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Abstract

The COX-2 protein, encoded by the PTGS2 gene, is related to tumor progression in adult and pediatric cancer. In neuroblastoma

(NB), COX-2 was associated with loss of heterozygosity on the long arm of chromosome 11 (Ch11q loss of heterozygosity, LOH),

defining a subset of aggressive disease. The present study aimed to investigate the protein expression of COX-2 in a set of

82 pre-chemotherapy (CT) and 20 post-CT NB specimens and its correlation with clinical and genomic data. A systems

biology approach elucidated the network interaction of PTGS2 and other inflammation-related genes with those codified in

the Ch11q deleted regions. The results indicated a significantly higher expression of COX-2 in post-CT samples. In addition,

a significant positive correlation between the presence of aberrations in Ch11q and COX-2 levels and an indirect connection

between the COX-2 gene and extracellular matrix remodeling (ECM)-related proteins were observed. Our findings suggest that

deregulation of ECM proteolysis in Ch11q–deleted NB could elicit stromal alterations, triggering inflammatory responses via

COX-2 overexpression, ultimately supporting NB progression.

Introduction

Neuroblastoma (NB) is the most frequent extracranial solid tumor in children, accounting for 8-10% of
all pediatric cancers1. These tumors originate from neural crest cells, which are primitive progenitors of
sympathetic ganglia, and can arise anywhere along the sympathetic nervous system 2. After tumor formation,
it results in a spectrum of clinical diseases ranging from variably aggressive NBs to well-differentiated benign
tumors (i.e., ganglioneuroma, GN) 3. Metastases are diagnosed in about 50% of patients, with the bone
marrow, bone, and regional lymph nodes being

the most commonly affected sites 4. NB treatment includes a wide range of therapies, depending on patients’
disease risk classification 1. After induction and consolidation chemotherapy, approximately half of all
patients reportedly develop drug resistance or suffer disease relapse after the first-line therapy5, 6.

The International NB staging system (INSS) classifies NBs into different stages (1, 2A/B, 3, 4, and 4S)
based on clinical criteria7, 8. In addition, the MYCN oncogene amplification (MNA) is an independent
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. poor prognostic factor significantly associated with INSS stage 4, and unfavorable histological features 9.
Determination of tumor cell ploidy and the identification of segmental chromosomal aberrations found most
frequently in 1p, 1q, 3p, 11q, 14q, and 17p have substantially improved NB risk stratification and the choice
of the most effective treatment regimens 9. Specifically, LOH in chromosome 11q (Ch11q) in nonamplified-
MYCN (NAMN) was found to be associated with a therapy-resistant metastatic NB subgroup 10, as well as
with high activity of the COX/microsomal prostaglandin E synthase (mPGES)-1/PGE2 pathway 11.

Prostaglandins (PGs, including PGD2, PGE2, PGF2a, and PGI2) are arachidonic acid-derived chemical me-
diators of the inflammatory response12. They are produced by sequential actions of cyclooxygenases (COX-1
or COX-2) and specific synthases, exerting their effects mainly through the G-protein–coupled receptors
(GPCRs), activating adenylate cyclase or phospholipase C 12. Tumor cells are often characterized by aber-
rant COX-2 expression, resulting from transcriptional and/or post-transcriptional and epigenetic alterations
13, 14. COX-2, which is also released by cancer-associated fibroblasts (CAFs) and type-2 macrophages (M2)
15, is involved in angiogenesis, tumor cell proliferation, and survival. It correlates with invasiveness and
resistance to chemotherapeutic drugs in many cancer types, such as breast, lung, colon, prostate, and blad-
der 16, 17. In NBs, high COX-2/PGE2 expression levels promote malignant cell transformation and inhibit
apoptosis via cAMP-mediated β-catenin stabilization, a process that may be of particular significance in
NAMN cells 18.

Despite the premise that the COX-2 pathway favors tumor progression, the exact extent of this association
has not yet been completely understood. Network systems biology has been broadly accepted as useful
tools that allow the visualization and analysis of the interaction of multiple molecular pathways, providing
the uncovering of new biomarkers and their association to disease phenotypes 19. In the current study, we
analyzed COX-2 expression levels in NB tumor samples obtained during diagnosis and post-chemotherapy.
Furthermore, we analyzed the genomic profile of tumors with Ch11q aberrations and the correlation with
the genes encoding the enzymes involved in the COX/mPGES-1/PGE2 and other inflammatory pathways
using a pipeline of computational systems biology tools.

Material and Methods

Tumor samples

Neuroblastic formalin-fixed paraffin-embedded (FFPE) blocks from 2004–2014 were obtained from the Pe-
queno Pŕıncipe Hospital (PPH) Biobank, and the clinical data were retrospectively collected from the PPH
Service of Medical Archives and Statistics (SAME). This study was approved by the PPH Ethics Commit-
tee (CEP0518-07/2007; amendment 2014), and all patients were kept anonymous. Two subgroups of NB
specimens were obtained, 82 from patients that were not submitted to any treatment (pre-CT), and 20
were obtained after chemotherapy (post-CT). In eleven patients, it was possible to obtain tumor specimens
pre- and post-CT. Each sample was classified according to the following criteria: (i) age at diagnosis (< 18
or [?] 18 months); (ii) sex; (iii) Shimada classification 20 (favorable or unfavorable histological features);
(iv) INSS-based staging (1–4 or 4S); and (v) clinical course of the disease (alive without disease, relapsed,
deceased).

Tissue microarray (TMA) construction and immunohistochemical analysis

Ten TMAs were sampled, each of them with an average of two cores (4 μm thick; 3 mm diameter) from 12
cases 21. The TMAs were incubated with a primary rabbit polyclonal anti-COX-2 (1:200; Spring Bioscience,
USA) and secondary–horseradish peroxidase (HRP)–conjugated antibody (Spring Bioscience USA). Positive
(colon cancer specimens) and negative (omitting primary antibodies) controls were run in parallel in each of
the reactions. The images were obtained using a Zeiss Axioscan Slide Scanner (Jena, Germany) in high power
fields (HPFs; 20x magnification), with a total area of 90,472.78 μm2. Immunohistochemical expression was
evaluated through quantitative analyses of cytoplasmic staining images using the Image-Pro Plus® software
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. (Rockville, MD, USA) and calculated as a percentage of the ratio of positive staining area per the total
area22.

MYCN amplification status

MYCN oncogene copy number was assayed by FISH on the TMAs, using a direct commercial probe (Surefish
2p24 MYCN 277kb p5; Agilent Technologies Inc., Santa Clara, CA, USA). Briefly, the TMA sections were
deparaffinized, dehydrated, and treated with HCl (0.2N), followed by proteolytic digestion with pepsin (750
U/ml) and serial ethanol dehydration. Hybridization was performed overnight at 37 °C in a humidified
chamber. The slides were counterstained with 0.2 μmol DAPI in an antifade solution. Samples were blind
analyzed by manual counting by two independent investigators. Digital images were obtained using a confocal
microscope (NIKON Instruments Inc., Tokyo, Japan). MYCN was considered non-amplified in samples with
2–9 copies and amplified in samples with [?] 10 positive signals.

Array–comparative genomic hybridization (a-CGH) analysis

DNA copy number analysis was performed using an oligonucleotide array-CGH platform (SurePrint G3
Human CGH Microarray 8x60K; Agilent Technologies Inc., Santa Clara, CA, USA), using a previously es-
tablished protocol for FFPE samples 23, 24. DNA was isolated using the standard phenol-chloroform method.
Reference DNA was prepared from the peripheral blood of a pool of ten healthy donors25. Equal amounts of
tumor and reference genomic DNA (1-2 μg) were digested and enzymatically labeled using the SureTag Com-
plete DNA Labeling Kit (Agilent Technologies, Inc., Santa Clara, CA, USA) and hybridized to the arrays.
The array data were analyzed with the Feature Extraction (FE) v.10.10 software and Agilent CytoGenomics
v.3.0 software (Agilent Technologies Inc., Santa Clara, CA, USA), using the ADM-2 algorithm, threshold
6.0, and an aberration filter with a minimum of > 3 probes 25. Copy number gains and losses were defined
as previously described 24. Cytobands that showed copy number alterations (CNAs) in the Ch11q-deleted
locus in pre- and post-CT samples from three patients were identified using Agilent CytoGenomics v.7.0
interval base reports (Agilent Technologies, Inc., Santa Clara, CA, USA). Genes were extracted from these
cytobands using the UCSC genome browser 26and the RefSeq gene model. The online data mining software
BioMart of the Ensembl platform (http://m.ensembl.org/; release 101, August 2020) was used to select the
protein-coding genes within this region. DIANA-miRPath v.3 and TarBase v.7.0 27, 28 were used to identify
the predicted miRNA targets. Only miRNA/mRNA targets that had a TargetScan context score of -0.4
(default) were included.

Systems biology analysis

The Ch11q protein-coding genes and miRNA target genes (Supplemental Table S1) identified were used as
inputs to generate a Homo sapiens protein-protein interaction (PPI) network by using the STRING database
v.11.0 29. To determine interactions of COX-2/PGES1 pathway with Ch11q, PTGS2 was also included in
the PPI, together with a list of other 29 inflammation-related genes obtained from two recent reviews 17, 30.
All active interaction sources included experiments, databases, co-expression, neighborhood, gene fusion, and
co-occurrence, but not textmining. The minimum required interaction score was set at medium confidence
(0.400). For topological analyzes, degree, betweenness, and eigenvector centralities were calculated. The PPI
data was transferred to the Cytoscape v.3.6.1 software 31, and the CentiScape 2.2 Plug-in was used to select
the centralities in the whole network. Degree measures how many direct neighbors are connected to a given
node, and nodes with above-average degree values are called hubs. A bottleneck is a node with above-average
betweenness, which significantly influences the network structure. Finally, the eigenvector centrality assigns
a relative score to all the nodes in the network based on the concept that connections to high-scoring nodes
highly contribute to the network31. High eigenvector denotes network switches in the network 32. Nodes
with above-average scores in all three centralities are classified as Hub-Bottlenecks-Switches (HBS) and have
a key influence in regulating molecular networks.

To better understand the network organization, cluster formation was investigated with the Molecular Com-
plex Detection (MCODE) app33. Loops, Haircut, and Fluff were chosen in the network using the advanced
options. The cut-off point was delimited as many nodes > 10 and number of connections > 3. The Biological
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. Networks Gene Ontology tool (BiNGO) plug-in was used to investigate Gene Ontologies 34, with hypergeo-
metric testing and the Bonferroni family-wise correction with a significance level p [?] 0.05. All non-specific
bioprocesses, such as regulation of the biological process, regulation of the metabolic process, were excluded
for further analysis considering their lack of biological meaning. The workflow of the used methods is shown
in Supplemental Figure S1.

Statistical analysis

Patient sex, age-related risk, tumor stage, Shimada status, recurrence, death, and clinical follow-up data were
distributed in relative frequencies. Correlation analyses among the clinical data, COX-2 protein expression,
and CNAs were performed using the nonparametric Spearman multivariate test with IBM SPSS Statistics
(IBM Corp., Version 23.0, Armonk, NY). For this analysis, CNAs were categorized as no alteration (0), loss
or deletion (-1), and gain or amplification (+1). Correlations with p-values <0.05 were considered significant.
Pre/Post-paired comparisons were performed with the Wilcoxon signed-rank test (p < 0.05).

Results

Patient data

The clinical data of a total of 91 patients were analyzed in this study (TABLE 1). The patients’ outcomes
were examined until September 2019, 60 months after the inclusion of the last patient. The average age at
diagnosis was 33.5 months, ranging from 0 to 13 years old, with 52 patients (58%) being diagnosed after
18 months of age. Thirteen cases (14%) were diagnosed as GN. NB tumors were classified according to the
INSS 7, with stage 4 as the most frequent (44% cases), which was coincident with unfavorable histological
features (48% cases). Relapse occurred in approximately 35 cases (39%); in total, 30 patients (33%) died of
disease, with 25 patients dying (28%) within a 5-year follow-up period. The MNA status was determined
for 84 subjects (Supplemental Figure S2). Among them, 9 cases (11%) were classified as having amplified
MYCN , with > 10MYCN copies.

COX-2 expression levels were higher in post-CT tumors and inversely correlated with MYCN
amplification

All the NB and GNB samples were positive for the COX-2 protein expression (n = 77). COX-2 expression
levels in the post-CT samples were significantly higher than the those observed in the pre-CT unpaired
samples (p-value = 0.0097; Figure 1) and inversely correlated with MNA (Spearman ρ = -0.693, p-value =
0.038). In the paired samples, COX-2 expression in post-CT was slightly higher than in pre-CT (p-value =
0.4076). In the multivariate analysis, no correlation was observed among the COX-2 expression and clinical
factors. OS inversely correlated with age at diagnosis (Spearman ρ = -0.295, p-value = 0.009), stage (ρ =
-0.422, p < 0.0001), and MNA status (ρ = -0.562, p < 0.0001).

Primary tumors with Ch11q deletions presented higher COX-2 expression levels

Array-CGH analysis in the paired sample sets (n = 11) revealed that the median (min-max) of the CNAs
in each case did not significantly differ between the pre-CT [14.5 (3–47)] and post-CT [9 (2–29)] (p-value
= 0.3813) (Figure 2A). The most frequent aberrant cytobands (present in at least 50% of cases) were
compared in the paired samples (Figure 2B). The cytobands that (i) correlated with COX-2 expression in
the multivariate analysis, (ii) were within the chromosomal regions that code for COX-2/PGE2 pathway
proteins, and (iii) have prognostic relevance to NBs (cytobands 2p24, 11q12-q25, and 17q11-q25)35. CNAs
distribution and frequency varied randomly between pre-CT and post-CT tumor samples. Cytobands 7p22-
p15, 7q11-q36 (gain), and 10q11-q26 (loss) were mainly or exclusively found in the pre-CT samples. In
contrast, CNAs were observed in a higher frequency after chemotherapy in the 2p (36%), 4p (63%), 14q
(72%), and 17q (54%). Positive correlations between COX-2 expression levels and 7p gain (ρ = 0.798; p-value
= 0.006), 7q gain (ρ = 0.853; p-value = 0.002), and 11q loss (ρ = 0.631, p=0.045) were observed. These cases
were then segregated into three groups based on MYCN amplification status and Ch11q deletion: amplified
MYCN with normal Ch11q (MNA/11qN, Group 1), non-amplified MYCN with loss in Ch11q (NAMN/11q-,
Group 2), and non-amplifiedMYCN with normal Ch11q (NAMN/11qN, Group 3) (Table 2). In general,
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. Groups 1 and 2 were classified as unfavorable NBs, although in Group 2, a higher number of CNAs and
higher COX-2 expression were observed in comparison with Group 1.

Genes mapped at the genomic loci 11q13.4-q24.3 interval are associated with cell adhesion and
inflammation pathways

To investigate the association between CNAs in Ch11q and COX-2 protein expression, we selected the
cytobands with CNAs in the following genomic loci of three patients in Group 2: 11q13.4-q25 (Pat15 and
Pat20), and 11q12.1-q25 (Pat42), with a common interval among all three patients at 11q13.4-q24.3 (Figure
3A). Identification of the genes mapped in the common interval revealed a total of 409 protein-coding genes
and 34 miRNAs (Supplemental Tables S1, S2 and S3). Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis (DIANA-miRPath v.3) associated 14 of the miRNAs with glycosphingolipid,
fatty acid, and steroid hormone biosynthesis and cell adhesion molecules (Supplemental Table S4). Using
TarBase v.7.0 miRNA target prediction analysis, 39 targets were predicted to be regulated by these miRNAs.

The list composed of the 409 protein-coding genes, the 39 miRNA targets, and the 30 inflammation-related
genes 17, 30 was used to generate a PPI network. It resulted in a network with 469 nodes and 476 edges (Figure
4A), with a PPI enrichment p-value of 1.0e-16, which indicates that proteins in the network present more
mutual interactions than expected. Surprisingly, no direct connection was found betweenPTGS2 and Ch11q-
related genes. Thus, indirect relationship analysis was performed by applying the degree, betweenness, and
eigenvector centrality. Ninety-two out of the 469 nodes were of more topological relevance in the network:
29 hubs, 6 bottlenecks, 14 switches, and 30 HBS (Figure 4). Besides, gene ontologies (GO) analysis revealed
cell adhesion, transcription, DNA repair, and inflammation as the main biological processes related to these
genes. Clustering and GOs analysis led to identifying five clusters (Figure 4B; Supplemental Table S5).
Cluster 1 is associated with the regulation of cytokine production, immune system process, apoptosis, cell
proliferation, programmed cell death, and the mutual interaction of metalloproteinases (MMPs), which is
involved in the collagen metabolic process. Cell and biological adhesion were the only processes associated
with Clusters 2 and 4. ThePTGS2 gene is an HBS node found only in cluster 3, where its interaction with
other genes of the PGE2 and other inflammatory pathways is evident, as well as its indirect interaction with
CLPB(chromosome location Ch11q13.4), a gene involved in the cellular heat response. In cluster 5, several
genes were identified related to the neurological system process, in addition to a connection of interleukin 6
(IL-6 ), IL-6 receptor (IL-6R ), and signal transducer and activator of transcription 3 (STAT3 ), involved
in IL-6-mediated signaling pathway. The CLPB gene, together with PTGES3 andPTGER1, are common
HBS between Clusters 3 and 5. Likewise, other HBS nodes, such as the ones involving ΙΛ-1β and CEBPB
, intersect between Clusters 1 and 3, while EP300 and STAT3 are common HBS to Clusters 1, 3, and
5. Altogether, this analysis led to identifying nodes of biological relevance that interconnect clusters with
different profiles of gene interactions, progressing toward understanding the correlation of COX-2 expression
and aberrations in Ch11q.

DISCUSSION

COX-2 has been described as a critical element in the crosstalk between cancer and inflammation in NB
and other solid tumors18. However, the mechanisms involving COX-2 in tumorigenesis and the therapeutic
significance of COX-2 inhibition remain elusive, especially in pediatric tumors 16, 30, 36, 37. It is not clear, for
instance, if leukotriene inhibitors would be safe and effective as adjuvant therapy, at what phase of treatment,
or what molecular interactions could be affected by its inhibition. In the present work, we show that COX-2
was expressed in all the analyzed NB samples, similar to previous findings 38. However, COX-2 expression
levels were significantly higher in post-CT specimens when compared with samples collected before treatment.
The clinical validation in a higher NB patient cohort would support non-steroidal anti-inflammatory drugs
in the consolidation or maintenance of NB chemotherapy regimens. By combining clinical and genomic data
with network topological analysis, we also show that higher COX-2 expression may arise from the loss of
a complex dynamic of interactions between components of the inflammation pathways and protein-coding
genes located on Ch11q.
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. MNA and Ch11q LOH are independent poor prognostic factors of high-risk NB9, almost mutually exclusive,
with similar significance for prognosis 10. Ch11q LOH and NAMN were observed in three patients of this
study (Group 2), presenting paired specimens, either in the pre- or post-CT tumors. Expectedly, these
patients presented poor prognosis factors, such as advanced age at diagnosis and a high number of CNAs.
Group 2 also showed a higher expression of COX-2 protein when compared with the other groups, regardless
of the MYCN status. To comprehend the correlation of Ch11q deletions and COX-2 expression, we built
a PPI network including the genes located in this deleted region, COX-2/PGE2 pathway genes, and the
target genes of the miRNAs codified in the deleted 11q regions. Clustering and GO analysis identified
five clusters, with genes involved in different biological processes, primarily related to cancer hallmarks39.
Processes, such as regulation of apoptosis, cell proliferation, and inflammation, and the ones associated with
collagen metabolism were observed in cluster 1. Cluster 3 was associated with the prostaglandin metabolic
process, while cluster 5 showed an extensive network of neurological system regulation and IL-6 signaling as
a particular inflammation pathway.

The nodes classified as HBS can be considered the ones with stronger topological influence, which can be
due to their multiple direct interacting partners and their control of the network information flow. The
genes ΙΛ-1β , CEBPB , EP300 , and STAT3,were identified as the HBS nodes acting as integration bridges
among clusters of interest. Noteworthy, all these genes were inputs from the inflammation pathways. Al-
though molecular connections among such elements have not been shown for NB yet, other biological models
demonstrate their correlation (Supplemental Figure S3). CEBPB andEP300 genes that codify for the
C/EBPβ and p300 proteins, respectively, are both activators of PTGS2 transcription40, 41. IL-1β protein,
generated predominantly by tumor-infiltrating macrophages within the tumor microenvironment (TME), has
a more functional regulatory role in COX-2 activation, regulating the expression of MMPs 42, as reported
for breast43 and colorectal cancers 44.

MMPs are zinc-containing endopeptidases that act on the extracellular matrix (ECM). These proteins are
overexpressed in CAFs and generate ECM cleavage products, such as fibronectin and collagen, which serve
as chemotactic factors for inflammatory cells 45.MMP-3 is a direct transcriptional target and an essential
contributor to the Wnt/β-catenin signaling pathway 46. In our PPI network, MMP3 was an HBS associated
with Cluster 1. It directly interacts with other MMPs and also with CTNNB1 , which in turn, is linked to
inflammation related HBS (EP300 , TNF,and JUN ). The functions of MMP-3 are linked toMMP-1 , MMP-
7 , MMP-10 , and MMP-13 , all identified in the constructed PPI network, are involved in collagen catabolic
and metabolic processes 47 that ultimately determine the differentiation of tumor-associated immune cells48.

In summary, the PPI network analysis shed light on the conjugation of the metalloproteases with the
inflammation-related genes in an indirect mode of interaction with PTGS2 . We suggest that the defi-
ciency in MMPs, which are essential for accurate remodeling of collagen in Ch11q deleted tumors, may
generate a pro-inflammatory signaling profile involving increased activities of COX-2 and other enzymes
from the PGE2 production pathway through IL-1β activation. It is essential to mention that the loss of
Ch11q does not occur alone but in association with other chromosomal aberrations in NBs, such as the loss
of chromosomes 3p and 4p and gain on chromosome 7q 49; however, further studies are required due to its the
association with chemoresistance. Along the same line, miRNA targets found in the Ch11q region of interest
were included to build our network. Interestingly 33% of these miRNA targets are coded by chromosome 1

Although the sample size limitation, the present biological analysis of network systems strategy allowed the
analysis of the interaction of multiple molecular pathways, providing novel and complementary biological
insights to the NBs tumorigenesis. Once these findings are clinically validated in larger and independent
well-annotated cohorts of NBs patients and experimental cellular models, these findings might be translated
into clinical applications for the prognosis and treatment of patients with NB.
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Tables captions

TABLE 1 Demographic and clinical data obtained from the records of patients (n = 90) diagnosed with
ganglioneuroma (GN), neuroblastoma (NB), or ganglioneuroblastoma (GNB) during 2001–2014 at Pequeno
Pŕıncipe Hospital (Curitiba, PR, Brazil)

TABLE 2 Clinical data of patients with paired samples. The cases were classified into three groups based on
the amplification status of the oncogene MYCN associated with the presence of CNAs in Chr11q cytobands.
Notes: age Dx, age at diagnosis; INSS, International neuroblastoma staging system; DOD, dead of disease;
NED, no evidence of disease

Figures captions

Figure 1 IHC analysis of COX-2 expression in NB tumors. Mean percentage of the stained area of COX-2
in NB/GNB. A) Unpaired (n = 77) pre/post-CT samples. Statistical differences between pre/post groups
were determined by t-test, using GraphPad Prism v.8. B) Representative IHC image of COX-2 expression
in a pre- and post-chemotherapy paired sample (Patient 42; 20X magnification)

Figure 2 Cytobands with copy number alterations (CNA) in paired NB samples pre-and post-chemotherapy.
A) Median of CNAs per case. B) List of CNAs affecting at least five (50%) cases, including those of prognostic
importance (*) and those involved in the COX-2 pathway or correlated with COX-2 expression (#), in pre-
and post-treatment samples from each patient. Light grey squares indicate losses, and dark grey squares,
gains. C) Prostaglandin 2 (PGE2) pathway showing the main enzymes and the chromosome location of the
genes involved

Figure 3 Interval of loss or deletions in Ch11q from three patients’ samples classified as Group 2
(NAMN/11q-). A) Start and stop positions of the affected cytobands. Below: Chromosome intervals af-
fected by CNAs for each patient in Group 2 B) Venn diagram presenting the relationships of genes located
at the cytobands affected by the copy number alterations

Figure 4 PPI network topological analysis. A) Left, complete network showing the 468 gene interconnec-
tions. Nodes in blue are from the Chr11q protein-coding genes region, in yellow genes from inflammation
pathways, and green Chr11q-miRNAs targets. The PTGS2 gene is marked in purple. Right, Venn diagram
representing CentiScape centrality analysis (degree, betweenness, eigenvector). Below, biological processes
(gene ontologies - BinGo), with the highlights of five of them: steroids, cell adhesion, transcription, DNA
repair, and inflammation. The adhesion process was present in all the categories. B) Clustering analysis by
MCode showing the five clusters identified. Clusters 1, 3, and 5 presented several genes in common (arrows);
cluster 3 was the only one composed of the PTGS2 gene. Genes marked with * are HBS genes. The common
genes for Clusters 1, 3, and 5 are in the center
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. Supplemental Material

Figure S1 The workflow of the methods of this study: (1) selection of samples and collection of patients’
clinical data; (2) Analysis of COX-2 expression in FFPE samples; (3) genome analysis by a-CGH; (4) gene
data extraction; (5) systems biology approach

Figure S2 MYCN amplification status, as determined by FISH analysis. A) Representative images of FISH
analysis of NB samples hybridized with the MYCN probe. Samples classified as in (a) and (b) were considered
as non-amplified MYCN (NAMN). Samples with more than ten copies were considered as amplified MYCN
(AMN). B) Percentage of NB cases (n = 84) in each MYCN amplification group

Figure S3 Representation of the interconnection of genes of higher relevance in the network as described
previously. It shows the mutual association of inflammation genes and COX-2 resulting in the activation of
metalloproteinase-3

Table S1 Chr11q-deleted locus in pre- and post-CT samples from three patients

Table S2 RNA genes in Chr11q deleted cytobands.

Table S3 miRNAs pathways and targets.

Table S4 Network Analysis. Chr11q protein-coding genes, inflammation-related genes, and miRNA target
genes; CentiScape Analysis; MCODE Analysis; Biological Process.

Table S5 Gene Ontologies (GO) Analysis.

Hosted file

Table_1_-_Patients.docx available at https://authorea.com/users/416158/articles/

523819-integrative-analysis-reveals-an-indirect-connection-between-cox-2-ptgs2-and-

extracellular-matrix-proteins-in-ch11q-deleted-neuroblastoma

Hosted file

Table_2_Clinical_data_of_patients_with_paired_samples.docx available at https://authorea.

com/users/416158/articles/523819-integrative-analysis-reveals-an-indirect-connection-

between-cox-2-ptgs2-and-extracellular-matrix-proteins-in-ch11q-deleted-neuroblastoma
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