
	   1	  

c-Myc down-regulation is required for pre-acinar to acinar maturation and 
pancreatic homeostasis  
 
Sánchez-Arévalo VJ et al. 
 
Supplementary Materials and Methods 
 Plasmids. The following plasmids were used: pcDNA3.1-HA-Ptf1a, pCMV2-
Flag-Ptf1a, Rbpjl, and pGL3-6x-Ptf1a (R. MacDonald, UT Southwestern, Dallas, TX); 
P/CAF-Flag (H. Santos-Rosa, The Wellcome Trust/CRUK, Cambridge, UK); pCMV-
Flag-c-Myc, pcDNA3.1-HA-c-Myc (B. Amati, IIT, Milano, Italy); pEGFP-C1-Tcf3 (A. 
Cano, U. Autónoma de Madrid, Madrid, Spain).  
 
 Antibodies. The following antibodies were used: mouse monoclonal antibody 
(mAb) M2 anti-Flag (F3165), anti-vinculin (V9264, Sigma, St. Louis, MO) and anti-
amylase (A8273, Sigma); mouse mAb anti-HA (MMS-101P, Covance, Princeton, NJ), 
anti-HA-peroxidase high affinity (3F10, Roche, Basel) Roche; HRP-conjugated affinity-
purified anti-mouse IgG and anti-rabbit IgG (DAKO, Glostrup, Denmark); anti-c-Myc 
(N262 and C33, Santa Cruz, CA) and rabbit anti-Max (C17, Santa Cruz); mouse anti-
human chymotrypsin clone 4E1 (2100-0657, AbD Serotec, Raleigh, NC); anti-
carboxypeptidase A1/CpA (R&D Systems, Minneapolis, MN); and rabbit anti-Ptf1a 1; 
mouse anti-H3K27me3 (Abcam, ab6002, Cambridge, UK); mouse anti-H3 (Abcam, 
ab1791). 
 
 Cell culture. HEK293 and 266-6 cells were cultured in DMEM supplemented 
with glutamine, 10% fetal bovine serum, penicillin (100 U/mL), and streptomycin (100 
µg/mL). Cells were transfected using Lipofectamine (Invitrogen) following 
manufacturer’s specifications. Other reagents were from Sigma except for protease 
inhibitors (Complete, EDTA-free protease inhibitor cocktail, Roche Diagnostics, 
Germany). 
 
 Lentiviral infections. Lentiviral particles were produced in 293FT cells using 
an empty plasmid or a plasmid coding for G12V-KRas. pPAX2 and pCMV-VSVG 
packaging plasmids were use to produce the viral envelope. Cells were transfected 
with JetPrime following manufacturer’s instructions; the plasmid ratio used was: 5 µg of 
lentiviral plasmids, 4 µg psPAX2, and 1.5 µg of pCMV-VSVG. Virus-containing 
supernatant was collected 36 h after transfection, filtered, and used to infect the 
corresponding cells in the presence of hexadimethrine bromide polybrene (5 mg/ml) 
(Sigma). Two rounds of infection were performed within 24 h; infected cells were 
selected for 48h in medium containing puromycin (2 µg /ml) (Sigma). 
 
 Luciferase reporter assays. HEK293T cells were transfected with the test 
plasmids (pGL3-6x-Ptf1a, pCMV-Flag-C-c-Myc, pcDNA3.1-HA-Ptf1a, FG12-Flag-Rbpjl, 
P/CAF-Flag) or the corresponding empty plasmids to equivalent total plasmid amount. 
Transfections were performed in triplicate using Lipofectamine transfection reagent 
(Invitrogen, 11668019). For normalization and transfection efficiency control, we used 
pRL-TK vector (8ng) (Promega, Madison, WI) that constitutively expresses Renilla 
luciferase. After 36 h, cells were lysed and reporter activity was determined using the 
Dual-Glo Luciferase Assay system (Promega E2920), following the manufacturer’s 
specifications. Firefly and Renilla luciferase activities were measured using a 
luminometer. 
 
 Immunofluorescence and immunohistochemistry. Tissues were fixed 
overnight in buffered formalin, embedded in paraffin, and sectioned. Citrate buffer pH 
6.0 was used for antigen retrieval. Sections were incubated overnight with the following 
primary antibodies: chicken anti-GFP (ab 13970, Abcam, 1/100), rabbit anti-Ptf1a 
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(1/100), guinea pig anti-Ptf1a (kindly provided by J. Johnson, UT Soutwestern, TX; 
1/1000), rabbit anti-Sox9 (Sc-20095, Sta. Cruz, 1/100), mouse anti-Nkx6.1 (F55A10, 
Developmental Hybridoma Bank, 1/50), goat anti-Gata6 (R&D Systems, MN). The 
fluorescent secondary antibodies used were: goat anti-chicken A488 (A11039, Life 
Technologies), goat anti-rabbit A555 (A21428, Life Technologies), donkey anti-mouse 
A555 (A31570, Invitrogen), donkey anti-rabbit A555 (A31572, Life Technologies), 
chicken anti-goat A488 (A21467, Life Technologies), and goat anti-guinea pig Cy3 
(106-165-003, Jackson Laboratories). All secondary antibodies were used at 1/200 
dilution and incubated for 45 min at room temperature. Nuclei were labelled with DAPI 
(D9542-5MG, Sigma, 1/5000) for 30 min at room temperature. Immunofluorescence 
images were obtained with a TCS-Sp5 (AOBS) laser scanning confocal using a HCX-
PL APO 40X oil immersion objective (1.2 N.A.), acquisition software was LAS AF v2.7 
both from leica microsystems (Wetzlar-Germany). Images were segmented using the 
DAPI staining and analyzed with Definiens (XD, V2.5) software using a customized 
routine for nuclei detection (Definiens, Munich-Germany). A bimodal curve 
representing Ptf1a expression intensity was identified in WT embryos. High and low 
Ptf1a+ populations were defined using the median of intensity in the WT embryo to 
allow comparison of experiments performed in different days. Statistical analysis was 
performed by using Spss (IBM, US) and excel (Microsoft office, US) software 
packages.  
 
 Immunoprecipitation. HEK293T cells were transfected with the corresponding 
plasmids and cells were lysed in 50mM Tris-HCl pH 8, 150mM NaCl, 5mM EDTA, 0.5% 
NP-40 for 15 min at 4 ºC. Lysates were cleared by centrifugation for 10 min at 13000 
rpm and the supernatant was recovered. Anti Flag-M2 affinity gel (A2220) or EZviewTM 
Red anti-HA (E6779) from Sigma were added to the lysate supernatants and incubated 
overnight at 4 ºC. Immune complexes were pelleted by centrifugation and washed with 
lysis buffer. Loading buffer was added to the samples and a fraction of this material 
was fractionated using SDS-PAGE, transferred, and blotted with specific antibodies.  
 Co-immunoprecipitation (co-IP) was performed using total pancreatic lysates 
from 8 week-old mice. Briefly, a piece of pancreas was rapidly cut in small pieces and 
sonicated (Branson Sonifier 250) at 4 ºC in chilled 0.5% NP-40 buffer supplemented 
with protein inhibitors. Protein lysates (30 µg) used for the co-IP were pre-cleared using 
normal rabbit IgG (2 µg) (Sigma) and protein A/G-coated beads (Santa Cruz). After 2 h, 
an aliquot was incubated overnight with antibodies detecting Ptf1a, c-Myc, or control 
unrelated IgG. Protein A/G-coated beads were added and incubated for 2 h at 4 ºC. 
The beads were centrifuged and washed three times with 0.5% NP-40 buffer at 4 ºC, 
resuspended in 2X Laemmli buffer, and boiled for 5 min. The immunoprecipitated 
proteins were fractionated by SDS-PAGE gel, transferred to nitrocellulose membranes, 
and blotted with the indicated antibodies. 
 

ChIP-Seq data processing. Image analysis and per-cycle base-calling was 
performed with Illumina Real Time Analysis software (RTA1.13). Conversion to FASTQ 
read format with the ELAND algorithm (v2e) was performed with CASAVA-1.8 
(Illumina). Quality check was done via fastqc (v0.9.4, Babraham Bioinformatics). ChIP-
seq reads were aligned to the human reference genome (NCBI37/mm9, July 2007) 
with Burrows-Wheeler Aligner (bwa, v0.5.9-r16) allowing 0-1 mismatches 2. Unique 
aligned reads were converted to BED format. All ChIP and input samples were 
normalized randomly to the same number of reads (13,235.265). Reads were 
directionally extended to 300 bp and, for each base pair in the genome, the number of 
overlapping sequence reads was determined and averaged over a 10 bp window to 
create a wig file to visualize the data in the University of California Santa Cruz (UCSC) 
genome browser.  
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Peak finding, peak annotation and density plot analysis. Peak calling was 
performed using MACS (version 1.4.1 20110622) with the following parameters: -g 
1.87e9; -m 10,30; -p 0.05 and the input DNA experiment as control 3. The overlap 
between c-Myc and Ptf1a binding sites was calculated with IntervalStats v1.01 4 using 
the c-Myc binding sites as reference file. The p-value applied for overlapping was 0.05. 
Genomic annotation was carried out with PeakAnalyzer tool, a gtf file from UCSC 
based on NCBI37/mm9 was used for annotations. SeqMINER (v1.3.3e) was used to 
generate density read plots 5. 

 
Motif enrichment analyses. Motif enrichment analyses were carried out in the 

peaks shared by c-Myc and Ptf1a with the MEME-ChIP tool 6 from the MEME suite 7; 
TOMTOM 8 was used to compare the identified motifs with the known transcription 
factor binding motifs for MYC::MAX (MA0059.1); Myc (MA0147.1 and MA0147.2); Tcf3 
(MA0522.1); TAL1::TCF3 (MA0091.1); Tcf12 (MA0521.1). SpaMo tool 9 was used to 
identify significantly enriched spacings between E-boxes, used as primary motif in the 
analysis, and TC-boxes, used as secondary motif. The full motif enrichment analysis 
results are provided online:  
 
file://localhost/Users/freal/Documents/Papers%20ongoing/Vi%CC%81ctor%20Ptf1a%20Myc/Sa
nchez-
Arevalo%20Gut/vs%202/vs%202%20submitted/MEME_motifs_analyses/MOTIFS_P48_NO_ov
erlap/index.html 
 
file://localhost/Users/freal/Documents/Papers%20ongoing/Vi%CC%81ctor%20Ptf1a%20Myc/Sa
nchez-
Arevalo%20Gut/vs%202/vs%202%20submitted/MEME_motifs_analyses/MOTIFS_MYC_NO_o
verlap/index.html 
 
file://localhost/Users/freal/Documents/Papers%20ongoing/Vi%CC%81ctor%20Ptf1a%20Myc/Sa
nchez-
Arevalo%20Gut/vs%202/vs%202%20submitted/MEME_motifs_analyses/MOTIFS_P48_and_M
YC_overlap/meme-chip.html 
 

RNA-Seq data processing. Image analysis and per-cycle base-calling were 
performed with Illumina Real Time Analysis software (RTA1.13). Conversion to FASTQ 
read format with the ELAND algorithm (v2e) was performed with CASAVA-1.8 
(Illumina). These files contain only reads that passed "chastity" filtering (flagged with a 
‘N’, for *NOT filtered* in the sequence identifier line). "Chastity" parameter measures 
signal contamination in raw data and allows flagging unreliable reads. Quality check 
was done via fastqc (v0.9.4, Babraham Bioinformatics). Raw reads were aligned to the 
build version GRCm38/mm10 of the mouse genome where the sequence of the ERCC 
synthetic spike-in RNAs (http://tools.invitrogen.com/downloads/ERCC92.fa) had been 
added. Tophat (version 2.0.4) was used for alignment with the following parameters: --
bowtie1, --max-multihits 5, --genome-read-mismatches 1 --segment-mismatches 1 --
segment-length 19 --splice-mismatches 0 --library-type fr-firststrand. Reads were 
directionally extended to 300 bp and, for each base pair in the genome, the number of 
overlapping sequence reads was determined and averaged over a 10 bp window to 
create a wig file to visualize the data in the University of California Santa Cruz (UCSC) 
genome browser.  
 Gene expression levels and synthetic spike-in RNA (Fragments Per Kilobase of 
exon per Million fragments mapped, FPKM) were quantified with cufflinks (version 
2.0.2), with the following parameters: -N, --library-type fr-firststrand, --max-bundle-frags 
1013, -u. Further, we used a loess regression to renormalize the FPKM values by using 
only the spike-in values to fit the loess following the strategy described 10. The affy 
package in R provides a function, loess.normalize, performing loess regression on a 
matrix of values and allowing to specify which subset of data to use when fitting the 
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loess (see the affy package for further details 11). The result was a matrix of FPKM 
values normalized to the control ERCC spike-ins. The gplots package in R 
(http://CRAN.R-project.org/package=gplots) was used to generate heatmaps based in 
gene expression values.  
 
 Gene set enrichment analysis (GSEA). Differential expression analysis were 
carried out with the samWrapper function implemented in the DEGseq R package 12. 
Genes were ranked according the score(d), the T-statistic, and then analyzed with the 
GseaPreranked tool implemented in GSEA software (www.broadinstitute.org/gsea) 13. 
The gene sets included in the analyses were the acinar- and liver- program related 
genes described by Masui et al., and the c-Myc signature 14. Significant gene sets 
enriched were considered with FDR q-value < 0.25 and nominal P value < 0.05, as 
defined by 
http://www.broadinstitute.org/gsea/doc/GSEAUserGuideFrame.html?Interpreting_GSE
A. 
 

Quantitative RT-PCR. Total pancreatic RNA was isolated using guanidine 
thiocyanate buffer, followed by acid phenol-chloroform extraction. RNA was treated 
with DNase I (Ambion, Austin TX, USA) and cDNAs were prepared according to the 
manufacturer’s specifications, using the TaqMan® Reverse transcription Reagents 
(Applied Biosystems). RT-qPCR analysis was performed using the SYBR Green PCR 
Master Mix and an ABIPRISM 7900HT instrument (Applied Biosystems). A list with the 
sequence of the used primers is provided below. Expression levels were normalized to 
endogenous Hprt mRNA, using the ΔΔCt method. Results shown are representative of 
at least 3 independent experiments. 

 
 Quantitative RT-PCR. The following oligonucleotides were used:  
 
Gene  Oligonucleotides  
Amy2  TGGCGTCAAATCAGGAACATG AAAGTGGCTGACAAAGCCCAG  
Cpa1  TACACCCACAAAACGAATCGC GCCACGGTAAGTTTCTGAGCA  
Ctrb1  GCAAGACCAAATACAATGCCC TGCGCAGATCATCACATCG  
Ctrl  CCCCGTTGACAATTCTCTGA CCTAACCCTTAGCCTGGTCC  
Cel  CTGAGCTTCTTGTTGACGCC TATTTCTTGGCCTCACCTGC  
Cela1  CCACCGTCTTCACCAGAGTC TTGCAAAGCTAAGAGCCATC  
Cela2a  GGTTGTGGACTATGCCACCT ATTAGATGCCCGGCAATTC  
Cela3b  TGCCTGTGGTGGACTATGAA ATTGTCAGCGGGACAGTTG 
Ela1  CGTGGTTGCAGGCTATGACAT TTGTTAGCCAGGATGGTTCCC  
c-Myc  CCTAGTGCTGCATGAGGAGAC CCTCATCTTCTTGCTCTTCTTCA  
Prss2  GGACAGAACTCTCTCGGCAG TCTGATCCTAGCCCTTGTGG  
Prss3  ACAAACTGCTCATTGCCCTC ATGACCAGTGGGTGGTGTCT  
Ptf1a  ACAAGCCGCTAATGTGCGAG TTGGAGAGGCGCTTTTCGT           
Rbpjl  ATGCCAAGGTGGCTGAGAAAT CTTGGTCTTGCATTGGCTTCA  
Tyr4  TCTCTCGGCAGGTGTATCCT  GAGAGCACTCCTGTTCCTGG 
Ezh2  TGCCTATAATGTACTCTTGGTCG GCCATCCTGATCCAGAACTTCA 
Suz12  AGGCTGCCTCCATTTGAGA TGGTTTCTCCTGTCCATCG 
Eed  AGGAGACCCTCTGGTGTTTG AGGACTGCAATAACCGTATCTCC 
  

ChIP-qPCR. Pancreas tissue was cut into small pieces, washed with cold PBS, 
and fixed with 1% formaldehyde for 20 min at room temperature; fixation was stopped 
by addition of glycine (0.125 M, final concentration) with additional 5 min incubation. 
Cells were collected by centrifugation and washed twice with cold PBS. After 
centrifugation, the cells were pelleted and lysed for 30 min in 700 µl of SDS buffer 
(50mM Tris pH 8.1, 100mM NaCl, 5mM EDTA, 0.5% SDS) supplemented with 
protease inhibitors (Roche #11873580001). Chromatin was disrupted using a Covaris 
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instrument for 40 min (20% duty cycle; 10% intensity; 200 cycle), yielding DNA 
fragments with a bulk size of 300–500 bp. Samples were centrifuged to pellet cell 
debris. The amount of chromatin isolated was quantified in a Nanodrop; an aliquot of 
this material was used as input for sequencing. To each sample (500 µg of chromatin 
for ChIP-qPCR or 1 mg for ChIP-seq) Triton dilution buffer (100 mM Tris pH 8.6, 0.3% 
SDS, 1.7% Triton X-100, 5 mM EDTA) was added to a total of 1 mL and the sample 
was pre-cleared for 2h with a mix of protein G/A (previously blocked with 5% BSA) at 4 
ºC. We used 10 µg of anti-c-Myc antibody (N262, Santa Cruz) pre-bound overnight to 
100 µl of G protein in PBS with 0.5% BSA. Beads were added to samples and 
incubated overnight at 4 °C in a rotating platform. After washing and elution, 
crosslinking was reversed as described 15. This included successive washes in 1 mL of 
mixed micelle buffer (20mM Tris pH 8.1,150 mM NaCl, 5mM EDTA, 5% w/v sucrose, 
1% Triton X-100, 0.2% SDS), buffer 500 (50mM HEPES pH 7.5, 0.1% w/v deoxycholic 
acid, 1% Triton X-100, 500mM NaCl, 1mM EDTA), LiCl detergent wash buffer (10mM 
Tris pH 8.0, 0.5% deoxycholic acid, 0.5% NP-40, 250mM LiCl, 1mM EDTA), and TE 
(pH 7.5). Crosslinking was reversed by overnight incubation at 65 °C in elution buffer 
(1% SDS, 0.1M NaHCO3). The eluted DNA was treated with proteinase K (10mM 
EDTA, 40mM Tris-HCl pH 6.5, 40 µg/ml proteinase K) and purified by phenol-
chloroform extraction; the DNA pellet was resuspended in 40µl. 
 For ChIP-qPCR, fresh pancreas tissue was processed as described previously 
and 1mg of chromatin was used for each immunoprecipitation, using 1mg of each 
antibody. Chromatin was de-cross-linked in 300µl elution buffer (1% SDS, 0.1M 
NaHCO3). The DNA was treated with proteinase K solution, processed using the 
Qiagen PCR purification kit. Chromatin was eluted in 70µl of water and 2µl used in the 
qPCR diluted in a final volume of 20 µl in SYBR Green Reaction Mix (Perkin Elmer, 
Boston, MA, USA). The enrichment was analyzed using the ΔΔCt method and referred 
to a 10% input and IgG normalized. Sequences of the primers used for ChIP-qPCR are 
the following:  
 
Cpa promoter  
BS-1 AGCTGACCCCATGGTCAAGGG     GGGTCCCTGGGGACAGTTCCC 
BS-2 ATGCTCTGGCCTCCGTCT              CGTGAACAAGATGCAGAATCA 
BS-3 GCTCAGGACCTTGAGTGAGC        TTCCCCCAAAGAGTTAAAGGA  
 
Cela2a promoter  
BS-1 TCTCTGCCTGAGGGTTGTCT          GCAAGTCCCCAGGTTCAAT 
BS-2 CCCAACAAGCTGATTTGGTT           ACCAGGCTCTGGGTTCTAGG 
 
Nucleolin promoter  
GGCGTGGTGACTCCACGT               CGAAATCACCTCTTAAAGCAGCA 
AchR promoter  
AGTGCCCCCTGCTGTCAGT              CCCTTTCCTGGTGCCAAGA 
 
Ezh2 promoter 
GGGCCCAAATAAAAGCGATG GACTCCACTGCCTTCGATGT 
 
Suz12 promoter 
GGCTCGGAGGAGACACTTTT GAGGAGAGAGGGGAGGAGAG 
 
Eed promoter  
TGTCCTGGAACTCCTCGTGT CAGGTCGATTGCAGTGTGTT 
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SUPPLEMENTARY FIGURES  
 
 

 
 
 
 
Supplementary Figure 1. (A) HEK293T cells were transiently co-transfected with 
plasmids coding for HA-Myc and Flag-Ptf1a cDNA, alone or in combination. Lysates 
were immunoprecipitated (IP) with anti-HA beads or with anti-Flag beads, and the 
precipitates subsequently analyzed by immunoblotting with the indicated antibodies. 
Total: direct immunoblot analysis of cell lysates without IP. (B) HEK293 cells were 
transfected with the reporter plasmid 6x-Element A-Luc either alone or together with 
expression plasmids for Flag-Myc, HA-Ptf1a, P/CAF-Flag or Flag-Rbpjl, as indicated. 
pRL-TK plasmid was co-transfected to allow normalization for transfection efficiency. 
The transcriptional activity of Ptf1a was assayed measuring the activity of the 
luciferase gene under the control of the Element A repeated six times. The histograms 
represent the mean±SEM (Standard Error of Mean) of three independent experiments. 
P value was determined using an unpaired Mann-Whitney test. 
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Supplementary Figure 2. Representative immunohistochemistry images of the 
expression of c-Myc, Carboxypeptidase A, and Amylase in pancreas of P1, P11, and 8 
week-old WT and Ela1-Myc mice  
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Supplementary Figure 3. (A) Box plot representation of global gene expression, 
FKPM measures, in WT and Ela1-Myc pancreata. (B) Scatter-plot representation of 
Log2FKPM values in WT and Ela1-Myc pancreata. (C) GSEA of a c-Myc gene 
signature in Ela1-Myc vs. WT mice 36. (D) GSEA of an acinar programme gene 
signature (Masui et al.) repressed in Ela1-Myc vs. WT mice 4. (E) Validation of the 
expression of 8 genes included in the Masui et al. signature by RT-qPCR. Transcript 
levels were normalized against Hprt. Data are expressed as Median (n=4/group). P 
value was determined using an unpaired Mann-Whitney test.  
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Supplementary Figure 4. (A) Motif spacing histogram and significant motif spacings: 
Spacing of the E-box and the TC-box motifs in common binding sites. 
 
  



	   10	  

 
 
Supplementary Figure 5. (A) Control ChIP-qPCR experiments show weak Myc-Max 
binding to the promoter of the established Myc target gene Nucleolin in the pancreas of 
WT mice and increased binding in Ela1-Myc mice. (B) Strong Ptf1a binding to the 
promoter of the established Ptf1a target gene Cpa1 at the canonical binding site. 
Negative control sequence (AchR promoter) does not show enrichment for any of the 
three proteins. (C) USCS browser screen capture of the c-Myc and Ptf1a ChIP-seq and 
RNA-seq results obtained at Cela2a locus in Ela1-Myc pancreata. Ptf1a binding to the 
E-box-containing regions in the promoter of Cela2a in WT and Ela1-Myc mice (n=5 
mice/group) (upper graphs). c-Myc and Max binding to the E-box-containing regions in 
the promoter of Cela2a in WT and Ela1-Myc mice (lower graphs). ChIP-qPCR values 
are expressed as median of % immunoprecipitated chromatin normalized to the 
isotype-matched control. P value was determined using an unpaired Mann-Whitney 
test. 
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Supplementary Figure 6. (A) Merged double immunofluorescence of Ptf1a and Gata6 
expression in WT and Ela1-Myc pancreata, with nuclear DAPI counterstaining 
(corresponding to Figure 7D). (B) Quantification of Ptf1a and Gata6 expression 
(corresponding to Figure 7D). 
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Supplementary Table 1. Quantification of lineage-tracing analysis in wild-type 
and Ela1-Myc mice 
 

 

 

  Ptf1a+GFP+/GFP+ Sox9+GFP+/GFP+ Nkx6.1+GFP+/GFP+ 

Wild-type 96/105 (91.4%)* 0/327 (0 %)  13/269 (4.8 %)  

Ela1-Myc 306/372 (82.2%) 0/156 (0 %)  4/622 (0.6 %) 

 

 

 

* Results shown indicate the number of cells identified in the fields examined with the 

corresponding phenotypes over the total number of counted GFP+ epithelial cells in the 

field. 
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