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MYCN acts as a direct co-regulator of p53 in MYCN amplified 
neuroblastoma

SUPPLEMENTARY MATERIALS

Supplementary Figure 1: Gene ontology analysis of p53 responsive genes comparing MYCN high versus MYCN Low 
groups to determine their functional grouping using the DAVID bioinformatics platform (https://david.ncifcrf.gov/).



Supplementary Figure 2: Details of functional annotations of p53 target genes regulation by p53 activation is dependent 
on MYCN status, highlighting cell cycle checkpoint, cell division and replication associated genes.



Supplementary Figure 3: Transcriptional analysis by RNA-seq reveals genes modulated by p53 activation exclusively 
in the presence of MYCN. Show is gene ontology and top enriched classes of genes that activated by p53 activation solely in the context 
of high MYCN levels.



Supplementary Figure 4: Gene ontology and top enriched classes of genes repressed by p53 activation solely in the 
context of high MYCN levels.



Supplementary Figure 5: Over view of KEGG analysis cell cycle pathways in response to p53 activation with Nutlin. 
Blue boxes are downregulated genes and red boxes are upregulated genes with and without MYCN induction.



Supplementary Figure 6: (A) Motif analysis of the MYCN-ChIP-Seq data set showed that MYC and MAX were enriched at canonical 
E-boxes. (B) Distribution analysis of MYCN binding over genomic and epigenomic landmarks indicates increased binding at promoters 
and decreased binding at introns and intergenic regions in high MYCN conditions.



Supplementary Figure 7: (A) Meta-analysis of MYCN-ChIP-Seq datasets suggest a direct interaction between MYCN and p53 at 
actively transcribed genes. When at high levels, MYCN is found more frequently at transcription regulation sites, as indicated by H3K27ac 
binding. Meta-analysis of p53-ChIP-Seq binding data sets and MYCN-ChIP-Seq data showed that MYCN peaks overlap with p53-bound 
loci and are characterized by increased H3K27ac and Pol II. This observation suggests a direct interaction between MYCN and p53 at 
genes modulated by both transcriptional regulators. (B) High levels of MYCN were detected at transcription regulation sites, as indicated 
by H3K27ac binding. Datasets from the neuroblastoma cell lines Kelly, SH-SY5Y, and NB1 were analyzed. (C) Meta-analysis of MYCN-
ChIP-Seq data for p53 sites with Pol II enrichment in the SH-SY5Y (MYCN-non-amplified) and Kelly (MYCN-amplified) neuroblastoma 
cell lines. Localization of MYCN binding peaks near TSS start sites of p53 target genes.



Supplementary Figure 8: Chromatin immunoprecipitation for MYC, MAX and p53 at the CDKN1A and CHEK1 
loci using the IMR-32 MYCN amplified cell line. IMR-32 cells were not treated (control) or treated for 8h with 10 μM Nutlin-3a. 
ChIP was perfomed for MAX, MYCN, and p53. The fold enrichment was normalized using inputs and negative controls. (A) CDKN1A 
gene has both E-boxes and p53-Res. (B) CHEK1 does not have a canonical p53RE and q-PCR is for the MYCN binding E-box. All genes 
were analyzed using Chip-qPCR with appropriate primers listed in Supplementary Table 1. N3a indicates Nutlin-3a treatment. These data 
suggest that p53 activation does not lead to increased MAX binding at the loci associated with a marked increase in p53 chromatin binding. 
(C) Analysis of MYCN, MAX and p53 levels in MYCN amplified and non-amplified neuroblastoma in a large well annotated data set of 
patients by RNA-seq. MYCN levels are 4 log higher on average while MAX levels are basically unchanged between MYCN amplified and 
non-amplified cases. (D) MAX levels are relatively constant among all neuroblastoma stages (INSS staging).  R2: Genomics Analysis and 
Visualization Platform (http://r2.amc.nl).



Supplementary Figure 9: Details of MYCN and p53 ChIP for the CCNE2 gene. (A) MYCN Chip-seq data across the 5’ region 
upstream of the CCNE2 gene. Consensus E-box is high-lighted in red. (B) ChIP results for MYCN and for p53 using primers for the across 
the CCNE2 e-box site, demonstrating enrichment for both MYCN and p53 binding suggesting that p53 may form a complex with MYCN 
at this site. ChIP-qPCR primers design and ChIP-qPCR assays are as detailed in results section and in Figure 6. D = doxycycline for MYCN 
induction, N = nutlin treatment for p53 activation (see text). 



Supplementary Table 1: Primers used in this study

Name1 Sequence (5’-3’)
p21-CP-F GATTGGCTTTCTGGCCGTCA
p21-CP-R GGACAAAATAGCCACCAGCC
P21-CM-F AGCTGGGTTAGGAACTTGGG
P21-CM-R CGAAAACAAAACCGCTCGCA
SESN1-CP-F TCGAGGGGGCATATCCACAG
SESN1-CP-R GGCAGAAAATGCTAAGCTGGG
SESN1-CM-F GCCCAGGTACCTCGTCCT
SESN1-CM-R GTACACGGCCCCTTTGGC
CDC6-CM-F CCCGCTTTACCCAGAGTCG
CDC6-CM-R GAACGGGGGAGGGAATCTAC
CHEK1-CM-F GGTCCGCCGTCCTTAAATCT
CHEK1-CM-R TCCAAAAGGGTGACGTGGAG
CCNE2-CM-F CCGGGATCCCAGAGGGTAA
CCNE2-CM-R TGGTGGCGATCTTTCTTCCC
pGEX2T p53 1-93 F AAGGATCCGAGGAGCCGCAGTCAGATCC
pGEX2T p53 1-93 R TTGAATTCCAGGGGCCAGGAGGGGGCTGTGA
pGEX2T p53 full-length F AAGGATCCGAGGAGCCGCAGTCAGATCC
pGEX2T p53 full-length R TTGAATTCGTCTGAGTCAGGCCCTTCTGTCTGA
pGEX2T p53 1-363 F TGACGA TCTGCCTCGCGCGTTTCG
pGEX2T p53 1-363 R AGCCCTGCTCCCCCCTGGC
pGEX2T p53 FW 1-373 F CTTTTTGGACTTCAGGTGGCTG
pGEX2T p53 FW 1-373 R AGCCCTGCTCCCCCCTGGC
pGEX2T p53 1-383 F GAGTTTTTTATGGCGGGAGGTA
pGEX2T p53 1-383 R AGCCCTGCTCCCCCCTGGC
PET22B MYCN Full-length F TTTCATATGCCGAGCTGCTCCACGTCC
PET22B MYCN Full-length R TTTAAGCTTGCAAGTCCGAGCGTGTTC
pGEX2T MYCN 1-88-F TTTGGATCCATGCCGAGCTGCTCCACGTCCACCAT
pGEX2T MYCN 1-88-R TTTGAATTCGCTCGTTCTCAAGCAGCATCTCCGTG 
pGEX2T MYCN 82-254-F TTTGAATCCCGAGCTGGGTCACGGAGATGCTGCT
pGEX2T MYCN 82-254-R TTTGAATTCGTACTGAGGGCCTTGTGGTCGCCGCC
pGEX2T MYCN 248-362-F TTTGGATCCGACCACAAGGCCCTCAGTACCTCCG
pGEX2T MYCN 248-362-R TTTGAATTCACACTCTTGAGCGGACGTGGGGACG

CCTC
pGEX2T MYCN 336-400-F TTTGGATCCTCTCCCTACGTGGAGAGTGAGGATGC
pGEX2T MYCN 336-400-R TTTGAATTCGCTGGACCGAAGGTCGTTGCGGCGC
pGEX2T MYCN 400-464-F TTTGGATCCAGCTTTCTCACGCTCAGGGACCACG

TG
pGEX2T MYCN 400-464-R TTTGAATTCCTAGCAAGTCCGAGCGTGTTCAATTTT

CTTTA
pGEX2T c-MYC-F TTTGGATCCGATTTTTTTCGGGTA
pGEX2T c-MYC-R TTTGAATTCTTACGCACAAGAGTTCCG

1CP: ChIP p53; CM: ChIP MYCN.



Supplementary Table 2: Correlation of neuroblastoma patient outcome with modulated genes

See Supplementary File 1


