
 1 

Supporting Information 
  

Targeting multiple effector pathways in pancreatic ductal 

adenocarcinoma with a G-quadruplex-binding small 

molecule  

Chiara Marchetti†, Katherine G. Zyner‡, Stephan A. Ohnmacht†, Mathew Robson§, 

Shozeb M. Haider†, Jennifer P. Mortonǁ,¶, Giovanni Marsico‡, Tam Vo#, Sarah 

Laughlin-Toth#, Ahmed A. Ahmed†, Gloria Di Vita†, Ingrida Pazitna†, Mekala 

Gunaratnam†, Rachael J. Besser†, Ana Catarina Gomes Andrade†, Seckou Diocou¥, 

Jeremy A. Pike‡,Δ, David Tannahill‡, R. Barbara Pedley7, T.R. Jeffry Evansǁ,¶, W. 

David Wilson#, Shankar Balasubramanian‡,Φ,π and Stephen Neidle†*  

†UCL School of Pharmacy, University College London, 29-39 Brunswick Square, 

London WC1N 1AX, UK.  

‡Cancer Research UK Cambridge Research Institute, Li Ka Shing Centre, Robinson 

Way, Cambridge CB2 0RE, UK.  

§Cancer Research UK Cancer Centre, UCL Cancer Institute, University College 

London, London WC1E 6BT, UK.  

ǁCancer Research UK Beatson Institute, Garscube Estate, Switchback Rd, Glasgow 

G61 1BD UK.  

¶Institute of Cancer Sciences, University of Glasgow, Glasgow G12 8QQ. 

#Department of Chemistry and Center for Biotechnology and Drug Design, Georgia 

State University, Atlanta, Georgia 30303-3083, USA.  

¥UCL Cancer Institute, University College London, London WC1E 6BT, UK. 

ΔNow at: Centre of Membrane Proteins and Receptors, University of Birmingham, 

Birmingham, B15 2TT, UK.  

ΦDepartment of Chemistry, University of Cambridge, Cambridge CB2 1EW, UK. 

πThe School of Clinical Medicine, University of Cambridge, Cambridge, CB2 0SP, 

U.K.   



 2 

 

  

 

 



 3 

Supplementary Data Figure 1: The differential gene expression after CM03 treatment is 

well correlated between PANC-1 and MIA PaCa-2. a) Growth inhibition response curves 

for PANC-1 and MIA PACA-2 cell lines treated with CM03. Cells were treated for 24 h with 

a range of CM03 concentrations and cell viability was measured using the CellTiter-Glo 

Luminescent Cell Viability assay. The concentration causing 50% growth inhibition (GI50) is 

shown. Results represent the mean and standard deviation from four replicates and are 

expressed as the percent of viable cells compared with untreated control. The blue and black 

lines represent MIA PaCa-2 and PANC-1 cell lines, respectively. GI50 values with 95 % 

confidence intervals (95% C.I.) were calculated using GraphPad Prism software using the 

sigmoidal dose-response (variable slope) equation. b) and c) Scatter plot indicating the 

correlation of differential gene expression obtained after treatment of PANC-1 and MIA PaCa-

2 cell lines with 400 nM CM03 after (b) 6, and (c) 24 h. Log2FC is the log2 of the fold change 

in treatment (6 or 24 h) versus control. 13,044 commonly expressed genes were shared 

between PANC-1 and MIA PaCa-2 cells over both time points. Red lines show the diagonal. 

d) Hierarchical clustering analysis of differentially expressed genes following 400 nM CM03 

treatment. e) to h) Volcano plots showing transcriptional changes in (e-g) PANC-1 and (f-h) 

MIA PaCa-2 after 6 and 24 h 400 nM CM03 treatment, respectively. The x-axis represents the 

–Log10 of the FDR and the x-axis represents the Log2 differential expression for each gene. 

Blue dots indicate the significant differentially expressed genes (Log2FC < or >0.5, FDR < 

0.1) in the cell line of interest (e.g. PANC-1 in e and g) while the purple dots indicate 

significant differentially expressed genes of the alternate cell line (e.g. MIA PaCa-2 in e and g) 

for that time point.  
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Supplementary Data Figure 2: Differentially down-regulated genes are enriched in 

promoter PQs in both MIA PaCa-2 and PANC-1 cell lines treated with CM03. MIA 

PaCa-2 and PANC-1 were treated with a) and b) 400 nM CM03 and c) and d) 300 nM 

gemcitabine for 6 and 24 h and mRNA extracted for analysis via RNA-Seq. Genes were split 

into four subgroups according to their fold change upon drug treatment versus untreated: 

Down (Log2FC < 0.5, FDR < 0.1), Up (Log2FC > 0.5, FDR < 0.1), Down strong (Log2FC ≤ 

1.0, FDR < 0.05) and Up strong (Log2FC ≥ 1.0, FDR < 0.05) and analysed for the occurrence 

of PQs in promoters. Significance between differentially de-regulated gene sets was calculated 

using the Wilcoxon statistical test via R software. *p < 0.05 and ** p < 1E-10, *** p < 1E-25. 

Mean number of PQs is significantly lower (red asterisks) or higher (black asterisks) than the 

gene group with no differential expression (No). 
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Supplementary Data Figure 3: Differential down-regulated genes are enriched in gene 

body PQs in both MIA PaCa-2 and PANC-1 cell lines treated with CM03. MIA PaCa-2 

and PANC-1 cells were treated with a) and b) 400 nM CM03 and c) and d) 300 nM 

gemcitabine for 6 and 24 h and mRNA extracted for analysis via RNA-Seq. Genes were split 

into four subgroups according to their fold change upon drug treatment versus untreated as 

previously described in Supplementary Data Figure 3. Differentially expressed gene sets were 

analysed for the occurrence of PQs in gene bodies (intron and exons). Significance between 

differentially de-regulated gene sets was calculated using the Wilcoxon statistical test via R 

software. *p < 0.05 and ** p < 1E-10, *** p < 1E-25. Mean number of PQs is significantly 

lower (red asterisks) or higher (black asterisks) than the gene group with no differential 

expression (No). 
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Supplementary Data Figure 4: Summary of RNA-Seq results after gemcitabine 

treatment in PANC-1 and MIA PaCa-2 cell lines. a) to e) Growth inhibition response 

curves for PANC-1 and MIA PaCa-2 cell lines treated with gemcitabine after (a) 24, (b) 48, 

(c) 72 and (d) 96 h. (PANC-1 cells are more resistant to gemcitabine treatment than MIA 

PACA-21). Cell viability was measured using the CellTiter-Glo Luminescent Cell Viability 

assay and the concentration causing (e) 50% growth inhibition (GI50) was calculated. Results 

represent the mean and 95 % confidence intervals (C.I.) from four replicates and are expressed 

as percent of viable cells compared with untreated control. The blue and black lines represent 
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MIA PaCa-2 and PANC-1 cell lines, respectively. GI50 values were calculated using GraphPad 

Prism software using the sigmoidal dose-response (variable slope) equation.  g) Hierarchical 

clustering analysis of differentially expressed genes following gemcitabine treatment. Samples 

are split into two major groups according to cell type, then by treatment time (6 or 24 h) and 

further into smaller cluster by gemcitabine concentration. f) Heat map of (i) down (Log2FC < 

0.5, FDR < 0.1), and (ii) up (Log2FC > 0.5, FDR < 0.1), differential expressed genes after 

gemcitabine treatment for 6 and 24 h at indicated concentrations. Lighter colours indicate 

greater numbers of de-regulated genes, as detailed in the colour key and histogram insets: MIA 

PaCa-2 cells show increasing response with dose and treatment time for both up- and down-

regulated genes, whilst PANC-1 cells show little response to concentration. MIA PaCa-2 cells 

show better separation than PANC-1 by concentration, similar to what is shown in (f), 

reflecting PANC-1 resistance to gemcitabine. 
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Supplementary Data Figure 5: Significant KEGG pathways for common down-

regulated gene set after 6 h CM03 treatment. KEGG pathways showing significantly 

differentially expressed genes (Log2FC > or < 0.5 and FDR <0.01) for a) axon guidance, b) 

hippo signalling and c) endocytosis pathways. Genes were rendered in colour indicative of the 

mRNA fold changes on top of the pathway diagrams. Red: 2-0.5 down-regulation, grey: less 

than 0.5 fold alteration and green: 0.5-2 fold up-regulation. Any changes with Log2FC > 2 or 

< 2 are same colour as Log2FC 2. Any gene groups containing both differentially up- and 

down-regulated genes are marked an asterisk (*)  
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Supplementary Data Figure 6: KEGG pathway diagrams for significant common down-

regulated gene set after 24 h CM03 treatment. KEGG pathways showing significantly 

differentially expressed genes (Log2FC > or < 0.5 and FDR <0.01) for the a) neurotrophin, b) 

mTOR, c) insulin, d) VEGF and e) AMPK signalling pathways. Genes were rendered in 

colour indicative of the mRNA fold changes on top of the pathway diagrams. Red: 2-0.5 

down-regulation, grey: less than 0.5 fold alteration and green: 0.5-2 fold up-regulation. Any 

changes with Log2FC > 2 or < 2 are same colour as Log2FC 2. Any gene groups containing 

both differentially up- and down-regulated genes are marked an asterisk (*) 
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Supplementary Data Figure 7: Graphs of enriched KEGG pathways for common up-

regulated genes after CM03 treatment and promoter and gene body PQs analysis for 

enriched KEGG pathways after 24 h CM03 treatment. a) Enriched KEGG pathways (p-

EASE ≤ 0.05) of up-regulated genes (Log2FC > 0.5, FDR < 0.1) common to both PANC-1 

and MIA PaCa-2 cell lines after 6 and 24 h 400 nM CM03 treatment. b) and c) Promoter and 

gene body PQs analysis of (b) down- and (c) up-regulated enriched KEGG pathways after 24 

h 400 nM CM03 treatment. PQs analysis for each enriched KEGG pathways were performed 

as previously described. Note the increased number of KEGG pathways crossing the 

significant PQs enrichment threshold (represented by the dotted line) for down-regulated 

genes (b) compared to (c).  
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Extended Methods – RNA-Seq 

For the putative G4 sequences (PQs) analysis, the occurrence of the canonical G4 

motif (G≥3N1-7G≥3+N1-7G3≥N1-7G≥3), as previously defined2,3, was calculated both in 

gene promoters (defined as 2 kilobases upstream of the transcription start site (TSS) 

and 100 bases downstream) and gene bodies (exons and introns). Genes were split 

into different subsets according to their fold changes for drug treatment versus 

untreated, with the following assignment: Down Strong = genes with Log-fold change 

(Log2FC) ≤ -1 and false discovery rate (FDR) < 0.05; Down = genes with Log2FC < -

0.5 and FDR < 0.1; Strong Up = genes with Log2FC ≥ 1 and FDR < 0.05; Up = genes 

with Log2FC > 0.5 and FDR < 0.1; NO = genes not differentially expressed, i.e. not 

present in any of the previous categories. The KEGG pathway enrichment analysis 

was done using the DAVID functional annotation tool (https://david.ncifcrf.gov/)4 on 

the Up and Down gene lists, for the MIA PaCa-2 and PANC-1 differentially 

expressed genes individually and for the common genes. The open source software 

Cytoscape 3.5.15 and Cytoscape ClueGO app6 were used to visualise networks of the 

associated KEGG pathways. The PQs analysis within the enriched pathways was 

implemented as follows: for each pathway enriched (p-EASE ≤ 0.05) and for each 

gene list, the number of PQs in promoter regions (or gene bodies) was counted, and a 

random distribution was generated by sampling 10,000 times gene sets of the same 

size of the gene subset in the given pathway. The p-value was empirically estimated 

from there as the number of times the random count was higher or equal to the PQs 

count in promoter (or gene bodies), divided by the number of randomizations 

(10,000). Data on the KEGG pathway graphs were rendered using the R/Bioconductor 

package Pathview7. 

 

For gemcitabine RNA-seq data, the analysis was performed identically to the CM03 

libraries, but the two cell lines were independently analyzed. The PQs analysis in 

promoters and gene bodies and functional annotation was performed as described for 

CM03.  

 

Extended Methods – immunofluorescence 

BG4 and 53BP1 foci quantification and colocalization analysis was performed 

automatically in 3D using a custom protocol in the open source imaging software ICY 

(http://icybioimageanalysis.org)8. The ICY protocol is provided in the supplementary 

file (ICY_BG4_53BP1_coloc_final.protocol) at 

https://github.com/JeremyPike/ColocalizationStudio-modified/ and all parameters are 

as specified. This file can be directly opened by the free open-source software that can 

be downloaded from the website. The modified colocalisation plugin required for the 

ICY protocol is available at https://github.com/JeremyPike/ColocalizationStudio-

modified/. First, spot-like features were detected in the BG4 and 53BP1 channels 

using an un-decimated wavelet transform9. Nuclear regions were segmented from the 

https://david.ncifcrf.gov/
http://icybioimageanalysis.org/
https://github.com/JeremyPike/ColocalizationStudio-modified/
https://github.com/JeremyPike/ColocalizationStudio-modified/


 15 

DAPI channel using a hierarchical K-means clustering algorithm with ten intensity 

classes10. For each nuclear region the corresponding BG4 and 53BP1 features were 

counted and an object based co-localisation analysis based on the Ripley K-function 

was performed11,12. Specifically the number of BG4 foci, 53BP1 foci and BG4-53BP1 

co-localisations and percentage of BG4-53BP1 co-localisations per nucleus were 

calculated. 
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Supporting Tables 

Supporting Table 1: Deregulated genes upon 400 nM CM03 treatment 

Description: Processed RNA-seq data for PANC-1 and MIA PaCa-2 containing gene 

log fold changes upon 6 and 24 h 400 nM CM03 treatment compared to control. 

Genes are grouped into four categories Down Strong, Up strong, Down and Up as per 

methods. The number of PQs found in the gene body (exon and introns) and promoter 

region (both strands or same strand as TSS) for each gene is also stated. 

Supporting Table 2: Common deregulated genes upon 400 nM CM03 treatment.xlsx 

Description: Processed RNA-seq data for genes in common between PANC-1 and 

MIA PaCa-2 upon 6 and 24 h 400 nM CM03 treatment. Genes are grouped into four 

categories Down Strong, Up strong, Down and Up as per methods. The number of 

PQs found in the gene body (exon and introns) and promoter region (both strands or 

same strand as TSS) for each gene is also stated.  

Supporting Table 3: Statistics for PQs box and whisker plots.xls 

Description: Table contains the median, mean, 25% percentile, 75% percentile, 

maximum, minimum values, p-value (calculated from Wilcox test), gene summary 

and ratio of the means for each of the box and whisker plots from Figures 3a,b and 

Supporting Information Figures 2 and 3.   

Supporting Table 4: Deregulated genes upon 300 nM gemcitabine treatment.xls 

Description: Processed RNA-seq data for PANC-1 and MIA PaCa-2 containing gene 

log fold changes upon 6 and 24 h 300 nM gemcitabine treatment compared to control. 

Genes are grouped into four categories Down Strong, Up strong, Down and Up as per 

methods. The number of PQs found in the gene body (exon and introns) and promoter 

region (both strands or same strand as TSS) for each gene is also stated.  

Supporting Table 5: KEGG pathways of common differentially deregulated genes 

upon 400 nM CM03 treatment.xls 

Description: KEGG pathways and associated genes for the up and down differentially 

expressed genes found in common between PANC-1 and MIA PaCa-2 after 6 and 24 

h CM03 treatment.  

Supporting Table 6: KEGG pathways of differentially deregulated genes upon 400 

nM CM03 treatment.xls 

Description: KEGG pathways and associated genes for the up and down differentially 

expressed genes for PANC-1 and MIA PaCa-2 (analyzed individually) after 6 and 24 

h 400 nM CM03 treatment. 
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Supporting Table 7: KEGG pathways of differential deregulated genes upon 300 nM 

gemcitabine treatment.xlsx 

Description: KEGG pathways and associated genes for the up and down differentially 

expressed genes for PANC-1 and MIA PaCa-2 (analyzed individually) after 6 and 24 

h 300 nM gemcitabine treatment. 


