sequence containing MYCN minigenes with high affinity to 
MHC class I molecules combined with an upstream leader sequence for in vitro secretion was synthesized 
and inserted into a plasmid encoding for human IgG1 constant heavy chain (fusion protein) using standard 
molecular biology techniques. To enable permanent production of the fusion protein, CHO cells will be 
stably transfected with the generated plasmid. Finally, the fusion protein will be isolated from supernatant 
for in vivo vaccination.  
 
For DNA vaccine, MYCN minigenes linked to an upstream ubiquitin sequence and a DNA fragment encoding 
for IL-21 were inserted into the respective multiple cloning site of the bicistronic expression vector pIRES 
allowing simultaneous expression of both inserts. Correct plasmid assembly of protein and DNA vaccines 
was confirmed by gene-specific PCR, restriction and sequence analysis. MYCN epitope expression and IL-21 
production was approved in vitro by ELISA and Western blot after transfection of CHO cells with the 
respective plasmid.  
 
Conclusion: We generated and partly characterized new MYCN-based DNA and protein vaccines for active 
immunotherapy against MYCN-expressing NB.  
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Autophagy is an evolutionarily conserved intracellular degradation process that can either suppress 
tumorigenesis or promote tumor chemoresistance and survival, depending on context and tumor stage. 
Histone deacetylases (HDACs) have been described to modulate autophagy, however the exact mechanism 
of action is unclear.  
 
In this project we aim to characterize the effects of HDAC inhibitors (HDACi) on the transcriptional 
regulation of autophagy in neuroblastoma cells. Using cell culture-based techniques (e.g. 
immunofluorescence, PCR and western blot), we are investigating the effects of various HDACi on 
autophagy transcription factor (e.g. FOXO) activity as well as on autophagic flux and cellular lysosome 
content. We show that treatment of neuroblastoma cells with the FDA-approved pan-HDACi vorinostat and 
panobinostat at clinically relevant concentrations alters the activation state of FOXO1 and induces nuclear 
translocation of the transcription factors FOXO1 and FOXO3a. Treatment of neuroblastoma cells with either 
HDACi upregulated the expression of the pro-autophagic FOXO1/3a target genes WIPI1, ATG16L2, 
MAPLC3a, GABARAPL1, as well as FOXO1 itself. In line with this observation, treatment with either HDACi 
increased the number of autophagic vesicles in combination with the late-stage autophagic flux inhibitor 
bafilomycin A, suggesting that vorinostat and panobinostat increase autophagic flux.  
 
Our results indicate that pan HDACi treatment affects autophagy at the level of transcription. Unravelling 
the impact of targeted therapy, such as HDACi treatment, on autophagy-competent tumor cells enables the 
identification of rational, novel combination treatment strategies for children with tumors that depend on 
autophagy as a treatment resistance mechanism. 
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Drug resistance is a leading cause for treatment failure in many cancers, including neuroblastoma, the most 
common solid extracranial childhood malignancy. Previous studies from our lab indicate that histone 
deacetylase 10 (HDAC10) is important for the homeostasis of lysosomes, i.e. acidic vesicular organelles 
involved in the degradation of various biomolecules. Here, we show that depleting or inhibiting HDAC10 
results in accumulation of lysosomes in chemotherapy-resistant neuroblastoma cell lines, as well as in the 
intracellular accumulation of the weakly basic chemotherapeutic doxorubicin within lysosomes. 
Interference with HDAC10 does not block doxorubicin efflux from cells via P-glycoprotein inhibition, but 
rather via inhibition of lysosomal exocytosis. In particular, intracellular doxorubicin does not remain trapped 
in lysosomes but also accumulates in the nucleus, where it promotes neuroblastoma cell death. Our data 
suggest that inhibition of HDAC10 further interferes with DNA double strand break (DSB) repair, providing 
an additional mechanism of sensitizing neuroblastoma cells to doxorubicin. Taken together, we 
demonstrate that HDAC10 inhibition in combination with doxorubicin kills neuroblastoma, but not non-
malignant cells, both by impeding drug efflux and enhancing DNA damage, providing a novel opportunity to 
target chemotherapy resistance. 
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Methylation of lysine residues on histones is an epigenetic mark that is dynamically regulated by histone 
methyltransferases and histone lysine demethylases (KDMs), which play crucial roles in regulating gene 
expression, cell cycle progression, and genomic integrity. Dysregulation of KDM activity occurs in many 
diseases including cancer. Some pediatric cancers (e.g., neuroblastoma) have very low frequencies of 
somatic mutations, which suggests that deregulated epigenetics is involved in the pathogenesis of those 
diseases. Oncogenic MYCN amplification is the most important biological feature of high-risk 
neuroblastoma. We recently found that MYCN expression is correlated with the aberrant expression of 
several histone demethylases, including KDM4B, which is required for neuroblastoma growth and tumor 
maintenance. Here we further discuss the functions of other histone demethylases in neuroblastoma and 
the potential to develop small molecule inhibitors of KDMs to target neuroblastoma. 
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Background: Hypoxia occurs in solid tumours such as neuroblastoma and has been suggested to promote 
reprogramming of neuroblastoma cells leading to metastatic dissemination and tumour aggressiveness. It 
has been reported that more than 60% of neuroblastoma cases are invasive and despite treatment 
advances in the last decade, metastasis is still one of the major obstacles to overcome. To seek a new 
treatment, we examined the effect of cyclin-dependent kinase inhibitors, as potential therapeutic agents, 
on tumour progression and metastasis of neuroblastoma cells in vivo.  
 
Methods: GFP-labelled neuroblastoma cells, BE2C and SKNAS cells, preconditioned in 1% or 21% O2 were 
implanted on the chorioallantoic membrane (CAM) of the chick embryo at embryonic day 7 (E7) to form 
tumours. CDK4/6 inhibitor (Palbociclib) and CDK1 inhibitor (RO-3306) were injected into the allantois of the 
chicks between E10 to E13 at 20µM. Cell proliferation and cell death were analysed by 
immunocytochemistry and TUNEL respectively. Metastasis of neuroblastoma cells was monitored by 
dissection of the chick embryo organs using fluorescence microscopy. The effect of CDK inhibitors on the 
expression of genes previously shown to be sensitive to hypoxia was assayed by qPCR. 
 
Results: CDK inhibitor treatment reduced cell proliferation more in normoxic tumours compared to hypoxic 
tumours although there was little change in the numbers of cells undergoing apoptosis. Interestingly, 
metastasis of neuroblastoma cells was reduced significantly by 50% - 60% following treatment with a single 
dose of CDK inhibitors at E10. At a molecular level, exposure to hypoxia upregulated the expression of 
several genes thought to be involved in adhesion to the vascular endothelium, extravasation and/or matrix 
degradation, however, the CDK inhibitors largely reversed the effect of hypoxia.  
 
Conclusion: We showed that CDK inhibitors have a vital role in controlling hypoxia-promoted metastasis and 
are hence contributing to the emergence of a potential new treatment for metastatic tumours. 
 
We thank the ministry of higher education and scientific research in Iraq for funding. 
 



 

32 

JMJD6 Is a Tumorigenic Factor in Neuroblastoma with Chromosome 
17q21-ter Gain 

Matthew Wong1, Yuting Sun1, Andrew Tee1, Tao Liu1 

1Children's Cancer Institute, Sydney, Australia 

Chromosome 17q21-ter gain has been shown to be an indicator of poor neuroblastoma patient prognosis, 
however it is unclear which gene in this region is driving tumorigenesis. Here we show that the JMJD6 gene, 
located at 17q21-ter was gained in >25% of human neuroblastoma samples in a microarray gene expression 
dataset of 341 patients. JMJD6 gene expression positively correlating to N-Myc and c-Myc gene expression 
in human neuroblastoma patient samples and JMJD6 gene over-expression was found to be an independent 
prognosis factor for poor patient outcome. 
  
RT-PCR and chromatin immunoprecipitation sequencing revealed that knocking down JMJD6 significantly 
reduced E2F2, N-Myc and c-Myc expression. Gene set enrichment analysis of JMJD6 knockdown microarrays 
showed a reduction in E2F and Myc target gene transcription. Reducing JMJD6 expression lead to a 
reduction in neuroblastoma cell proliferation and induced apoptosis in vitro. Knocking down JMJD6 
expression in a neuroblastoma xenograft mouse model delayed tumour progression.  
 
Chromatin immunoprecipitation sequencing revealed super enhancer elements associated with high H3K27 
acetylation and H3K4 mono-methylation, and low H3K4 tri-methylation near the JMJD6 gene locus. 
Treatment of neuroblastoma cell lines with THZ1, a CDK7 inhibitor, and panobinostat, a pan-histone 
deacetylase inhibitor, synergistically reduced N-Myc, c-Myc, E2F2 and JMJD6 gene expression. The THZ1-
panobinostat inhibitor combination synergistically reduced neuroblastoma cell proliferation in vitro and 
tumour progression in vivo. Thus, we have identified JMJD6 as a gene amplified in chromosome 17q21-ter 
gain that increases neuroblastoma progression. An inhibitor combination targeting CDK7 and histone 
deacetylases is shown as a novel strategy to treat neuroblastoma featuring chromosome 17q21-ter gain. 
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The presence of ALK aberrations relatively frequently observed in patients with high-risk neuroblastoma. 
ALK inhibitors such as crizotinib has provided novel treatment opportunities for malignancies associated 
with ALK translocations. Crizotinib inhibited proliferation of cell lines expressing either R1275Q-mutated ALK 
or amplified wild-type ALK. In contrast, neuroblastoma cells harboring F1174L-mutated ALK were relatively 
resistant to crizotinib. Inhibition of F1174L-mutated ALK remains a therapeutic challenge in neuroblastoma.  
To identify compounds with the potential of inhibiting oncogenic activity of ALK in neuroblastoma, we 
implemented a high throughput chemical screen in 23 neuroblastoma-derived cell lines, using a curated 
library of ~450 compounds. In the drug screen, JAK-STAT kinase inhibitor (cucurbitacin I) was the most 
discriminatory with regard to sensitivity for ALK-mutated cell lines. In neuroblastoma cell lines harboring 
F1174L or R1275Q-mutated ALK, crizotinib combined with cucurbitacin I enhanced tumor responses and 
showed synergistic cytotoxicity. Although crizotinib and cucurbitacin I alone or combination therapy 
(cucurbitacin I + crizotinib) did not result in decreased viability over control (PC-12 cells) compared with 
vehicle, the combination therapy in all of 6 cell lines with ALK aberrations and 10 of 13 ALK wild-type cell 
lines with MYCN amplification or 11q LOH was more effective than vehicle, crizotinib alone, and 
cucurbitacin I alone. Analysis of downstream molecules through MAPK, AKT and STAT3 pathways showed 
that NIH3T3 cells stably expressed F1174L ALK or TGW, a cell line harboring R1275Q-mutated ALK, 
expressed lower levels of pERK, pAKT and pSTAT3 in combination therapy compared with cells treated with 
cucurbitacin I or crizotinib alone. These findings may provide an indication that the combination of low-dose 
ALK and STAT3 inhibitors may be beneficial for the treatment of neuroblastoma, by enhancing efficacy while 
reducing toxicity.  
 
In conclusion, our studies suggest that the combination of ALK and JAK-STAT inhibitors could be a valuable 
therapeutic option for high-risk neuroblastoma with potential clinical application. 
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High expression of both histone deacetylase (HDAC) 8 and HDAC10 has been identified to predict 
exceptionally poor outcomes in neuroblastoma, the most common extracranial solid tumor in childhood. 
Inhibition of HDAC8 synergizes with retinoic acid treatment, inducing neuroblast maturation in cell culture 
and slowing down neuroblastoma xenograft growth in mice. HDAC10 inhibition increases intracellular 
accumulation of chemotherapeutics through interference with lysosomal homeostasis, ultimately leading to 
cell death in cultured neuroblastoma cells. So far, no HDAC inhibitor specifically covering HDAC8 and 
HDAC10 while sparing HDACs 1, 2 and 3 in its inhibitory profile has been described.  
 
Here, we introduce TH34, a novel HDAC6/8/10 co-inhibitor for neuroblastoma therapy. TH34 is well-
tolerated by non-malignant human foreskin fibroblasts but induces caspase-dependent programmed cell 
death in high-grade neuroblastoma cell lines. Moreover, it strongly interferes with colony formation of 
various high-grade neuroblastoma cell lines with varying genetic backgrounds (e.g. MYCN amplification, ALK 
mutation, p53 mutation), whereas medulloblastoma and embryonal rhabdomyosarcoma cell lines do not 
respond to TH34 treatment. In neuroblastoma, targeted HDAC6/8/10 inhibition induces DNA double strand 
breaks (DSB), mitotic aberrations and cell-cycle arrest. TH34 treatment also leads to elevated levels of 
neuronal differentiation markers (TH, NTRK1, CDKN1A), mirrored by formation of neurite-like protrusions 
under long-term treatment. The combination of TH34 with plasma-achievable concentrations of retinoic 
acid synergistically (CI<0.1) inhibits neuroblastoma colony formation, ultimately eliminating high-grade 
neuroblastoma cells.  
 
In summary, our study supports the usage of selective HDAC inhibitors as targeted antineoplastic agents 
and underlines the therapeutic potential of selective HDAC6/8/10 inhibition in high-grade neuroblastoma as 
well as potential applications in combination therapy.  
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MYCN amplification is a poor prognostic factor in neuroblastoma patients and a well-established driver of 
neuroblastoma tumourigenesis. Therapies that directly repress the MYCN oncogenic signal in 
neuroblastoma are limited. We and others have shown that MYCN requires multiple cofactors to increase 
its protein stability in neuroblastoma cells, so that the very high MYCN levels required to drive 
tumourigenesis can be achieved. 
 
Here, we have identified ALYREF, a nuclear molecular chaperone protein, as a novel regulator of MYCN 
function in neuroblastoma.  Using co-immunoprecipitation and mass spectrometry, we identified ALYREF, as 
a direct binding partner of nuclear MYCN protein. Notably, high expression of ALYREF predicted poor 
neuroblastoma patient survival and substantially correlated with MYCN levels in a large dataset (n=649) of 
human neuroblastoma tumour samples. ALYREF mRNA expression was also significantly increased in ganglia 
cells from the homozygous TH-MYCN neuroblastoma mouse in comparison to ganglia from wild-type 
littermates. Chromatin immunoprecipitation showed that MYCN bound the ALYREF gene promoter, and 
MYCN siRNA decreased ALYREF expression. A set of over-expression and knockdown experiments in MYCN-
amplified neuroblastoma cells revealed that MYCN and ALYREF form a forward feedback expression loop. 
Overexpression of ALYREF further increased MYCN expression and protein stability in MYCN-amplified 
neuroblastoma cells.  We found that ALYREF had a critical function in regulating the turnover of MYCN 
protein through transcriptional repression of the E3 protein ubiquitin ligase, NEDD4. Additionally, we 
demonstrated that ALYREF increased cell viability and proliferation of MYCN-amplified neuroblastoma cells.  
 
Taken together, our findings demonstrate a crucial role for ALYREF in regulating MYCN function and suggest 
that ALYREF-mediated stabilization of MYCN protein contributes to the development of high risk disease. 
This function is critical for the growth of MYCN-amplified neuroblastoma cells thus inhibition of ALYREF 
activity using small molecules is a potential therapy for MYCN-amplified tumours. 
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We previously demonstrated that the MYCN/MYC transcriptional target, ornithine decarboxylase (ODC1), 
the rate-limiting enzyme for polyamine biosynthesis, is an effective therapeutic target in preclinical models 
of neuroblastoma. An early phase clinical trial based on these findings is underway combining DFMO, 
celebrex (an inducer of catabolic SAT1) and combination chemotherapy. Although a promising therapeutic 
strategy, DFMO treatment can result in compensatory increases in polyamine uptake from the surrounding 
microenvironment, limiting its effectiveness in impeding cell growth. We have therefore focused on 
combining inhibition of polyamine biosynthesis with inhibition of cellular polyamine uptake, in order to 
optimise polyamine depletion as a promising new strategy for neuroblastoma treatment.  
 
Using a 649-patient dataset and Kaplan-Meier analysis, we show that high expression of each of the 6 
polyamine biosynthetic genes and low expression of each of the 5 catabolic genes in neuroblastoma tumors 
is associated with a poor event-free and overall survival. ChIP and luciferase reporter assays were used to 
demonstrate that each biosynthetic gene is positively and directly regulated by MYCN in neuroblastoma 
cells whereas each catabolic gene is negatively regulated. Furthermore, we have now identified SLC3A2 as a 
key transporter involved in the uptake of polyamines in neuroblastoma and demonstrate in a range of 
MYCN-amplified cell lines that siRNA-mediated knockdown of this gene leads to reduced radiolabelled 
spermidine uptake, while DFMO treatment increases SLC3A2 protein expression.  We also show that SLC3A2 
is directly and positively regulated by MYCN.   
 
Using the polyamine transport inhibitor, AMXT1501, in combination with DFMO, we show that combined 
inhibition of polyamine uptake and synthesis is highly effective at abrogating tumor formation when given 
prophylactically to TH-MYCN mice, and significantly extends survival when given to mice with established 
tumors. Furthermore, the combination of DFMO, AMXT1501, cyclophosphamide and topotecan resulted in 
delayed tumor formation and doubled survival rates in TH-MYCN mice compared with those treated with 
the 4-drug protocol (DFMO, Celebrex, cyclophosphamide, topotecan) currently in clinical trial.  
 
Our findings thus indicate that combining AMXT1501 and DFMO with standard chemotherapy for 
neuroblastoma represents a potentially valuable treatment strategy for future clinical trial. 
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Background: Aberrant expression of Myc oncoproteins is a major causal factor in human cancer. The MYCN 
oncogene is one of the most powerful prognostic markers identified in neuroblastoma and a potentially 
valuable target for the development of novel therapeutics. We aimed to identify MYCN inhibitors using 
chemical library screening. 
 
Methods: A chemical library of 34,000 diverse small molecules was screened using a cell-based assay. Signal 
transduction pathway analyses, PCR, Western blotting analysis, siRNA knockdown, luciferase reporter assay, 
ChIP assay, GC-MS based metabolomics were used to characterise hit compounds. 
 
Results: Among a number of molecules identified, M606 was found to reduce MYCN protein levels and its 
downstream targets in MYCN-amplified BE(2)-C cells. Analysis of signalling pathways affected by M606 using 
FACTOwL![ϰ ǘŜŎƘƴƻƭƻƎȅ ό!ǘǘŀƎŜƴŜ LƴŎύ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ ǘƘƛǎ ŎƻƳǇƻǳƴŘ ƛƴƘƛōƛǘŜŘ aȅŎ-mediated transcription 
and activated the HIF1 pathway, while stability assays showed MYCN protein and mRNA stability were 
unaltered. siRNA-mediated knockdown of c-Myc/MYCN or HIF1A in HepG2 (hepatocellular carcinoma) and 
BE(2)-C cells followed by M606 treatment demonstrated that Myc downregulation and HIF1a upregulation 
by M606 are two independent events. Metabolomics analysis showed that the mechanism underlying the 
ability of M606 to inhibit MYCN involved its capacity to bind iron. Furthermore, the inhibition of MYCN 
promoter activity by M606 was reversed by the addition of iron. Iron also reversed the effect of M606 on 
the levels of HIF1a and MYCN protein. Luciferase deletion assays identified a minimal response region of 
M606 on the MYCN promoter. This region contains two E2F sites, the deletion of which resulted in an M606 
unresponsive promoter. ChIP assays also confirmed the presence of E2F sites on the MYCN promoter and 
further analysis found iron restores the E2F-1 binding to the MYCN transcription start site following M606 
treatment. Moreover, western blot analysis showed that the RB protein, which is required for E2F binding 
and transcriptional activation, becomes inactive due to hypophosphorylation following M606 treatment. 
 
Conclusions: M606 is a novel Myc inhibitor that chelates iron to directly downregulate MYCN/Myc 
transcription; this mechanism of action represents a potentially valuable therapeutic approach in the 
treatment of cancers overexpressing Myc oncoproteins. 
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Background: Polyamines are highly regulated essential cations that are elevated in rapidly proliferating cells.  
Ornithine decarboxylase (ODC1), the rate limiting enzyme in polyamine synthesis, is elevated in many 
cancer types including neuroblastoma, and is a direct transcriptional target of the MYCN oncoprotein. We 
have shown high ODC1 expression independently predicts poor clinical outcome in neuroblastoma, and that 
the suicide ODC1 inhibitor, difluoromethylornithine (DFMO), delays neuroblastoma development and 
progression in multiple preclinical models.  A phase I clinical trial combining DFMO with chemotherapy is 
currently underway. An ODC1 single nucleotide polymorphism (SNP), G316A, has been shown to influence 
outcome in several cancer types. Here, we examine the clinical significance of this SNP in neuroblastoma.   
 
Methods: 839 primary neuroblastomas were genotyped for the G316A SNP, and Kaplan-Meier analysis 
performed. Cell proliferation, histone acetylation, EMSA, qRT-PCR, promoter activity and colony assays were 
used to characterise neuroblastoma cell clones with differing endogenous or CRISPR-cas9-induced SNP 
genotypes.   
 
Results: The GG genotype occurred at a frequency of 60.3%, AG 32.4% and AA 7.3%. In contrast to reports 
with other cancers, the G allele was associated with worse outcome, with AG/GG genotypes associated with 
adverse outcome in patients with MYCN non-amplified tumors, while in amplified tumors the homozygous 
GG genotype identified a subset of patients with dismal outcome. CRISPR/Cas9-derived SK-N-BE (2)-C cell 
clones with the AG genotype demonstrated reduced cell proliferation, ODC1 expression, and histone 
acetylation within the SNP region, compared to parental cells with the GG genotype.  Additionally, AG 
clones were also more sensitive to DFMO treatment (P<0.005). Furthermore, increased promoter activity 
was driven from constructs with the GG genotype compared to those with AA, and EMSA showed that 
MYCN preferentially bound the G allele over the A allele. Induced expression of MYCN in SH-EP-TET-21/N 
cells had a greater stimulatory effect on promoters containing the G allele. 
 
Conclusions: The ODC1 G316A polymorphism has both prognostic and functional significance in 
neuroblastoma. The GG genotype predicts poor clinical outcome and is associated with increased MYCN 



binding and increased ODC1 expression. Our findings suggest that ODC1 SNP genotyping will identify 
subsets of patients particularly responsive to polyamine inhibition therapy.  
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Introduction: Recent genome-wide studies have revealed that there were few recurrent somatic mutations 
in high-risk Neuroblastoma (NBL), thought to originate from undifferentiated neural crest cells (NCC), and 
that the clinical course was strongly influenced by the presence of chromosomal aberrations rather than 
gene mutations. Furthermore, based on the landscape of super-enhancer, NBL was divided into two 
subtypes, Noradrenergic (ADRN) and Mesenchymal (MES), which showed distinct expression pattern in core 
regulatory circuitry related genes. However, these genetic changes do not explain entire genetic 
mechanisms of high-risk NBL, and our knowledge about molecular basis of high-risk NBL is still limited.     
 
Methods: To unravel genetic basis of high-risk NBL, we performed RNA sequencing and targeted capture 
sequencing in 30 specimens with stage 4 NBL. 
 
Results: Unsupervised consensus clustering combined with 4 samples of normal adrenal gland from open 
database identified two expression clusters, ADRN-cluster and MES-cluster. These clusters showed distinct 
expression patterns validated by the same gene set which used for classification of ADRN-cluster and MES-
cluster in a previous report. ADRN-cluster was consisted of 25 NBL cases with high expression of HAND2 and 
GATA3 and remaining 5 NBL cases with high ETV6 expression were classified into MES-cluster with normal 
adrenal gland samples. Pathway analysis revealed that pathways related to neuron and synapse were 
enriched in ADRN-cluster which is consistent with the feature of early type in NCC differentiation. In 
contrast, secretion and vesicles related pathways were enriched in MES-cluster, consistent with chromaffin 
cell-like phenotype, which could be considered as the late type of NCC differentiation originating from 
schwann cell precursors newly described recently. ADRN-cluster was further divided into 2 clusters, ATRX-
cluster and MYCN-cluster, by second unsupervised consensus clustering. ATRX-cluster contained all cases 
with ATRX abnormality and showed high NTRK1 expression. MYCN-cluster had all cases with MYCN 
amplification. 
 
Conclusion: In total, NBL was classified into 3 clusters, 2 ADRN clusters (MYCN-cluster and ATRX-cluster) and 
MES-cluster. Our results revealed that NBL is heterogeneous disease in terms of differentiation. To improve 
prognosis of high-risk NBL, considering of origins and expression pattern might be helpful for development a 
new therapeutic strategy for high-risk NBL. 
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Neuroblastoma is the most common paediatric solid tumor. Approximately half of all neuroblastoma 
patients are diagnosed with high-risk disease. Amplification of the MYCN oncogene is highly predictive of 
poor prognosis and occurs in 45% of high-risk neuroblastoma cases. Currently there are no direct inhibitors 
of MYCN, and outcomes remain below 50% in this patient population. 
 
One possible strategy to treat MYCN-amplified neuroblastoma patients is antagonizing proteins involved in 
ǎǘŀōƛƭƛȊƛƴƎ a¸/b ǇǊƻǘŜƛƴΦ ¢ƘŜ !Y¢κD{Yоʲ ǇŀǘƘǿŀȅ ŘƛǊŜŎǘƭȅ ǊŜƎǳƭŀǘŜǎ ǎǘŀōƛƭƛȊŀǘƛƻƴ ƻŦ a¸/bΣ ǇǊƻǾƛŘƛƴƎ ŀ 
therapeutic rational for using AKT inhibitors. In this study, we addressed the question of how AKT can play a 
pivotal role in neuroblastoma and whether the AKT inhibitor perifosine can be a promising anti-cancer drug 
in children diagnosed with MYCN-amplified neuroblastoma. 
 
Our data revealed that high gene expression of AKT1 and AKT2 was correlated with MYCN amplification and 
was significantly associated with poor outcome in neuroblastoma patients. By RNAi-mediated depletion of 
AKT isoforms, we demonstrated that the total AKT activity rather than expression of particular isoforms was 
necessary to cause a significant decrease in neuroblastoma cell proliferation. These results demonstrated 
the potential of targeting AKT activity in neuroblastoma. Using perifosine, one of the most clinically 
promising AKT inhibitors, we showed that perifosine exerted anti-tumoral activity as a single agent against 
all neuroblastoma cell tested. Interestingly, combining perifosine with conventional cytotoxic drugs 
currently used in neuroblastoma treatment led to a synergistic interaction more importantly in MYCN-
amplified neuroblastoma cell lines. Mechanistically, inhibition of AKT activity using either RNA interference 
or pharmacological inhibition through perifosine, led to significantly downregulate MYCN expression 
ǘƘǊƻǳƎƘ D{Yоʲ ǊŜƎǳƭŀǘƛƻƴΦ 
 
Collectively, these promising results unveil the existence of a cross talk between MYCN and AKT and provide 
evidence that targeted inhibition of AKT in combination with conventional drugs could be a novel 
therapeutic strategy to indirectly target MYCN in neuroblastoma. Focusing on perifosine, already in clinical 
trials, and anticancer drugs currently used in the clinic, we hope to identify novel therapeutic combinations, 
which can rapidly impact on outcome of children with high-risk neuroblastoma. 
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Background/Objectives: UBE4B is an E3/E4 ubiquitin ligase involved in growth factor receptor (GFR) 
trafficking.  The UBE4B gene is located in the chromosome 1p36 region commonly deleted in high-risk 
neuroblastoma tumors. We have previously identified associations of UBE4B expression with 
neuroblastoma patient outcomes. However, the functional roles of UBE4B in neuroblastoma tumor 
differentiation are not known.   
 
Design/Methods: We analyzed the association of UBE4B gene expression with expression of known markers 
of neuroblastoma tumor differentiation using publicly available databases and screened cell lines and 
neuroblastoma tumor samples for UBE4B protein expression using Western blot and quantitative 
immunohistochemistry. We measured UBE4B expression by Western blot in cell lines before and after 
induction of differentiation with 13-cis-retinoic acid treatment and determined the effects of UBE4B 
overexpression and depletion on retinoic acid-induced differentiation using continuous live-cell imaging of 
neurite morphology, immunohistochemistry, and Western blot for markers of differentiation. Effects on 
signaling through the Ras/MAPK pathway were measured using Western blots. 
 
Results: UBE4B expression was associated with neuroblastoma differentiation in patient tumors, and UBE4B 
gene and protein expression were associated with expression levels of known markers of neuroblastoma 
differentiation. Retinoic acid treatment resulted in increased UBE4B expression in retinoic acid-sensitive, 
but not -resistant, neuroblastoma cells, and UBE4B depletion was associated with increased ERK 
phosphorylation, increased proliferation, and inhibition of retinoic acid-induced neuroblastoma 
differentiation. 
 
Conclusion: We have demonstrated associations between UBE4B expression and tumor differentiation in 
gene expression databases and in neuroblastoma tumor samples, and our data suggests that UBE4B 
expression is required for retinoic acid-induced differentiation, potentially through effects on activation of 
the Ras/MAPK pathway. These associations between UBE4B and neuroblastoma differentiation combined 
with the established role of UBE4B in GFR trafficking suggest that UBE4B-mediated receptor trafficking may 
contribute to the responses of neuroblastoma tumors to therapy and to the outcomes of patients with 
neuroblastoma. 
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The polycomb repressor complex 2 molecule EZH2 is now known to play a role in essential cellular 
processes, namely, cell fate decisions, cell cycle regulation, senescence, cell differentiation, and cancer 
development/progression. EZH2 inhibitors have recently been developed; however, their effectiveness and 
underlying molecular mechanisms in many malignancies have not yet been elucidated in detail. Although 
the functional role of EZH2 in tumorigenesis in neuroblastoma (NB) has been investigated, mutations of 
EZH2 have not been reported. A Kaplan-Meier analysis on the event free- and overall survival of NB patients 
indicated that the high expression of EZH2 correlated with an unfavorable prognosis. In order to elucidate 
the functional roles of EZH2 in NB tumorigenesis and its aggressiveness, we knocked down EZH2 in NB cell 
lines using lentivirus systems. The knockdown of EZH2 significantly induced NB cell differentiation, e.g. 
neurite extension, and the neuronal differentiation markers, NF68 and GAP43. EZH2 inhibitors also induced 
NB cell differentiation. We performed a comprehensive transcriptome analysis using Human Gene 
Expression Microarrays and found that NTRK1 (TrkA) is one of the EZH2-related suppression targets. The 
depletion of NTRK1 canceled EZH2 knockdown-induced NB cell differentiation. Our integrative methylome, 
transcriptome, and chromatin immunoprecipitation assays using NB cell lines and clinical samples clarified 
that the NTRK1 P1 and P2 promoter regions were regulated differently by DNA methylation and EZH2-
related histone modifications. The NTRK1 transcript variants 1/2, which were regulated by EZH2-related 
H3K27me3 modifications at the P1 promoter region, were strongly expressed in favorable, but not 
unfavorable NB. The depletion and inhibition of EZH2 successfully induced NTRK1 transcripts and functional 
proteins. Collectively, these results indicate that EZH2 plays important roles in preventing the differentiation 
of NB cells and also that EZH2-related NTRK1 transcriptional regulation may be the key pathway for NB cell 
differentiation. ONCOGENE, in press. 
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Background: A metanalysis of the three published randomized trials with additional follow-up data on 739 
patients concluded that myeloablative therapy (ASCT) seems to work in terms of event free survival (EFS), 
but not for overall survival (OS) (Cochrane Database Syst Rev, 2015(10): p. CD006301). The purpose of this 
study is the long-term outcome analysis of the NB97 trial after 12 years more of observation.  
 
tŀǘƛŜƴǘǎ ŀƴŘ aŜǘƘƻŘǎΥ нфр ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƴŜǳǊƻōƭŀǎǘƻƳŀ ǎǘŀƎŜ п җмȅŜŀǊ ƻǊ ǿƛǘƘ a¸/b ŀƳǇƭƛŦƛŜŘ ǘǳƳƻǊǎ ŀƴŘ 
stages 1/2/3/4S were randomly assigned to myeloablative therapy (melphalan, etoposide, carboplatin) with 
ASCT or to maintenance therapy (MT) with oral cyclophosphamide cycles for 3 months. The outcome data 
of the randomized treatment groups were updated to 15-SEP-2017 and analyzed according to intent-to-
treat (ITT), as treated (AT), and treated as randomized (TAR).  
 
Results: The 10-year EFS proportions were superior for the patients receiving ASCT compared those treated 
with MT in all three cohorts (ITT: 36% for ASCT vs. 27% for MT, n=149/146, log rank p=0.022; AT: 43 vs. 26%, 
n=110/102; p=0.001; TAR: 46 vs. 25%, n=75/70, p=0.001). The 10-year OS proportions were also in favor of 
the ASCT group (ITT 41 vs. 35%, p=0.075); AT: 46 vs. 32%, p=0.017; TAR: 49 vs. 31%, p=0.005). The remission 
status (CR/VGPR vs. PR/MR/SD) before the intervention, stage (4 vs. 1/2/3/4S) and further treatment 
(antibodies vs. isotretinoin) had no influence on EFS/OS within the ASCT or MT groups, while MYCN 
amplification was more important for the MT and LDH elevation important for both groups. Late sequelae 
as hearing, renal, thyroid, hepatic, cardiac, neurological impairment and growth retardation were 
substantial. Focal nodular hyperplasia was more frequent in the MT cohorts (ITT/AT/TAR) and hearing 
impairment more in the ASCT group (TAR). 
 
Conclusion: The long-term results confirmed an outcome advantage of myeloablative therapy over 
maintenance therapy as well for EFS as for OS. The late sequelae of the survivors were substantial, but not 
much different between the groups.  
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Background: Several MEK inhibitors have been reported to be effective against neuroblastoma with MAPK 
activation. Selecting appropriate patients with MEK inhibitor-sensitive neuroblastomas is necessary for the 
ŎƭƛƴƛŎŀƭ ŀǇǇƭƛŎŀǘƛƻƴΦ ²Ŝ ŜǾŀƭǳŀǘŜŘ ǘǿƻ a9Y ƛƴƘƛōƛǘƻǊǎΩ ǘƘŜǊŀǇŜǳǘƛŎ ŜŦŦŜŎǘǎ ŀƴŘ ŀƴŀƭȅȊŜŘ ǘƘŜ 9wY 
phosphorylation in vitro and in vivo. We also analyzed the phosphorylated ERK (pERK) 
immunohistochemical staining (IHC) in clinical neuroblastoma samples as a candidate biomarker for MEK 
inhibitor treatment. 
 
Materials & Methods: We used Trametinib (MEK inhibitor) and CH5126766 (RAF/MEK inhibitor). The in vitro 
study included a cell viability assay, Western blotting of pERK and MYCN, immunocytochemical staining of 
pERK in five neuroblastoma cell lines. The in vivo study was performed using neuroblastoma xenograft mice 
in which three neuroblastoma cell lines had been transplanted. Either Trametinib or CH5126766 was 
administered for two or eight weeks. The tumor sizes were measured, and the tumors were then harvested 
at the endpoint for pathological analyses (H&E, pERK and Ki67). Clinical neuroblastoma samples from 38 
patients (35 primary samples, 16 post-chemotherapy samples, 3 relapsed samples) were stained with pERK 
and analyzed for the correlation with the prognosis. 
 
Results: Both MEK inhibitors inhibited the proliferation of cells with ERK phosphorylation in vitro. pERK IHC-
positive xenograft tumors were sensitive for MEK inhibitors during the first four weeks and started to 
regrow from five weeks. Regarding the clinical neuroblastoma samples, 9 of 35 (26%) primary tumors were 
nuclear pERK-positive. However, only 1 of 9 (11%) pERK-positive primary tumors relapsed, whereas 6 of 16 
(38%) post-chemotherapeutic tumors were nuclear pERK-positive, and 4 (67%) of 6 pERK-positive post-
chemotherapeutic tumors relapsed.  
 
Discussion: Consistent with previous reports, MEK inhibitors were preclinically effective against MAPK-
activated neuroblastomas that could be identified by pERK IHC in this study. Regarding the clinical samples, 
one-quarter of primary tumors were pERK-positive, although only a small percentage of primary 
neuroblastomas have been reported to have MAPK pathway mutations. However, most of these pERK-
positive primary tumors were well-treated with conventional chemotherapy. In contrast, post-
chemotherapeutic pERK-positive tumors had a relatively high frequency of relapse. MEK inhibitors may be 
useful for treating post-chemotherapeutic pERK-positive tumors.  
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Background: Antibody (Ab)-based immunotherapies directed against GD2 are effective against 
neuroblastoma (NB), but strategies to further improve treatment efficacy are needed. Recently, ligand 
expression of programmed death 1 inhibitory receptor (PD-L1) on NB cells has been reported. Here, we 
show impact of GD2-specific ADCC and IL-2 on the PD-1/PD-L1 immune checkpoint pathway and efficacy of 
ch14.18/CHO-based immunotherapy in combination with PD-1 blockade in vivo. 
 
Methods: LAN-1 NB cells were cultured with effector cells (E/T 10:1, 24h) and subtherapeutic 
concentrations of ch14.18/CHO or hu14.18-IL-2 immunocytokine (IC). Expression of PD-L1 was analyzed by 
flow cytometry. Rituximab and rituximab-IL-2 served as negative controls. Mice (n=10) were treated with 
ch14.18/CHO (5x300 µg, i.p.) alone, anti-PD-1 (8x250 µg, i.p.) alone or ch14.18/CHO in combination with 
anti-PD-1. 
 
Results: ADCC with ch14.18/CHO (10 and 50 ng/ml) induced a strong PD-L1 expression on both NB and 
effector cells (2-fold increase for NB and 5- and 7-fold for granulocytes and monocytes, respectively). These 
effects were further increased by IL-2 (100 IU/ml; 3-, 7- and 9-fold, respectively). IL-2 alone induced PD-L1 
only on granulocytes and monocytes (2-fold). Pre-incubation with the anti-idiotype Ab ganglidiomab 
completely abrogated ch14.18/CHO-dependent PD-L1 induction showing GD2-specificity of the observed 
effects. 
 
PD-L1 analysis performed with the equivalent IC concentrations (12.5 and 62.5 ng/ml) revealed stronger 
effects compared to ch14.18/CHO on both NB (2- and 3-fold increase) and effector cells (7- and 7-, 9- and 
16-, and 2- and 2-fold increase for granulocytes, monocytes and lymphocytes, respectively). Incubation of 
both NB and effector cells with only IC or corresponding IL-2 concentrations (37.5 and 187 IU/ml) revealed 
induction of PD-L1 only by granulocytes and monocytes (3-, 3-, 3- and 3-fold for granulocytes and 4-, 3-, 5- 
and 4-fold for monocytes, respectively). Again, ganglidiomab completely abrogated IC mediated 
upregulation of PD-L1.  
 
Finally, compared to controls treatment of mice with ch14.18/CHO in combination with anti-PD-1 showed 
reduced tumor growth and prolonged survival. 
 
Conclusions: ADCC with ch14.18/CHO and hu14.18-IL-2 upregulate PD-L1/PD1 checkpoints and PD-1 
blockade in vivo augments anti-neuroblastoma immune response induced by anti-GD2 Ab suggesting a 
rationale to combine anti-PD1 with anti-GD2 treatment in clinical trials. 
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Antibodies targeting GD2 have significantly increased survival in patients with high risk neuroblastoma. 
However, despite the combination of GD2 antibodies with high intensity chemotherapy, many children with 
high risk disease continue to have poor outcomes. Unlike antibodies, T cells are long-lived, actively patrol 
the body and can infiltrate tumor tissues. Therefore, we have evaluated T cells redirected to GD2 using 
chimeric antigen receptors (CARs) that combine a GD2 antibody-ŘŜǊƛǾŜŘ {ŎCǾ όмпƎнŀύ ǿƛǘƘ ǘƘŜ ʸ ŎƘŀƛƴ ƻŦ ǘƘŜ 
T cell receptor (GD2.CARTs). 
  
In our first study of GD2.CARTs for neuroblastoma, using a construct without costimulatory endodomains, 3 
of 11 patients achieved complete tumor responses. In a second study we evaluated a 3rd generation 
GD2.CAR encoding costimulatory domains from CD28 and OX40. 2 of 8 patients who received GD2.CARTs in 
combination with lymphodepletion entered CR after salvage chemotherapy.  
 
To improve on these results, we have further optimized our approach in preclinical studies by determining 
the best costimulatory domain and employing an innovative approach to provide necessary pro-survival 
cytokines to GD2.CARTs. We modified the hinge region of the GD2.CAR and replaced the CD28 and OX40 
endodomains with a 4-1BB endodomain that promoted the development of a central memory phenotype 
and produced higher antitumor activity.  We next incorporated a constitutively active IL-7 receptor (C7R) 
into GD2.CARTs to supply cytokine without affecting bystander cells and without causing cytokine-induced 
toxicity. We chose the IL-7 receptor, since IL-7 not only induces T cell proliferation, but also improves T cell 
survival. In preclinical testing, C7R enabled the expansion of CAR-stimulated T-cells in the absence of 
cytokines and prevented early T cell exhaustion and apoptosis but did not produce autonomous 
proliferation of mature T cells in the absence of cognate tumor antigen or costimulation. The combination 
of the optimized GD2.CAR with the constitutive C7R vector improved tumor cell killing in serial co-culture 
assays and in mouse xenograft models of both subcutaneously engrafted and metastatic neuroblastoma. In 
summary, optimization of costimulation and cytokine signal lead to improved anti-tumor efficacy of 
GD2.CARTs in preclinical neuroblastoma models and a clinical trial evaluating this approach in high-risk 
neuroblastoma will open this year.  
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±ʰнп-invariant natural killer T cells (NKTs) are attractive effector cells for expression of tumor-specific 
chimeric antigen receptors (CARs) due to their natural anti-tumor properties and ability to preferentially 
localize to the tumor site in neuroblastoma (NB) and other solid tumors. We previously demonstrated that 
adoptively transferred human NKTs expressing GD2-specific CARs (CAR.GD2) more effectively localize to the 
tumor site than T cells and mediate anti-tumor activity in a xenogenic model of NB in NOD/SCID/IL-нwʴƴǳƭƭ 
mice without xenogenic graft-versus-host disease (GvHD). 
 
In this study, we explore whether inclusion of IL-15, the main homeostatic cytokine for NKTs, within the 
CAR.GD2 construct further enhances NKT cell in vivo persistence and therapeutic efficacy. To that end, we 
synthesized CAR.GD2 constructs with a costimulatory CD28 or 41BB endodomain with or without IL-15. 
NKTs transduced with CD28/IL-15 and 41BB/IL-15 CARs secreted similar levels of IL-15 and significantly 
improved NKT cell in vitro expansion compared with CARs lacking IL-15 in response to repeated stimulation 
with NB cells. After transfer to mice with human NB xenografts, NKTs expressing IL-15-containing CARs 
persisted significantly longer compared with those expressing CARs lacking IL-15. In particular, CD28/IL-15 
CAR NKTs underwent progressive in vivo expansion at sites of NB metastases, with the frequency of 
CD28/IL-15 CAR NKTs reaching 30% of bone marrow cells two months after a single injection. Treatment 
with CD28/IL-15 CAR NKTs resulted in a 70-day median survival compared with 42 - 53 days in NKTs 
expressing any other CAR construct or unmodified NKTs (p < 0.001). Despite robust in vivo expansion and 
potent anti-tumor activity, CD28/IL-15 CAR NKTs did not produce significant toxicity or induce GvHD as 
determined by detailed pathological analysis of mouse tissues.  
 
Thus, combined use of the CD28 costimulatory endodomain and IL-15 in the CAR.GD2 construct promotes 
enhanced in vivo expansion and anti-tumor activity of CAR.GD2 NKTs cells without evident toxicity in a 
xenogenic NB model. These results have enabled an investigational new drug application for GD2-specific 
CAR and IL-15 expressing autologous NKT cells for treatment of children with relapsed or refractory 
neuroblastoma in a phase I clinical trial (NCT03294954). 
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Background: Metabolism of catecholamine and metanephrines (MNs; normetanephrine, metanephrine and 
methoxytyramine, NMN, MN, and MT respectively) remains enigmatic in patients affected by 
neuroblastoma (NB). Source of plasma MNs in patients are suspected to directly arise from tumor, as 
extensively described for pheochromocytoma and paraganglioma two other neuroendocrine tumors 
secreting MNs. However, NB biopsy availability is a limitation, precluding large scale molecular and cellular 
studies to decipher catecholamine metabolism in these tumors. 
 
Aim: To validate the use of murine NB xenografts as a model to study catecholamine metabolism in NB. 
 
Methods: NB xenografts were generated by subcutaneous injection of primary and established NB cell lines 
into athymic nude mice (Crl:NU(NCr)-Foxn1nu). MNs (free, sulfated and glucuronated forms) were 
measured in plasma and tumors by HPLC MS/MS and mRNA expression levels of genes involved in 
catecholamine metabolism were quantified by qPCR. 
 
Results: Sum of total plasma MNs (MN, NMN and MT) was quantified at a geo. mean of 246 nmole/l in NB-
bearing mice (n=4), representing a 2.5-fold increase compared with control mice (102 nmole/l, p<0.0095 
n=7). These values in NB-bearing mice are highly comparable with those recorded in a cohort of patients 
(n=10), and the relative amount of each MNs (ie: NMN>MT>MN) were also similar. Interestingly, we 
observed in murine plasma an elevated fraction of glucuronated forms of MNs and virtually no sulfated MNs 
in contrast to human plasma where sulfated forms prevail. Surprisingly, intratumoral concentration of MNs 
were found to be very low (less than 1 nmol/g of tissue) compared with plasma values in both patients and 
xenograft mice models, contrasting with MNs values commonly observed for pheochromocytoma and 
paraganglioma (>100 nmol/g of tissue). Besides, as observed in human NB, norepinephrine and dopamine 
are found in large excess compared to epinephrine in NB xenografts. Moreover, mRNA expression levels of 
the main genes involved in catecholamine metabolism, ie TH, DBH, MAOA, COMT, PNMT, NET, VMAT1, and 
VMAT2 were also similar between biopsies from patients and NB xenografts. 
 
Conclusion: Our results demonstrate that murine subcutaneous NB xenograft models are highly suitable for 
studying catecholamine and MNs metabolism in NB tumor and blood. 
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Background: Despite the initial success of anti-GD2 monoclonal antibodies in eradicating minimal residual 
disease (MRD) in NB, there is a need for a further development of anti-GD2 strategy to improve outcomes in 
patients with more than MRD. We hypothesized that arming of ex vivo expanded and activated T cells (ATC) 
with chemically conjugated GD2Bi would redirect ATC to NB and result in enhanced cytotoxicity. ATC coated 
with small amounts (50 ng per 10e6 cells) of GD2Bi exhibited significant specific killing of NB cell lines and 
secreted high levels of Th1 cytokines.  
 
Methods: In a phase I study (NCT02173093, opened 11/2013), patients with GD2-positive tumors including 
recurrent NB, osteosarcoma and desmoplastic small round cell tumor (DSRCT) received 8 biweekly infusions 
of GD2BATs + daily low-dose IL-2 and biweekly GM-CSF. ATC were produced as described in Lum LG et al. 
Biol Blood Marrow Transplant 2013;19:255-33.  The study followed the standard 3+3 design with dose levels 
of 40, 80, and 160 x 10e6 cells/kg/infusion. Immune monitoring was performed at pre and post GD2BATs 
infusions for anti-NB responses by IFNgamma EliSpots and direct cytotoxicity in peripheral blood 
lymphocytes. 
 
Results: Eleven children and young patients with NB (6), osteosarcoma (3), DSRCT (2) were enrolled and 9 
patients treated up to date. Infusions were given in outpatient settings and no unexpected toxicities were 
observed across all dose levels. Almost all patients developed relatively mild and manageable form of 
cytokine release syndrome with grades 2-3 fevers/chills, headaches and occasional hypotension for up to 48 
hours after infusion. No patients developed pain. MTD has not been reached. Out of 6 NB patients, one 
patient failed to grow cells, 3 patients completed infusions, and 2 patients are still on therapy. One patient 
with NB had complete clearance of bone marrow disease and had remained progression free for 2.5 years 
after completion of infusions.  
 
Conclusions: Large numbers of GD2BATs were feasible to obtain and grow in heavily pretreated patients 
and infusions of GD2BATs were well tolerated with manageable toxicities. Ongoing phase II portion of the 
trial will focus on evaluation of clinical activity of GD2BATs in patients with NB. 
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Background: 5-azaC is an inhibitor of DNA methylation used for chemotherapy of high-risk leukemias and 
MDS. Therefore, we tested a combination of 5-azaC with MIBG131 and high-dose chemotherapy as a 
consolidation regimen for stage 4 NB. 
 
Methods: From November 2014 to April 2017, 7 pts MIBG positive (M/F 4/3) with stage 4 NB with bone 
involvement, older than 2 years of age at the time of diagnosis were included in our pilot study. The median 
age was 4,5 (2-19). A course of high-dose MIBG131 at 440 MBk/kg was followed by high-dose 
chemotherapy (HDCT) with autologous PBSC rescue. HDCT schedule was as follows: 5-azaC D-9,-8,-7,-6,-5 
(total dose 375 mg/m2); Treosulfan D-6,-5,-4 (total dose 30000 mg/m2); Melphalan D-3,-2 (total dose 140 
mg/m2).   
 
Results: No unexpected toxicities were observed. Four pts achieved CR and 2 VGPR, and 1 SR prior to 
receiving HDCT. Two pts 2 pts relapsed at 7 and 24 months (1 died, 1 alive). All others showed disease of 
MIBG uptake during the of observation (median 20 months). 2-year EFS-75,4%, OS-85%.  
 
Conclusions: Combination of MIBG131 and 5-azaC with HDCT is an effective consolidation regimen in 
patients with stage 4 NB pts. 
 
Supported by Charity foundation Podari Life 
 
Keywords: MIBG131, 5-azaC, neuroblastoma, HD chemotherapy 
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Expressions of brain-derived neurotrophic factor (BDNF) and its tyrosine kinase receptor TrkB in the tumor 
tissues often indicate a poor prognosis in neuroblastoma (NB) patients. We previously identified that 
BDNF/TrkB induced chemo-resistance in NB cells through activation of phosphoinositied-3-kinase 
(PI3K)/AKT pathway. In this study, we investigated the role of P53 and its downstream targets, proteins of 
BCL2 (B cell lymphoma gene 2) family, in the protective effect of BDNF/TrkB in etoposide-induced NB cells 
death. TB3 and TB8, two tetracycline-regulated TrkB-expressing NB cell lines, were utilized. Our results 
showed that the expression of P53 was significantly and time-dependently increased in NB cells after 
treatment with etoposide. Pretreatment with BDNF (100ng/ml) blocked the etoposide-induced expression 
of P53, as well as the etoposide-induced cell death. Knockdown of P53 expression by siRNA could also block 
the etoposide-induced cell death. We examined the expressions of Bcl-2 family members (both anti-
apoptotic members and pro-apoptotic members) and found that etoposide treatment increased the 
PUMA(p53 up-regulated modulator of apoptosis) expression at both protein and RNA levels, and 
pretreatment with BDNF blocked the etoposide-induced increase of PUMA. Knockdown of PUMA by siRNA 
could also protected NB cells from etoposide-induced cell death. Overexpression of PUMA induced NB cell 
death that could be attenuated by BDNF pretreatment. This data indicated that BDNF/TrkB protected NB 
cells from etoposide-induced cell death through the down-regulation of P53/PUMA, which provides new 
insights on the function of BDNF/TrkB. 
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Introduction: DNA vaccination is a promising immunotherapeutic approach for solid tumors including 
neuroblastoma. The effectiveness of given method is limited by low transfection efficiency of plasmid DNA. 
Therefore, additional physical means or chemical carriers are required to enhance the delivery of DNA 
vaccine into cells. Polyethylenimine (PEI) is a cationic polymer which can bind negatively charged plasmid 
DNA. DNA-PEI nanoparticles facilitate the delivery of DNA through the membrane into the nucleus and 
enhance expression of the antigen.  
 
!ƛƳΥ ¢ƻ ŎƻƳǇŀǊŜ ǘƘŜ ƛƳƳǳƴƻƎŜƴƛŎƛǘȅ ƻŦ ǘƘŜ ΨƴŀƪŜŘΩ 5b! ǾŀŎŎƛƴŜ ŀƴŘ ŎƻƳǇƭŜȄ ǿƛǘƘ t9L ƻƴ ǘƘŜ 
neuroblastoma animal model. 
 
Materials and Methods: A/J mice were used as an animal model (n=45), males (n=12) and females (n=33), 8-
10 weekǎ ŀƎŜŘΦ aƛŎŜ όƴҐосύ ǿŜǊŜ ŜƴƎǊŀŦǘŜŘ ǿƛǘƘ млс b.пм!о ŎŜƭƭ ƭƛƴŜ ƛƴ ǘƻǘŀƭ ǾƻƭǳƳŜ ƻŦ млл ˃[Φ tƭŀǎƳƛŘ 
DNA encoding the fragment of tyrosine hydroxylase as the antigen and PVXCP as the immune-enhancing 
gene based on the pING vector was used for immunization. Empty vector pING was used as a control. 
Intramuscular injection with 50 µg of DNA vaccine was performed three times (day 5, 10, 15 after tumor 
engraftment). Mice were sacrificed after one month of monitoring or according to indications.   
 
Results: It was found that the tumor progressed much more slowly, or it did not form at all in the group of 
ƳƛŎŜ ǊŜŎŜƛǾƛƴƎ ǾŀŎŎƛƴŜ ŎƻƳǇƭŜȄŜŘ ǿƛǘƘ t9L ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ǇƭŀŎŜōƻ ƎǊƻǳǇ όͪҐлΦлмрύ ŀƴŘ ǘƻ ΨƴŀƪŜŘΩ ǇƭŀǎƳƛŘ 
όͪҐлΦлоύΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ Řŀǘŀ ƻŦ ǘƘŜ ŎȅǘƻǘƻȄƛŎƛǘȅ ǘŜǎǘ ǎǇŜŎƛfic killing activity in 10:1 ratio (effectors: tumor 
cells) of splenocytes from mice vaccinated with DNA+PEI conjugate was in 1.6 times higher than in a group 
with DNA alone (median - оуΦо҈ Ǿǎ ноΦм҈ύ όͪғлΦлрύΦ tǊƻŘǳŎǘƛƻƴ ƻŦ LCbʴ ōȅ 9[L{th¢ ǿŀǎ ǘƘǊŜŜ ǘƛƳŜǎ higher 
than in the other two groups (p<0.05). 
 
Conclusion: Conjugation of plasmid DNA with PEI helps to overcome the insufficient transfection and 
protect DNA from degradation in intracellular matrix thereby increasing the level of immune response and 
the effectiveness of the vaccination.  
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Background: Neuroblastoma high risk (HR-NB) patients are known to have poor prognosis. High-dose 
intensity induction chemotherapy might improve outcome. 
 
Aim: The following is a retrospective study that aimed to determine difference in response and survival 
outcome of HR-NB patients, at Children Cancer Hospital Egypt 57357 (CCHE), receiving different induction 
regimens. 
 
Methods: HR-NB patients presenting to CCHE from 2007 till 2016 were included. Patients were treated with 
high dose induction chemotherapy followed by BMT, radiotherapy and Roaccutane. Induction 1 (Ind1) 
patients received 8 cycles of systemic chemotherapy, in the form of etoposide (200 mg/m2/day, days 1 to 3) 
and carboplatin (450 mg/m2/day, day 1 only) alternating with cyclophosphamide (300 mg/m2/day, days 1 
to 5), doxorubicin (60 mg/m2/day, day 5 only) and vincristine (1.5 mg/m2/day, days 1 and 5), VP16-
Carbo/CAdO. 
 
Induction 2 (Ind2) patients received 2 cycles of etoposide (200 mg/m2/day, days 1 to 3) and cisplatin (50 
mg/m2/day, days 1 to 4) and 4 cycles of cyclophosphamide (2100 mg/m2/day, day 1 and 2), doxorubicin (25 
mg/m2/day, days 1 to 3) and vincristine (2 mg/m2/day, day 1 only), CiE/CDV. 
 
Cycles, for both groups, were administered at 3-week intervals. Other than induction, both groups were 
matching in allocation for inclusion and treatment. Target was complete or very good partial response after 
induction. 
 
Results: Study included 764 HR-NB patients; 241 on Ind1, 523 on Ind2 chemotherapy. Among Ind2 patients 
31.1% reached targeted response, while only 9.6% of Ind1 patients did. 
 
3-year overall survival (OS) by regimen was 49.7±2.6% for Ind2 vs. 41.6±3.3% for Ind1 patients; 3-year 
event-free survival (EFS) of Ind2 and Ind1 were 24.9±2.3% and 25.6±2.9%, respectively. 
 
Multivariate Cox regression analysis of OS and regimen, after accounting for age, gender, pathology, INPC, 
MYCN, stage, surgery, BMT and induction response, showed significantly better OS for Ind2 compared to 
LƴŘм ǇŀǘƛŜƴǘǎ όIŀȊŀǊŘ wŀǘƛƻҐмΦосύΤ ƳŜŀƴǿƘƛƭŜΣ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻŦ LƴŘм ǿŀǎ ŦƻǳƴŘ ƻƴ ǇŀǘƛŜƴǘǎΩ 9C{Φ 
During induction, 25 deaths (4.8%) occurred among Ind2 patients and 11 deaths (4.6%) among Ind1 
patients.  
 
Conclusion: Results show that using the more intensive Ind2 regimen for HR-NB induction improves OS, but 
not EFS compared to the less intensive Ind1 regimen. 
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Background: The monoclonal anti-GD2 antibody (Ab) ch14.18/CHO in combination with IL-2 is active and 
effective in high-risk NB patients. Here, we investigated the inflammatory response and treatment tolerance 
of long-term infusion (LTI) of ch14.18/CHO (10 x 10 mg/m2; 24h) in combination with s.c. IL-2 in a single 
center program. 
 
Methods: Fifty-three NB patients received up to 6 cycles of 100 mg/m2 ch14.18/CHO (d8-18) as LTI 
combined with 6x10E6 IU/m2 s.c. IL-2 (d1-5; 8-12) and 160 mg/m2 oral RA (d19-32). Side effects of 
ch14.18/CHO and IL-2 treatment require hospitalization of patients on d8. Treatment tolerance was 
evaluated daily with clinical parameters (body temperature, vital signs, Lansky performance status, 
requirement of i.v. concomitant medication) to define an outpatient candidate status. sIL-2-R and CRP 
values were determined to assess the inflammatory response. 
 
Results: LTI of ch14.18/CHO (d8ς18) in combination with s.c.IL-2 (d8-12) showed an acceptable treatment 
tolerance that allowed all patients to receive part of the treatment as an outpatient (median time point of 
discharge: d15 for all cycles). The treatment tolerance improved from cycle to cycle and the time to become 
an outpatient candidate decreased from d15 to d13 in subsequent cycles. 
Clinical and laboratory parameters indicate a maximum inflammatory response at d11 of each cycle. 
Interestingly, the sIL-2R remained increased at base-line of the next cycle indicating immune activation over 
the entire treatment period of 6 months. 
 
Conclusions: LTI of ch14.18/CHO combined with s.c.IL-2 shows an improving tolerance in subsequent cycles 
allowing outpatient treatment. 
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Background: Neuroblastoma is the most common solid tumor in early childhood. N-Myc gene amplification 
occurs in a quarter of human neuroblastoma tissues and is a marker for poor patient prognosis. Long 
noncoding RNAs (lncRNAs) play important roles in cancer development. 
 
Aim: To identify novel lncRNAs and study their functional roles in N-Myc induced oncogenesis.  
 
Methods: RNA sequencing was performed to identify novel lncRNAs that are differentially expressed in N-
Myc amplified and N-Myc non-amplified neuroblastoma cell lines. Genes modulated by the novel lncRNA 
were examined by Affymetrix microarray. Modulation of gene promoter activity was examined by 
chromatin immunoprecipitation. Neuroblastoma cell proliferation and colony formation were determined 
by Alamar blue and Clonogenic assays. siRNAs or doxycycline-inducible shRNAs were utilized to knock-down 
RP1X and DEPDC1B gene expression. RP1X in neuroblastoma progression was determined in mice 
xenografted with doxycycline-inducible RP1X shRNAs. Correlation of RP1X and DEPDC1B gene expression in 
neuroblastoma patients was examined using the publically available gene expression databases 
(http://r2.amc.nl). 
 
Results: Five novel lncRNAs, including RP1X were most differentially expressed between N-Myc gene 
amplified and non-amplified human neuroblastoma cell lines. DEPDC1B was one of the few genes 
considerably down-regulated in neuroblastoma cells after RP1X depletion. Knocked-down RP1X expression 
reduced histone H3 lysine-4 trimethylation at the DEPDC1B gene promoter and decreased its activity. 
Depletion of RP1X or DEPDC1B in neuroblastoma cells significantly reduced ERK protein phosphorylation, N-
Myc protein phosphorylation at Serine 62, N-Myc protein stabilization, cell proliferation and abolished 
colony formation capacity. Importantly, treatment with doxycycline in mice xenografted with 
neuroblastoma cells stably transfected with doxycycline-inducible RP1X shRNA led to tumor regression or 
eradication. In 498 human neuroblastoma patients, high levels of RP1X gene expression correlated with 
DEPDC1B gene expression and poor patient prognosis.   
 
Conclusion: This study identifies the novel lncRNA RP1X as an important regulator of N-Myc protein stability 
and neuroblastoma tumorigenesis.  
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Background: Neuroblastoma is an aggressive childhood cancer. Despite intense therapy, survival rates are 
poor, and survivors experience long term side effects from the treatment. Targeted therapies are therefore 
urgently required. We demonstrated that intracellular copper levels are ~50% higher in neuroblastoma cell 
lines compared to normal astrocytes, and this is associated with high expression of the major copper 
transporter (CTR1). Given clinical evidence that copper is elevated in many tumours, copper homeostasis is 
considered an emerging target for anticancer drug design. We developed a polyphenol sugar conjugate 
called Dextran-Catechin that exerts its anticancer properties by targeting copper in neuroblastoma.  
 
Material and Methods: Cell viability was tested in neuroblastoma cell lines SH-SY5Y, IMR-32, BE(2)C, and 
doxorubicin-resistant BE(2)C-ADR using the Alamar Blue assay and apoptosis was assessed via PARP 
cleavage. Gene and protein expression of CTR1 was determined using qRT-PCR and western blotting, 
respectively. Intracellular copper was measured by spectrophotometric analysis. NADH/NAD+ ratio was 
used to determine induction of oxidative stress. Cellular levels of GSH was examined using colorimetric 
assay. PET imaging with 64Cu was performed in a xenograft neuroblastoma model to monitor copper 
uptake in tumors. In vivo anticancer activity was assessed in a neuroblastoma xenograft model. 
 
Results: Neuroblastoma cell lines SH-SY5Y, IMR-32, BE(2)C, and BE(2)C-ADR were sensitive to Dextran-
Catechin (IC50 9.7µg/ml, 17.83µg/ml, 16µg/ml and 18.2µg/ml, respectively) at concentrations not toxic to 
normal astrocytes. A direct correlation was observed between higher intracellular copper levels and 
sensitivity to Dextran-Catechin. We demonstrated that Dextran-Catechin reacts with copper generating 
reactive oxygen species and inducing cancer cell death. Dextran-Catechin treatment caused a decrease of 
NADH/NAD+ ratio and GSH levels, confirming oxidative stress. PET imaging analysis of the neuroblastoma 
xenograft model revealed high accumulation of copper in the tumor mass. The high levels of copper were 
maintained in the tumor mass, while 64Cu was cleared by the other organs. Importantly, we showed that 
Dextran-Catechin significantly reduced Cu uptake and tumor growth in human neuroblastoma xenografts. 
 
Conclusion: Dextran-Catechin targets neuroblastoma cells containing high levels of copper and inhibits 
tumour growth. This study has revealed a potential therapeutic strategy for targeting copper-dependent 
cancers such as neuroblastoma. 
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Background: Metastatic neuroblastoma continues to be a therapeutic challenge. 131I-
metaiodobenzylguanidine (131I-MIBG) is highly effective in relapsed neuroblastoma, but rarely tested in 
ƴŜǿƭȅ ŘƛŀƎƴƻǎŜŘ ǇŀǘƛŜƴǘǎΦ ¢ƘŜ /ƘƛƭŘǊŜƴΩǎ hƴŎƻƭƻƎȅ DǊƻǳǇ ό/hDύ ŘŜǎƛƎƴŜŘ ŀ Ǉƛƭƻǘ ǎǘǳŘȅ ŦƻǊ ƴŜǿƭȅ-diagnosed 
high-risk neuroblastoma to assess the tolerability and feasibility of induction chemotherapy ending with a 
block of 131I-MIBG, followed by consolidation with busulfan/melphalan (Bu/Mel) and autologous stem cell 
rescue (ASCR).  
 
Methods: Patients with stage 4 neuroblastoma and MIBG avid tumors were diagnosed at one of 23 
participating institutions (12 had 131I-MIBG administration capability). The first two patients to receive 
131I-MIBG and Bu/Mel developed Grade 4/5 toxicity with sinusoidal obstruction syndrome (SOS). The trial 
was suspended and re-designed to treat cohorts at 12, 15, and 18 mCi/kg 131I-MIBG with ASCR and a 
required minimum 10 weeks rest before Bu/Mel. Patients who completed induction chemotherapy were 
evaluable for the feasibility of 131I-MIBG; those who completed 131I-MIBG therapy were evaluable for the 
feasibility of administering 131I-MIBG and Bu/Mel. Tolerability was based on pre-defined unacceptable 
Grade 4/5 toxicities. 
 
Results: Fifty-nine of 68 subjects (87%) who completed the induction therapy received 131I-MIBG. Thirty-
seven of 45 subjects (82.2%) were evaluable for 131I-MIBG plus Bu/Mel feasibility. Of the 35 subjects 
enrolled post-suspension who received Bu/Mel after 12 mCi/kg (n=6), 15 mCi/kg (n=17), or 18 mCi/kg 
(n=12) of 131I-MIBG, 3 developed unacceptable severe SOS; one at each dose level. Overall rates of SOS 
occurrence at 12 mCi/kg, 15 mCi/kg, and 18 mCi/kg doses were 33%, 23.5%, and 25%, respectively.  No 
other unacceptable toxicities occurred. The 131I-MIBG and 131I-MIBG plus Bu/Mel feasibility rates at the 
dose level of 15 mCi/kg slated for further study on ANBL1531 were 96.7% (29/30) [95% CI: (83.3%, 99.4%)] 
and 81% (17/21) [95% CI: (60%, 92.3%)].  
 
Conclusion: This trial demonstrated the feasibility of administering 131I-MIBG therapy during induction 
chemotherapy followed by myeloablative therapy in a cooperative group setting. While stopping rules 
outlined in the protocol were not met, the potential for SOS with 131I-MIBG in close proximity to Bu/Mel 
led to selection of 15 mCi/kg 131I-MIBG administered earlier during induction for investigation in an 
upcoming Phase 3 COG clinical trial.  
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Background: Since a response rate (RR) of 53% (9/17patients) was reported in relapsed/refractory 
neuroblastoma when combining ch14.18/SP0/2 with irinotecan-temozolomide, we explored the GPOH 
induction (N5/N6 cycles) in combination with continuous infusion of ch14.18/CHO (dinutuximab beta; DB) 
for future use in front-line treatments. Here we report feasibility, toxicity and RR of this compassionate use 
program.  
 
Patients: 16 high risk NB patients (15 refractory relapsed/progressing: 5 patients 1 event; 5 patients 2 
events, 5 patients 3 events; 1 refractory frontline patient) were treated (median age at diagnosis: 3.4y; 
initial stage: 14 M, 1 MS, 1 L2 MYCN amplified (MNA), 18.7% MNA, median time from diagnosis to 
relapse/progression: 1.8y (range, 0.35 ς 8.89y), type of relapse/progression: 92% disseminated; 8% local). 
All patients failed at least one second line therapy and 10/16 previously received N5/N6 cycles. 
 
Patients were treated with alternating cycles of N5 (cisplatin, etoposid, vindesin; d1-5) and N6 (vincristine, 
dacarbacine, ifosfamide, doxorubicine; d1-7) combined with ch14.18/CHO continuous infusion (50 mg/m2 
over 5 days) (start: d5+6 in N5; d6+7 of N6). Grade 3/4 toxicity was evaluated (CTCAEv4.3) and response was 
determined after 2 (mid evaluation) and after 4 cycles (end evaluation) (bone marrow smears, 123I-mIBG 
SPECT, CT/MRI, urine catecholamine metabolites). 
 
Results: 43 cycles were applied (21xN5/DB 22xN6/DB). Response assessments revealed a best overall RR 
rate of 50% (2/16 CR, 6/16 PR).  The end of treatment RR was 38% (2/16 CR, 4/16 PR). Frequencies of grade 
3/4 toxicity were 100% hematological (any kind), 25% renal function, 25% pain, 12% fever, 12% central 
neurotoxicity (somnolence, dizziness, disorientation) 8% cardiac function (decreased fraction shortening), 
6% capillary leak. No grade 3/4 cytokine release or allergy/hypersensitivity was observed. No treatment 
related death occurred. The median cumulative morphine doses in cycle 1, 2, 3 and 4 were 1.45, 0.56, 0.68 
and 0.43 mg/kg/cycle, indicating a steady decrease in pain intensity from cycle to cycle comparable to 
previous experience.  
 
Conclusions: The combination of dinutuximab beta on day 5 or later of N5/N6 chemotherapy cycles is 
feasible leading to an encouraging response rate in refractory relapsed patients who failed at least one 
second line therapy. 
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Heterozygous deletions within distal 1p are observed in 30% of neuroblastomas. So far, several potential 1p 
tumor suppressor genes have been identified. However, in this study we are focusing on 1p genes whose 
inactivation is not necessarily linked to tumor development, but which mediate cell-essential functions, 
rendering cells with copy number loss vulnerable to further impairment. These genes are candidate 
therapeutic targets according to the concept of CYCLOPS (copy number alterations yielding cancer liabilities 
owing to partial loss).  
 
To identify genes for which heterozygous loss may be tolerated but further reduction leads to cell death, we 
performed siRNA screens mediating the systematic knock-down of distal 1p genes in five 1p-deleted versus 
five non-1p-deleted neuroblastoma cell lines. Forward liquid transfections were done using three 
independent siRNAs per gene. Hoechst stained cell nuclei were count 96h post transfection.  Target gene 
validation was done by viability and colony formation assays, cell cycle analysis and rescue experiments with 
cDNA over expression.  
 
We identified many potential CYCLOPS candidates, among them EphB2 which is required for embryonic and 
neuronal development. Knock-down of EphB2 reduced cell viability and colony formation in 1p-deleted cell 
lines but did not in 1p-non-deleted cells. G1/G0 phase arrest with corresponding S phase decrease was 
observed in both 1p-deleted and 1p-non-deleted cells. Additionally, neurite-like outgrowth was shown in 
1p-non-deleted cells indicating an induction of differentiation. 
 
This study identified EphB2 as candidate CYCLOPS gene in neuroblastoma. Heterozygous deletions of 
chromosome arm 1p are also frequently observed in other cancers including melanoma, colorectal and 
breast cancer. We hypothesize that this proof-of-principle opens a new therapeutic window for tumors 
harboring a heterozygous deletion of EphB2 or other cell essential genes on chromosome arm 1p. 
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Neuroblastoma (NB) is the most common malignant tumor in infancy and most common extracranial solid 
tumor in childhood. With the improvement of diagnosis and treatment, the survival rate of patients with 
low-risk and intermediate-risk NB can reach up to 90%. In contrast, for high-risk NBs, the long-term survival 
rate is still less than 40% because of heterogeneity of this tumor. The pathogenesis of NB is still not explicit; 
therefore, it is of great significance to explore the mechanism of NB tumorigenesis and discover new 
therapeutic targets for NB. Polo-like kinase 4 (PLK4), one of the polo-like kinase family members, is an 
important regulator of centriole replication. The aberrant expression of PLK4 was found in several cancers 
and a recent study has unraveled a novel function of PLK4 as a mediator of invasion and metastasis in Hela 
and U2OS cells. However, the function of PLK4 in NB development and progression remains to be 
elucidated. The study showed the expression level of PLK4 in NB tissues was remarkably up-regulated and 
high expression of PLK4 was negatively correlated with clinical features and survival, which suggested that 
PLK4 could be a potential tumor promoting factor of NB. Functional studies indicated down-regulation of 
PLK4 suppressed migration and invasion and promoted apoptosis in NB cells. Further experiments showed 
that down-regulation of PLK4 in NB cells inhibited EMT through the PI3K/Akt signaling pathway. Animal 
experiments demonstrated that the down-regulation of PLK4 in SK-N-BE(2) cells dramatically suppressed 
tumorigenesis and metastasis. PLK4 may be a promising therapeutic target for NB. 
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Many mRNA profiling studies have highlighted the strong expression differences between low- and high-risk 
neuroblastoma. Nonetheless, both disease entities are histopathologically very similar and are both thought 
to arise from the sympatho-adrenergic lineage. We therefore analyzed neuroblastoma mRNA profiles not 
only for differences, but also for commonalities between both low- and high-risk tumours to identify key 
transcriptional networks underlying different molecular subtypes of neuroblastoma. To achieve this, we 
performed gene-based T-SNE dimension reduction analysis in combination with gene regulatory network 
reconstruction (ARACNE) on mRNA profiling datasets of NB. Interestingly, we identify 3 key dimensions of 
the disease, consisting of gene-networks regulating epithelial to mesenchymal transition (EMT), immune 
cell/inflammatory response and finally cell cycle/MYCN. These core networks were validated and remained 
stable across 3 independent NB datasets consisting of over 900 tumours. Interestingly, these networks were 
identifiable independent of patient stage, risk-status or MYCN-amplification. Clustering of patients based on 
these 3 core networks identified sub-division of patients within the each of the clinically relevant NB 
subgroups (low-risk, high-risk and MYCN-amplified). This suggests underlying biological subtypes of NB that 
differ based on root biological networks independent of the aggressiveness of the disease. In addition, by 
combining core-network description with high-throughput transcription factor binding site data generated 
both in house and available through ENCODE we identify transcription factors that are enriched and bind 
targets within the underlying core networks of NB. These findings may provide insight into identifying key 
therapeutic networks and targets within both high-risk and MYCN-amplified patients that may have been 
previously overlooked. 
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Over the past decade, the R2 platform has proven to be a useful and ever-expanding resource for the 
Neuroblastoma community. As science progresses, so does the development of the R2 platform. 
 
Methods: The R2 program, rooted in neuroblastoma research, has a user-friendly interface enabling a wide 
range of interconnected analyses, which can be harnessed by users with limited or no bioinformatics 
training. The web-based genomics analysis and visualization platform has been greatly extended over the 
past period. Novel analyses, easier workflows, and new types of omics data have been introduced.  
 
Results: Aside from mRNA expression, aCGH, SNP, Exome and whole genome sequencing data we have 
greatly extended R2 with intuitive tools for the analysis of epigenome and ChIPseq analyses. Various 
different technologies can be combined in integrative analyses and visualizations.  
 
We have added many histone modification profiles of neuroblastoma cell lines and tumor samples. On 
these profiles peak calling has been performed as well as super enhancer analyses if applicable. Interactive 
plots, like ROSE SE visualizations, genome browser views and heatmaps of aligned peaks provide accessible 
entry points for further exploration of one, or a series of profiles.  In addition, integration with other 
genomic features, such as chromatin states, transcription factor binding sites, gene expression patterns help 
to test hypotheses. Genome reconstruction has also been added to the repertoire. Finally, Tools to work 
with core regulatory circuitries (CRC) are now being implemented. 
 
Other additions: The popular tSNE dimensionality reduction algorithm has been added and allows for 
interactive definition of patient subgroups on the basis of the underlying genomics data. Improved 
expression signature generation, coupled to various downstream analyses now allows the users to get a 
better understanding of their cohorts or experiments. The introduction of data scopes, creates easier 
workflows and allows for more focused analyses within R2.  
 
Conclusions: R2 remains a valuable resource for high throughput data of Neuroblastoma. The R2 program 
and database has been used in more than 630 PubMed listed publications and is publicly accessible at 
http://r2.amc.nl. R2 assists researchers in the identification of important genes and biological processes in 
neuroblastoma.  
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Background: Core Regulatory Circuitries (CRCs) of lineage transcription factors associated with super-
enhancers are the central drivers of lineage identity and differentiation stage of cells. We recently showed 
that most neuroblastomas include two types of tumor cells with divergent gene expression profiles. 
Undifferentiated mesenchymal (MES) cells and lineage-committed adrenergic (ADRN) cells resemble cells 
from developmental differentiation stages. MES and ADRN cells of isogenic origin were found to 
spontaneously interconvert. For each cell type, we identified the unique super-enhancer landscape using 
H3K27ac ChIP-sequencing. Super-enhancers associated with lineage transcription factors identified the Core 
Regulatory Circuitries (CRC) for MES and ADRN cells. Clinically important, MES cells were resistant to 
chemotherapy. 
 
Results: We studied plasticity of the MES and ADRN CRCs in cellular transdifferentiation. The MES 
transcription factors PRRX1 or NOTCH were expressed as transgenes in ADRN cells. Each gene induced a 
step-wise reprogramming of the ADRN transcriptome towards a MES state. The transcriptional switch was 
accompanied by genome-wide remodeling of the epigenome to a MES enhancer state. Both transgenes 
repressed super-enhancers of ADRN core transcription factors, leading to transcriptional downregulation of 
the ADRN CRC. This process was associated with Polycomb repression. The transdifferentiation was initially 
reversible but became stabilized over time. Expression of NOTCH induced an endogenous feed-forward loop 
at the epigenetic, transcriptional and signaling levels and included ligands, receptors and co-factors from 
the NOTCH signaling route. This endogenous NOTCH-cascade maintained a transgene-independent MES 
state. Consistently, NOTCH receptors and co-factors in stable MES cell lines were associated with super-
enhancers. Both NOTCH-induced MES cells and ADRN cells were tumorigenic in vivo. Finally, we validated 
expression of CRC transcription factors in pre- and post-chemotherapy tumor pairs of nine patients and 
identified a strong expression of MES transcription factors in post-treatment biopsies. 
 
Conclusions: Our results demonstrate that single transcription factors from the MES CRC impose 
transdifferentiation via remodeling of the epigenetic and transcriptional landscape of ADRN cells, mimicking 
spontaneous interconversion. Plasticity of CRCs and lineage identity may have profound implications for 
treatment strategies in neuroblastoma. 
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Neurocan (NCAN), an extracellular chondroitin sulfate proteoglycan, is known as the major inhibitor of axon 
regeneration in nervous injury. Here we investigated its involvement in neuroblastoma (NB). Firstly, we 
found that NCAN was highly expressed in the NB patients with unfavorable outcome. We also examined its 
expression in TH-MYCN mice, a NB model, and found that NCAN protein was strongly positive at the 
extracellular regions in both early lesions and terminal tumor tissues. The results of in situ hybridization, 
which detected the expression of NCAN mRNA, indicated that the NB cells expressed and secreted NCAN 
protein. Interestingly, exogenous NCAN including overexpression, recombinant protein and conditioned 
medium transformed adherent NB cells into spheres. Those NCAN-induced sphere cells showed the higher 
malignancies both in vitro (anchorage-independent colony formation and chemoresistance against cisplatin) 
and in vivo (xenograft tumor formation) compared with parental adherent ones. We showed that both 
chondroitin sulfate sugar chains and core protein of NCAN were essential for the induction of sphere 
formation. Among the core protein, the CSG3 domain was revealed to be essential for its function. Next, we 
comprehensively compared the mRNA expression patterns between NCAN-induced sphere cells and 
parental adherent ones. As a result, it was suggested that NCAN promoted cell division, and maintained the 
undifferentiated state of NB cells. Finally, the knockdown of NCAN in tumor sphere cells cultured from TH-
MYCN mice suppressed their growth both in vitro and in vivo. Taken together, these results suggest that 
NCAN should be a crucial component of extracellular matrix in NB tissues, which provides growth 
advantage.  
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The invasive nature of surgical biopsies prevent sequential application for patient monitoring, and single 
biopsies often fail to reflect changing tumor dynamics, intratumor heterogeneity and drug sensitivities 
occurring during tumor evolution and treatment. Implementing molecular characterization of cell-free 
neuroblastoma-derived DNA isolated from blood and bone marrow plasma could improve outcome 
prediction, patient monitoring and treatment selection for high-risk patients. We established droplet digital 
PCR (ddPCR) protocols for MYCN and ALK copy number status as well as ALKF1174L and ALKR1275Q hotspot 
mutations from patient plasma samples. We collected 137 samples from 24 patients (>2 samples from 16 
patients, 20 per patient maximally) with neuroblastoma. Cell-free DNA (cfDNA) was isolated from blood and 
bone marrow plasma and analyzed for MYCN and ALK status using ddPCR. Longitudinal monitoring revealed 
a highly individual course for each patient. For a patient with metastasized high-risk neuroblastoma, we 
identified MYCN amplification and wildtype ALK in blood plasma collected at second biopsy, while the initial 
biopsy indicated an ALKF1174L mutation and diploid MYCN. The tumor, resected 250 days after second 
biopsy, harbored a MYCN amplification and the ALKF1174L mutation, while the corresponding plasma 
sample indicated diploid MYCN status and ALK mutation, underlining the potential of cfDNA analysis for 
detecting subclonal populations and tumor heterogeneity. ALK gains or ALKR1275Q mutations were 
detected in the plasma throughout or almost throughout complete treatment course (8 plasma samples 
from 2 patients receiving different treatment blocks), indicating that at least some tumor cells are not 
sufficiently targeted. Blood plasma and tumor biopsy at diagnosis of another patient agreed for MYCN 
amplification and an ALKR1275Q mutation, and the total cfDNA concentration in the plasma was high. 
Plasma samples taken after each of the 9 treatment blocks indicated diploid MYCN, wildtype ALK and 
decreasing total cfDNA concentration, which likely reflects treatment success. This patient is currently alive, 
which is in concordance with our liquid biopsy data. Taken together, these data indicate that molecular 
disease characterization using cfDNA from blood and bone marrow plasma can reflect tumor dynamics, 
intratumor heterogeneity and therapy success or failure in high-risk neuroblastoma patients.



 

69 

Event-free Survival of Infants and Toddlers Enrolled in the HR-NBL-
1/SIOPEN Trial Is Associated with Level of Neuroblastoma mRNAs at 
Diagnosis 

Maria Valeria Corrias1, Stefano Parodi1, Andrei Tchirkov2, Tim Lammens3, Ales Vicha4, Claudia Pasqualini5, 
Catarina Trager6, Yania Yanez7, Sandro Dallorso1, Luigi Varesio1, Roberto Luksch8, Genevieve Laureys3, 
Dominique Valteau-Couanet5, Adela Canete7, Ulrike Pöetschger9, Ruth Ladenstein9, Susan Burchill10 

1CHU Clermont-Ferrand, Clermont-Ferrand, France, 1Istituto Giannina Gaslini, Genoa, Italy, 3Ghent University Hospital, 
Ghent, Belgium, 442nd Medical Faculty Charles University and Faculty Hospital Motol, Prague, Czech Republic, 5Institut 
Gustave Roussy, Villejuif, France, 6Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden, 7Hospital 
Universitari i Politècnic La Fe, Valencia, Spain, 8Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy, 9CCRI/St. 
!ƴƴŀ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ ±ƛŜƴƴŀΣ !ǳǎǘǊƛŀΣ 10Leeds Institute of Cancer and Pathology, Leeds, United Kingdom 

Background: To evaluate whether levels of neuroblastoma mRNAs in bone marrow and peripheral blood 
ŦǊƻƳ ǎǘŀƎŜ a ƛƴŦŀƴǘǎ όҖмн ƳƻƴǘƘǎ ƻŦ ŀƎŜ ŀǘ ŘƛŀƎƴƻǎƛǎΣ a¸/b ŀƳǇƭƛŦƛŜŘύ ŀƴŘ ǘƻŘŘƭŜǊǎ όōŜǘǿŜŜƴ мн ŀƴŘ му 
months, any MYCN status) predict event-free survival (EFS). 
  
Methods: Bone marrow aspirates and peripheral blood samples from 97 infant-toddlers enrolled in the HR-
NBL-мκ{Lht9b ǘǊƛŀƭ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ ŘƛŀƎƴƻǎƛǎ ƛƴ t!·ƎŜƴŜϰ ōƭƻƻŘ wb! ǘǳōŜǎΦ {ŀƳǇƭŜǎ ǿŜǊŜ ŀƴŀƭȅȊŜŘ ōȅ 
RTqPCR according to standardized procedures.  
 
Results: Bone marrow TH or PHOX2B levels in the highest tertile associated with worse EFS; hazard ratios, 
adjusted for age and MYCN status, were 1.5 and 1.8 respectively. Expression of both TH and PHOX2B in the 
highest tertile predicted for worse outcome (p=0.015), identifying 20 (23%) infant-toddlers with 5-year EFS 
of 20% (95%CI: 4%ς44%). Prognostic significance was maintained after adjusting for over-fitting bias 
(p=0.038), age and MYCN status. In peripheral blood, PHOX2B levels in the highest tertile predicted a two-
fold increased risk of an event (p=0.032), identifying 23 (34%) infant-toddlers with 5-year EFS of 29% 
(95%CI: 12%ς48%). Time-dependent ROC analysis confirmed the prognostic value of combined TH and 
PHOX2B in bone marrow and of PHOX2B in peripheral blood during the first year of follow-up.  
 
Conclusions: High levels of bone marrow TH and PHOX2B and of peripheral blood PHOX2B at diagnosis allow 
early identification of a group of high-risk infant and toddlers with neuroblastoma who may be candidates 
for alternative treatments. Integration with additional biomarkers, as well as validation in additional 
international trials is warranted. 
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Background: Several studies support the notion that the kinase inhibitor Imatinib mesylate exert off-target 
effects on cells of the immune system. After our first report of continuous daily oral administration in 
subjects with relapsed/refractory neuroblastoma (NB, EudraCT: 2005-005778-63), we report additional 
information on potential surrogate markers for prediction of efficacy in these subjects. 
  
Subjects and Methods: Peripheral blood (PB) samples collected at study entry and after the second cycle of 
Imatinib mesylate treatment were tested for IFN-ʰΣ ¢bC-ʰΣ ¢DC-ʲΣ L[-10, CXCL12 and soluble (s) B7-H6 
plasma levels, whereas paired PB and bone marrow (BM) samples were evaluated for CXCL12, CXCR4 and 
NKp30 isoform mRNA levels. Correlation between level of each parameter and response/outcome was then 
evaluated.  
 
Results: Out of the six subjects still alive at the time of the first report, three are presently alive ten years 
after the last Imatinib cycle. One of the three subjects achieved complete response (CR) during Imatinib 
treatment and never relapsed, whereas the other two subjects underwent additional treatments and are 
presently in CR. Response to Imatinib was confirmed to be associated with low Imatinib exposure. 
Moreover, a significant increase in NKp30 isoform mRNA levels occurred in BM samples after Imatinib 
treatment, indicating the off-target effect of Imatinib mesylate on NK cells in vivo.   
 
Conclusions: Imatinib mesylate efficacy in relapsed/refractory NB has been confirmed at a longer follow-up. 
Therefore, a Phase II study should be performed, envisaging the collection of samples at study entry and 
after two cycles to evaluate in a large cohort of subjects the predictive value of potential surrogate markers 
of efficacy.  
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Background: Treatment of high-risk neuroblastoma patients (pts) with long-term infusion (LTI) of the anti-
GD2 antibody (Ab) ch14.18/CHO in combination with interleukin-2 (IL-2) is effective against neuroblastoma. 
Here, we report results of immunophenotyping and impact of effector cells on functional immune- and 
survival-parameters. 
 
Methods: 53 pts received 5 cycles (35 days (d)) of 6x106 IU/m2 subcutaneous IL-2 (d1-5; 8-12), LTI of 100 
mg/m2 ch14.18/CHO (d8-18) and 160 mg/m2/d oral 13-cis RA (d22-35) in a closed single center program 
(APN311-303). The counts of cytotoxic NK cells (CD16++/CD56dim), helper T cells (CD3+/CD4+), cytotoxic T 
cells (CD3+/CD8+), regulatory T cells (Treg; CD4+/CD25+/CD127-) and granulocytes (CD64+) were 
determined by flow cytometry (cycle 1; d1, 8 and 15). Ab-dependent cellular cytotoxicity (ADCC) was 
determined by a cytotoxicity assay. Correlation between cell counts and progression-free survival (PFS) was 
analyzed.  
 
Results: Compared to the baseline (d1), IL-2 treatment resulted in a strong increase of cytotoxic NK cells, 
cytotoxic- and helper T cells and Treg on d8 (2.4-, 3.9-, 2.6- and 15.0-fold increase, respectively). 
Interestingly, subsequent combined treatment with IL-2 and ch14.18/CHO did not further increase 
lymphocyte count on d15. In contrast, elevation of granulocytes occurred during the combined treatment. 
Unexpectedly, we did not observe any correlation between cell counts and ADCC on d15 as well as between 
cytotoxic NK and cytotoxic T cells and PFS. Similar observations were made for granulocytes.  
 
Lƴ ŎƻƴǘǊŀǎǘΣ Ǉǘǎ ǿƛǘƘ ƭƻǿ ¢ǊŜƎ όҖ моу ŎŜƭƭǎκҡƭύ ƻƴ Řмр όƴ Ґ ммύ ǎƘƻǿŜŘ ŀ ōŜǘǘŜǊ tC{ ŎƻƳǇŀǊŜŘ ǘƻ ƘƛƎƘ ¢ǊŜƎ Ǉǘǎ 
(n= 31) (P = 0.072). The 5-year PFS was 44% (95% CI [0.13, 0.74]) and 19% (95% CI [0.05, 0.33]) for low and 
ƘƛƎƘ ¢ǊŜƎ ŎƻǳƴǘΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ hƴ ŘмрΣ Ǉǘǎ ǿƛǘƘ ƭƻǿ ƘŜƭǇŜǊ ¢ ŎŜƭƭǎ όƴ Ґ ммΣ Җ оср ŎŜƭƭǎκҡƭύ ŀƭǎƻ ǎƘƻǿŜŘ ŀƴ 
improved PFS compared to those who had high helper T cells (n = 31; P = 0.013). The 5-year PFS was 53% 
(95% CI [0.23, 0.83]) and 16% (95% CI [0.03, 0.29]) for low and high helper T cell count, respectively. 
 
Conclusions: IL-2-dependent helper T and Treg cells negatively affect efficacy of a combined treatment with 
ch14.18/CHO and IL-2. 
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The dynamics of central metabolic pathways are altered in malignant cells in comparison to nontransformed 
cells. Malignant cells meet the increased energy demands caused by rapid proliferation and invasion into 
surrounding tissue by increasing aerobic glycolysis, known as the Warburg effect, and sustained 
mitochondrial activity. Oncogenic MYC influences the metabolism in many human cancers making them 
sensitive for both glucose and glutamine utilization to fuel their central metabolic pathways. MYC- or MYCN-
driven tumors show enhanced glycolysis by activating the transcription of glycolytic genes. Since MYCN 
resides in macromolecular complexes and induces or represses the transcription of multiple genes involved 
in fundamental cellular processes including proliferation and differentiation, we hypothesized that MYCN 
has a regulatory effect on the cellular metabolism in neuroblastoma cells. We analyzed different 
neuroblastoma cell lines with high and low MYCN expression levels as well as the SHEP cell line and its 
genetically engineered clone SHEP-Tet21/N with adjustable MYCN levels to investigate the relationship 
between metabolism and MYCN expression. Individual modes of carbon usage were tracked within the TCA 
cycle and glycolysis, pentose-phosphate, glutaminolysis and amino acid synthesis pathways for 2, 5, 10, 20 
and 40 min using pulsed stable isotope-resolved metabolomics (pSIRM) and absolute quantitative GC-MS 
analysis. We integrated further parameters such as cell growth and the expression of key enzymes in the 
central carbon metabolism obtained by mass spectrometry-based proteomics coupled to liquid 
chromatography (LC-MS/MS) to produce an overview of metabolic performance in the analyzed 
neuroblastoma cell lines and cell models with adjustable MYCN levels. In total for each cell type, absolute 
quantification was carried out on ~25-30 metabolites within central carbon metabolism and ~2000-4000 
proteins identified with the LC-MS/MS approach. Current data analysis is focused on identifying predictive 
markers for MYCN activity and druggable nodes to bypass MYCN overfunction. 
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Although high-risk neuroblastoma (NB) clinically associates with induction and rearrangement of hTERT, the 
regulation of hTERT remains poorly understood. Here our ChIP-seq analysis show that AT-Rich Interaction 
Domain 1A (ARID1A), a subunit of SWI/SNF chromatin remodelers, occupies and restructures chromatin in 
the hTERT promoter region. We further demonstrate that ARID1A is essential for the recruitment of 
SIN3A/HDAC complex to suppress telomerase activity and expression. This mechanism is inactivated by 
truncation of its ARID domain or siRNA targeted silencing. Moreover, mutation in -124C>T in hTERT 
promoter enhances the ARID1A- bound by in vitro luciferase activities. Finally, our NB cohorts that show 
loss or low expression of ARID1A are relatively linked to elevated expression of TERT, an eminent feature of 
aggressive NB. These results indicate ARID1A plays a tumor suppressive role for TERT expression by 
recruiting SIN3A/HDAC complex via its modifying chromatin access.  
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Neuroblastoma is associated with stalling of normal differentiation, resulting in excessive proliferation of 
neuroblastic precursors. Here we show that CDK-dependent phosphorylation of the transcriptional master 
regulator ASCL1 plays a critical role in controlling the balance between cell proliferation and differentiation 
and can be modulated to reactivate differentiation of neuroblastoma cells.  
 
We show that ASCL1 is phosphorylated by Cyclin-Dependent Kinases and that phospho-ASCL1 supports the 
pro-proliferative programme in neuroblastoma cells.  However, preventing CDK-dependent phosphorylation 
of ASCL1 results in changes in the genome-wide transcriptional programme of neuroblastoma cells, leading 
to suppression of pro-proliferative targets and simultaneous activation of genes that drive cell cycle exit and 
differentiation.  Mechanistically, ASCL1 ChIPSeq reveals enhanced binding of un(der)phosphorylated ASCL1 
at sites associated with pro-differentiation targets.  Moreover, PHOX protein binding at key downstream 
regulatory elements is also modulated by ASCL1 phosphorylation.  Finally, we also show that chemical CDK 
inhibition is sufficient to drive differentiation of neuroblastoma cells in a manner dependent on endogenous 
ASCL1.  
 
Therefore, we conclude that CDK-dependent phosphorylation of ASCL1 acts as a critical fulcrum controlling 
the balance between proliferation and differentiation and thus offers a novel therapeutic opportunity for 
neuroblastoma. 
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Neuroblastoma (NB) is a pediatric malignancy characterized by alterations of the OXPHOS system and high 
dependency on glucose and glutamine metabolism. The metabolic phenotype of NB provides opportunities 
to target NB cells specifically by dietary intervention. Our previous preclinical studies showed that a high-
fat, low-carbohydrate/protein, ketogenic diet (KD), enhances the anti-proliferative effect of low dose 
chemotherapy in NB xenograft models. In the present study, we investigated whether dietary protein 
restriction per se can sensitize NB xenografts to low dose of chemotherapy to a similar extend as a KD. 
 
We established NB xenografts with SH-SY5Y (MYCN-non- amplified) and SKNBE(2) (MYCN- amplified) cell 
lines in CD-1 nu/nu mice. The NB-bearing mice were treated with low doses of cyclophosphamide in 
combination with a standard diet matching the low protein content of the KD (8% protein) (SDLP) or a 
standard diet containing essential amino acids only (8% - no protein) (SDEA), a KD and standard diet (16% 
protein) (SD). The effect of low dose cyclophosphamide in combination with different diets on tumor 
growth, survival, body weight and plasma amino acid levels was evaluated. 
 
In contrast to KD, reduction of dietary protein to 8% in SDLP did not affect growth of SH-SY5Y and SKNBE(2) 
xenografts. Interestingly, SDEA caused a significant growth reduction only of SH-SY5Y xenografts. All mice 
were able to tolerate the modified diets. Surprisingly, plasma amino acid levels of certain non-essential 
amino acids, like glutamine, serine, proline and alanine were elevated in the SDEA-fed mice compared to 
the SD group. 
 
Our data indicate that a lower protein content in KD is not the reason for NB growth inhibition. 
Furthermore, the metabolic stress induced by a diet containing only essential amino acid containing diet but 
no protein seems to sensitize MYCN-non- amplified to low dose chemotherapy. 
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Background: Recent genomic and transcriptomic profiling studies of neuroblastoma have shed light on 
cancer gene mutations frequencies, structural genomic rearrangements and copy number alterations in this 
tumor type. However, none of these had been able to convert the data into a coherent model that explains 
the pathogenesis of the divergent subtypes and can separate those cases in which spontaneous regression 
occurs from those whose disease progresses. 
 
Methods: To determine the molecular basis of favorable and adverse disease courses, we performed 
massively parallel sequencing of 416 untreated neuroblastomas (whole-genome or whole-exome 
sequencing, n=218; targeted sequencing, n=198).  
 
Results: We found that clinical high-risk and non-high-risk tumors differed in their mutation numbers, rates, 
and signatures. Furthermore, we detected genomic alterations of 17 genes related to the RAS and p53 
pathways in 74/416 patients. The presence of these mutations was strongly associated with dismal outcome 
in the entire cohort, as well as in the high-risk and non-high-risk subgroups. We noticed, however, that the 
prognostic effect of RAS/p53 pathway mutations was strictly dependent on the occurrence of telomere 
maintenance mechanisms. Survival of patients whose tumors were telomere maintenance-positive was 
dramatically inferior when additional RAS/p53 pathway mutations were present as compared to those 
without such alterations. By contrast, patients whose tumors lacked telomere maintenance mechanisms 
had excellent outcome, and spontaneous regression or differentiation occurred both in the presence and 
absence of RAS/p53 pathway mutations.  
 
Conclusions: Together, our data suggest a precise mechanistic definition of clinical neuroblastoma 
phenotypes that is based on the presence or absence of telomere maintenance and RAS or p53 pathway 
mutations and provide a starting point for improving diagnostic and therapeutic management of 
neuroblastoma patients. 
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We recently identified the DNA recombinase, PGBD5, which promotes site-specific genomic rearrangements 
in human cells and is active in the majority of pediatric solid tumors including neuroblastoma. Murine and 
human cells deficient in non-homologous end joining (NHEJ) DNA repair cannot tolerate the expression of 
PGBD5, suggesting a synthetic lethal relationship. In a chemical screen of DNA damage signaling inhibitors, 
we identified the ATR inhibitor, AZD6738, as a specific sensitizer of PGBD5-dependent DNA damage and 
apoptosis. Expression of PGBD5, but not a mutant deficient in nuclease activity, was sufficient to induce 
hypersensitivity to AZD6738 treatment in untransformed human cells. Depletion of endogenous PGBD5 
using shRNA conferred resistance to AZD6738 in neuroblastoma cell lines. PGBD5-expressing 
neuroblastoma cells accumulated unrepaired DNA damage induced by AZD6738 treatment, and underwent 
apoptosis predominantly in G1 phase in the absence of immediate DNA replication stress. AZD6738 
exhibited nanomolar potency in vitro against the majority of neuroblastoma cell lines tested, while sparing 
non-transformed human and mouse embryonic fibroblasts. AZD6738 treatment of mice harboring 
subcutaneous xenografts derived from neuroblastoma cell lines caused tumor regression and induced 
apoptosis and DNA damage in the xenograft tumor cells. This anti-tumor effect was (i) potentiated by 
combining AZD6738 treatment with cisplatin in mice harboring patient-derived neuroblastoma xenografts 
derived from two primary high-risk neuroblastomas, (ii) independent of MYCN status and (iii) correlated 
with PGBD5 expression levels. Our findings delineate a therapeutically actionable synthetic dependency 
induced by PGBD5 in neuroblastomas.  
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Background: Cancer stem cells (CSCs) are regarded as essential for tumor maintenance, recurrence and 
distant metastasis. However, CSC or tumor-ƛƴƛǘƛŀǘƛƴƎ ŎŜƭƭǎ ǿŜǊŜ ƴƻǘ ƛŘŜƴǘƛŬŜŘ ƛƴ ƴŜǳǊƻōƭŀǎǘƻƳŀ όb.ύΦ /{/ǎ 
have the capacity for self-renewal and cell differentiation. The regulation mechanism to maintain NB-CSC 
populations in NB tissues are still unclear.  
 
Methods: Gene expression profiling of CDX1-expressing or sphere-forming CDX1 knockdown and over-
expression were performed by lentiviral system. Cells were subjected to proliferation, nude mice 
tumorigenic and sphere formation assays. Chromatin immunoprecipitation (ChIP) was used to determine 
direct binding of CDX1 on transcriptional targets. NB cell lines as well as primary NB cells were conducted by 
Agilent microarray. Gene set enrichment pathway analysis was conducted with WikiPathway and MSigDB. 
 
Results: We previously reported that stem cell related gene CD133 was expressed in neuroblastoma (NB) 
spheres (Takenobu et al., Oncogene, 2010). To identify the responsible transcription factors for CD133 
transcription, we analyzed the promoter region by in Silico and wet-lab analysis and identified CDX1 
expressed specifically in sphere-forming NB cells. CDX1 regulates sphere formation efficiency in NB cells as 
well as CD133. In NB sample analysis by expression microarray, CDX1 high expression related to the 
unfavorable prognosis. We conducted microarray-based expression analysis of NBs; Pathway analysis of 
microarray data indicated that genes in transcriptional regulation of pluripotent stem cells pathway 
(WP2821) such as OCT4 and NANOG, were induced both in CDX1-expressing NB cells and NB spheres. 
Intriguingly, cell proliferation related gene set, MYC module (Kim et al., Cell, 2010) was significantly 
downregulated. MYC downstream cell cycle regulator genes such as CDK4, MCM-family replication licensing 
factors were suppressed in CDX1-expressing or sphere-forming NB cells. These results indicate that CDX1 
plays an important role in NB stemness by suppression of MYCN-related cell cycle progression and makes 
CSCs dormant having undifferentiated properties. 
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YLCм.ʲ LƴŎǊŜŀǎŜǎ wh{ ǘƻ aŜŘƛŀǘŜ !ǇƻǇǘƻǎƛǎ ŀƴŘ wŜƛƴŦƻǊŎŜǎ Lǘǎ tǊƻǘŜƛƴ 
9ȄǇǊŜǎǎƛƻƴ ¢ƘǊƻǳƎƘ hнҍ Lƴ ! tƻǎƛǘƛǾŜ CŜŜŘōŀŎƪ aŜŎƘŀƴƛǎƳ ƛƴ 
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Background: Relapse-prone, poor prognosis neuroblastoma is frequently characterized by deletion of 
ŎƘǊƻƳƻǎƻƳŀƭ ǊŜƎƛƻƴ мǇос ǿƘŜǊŜ ǘǳƳƻǊ ǎǳǇǇǊŜǎǎƻǊ ƎŜƴŜ YLCм.ʲ ǊŜǎƛŘŜǎΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ Ƴŀƴy 1p36-positive 
ǇŀǘƛŜƴǘǎ ŦŀƛƭŜŘ ǘƻ ŜȄǇǊŜǎǎ YLCм.ʲ ǇǊƻǘŜƛƴΦ {ƛƴŎŜ ŀƭǘŜǊŜŘ ŎŜƭƭǳƭŀǊ ǊŜŘƻȄ ǎǘŀǘǳǎ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ ōŜ 
involved in tumor suppression and protein modification, we investigated the potential relationship between 
reactive oxygen species (ROS) ŀƴŘ YLCм.ʲΦ  
 
aŜǘƘƻŘǎΥ hǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻŦ YLCм.ʲ ǿƛƭŘ-type or apoptotic loss-of-function mutants and knockdown of 
YLCм.ʲ ƛƴ ƘǳƳŀƴ ƴŜǳǊƻōƭŀǎǘƻƳŀ ŎŜƭƭ ƭƛƴŜǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ YLCм.ʲ ƎŜƴƻǘȅǇƛŎ ǇǊƻŦƛƭŜǎ ōŀǎŜŘ ƻƴ мǇос ǎǘŀǘǳǎΣ 
were achieved by transient transfection and lentiviral shRNA transduction respectively. Cells were subjected 
to treatment with ROS scavengers/inhibitors or compounds that alter ROS, followed by immunoblot 
ŀƴŀƭȅǎƛǎΣ ƛƴǘǊŀŎŜƭƭǳƭŀǊ ǎǳǇŜǊƻȄƛŘŜ όhнҍύ ŘŜǘŜŎǘƛƻƴ ǳǎƛƴƎ ƭǳŎƛƎŜƴƛƴ-based chemiluminescence assay, 
proteasome activity assay, flow cytometric analysis of intracellular ROS using DCFDA, and cell death assays 
via Annexin V/PI staining, detection of caspase cleavage and colony formation. PC12 cells were used to 
assess the role of ROS during NGF withdrawal-ƛƴŘǳŎŜŘ YLCм.ʲ-mediated apoptosis. 
 
Results: Here, we showed that wild-ǘȅǇŜ YLCм.ʲ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴ ǇƻǎƛǘƛǾŜƭȅ ŎƻǊǊŜƭŀǘŜǎ ǿƛǘƘ hнҍ ŀƴŘ ǘƻǘŀƭ 
ROS levels in neuroblastoma cells, unlike apoptotic loss-of-ŦǳƴŎǘƛƻƴ YLCм.ʲ ƳǳǘŀƴǘǎΦ hǾŜǊŜȄǇǊŜǎǎƛƻƴ ƻŦ 
KICм.ʲ ŀǇƻǇǘƻǘƛŎ ŘƻƳŀƛƴ ǾŀǊƛŀƴǘǎ ƛƴŎǊŜŀǎŜǎ ǘƻǘŀƭ wh{ ŀƴŘΣ ǎǇŜŎƛŦƛŎŀƭƭȅ hнҍΣ ǿƘŜǊŜŀǎ ƪƴƻŎƪŘƻǿƴ ƻŦ 
ŜƴŘƻƎŜƴƻǳǎ YLCм.ʲ ŘŜŎǊŜŀǎŜǎ wh{ ŀƴŘ hнҍΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ hнҍ ƛƴŎǊŜŀǎŜǎ YLCм.ʲ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴΣ 
independent of the proteasomal degradation pathway. Scavenging Oнҍ ƻǊ wh{ ŘŜŎǊŜŀǎŜǎ YLCм.ʲ ǇǊƻǘŜƛƴ 
expression and subsequent apoptosis. Moreover, treatment with investigational redox compound Gliotoxin 
ƛƴŎǊŜŀǎŜǎ hнҍΣ YLCм.ʲ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴΣ ŀǇƻǇǘƻǎƛǎ ŀƴŘ Ŏƻƭƻƴȅ ŦƻǊƳŀǘƛƻƴ ƛƴƘƛōƛǘƛƻƴΦ 
 
Conclusion: Overall, our findingǎ ǎǳƎƎŜǎǘ ǘƘŀǘ wh{ ŀƴŘ hнҍ Ƴŀȅ ōŜ ƛƳǇƻǊǘŀƴǘ ŘƻǿƴǎǘǊŜŀƳ ŜŦŦŜŎǘƻǊǎ ƻŦ 
YLCм.ʲ-ƳŜŘƛŀǘŜŘ ŀǇƻǇǘƻǎƛǎΦ {ǳōǎŜǉǳŜƴǘƭȅΣ hнҍ ǇǊƻŘǳŎŜŘ Ƴŀȅ ƛƴŎǊŜŀǎŜ YLCм.ʲ ǇǊƻǘŜƛƴ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ŀ 
ǇƻǎƛǘƛǾŜ ŦŜŜŘōŀŎƪ ƳŜŎƘŀƴƛǎƳΦ ¢ƘŜǊŜŦƻǊŜΣ wh{ ŀƴŘΣ ǎǇŜŎƛŦƛŎŀƭƭȅ hнҍΣ Ƴŀȅ ōŜ ŎǊƛǘƛŎŀƭ ǊŜƎǳƭŀǘƻǊǎ ƻŦ YLCм.ʲ-
mediated apoptosis and its protein expression in neuroblastoma. 
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MYCN gene amplification clearly correlates with poor prognosis in patients with neuroblastoma and some 
types of cancer. Basically, transcriptional factors, including N-aȅŎΣ ŀǊŜ ǘƘƻǳƎƘǘ ǘƻ ōŜ άǳƴ-druggŀōƭŜέ 
targets, and therefore, alternative approaches are required to develop new therapies of MYCN-amplified 
neuroblastoma. For instance, synthetic lethal (SL) approaches are emerging as a promising strategy for 
cancer therapy. Previous studies have revealed that aurora kinases and some cyclin-dependent kinases are 
SL genes in MYCN-amplified neuroblastoma cells. In order to identify new SL genes, we performed a 
genome-wide shRNA library screening. The commercial library that consists of over 80,000 shRNA 
constructs targeting about 16,000 human genes was used. IMR-32 cells (MYCN-amplified) and SH-SY5Y cells 
(MYCN single copy) were transduced with lentiviruses carrying the shRNA sequences. The relative 
abundance of shRNA constructs in each cell line is then quantified by next-generation sequencing. shRNA 
sequences with a false discovery rate <0.1 from an exact test analysis in edgeR software were selected. In 
addition to already known SL genes (e.g. SMC2, CSNK1E), about 130 genes were identified as new 
candidates. Based on our experimental validations using siRNA and chemical compounds, some mitotic 
kinases and enzymes involved in nucleic acid metabolism were proposed to be new SL targets. In 
accordance with the previous reports, the importance of mitotic kinases was further confirmed by our 
results. Elucidation of the molecular mechanisms underlying the lethality and development of molecularly 
targeted drugs will be required. On the contrary, chemotherapeutic agents targeting nucleic acid 
metabolism are widely used in the treatment of various types of cancer; however, their potential use in 
patients with MYCN-amplified neuroblastoma has not been well examined. Repositioning of existing agents 
should be worth considering as a new therapeutic strategy. 
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Background: In recent years, tumor metabolism has been received great attention. L-asparaginase for acute 
lymphoblastic leukemia is one of the successful examples. However, tumor metabolism in neuroblastoma 
(NBL) is not fully understood.  
 
Methods: To extract candidate therapeutic targets in NBL, we performed RNA sequencing and DNA 
ƳŜǘƘȅƭŀǘƛƻƴ ŀƴŀƭȅǎƛǎ ƛƴ оп b.[ ǎǇŜŎƛƳŜƴǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ƻǇŜƴ Řŀǘŀ ƻŦ ά¢!wD9¢ b.[έ ǿŀǎ ŀƭǎƻ ŀƴŀƭȅȊŜŘΦ 
Since phosphoglycerate dehydrogenase (PHGDH) showed significantly high expression in NBL with worse 
prognosis and has been shown to be involved in cancer-specific metabolism, functional analyses were 
further conducted. The effects of si-RNA mediated knock down of PHGDH and its inhibitor, CBR-5884, 
combined with cisplatin on NBL cell lines were assessed. We also analyzed the effect of arginine depletion 
by recombinant arginine deiminase (rADI) to the sensitivity to CBR-5884. 
 
Results: In both TARGET cohort and our cohort, high expression with hypermethylation of gene body 
regions of PHGDH were observed in all samples with MYCN amplification and around half of samples with 
11q deletion. Intriguingly, cases with 11q deletion showed significant association with high PHGDH 
expression and worse prognosis. 
 
Inhibition of PHGDH on NBL cells with high PHGDH expression by si-RNA mediated knock down or CBR-5884 
exhibited significant suppression of cell growth. It also significantly enhanced effects of cisplatin.  
 
NBL cells with low PHGDH expression were less affected by knock down of PHGDH or CBR-5884.  
 
Administration of rADI reinforced the expression of PHGDH and enhanced the cytotoxic effect of CBR-5884 
on the NBL cells with low expression of PHGDH. 
 
Discussion: PHGDH is the essential enzyme in serine biosynthesis, and low expression of PHGDH has been 
reported as the key to trigger p53-mediated apoptosis. Thus, high expression of PHGDH would be involved 
in the aggressiveness, and thus, it would be the promising target for high-risk NBL. Serine biosynthesis has 
been reported to be reinforced by ADI in several tumors. ADI might induce the addiction to PHGDH and 
serine metabolism in the NBL cells with low expression of PHGDH and resolved the resistance against CBR-
5884. Our results showed that tumor metabolism is a promising therapeutic target in NBL.  
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Cytotoxic chemotherapy and radiation can render lymphocyte repertoires qualitatively and quantitatively 
defective. Thus, heavily treated patients are often poor candidates for the manufacture of autologous CAR-T 
cell products. In the USA and Europe, children with high-risk neuroblastoma undergo apheresis early in the 
course of their treatment to collect peripheral blood stem cells (PBSCs) for cryopreservation in preparation 
for high-dose chemotherapy followed by autologous stem cell rescue. Here, we investigated whether these 
cryopreserved chemotherapy and G-CSF mobilized PBSCs can be utilized as the starting material for CAR-T 
cell manufacture. We evaluated T cell precursor subsets in cryopreserved PBSC units from 8 patients with 
neuroblastoma using FACS-based analysis. Every cryopreserved unit collected early in treatment contained 
both CD4 and CD8 precursors with significant numbers of naïve and central memory precursors. Significant 
numbers of Ki67+/PDCD1+ T cells were also detected that presumably resulted from lymphopenia and 
subsequent homeostatic proliferation induced by early chemotherapy. Cryopreserved PBSC units containing 
at least 56-112x106 T cells were amenable to immunomagnetic selection, CD3x28 bead activation, lentiviral 
transduction and cytokine-driven expansion, provided that CD14 monocytes were depleted prior to the 
initiation of cultures. CD171-CAR+ CD8 effector cells derived from cryopreserved units displayed anti-
neuroblastoma lytic potency and cytokine secretion comparable to those derived from healthy donors. 
These CD171-targeting CAR-T cells also mediated the regression of xenograft tumors grown intracranially 
from the human SK-N-DZ neuroblastoma cell line in NSG mice. Cryopreserved PBSCs procured during 
standard early neuroblastoma treatment can serve as an alternative starting source for CAR-T cell 
manufacturing, extending the options for heavily treated patients with relapsed neuroblastoma. 
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We have previously established neuroblastoma orthotopic patient-derived xenografts (PDXs) from high-risk 
patient tumors. The PDXs retain the histological hallmarks and genomic aberrations of their original patient 
tumors and they have the ability to metastasize to distant organs (Braekeveldt et al, 2015 & 2016). Further, 
we have showed that PDX-derived cells can be grown under serum-free conditions, where they maintain 
tumorigenic and metastatic capacities, and more accurately represent the disease as compared to 
conventional cell lines (Persson et al, 2017). Here, we use the PDX-derived cells in a high-throughput drug 
screen to identify novel compounds targeting aggressive neuroblastoma. 
 
The FIMM set of clinically approved and emerging investigational oncology compounds was used. PDX cells 
were seeded in 384-well plates pre-plated with drugs in 5 concentrations in 10-fold dilutions. PDX cells from 
three high-risk MYCN amplified patient tumors were tested at both 21 and 5% O2. After 72 hours, cell 
viability was measured using the CellTiter-Glo luminescent assay. For analysis, each plate was normalized to 
negative and positive controls and dose-response curves were calculated for each compound. The curve 
was subsequently used to determine a drug sensitivity score (DSS), defined as the area under the dose-
response curve compared to the total graph area, above a 10% threshold. 
 
The screen identified drugs with potent effect in all three PDX models, under both high and low oxygen 
tensions. Neuroblastoma-selective compounds were identified by comparing the DSS of each drug to the 
results from a counter screen with normal bone marrow-derived cells. Among the selectively active 
compounds, we found conventional chemotherapies, apoptotic modulators, metabolic modifiers and 
various kinase inhibitors. Many of these compounds are already tested in neuroblastoma while several 
others are not previously investigated and may thus serve as novel therapeutic strategies. 
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for Norepinephrine Transporter Expression and MIBG Uptake 

Thomas Blom1, Jalenka van Wijk4, Michelle Muller3, Robin van Amersfoort4, René Leen3, Rutger Meinsma3, 
Rogier Versteeg2, Johan van Nes2, Ellen van der Schoot4, André van Kuilenburg3, Lieve Tytgat1 

1Princess Máxima Center for Pediatric Oncology, Utrecht, Netherlands, 2Academic Medical Center, Department of 
Oncogenomics, Amsterdam, Netherlands, 3Academic Medical Center, Laboratory Genetic Metabolic Diseases, 
Amsterdam, Netherlands, 4Sanquin Research, Experimental Immunuhematology, Amsterdam, Netherlands 

Background: Meta-iodobenzylguanidine (MIBG) is used as imaging agent and targeted radiotherapeutic in 
neuroblastoma. Approximately 10% of neuroblastomas are non-avid at diagnosis, meaning that these 
tumors do not accumulate or retain MIBG, leading to false-negative imaging interpretations. The 
Norepinephrine Transporter (NET) is involved in the uptake and retention of MIBG in neuroblastoma cells. 
However, the biological mechanism underlying MIBG avid and non-avid tumors remains as yet unkown. 
Recently, the existence of two types of neuroblastoma cells with highly diverging gene expression profiles 
was demonstrated. In addition to classic neuroblastoma cells with an adrenergic lineage identity, 
undifferentiated mesenchymal cells exist, leading to intratumoral heterogeneity. These mesenchymal cells 
are enriched in post-therapy and relapsed tumors. The aim of our study was to investigate whether these 
mesenchymal neuroblastoma cells show differences in NET expression and consequently in MIBG uptake. 
 
Methods: Using Real-time quantitative PCR, 13 human neuroblastoma cell lines (SK-N-BE(2)C, SK-N-SH, LAN-
6, GIMEN, NGP, N206, IMR32, SJNB-1, SJNB-8), including two isogenic cell line pairs (SH-SY5Y/SHEP2, and 
691-B/691-T) were analyzed for NET mRNA expression. NET protein expression was determined in human 
neuroblastoma cell lines using Western Blotting. Two transgenic adrenergic cell lines were generated 
containing an inducible regulator of mesenchymal transformation: SK-N-BE(2)C with inducible PRRX1, and 
SH-SY5Y with inducible NOTCH3. In a time series, NET mRNA expression was measured using RT qPCR after 
induction of mesenchymal transformation. 
 
Results: NET mRNA expression in mesenchymal cell lines (691-T, SHEP2, GIMEN) is either very low or 
undetectable in comparison with the classic adrenergic cell lines. The mesenchymal cell lines showed no 
protein expression in our Western Blot analysis. Inducible expression of PRRX1 and NOTCH3 in the 
adrenergic cell lines SK-N-BE(2)C and SH-SY5Y, respectively, resulted in a motile and mesenchymal 
phenotype, accompanied by a dramatic decrease in NET mRNA expression over time. 
 
Conclusion: The mesenchymal differentiation state of neuroblastoma seems to be accompanied by the 
absence of NET expression. [125-iodine]-labeled MIBG internalization studies and immunohistochemistry on 
patient tumor material to further elucidate the relation between the mesenchymal differentiation state and 
NET expression and MIBG avidity are in progress. 
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Introduction: Urinary catecholamines can be used to diagnose patients with neuroblastoma. However, even 
when a panel of 8 catecholamine metabolites is used (Verly et al. Eur J Cancer 2017), 5% of the patients 
have no elevated catecholamines at diagnosis (catecholamine negative). Recently, two cell types, the 
adrenergic (ADRN) and mesenchymal (MES), were identified in neuroblastoma. Each type with its unique set 
of super-enhancers associated transcription factors (TFs) such as TFAP2B and PRRX1, respectively. This cell 
type duality might affect catecholamine excretion. In this study we investigated the biology of 
catecholamine excretion in vitro and in vivo.  
 
Material and Methods: Catecholamine metabolites were measured in culture medium of 26 neuroblastoma 
cell lines. The presence of the catecholamine enzymes in neuroblastoma cell lines and primary tumors was 
examined with qRT-PCR, western blot and immunohistochemistry (IHC), respectively. Finally, catecholamine 
excretion in 3 matched ADRN- and MES neuroblastoma cell lines was examined. Furthermore, 
catecholamine excretion was tested after overexpressing PRRX1 and TFAP2B.  
 
Results: Catecholamine metabolites were detected in the medium of 8/26 of the tested cell lines, which was 
related to the presence of the enzyme tyrosine hydroxylase (TH). TH protein was present in all the excreting 
and absent in all the non-excreting cell lines. IHC staining for TH in primary tumors showed an identical 
pattern with all catecholamine positive patients being TH positive (n = 70), whereas all catecholamine 
negative patients were TH negative (n = 3). Finally, catecholamine excretion was observed in all ADRN cell 
lines (3/3), but absent in all MES cell lines (0/3). Overexpression of PRRX1 induced mesenchymal transition 
and stopped catecholamine excretion. TFAP2B overexpression restored catecholamine excretion in ADRN 
non-excreting cell line, but not in a MES cell line.  
 
Conclusion: In patients with neuroblastoma, catecholamine excretion is determined by the presence of TH 
protein in the tumor. Only ADRN cells can excrete catecholamines, which seems to depend on TFAP2B 
expression. MES cells do not excrete catecholamines, probably due to downregulation of ADRN TFs such as 
TFAP2B as well as catecholamine enzymes. Acknowledgements: this study was supported by a grant from 
the Villa Joep Foundation and SKOCA.  
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Background: In our previous studies on low-risk neuroblastoma (#9405 and #9805), 9.1% to 16.7% of 
patients had surgical complications. It is desirable to reduce the incidence of surgical complications while 
maintaining a good prognosis. 
 
Purpose: We aim to reduce the incidence of treatment complications and improve the outcomes of low-risk 
neuroblastoma patients. 
 
Patients and Methods: We conducted the JN-L-10 clinical trial from 2010 to 2013, with the aim of reducing 
the incidence of surgical complications in low-risk neuroblastoma patients. The eligible patients had low-risk 
neuroblastoma without MYCN amplification; these patients included children (<18 years of age) who had 
INSS stage 1 or 2 disease, children (<365 days of age) who had stage 3 tumors, and infants who had stage 4S 
disease with hyperdiploidy or a favorable histology. Patients underwent tumor resection based on the 
Image Defined Risk Factors (IDRF) determination. In IDRF-negative cases, treatment was completed with 
surgical resection alone. In IDRF-positive cases, the timing of surgery was determined based on IDRF and 
low-dose chemotherapy consisting of which regimen, A (vincristine/cyclophosphamide), regimen B 
(vincristine/cyclophosphamide/pirarubicin) or regimen C (vincristine/cyclophosphamide/carboplatin) was 
administered. The endpoints were overall survival, progression-free survival, adverse events and surgical 
complications. 
 
Results: A total of 58 eligible patients were eligible in this trial. The median age was 0.5 years (range 0ς14 
years). Thirty-two patients were identified as IDRF-negative at the onset of disease and underwent primary 
surgical resection, 26 patients who were identified as IDRF-positive and underwent induction 
chemotherapy. The 3-year over-all and progression-free survival rates of the 58 patients were 100%, and 
82.8% (95%CI: 70.3-90.3), respectively. Neutropenia was the most frequently reported grade 3 or 4 
chemotherapy-related toxicity (41.7%). With regard to surgical complications, 2.5% of all patients developed 
pleural effusion and ascites as early complications after surgery, while only 2.5% developed renal atrophy as 
a long-term complication of surgery. There were no fatal toxicities. 
 
Conclusion: Our treatment strategy using IDRF-based surgical decision-making for the low-risk 
neuroblastoma achieved a good prognosis and reduced the incidence of long-term complications. 
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Background: TERT-rearrangements have been recently discovered in high-risk neuroblastoma. Both TERT-
rearrangements and MYCN-amplification lead to massive telomerase activation. We therefore investigated 
the potential prognostic and therapeutic relevance of telomerase activation in neuroblastoma. 
 
Methods: The genomic status of the TERT locus was assessed in 454 primary neuroblastomas by break-apart 
FISH analysis. Alternative lengthening of telomeres (ALT) was examined by detection of ALT-associated PML 
bodies in 264/454 tumor samples, and TERT expression was analyzed in 214/264 samples by microarrays. 
Viable cell count upon treatment with the telomerase-interacting compounds BIBR-1532, costunolide or 6- 
thio- нΩ- deoxyguanosine was assessed in neuroblastoma cell lines in vitro, and tumor growth was examined 
in neuroblastoma xenografts treated with 6-thio-нΩ-deoxyguanosine. 
 
Results: We detected TERT-rearrangements in 47/454 cases (10.4%; high-risk, n=42, non-high-risk, n=5) and 
ALT activation in 47/264 cases (17.8%; high-risk, n=32, non-high-risk, n=15). MYCN-amplification was found 
in 91/454 cases (20.0%) All three alterations were associated with unfavorable prognostic markers but 
occurred in nearly mutually exclusive fashion. Additionally, we identified a small subgroup of tumors (9/214; 
пΦн҈ύ Ƴŀƛƴƭȅ ŘŜǊƛǾŜŘ ŦǊƻƳ ǇŀǘƛŜƴǘǎ җму ƳƻƴǘƘǎ ǿƛǘƘ ǎǘŀƎŜ п ŘƛǎŜŀǎŜ ǘƘŀǘ ǎƘƻǿŜŘ ƛƴŎǊŜŀǎŜŘ ¢9w¢ ŜȄǇǊŜǎǎƛƻƴ 
without harboring a TERT-rearrangement or MYCN-amplification. Patients whose tumors were positive for 
telomerase activation (i.e., TERT-rearrangement, MYCN-amplification or elevated TERT expression) had 
significantly worse overall survival than patients positive for ALT activation or patients whose tumors lacked 
telomere maintenance (OS at 5 years, 0.491±0.068 vs. 0.750±0.083 vs. 1.0, p=0.027 and p<0.001, 
respectively). In multivariable analyses, telomerase activation predicted both EFS and OS independently of 
established clinical variables (p<0.001 each). In vitro analysis showed that treatment of neuroblastoma cell 
lines bearing TERT-rearrangements or MYCN-amplification with 6 thio-нΩ-deoxyguanosine, costunolide or 
BIBR-1532 inhibited cell growth at significantly lower concentrations than in cell lines with ALT activation 
(p<0.001, p=0.016, p=0.004, respectively). In addition, treatment with 6-thio-нΩ-deoxyguanosine impaired 
tumor growth of neuroblastoma xenografts bearing TERT-rearrangements or MYCN-amplification resulting 
in significantly improved overall survival compared to vehicle-treated controls. 
 
Conclusion: We here demonstrate that telomerase activation defines a clinical neuroblastoma subgroup of 
poor outcome, and that telomerase may represent a promising therapeutic target in these patients. 
 



 

90 

The Randomised Induction for High-Risk Neuroblastoma Comparing COJEC 
and the N5-MSKCC Regimen. Early Results from the HR-NBL1.5/SIOPEN 
Trial 

Alberto Garaventa1, Ulrike Poetschger2, Dominique Valteau-Couanet3, Victoria Castel4, Martin Elliot5, Shifra 
Ash6, Godfrey Chan7, Geneviéve Laureys8, Maja Beck-Popovic9, Kim Vettenranta10, Walentyna Balwierz11, 
Henrik Schroeder12, Cormac Owens13, Maja Cesen14, Vassilios Papadakis15, Toby Trahair16, Roberto Luksch17, 
Gudrun Schleiermacher19, Peter Ambros2, Ruth Ladenstein2,19 

1Istituto Giannina Gaslini, Genoa, Italy, 2/ƘƛƭŘǊŜƴΩǎ /ŀƴŎŜǊ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΣ ±ƛŜƴƴŀΣ !ǳǎǘǊƛŀΣ 3Gustave Roussy, Villejuif, 
France, 4Hospital Universitari i Politecnic La Fe, Pediatric Oncology Unit, Valencia, Spain, 5Leeds Teaching Hospitals NHS 
Trust, Leeds, United Kingdom, 6{ŎƘƴŜƛŘŜǊ /ƘƛƭŘǊŜƴΨǎ aŜŘƛŎŀƭ /ŜƴǘŜǊ ƻŦ LǎǊŀŜƭΣ tŜǘŀŎƘ ¢ƛƪǾŀƘΣ LǎǊŀŜƭΣ 7University of 
HongKong, Queen Mary Hospital, Hongkong, China, 8University Hospital Ghent, Ghent, Belgium, 9University Hospital 
Lausanne, Lausanne, Switzerland, 10University of Tampere, Tampere, Dept of Pediatrics, Tampere, Finland, 11Jagiellonian 
University Medical College, Krakow, Poland, 12University Hospital of Aarhus, Department of Paediatrics, Aarhus, 
Denmark, 13University of Dublin, Dublin, Ireland, 14Pediatric Clinic, Ljubljana, Slovenia, 15!Ǝƛŀ {ƻŦƛŀ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ 
Athens, Athens, Greece, 16{ȅƴŘƴŜȅ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭΣ wŀƴŘǿƛŎƪΣ !ǳǎǘǊŀƭƛŀΣ 17Fondazione IRCCS Istituto Nazionale dei 
Tumori, Milan, Italy, 18Institut Curie, Paris, France, 19{ǘΦ !ƴƴŀ /ƘƛƭŘǊŜƴΨǎ IƻǎǇƛǘŀƭ 5ŜǇŀǊǘƳŜƴǘ ƻŦ tŀŜŘƛŀǘǊƛŎǎΣ aŜŘƛŎŀƭ 
University Vienna, Vienna, Austria 

Aim: From 2013 the HRNBL1.5/SIOPEN trial tested the hypothesis that the N5-MSKCC induction (Kushner, J 
Clin Oncol.2004;22(24):4888-92) would improve the metastatic complete response (mCR) or event free 
survival (EFS) rate as compared to Rapid COJEC (Ladenstein, J Clin Oncol.2010;20;3516ς24). 
  
Methods: Eligible patients all had stage 4(4s) high-risk neuroblastoma with MYCN amplification (MNA) any 
age <21 years or without MNA in age group 12-18 months with proven segmental chromosomal alterations 
and >18 months with any genomic profile. Randomisation was stratified according to national group and 
metastatic sites. Further treatments included addition of 2 TVD if <mCR, attempted gross resection of 
primary tumour, BuMel/SCT, 21Gy radiotherapy to the primary site and ch14.18/CHO antibody ± IL2 in 
addition to 13-cis-RA. Two primary endpoints were investigated: improving EFS by 12.5 % with N5-MSKCC 
(2-years EFS: 52.5%) and the mCR rate to 45% (33% for Rapid COJEC). 
 
Results: 630 patients were randomised (313 Rapid COJEC/317 N5; 56% male; 99% stage 4; median follow-up 
1.7years). The median age was 3.2years (0.2-20.4), only 16 were infants (3%) and 56 (9%) between 12-
18mo. No primary endpoint differences were observed: 2y- EFS was 53% ±4 for Rapid COJEC vs 51%±4 for 
N5-MSKCC and the mCR rate after induction was 33% for COJEC and 37% for N5-MSKCC. There was no 
difference in secondary endpoints: Overall Survival was 72%±3 for Rapid COJEC vs 69%±3 for N5-MSKCC, 
non-relapse mortality (2y-NRM) was 8%±2 with Rapid COJEC vs 6±2 with N5-MSKCC and the cumulative 
incidence of relapse/progression (2y-CIR) was 39%±3 for Rapid COJEC and 43%±4 for N5-MSKCC.  A 
comparison of CTC Grade 3&4 toxicities showed the following significant differences favouring Rapid COJEC 
over N5-MSKCC: non-haematological  47% vs. 68% (p=0.000), general condition 12% vs 19% (p=0.055); WBC  
94% vs 98% (p=0.020); platelets 91% vs96% (p=0.031); infection24% vs35% (p=0.005); stomatitis 3% vs 26% 
(p=0.000); nausea/vomiting 7% vs 16% (p=0.001); diarrhoea 3% vs 7% (p=0.033); hypertension 10% vs 6% 
(p=0.050); central neurotoxicity 0% vs 1% (p=0.049).  
 
Conclusion: No differences in primary or secondary outcomes were identified between the two arms. Rapid 
COJEC is the preferred SIOPEN standard induction due to significantly higher toxicities observed with N5-
MSKCC.   
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Maximal therapeutic benefit from the neuroblastoma-targeting radiopharmaceutical 131I-MIBG may be 
obtained by its combination with chemotherapy. Aberrant mitochondrial metabolism is a common trait 
among cancers. The synthetic glucose analogue 2-deoxyglucose (2-DG) and the anti-diabetic drug 
metformin both target mitochondrial metabolism following inhibition of glycolysis and the electron 
transport chain, respectively. Both 2-DG and metformin have shown potential as radio- and 
chemosensitisers. Our purpose was to investigate the potential of 2-DG and metformin to enhance the 
efficacy of experimental therapy of neuroblastoma. 
 
Clonogenic assay was used to determine the cytotoxicity of 2-DG and metformin on SK-N-BE(2c) 
neuroblastoma cells and UVW glioma cells transfected with the noradrenaline transporter, NAT (UVW/NAT 
cells). NAT facilitates the intracellular transport of the noradrenaline analogue, 131I-MIBG. Flow cytometry 
was used to determine the effect of 2-DG and metformin on cell cycle redistribution. 
 
2-DG acted as a radiosensitiser when administered at 10 mM. This was exemplified by the significant 
reduction in radiation dose required to sterilise 50% of SK-N-BE(2c) clonogens (from 2.23 Gy to 1.32 Gy; 
p<0.01) or UVW/NAT clonogens (from 2.66 Gy to 1.69 Gy; p<0.01). Metformin failed to radiosensitise SK-N-
.9όнŎύ ƻǊ ¦±²κb!¢ ŎŜƭƭǎ ǿƘŜƴ ŀŘƳƛƴƛǎǘŜǊŜŘ ŀǘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ Җо ƳaΦ IƻǿŜǾŜǊΣ ǘǊƛǇƭŜ ŀƎŜƴǘ ǘƘŜǊŀǇȅ 
consisting of metformin, 2-DG and X-irradiation enhanced the cell kill achieved by either single agent 
modality administered alone to UVW/NAT cells. Furthermore, we observed that irradiating cells 6 h prior to 
treatment with 2-DG and metformin was the most effective treatment regimen. This schedule produced the 
greatest G2/M cell cycle arrest and also killed the greatest number of UVW/NAT clonogens. 
 
The glycolytic inhibitor 2-DG sensitised neuroblastoma and glioma cells to external beam ionising radiation.  
Moreover, the efficacy of 2-DG was further enhanced by its combination with the anti-diabetic drug, 
metformin. We hypothesise that the mechanism of 2-DG radiosensitisation entails the onset of apoptosis 
following the prolonged accumulation of cells in G2/M of the cell cycle. Disruption of cancer cell metabolism 
using glycolytic inhibitors is expected to improve the treatment of neuroblastoma using 131I-MIBG targeted 
radiotherapy. 
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Aim: Investigation of the local relapse rate (LRR) and outcomes in high-risk neuroblastoma.  
 
Methods: HR-NBL1/SIOPEN treatments included Rapid COJEC or N5-MSKCC induction, plus two TVD courses 
if unsatisfactory metastatic response, attempted primary tumour gross resection, HDT/SCT (BuMel or CEM) 
and 21Gy radiotherapy to the primary site followed by 13-cis-RA with addition of ch14.18/CHO antibody 
after 2009. Analysis included patients starting treatment prior to 2016, with HDT/SCT, alive without event 
30 days after SCT and information on radiotherapy. The cumulative incidence of local relapse/progression 
(CILR/P) either isolated or combined with other sites was calculated considering competing risks from other 
causes including isolated distant relapse/progression (R/P), R/P at unknown sites, death or secondary 
malignancy without prior R/P.    
 
Results: Radiotherapy data was available in 1210/1297 (93%) of eligible patients (median follow-up 
4.9years): 807/888 (91%) were in local CR (LCR) and 290/334 (90%) had <LCR. For LCR patients the isolated 
CILR (29/807) was 0.03±0.01 whilst the combined (local and distant) CIR was (77/807) 0.13±0.01 at 5 years. 
LCR patients without radiotherapy had an isolated CILR (6/81) of 0.08±0.03 whilst the combined CIR (10/81) 
was 0.22±0.05. Patients with <LCR receiving radiotherapy had an isolated CILR (17/290) of 0.06±0.02 whilst 
the combined CIR (39/290) was 0.21±0.03. In patients without radiotherapy and <LCR, the isolated CILR/P 
(3/32) was 0.09±0.05 whilst the combined CIR/P was (9/32) 0.38±0.09. The 5-year event-free survival (5yr-
EFS) was 0.55±0.02 in LCR patient receiving radiotherapy but was only 0.38±0.06 for those without. The 5yr-
EFS was 0.47±0.03 for <LCR patients receiving radiotherapy but was only 0.10±0.06 for those without. 
Decision not to irradiate, was primarily related to large radiotherapy fields based on pre-operative volumes 
and/or very young age, in 112 patients. In stage4>1.5yrs the 5-yr EFS pre-2009 was 0.36±0.03 in LCR and 
26±0.05 in <LCR patients but post-2009 was 0.46±0.03 in LCR and 0.36±0.02 in <LCR.  
 
Conclusion: Local radiotherapy with 21Gy is an important component lowering the local relapse rate in LCR 
and <LCR patients compared with European historical data of a 40% LRR. Further research to optimise the 



use of radiotherapy is needed. Most importantly both, local radiotherapy and immunotherapy contributed 
to improved outcomes.   
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Current treatment protocols have only limited success in patients with neuroblastomas harboring 
amplifications of the central oncogenic driver, MYCN. The success achieved by immunotherapies against 
lymphomas and leukemias have not yet been reached for solid tumors, but immunotherapy has great 
potential to improve cure rates in high-risk patients. We aimed to investigate the influence of MYCN 
amplification on tumor cell response to neuroblastoma-specific CAR-T cell therapy. As a starting point, we 
used the neuroblastoma cell line, SK-N-AS, with the normal diploid MYCN complement (MYCNnon-amp) and 
overexpressed MYCN (MYCNamp) in these cells using a tetracycline-inducible system. Neuroblastoma cells 
with the different MYCN backgrounds were co-cultured with second-generation CD171-targeting CAR-T cells 
harboring either CD28 or 4-1BB as a costimulatory domain. CD171-CAR-T cell function was assessed in 
assays for activation/inhibitory receptor expression, cytokine release and cytotoxicity. To investigate 
whether indirect MYCN inhibition could enhance the efficacy of CAR-T cell therapy, we co-treated our co-
culture model with the AURKA inhibitor, MLN8237, or the bromodomain inhibitor, TEN010. Co-culture with 
MYCNamp SK-N-AS cells reduced expression of activation markers (CD25 by 38% and CD137 by 28% 
compared to parental cell co-culture) on CD171-CAR-T cells. Expression of the inhibitory Tim3 receptor was 
increased by almost two-fold on CD171-CAR-T cells in co-culture with MYCNamp SK-N-AS cells in 
comparison to the parental cell line. CD171-CAR-T cells released up to 10-ŦƻƭŘ ƭŜǎǎ LCbʴ ŀƴŘ L[-2 during co-
culture with the MYCNamp SK-N-AS cells and demonstrated 33% less killing potential against the MYCNamp 
SK-N-AS cells (in comparison to the parental cell line). All effects were observed for CD171-CAR-T cells 
harboring the CD28, but not 4-1BB, costimulatory domain. Co-treatment with targeted MYCN inhibitors 
increased CD171-CAR-T cell-directed neuroblastoma cell killing by up to 40%, regardless of MYCN 
background. MLN8237 yielded a superior synergistic response with CD171-CAR-T cells to TEN010. High-level 
MYCN expression in neuroblastoma cells negatively influences CD171-directed CAR-T cell therapy in vitro. 
This negative influence can be partially overcome by combination of immunotherapy with inhibitors of 
MYCN function, with AURKA inhibition achieving a stronger effect than bromodomain inhibition.  
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Introduction: Neuroblastoma (NB) is the most common extracranial solid tumor in infants and children with 
low survival for high-risk patients despite dose-intensive multimodal therapy. In contrast to other cancers, 
NB has low frequency of TP53 mutations and its downstream pathway is usually intact. In this study, we 
assessed the efficacy of the p53 activator, PRIMA-1MET (P-1M) in inducing NB cell death and investigated 
possible synergies with currently used chemotherapeutics. 
 
Methods: LD50 was used to study susceptibility and specificity of eight NB cell lines (3 with TP53 mutation) 
to P-1M and to test for synergistic effects with cisplatin and etoposide. Real-time PCR and in-cell western 
blot were used to assess gene and protein expression of the most common p53 transactivation targets. Flow 
cytometry was used to analyze cell cycle phase and induction of apoptosis, reactive oxygen species, collapse 
of mitochondrial membrane potential, and autophagy. 
 
Results: NB cell lines are at least 4 times more susceptible than primary cell lines to P-1M. P-1M induces cell 
death rapidly and in all phases of the cell cycle, independent of the p53/ATM axis. Noxa is consistently 
upregulated in the seven susceptible NB cell lines and its induction correlates well with LD50. Whole exome 
sequencing of the resistant BE-2C cell line identified the homozygous TP53 mutation C135F. This mutation 
could be important in the development of resistance. P-1M significantly impacts the intracellular 
concentration of glutathione and synergizes with the glutathione inhibitor BSO. The effect of P-1M is not 
altered by thioredoxin inhibition, and in most cases P-1M does not induce oxidative stress. In addition, we 
observed clinically important synergy of P-1M with cisplatin and etoposide, as well as induction of 
autophagy and collapse of mitochondrial membrane potential. 
 
Conclusions: P-1M could be a promising new agent used to treat NB tumors. It has good antitumor action 
and synergizes well with the currently-used chemotherapeutics cisplatin and etoposide by helping to 
ƻǾŜǊŎƻƳŜ ǊŜǎƛǎǘŀƴŎŜΦ Lƴ ŀŘŘƛǘƛƻƴΣ ƛǘΩǎ Ŧŀǎǘ ŀŎǘƛƻƴΣ ƛǘǎ ŀōƛƭƛǘȅ ǘƻ ƪƛƭƭ ƛǊǊŜǎǇŜŎǘƛǾŜ ƻŦ ŎŜƭƭ ŎȅŎƭŜ ǇƘŀǎŜΣ ǘƘŜ 
augmentation of its efficacy after glutathione depletion, and its inhibition of thioredoxin reductase could 
present additional opportunities for P-1M utility.  
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N-Myc, a transcription factor encoded by MYCN gene is a neuroblastoma oncogenic driver, however, 
pharmacological strategies that directly suppress N-Myc activity in cancer remain limited. To identify 
druggable N-Myc protein partners that are essential for N-Myc transcriptional and oncogenic activity, we 
performed co-immunoprecipitation and mass-spectrometry assays. By using two different anti-N-Myc 
antibodies to pull down N-Myc in IMR32 cells, we identified >300 common novel N-Myc partners. DAVID 
analysis revealed N-Myc partners are significantly enriched in transcription regulation, DNA repair, DNA 
replication, spliceosome and chromatin remodeling, such as the components of the STAGA, SWI/SNF and 
NuRD complex. STAGA (SPT3-TAFII31-GCN5L acetylase) is a chromatin-acetylating transcriptional 
coactivator and recent studies show that KAT2A (GCN5L) acetylates and stabilizes a number of proteins. 
Thus, KAT2A could potentially modulate both N-Myc stability and N-Myc mediated chromatin modification. 
Co-transfection of KAT2A and MYCN constructs in 293T cells, resulted in increased N-Myc acetylation and 
protein half-life. N-aȅŎΩǎ ƛƴŎǊŜŀǎŜŘ ǎǘŀōƛƭƛǘȅ ƛǎ ǇƻǘŜƴǘƛŀƭƭȅ ƳŜŘƛŀǘŜŘ Ǿƛŀ ŀōǊƻƎŀǘƛƻƴ ƻŦ ǇǊƻǘŜŀǎƻƳŜ 
degradation since decreased HERC2 and FBXW7 (ubiquitin protein ligases) binding was found in acetylated 
vs non-acetylated N-Myc co-IP products. Genetic knockdown of KAT2A in neuroblastoma cells led to a 2.5-
fold decrease of N-Myc protein levels. Pharmaceutical inhibition of KAT2A using KAT2A inhibitors (MB3 and 
CTPH2) also led to a decrease in N-Myc protein (2~3-fold). Moreover, pharmacologic and genetic KAT2A 
inhibition reduced expression of N-Myc target genes and cell viability. We further treated nine 
neuroblastoma cell lines differing in MYCN or c-Myc status with MB3. Western blots show inhibition of 
KAT2A destabilizes N-Myc or c-Myc. Growth rate inhibition (GR) assay showed that N-Myc/c-Myc high 
neuroblastoma cells are more sensitive to the pharmaceutical inhibition of KAT2A than N-Myc/c-Myc low 
cell lines and immortalized normal cell line (~2-fold lower GR50, p<0.05). The inhibition of KAT2A led to 
elevated cleavage of caspase3 and PARP1 in N-Myc/c-Myc-high cell lines, indicating that inhibition of KAT2A 
preferentially induces apoptosis in N-Myc or c-Myc-high cell lines. Taken together, this is the first study to 
show that the inhibition of KAT2A destabilizes N-Myc or c-Myc proteins, making KAT2A a promising 
therapeutic target in high-risk neuroblastoma as well as other Myc-driven cancers. 
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Background: Anti-PD-1 or anti-PD-L1 blocking monoclonal antibodies (mAbs) have shown potent anti-tumor 
effects in adult cancer patients and clinical studies have recently been started in pediatric cancers, including 
high-risk/relapsing Neuroblastoma (NB). IL-21, an immune enhancing cytokine produced by T helper cells, 
showed promising results in pre-clinical and clinical cancer immunotherapy. We previously observed that 
the administration of anti-CD4 cell-depleting antibody strongly enhanced the anti-tumor effects of 
recombinant (r)IL-21immunotherapy in a syngeneic model of disseminated NB. The removal of pre-existing 
and NB-induced CD4+CD25high Treg cells by the anti-CD4 mAb synergized with IL-21 in the induction of 
anti-NB CD8+ T cell responses. 
 
Methods: We studied the effects of anti-PD-1/PD-L1 mAbs in two syngeneic models of disseminated NB 
generated by the injection of either Neuro2a or NXS2 cells in A/J mice. Both murine NB cell lines express PD-
L1. In addition, we tested the combination of these agents with the immune-enhancing cytokine IL-21, the 
Ecto-NTPDase inhibitor POM-1, an anti-CD25 mAb targeting Treg cells, or an anti-CD4 mAb.  
 
Results: Here we show that mono-therapy with anti-PD-1/PD-L1 mAbs had no effect on systemic NB 
progression in vivo, and also their combination with IL-21, POM-1 or anti-CD25 mAb was ineffective. The 
combined use of anti-PD-1 with an anti-CD4 mAb mediated a very potent, CD8-dependent, synergistic effect 
leading to significant elongation of tumor-free survival of mice, complete tumor regression and durable 
anti-NB immunity. Similar results were obtained by combining anti-PD-L1 and anti-CD4 mAbs.  
Conclusion: These findings indicate that both PD-1/PD-L1 and CD4+ T cell-related immune-regulatory 
mechanisms must be simultaneously blocked to mediate therapeutic effects in these models.  
 
Supported by Fondazione Italiana per la Lotta al Neuroblastoma 
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±ʰнп-invariant NKT cells (NKTs) control tumor growth via poorly understood interactions with CD1d-positive 
tumor-associated macrophages (TAMs). TAMs comprise M1- and M2-like subsets, but only CD163high M2-
like TAMs are associated with poor outcome in neuroblastoma (NB) patients. Here, we demonstrate that 
NKTs selectively target M2-like TAMs via contact-dependent and independent mechanisms. Upon direct 
contact with antigen-pulsed M1 or M2, NKTs selectively kill the latter. Additionally, we found that antigen-
activated NKTs could reprogram M2 into functional M1-like macrophages via GM-CSF production. 
Furthermore, adoptive transfer of human NKTs resulted in M1-like polarization of TAMs in metastatic NB 
xenografts in humanized NSG mice. To further explore the role of NKTςTAM axis in tumor immune 
surveillance, we examined the effect of NKT deficiency on tumor progression and TAM accumulation in NB-
¢ŀƎ ǘǊŀƴǎƎŜƴƛŎ ƳƻŘŜƭ ƻŦ b.Φ aƛŎŜ ƭŀŎƪƛƴƎ ŜƛǘƘŜǊ ǘȅǇŜ L όWʰму-/ -NB-Tag) or all (CD1d-/ -NB-Tag) NKTs had 
shortened survival compared with NB-Tag mice (P < 0.0002). At four month of age we observed an increase 
of CD11b+Ly6G-Ly6C-F4/80+ TAMs in primary tumors of NKT deficient groups compared with NB-Tag mice. 
Despite no difference in the size of primary adrenal tumors between groups, the increase of TAM frequency 
coincided with metastatic spread in NKT deficient groups as detected by CT imaging and confirmed by 
pathological analysis. By five months, nearly all mice in NKT deficient groups had distant metastases in liver 
and lungs but none of the NKT replete mice had detectable distant metastases. Thus, our results reveal a 
novel mechanism of immune regulation, in which NKTs selectively control M2-like TAMs and suppress 
tumor metastasis.   
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Introduction: Patients with high-risk neuroblastoma (NB) treated with DNA-damaging chemotherapy often 
relapse with treatment-refractory disease. Temozolomide (TMZ; DNA-methylating agent) and irinotecan 
(IRN; topoisomerase I inhibitor) are well-tolerated and have clinical activity in relapse/refractory NB. We 
hypothesized that DNA repair genes with increased expression in alkylator-resistant NB models would 
provide potential therapeutic targets for enhancing chemotherapy. 
 
Methods: TaqMan Low Density Arrays (TLDA) were used to screen mRNA expression of 62 DNA repair genes 
in 9 alkylator-resistant and 4 alkylator-sensitive cell lines. Differential gene expression was validated in an 
expanded NB cell line panel (n=26) by qRT-PCR. Gene overexpression was by lentiviral transduction of pLenti 
plasmid constructs. In vitro cytotoxicity was assayed using a digital imaging microscopy system (DIMSCAN). 
DNA double-strand breaks, apoptosis, and DNA fragmentation were assessed using phospo-histone H2AX, 
cleaved caspase-3, and TUNEL, respectively. In vitro testing used the SN38 active metabolite of IRN. 
Subcutaneous patient-derived xenografts (PDXs) in nu/nu mice were treated with TMZ, IRN, +/- O6-
benzylguanine (O6BG).  
 
Results: Relative to drug-sensitive NB cell lines, alkylator-resistant NB cell lines showed increased mRNA 
expression of O6-methylguanine-DNA methyltransferase (MGMT), glutamate-cysteine ligase modifier 
subunit (GCLM), proliferating cell nuclear antigen (PCNA), and single-strand-selective monofunctional uracil-
DNA glycosylase 1 (SMUG1) (p<0.05) by TLDA screen. MGMT, GCLM, and SMUG1 were expressed 
significantly higher in alkylator-resistant compared to alkylator-sensitive models (n=26, p<0.05) by qRT-PCR. 
MGMT was selected for further focus due to existence of a clinical-stage inhibitor and relevance to 
TMZ+IRN. MGMT expression positively correlated with in vitro TMZ+SN38 IC50 (n=14, p<0.05). 
Overexpression of MGMT in non-expressing progressive disease NB cell lines significantly decreased 
TMZ+SN38 cytotoxicity (p<0.05). In MGMT-expressing cell lines O6BG enhanced TMZ+SN38 cytotoxicity, 
H2AX phosphorylation, caspase-3 cleavage, and apoptosis by TUNEL. TMZ+IRN+O6BG increased median 
event-free survival (p<0.05) relative to TMZ+IRN in 2 of 5 MGMT-expressing progressive disease PDX 
models. 
 
Conclusions: High MGMT expression is associated with in vitro drug resistance. The MGMT inhibitor O6BG 
synergistically enhanced the activity of TMZ+IRN in a subset of MGMT-expressing NB models both in vitro 
and in vivo at clinically achievable drug concentrations. Further studies evaluating MGMT as a therapeutic 
target in recurrent high-risk neuroblastoma are warranted.  
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Background: CNS relapses in patients with high-risk neuroblastoma are an extremely unfavorable clinical 
event. The aim of the study was to analyze the frequency of occurrence and the factors predisposing to the 
development of the CNS involvement in patients with high-risk neuroblastoma at the time of the first 
relapse.  
 
Materials and Methods: Patients with high-risk neuroblastoma who received treatment for the period 
01.2012 - 12.2015 were included in the analysis. Patients were stratified to risk groups and treated 
according to German NB2004 protocol. High-dose preparative regimens included 
melphalan/etoposid/carboplatin (MEC) (till June 2013) and treosulfan/melphalan (TreoMel) (since July 
2013).  
 
Results: 111 patients were analyzed. 58/111 (52.3%) had progression/relapse, CNS involvement was 
observed in 10/58 (17.2%). Isolated CNS involvement was noted in 7/10 (70%). Median age at the time of 
the neuroblastoma diagnosis in patients with CNS involvement was 27.3 months (range 1,8-43,5). Male: 
female ratio was 1.5:1. The primary tumor located in the abdomen in 9/10 cases, unknown primary in 1/10. 
All 10 patients had stage 4 disease. MYCN amplification was detected in 8/10 (80%). Median time from 
diagnosis till progression/relapse was 15.2 months (range 5.9-20.0). Comparison between two groups of 
relapsed patients (CNS involvement/ lack of CNS involvement) by sex, age, site of the primary tumor, MYCN 
gene status, skull metastases, bone marrow involvement at the onset of the disease, the number of 
metastatic compartments, response to induction therapy before auto-HSCT, type of preparative regimen 
(CEM vs Treo/Mel) showed no statistically significant difference. 2-year overall survival after the 
development of CNS-relapse in the study group was 13.1 ± 12.1%. 
 
Conclusions: CNS involvement at the time of relapse is a frequent event in high-risk neuroblastoma. The 
introduction of CNS MRI into the standard work-up at the time of relapse/progression will allow timely 
detection of metastases to optimize the therapeutic strategy. 
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Aim: The aim of the study was to analyze the results of therapy of high-risk neuroblastoma in three federal 
centers in Russia. 
 
Methods: 270 patients with NB were treated for the period 01.2012-06.2015 (42 months). Patients were 
stratified and treated according to the German NB2004 protocol. 94 (34,8%) patients were stratified for the 
high-risk group. High-dose preparative regimens included carboplatin/etoposide/melphalan (CEM) (till June 
2013) and treosulfan/melphalan (TreoMel) (since July 2013). Since July 2014 patients with clear MIBG-
positive residual primary tumor and/or metastases prior to hematopoietic stem cell transplantation (HSCT) 
received 131I-MIBG-therapy. Database was locked on 01.09.2017. 
 
Results: Male: female ratio was - 1.18:1. The median age at the diagnosis was 32.0 months (range 1.3-
128.4). MYCN amplification was observed in 43 (45.7%). 82 (87.2%) patients had stage 4 NB. Induction 
therapy was completed in 90 (95.7%). Median number of chemotherapy cycles prior to transplantation was 
6 (range 6-10). Surgery was done in 89 patients, resection was macroscopically complete in 39 (43.8%). 
Complete, very good partial response and partial response were achieved in 80 (85.1%) cases. 9 (9.5%) 
patients, all stage 4, progressed during the induction. 14/82 (17.0%) stage 4 patients with MIBG uptake after 
the induction received 131I-MIBG-therapy. 78/94 (82.9%) received high-dose chemotherapy: 28 - CEM, 50 - 
TreoMel. Contraindications for HSCT included tumor progression (n=9), therapy complications (n=7). 
Transplant-related mortality was 3/78 (3.8%), all in CEM group. 26/94 (27.6%) patients received radiation 
therapy to primary tumor and/or solitary metastatic site.  
 
Median follow-up time for all patients was 33.1 months (range 3.4-70.7), for alive patients 42.9 months 
(range 19.0-70.7). 3-year and 5-year EFS was 38.7±5.0% and 36.7±5.1%, OS - 60.5±5.2% and 53.8±5.6%. Age, 
MYCN status, extent of surgery, type of preparative regimen didn't impact EFS in univariate analysis. 
Patients with stages 1-3/4S had significantly better EFS (83.3% versus 29.6%, p=0.002) and OS (91.6% versus 
48.6%, p= 0.01) than stage 4 patients. 
 
Conclusion: Our results are consistent with other research groups. Intensive therapy allows achieving 
satisfactory results of therapy in stages 1-3/4S high-risk NB patients. The introduction of novel therapies are 
urgently required to improve prognosis in stage 4 NB. 
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Introduction: Maintenance therapy with a chimeric anti-GD2 antibody, ch14.18 (dinutuximab) combined 
with cytokines and isotretinoin improves outcome for high-risk neuroblastoma (NB). A phase II clinical trial 
combining dinutuximab with temozolomide + irinotecan (TMZ + IRN) showed promising activity in recurrent 
NB (Lancet Oncol, 18(7): 946-957, 2017), but a report that ~ 12% of NB patients have low or negative GD2 
expression (Pediatr Blood Cancer 64(1): 46-56, 2017) indicates the need to assess GD2 expression on NB and 
to define expression levels necessary for activity.  
 
Methods: Using dinutuximab and flow cytometry we quantified GD2 surface expression from patient-
derived NB cell lines and xenografts (PDXs) established at diagnosis (DX, n = 12) or at progressive disease 
(PD, n = 19). Activity of dinutuximab in combination with TMZ + IRN was assessed in PDXs in nu/nu mice 
established from late-stage PD patients in terms of tumor response and mouse event-free survival (EFS). 
 
Results: GD2 expreǎǎƛƻƴ ǿŀǎ ƭƻǿ ƻǊ ƴŜƎŀǘƛǾŜ ƻƴ мс҈ ƻŦ ом b. ŎŜƭƭǎ ƭƛƴŜǎΦ [ƻǿ D5н όҖ рл҈ ƻŦ ƳŜŘƛŀƴ 
fluorescence intensity) was seen in 5 of 19 (26%) PD NB cell lines but not in any of the 12 DX NB cell lines.   
In a GD2-positive PDX, dinutuximab enhanced mouse event-free survival (EFS) when combined with TMZ + 
IRN. However, in a PDX with low GD2 expression, dinutuximab did not significantly increase EFS over TMZ + 
IRN alone. Using two-color flow cytometry with directly-labeled dinutuximab + directly-labeled HSAN 1.2, 
(neuroblastoma specific, marrow negative) we have demonstrated low GD2 expression on neuroblastoma in 
blood and marrow.   
 
Conclusion: Our data with patient-derived NB cell lines and PDXs are consistent with a prior report and 
indicate that low GD2 expression can occur in NB and may be more frequent in PD patients. NB PDXs in 
nu/nu mice provide a preclinical model to assess dinutuximab activity when combined with chemotherapy. 
Dinutuximab enhanced activity of temozolomide + irinotecan in a GD2-positive NB PDX but not a PDX with 
low GD2 expression. Quantifying GD2 expression in NB is a potential biomarker of activity that warrants 
evaluation in patients treated with dinutuximab combined with temozolomide + irinotecan.  
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Malnutrition and illness at an early age has been associated with disruptions in intestinal microbiota 
maturation, resulting in an immature composition of gut commensals for age. Such microbiota immaturity 
has been correlated with poor growth and abnormal immunity. Children undergoing treatment for 
neuroblastoma often experience frequent infections, malnutrition and prolonged hospitalizations, all 
conditions that have been associated with dysbiosis. Therefore, we have undertaken a study characterizing 
the intestinal microbiota of children undergoing treatment for neuroblastoma.  
 
Microbiota composition in stool samples from patients with neuroblastoma was analyzed using 16S 
ribosomal RNA gene sequencing. Stool collection was undertaken during every phase of therapy including, 
induction chemotherapy, surgical resection, consolidation with antibody therapy and post-treatment 
immunization with anti-GD2 vaccine. The microbiota composition in this cohort was compared to a 
previously analyzed population of healthy twin pairs using t-Distributed Stochastic Neighbor Embedding 
(tSNE) visualization. Diversity was analyzed using the Simpson's Diversity Index. Microbiota maturity was 
determined using a Random Forest model approach previously described (1). 
 
Twenty-three patients, ages 0-9 years, were included in the study. Pre-treatment samples demonstrated no 
significant dysbiosis, with predicted microbiota maturity falling within six months of chronologic age. 
Dysbiosis developed in all patients receiving induction chemotherapy, with both loss of diversity and 
domination by Enterococcus faecium observed in 70% (7/10) of patients. Microbiota immaturity was 
observed in all patient samples during induction and consolidation, with predicted microbiota age below 12 
months, independent of chronologic age. In 10 children analyzed after completion of standard therapy for 
high-risk neuroblastoma, gut microbiota continued to be immature, despite overall improvement in 
intestinal diversity. In this group, predicted microbiota age ranged 8-18 months, for chronologic ages of 3-9 
years. Therefore, treatment for intermediate and high-risk neuroblastoma in young children results in 
intestinal dysbiosis and delayed microbiota maturation for age. 
 
1. Planer JD, et al. Nature. 2016 Jun 9;534:263-266. 
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Neuroblastoma (NB) is a childhood cancer whose particularity is to arise from a transitory embryonic cell 
population, neural crest cells (NCCs) of the sympatho-adrenal lineage. Disseminated forms have high 
frequency of multiple tumoral foci at diagnosis whose etiology remains unknown. The latter fact is mainly 
due to the NB embryonic origin that limits access to early tumorigenesis events in patients and current 
models. Inspired by early inter-species grafting experimental paradigms in the avian embryo (LeDouarin and 
Dieterlen-Lievre, 2013), we developed a novel in vivo embryonic model, driving human NB tumorigenesis in 
tissues homolog to those of patients (Delloye-Bourgeois et al, 2017). It consists in micrografting human NB 
cells or patient samples in an avian embryo, at the place where their cells of origin, the sympatho-adrenal 
NCCs, are generated. Our model allowed us to unambiguously show that aggressive NBs have a metastatic 
dissemination mode, forming primary tumors first, and secondary disseminating at multiple foci via 
peripheral nerves and dorsal aorta. 
 
To characterize the gene programs specifically active in NB cells preparing for dissemination, we conducted 
comparative transcriptomic analysis of primary tumors prior to metastatic onset and and of equivalent 
ungrafted NB cells. This revealed a unique picture of gene activities in NB cells, reflecting the impact of the 
embryonic sympatho-adrenal microenvironment. We exploited these data to uncover a pro-metastatic 
switch engaging NB cells in the primary tumor towards dissemination. This switch turned out to result from 
the decline in NB cells of a Semaphorin3C / Neuropilin / PlexinA4 NCC signaling normally dedicated to the 
regulation of collective migration and cell-cell cohesion. 
 
Future projects conducted in the team aim at exploiting our new NB model to provide an extensive and 
detailed view of the morphogenetic programs of the embryo that contribute to the NB metastatic disease, 
and the nature of dysfunctional and intact molecular signaling acting in NB cells to support their metastatic 
dissemination and selection of secondary tumor foci. Deciphering NB interplays with the embryonic 
environment in which they emerge should open new therapeutic perspectives taking into account the 
pediatric status of the disease. 
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Background: Many neuroblastoma patients succumb to multidrug resistant disease. Resistance is attributed 
to insensitivity to stress-induced apoptosis, however, its mechanisms remain obscure. Mitochondria (mito) 
provide platforms for integrating stress signals to determine cell survival or death. Mito interact with 
endoplasmic reticulum (ER) at contact sites that regulate calcium and lipid transfer to modulate apoptotic 
sensitivity. These ubiquitous ER-mito contacts are maintained by tethering complexes that include MFN2 
and PACS2. We show that disruption of ER-mito tethering in therapy sensitive neuroblastomas, as seen in 
resistant tumors, induces apoptotic insensitivity and multidrug resistance.  
 
Methods and Results: We studied neuroblastomas from diagnosis (DX) and relapse (REL) from the same 
patients treated with high-risk therapy, and neuroblastoma cell lines with in vitro induced resistance from 
the Resistant Cancer Cell Line Collection. The former show acquisition of multidrug resistance not correlated 
with P-glycoprotein (in contrast to resistance modeled through selective pressure). Further, similar gamma-
H2AX foci are induced following XRT in DX and REL cells, despite cell survival differences, implicating a 
resistance mechanism downstream of genotoxic damage. Mitochondria isolated from REL tumors resist 
apoptosis induction when directly exposed to the death effectors tBid and BimBH3 using mitochondrial 
profiling in 7 of 7 tumor pairs, providing a functional biomarker that correlates with multidrug resistance. 
No differences in mito biomass (CS activity) or mtDNA (Affymetrix Mito2.0) were seen, but electron 
microscopy imaging show ER-mito contact number and gap-distance reduced up to 70% at REL in multiple 
pairs, confirmed by IB for organelle-specific proteins. Disrupting ER-mito contacts using shRNA against 
MFN2 or PACS2, or Cyclosporine-A exposure (a cyclophilin D inhibitor that reduces tethering) attenuated 
mitochondrial responses and phenocopied resistance. Calcium transfer measured by cytosolic and mito 
calcium reporters showed no changes, and shRNA of the mito calcium uniporter MCU showed only modest 
changes, suggesting altered calcium transfer does not play a principal role. 
 
Conclusions: Our data implicate inter-organelle ER-mito contacts as physiologic regulators of apoptosis, 
which are disrupted in therapy resistant neuroblastomas, providing a novel mechanism for multidrug 
resistance. Studies to further assess calcium transfer, and to assess altered lipid transfer, as resistance 
mechanisms downstream of de-tethering are ongoing. 
 



 

105 

Molecular Profiling by Plasma Cell-Free DNA Analysis in High-Risk 
Relapsed Neuroblastoma 

Prachi Kothari1,2, Julie Yang3, Michael Berger4,5, Neerav Shukla1, Shakeel Modak1, Dana Tsui4,5 

1Department of Pediatrics, Memorial Sloan Kettering Cancer Center, New York, United States, 2Department of Pediatrics, 
Weill Cornell Medicine, New York, United States, 3Sloan Kettering Institute, New York , United States, 4Marie-Josée and 
Henry R. Kravis Center for Molecular Oncology, New York, United States, 5Department of Pathology, Memorial Sloan 
Kettering Cancer Center, New York, United States 

Background: Neuroblastoma (NB) is the most common extracranial solid tumor in children.  5-year survival 
rates for high-risk NB are < 50% despite intense multimodality treatment.  There is often a higher 
mutational burden at progression or relapse in NB tumors as a result of clonal evolution. However, 
obtaining biopsy samples at relapse is often a challenge.  Our study evaluates the feasibility of using cell-
free DNA (cfDNA) to noninvasively characterize tumor profiles at relapse. 
 
Methods: Tumor specimens (17/19 patients), plasma and matched control samples from 19 patients with 
high-risk stage 4 NB were collected during treatment. Samples were analyzed using targeted next 
generation sequencing panels covering 322 to 468 genes.  Tumor samples were collected at diagnosis, 
disease progression, or relapse. Plasma samples were collected at a time of disease progression, at a 
median of 242.5 days (range of 3-1597 days) from tumor collection. Matched control samples were used to 
filter germline variants. 
 
Results: We detected somatic mutations and copy number alterations in tumor tissues and cfDNA of 15/17 
(2 tumors unavailable) and 11/19 patients, respectively. These included recurrent NB drivers such as MYCN 
amplification, ALK and ATRX mutations.  Of 4 patients with MYCN-amplified neuroblastoma, cfDNA analysis 
revealed MYCN amplification in 3.  In 7 patients, cfDNA analysis revealed somatic variants that were not 
detected in the original tumor specimens, including potentially targetable mutations in NRAS, MLL2, CIC and 
IDH2 as well as ARID1A and ARID1B mutations that are associated with poor prognosis.  In a patient without 
available tumor for analysis, cfDNA analysis revealed two mutations, ERBB3 and CDKN2C.   
 
Conclusions: This study suggests that it is feasible to noninvasively profile the dynamic genetic 
heterogeneity of NB by plasma cfDNA analysis. Such analysis can potentially supplement tumor profiling 
especially in the relapse setting to guide treatment plans and monitor response to treatment. Our findings 
call for incorporation of cfDNA analysis in clinical trials to further evaluate its utility for clinical management 
of NB patients. 
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Background: Anti-disialoganglioside (GD2) monoclonal antibodies have been successful in the treatment of 
children with high-risk neuroblastoma by inducing tumor lysis via antibody-dependent-cellular- cytotoxicity 
(ADCC). However, survival, despite improvement with anti-GD2, continues to be poor and novel therapeutic 
strategies are needed. We describe the development of recombinant bispecific antibodies that direct 
natural killer cells to kill GD2+ neuroblastoma cells in vitro.   
 
Methods: Recombinant bispecific killer cell engager (BiKE) antibodies were constructed by linking the short 
chain variable fragments (scFv) of murine 14G2A (anti-GD2) with human NM3E2 (anti-CD16).  Mammalian 
transient production using freestyle 293 cells was carried out.  Binding specificity for GD2 and CD16 antigen 
was demonstrated with flow cytometry and enzyme linked immunosorbent assay (ELISA).  In vitro 
cytotoxicity was demonstrated using DIMSCAN assay. The BiKE at varying concentrations was co-cultured 
with GD2+ cell lines in the presence of NK cells at effector: target (E:T) ratios of 1:1 with IL-2, and cell 
viability was assessed at 2, 4, and 6 hours.   
 
Results: There was successful production of the purified BiKE with an estimated molecular weight of 57 kDa. 
The BiKE showed increased binding to GD2+ cell line CHLA255 with increasing concentrations on flow 
cytometry.  As expected, there was no binding to GD2- cell line LAN6.  On ELISA, the BiKE had a binding 
affinity (Kd) of 279.6 nM to GD2 and 996 nM to CD16.  The BiKE demonstrated statistically significant 
cytotoxicity against multiple GD2+ neuroblastoma cell lines in vitro at a concentration of 10 µg/ml at 4 
hours.   
 
Conclusions:  We have successfully produced a novel GD2 x CD16 BiKE which demonstrates binding 
specificity to both antigen targets.  It induces ADCC in vitro against GD2+ neuroblastoma cell lines in the 
presence of NK cells.  Although its binding and cytotoxicity is lower than dinutuximab, its smaller size may 
be more beneficial for tissue and CNS penetration.  We are now constructing a new variant of this BiKE 
which has a high affinity mutation to enhance its killing.   The production of these recombinant BiKE 
antibodies show promise for the development of a novel immunotherapy utilizing the innate immune 
system in treating neuroblastoma.   
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Background: Children with high risk MYCN non-amplified Neuroblastoma (NBL-NA) continue to have poor 
survival rate. Considering the very immunogenic characteristic of NBL-NA tumors, therapies that alter the 
tumor microenvironment (TME) while enhancing T-cell response are an attractive option.  In this project, we 
assessed the efficacy of immune checkpoint blockers (ICB) with and without chemotherapy in an 
immunocompetent murine model of neuroblastoma.  
 
Methods: ICB against PD-1, CTLA-4, or their combination were used in subcutaneous and orthotopic NBL-NA 
model (NBT3L cell line derived from NB-Tag mice; Hadjidaniel et. al. 2017). ICBs were tested in minimal 
residual disease (MRD) setting and immune cell responses were evaluated from blood, spleen, and draining 
lymph nodes (dLN). Survival studies were conducted in established tumor model with/without prior 
chemotherapy. 
 
Results: In MRD model where ICB treatment was started shortly after tumor cells inoculation, monotherapy 
with anti-PD-1, anti-CTLA-4, or their combination effectively prevented tumor formation and increased the 
survival compared to the isotype treated controls (86.7%, 88.9%, 80% versus 23.8%; p=0.0005). Immune 
composition of examined tissues in mice treated with anti-PD-1+CTLA-4 therapy revealed significantly 
increased CD3+ T-cells in dLNs and increase in PD-1+ and CD28+ subsets of CD4/CD8 T-cells in dLNs and 
spleen compared to all other groups. While anti-PD-1 therapy increased the number of circulating PD-1+CD4 
cells, anti-CTLA-4 significantly increased the number of CD28+CD8 cells in blood. Anti-PD-1 treatment also 
increased the number of circulating neutrophils, while anti-CTLA-4 increased the number of NK cells in LNs. 
In established tumor models, combination therapy of anti-PD1+CTLA-4 significantly delayed tumor growth 
and increased survival (p=0.04), however all mice eventually succumbed to their disease. Treatment of 
established tumors with chemotherapy (5-day Cyclophosphamide+Topotecan) prior to ICB therapy 
significantly improved survival in mice treated with anti-PD1 or anti-PD1+CTLA-4 (70% v. 25% p=0.004, and 
85% v. 25% p=0.0002 respectively). 
 
Conclusion: Our studies reveals activation of distinct subsets of immune cells in ICB treated animals with 
significant delay in tumor growth observed in animals with established tumors treated with anti-PD1+anti-
CTLA4. Long-term survival benefits in animals with established tumor were achieved with initiation of 
chemotherapy prior to ICB treatment, with anti-PD1, or anti-PD1+anti-CTLA4 providing best outcome. 
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Background: Adult-onset of neuroblastoma is rare, and little is known about its biology and clinical course. 
There is no established therapy for adult neuroblastoma. Anti-GD2 immunotherapy is now standard therapy 
in children with high-risk neuroblastoma; however, its use has not been reported in adults.  
 
Methods: After obtaining permission from the Institutional Review Board of Memorial Sloan Kettering 
Cancer Center (MSKCC), medical records of adults with neuroblastoma treated between 1979 and 2015 
were reviewed retrospectively. Progression-free (PFS) and overall survival (OS) were measured from the 
time of diagnosis. Prognostic factors were tested by log-rank test. Cox-regression was used for multivariate 
analysis. Response was assessed by International Neuroblastoma Response Criteria.  
 
Results: Forty-four patients with adult-onset (18-71 years old) neuroblastoma were identified (17 receiving 
initial treatment at MSKCC). Five, 1, 5, and 33 patients had INSS stage 1, 2, 3, and 4 diseases respectively. 
Genetic abnormalities included somatic ATRX (58%) and ALK mutations (42%) but not MYCN-amplification. 
Among 33 adults with stage 4 neuroblastoma, 7 (21%) achieved complete response (CR) after induction 
chemotherapy +/- surgery. Seven patients with primary refractory neuroblastoma (all with osteomedullary 
but no soft tissue disease) received anti-GD2 antibodies, mouse or humanized 3F8, with/without GM-CSF. 
Adverse events of immunotherapy were similar to those in children; responses were noted in 5/7 (71.4%) 
patients. In patients with stage 4 disease at diagnosis, five-year PFS was only 9.7±5.3% and most patients 
who were alive with disease at 5 years died of neuroblastoma over the next 5 years, 10-year OS being only 
19.0±8.2%. Patients who achieved CR after induction therapy (n=7) had superior PFS and OS (p=0.006, 
p=0.031 respectively). In the 11 patients with locoregional disease, 5-year PFS and OS were 70.7±14.3% and 
81.8±11.6% respectively. However, 4 patients relapsed >5 years after diagnosis, resulting in 10-year PFS and 
OS of 35.4±16.1% and 61.4±15.3% respectively. 
 
Conclusions: Adult-onset neuroblastoma appeared to have different biology from pediatric neuroblastoma. 
Adults had worse outcomes regardless of stage compared to pediatric or adolescent patients. Complete 
disease control appeared to improve long-term survival. Anti-GD2 immunotherapy was well tolerated and 
might be beneficial in adults with neuroblastoma. 
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Background: The L1 cell adhesion molecule (L1CAM) is a glycoprotein consisting of 6 Ig-like domains and 5 
fibronectin-like repeats in the ectodomain. L1CAM is overexpressed on neuroblastoma (NB) (Bosse et al., 
Cancer Cell 2017), and stimulates tumor proliferation, migration, and metastasis (Valiente et all, Cell 2014). 
Chimeric IgG1 antibody, chCE7, targeting the 6th Ig-like domain of L1CAM, had high affinity (KD = 0.63 nM) 
and when 131I-labeled, had superior sensitivity and specificity over 131I-MIBG in NB detection. However, 
chCE7 lacked ADCC activity. Bispecific antibodies (BsAbs) that engage CD3 on T cells can exploit polyclonal T 
cell-mediated tumor cytotoxicity bypassing the classic dependence on MHC.  
 
Methods: Humanized E71 (huE71)-BsAb (specific for 2nd Ig-like domain) and huE72 (the humanized version 
of CE7)-BsAb were generated using the IgG(L)-scFv BsAb platform (Xu et al, Can Immunol Res 2016), and 
their functions were compared. Binding to L1CAM and CD3 was measured by SPR and by FACS. In vitro T cell 
activation and cytokine release were assessed by FACS and by ELISA, respectively. In vitro tumor cytotoxicity 
was measured by 4-hour 51Cr release at an E:T ratio of 10:1. In vivo tumor targeting was performed by 
using 89Zr-labeled huE71 and huE72 IgG1 in xenografted nude mice. Anti-tumor effect was assessed in 
Balb/c-Rag2-/ -IL-2R-c-KO (DKO) mice xenografted with s.c. NB patient derived xenografts (PDX).  
 
Results: By SPR, huE71-BsAb retained its parental affinity, while that of huE72-BsAb decreased by 8-fold (KD 
of 5.15nM and 5.28nM, respectively). Both BsAbs induced CD25 expression on T cells as well as Th1 cytokine 
όŜΦƎΦ ¢bCʰύ ǊŜƭŜŀǎŜ ŦǊƻƳ t.a/ǎ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ Lawон b. ŎŜƭƭǎΦ .ƻǘƘ .ǎ!ōǎ ƳŜŘƛŀǘŜŘ ¢ ŎŜƭƭ ŎȅǘƻǘƻȄƛŎƛǘȅ 
on L1CAM(+) cell lines with pM EC50s. In nude mice with s.c. L1CAM(+) tumor, i.v. huE71 IgG1 showed 
higher tumor targeting efficiency than huE72 IgG1. In DKO mice with s.c. L1CAM(+) NB PDX and s.c. PBMCs, 
i.v. huE71-BsAb significantly suppressed tumor growth while huE72-BsAb had no anti-tumor effect.  
 
Conclusions: Despite near identical in vitro binding characteristics, BsAbs targeting different epitopes on the 
same target have strikingly different anti-tumor properties in vivo. HuE71-BsAb is a potential T cell engaging 
immunotherapeutic for NB.   
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Background: Aberrant status of anaplastic lymphoma kinase (ALK) and MYCN are two major causes in the 
development of aggressive neuroblastoma. Activating mutations and the overexpression of ALK often 
associated with its gene amplification have been described in both familial and sporadic neuroblastoma 
disease. Since MYCN and ALK have been important therapeutic targets in developing novel drugs against 
aggressive neuroblastoma, we are currently developing CCC-002 and CCC-003, novel MYCN- and mutant 
ALK-targeting DNA-alkylating pyrrole-imidazole (PI) polyamides, respectively.  
 
Methods: CCC-002 has been designed to bind to the minor groove of genomic DNA in the coding region of 
MYCN in a sequence-specific manner. In this study, we tested CCC-003 and CCC-002, which may 
downregulate the ALK gene through potential binding sites of CCC-002, for their anti-tumor effect in 
neuroblastoma cells with ALK amplification. 
  
Results: The IC50 of CCC-002 in ALK-amplified NB-39-nu cells was 13 nM, demonstrating potency over 
conventional ALK inhibitors, such as crizotinib and alectinib, (21 and 16 nM, respectively). In addition to the 
down-regulation of MYCN, CCC-002 treatment suppressed the phosphorylated form and total expression of 
ALK in ALK-amplified cells. We also tested CCC-003 designed for a ALK F1174L mutant and identified 
suppression of ALK expression and growth inhibition showing lower IC50 than crizotinib and alectinib in ALK 
F1174L mutated Kelly and SH-SY5Y cell lines.  
 
Conclusion: Alkylating PI polyamide conjugates can be a promising and an innovative therapeutic drug 
designed for ALK-amplified neuroblastoma.  
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Background: The CCCG-NB-2015 program is formulated by the Pediatric Oncology Committee of China Anti-
Cancer Association based on the CCCG-NB-2009 program. 
 
Objective: This study aimed to summarize the recent clinical status of the application of CCCG-NB-2015 in 
the treatment of neuroblastoma in multicenter.  
 
Methods: The clinical data of children diagnosed and treated with neuroblastoma by CCCG-NB-2015 were 
collected from January 2014 to August 2016 in our hospital.  
 
Results: A total of 128 cases were identified, with 27 patients give up treatment, ultimately, 101 cases were 
included in this study, of which only 89 cases received regular treatment. The risk group: 32 cases (31.7%) in 
low 22 cases (21.8%) in median risk group, 47 cases (46.5%) in high-risk group. Histopathological type of 
prognosis: 63 cases (62.4%) in the FH group and 38 cases (38.6%) in the UH group. Treatment: In 32 children 
of low risk group, a total of 30 cases underwent radical surgery, 2 cases of partial resection, CR or VGPR rate 
was 96.9%, survival time 11 ~ 39 months (median 24.5 months), all survived. In 22 children of median risk 
group, the CR or VGPR rate was 86.1%, 19 patients survived, 3 patients died, and the survival time was 9-51 
months (median 26 months). As for the 47 cases of high-risk group, CR or VGPR rate 85.1%, 14 cases 
accepted autologous peripheral blood stem cell transplantation (including two sequential transplants in 7 
cases), 19 cases received radiotherapy. Finally, 36 cases survived, and 14 cases relapsed, 1 case progressed, 
11 patients died, the survival time range from 8 to 46 months (median 23 months). There were significant 
differences (both P <0.001) between the median-risk group and the high-risk group; regular and irregular 
treatment group. The higher the risk, the worse the prognosis (P = 0.04).  
 
Conclusion: The results show that CCCG-NB-2015 is reasonable in the risk sub-group assignment, and risk 
ƭŜǾŜƭ ƛǎ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǿƛǘƘ ǇŀǘƛŜƴǘǎΩ ǇǊƻƎƴƻǎƛǎΦ wŜƎǳƭŀǊ ǘǊŜŀǘƳŜƴǘ Ŏŀƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇǊƻǾŜ ǘƘŜ ǎǳǊǾƛǾŀƭ ǊŀǘŜ 
of children, indicating that the current treatment plan has great potential value, which still needs to be 
further clinical validated.  
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Background: Immunotherapy using chimeric antigen receptors (CAR) and bispecific antibodies (BsAb) are 
exciting strategies to exploit T cells in cancer therapy. Despite encouraging results from clinical trials in 
hematologic malignancies, few solid tumors have shown significant response to such immunotherapy. 
Understanding the immunobiology of such clinical failures should help improve the design and 
implementation of more effective CAR and BsAb therapies. Disialoganglioside GD2 is expressed on solid 
tumors including neuroblastoma.   
 
Method: We developed a second-generation CAR containing the scFv of humanized 3F8 anti-GD2 antibody, 
the 4-1BB costimulatory domain and CD3z signaling moiety. The humanized anti-GD2×CD3 BsAb using the 
IgG-scFv platform was described previously. CART cells and BsAb-redirected T cells were compared in their 
in vitro proliferation, viability, and cytotoxicity against GD2(+) neuroblastoma cells. The anti-tumor activity 
of the two modalities against GD2(+) melanoma xenograft was evaluated in mouse. 
 
Results: In vitro, high-CAR density T cells were depleted upon exposure to GD2, anti-idiotype, or GD2(+) 
target cells while the BsAb-redirected T cells survived and proliferated. The anti-tumor activity of the 
surviving low-CAR density T cells was inferior compared to the BsAb-engaged T cells. In vivo, BsAb-engaged 
and CART cells penetrated established subcutaneously-injected tumor xenografts and provided potent anti-
tumor effect; however, the higher number of tumor-infiltrating lymphocytes (TIL) in the BsAb group 
translated to more rapid and complete tumor suppression. Furthermore, the CD4:CD8 ratio of TILs was 
substantially lower in CAR treated tumors versus BsAb groups.  
 
Conclusion: BsAb versus CAR mediated stronger in vitro and in vivo anti-tumor effect against GD2(+) targets.   
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Background: Survival for relapsed high-risk neuroblastoma (rNB) is < 5%, underscoring the critical need for 
novel therapies. rNBs have increased RAS/RAF/MAPK mutations and increased Yes-associated protein (YAP) 
transcriptional activity. YAP is a transcriptional co-activator that binds with TEA-Domain (TEAD) transcription 
factors to regulate cellular proliferation, self-renewal, and survival. We found that shRNA inhibition of YAP 
decreases NB cell proliferation and sensitizes RAS-mutated NBs to MEK inhibitors, supporting YAP as a 
tractable therapeutic target. Verteporfin (VP), a photodynamic drug used for macular degeneration, is the 
only drug found to inhibit YAP expression or YAP:TEAD binding to kill tumor-derived cells. Peptide 17 is a 
17mer YAP peptidomimetic that also disrupts YAP:TEAD interactions. We sought to determine whether 
these compounds are potent in NB via YAP direct effects.  
 
Methods: YAP expressing (NLF, SK-N-AS) or YAP null (NGP, LAN5, SK-N-AS-shYAP) human-derived NBs were 
incubated with VP, with and without direct light exposure, or with Peptide 17. CellTiter-Glo and 
Immunoblots were used to assess for cell death and YAP-downstream protein expression, respectively.   
 
Results: Without direct light exposure, VP inhibits YAP expression at nM dosing, yet no NB cell death was 
observed at equal or higher concentrations. EGFR and ERK1/2 were inhibited along with YAP, confirming 
YAP/RAS pathway co-regulation. When VP was exposed to direct incandescent light for 30 minutes, > 80% 
NB cell death occurred in all NBs tested, even those lacking YAP. Peptide 17 caused no cell death or YAP 
inhibition up to 75 uM. 
 
Conclusions: Neuroblastomas are resistant to VP at doses sufficient to inhibit YAP expression. In macular 
degeneration, light-activated VP produces reactive oxygen species, which we hypothesize is the off-target 
mechanism killing NBs independent of YAP.  Given the off-target effects and the need for light activation, VP 
is not an ideal preclinical or clinical YAP inhibitor. Accordingly, Peptide 17 has poor cell permeability and low 
TEAD affinity, leading to its lack of efficacy. Given the relevance of YAP in rNB and other cancers, we are 
chemically optimizing a YAP peptidomimetic with enhanced permeability, nuclear localization, and TEAD 
affinity to create a bonafide YAP inhibitor for preclinical and clinical application. 
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Amplification of the transcription factor N-Myc is a major driver event of neuroblastoma. Understanding the 
molecular basis of N-Myc on gene expression therefore provides in-depth insight on neuroblastoma 
tumorigenesis. Our group have reported that N-Myc interacts with TFIIIC in a cell-cycle dependent manner 
for regulating promoter escape and pause release of RNA polymerase II. Intriguingly, TFIIIC is an 
architectural protein that governs genome three-dimensional organization. Chromatin immunoprecipitation 
(ChIP)-seq experiment revealed joint-binding sites of TFIIIC and N-Myc downstream of transcription start 
site (TSS). It also demonstrated TFIIIC co-ƭƻŎŀƭƛȊŀǘƛƻƴ ǿƛǘƘ ŀǊŎƘƛǘŜŎǘǳǊŀƭ ǇǊƻǘŜƛƴǎ ŎƻƘŜǎƛƴ ŀƴŘ /¢/C ŀǘ рΩ ¢{{Σ 
posing an open question about how N-Myc/TFIIIC complex mediates spatial configuration of chromatin 
(Buechel et al., 2017). This study aims to decipher the chromatin organization landscape of MYCN-driven 
neuroblastoma. We hypothesized TFIIIC can mediate N-MYC dependent transcriptional regulation by 
altering chromatin architecture. Chromatin conformation capture-based methods were employed to 
evaluate changes in chromatin organization under cell-cycle synchronized, TFIIIC depleted and N-Myc over-
expressed conditions. Histone marks ChIP-seq that identified enhancers (H3K4me1 and H3K27ac) and 
promoters (H3K4me3) were performed for further analysis of looping between enhancer and promoter. 
Initial data from 4C experiment showed an increase in loop formation in G1-phase in which N-Myc and 
TFIIIC interaction takes place. We have also established HiChIP-protocol to directly visualize three-
dimensional interactions of N-MYC and TFIIIC. This study will highlight the role of TFIIIC in assisting N-Myc 
transcriptional regulation via chromatin interaction, contributing to more profound understanding of the 
neuroblastoma pathogenesis. 
 
Reference: Buechel, G., Carstensen, A., Mak, K. Y., Roeschert, I., Leen, E., Sumara, O., Hofstetter, J., Herold, 
S., Kalb, J., Baluapuri, A., et al. (2017). Association with Aurora-A Controls N-MYC-Dependent Promoter 
Escape and Pause Release of RNA Polymerase II during the Cell Cycle. Cell reports 21, 3483-3497. 
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Amplification of MYCN proto-oncogene occurs commonly in high-risk neuroblastoma and marks a 
particularly aggressive and high-risk form of the disease. Recent advances in therapy for neuroblastoma 
have been mostly through toxic escalations in conventional cytotoxic chemotherapy and radiation. Most 
high-risk neuroblastoma patients will relapse with highly refractory disease. Therefore, new therapies for 
neuroblastoma are focused on more targeted approaches, many of which involve MYCN regulation. Small 
molecule inhibitors of phosphoinositide 3-kinase (PI3K) and histone deacetylase (HDAC), which regulates 
MYCN expression, have shown some pre-clinical efficacy in neuroblastoma and several of these are in 
clinical trials as mono-therapy in children with neuroblastoma. However, resistance to targeted mono-
therapies is common in cancers. One means of bypassing resistance is to target two or more pathways 
simultaneously through combinations of novel drugs. We hypothesize that inhibitors of MYCN and 
associated pathways each block distinct aspects of MYCN biology, and when used in combination, will both 
enhance efficacy and block emergent resistance.  
 
For the first time, we show dual PI3K/HDAC inhibitor CUDC-907 is able to reduce neuroblastoma cell growth 
and is more effective against MYCN amplified cell lines. CUDC-907 suppresses MYCN transcriptional 
expression by regulating acetylated histone H3 and degrades MYCN protein by regulating the 
ǇƘƻǎǇƘƻǊȅƭŀǘƛƻƴ ƻŦ D{YоʲΦ /¦5/-907 is highly effective as a monotherapy, but like most monotherapy 
approaches, was not curative in our preclinical models. We hypothesized that resistance might be through 
PI3K/HDAC modulation of apoptotic pathways. Using protein array assays, we determined that several 
apoptotic pathways are altered, potentially priming neuroblastoma cells for blockade of apoptotic 
pathways. We screened targeted drug combinations with mechanistically distinct activities for efficacy 
against neuroblastoma and MYCN protein using cell-based assays. We identified synergy between CUDC-
907 and the BCL-2 inhibitor venetoclax (ABT-199). Combination treatment with CUDC-907 and venetoclax 
were able to significantly decrease neuroblastoma cell growth by preventing cells from entering S-phase 
during mitosis and thus inducing cell cycle arrest. Combination treatment also induces cytochrome c release 
and activation of caspase-3 leading to apoptosis. 
 
Our research provides strong evidence demonstrating the efficacy of CUDC-907 and venetoclax as novel 
targeted therapy for the treatment of neuroblastoma.   
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Background: Anti-GD2 antibodies mouse 3F8 and hu3F8 have proven survival benefit in patients with high 
risk stage 4 neuroblastoma (HR-NB). Both antibodies induced de novo anti-GD2 antibody response. A Phase 
I vaccine trial utilizing GD2-keyhole limpet hemocyanin (KLH)/GD3-KLH in 15 patients found no dose-limiting 
toxicities (Kushner et al., CCR 2014).   
 
Methods: In this Phase II trial, 7 doses of 60ug of GD2-KLH/GD3-KLH conjugate vaccine mixed with 150ug of 
adjuvant OPT821 were administered subcutaneously in outpatient setting over one year in 84 patients with 
HR-b. ƛƴ җнƴŘ ǊŜƳƛǎǎƛƻƴΤ ƻǊŀƭ ȅŜŀǎǘ ōŜǘŀ-glucan at 40mg/kg/day x 2 weeks q month x 10 months was 
included to enhance antibody mediated cytotoxicity. Progression-free survival (PFS) and overall survival (OS) 
were estimated by Kaplan Meier analyses. 
 
Results: All 84 patients had prior relapse, 57 treated in 2nd remission, 18 in 3rd remission, and the rest in 
4th to 7th remission. All had prior exposure to either mouse 3F8 (63%), and/or hu3F8 (57%), and/or 
dinutuximab (46%). Median follow-up was 16 months; PFS was 51%±7% and OS were 90%±5% at 2 years 
ǿƛǘƘ ƴƻ җƎǊŀŘŜ о ǘƻȄƛŎƛǘƛŜǎΦ {ŜǊǳƳ ŀƴǘƛ-GD2 and anti-GD3 IgG1 antibodies were measured using ELISA at 
serial time points, integrated, and expressed as area-under-the-curve per month. Anti-GD2 titer was 
positive pre-vaccine in 14% of patients (median=39ng/ml), and positive post-vaccine in 78% (median=134 
ng/mL/month). Developing anti-GD2 antibody titer did not result in any patient having pain or neuropathy. 
There was no correlation between pre-vaccine and post-vaccine titer. Anti-GD2 antibody titer 
>134ng/ml/month was prognostic for improved PFS and OS (p=0.033 and 0.025, respectively). In contrast, 
developing anti-GD3 response had no prognostic significance for survival. There was no impact on patient 
outcome based on age at diagnosis, time from diagnosis, MYCN amplification, number of prior relapses, pre-
vaccine anti-GD2 antibody therapy, as well as pre-vaccine anti-GD2 serum titer. 
    
Conclusion: These results confirmed the safety of GD2-KLH/GD3-KLH vaccine and the potential influence of 
anti-GD2 but not anti-GD3 seroconversion on PFS and OS. If the 90% OS is confirmed in a phase III 
randomized trial, GD2 vaccine could provide a viable option to improve the outlook for patients with 
relapsed HR-NB. 
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Background: Children diagnosed with high-risk neuroblastoma face considerable clinical challenges. Despite 
aggressive multimodal therapy, nearly half of all patients have treatment-refractory or recurrent disease, 
ultimately dying of the cancers. Novel therapeutics have been developed to target biological pathways in 
neuroblastoma, including the BRD4 inhibitor, IBET-151, and the aurora kinase A (AURKA) inhibitor, 
MLN8237. Both drugs were tolerated in clinical trials but lack efficacy alone. Our in vitro studies show that, 
when used together, the drugs synergistically inhibit cell growth and viability of neuroblastoma cell lines.   
 
Hypothesis: We hypothesized that IBET-151 and MLN8237 act synergistically against neuroblastoma by 
targeting common pathways, including MYC/MYCN, through different mechanisms. 
 
Aims: We tested this hypothesis through two specific aims: 1) validation of the synergistic effects of the 
drug combination against neuroblastoma tumor xenografts in immunodeficient mice and 2) confirmation of 
the pharmacodynamic effects of dual drug treatment on common biological targets through RNA and 
protein analysis. 
 
Results: Dual drug use significantly slowed xenograft growth in all models tested as compared to control 
(p<0.03). The combination of IBET-151 and MLN8237 significantly extended survival as compared to either 
drug alone against tumor xenografts derived from two MYCN-nonamplified neuroblastoma cell lines, SK-N-
AS and SK-N-SH (p<0.025). The two drugs were superior to IBET-151 alone against tumor xenografts of the 
MYCN-amplified NB1643 cell line, and the two drugs were more effective in maintaining tumor suppression 
after drug washout than MLN8237 (p<0.05). MLN8237 use was associated with increased target gene 
expression, but concomitant use of IBET-151 repressed that increase. The use of both drugs was more 
effective than either drug alone at repressing protein expression downstream targets, including MYC, 
MYCN, MCL1, CDK4, and CDK6, as evaluated by western blot. 
 
Conclusion: Combined BRD4 and AURKA inhibition is effective against neuroblastoma. Assessment of the 
drug combination with synergistic chemotherapy is ongoing. These data provide support for advancing the 
drug combination towards clinical trial alone or in combination with chemotherapy as a novel approach 
against neuroblastoma.  
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Background: LIN28B is an RNA binding protein that plays key roles in normal development; mechanistically, 
it blocks the processing of the let-7 family of tumor suppressors and binds mRNAs directly. When 
deregulated, LIN28B promotes tumorigenesis across diverse histotypes. We previously demonstrated that 
LIN28B induces neuroblastoma proliferation, in part by regulating the expression of RAN GTPase and Aurora 
kinase A. However, in addition to increased proliferation, high-risk neuroblastoma exhibits a striking 
proclivity for widespread metastases. Although LIN28B has been shown to influence metastatic 
dissemination in colon and esophageal cancer, adult and pediatric cancers differ significantly with respect to 
mutational burden and outcomes, among other factors. Thus, in the present study, we investigated how 
LIN28B influences neuroblastoma metastasis.  
 
Methods: We used gain and loss of function approaches to genetically manipulate transcripts of interest in 
neuroblastoma cells, and then measured effects on self-renewal, proliferation, invasion, and downstream 
signaling.  To examine the impact of LIN28B on dissemination, we generated GFP-luciferase expressing 
neuroblastoma cell line models in which LIN28B levels were manipulated, injected these lines into the tail 
veins of NSG mice, and tracked dissemination using an IVIS Spectrum system. 
 
Results: Depletion of LIN28B significantly delayed the onset of tumor metastasis, reduced tumor burden, 
and extended mouse survival (103 days versus 50 days, p<0.0001) compared with control cells expressing 
scrambled shRNA. Moreover, although LIN28B did not impact anoikis resistance, it did increase both 
tumorsphere number and size, linking self-renewal to metastatic dissemination. Overexpression of let-7 
only partly mimicked LIN28B depletion, suggesting that the promotion of metastasis by LIN28B is not fully 
let-7 dependent. Interestingly, Gene Set Enrichment analysis showed that LIN28B signaling was most 
strongly and positively correlated with BRCA1 signaling (ranked 1/231 gene sets tested), in both MYCN and 
non-MYCN amplified tumors.  
 
Conclusions: LIN28B promotes self-renewal and metastasis of neuroblastoma. Current investigations are 
further delineating the effects of LIN28B/let-7 signaling on migration and invasion and studying whether 
LIN28B directly promotes enhanced BRCA1 signaling/DNA damage repair to increase metastatic fitness in 
neuroblastoma cells. 
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Aim: The purpose of this study is to evaluate and apply a drug delivery system(DDS) for controlled release of 
anticancer drugs. The material similar to this DDS, called ReBOSSIS is used in the healthcare setting and has 
already got the authorization from FDA as a material for osteoplasty. We investigated the efficacy of the 
newly-developed DDS on neuroblastoma. 
 
Methods: We prepared the cotton wool-like poly(DL-lactide-co-glycolide) (PLGA) as a DDS using the 
electrospinning method, a fiber production method which uses electric force to draw charged threads. To 
assess the DDS, we used an animal model of neuroblastoma, Th-MYCN mice. In the model, neuroblastoma 
develops in homozygous mice at two weeks of age and the mice die at around seven or eight weeks of age. 
Carboplatin conjugated with a copolymer(poly(DL-lactide-co-glycolide); 30 times quantity (equaled 450 mg 
carboplatin/body) was placed in the abdominal cavity of the four-week-old homozygous mice. At the same 
time, we also treated the mice with DDS without carboplatin as a control. 
 
Results: Th-MYCN homozygous mice died of tumor around eight weeks of age in our observation this time 
(n=11). The mice which received carboplatin (quantity of LD50) without the copolymer died of serious side 
effect in a few days (n=3). On the other hand, mice which received carboplatin with the copolymer (30 times 
quantity) survived until more than ten weeks of age without any side effects (n=11). We did not observe 
remaining tumor cells confirmed by histological assessment. But some mice which received carboplatin with 
copolymer (60 times quantity (equaled 900 mg carboplatin/body)) died of side effect (n=5). The DDS which 
did not contain carboplatin died within eight weeks of age (n=7). 
 
Conclusions: Our DDS using electrospinning for carboplatin efficiently suppressed in situ tumor growth 
without any serious side effects of the anticancer drug. This DDS may be useful for cancer treatment 
including neuroblastoma. 
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Introduction: Paediatric solid tumours are often difficult to biopsy because of the location or clinical 
condition of the patient. Furthermore, surgical biopsies are invasive causing anxiety and discomfort to the 
patients. Although al lot can be learned from imaging studies, obtaining diagnostic certainty is rarely 
possible. An affordable, fast and non-invasive test to establish the pathological diagnosis of a paediatric 
patient with a solid tumour will greatly improve the diagnostic process. 
 
Methodology: As a proof-of-concept, whole genome bisulfite sequencing (WGBS) was performed on 10 ng 
of cell-free circulating serum DNA from serum of two patients with neuroblastoma (MYCN amplified and 
MYCN non-amplified) at 10-fold coverage. A workflow was developed to integrate the methylation calls 
from our cell-free WGBS data (after mapping with Bismark) with the public tissue data from Illumina 
Infinium 450K microarray output, available in the TARGET database. 
 
Results: Unsupervised hierarchical clustering allowed to distinguish four paediatric tumours (osteosarcoma, 
Wilms tumour, neuroblastoma and clear cell sarcoma of the kidney, total n = 463) based on the epigenetic 
profile. In addition, a support vector machine (SVM) was able to classify the four tumour types to their 
corresponding group with an accuracy and recall of 98% using cross-validation. The two methylation profiles 
of our two neuroblastoma cfDNA samples correctly clustered together within the neuroblastoma group and 
the SVM classifier predicted both cases to be neuroblastoma. Interestingly, also MYCN status and copy 
number profile analysis could be performed on the cfDNA WGBS data and showed a good concordance with 
the arrayCGH profile. 
 
Conclusion: The methylome of cfDNA yields potential for the tissue-of-origin assessment in the diagnostic 
work-up of paediatric solid tumours. In future experiments, tumour types in which the differential diagnosis 
is more challenging (e.g. brain tumours) will be included. Our workflow is currently limited by the extremely 
high cost of WGBS. Overcoming the cost of WGBS is necessary for the implementation in routine 
diagnostics. This will require the development of more cost-effective methylation-sensitive sequencing 
technologies, which is a currently ongoing development in several laboratories.  
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Neuroblastoma is a heterogeneous embryonic malignancy originating from neural crest cells. The low 
frequency of genomic mutations has made genomic characterization of neuroblastoma less success as that 
in adult tumors. Only few genes have actually been shown to drive the disease at the molecular level. To 
identify new signatures either for individualized diagnosis or therapeutic intervention, we performed 
quantitative proteome profiling of 95 neuroblastoma tissue samples and 5 cell lines using chemical labeling-
based quantitative mass spectrometry. Primary data analysis showed that approximately 7000 proteins 
were identified from each sample and around 4000 proteins were identified and quantified across all the 
samples. Statistical analysis highlighted the significantly expressed proteins inter the samples. Supervised 
analysis of the neuroblastoma (NB) ganglioneuroblastoma (GNB) and ganglioneuroma (GN) revealed 
different signaling pathways overrepresented in three sample groups. Particularly, the cancer relevant 
signaling pathway, i.e. Splicesome, DNA replication, Mismatch repair, were significantly enriched in NB 
group but not GNB and GN group. Unsupervised analysis could clearly separate the samples into four 
subgroups either using the proteins with top standard deviations (SD) or proteins with top significant p 
values. Interestingly tow of the subgroups were clearly correlated to the clinical parameters, such as 2-year 
overall survival rates, age at diagnosis and so on. Supervised cluster analysis of the samples with or without 
chemotherapy highlighted several chemotherapy related proteins, including the known drug resistant 
relevant proteins, i.e. TOP2A, also some unknown but potentially drug sensitivity correlated proteins, such 
as MCM2, CTCF and so on. In conclusion, the straightforward proteome analysis provided an alternative 
strategy for molecular characterization of neuroblastoma and the primary findings highlighted the potential 
of developing new diagnostic and therapeutic options for neuroblastoma patients.  
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Question: We recently introduced the carbohydrate-binding protein Galectin-1 (Gal-1) as a novel 
tolerogeneic molecule in neuroblastoma (NB). NB-secreted Gal-1 suppressed the maturation of dendritic 
cells (DC) and inhibited T cell function. However, the mechanisms underlying Gal-1 suppressive capacities on 
effector cell compartments and the importance of tumor vs host Gal-1 in NB progression are unexplored. To 
address these issues, we first needed to move to an immunocmpetent orthotopic mouse model in C57/Bl6J 
background to be able to employ transgenic mice.  
 
Methods: C57Bl/6J-derived orthotopic growing NB cells (named NB975A) were used for all culture as well in 
vivo experiments Gal-1 knock-down clones (GL) were generated by stable transfection of wt NB975A cells 
(NBA) with the antisense Gal-1 expression vector (NBA-GL), (kindly provided by Dr. Rabinovich). Blasticidine 
ǊŜǎƛǎǘŀƴǘ όр ˃ƎκƳƭύ ǘǊŀƴǎfectants were cloned by limited dilution. Protein expression of Gal-1 was 
determined by Western blot. Orthotopic NB tumors were generated in C57Bl/6J wild type and Gal-1-knock-
out (Lgals-/ -) female mice by subcapsular tumor cell injection of NBA-GL or wild ǘȅǇŜ b.! όмȄмлыΣ млл ҡƭ 
PBS) into the left kidney. Primary tumor growth was analyzed by using high frequency ultrasound 
measurement. Mice were sacrificed 23 days after tumor inoculation and tumor tissue was harvested for 
further analysis. 
 
Results: NBA-GL showed 50% reduced protein expression of Gal-1 compared to control wild type NBA cells. 
In vitro viability and proliferation of the tumor cells was not affected by the transfection. Mice inoculated 
with NBA-GL cells had significantly smaller primary tumors at all when compared with control animals that 
received the NBA cells. Comparing Gal-1-deficient mice as hosts for NB cells where Gal-1 levels were 
preserved, we found that only tumor but not host Gal-1 was critical for promoting tumor growth. 
 
Conclusion: Our data support the important role of tumor Gal-1 as tumor-promoting protein in a novel 
immunocompetent orthotopic NB mouse model.  
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hōƧŜŎǘƛǾŜΥ ¢ƘŜ WŀǇŀƴ /ƘƛƭŘǊŜƴΩǎ /ŀƴŎŜǊ DǊƻǳǇ όW//Dύ bŜǳǊƻōƭŀǎǘƻƳŀ /ƻƳƳƛǘǘŜŜ όWb.{Dύ ŎƻƴŘǳŎǘŜŘ ǘƘŜ Wb-
L-10 for low-risk patients to minimize treatment complications using Image-defined Risk Factors (IDRFs) as 
the main factor for determining treatment. In this study, we analyzed the IDRF results in JN-L-10 to clarify 
the usefulness of IDRFs in low-risk neuroblastoma patients. 
 
Patients and Methods: Sixty patients were enrolled in JN-L-10, and the IDRF results were available in 58. 
IDRFs were evaluated at the diagnosis and after every three courses of chemotherapy. Three low-dose 
chemotherapy protocols were included in this study: LI-A (VCR/CPA), LI-B (VCR/CPA/THP-ADR), and LI-C 
(VCR/CPA/CBDCA). We analyzed the relationship between surgical complications and IDRFs as well as the 
changes in IDRFs after chemotherapy. 
 
Results: All 26 patients who had IDRFs at the onset of disease underwent chemotherapy. All IDRFs 
disappeared in 3 of these 26 patients after 3, 5 and 6 courses of chemotherapy. Two of the 3 patients 
underwent surgery. IDRFs remained after chemotherapy in the other 23 patients. Three patients underwent 
surgery, and 20 patients did not undergo any surgery after chemotherapy. Twenty-eight of 32 patients with 
no IDRFs at the onset of disease underwent surgery. One patient did not undergo any treatment. Three 
patients underwent chemotherapy only. Overall, 34 patients underwent surgery rather than a biopsy. IDRFs 
were present in four patients at the time of surgery. In these four patients, surgery was performed after six 
courses of chemotherapy in two patients and after nine courses of chemotherapy in the other two patients. 
Major surgical complications were noted in 5 of 58 (8.6%) patients, including pleural effusion in one patient, 
renal atrophy in one patient, vascular injury in three patients and intraoperative hemorrhaging (class 3, 4) in 
two patients. Of these, only one patient had IDRFs at the time of surgery.  
 
Conclusions: IDRFs were present in 44.8% of low-risk NB patients at the diagnosis. Of these, all IDRFs 
disappeared in only 3 (11.5%) patients after chemotherapy. Major surgical complications were observed in 
8.6% of the patients. 
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Background: Potassium channels (denoted by KCNx e.g. KCNQ2) are a diverse family of ion channels which 
are ubiquitously expressed in normal and malignant cells. They have been implicated in a number of 
oncogenic processes including cell proliferation, apoptosis, and angiogenesis. Resultantly, modulation of 
potassium channel activity has been proposed as a therapeutic target in cancer. The biological role of 
potassium channels in neuroblastoma is currently unclear. We sought to examine the expression of selected 
potassium channels in neuroblastoma cell lines and assess the effect of specific channel modulation on cell 
viability, proliferation and differentiation. 
 
Methods: Potassium channel expression was investigated by quantitative PCR and Western Blotting in two 
human neuroblastoma cell lines representative of high risk disease, SK-N-BE(2)-C (MYCN amplified) and SK-
N-AS (11q deletion). SK-N-BE(2)-C and SK-N-AS cells were treated with different concentrations of a KCNQ2 
channel inhibitor (XE991) and activator (ML213) and tested for cell viability (MTT assay), proliferation (Ki67 
fluorescence assay) and differentiation (fluorescence microscopy). Fluorescence activated cell sorting (FACS) 
was used to determine the effect of KCNQ2 modulation on mitotic progression.  
 
Results: The expression of KCNQ2, KCNB1 and KCNG1 was 101.51 ± 17.52 (p<0.001), 71.91 ± 46.85 (p<0.01) 
and 5.31 ± 2.41 (p<0.05) fold greater in SK-N-BE(2)-C relative to SK-N-AS. The KCNQ2 channel was selected 
for further investigation. A reduction in the number of viable cells after treatment with XE991 was observed 
in both SK-N-BE(2)-C (10.10 ± 1.49%, p>0.05) and SK-N-AS (11.97 ± 1.06%, p>0.05). Treatment of SK-N-BE(2)-
/ ŎŜƭƭǎ ǿƛǘƘ м ˃a ŀƴŘ мл ˃a ·9ффм ŎŀǳǎŜŘ ŀ моΦоо ҕ оΦфп҈ όǇҔлΦлрύ ŀƴŘ онΦур ҕ рΦут҈ (p<0.05) reduction 
in SK-N-BE(2)-C cell proliferation. XE991 was found to induce morphological changes, akin to neuronal 
differentiation, in SK-N-BE(2)C cells. Treating SK-N-BE(2)-C cells with XE991 had no effect on mitotic 
progression.  
 
Conclusion: We have demonstrated differential expression of potassium channels between two 
heterogeneous neuroblastoma cell lines. Our findings suggest inhibition of KCNQ2 activity influences 
neuroblastoma cell viability, proliferation and differentiation. Variations in potassium channel expression 
may contribute to the biological heterogeneity observed in neuroblastoma cell lines and primary tumours. 
Potassium channels may be an interesting novel therapeutic target in neuroblastoma.  
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Neuroblastoma (NBL) is one of the most common cause of death in pediatric oncology patients. In stage 3 
NBL without MYCN amplification, although prognosis is better than in stage 4 or in MYCN amplified tumors, 
still about 30% of patients die of disease. 
 
From 2001, 33 patients with stage 3, MYCN non-amplified NBL were treated in single pediatric oncology and 
hematology center. Tumor tissue was stored either embedded in parafine (FFPE) other/and as deep-frozen 
tumors. In the pilot study, we evaluated the comparative genomic hybridization (CGH) results in 7 patients, 
whose tumors were available both as frozen tissue and FFPE. 
 
¢ƘŜ ǇŀǘƛŜƴǘΩǎ 5b! ǿŀǎ ŜȄǘǊŀŎǘŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŦǊƻƳ ŘŜŜǇ ŦǊƻȊŜƴ ǘǳƳƻǊǎ ǘƛǎsues and FFPE samples using 
aŀƎ/ƻǊŜϯ !ǳǘƻƳŀǘŜŘ bǳŎƭŜƛŎ !ŎƛŘ 9ȄǘǊŀŎǘƻǊΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǘƻŎƻƭ όw./ .ƛƻǎŎƛŜƴŎŜΣ 
New Taipei City, Taiwan). It was used 350 ng of genome DNA for further analysis. The Agilent SurePrint G3 
CGH ISCA v2 Microarray Kit 8x60K array platform was used for genome evaluation, according to the 
ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎ ǿƛǘƘ ŜƴȊȅƳŀǘƛŎ ŘƛƎŜǎǘƛƻƴ ό!ƎƛƭŜƴǘ ¢ŜŎƘƴƻƭƻƎƛŜǎΣ {ŀƴǘŀ /ƭŀǊŀΣ /!ύΦ ¢ƘŜ ǊŜǎƻƭǳǘƛƻƴ 
for aCGH evaluation was established on 150 kb. Frozen and FFPE aCGH profiles were matched for each 
patient to confirm and validate results.  
 
In 4/7 (57%) patients the results of CGH obtained from frozen tumors and FFPE samples were identical (in 3 
cases numerical aberrations only). Quality of DNA was better in frozen tumors. Due to the poor quality of 
DNA, in 1 patient analysis of FFPE was not possible and in the other one we found lower number but 
concordant aberration in FFPE. In 1 patient, we found segmental and numerical aberrations in the FFPE 
which were not found in deep frozen tumor, but it was the only patient with analyzed material taken in 
different time points. This case will be further analyzed. 
 
The study will be continued with evaluation of both type of samples, with fresh tumor as reference, to 
correlate results with the clinical course of disease. DNA obtained from the both type of material can be 
used for analysis, although the quality of DNA from frozen tumor is better. 
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Ototoxicity is a common late side effect of cisplatin therapy, which is one of the main drugs used in 
neuroblastoma therapy. As most of the neuroblastoma patients are young children, during the process of 
speech development, it may be a severe problem in communication and learning. Moreover, in the 
ototoxicity typical for cisplatin is observed in frequencies typical for many sounds used in Polish language. 
We evaluated ototoxicity in 24 patients after the end of high risk neuroblastoma treatment in 2015-2017. 
There were 14 girls and 10 boys, age 1,5 ς 8 years (mean 3,8 years). All children had hearing evaluation 
done by tympanometry and distortion-product otoacoustic emission test (DPOAE). At the same time 
children had speech evaluation performed by the psychologist and the logopedists with the employment of 
objective tests adjusted to the age of the patients. The parents of patients were also asked about their 
subjective feelings of hear impairment and speech development in their children. 
 
We found hear impairment in 10 among 24 evaluated patients, grade 1-3 according to Brock scale. In 25% of 
evaluated children the results of verbal tests evaluated by psychologists were below average. The results 
were not correlated with the degree of hearing impairment. In articulation tests done by logopedists in 
37,7% of patients the results were below average and only in 18% - above average. Only patients in whom 
standardized tests could be used are evaluated. 
 
The observed disturbances in both tests in the speech development were not clearly correlated with 
ototoxicity. Moreover, parents did not observe neither problems with hearing nor with speech in children 
with objective hear impairment. 
 
Ototoxicity was observed in 42% of patients at the end of therapy and probably the incidence will grow with 
time. At the early stages, it is not necessarily correlated with speech impairment, although increased 
frequency of lateral lisping at sibilitanst (typical in Polish, high frequency sounds) was observed. As usually 
ototoxicity is not noticed by parents, especially in lower stages, these patients must be carefully followed. 
Early support of psychologist and logopedist may influence development and learning abilities, especially in 
younger children.  
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Background: We recently identified Galectin-1 (Gal-мύΣ ŀ ʲ-galactoside-binding lectin, as a novel immune 
regulator in neuroblastoma (NB) capable of impairing T cell and dendritic cell function and blunting host 
immune responses. Here, we evaluated the impact of Gal-1 expression by primary NB tumors on the 
function of CD8+ T cells. Secondly, we generated minigene DNA vaccines encoding Gal-1 with the ultimate 
goal of breaking immune tolerance and inducing immune response against NB.  
 
Methods: A/J mice were challenged with lethal doses of NXS-н b. ŎŜƭƭǎ όн Ȅ млы ǎΦŎΦύΦ 5ŜǇƭŜǘƛƻƴ ƻŦ /5уҌ ¢ 
cells was performed by i. p. injections with anti-CD8 antibodies. Vaccination was performed in a 
prophylactic setting by oral gavage of attenuated SL7207 (AroA-Σ млэ ǇŜǊ ƳƻǳǎŜύ ŎŀǊǊȅƛƴƎ ƳƛƴƛƎŜƴŜ ƻǊ Ǉ¦ 
control plasmids. The minigenes encode for Gal-1-derived peptides with superior MHC class I binding 
affinities.  
 
Results: We were able to abrogate the reduced primary tumor growth by serial injections of anti-CD8 mAb. 
Next, we carried out epitope screening with online syfpeithi database and computer docking experiments. 
άC5v!5[¢Lέ όC5vύΣ άD5CYLY/±έ όD5Cύ ŀƴŘ ά!ID5!b¢Lέ ό!IDύ ǿŜǊŜ ǇǊŜŘƛŎǘŜŘ ǿƛǘƘ ǎǳǇŜǊƛƻǊ Iн-Kk and 
άYCtbw[baέ όYCtύΣ ά5D5CYLY/±έ ό5D5ύ ŀƴŘ ά[DY5{bb[έ ό[GK) with superior H2-Dd binding affinities. 
Minigenes encoding for FDQ-GDF-AHG (G1-KK), KFP-DGD-LGK (G1-DD) or a triplet of highest affinity G1-
epitopes FDQ-GDF-KFP (G1-H) were generated by overlapping PCR and cloned into a ubiquitin containing 
plasmid (pU). Mice receiving the pUG1-KK or pUG-1H presented up to 80% reduction in s.c. tumor volume 
and weight in contrast to control and were associated with increased cytotoxicity of isolated splenocytes. 
Vaccination with pUG1-DD plasmid showed less suppressive capabilities on primary tumor progression. 
 
Conclusion: Gal-1 expression by NB negatively regulates CD8+ T cells. Vaccination with Gal-1-encoding DNA 
plasmids may be effective against NB. 
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Neuroblastoma is the most common extracranial childhood tumor of the sympathetic nervous system. 
Some genetic alterations have been shown to be prognostic of high-risk clinical courses, such as the 
amplification of V-myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN), 
which was found in approximately 20% of neuroblastomas. The patients with advanced neuroblastoma are 
still hard to cure, and 5-year survival could only be improved to 50% under the current therapeutic regimen. 
Here, through a gene expression-based integrative analysis, we uncovered several genes including 
phosphoglycerate dehydrogenase (PHGDH) associated with the aggressive biology by MYCN amplification in 
high-risk neuroblastoma. PHGDH is the first enzyme in serine biosynthesis and also essential in downstream 
glycine synthesis. Recently, a large body of work has demonstrated that reprogramming metabolism in 
cancer is a promising therapeutic strategy. In the study, silencing PHGDH reduces the MYCN-amplified 
neuroblastoma cell survival and tumor formation. Additionally, using a myriad of perturbation profiles 
across multiple cell lines from Library of Integrated Network-based Cellular Signatures (LINCS), we inferred 
ǊŜŎǳǊǊŜƴǘ ΨǇŜǊǘǳǊōŀǘƛƻƴҍŀŦŦŜŎǘŜŘ ƎŜƴŜΩ ǊŜƭŀǘƛƻƴǎƘƛǇǎΦ ²Ŝ ǇǊƻǇƻǎŜŘ ŀƴ ŜȄǇǊŜǎǎƛƻƴ-based therapeutic 
ŘƛǎŎƻǾŜǊȅ ǎǘǊŀǘŜƎȅ ōȅ ǎŜŀǊŎƘƛƴƎ ŦƻǊ ŘǊǳƎǎ ǘƘŀǘ Ŏŀƴ ŀŎƘƛŜǾŜ ǘƘŜ ΨǊŜǾŜǊǎŀƭΩ ŜŦŦŜŎǘ Ǝiven a disease profile. 
Interesting, homoharringtonine (HHT) is screened out as one of the potential new PHGDH inhibitors and 
reduces PHGDH mRNA but not protein expression level. Isothermal titration calorimetry (ITC) displayed HHT 
inhibited PHGDH enzyme activity via competing with its substrate NAD+. We confirmed HHT cytotoxicity at 
a nanomolar concentration in MYCN-amplified neuroblastoma cell lines. To test the therapeutic efficacy in 
vivo, we used the xenograft mouse model via subcutaneous injection of the MYCN-amplified neuroblastoma 
cell line SK-N-BE (2)C. Consistently, we found that HHT significantly reduced tumor volume and increased 
survival in this neuroblastoma mouse model but has no significant changes in weights of total body and the 
organs including liver, spleen, and kidney as well as no observable toxicity to these organs. Metabolite 
profiling reveals that HHT causes a reduction in serine/glycine biosynthesis but a promotion in tricarboxylic 
acid (TCA) cycle. These findings suggest that reprogramming serine/glycine metabolism by a new PHGDH 
inhibitor HHT is a powerful therapeutic strategy for high-risk neuroblastoma. 
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Background: Induction chemotherapy is important in the management of patients with high-risk 
neuroblastoma. Predictors of response to Induction therapy itself are largely lacking. We sought to describe 
clinical and biological features associated with differential response to Induction.  
  
Patients and Methods: Patients from the following COG high-risk trials with at least one disease evaluation 
during Induction were included: A3973; ANBL02P1; ANBL0532; and ANBL12P1. Response at end-Induction 
was evaluated by the 1993 International Neuroblastoma Response Criteria. The primary endpoint was 
partial response (PR) or better. Secondary analyses evaluated complete response (CR) and progressive 
disease (PD). A series of univariate analyses (Fisher's exact or chi-squared tests) were performed to compare 
response as a function of clinical or biologic predictor variables. For each predictor variable, the Holm-
.ƻƴŦŜǊǊƻƴƛ ƳŜǘƘƻŘ ǿŀǎ ǳǎŜŘ ǘƻ ŎƻǊǊŜŎǘ ŦƻǊ ƳǳƭǘƛǇƭŜ ǘŜǎǘƛƴƎΣ ǳǎƛƴƎ ŀƴ ƻǾŜǊŀƭƭ ʰҐлΦлрΦ ! ƳǳƭǘƛǾŀǊƛŀǘŜ ƭƻƎƛǎǘƛŎ 
regression model using significant predictors from univariate analyses was constructed to model PR or 
better.   
  
Results: The analytic cohort included 1,242 patients (79.8% with PR or better; 20.8% with CR; 9.1% with PD).  
Baseline factors significantly associated with a PR or better included age <18 months (87.4% with PR or 
better vs. 78.7% if older; p=0.0103), age <5 years (82.0% vs. 70.6% if older; p<0.0001), INSS <Stage 4 (89.0% 
vs. 78.4% if Stage 4; p=0.0016), MYCN amplification (85.5% vs. 77.1% if non-amplified; p=0.0006), 1p loss of 
heterozygosity (LOH; 85.6% vs. 76.0% if no LOH; p=0.0085), no 11q LOH (84.8% vs. 70.9% if 11q LOH; 
p=0.0004), and high mitosis-karyorrhexis index (MKI); 84.5% vs. 77.5% if low-intermediate MKI; p=0.0098).  
Factors significantly associated with CR included INSS <Stage 4 (p<0.0001), MYCN amplification (p<0.0001), 
no 11q LOH (p=0.0196), high MKI (p=0.0066), and MIBG non-avid tumor (p<0.0001). The only baseline factor 
significantly associated with PD was 11q LOH (p=0.0491). On multivariate analysis (n=407), the absence of 
11q LOH was the only factor that remained significantly associated with PR or better (odds ratio: 1.962 
compared to 11q LOH; 95% confidence interval 1.104-3.487; p=0.0216). 
  
Conclusions: Clinical and biological factors are associated with differential response to Induction 
chemotherapy. These findings may further improve our ability to predict treatment response.  
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Background: Separase, a chromosomal cohesion-resolving enzyme during cell division, is an oncogene 
overexpressed in multiple tumors, including neuroblastoma. Over 80% of neuroblastoma tumors 
overexpress Separase transcripts. In mouse models, Separase overexpression has been shown to induce 
aneuploidy, genomic instability, mammary and osteogenic tumorigenesis, and intratumoral heterogeneity. 
Using a high throughput screen, we identified a small molecule Separase inhibitor (Sepin-1) that non-
competitively inhibits Separase. Sepin-1 inhibits the growth of leukemia and breast tumor cell lines, as well 
as Separase-overexpressing human triple negative breast cancer xenografts in mice in a Separase-
dependent manner. This is the first description of Sepin-1 in neuroblastoma.   
 
Methods: We tested the effect of Sepin-1 on neuroblastoma cell growth in tissue culture and mouse 
xenografts. To test Sepin-1 in mouse xenograft model, we transduced SKNSH cells with construct expressing 
GFP and fly luciferase using lentivirus. The derived cells were implanted in adrenal glands of NCr nude mice. 
The mice were treated with 15mg/kg daily Monday to Friday for 3 weeks via oral gavage. We also 
investigated the synergistic anti-tumor effect of Sepin-1 and 13-cis retinoic acid (13-cRA), vincristine or 
topotecan using SKNSH cells. Cells were cultured at 0.7 X105 cells/mL overnight and treated in the presence 
or absence of Sepin-1 with the second drug at varying concentrations for 72 hrs. 
 
Results: The IC50 of Sepin-1 in inhibiting the growth of 9 NB cell lines ranging from 4.8 to 62.5 µM. In 
neuroblastoma mouse xenograft models, compared to the PBS control, Sepin-1 significantly inhibited the 
tumor growth as determined by both fluorescence intensity and tumor mass.  MTT cell viability assay 
showed Sepin-1 plus 13-cRA or Vincristine has synergistic effect at IC75 drug concentrations on inhibiting 
SKNSH cell growth with combination indices of 0,5 and 0.32, respectively. However, no synergy was 
observed when cells were treated with Sepin-1 and topotecan.  
 
Conclusion: These results suggest that inhibition of Separase represents a new line of therapy to treat 
neuroblastoma and other tumors addicted to Separase overexpression. Blocking overexpressed Separase 
activity can potentially be used both to both kill neuoroblastoma cells, as well as to sensitize resistant cells 
to chemotherapy.  
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AVEN inhibits apoptosis by binding APAF1. Here we explored AVEN expression in neuroblastoma in relation 
to clinical characteristics, exploited its control mechanisms as potential therapeutic targets and functionally 
analyzed the phenotypic consequences of modifying AVEN expression in neuroblastoma cells. High-level 
AVEN expression from mRNA-Seq data in 649 primary neuroblastomas positively correlated with 
established clinical and molecular markers for unfavorable tumor biology and negatively correlated with 
patient survival. Correlations were confirmed in microarray expression data from an independent 122-
tumor cohort and in technical replicates from 498 neuroblastomas. Multivariate analyses with the 649-
tumor cohort revealed that the prognostic value of AVEN expression provides additional predictive power 
over the established prognostic markers, stage, age, MYCN and 1p. AVEN immunohistochemistry in 17 
selected tumor samples demonstrated that the differential pattern of AVEN expression is translated to the 
protein level in neuroblastomas having the most divergent tumor biologies. Correlating AVEN copy number 
alterations assessed by WGS, WES and/or aCGH with AVEN expression in corresponding mRNA-Seq data 
from 256 neuroblastomas showed hardly any correlation, suggesting epigenetic regulation. In-depth time-
resolved mRNA-Seq combined with microRNA profiling of a neuroblastoma differentiation model using the 
clinically approved histone deacetylase inhibitor, panobinostat, showed that AVEN was strongly down-
regulated by miR-630, which was the most dramatically induced microRNA in the model. Stably enforcing 
AVEN expression in BE (2)-C cells markedly promoted growth in subcutaneous xenografts of these cells in 
female NMRI-Foxn1nu/nu mice, while CRISP/Cas9-mediated AVEN knockout in BE (2)-C cells substantially 
mitigated subcutaneous xenograft growth and sensitized the tumors to systemic doxorubicin treatment. 
FACS-based cell cycle analyses of BE (2)-C and IMR5/75 cells and matched CRISP/Cas9 knockout or enforced 
expression clones revealed that AVEN knockout caused G0/G1 arrest and apoptosis (sub-G1 fraction 
increase), while enforcing AVEN expression increased the proportion of cells in S-phase cells and reduced 
the apoptotic fraction. Colony forming assays with all BE (2)-C and IMR5/75 clones mirrored findings in 
xenografts. SlLAC experiments revealed that AVEN knockout caused the differential expression of 33 
proteins in BE (2)-C cells, mostly involved in RNA/DNA-binding, transcriptional regulation, cell cycle control 
and differentiation. AVEN is a critical and indirectly druggable mediator of neuroblastoma cell 
tumorigenicity and chemotherapy resistance.  
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Background: Anti-ganglioside (GD2) antibody immunotherapy improves outcome for HR-NB but 35% of 
patients (pts) will still recur. L1-CAM (CD171) is expressed by neuroblastoma, offering an alternative 
immunotherapy target for HR-NB. 
 
Methods: Pts with recurrent/refractory HR-NB were enrolled to examine the safety and feasibility of 
administering autologous, peripheral blood-derived T cells genetically modified using a SIN lentiviral vector 
to express either scFv-IgG4hinge-CD28tm-4-1BB-zeta (second generation, Arm A) or CD171-specific scFv-
IgG4hinge-CD28tm/cyto-4-1BB-zeta (Arm B) CD171 (L1CAM)-specific chimeric antigen receptor (CAR) and 
the selection/tracking/suicide construct EGFRt. All patients received lymphodepleting chemotherapy after 
which cryopreserved CD4 and CD8 CARs were administered at a 1:1 ratio at the prescribed dose level. Dose 
range is 1x10^6/kg-мȄмлϣуκƪƎΦ ¢ƘŜ a¢5 ƛǎ ŘŜǘŜǊƳƛƴŜŘ ǳǎƛƴƎ ŀ άƪ-in-a-Ǌƻǿέ ǳǇ-and-down design on each of 
2 study arms, enhanced with additional safety rules. 
 
Results: From 11/2014-12/2017, 24 pts have enrolled with CAR manufacturing successful in 22 pts. Sixteen 
pts (median age 7.5 yrs; range 3-18 yrs) have been treated at dose level (DL) 1 (n=3-A and n=1-B), DL2 (n=2-
A and n=5-B), DL3 (n=1-A and n=1-B), DL4 (n=3-A) and DL5 (n=1-A). Dose limiting hyponatremia attributable 
to CAR T was seen in 2 patients at DL 3A and DL 5B. Self-limited skin rash occurred in 5 patients (DL 2B, 3B, 
4A and 5A), skin biopsy performed in 2/5 pts demonstrated EGFRt+ CAR infiltration. CAR T persistence 
documented by EGFRt- flow improved with both increasing dose levels and CAR generation (3rd>2nd). Two 
patients exhibited tumor pseudoprogression with documented T cell tumor infiltration in 1 patient who 
consented to tumor biopsy (DL 3B). There were no objective responses, 2 pts with early progressive disease 
are alive without subsequent treatment 15 (DL 5-2G) and 30 months (DL 1-3G) post CAR infusion, 
respectively.  
 
Conclusions: It is feasible to manufacture CAR T cells from heavily pre-treated pts with HR-NB. The initially 
planned T cell infusion doses were insufficient to generate persistence in HR NB patients; however, 
increased T cell dose and 3G CAR constructs may improve persistence. Observed toxicities may represent 
on-target-off-tumor cytotoxicity. Expansion of the current dose cohorts is underway to further evaluate 
safety and efficacy. 
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MYCN amplification is present in almost 30% of Neuroblastoma (NB) and is associated with tumor 
aggressiveness and poor prognosis. Moreover, in some MYCN-unamplified NB, increase of N-Myc protein by 
altered degradation is also associated with poor prognosis. MYCN is highly expressed in fetus and tumoral 
mass, while it shows a very restricted pattern of expression in healthy tissues after birth; consequently, a 
MYCN-directed targeted therapy for MYCN-amplified/expressing NB is not expected to result in adverse 
effects. We previously showed in MYCN-expressing Rhabdomyosarcoma that the antigene oligonucleotide 
strategy to inhibit MYCN transcription, results in improved efficacy compared to inhibition of MYCN 
translation by antisense oligonucleotide strategy. We present the in-vitro and in-vivo preclinical anti-tumor 
activity of BGA002 (an antigene PNA oligonucleotide, specific for the inhibition of the MYCN transcription, 
that granted orphan drug designation by FDA and EMA for NB treatment). 
 
BGA002 caused a dose-dependent MYCN transcription inhibition, in both MYCN-amplified/overexpressing 
and MYCN-unamplified/expressing NB cell-lines. BGA002 was also effective in MYCN-
amplified/overexpressing and p53-mutated (therapy-related) NB cell-lines. BGA002 showed a dose-
dependent N-Myc protein reduction. Potent, MYCN-specific and dose-dependent cell-growth inhibition was 
observed in MYCN-expressing NB cell lines after treatment with BGA002, that correlated with the level of 
MYCN mRNA expression. The highest activity was observed in MYCN-amplified/overexpressing NB cell-lines, 
followed by apoptosis. BGA002 caused gene expression modifications (up-and down-regulation) in 
previously related and unrelated MYC-target genes.  
 
In-vivo anti-tumor effect after systemic administration of BGA002 performed in MYCN-amplified NB 
Xenograft mouse-model showed potent dose-dependent anti-tumor activity.  The in-vivo pharmacodynamic 
response was demonstrated by reduction of N-Myc protein amount in immunohistochemical analysis from 
extracted tumours. In-vivo pharmacokinetic profile was characterized in rodents and rabbits. The in-vivo 
toxicological and safety pharmacology regulatory profile showed that BGA002 was well tolerated. 
In summary, the in-vitro and in-vivo preclinical studies of BGA002 showed potent and specific anti-tumor 
activity for MYCN-amplified/expressing NB. Further analysis is under evaluation to characterize the 
molecular pathways underlying the specific activity in this highly aggressive subtype of NB. Considering the 
consistent efficacy and well tolerated safety profile, BGA002 is progressing to a clinical phase-I evaluation in 
patients affected by NB with MYCN-expression. 
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Accurate disease modeling creates a bottleneck against effective translation of novel neuroblastoma 
therapies and therapy combinations into the clinic. The intratumoral genetic heterogeneity of 
neuroblastoma has recently been described and calls for preclinical models that reflect this characteristic. 
Flexibility in a testing platform is also desirable to support assessment of different endpoints and tumor cell 
characteristics, including automated in vitro testing, modeling cell-cell and cell-matrix interactions and 
assessing responses in a 3D microenvironment. We present the novel neuroblastoma model OHC-NB1, 
which was propagated from a bone marrow metastasis from a patient with INRG stage M, MYCN-amplified 
neuroblastoma at first diagnosis. To model different aspects of disease, several preclinical models were 
developed from the single bone marrow aspirate: a tissue plastic-adherent cell line, a 3-dimensional (3D) 
spheroid culture, tumor organoids growing in matrigel and a patient-derived xenograft (PDX) serially 
subcutaneously passaged in mice. Growth characteristics, immunophenotypes, expression of key proteins 
and the molecular genetic background (using whole-exome sequencing) were examined to characterize this 
neuroblastoma model set. Immunophenotyping revealed surface expression of the GD2 and NCAM1 
neuroblastoma markers by cells in plastic-adherent monolayer and spheroid cultures. Xenograft tumors 
expressed the neuroblastoma markers, synaptophysin and NB84. Immunohistochemical target screening 
detected HDAC5, HDAC9 and EGFR overexpression. The OHC-NB1 model fulfills typical aspects of MYCN-
amplified neuroblastoma, with MYCN amplification in double minutes, 1p deletion, 17q gain, diploid 
karyotype and no evidence of either TERT rearrangement or ATRX mutation, but with TERT overexpression. 
ALK was not mutated. Whole-exome sequencing revealed intratumoral heterogeneity in the bone marrow 
metastasis and genetic heterogeneity in the culture models. Cells maintained in all culture types harbored 
the same 1p deletion, 17q gain and MYCN amplification as the primary metastasis. Smaller copy number 
variations accumulated as xenografts were passaged (passage 4 compared with passage 1). Sample-specific 
single-nucleotide variants not present in the bone marrow metastasis were detected in all culture models, 
especially in the monolayer culture. The set of different OHC-NB1 culture systems and the genetically 
heterogeneous MYCN-amplified neuroblastoma background provide a flexible preclinical testing system 
that recapitulates important characteristics of metastatic neuroblastoma.  
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Despite the remarkable potency of CD19-targeting CAR-T cells against hematological malignancies, similar 
results have not yet been achieved for CAR-T cell therapy of solid tumors. Programmed death-ligand 1 (PD-
L1) is thought to help create the immunosuppressive microenvironment in solid tumors and to impair CAR-T 
cell efficacy. We evaluated the PD-1/PD-L1 pathway in CD171-specific CAR-T cells co-cultured with 
neuroblastoma cells and assessed the influence of PD-1 inhibition on immunotherapy efficacy. The 
neuroblastoma-specific CD171-targeting CAR-T cells were cultured separately or co-cultured with SK-N-
BE(2) neuroblastoma cells, and FACS-based expression analysis assessed PD-1 and PD-L1 in CAR-T cells and 
PD-L1 in neuroblastoma cells before and after co-culture. We generated the SK-N-BE(2)PD-L1+ 
neuroblastoma cell model, which stably expresses PD-L1 from a lentiviral vector, to assess the impact of 
high PD-L1 expression by tumor cells in our in vitro co-culture system. FACS analyses, luciferase reporter 
assays and cytokine release assays were used to assess CAR-T cell activation, exhaustion and neuroblastoma 
cell killing after co-culture with SK-N-BE(2) or SK-N-BE(2)PD-L1+ cells. Co-culture with CD171-CAR-T cells 
upregulated PD-L1 expression in SK-N-BE(2) cells from 6.6% to up to 47.8%. Nivolumab increased CD171-
CAR-T cell-directed killing of both SK-N-BE(2)PD-L1+ and SK-N-BE(2) cells in co-culture experiments, even 
though this benefit was not reflected in altered CAR-T cell activation, exhaustion or cytokine release. 
Interestingly, Nivolumab-enhanced CD171-CAR-T cell killing did not correlate with PD-L1 expression in 
neuroblastoma cells. Expression of both PD-1 (5. 9% to 39.2%) and PD-L1 (3.3% to 29.7%) was significantly 
increased on CD171-CAR-T cells after co-culture with neuroblastoma cells. CD171-CAR-T cells were 
manufactured from T cells isolated from donor blood, and PD1/PD-L1 expression varied on CD171-CAR-T 
cells from different donors. Nivolumab enhancement of CD171-CAR-T cell killing was positively correlated 
with PD-1/PD-L1 expression on the CD171-CAR-T cells. Thus, PD-1 inhibition by Nivolumab depended on PD-
1/PD-L1 expression levels in T cells not tumor cells. The upregulation of PD-1/PD-L1 caused only by 
interaction between neuroblastoma and CD171-CAR-T cells emphasizes the importance of the PD-1/PD-L1 
pathway in suppressing CAR-T cell efficacy in patients. Screening donor T cells for PD-1/PD-L1 expression 
could help determine when to combine CD171-CAR-T cell therapy with checkpoint inhibitors to improve 
treatment efficacy.  
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Background: The majority of all neuroblastoma patients overexpress the anti-apoptotic protein B cell 
lymphoma/leukaemia 2 (BCL-2). We previously showed that the BCL-2 inhibitor Venetoclax causes 
programmed cell death in BCL-2-dependent neuroblastoma, which contributed to the initiation of a phase I 
trial to study the safety and pharmacokinetics of Venetoclax in children with relapsed or refractory 
neuroblastoma. In the current study, we aim at the identification and validation of targeted combination 
strategies to prevent or overcome neuroblastoma resistance to Venetoclax. 
 
Results: To identify effective combination treatment options for relapsed neuroblastoma patients we 
subdivided our model systems in subgroups with specific genomic backgrounds: ALK mutated, RAS-MAPK 
pathway mutated and p53 wild-type. Cells were screened using concentration series of libraries of targeted 
compounds in combination with concentration series of Venetoclax. Surprisingly, BCL-2-dependent 
neuroblastoma cell lines harboring an additional ALK mutation did not yield ALK inhibitors as most effective 
or synergistic drugs in combination with Venetoclax. Instead, PARP inhibitor Talazoparib, PI3K/HDAC 
inhibitor CUDC-907 and CHK1 inhibitor Prexasertib were the most promising hits for combination therapy 
with Venetoclax in the ALK-mutated subgroup. The same hits were found for the p53 wild-type subgroup. In 
RAS-MAPK-mutated neuroblastoma cells, the MEK inhibitor Trametinib showed synergistic responses with 
Venetoclax. This was related to MEK-mediated phosphorylation of BIM. This synergistic combination could 
be confirmed in vivo.  
 
Strategies to overcome Venetoclax resistance have also been studied. In previous preclinical studies, we 
demonstrated that Venetoclax resistance occurs due to upregulation of the anti-apoptotic protein MCL-1. In 
vitro combination studies confirmed a strong synergistic interaction between Venetoclax and the novel 
MCL-1 inhibitor S63845. High-throughput screening of non-resistant versus Venetoclax-resistant BCL-2-
dependent cell lines with wild-type p53 uncovered the MDM2 inhibitor Idasanutlin as one of the strongest 
re-sensitizers to overcome resistance. In vivo combination of Venetoclax with Idasanutlin resulted in a 
remarkably improved anticancer effect compared to single agent therapy, with very good partial and 
complete responses in BCL-2-dependent neuroblastoma xenografts. 
 
Conclusion: We identified various targeted combination strategies that might improve the clinical use of 
Venetoclax for the treatment of children with BCL-2-dependent neuroblastoma. 
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Background: Clinical and histopathologic features guide treatment for neuroblastoma but obtaining tumor 
tissue may cause complications and is subject to potential sampling error due to tumor heterogeneity. The 
association of specific imaging characteristics of neuroblastoma with clinical features, histopathology, and 
outcomes is unclear. 
 
Methods: We performed a retrospective cohort study of patients with neuroblastoma or 
ganglioneurƻōƭŀǎǘƻƳŀ ŜƴǊƻƭƭŜŘ ƻƴ ǘƘŜ /ƘƛƭŘǊŜƴΩǎ hƴŎƻƭƻƎȅ DǊƻǳǇ ōƛƻƭƻƎȅ ǎǘǳŘȅ ό!b.[лл.мύ ōŜǘǿŜŜƴ нллл-
нлмр ŀǘ ¦/{C .ŜƴƛƻŦŦ /ƘƛƭŘǊŜƴΩǎ IƻǎǇƛǘŀƭ ƛƴ {ŀƴ CǊŀƴŎƛǎŎƻΦ 5ŀǘŀ ŎƻƭƭŜŎǘŜŘ ƛƴŎƭǳŘŜŘ ŎƭƛƴƛŎŀƭ ŦŜŀǘǳǊŜǎ όŀƎŜΣ 
stage, primary tumor site, surgical complications); histopathology (MYCN status, ploidy, mitosis-karyorrhexis 
index [MKI]); detailed radiographic review of diagnostic CT scans for image-defined risk factors (IDRFs); and 
event-free survival (EFS). IDRFs were evaluated in five separate binary variable categories: extension within 
multiple body compartments, vascular encasement, airway compression, infiltration of adjacent 
organs/structures, and intraspinal extension.  
 
Results: Our analytic cohort included 36 patients. Thirty-two patients (89%) had tumors with IDRFs. Of the 
clinical and histopathologic features, only the proportion of patients who had surgical complications 
differed statistically when compared between those with and without IDRFs (62% vs. 0%, p=0.02). Using a 
stepwise regression model, the presence of IDRFs was significantly correlated with the presence of surgical 
complications (p=0.03), abdominal/retroperitoneal primary site (p=0.04), and hypodiploid/diploid tumors 
(p=0.02). Additional multivariable stepwise regression analyses were performed to investigate the 
correlation of histopathology with the five separate categories of IDRFs. MYCN amplification (p=0.01) and 
high MKI (p=0.01) were significantly correlated with tumor infiltration to adjacent organs/structures. 
Hypodiploid/diploid tumors were significantly correlated with tumor extension within multiple body 
compartments (p=0.05). The 5-year EFS was 100% in patients who had neuroblastic tumors without IDRFs 
compared to 71.2% (95% CI, 49.3-85.5%; p=0.25) for those patients with tumors with IDRFs.  
 
Conclusions: There is significant correlation between the presence of IDRFs with primary tumor site, DNA 
ploidy, and surgical complications. MYCN status, MKI, and ploidy were correlated with tumor infiltration to 
adjacent organs/structures and tumor extension within multiple body compartments. These findings 
suggest that specific imaging characteristics may be associated with important clinical and histopathologic 
features in neuroblastoma. Analysis in a larger cohort of patients is ongoing.  
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Background: Recent studies conducted in patients with relapsed/refractory neuroblastoma demonstrated 
that treatment regimens with chemotherapy plus an anti-GD2 monoclonal antibody (mAb) and cytokines 
were well-tolerated and had a positive clinical response. A current phase II trial (NB2012) for patients with 
newly diagnosed high-risk neuroblastoma (HRNB) evaluating an anti-GD2 mAb, hu14.18K322A, combined 
with Induction chemotherapy and cytokines demonstrated a significantly improved early response rate.  We 
report the results of three patients with newly diagnosed HRNB treated with combined Induction 
chemotherapy, dinutuximab, GM-CSF and IL-2.  
 
Methods: Children with newly-diagnosed HRNB received 6 cycles of Induction chemotherapy combined with 
dinutuximab (17.5mg/m2/dose IV, days 2-5), GM-CSF (250mcg/m2/day subcutaneous (sc), days 7-nadir) and 
IL-2 (1 million units/m2/dose sc, every other day for 6 doses). Chemotherapy regimens included 
cyclophosphamide/topotecan (cycles 1,2), cisplatin/etoposide (cycles 3,5) and cyclophosphamide, 
doxorubicin and vincristine (cycles 4,6). Surgical resection of the primary tumor was performed when 
feasible. Following Induction therapy patients received Consolidation (busulfan and melphalan with 
peripheral blood stem cell rescue and radiation therapy) and Post-Consolidation (dinutuximab, GM-CSF, IL-2 
and cis-retinoic acid). Response was evaluated using the revised International Neuroblastoma Response 
Criteria (INRC). 
 
Results: Three patients with newly-diagnosed HRNB (2 females, median age 4 years; range 3-5 years) 
completed Induction and Consolidation therapy.  All three patients had stage 4, MYCN non-amplified HRNB. 
Curie scores at diagnosis were 1, 14 and 21. The mean duration of admission for chemotherapy was 7.9 
days. During Induction, dinutuximab was infused over 10 hours with no respiratory complications or 
hypotension. Common toxicities included grade 4 myelosuppression (3/3 patients), grade 3 anorexia (3/3 
patients) grade 3-4 fever with neutropenia (3/3 patients), grade 3 mucositis (2/3 patients), grade 2 pain (3/3 
patients), grade 2 urinary retention (2/3 patients) and grade 4 sepsis (1/3 patients). All three patients 
achieved greater than 85% primary tumor resection. At the end of Induction, Curie scores were 0 and 3/3 
patients had a complete response. All 3 patients are receiving Post-Consolidation therapy.  
 
Conclusions: Administration of Induction chemotherapy with dinutuximab, GM-CSF and IL-2 in patients with 
newly-diagnosed HRNB is feasible and demonstrated clinical response. Further studies using this approach 
are warranted.  
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Multidrug resistance protein 1 (MRP1) is frequently overexpressed in tumors where it effluxes 
chemotherapeutic agents, protecting tumor cells from chemotherapy. This is strongly illustrated in 
neuroblastoma, where MRP1 expression is highly prognostic of clinical outcome and contributes to 
chemoresistance in vivo. Furthermore, MRP1 also effluxes low levels of glutathione (GSH), a major 
antioxidant linked with resistance to chemotherapy and radiotherapy. Based on our previously identified 
MRP1 inhibitor Reversan, we have developed small molecule MRP1 inhibitors, which simultaneously block 
drug transport and enhance GSH efflux We are investigating the utility of dual-function MRP1 modulators 
for neuroblastoma treatment, with a view to identifying a candidate molecule suitable for clinical use. 
 
Methods: In vitro activity and selectivity were determined in cells overexpressing drug transporters (MRP1, 
P-glycoprotein, ABCG2, MRP2 and MRP3), treated with established drug substrates in combination with 
MRP1 modulators, using cytotoxicity assays. GSH levels were determined by glutathione recycling assay. In 
vivo activity was assessed in the transgenic Th-MYCN and human xenograft mouse models of 
neuroblastoma, in combination with the MRP1 substrate drug etoposide. Specificity for MRP1 was tested 
using MRP1-deficient Th-MYCN mice. 
 
Results: Our modulators demonstrated excellent selectivity for MRP1 over P-glycoprotein, ABCG2, MRP2 
and MRP3, and sensitized neuroblastoma and other cancer cell lines at least three-fold to the substrate 
drugs etoposide, vincristine and arsenic trioxide in vitro (P<0.001). The modulators showed promising on-
target activity in the Th-MYCN and Kelly xenograft models treated with etoposide, doubling median survival 
over etoposide alone (11 days to 21ς23 days; P<0.001) in Th-MYCN mice, and extending median survival 
over etoposide alone (15 to 21 days) in the xenograft mice. No impact was observed on etoposide 
pharmacokinetics. Our MRP1 modulator depleted intracellular GSH in an MRP1-dependent manner and 
worked synergistically with GSH synthesis inhibitor L-buthionine sulfoximine (BSO), to deplete GSH, abolish 
clonogenic capacity, and sensitize cells to chemotherapy (CI<0.01, P<0.05). 
 
Conclusion: Our modulators show strong selectivity for MRP1 and may increase the therapeutic window for 
standard-of-care drugs in MRP1 overexpressing cancers. Current studies examine the ability of MRP1 
modulators to deplete intracellular GSH and whether this would increase survival in our animal model. 
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Background: Detection of minimal residual disease (MRD) in neuroblastoma (NBL) by multiparameter flow 
cytometry (FC) is limited by low sensitivity with false negative and false positive results. Recent advances in 
deep MRD detection by next generation FC (NGF) in multiple myeloma, prompted us to apply similar 
methodology for NBL. Recent description of CD56+ human bone marrow (BM) derived mesenchymal 
stromal cells (CD56+BM-MSCs), led us to investigate their possible interference in NBL-MRD detection by 
MFC.  
 
Aim: This study was to formulate a NGF-MRD method for NBL and propose a one-tube multicolour assay, 
based on antigens, discriminating CD56+BM-MSCs from NBL cells.  
 
Patients and Methods As negative biologic controls in NBL-MRD detection were assessed 9 BM childhood-
ALL samples during treatment. As positive control served 6 NBL patient BMs at diagnosis and 2 NBL cell 
cultures. The NBL associated antigens assessed were: CD56, CD45, GD2, CD81, CD24, CD200, CD9, NG2, 
CD117, CD99; BM-MSCs associated were: CD56, CD73, CD90, CD146, CD13, CD10. Nuclear stain Syto16 was 
used to avoid debris and apoptotic cells. Ammonium chloride bulky pre-lysis of BM volumes 0.8-1.5ml was 
also conducted. Initial 5-colour combinations were used with: Syto16/CD45/CD56 in every tube, leaving 2 
positions to assess another 2 antigens per tube. Samples were analysed by Navios Beckman-Coulter 
apparatus, acquiring 2x106 events per tube. Discriminant analysis of NBL and CD56+BM-MSC was 
conducted.  
 
Results: Two discrete CD45-negative subpopulations of CD56+BM-MSCs were detected in negative ALL 
controls with different CD56 intensity, CD56weak-MSCs and CD56bright-MSCs. Their BM frequencies and % 
antigen expressions, median value (range) were: a)CD56weak-MSCs: log10=-3.7(-4.4 to -3.1), CD81=86(54-
100), CD24=3(0-21), CD200=83(36-97), CD73=74(20-96), CD90=58(17-83), CD146=40(3-74), NG2=8(0-61), 
CD13=69(50-98), CD9=13(5-50), CD117=2(0-29), CD99=67(0-94), CD10=80(57-93), GD2=27(4-32) 
b)CD56bright-MSCs: log10=-4.2(-4.5 to -3.9), CD81=99(90-100), CD24=18(0-58), CD200=94(80-100), 
CD73=91(32-98), CD90=30(0-58), CD146=18(5-100), NG2=39(15-86), CD13=88(76-100), CD9=88(65-94), 
CD117=1(0-13), CD99=69(2-100), CD10=78(18-100), GD2=34(3-55).  
 
Conclusion: Deep NGF MRD detection with bulky prelysis, acquiring 2x106 events, revealed CD56+BM-MSCs 
with NBL antigen expressions, overlapping in given negative ALL controls. Discriminant analysis showed that 
CD24, GD2 and CD13 antigens were the ones actually dissecting between NBL and CD56+BM-MSCs cells. A 
7-colour combination SYTO16/GD2-PE/CD24-ECD/CD13-PerCP5.5/CD45-PC7/CD81-APC/CD56-APC700 is 
proposed for further evaluation for fast, accurate and precise measurement of NBL MRD in BM. 
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Introduction: Killer cell immunoglobulin-like receptor (KIR) / HLA genotypes predictive of missing KIR-ligands 
are reported to have a better outcome after autologous hematopoietic stem cell transplantation in patients 
with high risk neuroblastoma (Venstrom JM et al. Clin Cancer Res. 2009). We conducted a prospective study 
of KIR-ligand incompatible allogeneic cord blood transplantation (CBT) in 20 consecutive primary patients 
with high-risk neuroblastoma (NB).  
 
Methods: The eligibility criteria were newly diagnosed International Neuroblastoma Staging System (INSS) 
stage 4 and International Neuroblastoma Risk Group (INRG) high risk NB patients aged <18 years with one of 
the following factors: chemo-ǊŜŦǊŀŎǘƻǊȅ όaL.D ǇƻǎƛǘƛǾŜ ŘƛǎŜŀǎŜ ŀŦǘŜǊ п ŎƻǳǊǎŜǎ ƻŦ ŎƘŜƳƻǘƘŜǊŀǇȅύΣ җмл ȅŜŀǊǎ 
old at diagnosis, or MYCN amplification. We scheduled KIR-ligand incompatible CBT with a reduced-intensity 
conditioning regimen 3 months after high-dose chemotherapy followed by autologous stem cell 
transplantation. Natural killer (NK) cells expressing single inhibitory KIR were monitored by flow cytometry 
before and after CBT up to 1 year. 
 
Results: Twenty consecutive patients who met the eligibility criteria underwent CBT (17 chemo-refractory 
patients, 9 patients with MYCN amplification, and one >10 years old patient). The median age at diagnosis 
was 2.4 years (range: 0.7ς10.5 years). The median follow-up period from CBT was 43 months (range: 24ς
104 months). Three-year event free survival and overall survival was 85.0% and 90.0%, respectively. No 
patients relapsed in bone marrow but only one patient developed isolated central nervous system relapse 
307 days after CBT, and he achieved the 2nd complete remission without further bone marrow relapse after 
salvage craniospinal irradiation. Three-year cumulative incidence of relapse was 5.3%. Three patients 
developed grade IIςIV acute graft-versus-host disease (GVHD) while no patients developed chronic GVHD. 
No patients died of relapse or progression of neuroblastoma in this cohort. NK cells expressing single 
inhibitory KIR that were considered as alloreactive NK cells significantly expanded after CBT and reached to 
donor CB level (p = 0.0009) in vivo. 
 
Conclusions: These results suggest that KIR-ligand incompatible allogeneic CBT reduces bone marrow 
relapse and improves survival in children with high-risk NB.  
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LƴǘǊƻŘǳŎǘƛƻƴΥ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŜƴƛƎƳŀǘƛŎ ǇƘŜƴƻƳŜƴŀ άǎǇƻƴǘŀƴŜƻǳǎ ǊŜƎǊŜǎǎƛƻƴέ ƛƴ 
neuroblastoma. To this end, we performed single-cell transcriptomic analysis to reveal the early fate 
determination of neuroblastoma observed in Th-MYCN mice. 
 
Methods: We investigated the early-stage tumor tissue in Th-MYCN mice individually and performed 
droplet-type single-ŎŜƭƭ wb! ǎŜǉǳŜƴŎƛƴƎ ōȅ ŎƘǊƻƳƛǳƳ ǎƛƴƎƭŜ ŎŜƭƭ оΩ ŀǎǎŀȅ όмлȄ DŜƴƻƳƛŎǎύΦ ¢ƻ ǾŀƭƛŘŀǘŜ ǘƘŜ 
analysis, we carried out single-molecule fluorescence in situ hybridization (smFISH). 
 
Results: Firstly, survival analysis showed that 80% of Th-MYCN hemizygous mice died of tumor by 10 to 20 
weeks of age while 20% of them never developed neuroblastoma. Secondly, when we histologically 
investigated tumor origin of the mice, all of them had clusters of neuroblastoma cells until 3 weeks of age. 
Therefore, although neuroblastoma cells appeared in all cases, the fate to either develop tumor further or 
disappear was likely determined during early ages. We assumed the latter fate as spontaneous regression-
like phenomena in Th-MYCN mice. Thirdly, to understand the observed fate determination, we obtained 
single-cell transcriptome of early neuroblastoma cells from tissues of seven 3-week-old and one 6-week-old 
(tumor-developing) Th-MYCN mice. The analysis revealed distinct cell types in the tissues, including MYCN+ 
neuroblastoma cells, ganglion cells, glial cells and so on. Within MYCN+ neuroblastoma cells, there were 
distinct sub-populations and the proportion of cells was different individually, suggesting that different fates 
were captured at single cell level. The sub-populations were characterized by the differential expressions of 
target genes regulated by certain transcription factors. Lastly, SmFISH analysis validated the results of 
single-cell analysis. 
 
Conclusion: Single-cell transcriptomic analysis captured the separation of neuroblastoma fate observed in 
early ages of Th-MYCN mice. Early-stage subpopulation of MYCN+ neuroblastoma cells can be discriminated 
by the differential expressions of several genes, which possibly explains the mechanisms of fate 
determination, i.e. spontaneous regression, in neuroblastoma.  
 



 

144 

Results of Myeloablative Therapy and Peripheral Blood Stem Cell Rescue 
in Patients with High-Risk Neuroblastoma 

Natalia Khranovska1, Grigory Klymnyuk1, Elen Shaida1, Sergy Pavlyk1, Oksana Skachkova1, Mariia Inomistova1, 
Aleksandr Gorbach1 

1National Cancer Institute of Ukraine, Kyiv, Ukraine 

Introduction: Despite the development of new treatment options, the prognosis of high-risk neuroblastoma 
patients still remains poor. Intensification of consolidation therapy with autologous stem cell rescue (PBSCR) 
after myeloablative doses of chemotherapy could contribute to the improved survival of children with high-
risk neuroblastoma.  
 
Aim: To investigate the 5-year overall survival   of patients with high-risk neuroblastoma treated with   
myeloablative therapy and PBSCR in the National Cancer Institute of Ukraine.  
 
Methods: One hundred forty-three patients with neuroblastoma were enrolled into the study: 74 standard-
risk (SR) patients and 69 high-risk (HR) patients. The risk group of patients was determined on the basis of 
the most common prognostic factors include the child's age, stage, genetic markers (MYCN amplification, 
DNA ploidy) and some additional molecular-genetic markers: 1p36, 17p deletions, MDM2 gene expression. 
All enrolled patients received treatment according to NB-2004 and HR-NBL-1/ESIOP protocols. At the late 
stage of treatment, 54 high-risk patients received high-dose chemotherapy (HDHT) with PBSCR, of these, 13 
patients were cured with tandem HDHT.  
 
Results: Our previous study has been shown that higher MDM2 expression level was associated with 
unfavorable clinical neuroblastoma features, indicating a link between MDM2 overexpression and the HR 
phenotype as well as significant decrease in event-free survival of neuroblastoma patients (p < 0.001). The 
5-year OS was 67 % for SR patients and 30.4% for HR patients.  Depending on the child's age: the OS was 
58.8 % for patients less than 1 year of age, while the OS was 19.2 % for patients aged 1 year or over. We 
also analyzed the survival rate of HR patients based on MYCN gene status. The OS was 49.8 % for N-myc 
negative patients and 24.3% for MYCN positive patients. Currently, OS is 69.2 % for HR patients who were 
treated with tandem HDHT with PBSCR. 
 
Conclusion: The obtained results show that the OS of HR patients aged 1 year or over positive for MYCN was 
ǿƻǊǎǘ ƎǊŜŀǘƭȅ ǘƘŀƴ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ƴƻǊƳŀƭ a¸/b ǎǘŀǘǳǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ Iw ƴŜǳǊƻōƭŀǎǘƻƳŀ ǇŀǘƛŜƴǘΩǎ 
treatment who received tandem HDHT with autologous steam cell support are encouraging. 
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Background/Objectives: Appropriate high-dose chemotherapy (HDC) for high-risk neuroblastoma remains 
unestablished. We reported previously a double-conditioning regimen with two cycles of thiotepa (total 800 
mg/m2) and melphalan (total 280 mg/m2) for high-risk neuroblastoma. In this report, we analyzed 
retrospectively the outcomes of the double-conditioning regimen for patients with INSS stage4 
neuroblastoma in three Japanese institutions. 
 
Patients/Methods: The medical records of consecutive 40 patients with INSS stage4 neuroblastoma who 
received the double-conditioning regimen followed by autologous peripheral blood stem cell rescue (PBSCT) 
between 2002 and 2012 were reviewed retrospectively.  
 
Results: The median patient age at diagnosis was 35 months (range, 8ς75). MYCN-amplified tumors were 
observed in 20 patients. All patients underwent surgical resection of the primary tumor and radiotherapy to 
the residual lesion. The regimen of induction chemotherapy and timing of surgery varied depending on the 
institutions. None of the patients received anti-GD2 immunotherapy. The median length of follow-up for 
censored cases was 9.1 years (range, 3.9ς14.8). The event-free survival (EFS) rate and the overall survival 
(OS) rate at 5 years from PBSCT was 47.5% ± 7.7% and 57.0% ±7.7%, respectively. Three patients died from 
regimen-related toxicity (infection (2) and microangiopathy (1)). The five-year EFS of patients with MYCN-
amplified tumors were 65.0% ± 10.7%, which was significantly superior to those with MYCN-non-amplified 
tumors (24.0% ± 9.8%; P=0.001). The five-year EFS of patients with CR+VGPR at HDC (n=12, 75.0 ±12.5%) 
was significantly better than that with PR+NR (n=28, 32.1 ±8.8%; P=0.004). Notably, the five-year EFS of 
patients with MYCN-amplified tumors and CR+VGPR at HDC (n=9) was 88.9% ± 10.5%. In a multivariate 
analysis, increased probability of EFS was demonstrated in patients with MYCN-amplified tumor (HR=2.85; 
P=0.026) and good remission status before HDC (HR=3.57; P=0.049). 
 
Conclusions: The double-conditioning regimen of thiotepa and melphalan could improve survival in MYCN-
amplified high-risk neuroblastoma. On the contrary, we might need to treat MYCN-non-amplified patients 
with an alternative approach other than intensified chemotherapies.  
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Whole-genome sequencing efforts in the last few years have revealed activating mutations in components 
of the MAP kinase pathway as common features of relapsed neuroblastomas. As a means of inhibiting the 
MAP kinase pathway in neuroblastoma cells, we chose to target the plasma membrane scaffold factor 
prohibitin (PHB), a protein required for RAF1 activation by Ras family members. PHB is located in the 17q21-
17qter region of chromosome 17, the most commonly gained genomic region in neuroblastomas. Gain of 
this region is a cytogenetic hallmark of poor prognosis. Combining whole-genome and RNA sequencing data 
from primary neuroblastomas identified PHB as frequently present in 17q gains and showed that high PHB 
expression is associated with adverse patient outcome. Western blot analysis of 8 neuroblastoma cell lines 
detected PHB phosphorylated at threonine 258, a modification associated with plasma membrane 
localization. PHB knockdown using shRNAs reduced viability of 4 neuroblastoma cell lines and viability was 
partially restored by ectopic expression of recombinant PHB, suggesting that PHB is required for 
neuroblastoma cell survival. PHB knockdown was sufficient to reduce phosphorylation of ERK1/2 at 
activating residues. Neuroblastoma cells were sensitive to rocaglamide, a drug previously demonstrated to 
disrupt the interaction between PHB and RAF1, at nanomolar concentrations. Rocaglamide treatment 
recapitulated the effects of shRNA knockdown on cell viability and ERK1/2 phosphorylation. High-
throughput RNA sequencing revealed that PHB knockdown increased expression of NTRK1, known to be a 
marker of favorable outcome, as well as other genes involved in neurotrophic signaling. Our results present 
PHB as a molecular target for inhibiting MAP kinase signaling in neuroblastoma cells in a kinase-domain-
independent manner, suggesting it is a therapeutic option for patients with high-risk disease exhibiting 
aberrant MAPK pathway activation. 
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The actin cytoskeleton mediates a range of cancer cell functions including cell migration, intracellular 
transport, cell structure and proliferation; functions which are altered in all cancers. Compounds which 
compromise the organisation and function of the actin cytoskeleton in neuroblastoma are therefore 
candidates for development as anti-neuroblastoma agents.  We have screened an 115,000-compound 
library to identify candidates which impact the actin cytoskeleton of SK-N-SH neuroblastoma cells. SK-N-SH 
cells were chosen because they have a very well organised actin cytoskeleton which is readily quantified in 
terms of its organisation. Eight hundred and eighty-one compounds resulted in an altered actin cytoskeleton 
and they could be grouped into a set of 29 phenotypes. Examination of the phenotypes allowed us to 
identify novel compounds which have characteristics of anti-tropomyosin, anti-ROCK, Latrunculin and 
Jasplakinolide activities. In addition, one set of compounds inhibits the ability of the cells to move because 
of increased attachment to the substratum and another set of compounds promotes the morphological 
differentiation of SK-N-SH cells. A subset of compounds which impact substratum attachment also 
compromise neuroblastoma viability with low micromolar IC50s. Representative members of each group 
and subgroup are being tested for synergy with currently used neuroblastoma therapeutics. These new 
families of anti-actin cytoskeleton compounds provide new potential approaches to compromise the growth 
and metastasis of neuroblastoma.  
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Molecular genomics analyses aim to identify the subset of patients harbouring actionable mutations as a 
pathway to better targeted treatment selection. Low mutation rates and the paucity of clinical data linking 
targeted treatments with mutations in paediatric cancer suggests genomic analysis alone has limitations for 
translation into clinical benefit.  
 
Zero Childhood Cancer aims to assess the feasibility of a comprehensive precision medicine platform to 
identify targeted therapeutic agents for high-risk (HR) paediatric malignancies (expected survival <30%). The 
program combines molecular genomic analysis (WGS of tumour and germline DNA, deep sequencing of a 
panel of cancer associated genes, and whole transcriptome (RNASeq), with in vitro high-throughput drug 
screening, and patient-derived xenograft (PDX) drug efficacy testing followed by recommendations by a 
National Multidisciplinary Tumour Board (MTB).  
 
The Pilot Feasibility Study enrolled 59 patients with a range of tumour types (47% central nervous system 
tumours, 20% sarcoma, 12% leukaemia, 9% neuroblastoma, 12% other) over 28 months (49% at diagnosis; 
51% at relapse). In 54 curated cases, the complete molecular platform identified reportable somatic SNVs, 
fusions, and CNVs in 56%, 24% and 40% of patients, respectively. 5 patients had a reportable germline 
cancer predisposition variant and in 3 patients, the genomic findings changed the primary diagnosis. Fresh 
tissue collection permitted in vitro high-throughput drug screening (112 compound library single agent) in 
31% of cases to date. Patient-derived xenograft model engraftment was successful in 55% of cases. Final in 
vitro drug screens, and in vivo drug efficacy studies testing actionable mutations or in vitro drug hits are 
ongoing. Overall, 57% of patients received a personalised medicine recommendation (therapy, change in 
diagnosis, germline mutation referral) and 36% of patients with a therapy recommendation have currently 
received that therapy. 
 
A national, multicentre prospective study (PRISM) testing the implementation of the platform opened in 
September 2017 for Australian children with HR cancer. 27 patients have been registered from 6 paediatric 
oncology hospitals, with 20 fully enrolled on the study to date and 14 patients discussed in an MTB meeting 
(December 2017). Zero Childhood Cancer demonstrates the potential of the program to enhance clinical 
outcomes for HR childhood cancers.  
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Background: High risk neuroblastoma still has poor prognosis despite current therapeutic approaches. 
Chelator such as di-2-pyridylketone-4,4-dimethyl-3-thiosemicarbazone (Dp44mT) has been tried as novel 
anti-cancer agent but side-effects of methemoglobin formation and hypoxia hindered its clinical application. 
Synthesized di-2-pyridylketone-4-cyclohexyl-4-methyl-3-thiosemicarbazone (DpC) has less toxicity profile 
than Dp44mT. We investigated the therapeutic effectiveness and safety of DPC & DP44MT on 
neuroblastoma by in vitro and in vivo orthotopic models.  
 
Methods: The cytotoxic effect of DpC/Dp44mT/L1 on a panel of neuroblastoma (SK-N-LP/SK-N-
AS/Be(2)C/SH-SY5Y) and normal cell lines [cardiac (H9C2), hepatocyte (MIHA), kidney (HK2)  and 
mesenchymal stem cell (MSC)] were assessed by flow cytometry and XTT test. Orthotopic SK-N-
[tκ[ǳŎƛŦŜǊŀǎŜ ƴǳŘŜ ƳƛŎŜ ǿŜǊŜ ǳǎŜŘ ŀǎ ƛƴ ǾƛǾƻ ƳƻŘŜƭΦ ¢ƛǎǎǳŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ /ŀǎǇŀǎŜ оΣ ¢bCʰ ŀƴŘ 
Hematoxylin-eosin (H-E) staining were used to assess the cytoxicity of DPC. Reactive oxygen species (ROS) 
and neuroglobin & cytoglobin expression post-DPC/DP44MT treatment were monitored in vitro & in vivo. 
 
Results: DpC has more potent cytotoxic effect than Dp44mT or deferiprone (L1) for both neuroblastoma and 
normal cells in vitro. For in vivo study, after 2-weeks treatment, tumor significantly decreased in DpC group 
compared with control (P<0.05) but all mice (4/4) died within 2 days after DP44MT treatment. In DPC 
treatment group, tissues of heart, liver and lung did not show any significant changes. We found 
ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ /ŀǎǇŀǎŜ о ŀƴŘ ¢bCʰ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ǘǳƳƻǊ ǘƛǎǎǳŜ όtғлΦлрύΦ ¢ƘŜ ƴŜǳǊƻƎƭƻōƛƴ ŀƴŘ ŎȅǘƻƎƭƻōƛƴ 
expression increased while DCF (indicator of ROS) decreased in mouse tumor tissue (P<0.05).  
 
Conclusion: The new generation of thiosemicarbazone, DpC has better cytotoxic profile than Dp44mT for 
neuroblastoma in vivo despite relatively higher in vitro toxicity in normal cells. Compensatory mechanisms 
such as increase expression of neuroglobin and cytoglobin may be involved in the protective mechanism for 
normal tissues in vivo.   
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High level MycN protein expression is a key driver of neuroblastoma tumorigenesis. MycN is a member of 
the Myc oncoprotein family which are overexpressed or activated in the majority of human cancer. Myc 
proteins affect diverse cellular functions in disease through protein-protein interaction sites which are 
potential therapeutic targets in cancer cells. The development of Myc inhibitors has proven challenging, as 
Myc is a largely unstructured protein with no deep pockets for drug design. We have previously reported 
that the proliferation associated gene 2G4 (PA2G4) was a poor prognostic factor in primary human 
neuroblastoma tissues, which bound MycN in neuroblastoma cells and increased its protein stability. 
Knockdown of PA2G4 in neuroblastoma cells in vitro or in xenografts reduced the malignant phenotype.  
 
Here we used molecular modelling, surface plasmon resonance (SPR), differential scanning fluorimetry and 
mutant studies, to map the MycN-PA2G4 interaction site to a thirteen amino acid sequence in MycN Box 
IIIb, and a surface crevice in PA2G4. Competitive chemical inhibition of the MycN-PA2G4 protein-protein 
interface with a small molecule known to bind PA2G4, WS6, reduced MycN and PA2G4 levels, and 
neuroblastoma tumorigenesis. SPR gave clear dose-response binding to immobilised PA2G4 with a KD of 
24.8 ± 0.61 µM (n=5). SPR competition experiments showed repression of MycN oligopeptide dose-
response binding to PA2G4 when 10 µM WS6 was pre-incubated with peptide. Co-IP showed that 
transiently transfected MycN point mutants, at the PA2G4-MycN binding site, disrupted PA2G4 binding. 
Overexpression of PA2G4 partially blocked the cytopathic effects of WS6. WS6 (IC50 0.65M) had 
comparable single agent potency with the USP7 inhibitor, P22077, the FACT inhibitor, CBL0137, and the 
allosteric AurA inhibitor, CD532, but not the AurA kinase inhibitor, MLN8232 (IC50 0.043M). Examination 
of the Cancer Genome Atlas (TCGA) revealed that MycN-driven human neuroendocrine prostate cancer 
(NEPC) and Myc-driven uterine carcinosarcoma both exhibited a high incidence of PA2G4 amplification, 
indicating PA2G4 may be also be a driver in these malignancies. Together, these data strongly support 
PA2G4 as an oncogenic cofactor in Myc- and MycN-driven cancer and for the first time a novel chemotype 
for the MycN oncogenic signal. 
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Background: Despite the use of aggressive therapy, survival rates among high-risk neuroblastoma (NB) 
patients remain poor. Cancer stem cells (CSCs) are considered to be critically involved in the recurrence and 
metastasis of NB and are isolated as NB spheres. 
 
Methods: The gene expression profiling of adherent (control) and sphere-forming primary NB cells was 
conducted using a gene expression microarray. CFC1, which functions in the development of embryos and 
decides the left-right axis, was strongly expressed in sphere-forming cells only and was related to the 
unfavorable prognosis of NB patients. The knockdown and overexpression of CFC1 were performed using a 
lentiviral system in NB cell lines. Sphere formation, cell proliferation, colony formation in soft agar, and 
xenograft tumor formation were analyzed. Gene expression microarray of CFC1 overexpressing cells was 
performed and the relation between CFC1 and Activin A was studied. 
 
Results: The overexpression of CFC1 increased sphere formation, cell growth, and colony formation. These 
phenotypes, particularly sphere formation, and xenograft tumor formation were significantly suppressed by 
the knockdown of CFC1. The genes belonging Activin A signaling pathway were differentially expressed in 
CFC1-overexpressing cells. CFC1inhibited Activin A-induced NB cell differentiation and Smad2 
phosphorylation in NB cell lines, and Activin receptor inhibitor SB431542 induced NB cell sphere formation 
similar to CFC1 overexpression, indicating its involvement in tumorigenesis related to EGF-CFC co-receptor 
family molecule pathways. Collectively, these results indicate that CFC1 is a candidate molecule for the 
development of CSC-targeted therapy for NB. 
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Neuroblastoma (NB) is a highly malignant pediatric cancer derived from the sympathoadrenal lineage of the 
neural crest during development. Our previous studies suggested that the expression level of aryl 
hydrocarbon receptor (AHR), a receptor for dioxin-like compounds, correlated well with histological stages 
of NB tumors. Positive expression of AHR also predicted a favorable prognosis of NB patients. In addition, 
overexpression or activation of AHR promotes neural differentiation of NB cells. These evidences suggested 
that AHR is an important regulator for the tumorigenesis of NB. However, the roles of AHR in the neural 
development and the mechanism by which AHR affects NB tumorigenesis remained elusive. In the current 
study, we aim to investigate the roles of AHR in neural development. By an ultrasensitive bioassay for 
dioxin-like compounds, a novel endogenous AHR ligand X was identified. We further confirmed that ligand X 
effectively promotes AHR translocation into nucleus and activates CYP1A1 expression. In addition, the 
expression levels of neural differentiation markers including NSE and GAP43, were upregulated by ligand X 
treatment in SK-N-DZ NB cells. In zebrafish model, ligand X treatment significantly promotes the expression 
of neural development associated proteins, and the induction effects were abolished by zAHR2 morpholino 
(MO) treatment. Moreover, ligand X treatment improves the mobility of zebrafish larvae in zAHR2 knock-
downed zebrafish. These results suggest that ligand X is an endogenous ligand of AHR and plays critical roles 
during neuronal differentiation and oligodendrocyte development. Our results may contribute to the 
development of future treatment for NB patients. 
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We have developed compounds which destabilise the actin cytoskeleton of neuroblastoma. The compounds 
target one of the major components of the actin cytoskeleton, the tropomyosin isoform Tpm3.1. We have 
previously shown that tropomyosins control the functional capabilities of actin filaments in an isoform 
dependent manner by determining which motors and binding proteins can interact with the actin filament. 
The isoform Tpm3.1 is enriched in neuroblastoma and also in a range of other paediatric and adult cancers. 
Anti-Tpm3.1 compounds show activity against neuroblastoma cells in culture where they cause the 
disassembly of the actin cytoskeleton and induce intrinsic apoptosis. We tested the ability of anti-Tpm3.1 
compounds to synergise with drugs currently used to treat solid tumours in children. Only two classes of 
drugs consistently displayed synergy with anti-Tpm3.1 compounds, vinca alkaloids and taxanes. The extent 
of synergy varies between neuroblastoma lines and shows up to 20-fold synergy in the most sensitive lines. 
Synergy is also observed in vivo. Mice inoculated with CHLA20 cells were treated with each agent alone or in 
combination after tumours reached 400mm3. Only the combination resulted in reduction of the size of the 
tumour and in some cases, disappearance. The mechanism of synergy does not involve collapse of both the 
actin cytoskeleton and the microtubules. Rather, synergy results in failure of mitosis, similar to the 
mechanism of anti-microtubule agents. However, unlike anti-microtubule agents alone, the drug 
combination causes a defect in assembling the metaphase plate with accumulation of cells in 
prometaphase. The drug combination also causes a substantial increase in multipolar spindles which likely 
accounts for the ability of cells to assemble a symmetrical metaphase plate. We conclude that anti-
tropomyosin compounds enhance the anti-mitotic activity of anti-microtubule drugs and may allow for dose 
reduction of these agents without compromising efficacy. 
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We previously showed that the CpG island methylator phenotype (CIMP) of neuroblastoma (NBL) was 
strongly associated with poor prognosis, and also suggested that CIMP may be a target for DNA 
demethylation therapy. At the same time, differentiation therapy with 13-cis-retinoic acid has been 
established as a standard maintenance therapy for high-risk NBLs in the USA. In this study, we conducted a 
preclinical study of an "epigenetic drug-based differentiation therapy" using a combination of a DNA 
demethylating agent (decitabine: DAC) and a differentiation agent (tamibarotene: TBT), a new synthetic 
retinoid developed in Japan. Treatment with DAC suppressed the growth of 12 NBL cell lines by increasing 
the number of cells in the S-phase. Genome-wide DNA methylation analysis revealed that DAC treatment 
induced global DNA hypomethylation, and that the genes related to cell death and neurological processes 
were enriched among the genes whose promoter CpG islands were hypomethylated. TBT induced neural 
extension and upregulation of differentiation markers, such as HOXD4, NGFR, and NTRK1, in five NBL cell 
lines. Pretreatment of the five cell lines with DAC enhanced the upregulation levels of differentiation 
markers, indicating that DAC enhanced TBT-induced differentiation. Finally, the tumor suppression effect of 
DAC and TBT in vivo was investigated using a mouse xenograft model of NB-1 cell line. Monotherapy with 
DAC or TBT could induce significant tumor regression without severe side-effects although their synergistic 
effect was not apparent. From these data, an epigenetic drug-based differentiation therapy is a promising 
therapeutic strategy for refractory NBLs. Now, an investigator-initiated phase I trial of TBT as a single agent 
has been completed, and a phase I/II trial of a combination of DAC and TBT is planned. 
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Despite improvements in therapy, high-risk neuroblastoma patients have a survival rate of less than 50% 
due in part to intrinsic or acquired resistance to chemotherapy. ABCB1/P-glycoprotein (P-gp), an efflux 
membrane transporter of the ATP binding cassette (ABC) family is a contributor to multidrug resistance 
(MDR) in several human cancers and can efflux a range of conventional and targeted agents, including 
doxorubicin, vincristine and the ALK inhibitor crizotinib [1]. However, in neuroblastoma, some controversy 
exists regarding the importance of P-gp in MDR [2,3]. While some studies have shown a correlation 
between high P-gp expression and chemotherapy failure [3], others have dismissed P-gp as a predictor of 
treatment outcome [2]. We investigated whether P-gp contributes to the resistance of neuroblastoma cells 
to standard-of-care conventional chemotherapies and to newer targeted agents, including alisertib, 
dasatinib and the ALK inhibitors ceritinib, crizotinib and alectinib.  
 
Using RT-PCR and western blot for P-gp on a panel of neuroblastoma patient derived xenografts and cell 
lines, we demonstrated that high P-gp expression is common in high-risk neuroblastoma. Furthermore, 
analysis of P-gp mRNA levels in large patient cohorts indicates that high P-gp expression is associated with 
poorer outcome in high-risk disease. The selective P-gp inhibitor tariquidar sensitized high P-gp expressing 
neuroblastoma cells to the P-gp substrates vincristine and doxorubicin in vitro, indicating that P-gp levels 
were sufficient to confer chemoresistance. In contrast, no chemosensitization was observed when 
tariquidar was combined with the non-P-gp substrate cisplatin, or with irinotecan (SN-38), temozolomide, 
cyclophosphamide (mafosfamide), topotecan, etoposide, alisertib, or dasatinib. Surprisingly given recent 
reports (ALKi P-gp [1]), tariquidar did not sensitize ALK mutant or amplified cells to ALK inhibitors. 
 
P-gp expression is known to correlate with resistance to a number of chemotherapies; however, the use of 
P-gp inhibitors has shown limited clinical success [4,5]. Our findings suggest that tumour P-gp levels might 
help indicate where particular agents may be less effective and where non-P-gp substrate chemotherapies 
might be substituted. 
 
1. Katayama,R., et al., EBioMedicine,2016. 3:p.54-66. 
2. Haber,M.,et al., J ClinOncol, 2006.24(10):p.1546-53. 
3. Chan,H.S.,et al., N Engl J Med, 1991.325(23):p.1608-14. 
4. Chung,F.S., et al., Am J Cancer Res,2016.6(8):p.1583-98. 
5. Pusztai,L., et al., Cancer, 2005.104(4):p.682-91. 
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The Zero Childhood Cancer program aims to assess the feasibility of a comprehensive precision medicine 
platform to identify targeted therapeutic agents for high-risk paediatric malignancies. The platform 
combines molecular profiling, including WGS of tumour and germline DNA, deep sequencing of a panel of 
cancer associated genes, and whole transcriptome (RNASeq) with sensitivity testing based on ex vivo high-
throughput drug screening, and patient-derived xenograft (PDX) drug efficacy testing. 
 
Five relapsed high-risk neuroblastoma patients were enrolled on the Pilot Feasibility Study. For each patient, 
the complete molecular profiling platform was applied, and for three of five patients, a potentially 
actionable molecular aberration was identified (NF1 mutation/loss, ALK amplification, 11q loss including 
ATM). PDX models were successfully generated for all five patients, with time to model establishment 1ς6 
months. Ex vivo drug sensitivity screening (>120 approved oncology drugs) was conducted for each patient, 
either directly on patient material or on PDX material. For one patient where molecular profiling did not 
identify a targetable aberration, ex vivo screening identified high sensitivity to the Bcl2 inhibitor venetoclax 
όL/љє ф ƴaύΦ 9ŦŦƛŎŀŎȅ ǘŜǎǘƛƴƎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ t5· ƳƻŘŜƭǎ ǿƘŜǊŜ ŀ ǘŀǊƎŜǘ ŎƻǳƭŘ ōŜ ƛŘŜƴǘƛŦƛŜŘΦ ![Y 
amplification and ex vivo venetoclax sensitivity were validated by in vivo sensitivity of the PDX models to 
the ALK inhibitor ceritinib and venetoclax respectively. The PDX model with NF1 mutation/loss responded 
only minimally to the MEK inhibitor trametinib, or to trametinib in combination with isotretinoin. The PDX 
model with ATM loss is currently being assessed for sensitivity to the PARP inhibitor olaparib in combination 
with temozolomide and irinotecan. 
 
Based on our Pilot Feasibility Study, we conclude that PDX models can be established for high-risk 
neuroblastoma patients at relapse with an excellent success rate, and that ex vivo drug sensitivity screening 
can identify therapeutic options in the absence of actionable aberrations identified by molecular profiling. 
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Amplification of MYCN confers poor prognosis in neuroblastoma. When dysregulated, transcription factors 
of the MYC family up-regulate protein synthesis to drive cancer progression. Since inhibiting protein 
synthesis is detrimental to the progression of c-MYC driven cancers, targeting this process may also offer 
therapeutic benefit for MYCN-driven neuroblastoma. ABCE1 is a MYC target gene and encodes an ATP-
binding cassette protein that plays a key role in mRNA translation by powering the ATP-dependent 
dissociation of ribosomes into their small and large subunits. This process allows translation re-initiation and 
continued protein synthesis to provide essential building blocks for cancer growth and metastasis. 
Furthermore, high tumor ABCE1 expression is correlated with reduced survival of neuroblastoma patients. 
ABCE1 is thus a putative therapeutic target in MYCN-driven neuroblastoma. To investigate this possibility 
further, we conducted experiments to test whether targeting ABCE1-mediated translation can block 
neuroblastoma progression. 
 
ABCE1 suppression by short interfering RNAs (siRNAs) severely impaired the proliferation of three MYCN-
amplified neuroblastoma cell lines, and a patient derived xenograft (PDX) cultured ex vivo cell line 
(P<0.001). ABCE1 knockdown also inhibited the migration of these lines (P<0.0001). In contrast, ABCE1 
knockdown did not affect these malignant characteristics in neuroblastoma or fibroblast cell lines lacking 
MYCN amplification. Polysome profiling showed that ABCE1 knockdown in MYCN-amplified SK-N-BE(2) 
neuroblastoma cells reduced the proportion of translating ribosomes (P<0.001) and slowed the rate of 
translation (P<0.0001). Similar decreases in translation were observed in all other MYCN-amplified cell lines 
tested, but not in neuroblastoma cell lines lacking MYCN amplification. Induction of MYCN overexpression in 
the SH-EP Tet21N neuroblastoma cell line substantially increased translation; however, ABCE1 knockdown 
completely abolished this increase, returning translation to basal levels. These data indicate that ABCE1 is 
required for the elevated translation driven by MYCN dysregulation. Notably, in mice xenografted with 
MYCN-amplified neuroblastoma cells, ABCE1 suppression delayed tumor growth at both subcutaneous and 
orthotopic (bone marrow) sites (P<0.001), prolonging the survival of tumor-bearing mice. Our study shows 
that targeting ABCE1-mediated translation is a promising approach to selectively impair the progression of 
MYCN-amplified neuroblastoma.    
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MYCN amplification occurs in 20% of neuroblastoma patients and correlates with poor prognosis. The 
oncogenic function of MYCN has been demonstrated in a transgenic mouse model overexpressing human 
MYCN in the sympathetic ganglia and develops neuroblastoma at 6 ς 7 weeks of age. Single cell technology 
has the potential to study the cellular heterogeneity in premalignant tissue to elucidate key tumourigenic 
components.   
 
Single cell PCR of 150 cells derived from 2-week old TH-MYCN sympathetic ganglia identified a mitotic gene 
signature (MGS) that was over-expressed in a subpopulation of premalignant cells. This MGS was also found 
to be overexpressed in single cells derived from TH-MYCN tumours from 6-week old mice. Furthermore, 
prophylactic treatment using selective antimitotic agents significantly delayed the onset of tumour 
formation and prolonged survival in TH-MYCN mice. These data suggest that mitotic deregulation is a key 
feature of early tumour initiation that drives subsequent tumourigenesis. 
 
In a large neuroblastoma patient cohort, we found that over-expression of the MGS correlated with MYCN 
amplification and poor prognosis among 649 neuroblastoma patients. MGS genes that were involved in 
different stages of mitosis (BUB1B, BUB1, KIFC1, ASPM) were subjected to siRNA mediated gene silencing in 
human neuroblastoma cell lines. This revealed an underlying requirement of these genes in maintaining cell 
viability and clonogenicity. To explore the therapeutic potential of targeting MGS members in the context of 
MYCN driven apoptosis, several targeted antimitotic agents were used in combination with the BCL2 
inhibitor, ABT263. Synergy was observed in all four human neuroblastoma cells lines tested. MYCN-
amplified cell lines were more sensitive to the combination treatment, which supported the hypothesis that 
targeting mitotic deregulation can reactivate apoptotic pathways in MYCN-amplified neuroblastoma. 
 
In summary, we have identified mitotic deregulation as a feature of early MYCN-driven tumour initiation, 
and a potential therapeutic vulnerability in MYCN-amplified neuroblastoma.  
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Neuroblastoma is a pediatric cancer of the sympathetic nervous system. MYCN amplification is a key 
indicator of poor prognosis for the disease, however, mechanisms by which MYCN promotes neuroblastoma 
tumorigenesis are not fully understood. In this study, we analyzed global miRNA and mRNA expression 
profiles of tissues at different stages of tumorigenesis from TH-MYCN transgenic mice, a model of MYCN-
driven neuroblastoma. Based on a Bayesian learning network model in which we compared pre-tumor 
ganglia from TH-MYCN+/+ mice to age-matched wild-type controls, we devised a predicted miRNA-mRNA 
interaction network. Among the miRNA-mRNA interactions operating during human neuroblastoma 
tumorigenesis, we identified that miR-204 is a tumor suppressor miRNA that inhibits a subnetwork of 
oncogenes strongly associated with MYCN-amplified neuroblastoma and poor patient outcome. We found 
that MYCN was bound to the miR-204 promoter and repressed miR-204 transcription and similarly, miR-204 
directly bound MYCN mRNA and repressed MYCN expression. In support of a tumor suppressor role, miR-
204 overexpression significantly inhibited neuroblastoma cell proliferation in vitro and tumorigenesis in 
vivo. Together these findings identify novel tumorigenic miRNA gene networks and miR-204 as a tumor 
suppressor that regulates MYCN expression in neuroblastoma tumorigenesis. 
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The multifunctional protein Galectin-1 (Gal-1) has been described to promote tumor growth by inducing 
angiogenesis and to contribute to both, the tumor immune escape and resistance to radiotherapy. We had 
previously identified Gal-1 as a downstream target of the neurotrophin receptor TrkB in preclinical models 
of aggressive neuroblastoma (NB). However, the clinical and biological relevance of Gal-1 in this tumor 
entity remains unclear. X-Ray irradiation of different murine and human neuroblastoma cell lines revealed 
an upregulation of Gal-1 expression as deduced from Western Blot and semi-quantitative RT-PCR analysis. 
Knock-down of Gal-1 by shRNA sensitized murine NHO2A cells towards ionizing radiation (IR). However, 
colony formation assays and cell cycle analysis revealed no differences in long term survival or induction of 
apoptosis, respectively, for irradiated cells with or without Gal-1 expression. In vivo, targeted Gal-1 gene 
disruption (Gal-1-/ -) in tumors of TH-MYCN mice correlated with impaired tumor angiogenesis, and 
impaired T cell infiltration, while tumor incidence was unaltered. However, Gal-1 deficient mice displayed 
splenomegalies consistent with the finding that migratory activity of CD4+ T cells requires Gal-1. These 
results are in line with a paracrine rather than an autocrine role of Gal-1 in modulating responses to 
radiotherapy. Interfering with Gal-1 functions in vivo will inform about the role of the TrkB/Gal-1 axis in 
response to radiation and contribute to a better understanding of the complex tumor-host interaction 
during chemo- and radiotherapy of neuroblastoma. 
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Intratumor heterogeneity (ITH) has been described as a major cause for disease progression and treatment 
failure for several tumor entities. While proof-of-concept studies have demonstrated its presence in 
neuroblastoma, the extent of ITH has not yet been explored. To investigate ITH and to understand tumor 
evolution in neuroblastoma, we performed a multi-region whole-exome sequencing (WES) on 56 spatially 
separated tumor samples derived from 9 primary neuroblastomas (2 low-risk, 1 intermediate-risk, 6 high-
risk) and 1 relapsed neuroblastoma treated in the NB2004 trial. Samples included 3 metastatic sites 
collected at the time of second-look resection of 3 high-risk primary tumors. We also assessed the impact of 
chemotherapy on clonal expansion by WES of 19 separate tumor regions from 1 intermediate-risk and 1 
high-risk tumor with matched samples at diagnosis and after 4 cycles of chemotherapy according to the 
NB2004 trial protocol. To increase detection sensitivity for less abundant genetic aberrations, we 
macrodissected areas with high tumor cell purity (>70%) from cryosections. WES data were generated for 
tumor regions and matched germline control samples at a mean exome coverage of 300x. We identified a 
wide range of somatic single-nucleotide variations ranging from 20 to a few hundred per tumor region. We 
classified each mutation as ubiquitous (present in all tumor regions), partial (>1 region, but not ubiquitous) 
or specific (only 1 tumor region). A high rate of spatial heterogeneity was detected in these 10 patients, with 
30 to 90% of mutations being classified as specific. Importantly, spatial genetic heterogeneity was also 
apparent for mutations of known cancer-related genes in high-risk tumors, whereas such mutations were 
absent from all samples derived from patients in complete remission. Our multi-region deep sequencing 
approach also defined the clonal composition of 1 high-risk and 1 intermediate-risk tumor before and after 
chemotherapy, dissecting out potentially relevant driver mutations and copy-number aberrations. Our data 
provide the first evidence for extensive spatial ITH in primary neuroblastomas and clonal selection under 
chemotherapy, both of which could have important implications for the clinical interpretation of molecular 
diagnostic results and the use of experimental drugs in second-line treatment approaches. 
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CBL0137, the lead curaxin compound, is a safe, non-DNA damaging small-molecule inhibitor currently in 
phase 1 clinical trials for advanced adult cancer. It acts as a chromatin destabilizer by interfering with the 
binding of the histone chaperone protein FACT to DNA. In neuroblastoma, high risk and aggressive tumors 
are frequently characterized by elevated MYCN expression, which we have previously shown to be 
maintained by FACT in a feed-forward manner (Carter et al, Science Translational Medicine 7(312): 
312ra176). Using the highly penetrant Th-MYCN transgenic mouse model, where neuroblastomas develop 
spontaneously by 7 weeks of age, we have found that CBL0137, alone or combined with conventional 
chemotherapy, suppressed MYCN expression and significantly extended survival rates. To explore targeted 
therapeutic agents that potentiate CBL0137 efficacy, we tested a range of compounds in vitro and found 
that the FDA-approved histone deacetylase (HDAC) inhibitor panobinostat worked synergistically with 
CBL0137 to reduce cell viability and tumor clonogenicity of human MYCN amplified neuroblastoma cell 
lines. More strikingly, combination treatment of CBL0137 and panobinostat eradicated tumors in tumor-
bearing Th-MYCN mice, leading to complete regression in the long-term. Mechanistic studies have shown 
that panobinostat markedly enhances chromatin destabilization induced by CBL0137, resulting in increased 
loss of histone subunit H1 from chromatin. Moreover, CBL0137 suppresses repair of DNA damage induced 
by panobinostat, thereby activating apoptosis. We have also demonstrated the in vivo synergy between 
CBL0137 and panobinostat in preclinical models of two other pediatric tumor types with dismal outcome, 
namely, patient-derived xenografts of diffuse intrinsic pontine glioma (DIPG) and mixed lineage leukemia 
(MLL)-rearranged leukemia. Our studies have identified a highly effective drug combination for 
neuroblastoma and other poor-prognosis pediatric malignancies and have provided insights into the 
mechanisms of interaction of CBL0137 and panobinostat, which will greatly facilitate clinical development of 
effective and non-toxic therapies for childhood cancer.  
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Background: In neuroblastoma (NB), the ALK receptor tyrosine kinase can be constitutively activated either 
through genomic amplification or activating point mutations. We studied ALK genetic alterations in high-risk 
NB patients to determine their frequency and prognostic impact. 
 
Methods: Diagnostic NB samples from 1039 patients enrolled in the SIOPEN-HR-NBL1 trial were studied to 
determine the ALK amplification status (copy number analysis; n=337), the ALK mutational profile (Sanger 
and/or NGS including deep sequencing covering hotspots in exons 23-25, n=203) or both (n=499). 
 
Results: High level genomic ALK amplifications were detected in 4.4% of cases (37/836); all but 2 showed 
MYCN amplification. As for MYCN amplification, ALK amplification was more frequently observed in children 
aged<18 months at diagnosis (p=0.01). No correlation with the primary tumor site was observed. ALK 
mutations were detected at a clonal level (>10% mutated allele fraction, MAF) in 9.8% of cases (69/702) 
(F1174 n= 25, R1275 n=32, both F1174 and R1275 n=1, F1245 n=6, others n=5). Additionally, 3.7% of 
patients (22/586 by NGS) harbored ALK mutations at a subclonal level (MAF 0.5-10%) (F1174 n=11, R1275 
n=6, both F1174 and R1275 or F1174 and F1245 n=3, other n=2). Although not statistically significant, ALK 
mutations were observed slightly more frequently in non-adrenal compared to adrenal primary tumors 
(p=0.08). Whereas no statistically significant difference in survival was observed between patients with and 
without ALK mutations, patients with ALK amplification had a significantly poorer event free (EFS) and 
overall survival compared to those without ALK amplification (logrank, p<0.0001). A multivariate analysis 
was performed to determine which parameters independently predicted EFSin this high-risk population. 
Among 450 patients with complete datasets, a Cox proportional hazards procedure retained stage 4 disease 
(as opposed to non-stage 4) and ALK amplification as factors with a higher hazard of relapse/progression 
(hazard 2.3 and 2.2, respectively), whereas ALK mutation, MYCN amplification and age>18 months were not 
retained. 
 
Conclusion: Taking into account amplifications, clonal and subclonal mutations, genetic alterations of ALK 
were observed in 17% of tumor samples in high-risk NB patients, of importance when considering ALK 
targeted therapies. Among the different genetic alterations, only ALK amplification predicted poorer 
survival. 
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Hemizygous loss of the distal part of human chromosome 1 (1p36) is strongly correlated to poor prognosis 
in neuroblastoma. We recently identified pathogenic mutatiƻƴǎ ƛƴ ǘƘŜ мǇос ƎŜƴŜ YLCм.ʲ ǘƘŀǘ ŀǊŜ ƛƳǇŀƛǊŜŘ 
in developmental apoptosis and sympathoblast differentiation in developing neuroblasts. We 
deleted YLCм.ʲ ƛƴ ǘƘŜ ƳƻǳǎŜ ǎȅƳǇŀǘƘƻ-ŀŘǊŜƴŀƭ ƭƛƴŜŀƎŜ ŀƴŘ ƻōǎŜǊǾŜŘ ǘƘŀǘ YLCм.ʲ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ƴŜǳǊƻƴ 
maturation and funŎǘƛƻƴ ƛƴ ǘƘŜ ǎȅƳǇŀǘƘŜǘƛŎ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳΦ ²Ŝ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ YLCм.ʲ ƛǎ ǊŜǉǳƛǊŜŘ ŦƻǊ 
nerve growth factor (NGF)-dependent neuronal differentiation through anterograde transport of the NGF 
receptor TRKA. Moreover, pathogenic YLCм.ʲ Ƴǳǘŀǘƛƻƴǎ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ƴŜǳǊoblastoma impair TRKA transport. 
Clustering non-MYCN-amplified tumors according to expression of genes down-regulated in YLCм.ʲ-
deficient sympathetic ganglia was prognostically relevant in regard to risk classification, disease stage, and 
survival. Our analysis of neuroblastoma tumors indicates that specific loss of YLCм.ʲ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ƭŜǎǎ 
differentiated and more aggressive disease independent of MYCN amplification and the loss of genes 
neighboring KIF1B on 1p36.  
  
LƳǇƻǊǘŀƴǘƭȅΣ ƭƻǎǎ ƻŦ YLCм.ʲ ƛƴ ŎƻƳōƛƴŀtion with loss of NF1 develop malignant neuroblastoma (NB) and 
ǇƘŜƻŎƘǊƻƳŎȅǘƻƳŀ όt//ύΣ ŘŜƳƻƴǎǘǊŀǘƛƴƎ ǘƘŀǘ YLCм.ʲ ƛǎ ŀ ōƻƴŀ ŦƛŘŜ мǇос ǘǳƳƻǊ ǎǳǇǇǊŜǎǎƻǊ 
gene.  Interestingly, two tumors were diagnosed as composite tumors, consisting of both PCC and NB 
components, provoking the question if NB and PCC might have a common progenitor. Tumors are now 
analysed by single cell transcriptomics to validate the cells of origin and mechanisms of tumor formation 
initiation. We hope to identify gene expression clusters that are prominent in specific embryonic sympatho-
adrenal developmental stages.  
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Purpose: We investigated the clinical significance of MYCN amplification within high-risk neuroblastoma 
(NB).  
 
Materials and Methods: Medical records of 135 patients who were diagnosed with high-risk NB from 2004 
to 2016 were reviewed.  
 
Results: Fifty-one (37.8%) patients had MYCN amplified tumors and the remaining 84 (62.2%) had MYCN 
non-amplified tumors. MYCN amplification was associated with abdominal primary site, less differentiated 
pathology, higher level of LDH and NSE, lower VMA level, and larger primary tumor volume at diagnosis. 
MYCN amplification was associated with a better early response (faster reduction of primary tumor volume 
and NSE level after three cycles of chemotherapy). The proportion of patients in CR or VGPR after induction 
treatment was relatively higher in MYCN amplified tumors than in non-amplified tumors; however, all 
progressions during induction treatment occurred only in MYCN amplified tumors (p=0.006). There was no 
difference in the frequency of treatment-related mortality or second malignancy according to the MYCN 
amplification. The time to relapse/progression was shorter (1.5 years vs. 1.9 years, p=0.037) and OS after 
relapse/progression was worse in MYCN amplified tumors (3-year OS: 7.7 ± 7.4% vs. 20.5 ± 8.8%, p=0.046). 
As results, there was no difference in EFS and OS between MYCN amplified and non-amplified tumors.  
 
Conclusion: MYCN amplification was associated with more aggressive clinical features at diagnosis, a better 
early response, but a higher progression rate during induction treatment and a worse survival after 
relapse/progression. As results, there is no difference in survival rates according to MYCN amplification in 
patients with high-risk NB.  
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Background: High-risk neuroblastoma patients with amplified MYCN frequently suffer from relapses after 
chemotherapy and acquire resistances to the applied drugs. In cell culture, a subset of MYCN-driven cells is 
able to overcome cell cycle arrest induced by doxorubicin.  At the time of treatment, these cells are newly 
ōƻǊƴ ŀƴŘ ǊŜǎƛŘŜ ƛƴ a ƻǊ ŜŀǊƭȅ Dѕ ǇƘŀǎŜΦ bŜǿ ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴǎ ŀǊŜ ǳǊƎŜƴǘƭȅ ƴŜŜŘŜŘ ǘƘŀǘ ǘŀǊƎŜǘ ǘƘŜǎŜ 
resister cells. This study characterizes the effect of CDK13 knockdown, a top hit of a MYCN synthetic lethal 
screen in neuroblastoma cells. 
 
Methods: The expression level of CDK13 in the course of the cell cycle was examined in synchronized 
IMR5/75 cells. CDK13 expression was knocked down by siRNA in 8 neuroblastoma cell lines and cell viability 
was analyzed. For further characterization, we generated a stable IMR5/75 cell line with CRISPR 
interference-based inducible knockdown. Cell viability and colony formation capacity were evaluated by 
Giemsa staining, cell death was detected by propidium iodide (PI) staining and cell cycle was analyzed by 
flow cytometry.  
 
wŜǎǳƭǘǎΥ ¢ƘŜ ŜȄǇǊŜǎǎƛƻƴ ƻŦ /5Yмо ǇŜŀƪŜŘ ƛƴ Ƴƛǘƻǎƛǎ ŀƴŘ Dєκѕ ǇƘŀǎŜΦ ²Ŝ ƛŘŜƴǘƛŦƛŜŘ п ƻǳǘ ƻŦ у ŎŜƭƭ ƭƛƴŜǎ ŀǎ 
strong and another 2 as intermediate responders to knockdown of CDK13. Knockdown with CRISPRi 
reduced the protein level by 50-70%, which led to a reduced viability of the cells (40-60%). The ability to 
form clones was almost completely abolished upon knockdown. 90% of the cells stained PI-positive, 
indicating high cell death. The ŎŜƭƭ ŎȅŎƭŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǿŀǎ ǎƘƛŦǘŜŘ ǘƻǿŀǊŘǎ Dѕ ǇƘŀǎŜ όмн҈ ƛƴŎǊŜŀǎŜύΦ  
 
Conclusion: CDK13 inhibition may represent a promising new treatment option in MYCN-driven 
neuroblastoma. In combination therapies, it might allow to target resister cells which escape chemotherapy. 
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Background: Whole genome sequencing studies have recently identified a group of neuroblastoma patients 
with genomic rearrangements proximal to the telomerase reverse transcriptase (TERT) gene, associated 
with increased TERT expression and poor outcome. Furthermore, TERT rearrangements are mutually 
exclusive to other poor outcome groups defined by MYCN amplification and ATRX mutations. It is essential 
that methodologies allowing routine detection of TERT rearrangements are integrated into upcoming 
clinical trials in order to better characterise these distinct groups within clinical trial datasets. 
 
Methods: We have been offering NGS panel sequencing with clinical reporting to children with solid 
tumours since March 2016. In 2017 the panel was updated to include the intronic region 50 kb upstream to 
the TERT promoter in order to capture TERT rearrangements. We have sequenced the TERT rearranged 
CLGBA cell line with the updated panel and analysed results using bioinformatics tools. For further 
validation we are currently sequencing retrospective samples with TERT status determined by Break-Apart 
FISH and samples from patients treated on the SIOPEN-High Risk 1 study. Results from the SIOPEN samples 
will be further cross-validated with results from a SIOPEN biology group retrospective NGS panel. 
 
Results: We have successfully NGS panel sequenced and clinically reported 140 samples from children with 
solid tumours in the UK, of which 20 had a diagnosis of neuroblastoma. MYCN amplification was detected in 
20% of cases, ALK mutations in 15% and ATRX mutations in 5%. Sequencing of the CLBGA cell line confirmed 
the presence of a 5:21 chimera with a break in the UTR of TERT. We are currently validating the ability to 
detect TERT rearrangements in patient samples. 
 
Conclusions and Discussion: Incorporating prospective molecular data collection into upcoming clinical trial 
datasets will enable a greater understanding of genotype-phenotype correlation, leading to more accurate 
risk stratification and better, more tailored therapies in the future. We demonstrate that clinical NGS panel 
sequencing is feasible, can detect complex rearrangements in addition to other genetic alterations and can 
be tailored to the needs of the study population.  
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Purpose: We performed this study to discover genetic polymorphism responsible for variable treatment 
outcome among patients with neuroblastoma (NB). 
 
Methods: Firstly, we investigated whether the degree of neutropenia, absolute neutrophil count (ANC) at 
nadir, after first cycle of chemotherapy is associated with the treatment outcome in 264 NB patients who 
received same induction chemotherapy. And then, we performed genome-wide association study (GWAS) 
to discover genetic polymorphism responsible for the variable degree of neutropenia and variable 
treatment outcome among patients.  
 
wŜǎǳƭǘǎΥ tC{ ǿŀǎ ƘƛƎƘŜǊ ƛƴ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǎŜǾŜǊŜ ƴŜǳǘǊƻǇŜƴƛŀ ό!b/ ғ нлκ˃[ύ ǘƘŀƴ ƛƴ ǘƘƻǎŜ ǿƛǘƘ ƳƻŘŜǊate 
(ANC 20-мллκ˃[ύ ƻǊ ƳƛƭŘ ό!b/ Ҕ мллκ˃[ύ ƴŜǳǘǊƻǇŜƴƛŀ όt Ґ лΦллрύΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ǘǊŜŀǘƳŜƴǘ-related mortality 
(TRM) was more frequent in patients with severe neutropenia than in those with moderate or mild 
neutropenia (P = 0.015). Among the most significant 33 common SNPs associated with the degree of 
neutropenia in GWAS, AA genotype at rs2818421 of DPYSL4 was associated with a higher PFS (P = 0.042) 
and AA genotype at rs11786984 of CSMD1 was associated with a higher frequency of non-progression event 
including TRM and second malignancy (P = 0.008). When the patients were stratified into low and high 
genetic-risk groups according to the prediction score incorporating the most significant 33 common SNPs, 
there was significant difference in survival rates between genetic risk groups (10-year PFS: 89.6 ± 3.0% vs. 
67.9 ± 4.8%, P < 0.001; 10-year EFS: 82.1 ± 4.2% vs. 52.8 ± 5.5%, P < 0.001). In the multivariate analysis, high 
genetic risk was an independent poor prognostic factor for survival (HR for PFS = 3.03, P = 0.002; HR for EFS 
3.07, P < 0.001). When the analysis was confined to only clinical high-risk patients, findings described above 
became more prominent.  
 
Conclusion: The degree of neutropenia after chemotherapy can be used as a surrogate marker of patiŜƴǘΩǎ 
genetic characteristics predicting the treatment outcome. Our study suggests that treatment outcome is 
affected by genetic factor of patients and, therefore, future treatment needs to be tailored based on not 
only clinical or somatic factors but also genetic characteristics of the patients. 
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Introduction: Neuroblastoma (NB) is a mutational silent childhood tumor but exhibits frequent recurrent 
DNA copy number alterations including 17q gain in most high risk MYCN amplified and non-amplified cases. 
The finding of gains for this syntenic human 17q region in MYCN driven NB mouse tumors further suggests a 
crucial role for dosage sensitive genes during tumor initiation and/or progression. We hypothesized that 
one or more dosage sensitive super-enhancer marked lineage transcription factors are present on 17q. 
 
Material and methods: We performed a combined super-enhancers (SE) analysis in 26 NB cell lines, 
followed by selection of super-enhancer driven genes for impact on patient prognosis and dosage 
sensitivity, based on extensive copy number and gene expression analysis in a large primary tumor cohort.  
The selected top candidate TBX2 was further investigated by genomic and functional analysis. 
 
Results: We identified TBX2 as the strongest 17q dosage sensitive SE marked transcription factor. In further 
support, in 1 NB patient we detected a 1 Mb focal amplification encompassing the TBX2 locus. 4C 
sequencing demonstrated physical interaction of the TBX2 locus with its nearby SE. TBX2 ChIP-sequencing 
and further integration of available CRC gene ChIP binding profiles strongly suggest TBX2 being part of the 
CRC consisting of, amongst others, GATA3, HAND2, PHOX2B and MYCN.  Transcriptome analysis following 
TBX2 knockdown revealed enrichment for gene sets involved in cell cycle such as G2/M checkpoint and 
FOXM1/E2F targets. Phenotypically, TBX2 knockdown caused reduced proliferation and induction of G1 cell 
cycle arrest. Interestingly, combined TBX2 and MYCN knockdown in NB cells yielded synergistic effect on 
viability and cell cycle. Given that CRC genes driven by SEs are highly dependent upon strong sustained high 
expression levels, we combined the CDK7 inhibitor THZ1 with the bromo-domain inhibitor JQ1 and observed 
synergistic effects on TBX2 downregulation and cell viability and apoptosis.  
 
Conclusion:  We propose the SE driven 17q dosage sensitive TBX2 transcription factor as an important 
component of the NB CRC and provide evidence suggesting that targeting one or more CRC components 
represents a therapeutic vulnerability for epigenetic drugging of high risk NB.  
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Neuroblastoma is the most common extracrainal solid tumour in childhood. The high risk, metastatic form 
of neuroblastoma has very poor prognosis, and the survival rate after 5 years is of only about 50% in the 
face of aggressive treatments. The protooncogene and transcription factor MYCN is a direct cause of the 
disease when activated by amplification in a fraction (30%) of high-risk neuroblastomas. Using a genome-
wide shRNA screen, we have recently unveiled a network of druggable MYCN synthetic lethal genes. One of 
the synthetic lethal interactors identified in the screen is CKS1b, inhibited by the small molecule fluoxetine, 
also known as Prozac. Fluoxetine is an antipsychotic drug and due to its relatively low toxicity profile is also 
used in the context of childhood behavioural control. Another important genomic rearrangement present in 
about a third of high risk neuroblastomas occurs in the chromosomal 5p15.33 region, proximal to the 
telomerase reverse transcriptase gene (TERT). Notably, an oligonucleotide inhibitor of TERT activity 
developed by the biotech company Janssen, Imetelstat, has been recently used in multiple clinical trials for 
human solid and haematological malignancies.  
 
In vitro, both Fluoxetine and Imetelstat reduced neuroblastoma cell proliferation and caused apotosis of 
MYCN-amplified neuroblastoma cell lines. The effect was much more pronounced when the drugs were 
used in combination. In vivo, the combination of Fluoxetine and Imetelstat significantly reduced the growth 
of small but not large tumour masses. Interestingly, Fluoxetine alone showed antitumour activity if 
treatments were started shortly after subcutaneous tumour cells inoculations. 
 
In conclusion, Fluoxetine and Imetelstat could represent potential candidates for second line therapy in 
relapsing neuroblastoma. 
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Introduction: Core regulatory circuits (CRC) compose a complex network of transcription factors (TF) 
implicated in the NB phenotype. CRC component MYCN is commonly amplified in high risk cases whereas 
LIN28B was shown to be affected by rare copy number gains and amplifications. We report on SOX11 as a 
novel copy number affected TF in NB. 
 
Methodology: DNA copy number analysis was performed in 384 NB. In vitro functional assays were 
performed following SOX11 knockdown in NB cells. ChIP-sequencing and RNAseq were performed to 
identify direct SOX11 targets. IP-MS was performed to identify SOX11 interacting proteins.  
 
Results: A 400kb region of overlapping gains/amplification was identified on chromosome 2p containing 
SOX11 as only protein-coding gene. This TF has lineage dependency characteristics including high expression 
in adrenergic NB tumors and cell lines and developing sympathetic nervous system. SOX11 also shows 
dynamic upregulation in TH-MYCN driven mouse hyperplasia and NB as well as in NB tumors derived from 
MYCN transformed mouse neural crest cells. Knockdown of SOX11 reduced colony formation, increased 
DNA damage and G1-S cell cycle arrest. Further, MYCN and several other CRC components bind to a SOX11 
upstream enhancer as determined by 4C-sequencing. ChIP-seq revealed significant overlap of SOX11 
binding sites with binding sites for MYCN and other adrenergic CRC components. SOX11 regulates multiple 
SWI/SNF components including ARID1A, ARID1B, SMARCE1 and SMARCC1, suggesting a critical role in 
chromatin remodeling, in keeping with its involvement in Coffin-Siris syndrome caused by mutations in 
SWI/SNF complex components including SMARCE1 and SOX11. Given the recent discovery that ARID1A 
targets SWI/SNF complexes to enhancers, SOX11 may facilitate CRC controlled gene activation. SOX11 also 
regulates other epigenetic regulatory components including EZH2, genes involved in DNA repair, DNA 
replication and cell cycle. Analysis of the SOX11 interactome provided evidence for MYCN as well as cell 
cycle control proteins WHDH1 and WEE1 as physical interactors. 
 
Conclusion: Our data suggest that SOX11 is a CRC interconnected dosage sensitive lineage dependency TF 
with a putative role in regulating essential epigenetic components of the major SWI/SNF and PRC2 
epigenetic regulatory protein complexes.  
 
 



 

174 

The Clinical Significance of the Expression of B7H3 and PD-L1 in 
Neuroblastoma 

Ru Liao1, Xaiofei Sun1, Yu Zhang1, Juan Wang1, Zijun Zhen1, Jia Zhu1, Suying Lu1, Feifei Sun1, Junting Huang1 

1Sun Yat-sen University Cancer Center, Guangzhou, China 

Background: We investigated the clinical significance of the expression level of B7H3 and PD-L1 in 
neuroblastoma. 
 
Methods: Clinical data and tumor paraffin tissues of NB were collected from Sun Yat-Sen University Cancer 
Center between January 2004 to December 2015. The expression of B7H3 and PD-L1 were detected by 
immunohistochemical technology. The relationship between the B7H3 and PD-L1 expression and the clinical 
prognosis of NB patients was analyzed. 
 
Results: A total of 100 patients with NB, of which, the low risk, intermediate risk and high-risk NB were 
15%,18% and 67% respectively. 79% of the patients were H7H3 positive, 58% were low expression and 45% 
were high expression. The B7H3 high expression was positively related with risk stratifications, stage, MYCN 
status. 4-year EFS of patients with low and high expression of B7H3 was 41.8% and 27.1%, respectively, 
P=0.051; 4-year OS was 58.6% and 63.8%, respectively, P=0.739. For the 33 non-high-risk patients, 4-year 
EFS of patients with low and high expression of B7H3 was 94.7% and 44.2%, respectively, P=0.003; 4-year 
OS was 100.0% and 90.9%, respectively, P=0.157. For the 67 high-risk patients, 4-year EFS of patients with 
low and high expression of B7H3 was 22.1% and 13.9%, respectively, P=0.805; 4-year OS was 57.7% and 
36.3%, respectively, P=0.151. The positive rate of PD-L1 in NB tumor tissue was 57.0%, 98% of patients were 
low expression. The expression of PD-L1 in NB was not significantly correlated with tumor sizes, age, gender, 
stage, MYCN status, risk stratifications and survival. 45 cases had B7H3 and PD-L1 double positive and 10 
patients had PD-L1 and B7H3 double negative. 4-year EFS of the patients with PD-L1 and B7H3 double 
positive and double negative was 16.4% and 90.0%, respectively, P<0.001. 4-year OS was 48.7% and 100.0% 
for the patients with PD-L1 and B7H3 double positive and double negative, respectively, P=0.001. 
Multivariate analysis showed that B7H3 positive, MYCN amplification were independent adverse prognostic 
factors for OS. B7H3 positive and advanced stage were independent prognostic factors for EFS (P <0.05). 
 
Conclusions: This study showed B7H3 may be used as a new prognostic indicator in NB in the future. 
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Introduction: The outcome of treatment for children with high risk neuroblastoma with standard treatment 
has been dismal. The addition of immunotherapy targeting the GD2 antigen present on the neuroblastoma 
cells has improved event free survival rate to 66% and overall survival at 86% (Yu A et al, NEJM, 2010). We 
recently treated patients with Dinutixumab beta and report their outcome.  
 
Methods: Children with INRG high risk neuroblastoma received induction chemotherapy following the 
MSKCC or Siopen HR neuroblastoma protocol, surgery, myeloablative chemotherapy using BUMEL regimen, 
followed by autologous peripheral blood stem cell rescue and radiation. Maintenance began within 100 
days from transplant provided the absolute neutrophil counts are at least 1.0 and platelet counts were 
stable without transfusion.  Maintenance consisted of five cycles of Dinutuximab beta at 10 mg /m2/day for 
10 days given without IL2, followed by oral cis retinoic acid at 160 mg/m2/day for 14 days.  
 
Results: Ten children with high risk neuroblastoma received immunotherapy. Their ages range from 3 to 10 
years (median 3 years). Nine children presented with metastatic disease and one L2 with Nmyc 
amplification. Two patients with Nmyc amplification. One patient relapsed at the metastatic site two years 
posttransplant and was in second remission. Nine patients were in complete remission and one partial 
remission posttransplant. Six patients completed five cycles. Reasons for not completing were persistent 
disease (1) and new onset lesions (3). All patients developed CRS grade 2 with fever, chills and pain during 
the first two cycles. One patient with high grade fevers and maculopapular rash had Influenzae B infection.  
Six patients are alive and in complete remission 21-34 months posttransplant. Three patients relapsed 
during immunotherapy, two deceased and one alive with disease at 9 months follow up. One patient 
relapsed in the bone marrow 2 months posttreatment but went into remission with chemotherapy.   
 
Conclusion: Dinutuximab beta given over 10 days without IL2 is well tolerated. However, relapse rate 
remains significant in our group of patients. Further review into biology of lesions is needed to determine 
which patients will benefit from additional treatment aside from immunotherapy.  
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Background: The aim of the prospective biological study IC2007-09/PHRCNB07 (ClinicalTrials.org, 
NCT02864563) is to obtain genomic profiles (GP) using aCGH and histopathologic characterization of tumor 
samples obtained at diagnosis of all patients with neuroblastic tumors treated in the centers of the SFCE 
ό{ƻŎƛŞǘŞ CǊŀƴœŀƛǎŜ ŘŜǎ /ŀƴŎŜǊǎ ŘŜ ƭΩ9ƴŦŀƴǘύΦ 
 
Methods: For patients enrolled in the study, central histology review of diagnostic samples (obtained by 
surgical resection, surgical biopsy or fine-needle biopsy) was performed according to the International 
Neuroblastoma Pathology Committee (INPC). Neuroblastic tumor samples with >60% tumor cells were 
analyzed by aCGH in three reference platforms. Genomic profiles (GP) were classified into three groups: 
numerical-chromosome-alterations (NCA) only, segmental-chromosome-alterations (SCA) without or with 
additional numerical alterations, and MYCN amplification (MNA). 
 
Results: Among 512 enrolled patients (INRG stages L1+L2/M/MS 28%, 71%, 1% respectively, age: >18 
months 63%), GP was analyzed for 365 cases: 103 NCA, 172 SCA, 61 MNA and 29 non-contributive profiles. 
SCA were more frequent (74%, p<0.0001) in patients >18 months and in INRG stage M (78%, p<0.0001). 
Histopathological review was obtained for 358 cases (INPC favorable n=105, unfavorable n=103, non-
evaluable n=150), with GP data available in 281 cases. Among ganglioneuroblastoma (4 GNB intermixed, 6 
GNB nodular), GP revealed: 5 silent, 2 NCA, 3 SCA, 0 MNA profiles. In neuroblastoma, different GP were 
observed according to degree of differentiation: differentiating NB (3 silent, 0 NCA, 6 SCA, and 0 MNA), 
poorly differentiated (9 silent, 70 NCA, 99 SCA, 30 MNA) and undifferentiated NB (0 silent, 0 NCA, 1 SCA, 5 
MNA). A strong correlation between INPC histoprognosis classification and GP was documented (INPC 
favorable: 7 silent, 43 NCA, 26 SCA, 1 MNA; unfavorable: 6 silent, 13 NCA, 49 SCA, 16 MNA; p<0.0001). In 
addition, among 150 samples for whom no INPC histoprognosis could be established due to sample size or 
technical issues, 120 GP could be analyzed: 11 silent, 27 NCA, 52 SCA, and 30 MNA. 



 
Conclusion: Fine-needle biopsies allowed histoprognosis characterization according to INPC in 58%. In 
absence of a reliable or possible histoprognosis classification, GP was informative with a success rate of 91% 
(109/120). 
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The paucity of recurrent mutations has hampered efforts to understand the pathogenesis of several 
pediatric cancers. High-risk neuroblastoma is characterized by MYCN amplification and large structural 
chromosomal rearrangements but few recurrent amino acid changing mutations. Through bioinformatic 
analysis of sequenced neuroblastoma tumors, we have identified primarily read-through fusion transcripts 
of adjacent genes. The high frequency of these intrachromosomal fusion events implies that they represent 
an overlooked mechanism that could provide high-risk neuroblastoma with oncogenic properties. We 
validated several candidate fusion transcripts as tumor specific. To investigate altered functional properties 
of fusion gene products we focused on the ZNF451-BAG2 chimeric transcript. This fusion generated a 
ǘǊǳƴŎŀǘŜŘ .!Dн ǇǊƻǘŜƛƴΣ ɲ.!DнΣ ǿƘƛŎƘ ƛƴƘƛōƛǘǎ ǊŜǘƛƴƻƛŎ ŀŎƛŘ-induced neuronal differentiation in 
ƴŜǳǊƻōƭŀǎǘƻƳŀΦ ¢ƘǳǎΣ ɲ.!Dн ŀŎǘǎ ŀǎ ŀ ŘƻƳƛƴŀƴǘ ƴŜƎŀǘƛǾŜ ŦŀŎǘƻǊ ƻōǎǘǊǳŎǘƛƴƎ ƪŜȅ ŀǎǇŜŎǘǎ ƻŦ ƴŜǳǊƻƴŀƭ 
maturation, potentially leading to a less differentiated and more aggressive tumor. 
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Purpose: Neuroblastoma (NB) cells in the bone marrow are a hallmark of high-risk disease in children over 
the age of 1 year, identifying children for more intensive treatment and a frequent site of relapse. The 
elimination of these cells remains one of the greatest challenges for cure of some children.  
 
Methods: NB cells were isolated from bone marrow aspirates (BM) from children with stage M high-risk NB 
using immune-magnetic bead selection for the cell surface disialoganglioside GD2. Self-renewal was 
assessed by seeding single cells in low and substrate adherent plates, and in soft agar. Migration was 
analysed using a 3D gelatin-based assay.  Cells were characterised using total RNAseq, immunocytology and 
microscopy. Paired primary tumour, neuroblastoma cells from BM and NB self-renewing clones were 
compared (n=7).  
 
Results : Median infiltration of BM with GD2 positive NB cells at diagnosis was 7% (range 0 ς 60%; n=100). 
Expression of the neuroblastoma markers tyrosine hydroxylase, nestin, NCAM and PHOX2B and the drug 
resistance protein MRP-1 was heterogeneous. NB cells did not express the haematopoietic markers CD45 or 
CD57. High infiltration of BM with NB cells was predictive of a worse event free survival (p=0.017), as was 
cellular expression of PHOX2B protein (p=0.023). Migratory cells were identified in all NB cultures; the 
migration index (MI) was highly heterogeneous (median MI 106; range 8-428 n=71). Median spheroid 
forming efficiency from a single cell was 5% (range 0.5-27%; n=114) and colony formation efficiency in soft 
agar 1.3% (range 0.07-9% n=70). Substrate adherent single cell clones were established from 74% of 
propagated primary cells; in these cells median clone forming efficiency was 12% (range 0.5-40, n=45). 
Hierarchical clustering of RNAseq data revealed that the primary tumours and neuroblastoma cells isolated 
from the BM clustered independently from the NB single cell self-renewing clones.   
 
Conclusion: NB cells from the BM of children with stage M high-risk disease are heterogeneous. A 
subpopulation of cells produce single cell clones which have a different RNA profile to parental NB cells 
derived from BM and the paired primary tumour. Therapeutic strategies targeting this biological diversity 
are needed to improve outcomes. 
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(CMMC), Medical Faculty, University of Cologne, Cologne, Germany 

Treatment of relapsed neuroblastoma has remained a challenge to pediatric oncologists and may be 
hampered by long-term sequelae of first-line therapy. Small molecule ALK inhibitors represent a promising 
therapeutic option in patients with ALK-mutated neuroblastoma; however, currently available inhibitors 
bear the risk of hepatotoxicity and QT interval prolongation. Here, we report on a girl who was diagnosed at 
the age of 22 months with stage 4 abdominal neuroblastoma and metastases in the bone marrow, lung and 
liver. Genomic profiling revealed wild-type ALK at diagnosis. In addition, a prolonged QTc interval was 
noticed with a maximum of 480 ms, suspicious of long-QT syndrome. First-line therapy was performed 
according to the NB2004 high-risk trial protocol. After myeloablative chemotherapy and autologous stem 
cell rescue, the girl developed temporary renal failure, respiratory failure, invasive pulmonary aspergillosis 
and secondary sclerosing cholangitis with consecutive ascites, partial liver failure and cholestasis (grade 4 
increase of bilirubin and GGT, and grade 3 increase of AP and transaminases). Liver function and laboratory 
findings improved over the following months but did not normalize. Twenty-one months after stem cell 
rescue, local progression of a pulmonary lesion was observed. Neuroblastoma was confirmed by biopsy, and 
a de novo ALKR1275Q mutation was detected in the tumor cells. The patient was then treated with 
temozolomide accompanied by local radiotherapy, however, metastatic progression with bone marrow 
infiltration and increasing urinary catecholamines occurred after six months. We therefore switched to oral 
ceritinib mono-therapy. At this time, liver impairment had improved to grade 1 to 2. The therapy was 
tolerated very well: We recorded a maximum of grade 2 liver toxicity, no change of QTc interval, and no 
other relevant adverse events. Furthermore, we observed a good response to ceritinib treatment; the 
pulmonary tumor lesion decreased in size, urinary catecholamines normalized and bone marrow metastases 
disappeared completely. The patient was on treatment for 10 months at last follow-up and was in excellent 
clinical condition throughout the entire period. In conclusion, our data suggest that ceritinib treatment may 
represent a valuable treatment option in patients with ALK-mutated neuroblastoma, even in the presence 
of hepatopathy and prolonged QTc interval.  
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Background: Neuroblastomas (NB) with segmental chromosome alterations genomic profiling are 
associated with poorer outcome. For low risk (LR) patients, the SIOPEN LINES trial (Low and Intermediate 
Neuroblastoma European Study, ClinicalTrials.org:NCT01728155) aims to maintain or improve the excellent 
outcome, whilst diminishing overall treatment burden whenever possible, by applying treatment 
stratification according to genomic profiling (GP) and clinical parameters. In intermediate risk (IR) patients, 
GP is studied retrospectively. 
 
Methods: MYCN non-amplified NB samples with >60% tumor cells are analyzed using pangenomic 
techniques, with central review, data registration into the SIOPEN-R-NET database, and release of clinically 
relevant conclusions to clinicians within six weeks following diagnosis. Tumors were classified into two 
groups: numerical-chromosome-alterations (NCA) only, versus segmental-chromosome-alterations (SCA) 
>3Mb known to occur recurrently in NB, without or with numerical alterations. 
 
Among 441 screened patients, GP was performed in 349 cases (250 LR, 99 IR) using pangenomic techniques 
(aCGH, SNP-arrays, other). In 73 cases, only absence of MYCN amplification was taken into account, either 
because no other copy number changes were seen (n=11), or because of non-established prognostic 
relevance alterations identification (n=13), including small interstitial deletions of chromosomes 8p or 3p, 
deletions of 5q, 11p, 17p, 19q and 22q, 2 cases with focal amplification of 12q14 encompassing 
CDK4/MDM2, amplification of 1p34.2, or a gain of 18p. For 49 other cases, no GP was obtained due to 
insufficient material, technical issues or not-done in real time (IR patients).  
 
A clinically decision-making-GP was determined in 276 cases (209 LR: 159 NCA, 50 SCA; 67 IR: 24 NCA, 43 
SCA). The frequency of SCA varied between different patient groups : LR L2<18months 19.8% (126 pts; 101 
NCA, 25 SCA); Ms<12 months 30% (83 pts, 58 NCA, 25 SCA); IR L2>18months 70% (40 pts, 12 NCA, 28 SCA), 
M<12months 52% (25 pts, 12 NCA, 13 SCA).The most frequent alterations were 17q gain (62 cases), 11q 
deletion (33 cases), 2p gain (28 cases) and 1p  deletion (26 cases). 
 
Conclusion: Real-time genomic profiling for patient group allocation and treatment stratification in the 
SIOPEN's LINES Study is feasible, with a success rate of 79% of analyzed cases. 
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Background: Recently, laparoscopic surgery for abdominal neuroblastomas (NBs) has been reported, even in 
the advanced cases. Although image defined risk factor (IDRF) are widely used to predict surgical 
complications in patients with localized NBs, the efficacy of IDRF as a predictor of complications in patients 
undergoing laparoscopic surgery is still unclear.  On the other hand, we previously reported that contact 
with the renal vessels (an IDFR-positive component) was not associated with surgical complications in 
laparotomy.  The aim of this study was to describe our experience with laparoscopic surgery for NB and to 
examine the association between IDRF, especially contact with the renal vessels, and surgical complications 
in NB patients treated with laparoscopic surgery. 
 
Methods: We performed laparoscopic surgery to treat15 patients with abdominal NBs who were treated at 
Kyushu university from April 2010 to December 2017. We examined the clinical features and surgical 
outcomes of these NBs cases retrospectively. 
 
Results: Six of the 15 patients were male (mean age, 35.7±48.9 months).  The histological diagnoses were 
neuroblastoma (n=10), ganglioneuroblastoma (n=2) and ganglioneuroma (n=3).  The mean tumor size was 
4.7±2.7 cm (1.8-11.0 cm).  Only one patient exhibited MYCN amplification.  The INSS stages were as follows: 
stage 1 (n=10), stage 2A (n=1), stage 3 (n=1), and stage 4 (n=3). Ten cases were IDRF-negative and 5 cases 
were IDRF-positive.  Total extirpation was performed for all 10 IDRF-negative cases.  For the 5 IDRF-positive 
cases, total extirpation was performed for 3 cases and tumor biopsy was performed for 2 cases.  Among the 
5 IDRF-positive cases, the two biopsy cases showed the encasement of renal vessels and other vessels.  The 
3 totally extirpated cases only showed the contact with the renal vessels and did not show other any IDRF-
positive components.  No cases exhibited surgical complications, including renal atrophy and conversion to 
laparotomy.  There were no episodes of recurrence. 
 
Conclusions: Laparoscopic surgery was found to be a safe and effective modality which showed a good 
surgical outcome in IDRF-negative cases.  Our findings suggest that total extirpation by laparoscopic surgery 
could be safely performed in IDRF-positive cases when the only IDRF-positive component was the contact 
with the renal vessels. 
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Background: In neuroblastoma, mutations/deletions in ATRX (Alpha Thalassemia/Mental Retardation 
Syndrome X-Linked) define a distinct patient subgroup with a clear phenotype: older age at diagnosis, 
conventional therapy resistance and poor survival. There are no novel therapies for this group despite 
urgent need.  
 
Methods: We performed high-throughput compound screening, comparing overall sensitivity in 8 
neuroblastoma cell lines versus 112 other cancer subtypes. In the SK-N-SH cell line, we then generated 
stable ATRX deleted clones, utilising a CRISPR-Cas9 construct targeting the helicase domain (subsequent to 
CRISPR-Cas9 TP53 deletion) then subjected parent cell-lines and 3 stable ATRX deleted clones to compound 
screening. Linear mixed effects models were used to test for differences in compound sensitivity according 
to subtype and ATRX status. Significant results were further validated. 
 
Results: We identified preferential sensitivity in the neuroblastoma cell lines for three different Poly(ADP-
Ribose) Polymerase (PARP) inhibitors (Olaparib, Rucaparib, and Talazoparib). Additionally, loss of ATRX 
further sensitised cells to inhibition of key DNA damage repair (DDR) proteins including all three PARP 
inhibitors and the Ataxia Telangiectasia Mutated (ATM) inhibitor KU60019. 
 
We specifically focused on PARP inhibition due to the magnitude of effect, and greater potential for rapid 
clinical translation. ATRX deleted clones are unable to co-localise RAD51 with BRCA1 in response to DNA 
damage, resulting in a homologous recombination repair (HRR) deficiency, and thus a reliance on PARP for 
DDR.  
 
We also identified an increase in genomic instability and double stranded DNA breaks as a consequence of 
ATRX deletion and demonstrated sensitisation to Irinotecan (but not Temozolomide) with ATRX loss. 
Furthermore, Irinotecan sensitivity is significantly further enhanced with the addition of Olaparib.  
Finally, we have validated these results in the ATRX deleted neuroblastoma cell line CHLA-90, which has the 
same HRR deficiency and clear Irinotecan sensitisation with the addition of Olaparib. We are currently 
validating our results in-vivo in xenograft and PDX models. 
 
Conclusions: We show increased sensitivity to pharmacological ATM and PARP inhibition in-vitro in ATRX 
mutated neuroblastoma. Furthermore, we show that ATRX loss results in HRR deficiency. This provides a 
rationale for combination of PARP inhibitors with conventional chemotherapy for patients with ATRX 
mutated neuroblastoma 
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Purpose: To validate the prognostic power of paired-like homeobox 2b (PHOX2B) and tyrosine hydroxylase 
(TH) mRNA levels in bone marrow aspirates (BM) from children with high-risk stage M neuroblastoma at the 
end of induction and during treatment for minimal residual disease (MRD) in HR-NBL-1/SIOPEN 
(www.SIOPEN-R-NET.org).  
  
Methods: Bone marrow aspirates (BM; n=770) were analysed by RTqPCR for PHOX2B and TH mRNAs as 
previously described.¹ The log10 mRNA levels were transformed to generate a high or low PCR score, where 
a high PCR score is above the published cut-points for TH and PHOX2B mRNA levels in BM at the end of 
induction and low is below the cut-points.¹ 
 
Results: High levels of TH and PHOX2B mRNA in BM (n=144) at the end of induction treatment 
independently predict a poor EFS; 5-year EFS for children with a high PCR score was 13% compared to 32% 
for children with a low score (chi²=10, HR= 1.8, p=0.002). This observation was validated in a second cohort 
(n=223); 5-year EFS in children with a high PCR score was 26% compared to 48% for children with a low 
score (chi²=11, HR= 1.8, p=0.001). Using the same cut-point, in BM taken pre-treatment for minimal disease 
(n=235) children with a high PCR score had a 5 year EFS of 17% compared to 41% for those with a low score 
(chi²=7.4, HR= 2.0, p=0.006) and in BM post treatment for MRD (n=168) children with a high PCR score had a 
5 year EFS of 6% compared to 54% (chi²=27.1, HR= 3.9, p<0.0001). Ninety-four percent (17/18) of children 
with high levels of TH and PHOX2B mRNAs in BM post treatment for MRD rapidly progressed.  
  
Conclusion: High levels of TH and PHOX2B mRNA in BM at the end of induction treatment independently 
identifies children with an increased risk of an event. Using the same cut-points, we report for the first time 
that high levels of these neuroblastoma mRNAs in BM in the MRD setting strongly predicts for a worse EFS.  
This test could be used to select children after induction treatment for alternative clinical management.   
 
¹Viprey et al,2014, Journal of Clinical Oncology,32;1074-83 
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While recurring mutations in protein-coding genes are relatively rare in neuroblastomas, massive genomic 
alterations are common. Even though recurrent gains and losses in certain chromosome regions have been 
observed in high-risk neuroblastomas, the oncogenic nature of such alterations is, thus far, only understood 
for cases involving MYCN amplification or TERT rearrangements. To explore how other recurrent regional 
changes, contribute to oncogenicity in neuroblastoma, we generated large-scale matched pan-OMICS 
datasets from 60 primary neuroblastomas representing the entire clinical risk spectrum. Whole-genome 
sequencing was performed with an average base coverage of 60x on tumors and matched control DNA from 
patient blood. Sequencing depth was very high, supporting identification of subclonal genomic events. 
Somatic genomic events at single base-pair resolution were called using EBCall and large-scale genomic 
copy-number variations were determined using Control-FREEC. We detected previously described 
alterations in the 60 neuroblastomas, such as MYCN amplification, ALK mutation, and TERT rearrangements. 
Each total (coding and non-coding) tumor transcriptome was profiled by sequencing the complete RNA 
compartment following rRNA depletion. On average, 100 million paired-end reads were generated per 
tumor. Observed effects on the expression levels or sequence composition of mRNAs or non-coding RNAs 
were linked to genomic events. Whole-genome bisulfite sequencing at 60x base coverage was used to 
assess DNA methylation in 24 of the 60 tumor samples. Hyper- and hypo-methylated regions were detected 
in specific tumor groups of tumors and correlated with RNA expression changes. Overlapping genome 
annotations derived from public databases and a statistical meta-analysis approach were used to integrate 
ŀƭƭ ΨƻƳƛŎǎΩ ŘŀǘŀǎŜǘǎ ŦƻǊ ŜŀŎƘ ǘǳƳƻǊΣ ŀƴŘ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ Řŀǘŀ ǿŜǊŜ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ŎƭƛƴƛŎŀƭ ǘǳƳƻǊ ŀƴƴƻǘŀǘƛƻƴΦ 
We detected genomic/transcriptomic events previously associated with neuroblastoma risk-group 
stratification as well as novel events. Importantly, intermediate-risk tumors, which were under-represented 
in previous datasets, could be distinguished from low-risk tumors using genomic and transcriptomic events. 
Our comprehensive integrative analysis of ultra-deep pan-OMICs data characterized 60 primary 
neuroblastomas in unprecedented detail. The high sequencing depth and inclusion of the previously under-
represented intermediate-risk tumors allowed detection of known and novel genomic and transcriptomic 
events pertinent to neuroblastoma development and/or progression.  
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Despite intensive multimodal therapy, more than 50% of patients with high-risk neuroblastoma relapse, 
which nearly always results in a fatal outcome. Therefore, development of new treatment options for high-
risk NB patients is an urgent clinical need. Activating mutations of the Anaplastic Lymphoma Kinase (ALK) 
are present in approx. 15% of high-risk neuroblastoma. Others and we previously demonstrated that 
mutated ALK is a driving oncogene in neuroblastoma and suggested ALK inhibition (ALKi) as a potential 
targeted therapeutic approach in those high-risk cases. Most recently, a pediatric phase I/II trial with the 
ALK inhibitor Ceritinib revealed a safe tolerable Ceritinib dose in children. While some patients with 
relapsed neuroblastoma even went into complete or strong partial remission under Ceritinib monotherapy, 
most of them eventually relapsed during Ceritinib treatment due to ALKi resistance. We subjected tumor 
biopsy material of two high-risk NB patients collected before Ceritinib therapy and after the time of relapse 
to targeted sequencing. We identified acquired genomic alterations inactivating NF1 in the relapse samples, 
suggesting that secondary genomic events activate RAS signaling as a mechanism to evade ALKi. For further 
analyses, we used patient-derived xenograft (PDX) models as a platform to model and recapitulate the 
acquired resistance. We were able to establish PDX from both patient neuroblastomas before and after 
relapse. First, we analyzed the transcriptional response, in particular the activation of cellular salvage 
pathways, to Ceritinib treatment in PDX cultures as well as in ALK-mutated Ceritinib-responsive 
neuroblastoma cell lines. We especially focused on the identification and functional evaluation of 
convergent targets, such as MAPK pathway activation. Our results provide a rationale for clinical trials that 
investigate those targets and Ceritinib in combinatorial treatments to tackle ALKi resistance mechanisms. 
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Introduction: In high-risk neuroblastoma, mutations within the kinase domain of anaplastic lymphoma 
kinase (ALK), co-segregate with amplification of the MYCN gene.  Transcription of MYCN is directly 
upregulated by ALK, and also by BRD4, a bromodomain protein member of the BET family of transcriptional 
co-regulators. We generated dual ALK/BRD4 inhibitors, which target both oncogenic mutations of ALK and 
transcription of BRD4, as an effective treatment for these patients. The oncogenic activity of ALK is targeted 
via inhibition of the kinase domain, and transcription of MYCN via BRD4 inhibition. We aimed to test the 
hypothesis that a dual ALK/BRD4 inhibitor would have superior efficacy as compared to single inhibitors of 
ALK and BRD4, avoiding the need for combinatorial treatment.  
 
Methods: We chose a known dual PLK-1/BRD4 inhibitor with modest potency at ALK, as our starting point. 
We designed and prepared analogues with the aims of increasing ALK activity, decreasing PLK-1 activity and 
maintaining activity against BRD4. Compounds underwent in vitro assessment for activity against ALK and 
ALKmut, BRD4 and PLK, prior to testing in a panel of model systems of neuroblastoma. We utilized our in-
house immunoassay for the quantification of activity against phosphorylated ALK, immunoblotting of 
downstream ALK signaling pathways and qRT-PCR to assess the effect upon MYCN and MYCN transcriptional 
targets. 
 
Results: Initial data provide insights on how ALK potency can be enhanced, whilst decreasing PLK-1 potency 
and maintaining potent engagement with BRD4. Our leading candidate compounds demonstrated good 
activity against ALK/BRD4 in in vitro assays and were further evaluated against clinical compounds in cellular 
assays, including lines with induced resistance to clinically available compounds. Our work highlights the 
challenges of designing and developing dual inhibitors, particularly in balancing dual inhibition with the 
physicochemical properties of these compounds, while maintaining selectivity against other bromodomains 
and kinases.   
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Neuritogenesis is the process during embryonic development when neural crest cells migrate and 
differentiate into multiple cell types. Neuroblastoma originates from neural crest progenitor cells of the 
sympathoadrenal lineage. We performed whole genome sequencing of 40 neuroblastoma tumor samples. 
We found that three (7.5%) of the patient samples contained a somatic mutation in the receptor family 
called the teneurins (ODZ1-4). The ODZ proteins are not fully characterized, however they are highly 
expressed during the development and differentiation of the central nervous system in the drosophila fly. 
Evidence suggests a function for dysregulated expression of the ODZs in human tumors, but investigations 
of a deeper cellular and molecular understanding in neuroblastoma are missing. The aim of this study is to 
investigate the ODZ receptors to determine the role and function of these proteins in neuroblastoma tumor 
development, progression and metastasis. When investigated in publicly available and validated 
neuroblastoma cohorts, low expression levels of ODZ1, ODZ2 and ODZ3 were associated with poor overall 
survival, while low ODZ4 expression correlated with high overall survival. Our data demonstrated that the 
ODZ receptors were differently expressed in neuroblastoma cell lines. Preliminary results also showed that 
siRNA knockdown of ODZ4 in a neuroblastoma cell line led to a 50% decrease in cell viability compared to 
control, together with morphological changes such as more neurite extensions, suggesting that an inhibition 
of ODZ4 may result in differentiation. Knockdown of the four different ODZ transcripts also showed that the 
ODZ receptors might have compensatory mechanisms for each other. Activity of the ODZ receptors may be 
of importance for neuroblastoma development and manipulation could offer a possible therapy for 
neuroblastoma. 
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Background: Data on the surgical exposure techniques and the correlation of surgical and postoperative 
extent of resection for children with abdominal high-risk neuroblastoma (A-HR-NB) are limited. We 
retrospectively analyzed a homogeneously treated subgroup of patients surviving 5 years or longer without 
event (EFS) in order to minimize the potential impact of biologic factors.  
 
Methods: All children aged>18 months with (1) newly diagnosed disease, (2) INSS stage 4 + A-HR-NB + 
event-free survival, (3) treatment according to the GPOH NB97 trial, (4) available surgical reports of first 
abdominal resection, (5) available information on initial and postoperative topographic tumor distribution 
were included.  
 
Six topographic regions were defined by location relative to inferior vena cava, aorta and renal vein. 
Resection was classified as complete when no macroscopic tumor rests were documented intraoperatively 
(S-MR) or at postoperative staging (P-MR). The surgical exposure was scored as extended (SE-E) if more than 
unilateral colon mobilization was performed and if renal artery exposure (RAE) was documented for tumors 
in contact with renal vessels, and not extended (SE-NE) otherwise. 
 
wŜǎǳƭǘǎΥ рмκтп όсуΦф҈ύ ŎƘƛƭŘǊŜƴ ǿŜǊŜ ƛƴŎƭǳŘŜŘΦ LƴƛǘƛŀƭƭȅΣ җо ǘƻǇƻƎǊŀǇƘƛŎŀƭ ǊŜƎƛƻƴǎ ǿŜǊŜ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ 
tumor in 70.6% and MYCN was amplified in 25.5%. SE-NE was done in 66.7%, SE-E was done in 33.3% of 
patients. In 13.7% patiŜƴǘǎΣ җо ǘƻǇƻƎǊŀǇƘƛŎŀƭ ǊŜƎƛƻƴǎ ǿŜǊŜ ǎǘƛƭƭ ŀŦŦŜŎǘŜŘ ōȅ ǘƘŜ ǘǳƳƻǊ ǇƻǎǘƻǇŜǊŀǘƛǾŜƭȅΦ {9-E 
did not correlate with higher rate of S-MR (p=1.000) and P-MR (p=.377). For tumors located in both upper 
abdominal regions bilateral colonic mobilization was documented in 3/29 (10.3%) cases. For tumors in 
contact with renal vessels RAE was documented in 16/28 cases (57.1%). S-MR was documented in 80.4% but 
only 65.9% of them were confirmed as P-MR (P=.013). S-MR (P=.011) but not SE-E (P=.293) correlated with a 
lower number of affected tumor regions at postoperative staging.  
 
Conclusion: Among long term survivors with A-HR-NB, more than half of patients have tumors initially 
ŀŦŦŜŎǘƛƴƎ җо ǘƻǇƻƎǊŀǇƘƛŎ ǊŜƎƛƻƴǎ ŀƴŘ ŀ ǉǳŀǊǘŜǊ ǇǊŜǎŜƴǘ a¸/b ŀƳǇƭƛŦƛŎŀǘƛƻƴΦ aŀŎǊƻǎŎƻǇƛŎ ǎǳǊƎƛŎŀƭ ǊŜǎection 
rather than surgical exposure alone correlates with tumor extent at postoperative staging. Current exposure 
and resection techniques need to be improved in order to enhance respectability. 
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Background: Cancer predisposition syndromes (CPSs) are increasingly implicated in tumor development in 
childhood. CPS recognition is essential as early identification can impact treatment strategies, inform 
surveillance protocols and direct family counselling. Extensive research into the molecular and genetic 
determinants of neuroblastic tumors (NBL) has led to the identification of pathogenic variants in several 
cancer susceptibility genes. The McGill Interactive Pediatric OncoGenetic Guidelines (MIPOGG) prediction 
tool was developed to identify children at increased likelihood of having an underlying CPS. A clinical 
decisional algorithm for NBL is incorporated within this tool.  
 
Methods: A systematic literature review identified all known CPSs associated with NBL and characterised 
the predominant phenotypic features. We formulated a decisional algorithm consisting of Yes/No questions 
incorporating 4 tumor-specific and 7 tumor-independent questions, with a recommendation for genetic 
evaluation in those at increased risk of a CPS, as assessed by the tool. Through retrospective chart review, 
ǿŜ ŀǎǎŜǎǎŜŘ ǘƘŜ ŀƭƎƻǊƛǘƘƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ нпн ŎƻƴǎŜŎǳǘƛǾŜ ǇŀǘƛŜƴǘǎ ǿƛǘƘ b.[ ŀǘ ǘƘŜ IƻǎǇƛǘŀƭ ŦƻǊ {ƛŎƪ 
Children, Toronto. Diagnostic data, personal and family history details and genetic information were 
reviewed. 
 
Results: 178/242 patients had sufficient data to permit evaluation using the MIPOGG tool. 47/178 patients 
had clinical genetic evaluation/testing, of whom 6 had a confirmed CPS (PHOX2b, Beckwith-Wiedemann (2), 
Fanconi Anemia, RB1, 2p partial trisomy). Four patients had a known CPS prior to NBL development. 15/47 
had congenital anomalies (5/6 with CPS, 10/41 without confirmed CPS). Significant family history was 
recognised in 3/6 (50%) patients with CPS and 10/41 (24%) without confirmed CPS. 8/178 patients had 
multifocal or bilateral disease, one of whom had a PHOX2B alteration. Using this algorithm, 46/178 patients 
were recommended for genetic evaluation, and all 6 patients with confirmed CPS were appropriately 
ƛŘŜƴǘƛŦƛŜŘΣ ƳŜŜǘƛƴƎ җм aLthDD ǘǳƳƻǊ-specific criteria. 
 
Conclusion: The MIPOGG decisional algorithm is a simple and effective screening tool to identify children 
with NBL at increased risk of having an underlying CPS, appropriately identifying all children with a 
confirmed CPS in our cohort, with several cancer susceptibility genes beyond ALK and PHOX2B implicated. 
Further validation of the MIPOGG tool in other cohorts and tumor types is ongoing.   
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Neuroblastomas with MYCN amplification (MNA) are classified as high-risk aggressive tumors, posing hard 
therapeutic challenges to paediatric oncologists. As MYCN is an undruggable target, great efforts are being 
devoted to uncover MYCN-associated vulnerabilities in druggable essential pathways recruited by this 
oncogene. We and others have shown that MYCN induces replication stress (RS), a condition potentially 
leading to DNA damage and cell death or genomic instability. However, it is becoming increasingly clear that 
MYCN orchestrates a complex gene expression program recruiting DNA repair and signaling proteins 
required to restrain the deleterious effects of oncogene-induced RS, allowing cancer cell survival and 
progression. In principle, pharmacological inhibition of multiple targets along these pathways might 
represent a novel approach for the therapy of this tumor subset.  
 
High expression of RS-associated proteins, such as PARP1, PARP2 and CHK1, is a previously unrecognized 
prognostic factor for human neuroblastoma. In vitro, PARP1/2 and CHK1 are abundant in MNA and MYCN-
ƻǾŜǊŜȄǇǊŜǎǎƛƴƎ ŎŜƭƭǎΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ t!wt ƛƴƘƛōƛǘƻǊǎ ǿƛǘƘ ƘƛƎƘ άt!wt ǘǊŀǇǇƛƴƎέ ǇƻǘŜƴŎȅΣ ǎǳŎƘ ŀǎ ƻƭŀǇŀǊƛō ƻǊ 
talazoparib, yield RS-dependent DNA damage and cell death, in MNA cells. Notwithstanding the transient 
activation of a CHK1-dependent RS checkpoint, PARP-inhibited MYCN overexpressing cells fail to sustain a 
prolonged S-phase arrest, progress through mitosis with damaged DNA, eventually undergoing mitotic 
catastrophe. CHK1-targeted inhibition of the RS checkpoint exacerbated this phenotype, suggesting that 
PARP inhibitors further enhance the reliance of MYCN-overexpressing cells on a CHK1-dependent 
checkpoint, prompting us to test the efficacy of combined CHK1 and PARP inhibition in neuroblastoma 
preclinical models. 
 
As expected, CHK1 inhibitors (PF-477736 and MK-8776) reduced cell viability with a certain degree of 
specificity for MNA cells. Their combination with PARP inhibitors (olaparib and talazoparib) strongly reduced 
their IC50s, in a panel of neuroblastoma cell lines. Indeed, olaparib and MK-8776 showed a potent 
synergistic effect, in the lower concentration range. Most importantly, in MNA neuroblastoma xenograft, 
combination with olaparib strongly enhances the activity of MK-8776 in reducing tumor growth at very low 
non-toxic doses, sharply increasing the therapeutic index of the CHK1 inhibitor. These data support the 
introduction of a combined PARP and CHK1 inhibition for the therapy of MNA neuroblastoma. 
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Background: Treatment for neuroblastoma (NB) is still suboptimal. Genetic polymorphisms in drug 
transporters and metabolizing enzymes could play a role in the inter-individual variability in terms of 
efficacy and toxicity of chemotherapeutic agents. The aim of this study was to identify genetic variants 
influencing response to treatment and outcome in NB. 
 
Patients and methods: A pharmacogenetic study of 96 single-nucleotide polymorphisms (SNPs) was 
performed in 60 key genes relevant to drugs used to treat NB. Samples from 104 NB patients were analyzed 
by MassArray (Agena Bioscience). The association of genotypes with event-free (EFS) and overall survival 
(OS) was evaluated using a Cox Elastic-Net model, including MYCN, age and stage as covariables. The 
influence of genotypes on response to induction therapy (RIT) was assessed in a cohort of 41stage M high-
risk (HR) NB patients treated with COJEC chemotherapeutic regimen.  
 
Results: The strongest association with poorer OS was observed with rs1544410 GA variant (HR=1.39) while 
rs7186128 GG (HR=0.83) and rs1801133 TC (HR=0.65) were associated with better outcome. We also 
identified associations with lower EFS for rs45511401 GT (HR=1.79), rs1544410 GA (HR=1.75) and rs6539570 
GG (HR=1.61) variants. On the other side rs4880 TC (HR=0.72), rs3814058 TT (HR=0.62) and rs2032582 GA 
(HR=0.48) variants were associated with better EFS. Remarkably, rs1544410 GA is associated with both OS 
and EFS. Regarding RIT, AG variant in rs726501 (OR= 2.87), GG variant in rs3740066 (OR= 1.79) or rs2010963 
(OR=1.23) and TT variant in rs1143684 TT (OR=1.143) were associated with metastatic complete response.  
However, GG variant in rs8133052 (OR=0.53), TC variant in rs4149056 (OR=0.64), TT variant in rs10276036 
(OR=0.67) and GA variant in rs1544410 (OR=0.68) were associated to incomplete metastatic response to 
COJEC induction regimen.  
 
Conclusions: We identified polymorphisms in VDR, MTHFR, ABCC1, NR1I2 and ABCB1 genes associated with 
EFS and OS as well as in MAP3K1, VEGFA, CBR3, SLCO1B1, VDR, ABCB1 and ABCC2 genes influencing on HR 
ǇŀǘƛŜƴǘǎΩ wL¢Φ ¢ƘŜǎŜ ŀǎǎƻŎƛŀǘƛƻƴǎ Ƴǳǎǘ ōŜ ǊŜǇƭƛŎŀǘŜŘ ƛƴ ŀ ƭŀǊƎŜ ƛƴŘŜǇŜƴŘŜƴǘ ŎƻƘƻǊǘ ƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
multicenter studies. Our results highlight the potential utility of pharmacogenetic analysis for identifying 
new prognostic markers and signatures as well as poor responders. 
 



 

192 

The Neuroblastoma-Specific lncRNA NESPR Activates PHOX2B Expression 
and Is Essential for Neuroblastoma Cell Survival 

Dries Rombaut1,2, Tiago França Brazao1,2, Louis Delhaye2,3Σ 9Ǿŀ 5ΩƘŀŜƴŜ1,2, Giorgio Milazzo4, Roberto Ciaccio4, 
Nurten Yigit1,2, Celine Everaert1,2, Matthias Fischer6, Thorsten Simon6, Johan Van Nes5, Rogier Versteeg5, Björn 
Menten1,2, Giovanni Perrini4, Jo Vandesompele1,2, Sven Eyckerman2,3, Steve Lefever1,2, Pieter Mestdagh1,2 

1Cancer Research Institute Ghent, Ghent, Belgium, 2Center for Medical Genetics, Ghent University, Ghent, Belgium, 
3Medical Biotechnology Center, VIB, Ghent, Belgium, 4Department of Pharmacy and Biotechnology (FaBiT), University of 
Bologna, Bologna, Italy, 5Department of Oncogenomics, Academic Medical Center, University of Amsterdam, Amsterdam, 
Netherlands, 6Department of Pediatric Oncology and Hematology, Cologne, Germany 

Long non-coding RNAs (lncRNAs) form a novel class of RNA molecules that are often characterized by an 
exquisite tissue-specificity, making them extremely attractive as targets for therapeutic intervention.  
 
By reprocessing RNA-sequencing data from 900 cancer cell lines, we identified several neuroblastoma-
specific lncRNAs including NESPR (NEuroblastoma Specific Phox2B Regulatory rna). NESPR is located in the 
super-enhancer region upstream of the familial neuroblastoma gene PHOX2B. Unlike many lncRNAs, NESPR 
is abundantly expressed, efficiently spliced and highly conserved in mammals. NESPR expression specificity 
was confirmed in a cohort of 10,000 tumor samples representing 35 cancer types. In neuroblastoma, high 
NESPR expression is associated with high stage disease, MYCN amplification and poor patient survival, 
suggesting NESPR may function as a lineage survival oncogene. To assess the function of NESPR in 
neuroblastoma, antisense oligonucleotides (ASOs) and siRNA pools (siPOOLs) were used to knock down its 
expression. While ASOs were capable of reducing both the nuclear and cytoplasmic fraction of NESPR, 
siPOOLs only reduced the cytoplasmic fraction. Notably, knockdown of the nuclear fraction, but not the 
cytoplasmic fraction, resulted in a significant decrease in colony formation and cell growth, as evidenced by 
cell viability assays and real-time cell monitoring. These effects were accompanied by an increase in 
apoptosis and were validated using independent ASO sequences. RNA-sequencing of ASO-treated 
neuroblastoma cell lines revealed a significant reduction of several neuroblastoma master regulators 
including PHOX2B, PHOX2A, DACH11 and ZNF536 while expression of CHD5 was significantly induced. Using 
4C-sequencing we could demonstrate a long-range interaction between the NESPR locus and the PHOX2B 
promoter, suggesting that the nuclear fraction of NESPR acts as a cis-regulator of PHOX2B expression. 
Silencing of NESPR transcription using CRISPR-interference verified this interaction. NESPR pulldown 
followed by mass-spectrometry (ChIRP-MS) revealed several chromatin modifiers interacting with NESPR, 
suggesting NESPR may recruit these factors to regulate PHOX2B expression. 
 
Our results uncover NESPR as a key component in the transcriptional circuit defining neuroblastoma cell 
identity and suggest that ASO-mediated targeting of NESPR may present a novel neuroblastoma-specific 
treatment option. In vivo validation of the observed phenotype is currently ongoing.  
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Amplified MYCN is found in 25% of neuroblastoma cases and is associated with high-risk disease and poor 
outcome. DNA methylation based-clustering identifies patient subgroups strongly associated with 
neuroblastoma key clinical and biological features. MYCN-amplified neuroblastomas are characterized by 
aberrant methylation of regulatory DNA elements being in line with an impact of MYCN on DNA methylation 
patterns, partly via PRC2 modulation, leading to pronounced transcriptomic and chromatin landscape 
changes that mediate tumor de-differentiation. Recent data employing DNMT triple knockout mouse ESCs 
suggest MYCN-binding to be highly responsive to DNA methylation where methylation of the central CpG 
within the MYCN E-Box motif seems to hinder MYCN-binding. 
 
To elucidate whether MYCN may shape the high-risk neuroblastoma epigenome via deregulating DNA 
methylation and thereby guiding its own binding profile, we used drug-mediated demethylation in 
neuroblastoma cell lines and globally assessed MYCN-binding via ChIP-sequencing analysis. High resolution 
DNA methylation changes were assessed by whole-genome bisulfite sequencing. The consequences of DNA 
methylation-associated MYCN redistribution were monitored by RNA-sequencing and chromatin mark ChiP-
sequencing. With this integrated approach we plan to considerably contribute to understanding of 
epigenetic patterns in high-risk neuroblastoma and potentially identify candidate genes deregulated by 
aberrant MYCN E-Box methylation. Preliminary data identified demethylated regions with increased MYCN 
binding. We established a system for targeted epigenetic editing using CRISPR/Cas9-TET1 fusion proteins in 
order to validate candidate regulatory elements controlled by MYCN-mediated silencing. 
 
Restoring MYCN-binding by targeted demethylation might allow de-repression of pro-differentiation 
programs or tumor suppressive targets. Thus, approaches targeting the neuroblastoma methylome may 
have significant clinical relevance for high-risk neuroblastoma patients.  
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Amplification of the oncogene MYCN is present in 50% of high-risk neuroblastomas (NBs) and is associated 
with advanced stages of the disease and poor overall survival. To identify vulnerabilities of this aggressive 
subset, a MYCN synthetic lethal-siRNA screen has been performed. The screen identified S-
Adenosylhomocysteine Hydrolase (AHCY) and Methionine Adenosyltransferase 2A (MAT2A), two enzymes 
of the methionine cycle, as synthetic lethal interactions with high MYCN expression. To validate these MYCN 
synthetic lethal candidates, effects of their stable knockdown on viability of MYCN-amplified neuroblastoma 
cells were assessed. Secondly, this study aimed at elucidating the mechanism underlying MYCN synthetic 
lethality of MAT2A and AHCY. Therefore, transcriptional and histone modification changes after treatment 
of MYCN-amplified NB cells with the AHCY inhibitor D9 were analyzed. 
 
Stable MAT2A and AHCY knockdown significantly reduced MYCN-amplified NB cell viability, colony 
formation and anchorage-independent growth, confirming the synthetic lethal interaction between MAT2A 
or AHCY and high MYCN. Knockdown of MYCN significantly inhibited MAT2A and AHCY expression and 
MYCN protein was bound to their promoters, identifying them as direct MYCN target genes. Moreover, high 
MAT2A and AHCY mRNA expression was associated with reduced overall survival in NB patients. 
 
In this study, the set of genes differentially expressed upon AHCY inhibition using D9 showed a high overlap 
with genes differentially expressed after MYCN knockdown. Expression of these D9 signature genes 
specifically identified high-risk neuroblastomas with high MYCN transcriptional activity in a set of 498 
primary neuroblastomas. Epigenetically, D9 treatment globally reduced the abundance of all histone marks. 
However, these epigenetic changes correlated with changes in gene expression. Genes showing a decrease 
in expression after AHCY inhibition lost activating histone marks, while genes whose expression was induced 
upon AHCY inhibition showed a reduction in repressive histone marks. 
 
Together our data support the hypothesis that AHCY and MAT2A cooperate with MYCN in transcriptional 
regulation of MYCN target genes by providing substrates for associated histone modifications. By 
metabolizing the feedback inhibitor SAH or synthesizing the methyl-group donor SAM, AHCY or MAT2A, 
respectively, may enable high levels of MYCN-associated oncogenic histone methylation reactions. 
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Next generation sequencing of human neuroblastoma tumors has provided important information on single 
nucleotide mutations, polymorphisms and chromosomal abnormalities. However, whether genes associated 
with these mutations are passengers or drivers of tumorigenesis and the stage of development when these 
mutations occur is unclear. Here, we describe a human pluripotent stem cell(hPSC)-based model of 
neuroblastoma that can address these issues. We differentiated normal hPSCs toward trunk neural crest 
cells (NCC), transduced established/candidate drivers of neuroblastoma, and implanted orthotopically into 
renal capsules of mice. As proof-of-principle, we transduced trunk NCC with established drivers MYCN 
and/or ALKF1174L. MYCN was sufficient to drive tumorigenesis, while ALKF1174L accelerated MYCN-
mediated tumorigenesis. Next, we tested overexpression of EEF2K and KIF15, two candidate driver genes 
correlated with amplification of MYCN and poor survival. EEF2K, but not KIF15, cooperated with MYCN to 
decrease the latency of tumorigenesis, suggesting EEF2K as a driver and KIF15 as a passenger gene. Using a 
recently published protocol differentiating hPSC toward sympathoadrenal (SA) cells, we are now evaluating 
whether MYCN, ALKF1174L and/or EEF2K can transform SA cells. RNA-seq analysis of resulting tumors will 
reveal whether cell of origin, trunk NCC or SA cells, influences transformation and/or alignment with human 
neuroblastoma patient tumors. Thus, we present a hPSC-based model of neuroblastoma that validates 
novel candidate genetic drivers and enables personalized therapies.  
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Subsets of high-risk neuroblastoma accomplish telomere maintenance by telomerase activation as a 
consequence of MYCN/MYC induction or TERT-translocation and induction. A third subgroup of high-risk NB 
tumors uses telomerase-independent mechanisms referred to as alternative lengthening of telomeres (ALT) 
to elongate telomeres. The focus of this project is to characterize this subgroup of high risk neuroblastoma 
patients.  
 
ALT-positive tumors were identified by screening an NB cohort of 749 specimens using the presence of C-
Circles, which are a reliable marker for ALT activity. Subsequently, C-Circle positive tumors were analyzed 
using high coverage whole genome sequencing, RNA sequencing, epigenetic analysis and whole proteome 
analysis. 
 
In total, 9% of the patients were identified as ALT positive. The majority of those was stage 4 tumors and 
was diagnosed in patients being older than 1.5 years. C-Circle presence was found to be mutually exclusive 
to amplified MYCN. Telomere content relative to blood control samples was higher in C-Circle positive 
tumors. Furthermore, ALT-positive tumors exhibited a high frequency of intrachromosomal telomeric 
insertions. Hotspots regions for recurrent telomeric insertions were found on chromosome 1q, 18q and 19q. 
1q42 telomere insertions coincided with a loss of chr1q, whereas the telomeric insertion site overlapped 
with the chromosomal breakpoint. Mutations in the chromatin remodeler ATRX were the only recurrent 
events in ALT-positive tumors. However, only 55% of the C-Circle positive tumors showed an alteration in 
ATRX. Using a LC-MS-MS based whole proteome analysis approach, 6891 proteins could be quantified in our 
primary neuroblastoma cohort. When comparing the proteomes of ALT-positive tumors with those of other 
subgroups (TERT-translocated, MYCN-amplified, low-risk), we identified 470 proteins to be significantly up- 
or downregulated (p<0.01; fold change>2). ATRX was among the top candidates to exhibit a lower protein 
expression in ALT-positive tumors. 
 
The combined analysis of high coverage whole genome sequencing data, whole protein expression analysis 
and epigenetic profiling deepens the knowledge about the general mechanisms of ALT activation and 
reveals unknown vulnerabilities and potential therapy targets for this subgroup of high-risk NB patients as 
well as for ALT-positive tumors form other entities.  
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Heterogeneity of cell identity in neuroblastoma has been recently documented by our team (Boeva et al, 
2017) and others (van Groningen et al, 2017). We previously showed that cells with different identities can 
coexist in a same neuroblastoma cell line, with cells expressing noradrenergic factors and cells displaying 
mesenchymal features. These studies highlighted the opportunity to consider neuroblastoma intratumoral 
heterogeneity to develop new therapeutic strategies. 
 
In this work we identified a membrane marker distinguishing both identities in different neuroblastoma cell 
lines. By sorting the two different cell types within the same cell line we highlighted the properties of 
spontaneous plasticity of neuroblastoma cells by showing that they can transdifferentiate from one identity 
to the other with time. We also documented this plasticity upon commonly used chemotherapy treatment 
in vitro. Mesenchymal cells are more resistant to chemotherapy than noradrenergic cells and are selected 
during treatment in a dose and time-dependent manner. After treatment withdrawal, the initial 
heterogeneity is re-established. On the other side, we discovered that cells with a mesenchymal identity are 
more sensitive to Epithelial to Mesenchymal Transition (EMT) inhibitors in vitro.  
 
To further unravel cell identity heterogeneity, we performed single cell RNA sequencing of two 
ƘŜǘŜǊƻƎŜƴŜƻǳǎ ƴŜǳǊƻōƭŀǎǘƻƳŀ ŎŜƭƭ ƭƛƴŜǎ ǳǎƛƴƎ /ƘǊƻƳƛǳƳ {ƛƴƎƭŜ /Ŝƭƭ оΩ {ƻƭǳǘƛƻƴ όмл· DŜƴƻƳƛŎǎύΦ ¢Ƙƛǎ 
strategy allowed us to precisely inspect the heterogeneity of cell identity and to sharply define several 
groups of coordinated genes differentially expressed among the mesenchymal or noradrenergic cell types. 
We expect that the analysis of these data will help us to identify the pathways involved in the 
transdifferentiation from one state to the other one. 
 
Altogether, this work provides new insights into the understanding of cell identity, heterogeneity and 
plasticity in neuroblastoma suggesting new therapeutic strategies to eradicate both types of tumor cells in 
neuroblastoma patients. 
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Activating mutations of the ALK receptor are observed in around 8% of neuroblastoma tumors at diagnosis 
and can also occur at relapse. Whereas ALK is a relevant target for therapies with small-molecule inhibitors 
in patients with ALK mutated tumors, its inhibition is more difficult to achieve compared to ALK fusion 
proteins. The characterization of the ALK downstream signaling pathways may reveal novel candidates for 
targeted therapies. In this study, we used deep quantitative phosphoproteomic analysis to characterize the 
signaling pathways triggered by activated ALK. 
 
Two neuroblastoma cell lines carrying either the ALK R1275Q or F1174L mutation were labeled with the 
SILAC (Stable Isotope Labeling by Amino acids in Cell culture) approach in three conditions, i.e., untreated, 
treated with the agonist monoclonal mAb46 antibody providing ALK activation or treated with the ALK 
inhibitor NVP-TAE684. Treatments were applied for 30 minutes or 6 hours. Immunoprecipitations with anti-
phosphotyrosine antibodies were performed to capture phosphotyrosine peptides and the resulting Flow-
Throughs of these experiments were further subjected to titanium dioxide (TiO2) enrichment to capture 
serine and threonine phospho-peptides. The obtained peptides were analysed using LC-MS/MS high 
resolution mass spectrometry. 
 
Many phosphosites were modulated upon ALK activation or inhibition. The ALK agonist mAb46 antibody 
highly increased phosphorylation of several tyrosine of the ALK receptor, including some localized in the 
autophosphorylation loop. In contrast, NVP-TAE684 treatment resulted in decreased levels of ALK tyrosine 
phosphorylation sites. These observations validated the quality of our experiments. For further analysis, we 
considered phosphosites presenting with a fold change > 1.3 between the treated and untreated conditions. 
In each cell line, ALK modulation resulted in a set of modified phosphosites that were common to the two-
time points or specific to one of the two. Comparison of the different conditions in the two cell lines also 
highlighted common and specific modulated residues. Interesting candidates will be selected for further 
functional analysis. 
 
Our study provides new insights into the ALK dependent phosphoproteome and will lead to a better 
understanding of the pathways triggered by ALK activation in neuroblastoma.  
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Through the characterization of the super-enhancer landscape of neuroblastoma, we recently identified two 
main types of identity: a sympathetic noradrenergic identity defined by a core regulatory circuitry (CRC) 
module including the PHOX2B/HAND2/GATA3 transcription factors (TFs) and a neural crest cell (NCC)-like 
identity driven by a module containing AP-1 TFs (Boeva et al, 2017). We documented growth dependency of 
neuroblastoma cells with a noradrenergic identity on PHOX2B as well as HAND2 and GATA3. We also 
showed that NCC-like cells were more resistant to standard chemotherapy. Interestingly the HDAC inhibitor 
(HDACi) curcumin has been shown to induce a decrease of PHOX2B protein and mRNA in IMR32 cells (Di 
Zanni et al, 2015). Curcumin treatment also induced c-FOS and c-JUN expression in these cells.  
 
We therefore sought to investigate the effects of HDACi on neuroblastoma cell growth and identity in two 
noradrenergic neuroblastoma cell lines, i.e., IMR32, SH-SY5Y and in the NCC-like/mesenchymal SH-EP cell 
line. Treatment with the different HDACi resulted in a rapid cell death after 24/48h of treatment of all cell 
lines. We validated the effect of the HDACi on H3K27ac levels and documented that they strongly decreased 
the expression of the PHOX2B/HAND2/GATA3 TFs in IMR-32 and SH-SY5Y cells, at the mRNA and protein 
levels after 6, 12 and 24 hours of treatment. RNA-seq analysis of SH-SY5Y cells treated with the HDACi 
panobinostat showed that PHOX2B was the most strongly donwregulated gene and confirmed the 
decreased expression of HAND2 and GATA3. Panobinostat also induced a decrease of MYCN, DBH and TH 
expression and an increase of FOS and JUNB expression among others. The RNA-seq experiment for the SH-
EP cells treated with panobinostat is ongoing. Interestingly, long term panobinostat treatment has been 
shown to induce prolonged survival of TH-MYCN mice (Waldeck et al, 2016). 
 
Our data show that the HDACi panobinostat targets the CRC of noradrenergic cells and causes apoptosis in 
noradrenergic and NCC-like cells. Ongoing experiments are in progress to define which TFs are impacted by 
panobinostat in NCC-like cells. Since panobinostat kills neuroblastoma cells of both identities, it appears as 
an interesting molecule to consider for treatment of neuroblastoma patients.  
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Neuroblastomas have been suggested to consist of two distinct cellular phenotypes: the less aggressive 
sympathetic adrenergic cell type (expressing PHOX2A/B, HAND2 and DBH) and the more aggressive 
mesenchymal or neural crest-like cell type (expressing YAP1, AP-1 and PRRX1). YAP1 is a transcriptional co-
activator contributing to multiple processes, including proliferation, differentiation, migration, epithelial-
mesenchymal transition and glucose metabolism. We had previously identified a relapse-specific pattern of 
Hippo-YAP pathway activation in RNA-sequencing data from paired primary and relapse neuroblastoma 
samples, which is consistent with reports that the mesenchymal phenotype is more prevalent in relapse 
tumors. YAP1 may be a key regulator for mesenchymal transition in neuroblastoma cells to promote a 
progressive and drug resistant cancer cell type. We here aimed to analyze the contribution of YAP1 to 
oncogenic processes using neuroblastoma cell lines and models. YAP1 expression varied greatly among the 
19 neuroblastoma cell lines that we profiled using real-time PCR and immunoblotting, emphasizing the idea 
of distinct neuroblastoma cell types, inter alia characterized by different YAP1 levels. siRNA mediated YAP1 
knockdown significantly reduced viability in 5 of 9 cell lines as well as proliferation without altering the cell 
death rate or proportion of apoptotic cells in 2 of 4 cell lines (investigated by cell counting, BrdU-ELISA, ATP-
based viability assay, Cell Death-ELISA and FACS-based cell cycle analyses), suggesting that a threshold level 
of YAP1 is needed to maintain cell growth and viability. We stably transfected SH-EP, SK-N-AS and IMR-5 
with a Tet-ON system harboring a constitutively active YAP1(S127A). Enforced expression of YAP1(S127A) 
increased resistance of neuroblastoma cells to chemotherapy and serum starvation compared to control 
cells (transfected with the empty vector only). Cell viability and proliferation were unaffected by 
YAP1(S127A) expression under normal growth conditions. Intriguingly, supernatant analyses of 
YAP1(S127A)-expressing SH-EP and IMR-5 revealed increased glucose consumption rates and lactate 
production. Our findings delineate a metabolic switch triggered by YAP1-activation, which might enable 
mesenchymal-type neuroblastoma cells to evade first line treatment and gain resistance against 
chemotherapeutics and drugs leading to relapse development. Currently, we are investigating a possible 
contribution of YAP1 to aerobic glycolysis (Warburg effect). 
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Introduction: In many tumor types, BRD4 is ubiquitously active, predominantly at super-enhancer regions 
serving as a target for epigenetic drugging with BET inhibitors such as JQ1. In solid tumors, sensitivity to 
bromodomain inhibition was mainly observed in MYC(N) driven tumors, like neuroblastoma (NB). Although 
the initial implementation of JQ1 in clinical practice was successful, responses showed to be transient and 
therapy resistance hampered in many instances its efficacy. The significance of the other members of the 
BET subfamily in tumor development has not been extensively studied thus far. 
 
Methods: We performed an integrated cross species in silico analysis to identify candidate epigenetic 
regulators as targets for novel therapies in neuroblastoma. 
 
Results: By means of a time-resolved transcriptome analysis of TH-MYCN transgenic mice, we first 
confirmed dynamic regulation of established neuroblastoma oncogenes and tumor suppressor genes. Next, 
we filtered within the highest upregulated genes for Cancer Gene Census (CGC) genes and identified 21 
upregulated CGC genes mainly involved in chromatin remodeling and DNA repair. Finally, after further 
selection based on expression across multiple tumor types and survival in neuroblastoma patients, BRD3 
was identified as the top-ranked candidate. In order to identify non-overlapping functions for BRD3 versus 
BRD4, we performed label-free mass spectrometry analysis (IP-MS) in IMR-32 NB cells. Pulldown of BRD4 
delivered previously described interacting proteins such as several Mediator complex components as well as 
various members of the SWI-SNF complex. Notably, for BRD3 we identified for the first time several 
interacting partners involved in DNA repair. Next, we performed stable BRD3 knockdown resulting in 
significant reduced NB cell viability and colony-forming capacity. We propose that BRD3 may have a 
function in mediating transcription coupled DNA repair for highly transcribed genes, in particular in MYCN 
amplified NB.  
 
Conclusion: We identified BRD3 as a candidate novel dependency gene in neuroblastoma associating with 
the DNA repair machinery putatively involved in transcription coupled repair and suggesting BRD3 as a 
putative specific drug target in NB cells.  
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Background: MYC drives polyamine expansion to support its oncogenic functions. Ornithine decarboxylase 
(Odc) is a direct MYC target that is rate-limiting for polyamine synthesis and is itself amplified in a poor-
outcome subset of neuroblastomas. Difluoromethylornithine (DFMO) is an Odc inhibitor with robust 
preclinical activity via protein translation and immunomodulatory effects. We studied dose-escalated DFMO 
added to celecoxib (polyamine export inducer), cyclophosphamide and topotecan. 
 
Methods: Patients 2-30 years with relapsed/refractory high-risk neuroblastoma were eligible. DFMO was 
studied at four dose levels (DL1-3,000; DL2/2A-4,500; DL3A-6,750; and DL4A-9,000mg/m2/day po daily) 
combined with celecoxib (500mg/m2/daily), cyclophosphamide (250mg/m2/day) and topotecan 
(0.75mg/m2/day) IV for 5 days, for up to one year with G-CSF support. DFMO pharmacokinetics and 
biomarkers of ODC regulation (promoter SNP) and polyamine depletion were performed. 
 
Results: Twenty-four patients were accrued; median age 6.8 years. Seven tumors had MYCN amplification 
(non-amplified=13; unknown=4); 12 had tumor-involved bone marrow at entry. Patients received 124 total 
cycles (range, 1-17). Dose-levels 1 and 2 used 21d cycles (DFMO given 14/21d). Due to delayed platelet 
recovery, dose-levels 2A to 4A used 28d cycles (DFMO given 21/28d). Toxicities were predominantly 
hematologic and fever-related. There were three cycle-1 DLTs (hematologic; anorexia; transaminase 
elevation) and two DLTs in later cycles (cycle-2 hematuria/BK-virus; cycle-11 transaminase elevation). There 
were 23 SAEs, 78% fever-related. Eight patients stopped therapy by choice (after 2-15 cycles); two due to 
DLT; 9 due to PD; 3 completed therapy (CR=1, PR=2; all at dose-levels >4500 mg/m2/day DFMO); and 2 
remain on therapy. Median time-to-progression was 19.8 months. Dose-level 4A (9,000mg/m2/day) 
exceeded tolerability (2/6 with DLT). Dose-level 3A (6,750mg/m2/day) is the RP2D. Steady-state Cmin for 
DFMO increased by dose-ƭŜǾŜƭ ǿƛǘƘ ƳŜŘƛŀƴ /Ƴƛƴ ƻŦ мнр˃a ŀǘ 5[о!Σ ŜǉǳƛǾŀƭŜƴǘ ǘƻ 5Cah ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ 
achieved in preclinical murine studies with 1gm% DFMO in water, and above the exposure needed to inhibit 
protein translation. 
 
Conclusions: DFMO and celecoxib added to cyclophosphamide/topotecan is tolerable in heavily pretreated 
neuroblastoma patients, with a RP2D of 6,750mg/m2/day. Achievable DFMO concentrations at this dose 
have demonstrable bioactivity using in vitro and in vivo preclinical models. A randomized relapse trial of 
DFMO, irinotecan, temozolomide and dinutuximab is planned within COG. 
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Objective: To confirm that expectant observation of neonates/young infants <90 days with small adrenal 
masses would result in excellent event-free and overall survival and to improve knowledge about the 
natural history and biology of neuroblastoma during infancy. 
 
Methods: A prospective sub-study of patients<90 days, with suprarenal masses<5 cm, no midline extension, 
nor lymph node/distant spreading was performed at participating SIOPEN institutions, within the LINES 
protocol (Low and Intermediate Risk Neuroblastoma European Study ClinicalTrials.org:NCT01728155). Initial 
evaluation included sonography, MRI, urinary catecholamines and MIBG scintigraphy. Sera were collected 
for MYCN analysis. Observation with US and urine catecholamines (if elevated at diagnosis) during a 48-
week period was suggested. Infants experiencing >40% volume increase, L2 progression or metastases were 
considered events and were fully restaged for appropriate treatment. Surgical resection was performed for 
patients with >40% volume increase remaining resectable or for patients with residual mass at week 48. 
 
Results: 126 Infants were registered between 7/7/2012 and 14/01/2017: median age 2 days (range 0-87), 
38.6% females. Masses were described as cystic (28. 0%), solid (36.8%) or mixed (35.2%). Antenatal 
diagnosis was evident in 54 cases. Of 119 eligible patients 36 (28. 3%) underwent resection: 17 during 
observation and 19 at the end of the observation period and 25 proved neuroblastomas (73. 5%). Two 
surgical complications included hemorrhage and renal ischemia, without fatalities. Ninety-seven sera were 
collected and analyzed, and all were negative for MYCN amplification, although one tumor at excision after 
one-year observation was found MYCN amplified. The 1 and 3-year EFS was 88.6% (83.2-94.4, 95%CI) and 
86.2% (79.2-93.7, 95%CI), respectively and OS was 100%, with a median follow-up of 27 months. Sixteen 
events were observed: progression to MS (n=6) or L1/L2 tumors (n=10). Five patients have been enrolled to 
other LINES groups.  
 
Conclusion: Expectant observation for infants<90 days with diagnosed localized suprarenal masses < 5cm 
discovered antenatally or postnatal proved safe. Most patients will avoid surgery. Considering that most 
analyzed tumours were MYCN not amplified, the value of MYCN serum analyses is not definable in this 
study. Close monitoring is effective, without jeopardizing overall outcome. 
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Introduction: The response of High-Risk (HR) neuroblastoma (NB) patients to induction-chemotherapy lacks 
prognostic molecular indicators of sensitivity/resistance. Circulating exosomes represent the bioprint of the 
tumor cell of origin in liquid biopsies. We investigated the modulation of exosomal microRNAs (exo-miRs) 
expression in HR-NB-patients in response to induction-chemotherapy. 
 
Method: Exosomes were isolated from plasma samples of 53 HR-NB patients collected before and after 
induction-therapy. Flow cytometry was used to detect GD2 positive vesicles. Exo-miRs expression was 
measured by RTqPCR on a 381 miRNA panel. Data analyses included feature selection and pathway analysis. 
 
Results: Exosomes isolated from plasma samples were GD2 positive, indicating that the vesicles are 
specifically secreted by tumor cells. We analysed the whole exosome population and found that the 
expression of 18 exo-miRs (fold change > 1.5, P value < 0.05) was significantly modulated in response to 
chemotherapy, providing evidence that exo-miRs may serve as biomarkers of the induction-therapy. Cluster 
analysis demonstrated that exo-miR profile can identify two groups of patients potentially reflecting 
different chemotherapy responses. Pathway analysis results showed that the majority of differentially 
expressed exo-miRs are predicted to regulate drug efficacy/resistance. Generalized linear models identified 
three exo-miRs that clearly differentiate poor and good responders. In silico analysis showed that these exo-
miRs interact with chemotherapeutics employed in the induction-therapy (Cisplatin/Etoposide). The exo-
miRs profile in the middle phase of the treatment is under investigation to identify exo-miRs that are early 
predictors of response and may allow a timely change in the induction protocol.  
 
Conclusions: We demonstrated that HR-NB plasma samples contain GD2 positive exosomes released by 
tumor cells. We obtained the proof of principle that exo-miRs can be biomarkers of induction-
chemotherapy and indicators of susceptibility/resistance to specific drugs. These results pave the way for 
the application of exo-miRs in liquid biopsies as circulating biomarkers of response and potentially 
development of NB targeted treatment. 
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Background and objetives: Neuroblastoma (NB) accounts for at least 15% of cancer-related deaths in 
children. Previous studies on several cancer types show that metabolomics provides a potentially useful 
non-invasive screening approach for cancer prognosis and response to treatment assessment. Although the 
current risk-based treatment approaches in NB has resulted in improved outcome, survival for HR patients 
remains poor. This study aims to evaluate the use of a metabolomic approach for improving patient´s risk-
group classification.  
 
Design and Methods: Plasma samples from 90 NB patients (52 Low-risk and 38 High-Risk) were collected at 
diagnosis. Metabolomic analysis of plasma samples was carried out by ultra-performance liquid 
chromatography-mass spectrometry (LC-MS). Pattern recognition and selection of discriminant metabolic 
features between groups was performed using supervised partial least squares-discriminant analysis (PLS-
DA). 
 
Results: The classification performance of the model built using the selected discriminant features was 
evaluated using the external validation set that included 19 and 16 samples from high and low risk patients, 
respectively. The metabolic model correctly classified 16 out of 19 patients as a high risk and 15 out of 16 as 
a low risk validation samples, providing a sensitivity of 84.21% (60.42% to 96.62%, 95% CI) and a specificity 
of 93.75 % (69.77% to 99.84%, 95% CI). Plasma metabolomic profiles differentiated Low and High-Risk 
patients at diagnosis.  
 
Conclusions: To the best of our knowledge, this is the first study investigating the predictive power of 
plasma metabolomic profile on a large cohort of patients with NB. The present results highlight the 
potential of metabolomic profiling for improving NB risk-group classification strategies.  
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Introduction: High-intensity focused ultrasound (HIFU) therapy is used for the ablation of uterine fibroids 
and in clinical trials for the treatment of prostate, rectal, renal, breast and head/neck cancers. HIFU 
converges ultrasound energy under magnetic resonance (MR) or ultrasound guidance onto a small volume 
of tissue to produce temperatures upwards of 57°C leading to tissue destruction. Our study aims to examine 
the feasibility of MR-guided HIFU treatment of neuroblastoma tumors.  
 
Methods: Given the common retroperitoneal anatomic location and perfusion characteristics of 
neuroblastoma, these analyses were undertaken in the retroperitoneal organs of Yorkshire pigs.  MR-guided 
HIFU was applied at varying acoustic powers (50-400 Wac) for 20-60s to the adrenal gland, renal vessels, 
renal parenchyma, and retroperitoneal musculature of 10 pigs (average weight 27kg). After euthanizing the 
pigs, organs were fixed and stained for gross and histologic evaluation.  
 
Results: HIFU produced temperatures of 43-75°C in vivo. In treated kidneys, lower intensities produced 
lower temperatures and led to capillary dilatation and congestion. Higher intensities produced higher 
temperatures and led to frank confluent necrosis and more pronounced tubular injury. Treated renal 
arteries exhibited tunica intima and internal elastic lamina damage, including ablation of the intima and 
elastin thickening and fragmentation. Treated adrenal glands were more hemorrhagic compared to controls 
and showed thermally induced capsular adhesions. There was no evidence of bowel perforation or injury 
while targeting nearby renal parenchyma or retroperitoneal muscle. Side effects consisted of mild skin 
reddening and in a few cases, first degree skin burn adjacent to the ribs. 
 
Conclusions: HIFU produces discrete focal tissue damage in retroperitoneal organs, which appears 
proportional to the applied acoustic power and resultant temperature achieved. There was no evidence of 
uncontrolled spread of tissue damage or bowel injury. HIFU appears safe and feasible for retroperitoneal 
tumors. Phase 1 trials evaluating efficacy of HIFU in treatment of neuroblastoma will be guided by rigorous 
safety margins to minimize damage to nearby organs and normal vasculature.  
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Introduction: Human embryonal stem cells (hESCs) share similarities to (embryonal) tumors, including a 
shortened G1/S-phase. Highly proliferative cells undergo replicative stress (RS) which can cause premature 
aging of ESCs and genomic instability and tumor initiation. MYC(N) overexpression also causes RS due to 
increased use of replication origins and nucleotide depletion. Neuroblastoma (NB), a MYCN-driven pediatric 
tumor arising from the sympatho-adrenergic progenitor (SAP) cells, typically presents with a low mutation 
burden but highly recurrent patterns of DNA copy number alterations including 1q and 17q gain. 
Chromosome 17q gains have also been reported to arise during in vitro culture in hESC lines, suggesting that 
dosage effects for 17q gain render proliferative advantages to both ESCs and NB cells through a common 
mechanism. 
 
Material and methods: We analyzed DNA copy number effects in more than 300 NB transcriptomes and 
identified multiple dosage sensitive genes implicated in homologous repair and replication fork fidelity. 
SWGS was performed on hESC cells. RNA-sequencing was performed for differential gene expression 
analysis. 
 
Results: We present our progress towards a novel ESC derived NB model approach to test our hypothesis for 
the role of dosage sensitive 17q-genes in ESCs and NB in acquiring a replicative stress resistor phenotype. 
We obtained a hESC cell line with partial 1q and 17q gain (ESC1q17q) as shown by SWGS. Transcriptome 
analysis confirmed 17q dosage effects in these cells. In addition, targeted exome sequencing for 300 cancer 
genes was done to exclude additional tumor driving events. Using the IncuCyte life imaging device, we 
determined growth characteristics of both the parental and ESC1q17q cells. To test the effects of 1q/17q 
gain on NB tumor formation, we first generated a protocol to differentiate hESC towards hSAP cells marked 
by expression of PHOX2B and MASH2. Future work includes transduction of inducible MYCN overexpression 
and compare the transcriptome of MYCN-ESC versus MYCN-ESC1q17q induced SAPs and perform further 
analysis of molecular effects of 1q/17q gain on their RS response. 
 
Conclusion: We report on a novel hESC cell line with 1q/17q gain, explored differential gene expression and 
provide an update on a novel protocol for generating hESC derived NB tumors. 
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Introduction: Activation of receptor tyrosine kinases is seen frequently in subsets of many cancer types, 
including neuroblastoma (NB). Mutational activation of ALK is seen in 8-10% of high-risk NBs, and autocrine 
activation of TrkB with its ligand (BDNF) is seen in the majority of high-risk NBs. Entrectinib is a novel pan-
TRK, ALK, and ROS1 inhibitor that has recently entered phase 1 trials in pediatric relapsed/refractory solid 
tumors. It has also shown excellent preclinical efficacy in NB xenograft models. 
 
Materials/Methods: Entrectinib resistant cell lines were developed from NB xenograft models that were 
initially sensitive to entrectinib therapy but later developed resistance. Cell lines were established in 
increasing concentrations of entrectinib and had >10X increase in IC50. Cell lines underwent genomic and 
proteomic analysis using whole exome sequencing, RNA-Seq, and proteomic expression profiling. Genomic 
and proteomic changes noted in this comprehensive approach were confirmed with RT-PCR and Western 
blot analysis.   
 
Results: There was no evidence of NTRK2 (TrkB) receptor mutation in any resistant cell lines. Inhibition of 
TrkB was maintained in all cell lines at increasing concentrations of entrectinib. PTEN pathway 
downregulation and ERK/MAPK pathway upregulation were demonstrated in all resistant cell lines. In 
individual cell lines, these changes resulted from increased IGF1R or P75 expression, leading to enhanced 
signaling in individual resistant clones.  
 
Conclusions: Entrectinib resistance in these clones developed from different mechanisms. All clones had 
similar patterns of gene expression that differed from the parental cell line and that preserved downstream 
Trk signaling pathways. This was achieved through kinome reprograming using multiple mechanisms, 
including an increased IGF1R and p75 expression. A better understanding of the mechanisms leading to 
entrectinib resistance can be used to treat or prevent entrectinib resistance in future phase II/III trials. 
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Background: Cancers depend on the Warburg effect (aerobic glycolysis) for growth. Lactate dehydrogenase 
A (LDHA) is thought to be a pivotal component of the LDH tetramer that is crucial for the Warburg effect. 
LDHA is induced by c-MYC but it is unknown whether it is a target gene of MYCN. Given its presumed pivotal 
role in the Warburg effect, we aimed to determine whether LDHA is associated with aggressive 
neuroblastoma (NB) and constitutes a therapeutic target. 
 
Methods: Expression of LDHA mRNA and protein were determined in 651 and 110 NB patient samples, 
respectively, and correlated to known risk factors and survival. Expression of LDHA in relation to MYCN was 
measured in NB cell lines and in the TH-MYCN NB mouse model. LDHA was knocked out by CRISPR/Cas9 in 
human NB cell lines and aerobic glycolysis, clonogenicity and tumorigenicity were determined.  
 
Results: Increased mRNA and protein expression of LDHA and predominant cytoplasmic localization of LDHA 
protein were markedly associated with known risk factors and decreased patient survival. LDHA expression 
in NB cell lines was not associated with MYCN copy number and was not induced in NB of TH-MYCN mice. 
Complete knockout of LDHA in NB cell lines inhibited clonogenicity, tumorigenicity and tumor growth. 
Surprisingly, lactate dehydrogenase (LDH) activity was not ablated and aerobic glycolysis was not decreased. 
 
Conclusions: Contrary to expectation, LDHA is dispensable for the Warburg effect in NB cells and it not 
induced by MYCN. Nevertheless, LDHA is associated with aggressive disease in patient NB and targeting 
LDHA shows preclinical therapeutic benefits. Thus, LDHA maintains NB by mechanisms other than aerobic 
glycolysis and represents a novel therapeutic target in NB. 
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Introduction: Iodine 123 (I-123) metaiodobenzylguanidine (mIBG) is the functional imaging technique used 
for staging and response assessment of neuroblastoma.  
 
Semi-quantitative scoring systems are widely available and reproducible techniques for metastatic disease 
assessment. Uptake intensity is not part of these systems because it is a subjective evaluation and it may be 
impossible if spot scans are obtained rather than a single whole-body image. Although intensity 
reduction/increase may be indicative of treatment response/disease progression, this is not reflected in the 
score.  
 
The addition of SPECT/CT can quantitate radioisotope activity precisely. Standardized uptake values (SUV) 
for I-123 mIBG can be reported in a similar manner as that for PET/CT imaging techniques. We present here 
proof of concept of the feasibility of reporting SUV quantification of SPECT/CT imaging. 
 
Methods: Patients with metastatic neuroblastoma were injected with a mean activity of 300 MBq I-123 
mIBG and underwent planar whole-body and SPECT/CT imaging at 24 hours post injection. Height and 
weight were measured at time of injection. Gamma camera system sensitivity was determined using a 
known activity of I-123. SUV in units of g/ml can be determined from these parameters alone, by manual or 
automated means. We used a commercial solution, Q.Metrix (GE Healthcare) that applies semi-automatic 
SPECT and CT segmentation tools to define regions of interest and computes volumes of interest for uptake 
measurements.  
 
Results: Six patients have been evaluated. 16 lesions were identified (6 soft tissue, 10 bone). Median 
SUVmean was 4 g/ml (range 1.0 - 24.3) and median SUVmax was 8 g/ml (range 3 - 33.7). In one, disease 
progression was documented by RECIST criteria although the SIOPEN semi-quantitative score was 
unchanged.  SUVmean increase was 1.9 to 3.1 g/ml and SUVmax increase was 4.9 to 8.6 g/ml.  
 
Conclusions: SPECT SUV values may be a more accurate measure of monitoring response to treatment 
compared to current planar imaging scoring methods. This technique is worthy of further prospective 
evaluation within clinical trials, with correlation of standard assessment techniques.  
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Introduction: The presence of tumor-infiltrating T cells and the absence of immunosuppressive elements 
have been associated with favourable prognosis of high-risk neuroblastoma (NB) patients.  Recently a 
subset of intratumoral dendritic cells (iDC) has been found crucial for anthracycline-induced anticancer 
immune responses suggesting that it might be exploited to improve NB therapy. Herein, we investigated the 
modulation of immune infiltrate in NB murine models treated with chemotherapeutic drugs in combination 
with immune checkpoint blocking antibodies.  
 
Methods: NB cell lines derived from spontaneous tumors arising in the TH-MYCN transgenic mice were 
engineered to express Ires-Luciferase protein and then injected either subcutaneously or orthotopically into 
the adrenal grand of syngeneic mice. Mice bearing established tumors were sacrificed and tumor-infiltrating 
immune cells analysed by flow cytometry. 
 
Results: Tumor microenviroment in murine NBs was characterized by a consistent number of CD45+ 
immune cells, including T cells, NK cells, NKT cells, macrophages, neutrophils and iDCs. The orthotopic 
model showed a more aggressive phenotype than the subcutaneous model, resulting in the development of 
a tumor characterized by an immunosuppressive microenvironment predominantly infiltrated by 
macrophages, myeloid-derived suppressor cells and T regulatory cells. Treatment with anthracycline-
derived drugs resulted in a reduced tumor growth and increase of tumor-infiltrating immune cells. 
Experiments are currently underway to evaluate the tumor-infiltrating immune cells in tumor-bearing mice 
treated with anthracycline-derived drugs and immune checkpoint blocking antibodies. 
 
Overall, we characterized a syngeneic murine model of NB suitable to study tumor-infiltrating immune cells 
following treatments with combined drugs to provide insights for the study of a novel immunotherapeutic 
approach in NB.  
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Introduction: Neuroblastoma (NB) is a childhood malignancy with high clinical and genetic heterogeneity 
with poor prognosis for high-risk patients, half of which exhibit MYCN amplification. MYCN driven NBs have 
been modeled in mouse with morphologic and genomic features closely resembling those observed in 
human MYCN amplified NBs and thus serve as valid tools for cross-species genomic analysis. 
 
Material and Methods: We applied a previously validated data-mining approach for master regulator 
identification using murine and human transcriptome datasets for cross-species computational analysis of 
genome-wide regulatory networks (interactomes) in the context of MYCN-driven tumor formation. 
 
Results: Using the ARACNE algorithm, we first established the interactome in human NB samples and 
applied time course differential expression analysis to determine patterns of transcriptional changes during 
murine MYCN-driven tumor development in an established MYCN neuroblastoma mouse model. In a further 
step, we used the MARINA algorithm and identified the DREAM complex components FOXM1, MYB and 
EZH2 as important regulators of NB development. Based on these findings, we evaluated FOXM1 as a novel 
vulnerable target in NB by pharmacological inhibition of MELK, an FOXM1 upstream regulatory kinase, using 
the small molecule inhibitor MELK-T1. NB cell viability was significantly affected upon MELK-T1 treatment, 
with prominent downregulation of key FOXM1 downstream targets such as BRIP1, BRCA1 and RRM2. In 
addition, we are also currently evaluating pharmacological targeting of EZH2 by tazemetostat and the SAH-
EZH2 peptide as well as c-MYB inhibition using celastrol and mebendazole as tool compounds.  
 
Conclusion: We propose a model whereby MYCN cooperates with a FOXM1/DREAM complex regulatory 
network that can serve as a novel vulnerable node for targeted therapy development for NB patients. In 
addition, additional master regulators including EZH2 and c-MYB may act as additional targets for potential 
synergistic drug combinations.  
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Interphase-fluorescence in situ hybridization (I-FISH) is a robust and powerful method to detect 
chromosomal aberrations and rearrangements at single-cell resolution. In neuroblastoma diagnostics, FISH 
is widely used to detect the stratifying MYCN amplification (MNA). Recently, the alternative lengthening of 
telomeres (ALT) detected by telomere I-FISH has been attracting a lot of attention. While MNA is defined by 
ŀ җп-fold increased number of FISH spots over the reference probe, ALT detection is complicated by highly 
varying spot sizes and strong intensity differences. The enormous power of I-FISH to resolve intra-tumor 
heterogeneity (ITH) can be fully exploited by simultaneous quantitative analysis and visualization of spot 
features in consecutive tissue sections, thereby ensuring efficient quantification of I-FISH spots for 
diagnostic purposes and allowing insights into the spatial ITH and clonal evolution in neuroblastomas. 
 
We developed an automated tool for I-FISH spot analysis in consecutive sections of neuroblastoma tumors. 
Multichannel fluorescence images of consecutive tissue sections were aligned using an image registration 
algorithm. Deep learning algorithms served as the prerequisite for automated image segmentation, a 
process outlining distinct nuclei and spots within the respective fluorescence images. Features of 
segmented nuclei and spots were measured at single cell level and loaded into a tool called Image 
Scatterplot, a powerful method to visualize and further analyze image quantification results. Finally, user-
defined regions were selected and nuclear- and spot features were used to obtain region-based statistics in 
addition to total section information. 
 
As proof-of-principle we analyzed consecutive sections of a heterogeneously MYCN amplified tumor using 
MYCN-, telomere PNA- and MDM2- I-FISH. The developed image analysis workflow allowed efficient 
detection of single nuclei and the simultaneous measurement of nuclear morphology features as well as 
spot count, spot size, spot intensity and mean spot distance of all three I-FISH images at single cell level. 
Comprehensive visualization in Image Scatterplots and hierarchical gating of genetically distinct regions 
demonstrated spatial heterogeneity of MYCN- and MDM2- copy-status and allowed robust ALT detection. 
A semi-automated user-driven image analysis workflow was developed and validated on a use case. These 
tools will improve diagnostics and allow a better understanding of spatial ITH in neuroblastoma.  
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Background: The 5-year overall survival rate after recurrence of stage 4 neuroblastoma has been reported 
to be only 3%, and there are few cases of long-term survival. In the setting of autologous transplantation for 
patients with high-risk neuroblastoma, it is reported that the survival rate was significantly higher in 
patients with NK cells missing any KIR (Killer Immunoglobulin-like Receptor) ligands than in patients with 
matching all KIR-ligands (Venstrom JM et al. Clin Cancer Res. 2009). We conducted a multicenter clinical 
study of KIR-ligand incompatible allogeneic cord blood transplantation (CBT), which expected antitumor 
effect by NK cells.  
 
Methods: Sixteen patients with recurrent stage 4 neuroblastoma who underwent KIR-ligand mismatched 
allogeneic cord blood transplantation from 2010 to May 2017 were included. They were 12 boys and 4 girls, 
and the median age at transplantation was 6.8 years (range: 3.4 - 10.8 years). Twelve patients achieved the 
second or third complete response before cord blood transplantation, the remaining 4 had residual 
diseases. Conditioning regimen consisting of fludarabin, melphalan and low-dose total body irradiation was 
mainly used for CBT. 
 
Results: The median follow-up period was 3.5 years after CBT, and the 3-year overall survival rate was 56.4% 
± 26.7%. Nine patients were progression-free, one survived with recurrence, and six died. Four deaths were 
caused by progression of neuroblastoma, and two were transplantation-related mortality. In order to access 
the disease status at CBT, we compared the second response group (n=11) who achieved the second 
complete response at CBT and the residual disease group (n=5) who had residual disease or second 
recurrence at CBT. The second response group had significantly lower rate (10.1%) in relapse as compared 
with the residual disease group (100%), (p=0.005). The 3-year progression-free survival rate of the second 
complete response group was 70.7% ± 28.0%. There were two long-term survivors more than 5 years after 
CBT (7.1 and 6.4 years, respectively).  
 
Conclusions: KIR-ligand incompatible allogeneic CBT as immunotherapy could be a salvage treatment option 
for relapsed neuroblastoma. However, this treatment should be considered when the patient has achieved 
complete response.  
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Inhibiting multiple therapeutic targets is an established strategy to improve the durability of clinical 
responses to targeted therapies. Resistance to intensive chemotherapy is common among patients with 
relapsed neuroblastoma, and few molecular therapies have been introduced into protocols for the initial 
treatment of high-risk disease. Neuroblastoma cells in high-risk disease are often dependent on over-active 
MYCN. The bromodomain protein, BRD4, has been shown to be required for transcription of MYCN and its 
target genes, and pharmacological inhibitors have anti-neuroblastoma activity in vitro and in mouse models. 
Polo-like Kinase 1 (PLK1) is frequently overexpressed in neuroblastomas and regulates MYCN protein 
stability. Based on these previous observations, we hypothesized that simultaneous inhibition of BRD4 and 
PLK1 could synergistically target MYCN stability and activity, to enhance anti-tumor activity. To assess this, 
we evaluated cell viability in response to PLK1 and BRD4 inhibitors. Combining both single agents 
synergistically inhibited cell viability specifically in neuroblastoma cells overexpressing MYCN. Several kinase 
inhibitors in clinical trials against other cancers have recently been demonstrated to also inhibit 
bromodomains at therapeutically relevant potencies and are best classified as dual kinase/bromodomain 
inhibitors. Using structural activity relationship studies, we generated 49 molecules with dual nanomolar 
inhibitory activity against BRD4 and PLK1. We screened these dual PLK1-BRD4 inhibitors to assess the 
impact on cell viability of MYCN-amplified neuroblastoma cells compared with untransformed mesenchymal 
cells. We identified two dual inhibitors with strong and tumor-specific activities against MYCN-amplified 
neuroblastoma but not mesenchymal cells, suggesting a wide therapeutic window. To further investigate 
their effects in MYCN-amplified neuroblastoma cell lines, we analyzed cell proliferation (measured by BrdU 
incorporation) and cell death (measured by histone release). Dual PLK1-BRD4 inhibitors suppressed 
proliferation and induced cell death at low nanomolar concentrations. In addition, we evaluated the toxicity 
of the drugs in vivo. Neither dual inhibitor exerted relevant toxicities in mice. We present a new 
pharmaceutical strategy to achieve dual synergistic targeting of BRD4 and PLK1 with a single agent.  
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Neuroblastoma tumor cells originate from primitive neuroblasts giving rise to the sympathetic nervous 
system. As these precursor cells are not detectable in postnatal life, transcriptome profiling for comparative 
data mining analyses in neuroblastoma is challenging. In 2005, we reported on the isolation of neuroblasts 
islets from human fetal adrenal glands using Arcturus laser capture microdissection and oligonucleotide 
microarray based gene expression profiling. Upon initial search for genes differentially expressed in either 
unfavorable or favorable neuroblastomas versus neuroblasts, MYCN emerged expectedly together with 
other relevant genes such as ODC1, TOP2A, TWIST1, BIRC5, SOX11 and ALK. Here, we report the generation 
of a new RNA-sequencing reference data set for human fetal neuroblasts obtained through PALM 
microdissection followed by RNA amplification, polyA+ RNA-sequencing on 6 neuroblast and 17 high risk 
neuroblastoma samples. Data were validated using clustering analyses and cross-comparison with the 
previous microarray expression data. We investigated the expression of recently reported core regulatory 
circuit transcription factors as well as other genes that emerged from reported studies after 2005, including 
long noncoding RNAs. This data set will further serve as a reference for future studies including 
transcriptome validation of human embryonic stem cell induced sympathetic progenitors or in vitro cultured 
mouse neural crest cells (both used for transformation towards neuroblastoma). This fetal human 
neuroblast RNA-sequencing reference data set is available for future genomic exploration of human fetal 
neuroblasts including single cell analysis for transcriptome, open chromatin (ATAC-seq) and epigenetic 
profiling.   
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Background: The metronomic therapy uses low doses of continuously applied chemotherapeutic, anti-
angiogenetic, and immunomodulating drugs. We have observed very promising result in relapsed 
neuroblastoma patients on METRO 2012 protocol (Principal Investigator Prof. Dr. Frank Berthold, University 
of Cologne, Germany) and therefore we decided to offer metronomic therapy to our patients with 
refractory disease.   
 
Methods: We used METRO 2012 protocol from February 2013 to December 2017 in 7 patients (3 boys, 4 
girls) with neuroblastoma. All patients had INSS stage IV, INRG High Risk neuroblastoma. Average age at 
diagnosis was 44 months (14-126 months), 3 patients were NMYC positive. Four patients experienced early 
metastatic relapse of neuroblastoma with average EFS 15 months (7-22 months). Three patients had 
ǊŜŦǊŀŎǘƻǊȅ ŘƛǎŜŀǎŜ όҖ tw ŀŦǘŜǊ ǘƘŜ ŜƴŘ ƻŦ ƛƴŘǳŎǘƛƻƴ ƻǊ aL.D /ǳǊƛŜ ǎŎƻǊŜ җ о ŀŦǘŜǊ пǘƘ ŎȅŎƭŜ ƻŘ ƛƴŘǳŎǘƛƻƴ 
chemotherapy). All metronomically treated patients were pretreated by MTD based induction 
chemotherapy and myeloablative therapy with stem cell support, 6 patients had also I131MIBG therapy. 
Metronomic protocol METRO 2012 utilize combination of well-known drugs (celecoxib, vinblastine, 
cyclophosphamide, propranolol and etoposide) in metronomic manner.   
 
Results: Survival in relapsed or refractory neuroblastoma was historically very disappointing at our center. 
During pre-metronomic time was 2 years OS in relapsed neuroblastoma patients only 5.6%, but from 
beginning of metronomic era, 2 years OS increased to 57.1%. Patients with refractory disease showed only 
partial response to MTD based chemotherapy, and usually neither salvage MTD based regimes nor HDTx 
consolidation could improve their response and almost all patients with refractory disease experienced 
disease progression in pre-metronomic time. Surprisingly, we could achieve complete remission in 2 out of 3 
our refractory patients on METRO 2012 protocol and 1 long term disease stabilization. 2 years EFS/OS in 
refractory patients in pre-metronomic time was 15.8/15.8%, compared to 2 years EFS/OS 63.5/85.7% in 
METRO 2012 era.   
 
Conclusion: We can prolong survival in relapsed neuroblastoma patients with metronomic protocol METRO 
2012. We can also prevent relapses in refractory disease, if METRO 2012 is used as an early post-
consolidation therapy.   
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Background: Evidence accumulates that epigenetic deregulation, including aberrant DNA methylation in 
high-risk disease or oncogene activation by enhancer hijacking, plays a prominent role in neuroblastoma 
(NB). The present study applies a comprehensive approach integrating chromatin modification data with 
genomic and expression data to elucidate NB subtype specific super-enhancer (SE) landscapes and core 
regulatory circuitries (CRCs). 
 
Methods: Chromatin immunoprecipitation with subsequent sequencing (ChIP-seq) of histone 3 lysine 27 
acetylation (H3K27ac) was used to identify active enhancer elements in 60 NB tumor samples. Additionally, 
a validation cohort consisting of 24 NB cell lines and two human neural crest cell lines was applied. Circular 
chromatin conformation capturing with subsequent sequencing (4C-seq) and HiChIP were used to assay for 
chromatin interactions. ATAC-seq was used to analyze chromatin accessibility and for transcription factor 
(TF) footprinting. 
 
Results: Unsupervised clustering of 60 NB tumor samples according to H3K27ac signal intensity at the most 
variable SEs (genome-wide) revealed distinct subgroups of mesenchymal, MYCN-amplified and MYCN 
single-copy tumors with distinctive SE activity patterns. Calling of CRCs in the 60 NB tumor samples revealed 
a core set of NB master TFs (CRC TFs), including established NB regulators like HAND2, PHOX2B and MYCN. 
The gene ontology of the top 50 CRC TFs converges to biological processes like development of neural crest 
cells, sympathetic and peripheral nervous system. Besides the common NB networks, in-depth analyses 
further revealed differential NB CRC networks reflecting the above-mentioned subgroups. RNAi-mediated 
knockdown of corresponding CRC TFs identified subgroup specific responses in cell line models reflecting 
the respective subtypes. Interactions between promoters and SEs of selected CRC TFs were confirmed via 
HiChIP, 4C-seq and ATAC-seq.  
 
Conclusion: SE-based clustering and CRC analysis of neuroblastoma tumors reveals subgroups, which were 
previously unresolved by genetic, expression or DNA-methylation data. The study reveals an association of 
MYCN amplification with the global SE landscape of primary NBs and suggests a role for MYCN in 
differentially controlling subsets of CRC TFs and their networks. Specific targeting of the SE-dependent CRC 
networks may open a therapeutic window for epigenetic drugs, including BET inhibitors, CDK7 or EZH2 
inhibition, in NB.  
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The clinical spectrum of neuroblastoma ranges from spontaneous regression to rapid progression despite 
intensive multimodal therapy. Known genetic aberrations only partially mirror this diversity, pointing 
towards epigenetic involvement in neuroblastoma pathogenesis. Integrating array-derived methylome and 
transcriptome profiles with ChIP-seq data, we previously identified a largely MYCN-driven deregulation of 
DNA methylation at both proximal and distant regulatory elements. 
 
To address the regulatory role of DNA methylation in neuroblastoma on an unbiased genome-wide scale, 
we employed whole-genome bisulfite sequencing (WGBS) in a cohort of 27 primary neuroblastomas 
including MYCN-amplified, TERT-rearranged ALT-positive and low-risk tumors. An additional cohort of 340 
neuroblastomas was analyzed using 450k methylation arrays and expression was assessed in 184 of these 
tumors via RNAseq. Chromatin mark ChIP-seq was done in selected tumors and cell lines. In vitro 
demethylation was done via DAC treatment and CRISPR-dCas9-mediated TET1 targeting. 
 
Unsupervised methylation-based clustering separated low-risk from high-risk tumors and MYCN-amplified 
from non-amplified tumors. Differentially methylated regions, DNA methylation valleys and partially 
methylated regions were identified for TERT-, MYCN- and ALT-driven subgroups; and integration of RNA 
expression and ChIP-seq data revealed regulatory DNA-methylation patterns specific for subgroups or 
common to all high risk-tumors, with the latter largely converging on inhibition of neuronal differentiation. 
DEXseq and MetiƭŜƴŜ ǘƻƻƭǎΩ ŎƻƳōƛƴŜŘ ŀƴŀƭȅǎƛǎ ƛŘŜƴǘƛŦƛŜŘ ŀ ŎŀǘŀƭƻƎǳŜ ƻŦ ƎŜƴŜǎ ǿƘƻǎŜ ŘƛŦŦŜǊŜƴǘƛŀƭ 
methylation is significantly correlated with alternative exon usage in high-risk tumors, indicating that DNA 
methylation affects both quantity and alternative function of gene products. Employing the Tracing 
Enhancer Networks using Epigenetic Traits (TENET) approach on WGBS data, we detected a MYCN-specific 
enhancer network that converged on a limited set of transcriptional activators/repressors and that was 
largely confirmed in the extended cohort of 450k methylomes. Candidate regulatory sites could be validated 
by DAC-driven global demethylation and a subset of these is currently evaluated by dCAS9-TET1-driven 
targeted demethylation. 
 
Together, our analysis of DNA methylation at single nucleotide level, integrated with RNA expression and 
chromatin modification data reveals previously unrecognized regulatory networks in high-risk 
neuroblastoma subgroups and pinpoints targets for therapeutic intervention.  
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High-risk neuroblastoma (NB) is one of the most aggressive pediatric tumors accounting for 15% of all 
pediatric oncology deaths, and less than 50% of patients experience long-term survival, despite intense 
multimodal treatment. The tumor suppressor p53 is rarely (2%) mutated in NB but its functions are 
diminished. Multiple mechanisms have been identified that attenuate the activity of p53 in MYCN-amplified 
NB cells, but few affect MYCN-WT NBs. Thus, a major challenge is to identify novel targeted therapies for 
high-risk NB (HR-NB) patients, specifically for the large fraction (70%) that present with MYCN-WT. Recently 
we identified SETD8, the H4K20me1 methyltransferase, as a crucial epigenetic regulator of growth and 
differentiation in NB. In addition to targeting other non-histone proteins, SETD8 monomethylates p53 on 
lysine 382 (p53K382me1), attenuating its pro-apoptotic and growth arrest functions. Genetic and 
pharmacological (UNC0379) inhibition of SETD8 impairs NB growth in vivo. Moreover, SETD8 levels are 
associated with poor prognosis only in MYCN-WT Stage 4 NBs. In order to identify targeted therapy less 
toxic for HR-NB, we evaluated a more specific SETD8 inhibitor with enhanced activity and selectivity, 
SGSS05-NS3 (SG3). Our results indicated that in NB cells in vitro treatment with SG3 rescues the canonical 
p53 functions leading to increases in p53 protein levels and of its target p21 by decreasing p53K382me1, 
impairing NB cell viability and inducing caspase-dependent cell death at lower IC50 compared with 
UNC0379 (1µM). Gene expression profile (RNA-seq analysis) confirmed that the most significantly 
upregulated genes upon SG3 treatment were among the p53 pathway targets. In pre-clinical xenograft NB 
models, pharmacological SETD8 inhibition by SG3 conferred a significant survival advantage in MYCN WT 
NB. Our study provides further evidence for targeting SETD8 as a therapeutic strategy in NB, particularly in 
MYCN-WT subgroup. 
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Background: We have previously shown that genomic rearrangements activate proto-oncogenic telomerase 
by juxtaposing active enhancer elements to the TERT gene in high-risk neuroblastomas (NBs). Here, we 
applied a global approach integrating structural variant data with expression profiles and NB-specific 
enhancer data to systematically identify sporadic or recurrent enhancer-hijacking events in NB. 
 
Methods: Chromatin immunoprecipitation sequencing (ChIP-seq) of histone 3 lysine 27 acetylation 
(H3K27ac) was used to identify active enhancer elements in 60 NB tumors and 24 NB cell lines. Whole 
genome sequencing (WGS) profiles were analyzed for structural variants in 107 NB tumors and twelve NB 
cell lines. Candidate genes were analyzed for outlier expression in matched RNA-seq profiles. Circular 
chromatin conformation capture sequencing (4C-seq) was used to assay for physical promoter-enhancer 
interactions. 
 
Results: WGS analyses revealed that chromosomal rearrangements are common events in NB and 
frequently affect regions known to harbor proto-oncogenes and lineage- specific enhancers. ChIP-seq 
analyses confirmed that these rearrangements juxtapose active enhancer elements to proto-oncogenes 
including ATOH1, IGF2BP1, MYC, MYCN and TERT which in turn are upregulated and harbor outlier 
expression in the cohort as revealed by RNA-seq. Intriguingly, a lineage specific super-enhancer (SE) 
element on chromosome 4, which is among the most active SEs in the cohort, was involved in hijacking 
events with several different oncogenes (including all of the above listed except TERT) in five independent 
samples. Finally, 4C-seq analyses in candidate NB cell lines proofed physical interactions between 
translocated enhancer elements and promoters of the respective oncogenes in all cases investigated. 
 
Conclusions: The study shows that enhancer hijacking is a common event driving oncogenes in NB. Further 
it exemplifies that strong, lineage-specific SEs are recurrently involved in hijacking events. The common 
mechanism of oncogene activation by enhancer-hijacking may open a therapeutic window for epigenetic 
drugs including BET or CDK7 inhibitors in high-risk NBs 
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Tumor-infiltrating immune cells play a key role in controlling tumor progression. The presence of distinct T-
cell subsets have been associated with favorable clinical outcome in a wide range of human cancers. 
Recently, we have shown that tumor-infiltrating T cells have a prognostic value greater than, and 
independent of, the criteria currently used to stage neuroblastoma. Low-risk neuroblastoma are 
characterized by a higher number of proliferating T cells and a more structured T-cell organization, which is 
gradually lost in tumors with poor prognosis. We defined an immunoscore based on the presence of 
different T-cell subsets that associates with favorable clinical outcome in MYCN-amplified neuroblastoma. 
We also demonstrated that the combined PD-L1 and HLA class I tumor cell density predicts the clinical 
outcome in neuroblastoma patients.  
 
To further dissect the immune heterogeneity of neuroblastoma microenvironment, we evaluated the 
density of infiltrating dendritic cells (iDC), which are crucial for drug-induced anticancer immune response 
and performed targeted gene expression profiling (Nanostring nCounter Immune panel) in the same cohort 
of NB samples. Publically available datasets were used to validate primary samples analyses. As for T cells, 
high density of iDCs was correlated with the presence of tumor-infiltrating T cells, expression of tumor HLA 
class I and favorable clinical outcome, suggesting that iDCs may be critical for robust tumor control by 
improving prediction of patient survival.  
 



 

224 

Expression of TWIST1 and TWIST2 as Possible Predictive Markers in 
Neuroblastoma 

Audrey Petit1, Maria-Vittoria Sepporta2, Jean-Yves Scoazec3, Annick Mühlethaler-Mottet2, Herve Sartelet1 

1Chu De Grenoble, Grenoble, France, 2Department of Biopathology, Gustave Roussy Institute, Villejuif, France, 2Pediatric 
Hematology-Oncology Research Laboratory, University Hospital CHUV, Lausanne, Switzerland 

Introduction: The embryonic transcription factors TWIST1 and TWIST2 are frequently reexpressed in cancer. 
TWIST1 expression in neuroblastoma (NB) was previously shown to be associated with MYCN amplified and 
high MYC expressing tumors. 
 
Material and Methods: A tissue microarray of 72 primary tumors (stage (st)1=12, st2=6, st3=13 st4=36, 
st4s=5), 25 matched metastases and 44 matched control normal tissues were screened for TWIST1 and 
TWIST2 expression by immunohistochemistry using anti-TWIST1(Millipore - ABD29, rabbit polyclonal, 1/50) 
and anti-TWIST2 (R&D Systems - AF6249- sheep polyclonalς 1/200) specific antibodies. A semi-quantitative 
immunostaining score based on the percentage of positive cells was determined for each tissue sample. 
 
Results: TWIST1 had a nuclear expression in 72% of tumors but was moderately expressed only in 
neuroblastic cells in with a median score (ms) of 0.84, while TWIST2 had a nuclear expression less frequent 
in NB (41%) but with a higher score (ms=1.1). However, in normal control tissues, TWIST1 was never 
expressed while TWIST2 was present in 46% of sympathetic ganglia but with moderate intensity (0.58). 
Interestingly, TWIST1 expression was significantly higher in tumor associated with poor prognosis: stages 3, 
4 versus stages 1, 2 (81% of tumors with TWIST1 expression, ms=1.05, vs 41%, ms=0.42, p<0.01); stage 4 
versus stage 4S (83%, ms=1.1 vs 40%, ms=0.35, respectively, p=0.04); patients >18 months at diagnosis 
versus less (73%, ms=0.98 vs 29%, ms=0.62, p=0.045), and tumors with MYCN amplification versus without 
amplification (84%, ms=1.18 vs 23%, ms=0.60, p=0.02). 
 
In contrast, TWIST2 expression was higher in tumor with better prognosis: stages 1, 2 versus stages 3, 4 
(39%, ms=1.22, vs 41%, ms=0.4, p=0.045), and in tumor without MYCN amplification versus with 
amplification (47%, ms=0.84 vs 23%, ms=0.17, p<0.01). However, no significant differences in TWIST2 
expression was observed between stage 4s versus stage 4, and in relation with age at diagnosis. Moreover, 
in metastases TWIST1 was frequently expressed (76%, ms=0.95), while TWIST2 expression was uncommon 
(30%, ms=0.31).  
 
Conclusions: These data highlight an association of TWIST1 expression with unfavorable clinical factors of 
NB and with metastases, while TWIST2 expression is correlated with tumors of better prognosis.   
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Background: We developed an antibody-drug conjugate (ADC; D3-GPC2-PBD) for neuroblastoma linking a 
glypican 2 (GPC2) antibody (D3) to the potent DNA damaging pyrrolobenzodiazepine (PBD) dimers (Cancer 
Cell, 2017). 
    
Methods: To determine the in vivo efficacy of this ADC, we utilized highly annotated neuroblastoma patient-
derived xenografts (PDXs). Cohorts of mice (n=9-10) were stratified to treatment with either vehicle or D3-
GPC2-PBD at doses of 0.5-3 mg/kg given once or 1 mg/kg given twice weekly x 2 weeks when mean tumor 
volumes reached 200-300 mm³. Co-treatment with excess D3-GPC2-IgG1, the efficacy of free PBD dimers, 
re-treatment of the rare recurring ADC treated tumors, treatment of larger PDXs, and DNA damage and 
apoptosis assessment by immunohistochemistry (IHC) were also explored.  
 
Results: We first showed that D3-GPC2-IgG1 binds avidly to murine Gpc2 by flow cytometry and that D3-
GPC2-PBD is equally potent against murine and human GPC2 in vitro. To date, the D3-GPC2-PBD ADC was 
tested in four neuroblastoma PDXs with a range of GPC2 expression (Molecules of Equivalent Soluble 
Fluorochrome [MESF]): CHLA79 (GPC2 MESF=825, MYCN non-amplified, TP53 wild-type), COG-N-421x (GPC2 
MESF=3301, MYCN amplified, TP53 wild-type), SKNAS (GPC2 MESF=672, MYCN non-amplified, TP53 
mutated) and NB-1643 (GPC2 MESF=1665, MYCN amplified, TP53 wild-type). Treatment with D3-GPC2-PBD 
resulted in complete and sustained tumor regression in 61% (17/28) of mice treated with 1 mg/kg ADC, 96% 
(27/28) of mice treated with 3 mg/kg ADC, and 96% (26/27) of mice treated with 1 mg/kg ADC given twice 
weekly x 2 weeks, including 100% (8/8) larger PDXs (tumor volumes of 600-1300 mm³). Treatment with free 
PBD dimers at equivalent molar concentrations had no effect on tumor growth, co-treatment with excess 
D3-GPC2-IgG1 abrogated a significant amount of ADC induced cytotoxicity, and ADC re-treatment of PDXs 
that began to regrow after 100 days (n=2) showed complete responses. ADC treated tumors exhibited 
ǳǇǊŜƎǳƭŀǘƛƻƴ ƻŦ 5b! ŘŀƳŀƎŜ όʴIн!·ύ ŀƴŘ ŀǇƻǇǘƻǎƛǎ όŎƭŜŀǾŜŘ ŎŀǎǇŀǎŜ оκŎƭŜŀǾŜŘ t!wtύ ōȅ LI/Φ !5/ 
treatment was well tolerated with no discernible drug-related toxicities.  
 
Conclusions: The D3-GPC2-PBD ADC is potently efficacious against a diverse panel of neuroblastoma PDXs. 
These data support the clinical development of a PBD dimer containing GPC2-directed ADC.    
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Despite the optimism raised by discoveries on the molecules and signaling pathways at the base of 
neoplastic transformation, neuroblastoma still presents a formidable challenge to scientists and clinicians. 
Amplification of the proto - oncogene MYCN is a key molecular aberration in high-risk neuroblastoma and 
predictive of poor outcome (Seeger et al, 1985). Although only 25% of total neuroblastomas show 
amplification of MYCN, there is a prevalence of this aberration in the high-risk form of the cancer. MYCN 
promotes tumour cell proliferation and metabolism via activation of target genes, by inducing the 
expression of oncogenic microRNAs and by promoting ribosome biogenesis and protein translation (Eilers 
and Eisenman, 2008). In this study, we investigated the role of MYCN in regulating the protein cargo of 
exosomes, vesicles secreted by tumour cells that can be picked up by recipient cells with important 
functional consequences. Using a switchable MYCN system coupled to mass spectrometry analysis, we have 
verified that MYCN specifically regulates 152 proteins in the exosomes secreted by neuroblastoma cells. 
Pathway analysis suggests that the MYCN - regulated proteins belong to 3 main functional groups: a) 
extracellular matrix-cells interactions, b) glycolysis and c) ribosome biogenesis. In addition, we isolated 
exosomes from MYCN amplified and non-amplified cell lines, verified their presence by staining with the 
membrane binding dye PKH67 and visualising them with ImageStream flow cytometry. We analysed 
neuroblastoma exosomes protein content by Western Blot analysis to validate the results obtained with the 
mass spectrometry experiment. Proteins relevant to neuroblastoma biology, such as eukaryotic elongation 
factor 2 and transferrin receptor 1, were confirmed as differentially expressed in exosomes according to the 
MYCN status. Functional studies indicate that exosomes isolated from MYCN or non MYCN expressing cells 
confer different signaling, proliferation and metabolic characteristics to recipient cells. In conclusion, we 
have assessed the presence of MYCN - inducible exosomal proteins in the supernatant of cell lines that 
could cŀǳǎŜ άŎƻƴŘƛǘƛƻƴƛƴƎέ ƻŦ ǊŜŎƛǇƛŜƴǘ ŎŜƭƭǎ ƛƴ ǘƘŜ ǘǳƳƻǳǊ ƳƛŎǊƻŜƴǾƛǊƻƴƳŜƴǘΦ ¢ƘŜ ǇǊƻŦƛƭƛƴƎ ƻŦ a¸/ - 
induced exosomes could lead to the identification of useful biomarkers and new opportunities to uncover 
vulnerabilities in MYC addicted tumours such as neuroblastoma. 
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Background: The receptor tyrosine kinase (RTK) Anaplastic lymphoma kinase (ALK) has a key role in 
neuroblastoma development and is considered to be an important therapeutic target. ALK is mainly 
expressed in central and peripheral nervous systems among mammals; however, its physiological role 
remains still unclear. The recent in vitro identification of ALKAL proteins (previously described as FAM150, 
AUG) as potential ligands for human ALK and the related LTK RTKs has offered new clues and therefore new 
questions regarding the role of ALKALs in combination ALK/LTK RTKs during development and 
tumorigenesis.  
 
Results: In this study we have investigated the role of zebrafish Alkal proteins for activation of the 
endogenous LTK, which is similar to the human ALK in sequence and domain structure. Zebrafish LTK (DrLtk) 
controls the development of iridophores, neural crest-derived pigment cells, making Danio rerio an 
excellent system to study ALK/LTK involvement in neural crest regulation in vivo. In addition, we used 
Drosophila eye patterning and cell culture-based assays to corroborate our results.  
Here we show that zebrafish Alkals potently activate both DrLtk and HsALK, and overexpression of DrAlkals 
causes ectopic iridophore development, consistent with the loss of iridophores observed in loss of function 
alleles for DrAlkals. 
 
Conclusions: This work shows in vivo evidence of activation of ALK/LTK receptors by ALKAL proteins, as well 
as a conserved role for ALKAL proteins in activation of ALK RTKs family in the development of the neural 
crest. 
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Introduction: Tyrosine hydroxylase (TH) is involved in catecholamine biosynthesis and highly expressed in 
NB and therefore a promising target for active immunotherapy approaches. Interleukin-15 (IL-15) 
represents an attractive adjuvant for DNA vaccination due to its ability to induce cytotoxic but not 
regulatory T cells. Here, we report the generation and characterization of a bicistronic DNA-vaccine 
encoding for both TH and IL-15 and its enhanced efficacy to reduce tumor growth and spontaneous 
metastasis in vivo. 
 
Methods: DNA sequences encoding for human TH and murine IL-15 were integrated into the bicistronic 
mammalian expression vector pIRES, that enables co-translation of both genes. For optimized presentation 
of TH-epitopes, the ubiquitin (Ub) DNA sequence was linked upstream to the DNA sequence of TH ensuring 
enhanced proteasomal degradation and antigen processing. Next, CHO cells were transfected with the 
generated plasmid for in vitro characterization. TH expression of transfected CHO cells was investigated 
using western blot analysis. To access IL-15 secretion and bioactivity, an IL-15-specific ELISA and 
proliferation assay based on IL-15-sensitive CTLL2 cells were performed, respectively. To evaluate anti-
tumor efficacy in vivo, A/J mice (n=12) were immunized with the bicistronic TH/IL-15-based DNA vaccine, 
using attenuated Salmonella typhimurium as oral delivery system, 3× prior and 3× after a lethal challenge 
with syngeneic NB cells. Plasmids encoding for either TH or IL-15 served as controls.  
 
Results: IL-15-specific ELISA clearly showed a secretion of IL-15 in supernatants of CHO cells transfected with 
the bicistronic plasmid (230 vs. 0 pg/ml for non-transfected cells). Furthermore, bioactivity of in vitro 
secreted IL-15 could be confirmed by increased proliferation of CTLL2 cells. Cell lysates of transfected CHO 
cells showed a specific Ub+TH expression (64 kDa). Importantly, TH-/IL-15-based DNA-vaccination resulted 
in a reduced tumor progression rate of 45.4% compared to controls (TH 83.3%; IL-15 100%). Moreover, we 
observed reduced spontaneous metastasis in mice immunized with the bicistronic DNA-vaccine (30.0%) 
compared to controls (TH 63.6%; IL-15 70.0%), demonstrating efficacy of the new vaccine against NB.  
 
Conclusion: Co-translation of the stimulatory cytokine IL-15 augments reduction of tumor progression and 
spontaneous metastasis of a tyrosine hydroxylase directed DNA vaccination against NB in mice. 
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Background: Lymphatic vasculature is a prerequisite for the maintenance of tissue fluid balance and 
immunity in the body and is now known to play an integral role in the metastatic spread of tumor disease. 
Nevertheless, its relationship with prognosis in neuroblastoma (NB) is unknown, where a well-defined pre-
treatment risk classification still remains unsuccessful in most high-risk patients, thus calling for urgent 
research on stratification factors and new therapeutic targets. 
 
Aim: We aimed to relate different morphological and density features associated with NB lymph 
ǾŀǎŎǳƭŀǊƛȊŀǘƛƻƴ ƛƴ ƻǊŘŜǊ ǘƻ ŦƛƴŘ ŀƴȅ ǇƻǘŜƴǘƛŀƭ ǊƻƭŜ ƻƴ ǇŀǘƛŜƴǘǎΩ ǇǊƻƎƴƻǎƛǎΣ ǿƘƛŎƘ ŎƻǳƭŘ ǘƘŜǊŜŦƻǊŜ ōŜ ǳǎŜŘ ŀǎ ŀ 
factor to enhance the pre-treatment risk stratification or provide therapeutic targets. 
 
Materials and methods: Two representative cylinders of 333 samples were included in tissue microarrays 
and stained with D2-40 antibody to specifically detect lymph vessels, which were quantified used the 
Angiopath® system. Density, as well as shape and size morphologic parameters were calculated for 
microvascular (three segments: 5-15µm, 15-20 µm, 20-50 µm) and macrovascularizarion (50-200 µm, >200 
µm). 
 
Results: A high density of 5-15 µm and 15-20 µm microvascular segments as well as an irregular shape of 
macrovascular lymph vessel segments were associated with unfavorable histology and metastatic stage, and 
the risk of belonging to the high-risk pre-treatment group. Additionally, abundant lymph 
ƳƛŎǊƻǾŀǎŎǳƭŀǊƛȊŀǘƛƻƴ όƳŜŘƛŀƴ җ утΦуу ǾŜǎǎŜƭǎκƳƳнύ ǿŜǊŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿŜǊ ŜǾŜƴǘ-free survival (EFS) 
and overall survival (OS) (p-value 0.021 and 0.073, respectively). Similar results were found for a subgroup 
of samples with absent lymph vascularization (n=98) (p-value 0.013 and 0.084 for EFS and OS, respectively). 
Among 126 patients with complete datasets, Cox regression was carried out. Only for EFS, total density 
ƳƛŎǊƻǾŀǎŎǳƭŀǊƛȊŀǘƛƻƴ ǿŀǎ ǊŜǘŀƛƴŜŘ όƘŀȊŀǊŘ Ǌŀǘƛƻ нΦплоύ ǘƻƎŜǘƘŜǊ ǿƛǘƘ ƳŜǘŀǎǘŀǘƛŎ ǎǘŀƎŜΣ ŀƎŜ όҗму ƳƻƴǘƘǎύ 
and MYCN amplification variables (hazard ratio 4.703, 3.032 and 2.662, respectively). 
 
Conclusions: The density of different lymph vessel segments and morphologic parameters of shape and size 
should be taken into account to enhance the pre-treatment risk stratification. Research on drugs targeting 
lymphatics must be considered. 
 
Grants. FIS(PI14/01008), CIBERONC(CB16/12/00484), Health Carlos III Institute, Madrid/ERDF. 
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Purpose: To evaluate the prognostic relevance of a combined analysis of genomic aberrations and minimal 
residual disease (MRD) in the bone marrow (BM) of stage M neuroblastoma patients. 
 
Patients and Methods: Accessible BM pairs from diagnosis and post-induction and/or genomic data 
originating from stage M patients previously enrolled in the HR-NBL1/SIOPEN high-risk neuroblastoma trial 
were compiled at our center. Disseminated tumor cell (DTC) quantification used an automatic system for 
highly specific detection of GD2/CD56 positive cells. Information on somatic copy-number aberrations 
(SCNAs), MYCN amplification, aberrations in ATRX, TERT, and PTPRD genes was generated by high-density 
single-nucleotide polymorphism (SNP) arrays.  
 
Results: 3-year event-free survival (EFS) of 184 available patients was 39±4% with a 3-year cumulative 
incidence of relapse (CIR) of 56±6% (median observation time 55.5 months). BM of 83 patients matched for 
BM-MRD analysis showed BM-MRD negative patients had a 3-year EFS of 67±9% (CIR 39±7%), but only 
27±7% (CIR 71±7%) for BM-MRD positive patients (p = 0.001). Although there was a correlation with DTC 
numbers at diagnosis, only the post-induction BM-MRD status-maintained significance for EFS in 
multivariate analysis (hazard ratio 2.27, p = 0.031). Genomic analysis found a higher relapse incidence in 
patients whose tumors showed a gain or loss on chromosome 1q and aberrations in the TERT and PTPRD 
genes. Patients with tumors lacking these genomic markers and with BM clearing had the most favorable 
outcome (3-year EFS 92±7%) whilst those with the presence of two or more of the above mentioned 
genomic markers and positive BM-MRD fell into an ultra-high-risk group (3-year EFS 0%, p <0.001). 
 
Conclusion: BM-MRD detection after induction chemotherapy significantly correlated with a poor survival in 
our cohort of stage M neuroblastoma patients. Furthermore, our results provide the first evidence that 
early disease progression may be linked to certain genomic markers. The combination of BM-MRD 
monitoring and genomic profiling enables early risk assessment and merits further evaluation.  
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Introduction: Neuroblastomas are known to express somatostatin receptors and these are potential targets 
for future imaging with somatostatin receptor (SSTR) agents. Imaging can be used to assess the feasibility of 
peptide receptor radionuclide therapy (PRRT) in refractory cases. The purpose of the study was to evaluate 
and compare the SSTR expression by 99m Tc labelled hydrazinonicotinyl-Tyr3-octreotide (HYNIC TOC), 
Metaiodobenzylguanidine (MIBG) uptake by 131II MIBG and the metabolic activity of a tumour by 18 F 
Fluorodeoxyglucose positron emission tomography-computed tomography (FDG PET CT) in diagnosed 
neuroblastoma cases 
 
Materials and Methods: 99m Tc HYNIC TOC, 131I MIBG and FDG PET CT scans performed in 29 patients 
were reviewed and compared for concordance (or discordance) of findings. All scans were done within a 2-
week time period for each patient. 
 
Results: A total of 23 children with a diagnosis of Neuroblastoma underwent 99m Tc HYNIC TOC, 131I MIBG 
and FDG PET CT scans. In the rest 6 patients, paired 99m Tc HYNIC TOC and 131I MIBG scans were only 
done. In 29 patients with paired 99m Tc HYNIC TOC and 131I MIBG scans, 22 (76%) patients showed 
concordant results. In 7 (24%) patients 99m Tc HYNIC TOC showed more lesions. In 2 patients with positive 
99m Tc HYNIC TOC, 131I MIBG was negative. In 23 patients with paired 99m Tc HYNIC TOC and FDG PET CT 
scans, 19 (83%) patients showed concordant results. In 2 patients, FDG PET CT was positive while 99m Tc 
HYNIC TOC was negative. In 2 patients with positive 99m Tc HYNIC TOC, FDG PET CT was negative. 131IMIBG 
showed concordant results in only 13 (57%) patients. 
 
Conclusion: SSTR expression did not correlate with the expression of MIBG or GLUT receptor suggesting an 
independent expression.  SSTR and FDG PET CT showed more concordance than SSTR and MIBG scans. Our 
study demonstrates that most of the tumors (both primary and metastatic sites) showed a SSTR expression 
and hence the feasibility of using this receptor for treatment. 
 
SSTR imaging with a PET tracer like68 Ga DOTA Octreotate or SPECT tracer like 99mTc HYNIC TOC appears 
promising.   
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Introduction: MYCN amplified neuroblastoma (MNA-NB) often present with 1p deletions, 2p gains in 
addition to MYCN amplification (2p24.2) and 17q gain. Given recent work highlighting the importance of 
non-mutated dependency genes in other tumor types, we decided to identify copy number driven genes in 
NB. 
 
Methods: We used a bioinformatics approach based on DNA copy number and gene expression analysis and 
ranking for prognostic power. Using in vitro functional assays, we tested tumor dependency of candidate 
genes and responses to targeted drugs. 
 
Results: We identified RRM2 (2p25.1), and CHD5 (1p36) amongst the highest ranked dosage sensitive genes 
in MNA-NB. For RRM2, we propose three additional levels of expression regulation through combined 1p 
loss and 2p and 17q gain: (1) direct regulation by MYCN as shown by ChIP-sequencing, (2) CHD5 loss driven 
upregulation supported by correlation analysis in NB transcriptomes highlighting the previously established 
regulatory connection for CHD5 and WEE1 and for WEE1 and RRM2, and (3) BRCA1 (17q21.31) controlled 
RRM2 upregulation as revealed by stable BRCA1 knockdown experiments. Stable RRM2 knockdown leads to 
attenuated NB cell growth, colony formation capacity, increased apoptosis and induced a FOXM1 (down) 
and TP53 (up) gene signature. NB cells were sensitive to the direct RRM2 inhibitor triapine and MK-1775 
(WEE1 inhibitor) and exhibited increased DNA damage as evidenced by increased yH2AX and p-RPA32 
ƭŜǾŜƭǎΦ ¦ǎƛƴƎ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅΣ ǿŜ ƛŘŜƴǘƛŦƛŜŘ wwaн ŀǎ ŀ Ǌƻōǳǎǘ ƛƴǘŜǊŀŎǘƛƻƴ ǇŀǊǘƴŜǊ ƻŦ ǘƘŜ ΨǇƭŀƴǘ 
ƘƻƳŜƻŘƻƳŀƛƴ ȊƛƴŎ ŦƛƴƎŜǊ сΩ όtICсύ ǇǊƻǘŜƛƴΦ ²ƘƛƭŜ ƭƻǎǎ ƻŦ tICс ǿŀǎ ǊŜǇƻǊǘŜŘ ǘƻ ǊŜƴŘŜǊ ¢-ALL cells 
genomically instable, we observed very high PHF6 expression levels and nucleolar staining in NB cells versus 
other cancer types. Upon PHF6 knock down RRM2 levels were downregulated, while FOXM1 downstream 
targets were enriched and a JQ1 signaturŜ ǎǳǊŦŀŎŜŘΦ ¦ǎƛƴƎ ŀ ŘʲƘ-MYCN zebrafish model we are currently 
testing the in vivo effects of combined RRM2 overexpression in neuroblastoma tumor formation. 
 
Conclusion: We identified RRM2 as a druggable copy number driven dependency gene in MYCN-amplified 
NB and propose that PHF6 acts as epigenetic adaptor molecule to facilitate RRM2 dependent DNA repair to 
protect MNA NB cells from excessive replication stress. 
 




