
Rossi et al. Supplementary Information 1 

Rossi et al. “Long noncoding RNA EPR controls epithelial cell proliferation by coordinating 
Cdkn1a transcription and mRNA decay in response to TGF-β”. 

 

 
	
Supplementary Figure 1. EPR interacts with KHSRP and its expression is modulated by TGF-

β signaling. (Related to Figure 1). 
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(a) Total extracts were prepared from NMuMG cells and immunoprecipitated as indicated. 

RNA was purified from immunocomplexes and analyzed by qRT-PCR to quantify EPR levels. 

P.I. stands for Pre-Immune serum. (b) Electrophoretic mobility shift assays (EMSA) performed 

using either recombinant DYRK1A (200 nM, negative control) or KHSRP (200 nM) (both fused 

with GST) and 32P-labeled RNA corresponding to nucleotides 246-407 of EPR (left panel). 

Interaction between recombinant KHSRP (50–300 nM) and 32P-labeled EPR RNA (right 

panel). Representative autoradiograms are displayed. Arrowhead points to the KHSRP-EPR 

complex. (c) NMuMG were serum-starved (2% FBS, 16h), pre-treated for 1 hour with 1 μM 

SB431542 and, then, treated with 1 ng/ml TGF-β for the indicated times or left untreated (time 

0). The expression of EPR and Snai1 (positive control for the SB431542 compound efficiency) 

was analyzed by qRT-PCR. (d) Chromatin prepared from NMuMG cells serum-starved, pre-

treated with either DMSO (solvent) or 1 μM SB431542 (SB) and then either treated with 1 

ng/ml TGF-β for the indicated times or left untreated (control) was immunoprecipitated using 

either normal rabbit IgG (cIgG) or affinity-purified anti-SMAD3 rabbit polyclonal antibody. The 

association of SMAD3 with either the EPR promoter (upper panel) or Serpine1 promoter 

(lower panel) was quantified by qPCR using specific primers (indicated as arrowheads in the 

schematics above each panel). (e) SMAD3 does not interact with the negative control 

promoter of Mettl9 (upper panel) whose expression is not affected by TGF-β as revealed by 

RNA-Seq experiments (lower panel). Solid arrow points to the Mettl9 gene while open arrow 

points to an unrelated gene —present in the same locus— which is not expressed in NMuMG 

cells. (f) NMuMG were serum-starved (2% FBS, 16h), pre-treated for 1 hour with either DMSO 

(solvent) or 5 μM Cycloheximide and, then, treated with 1 ng/ml TGF-β for the indicated times 

or left untreated (time 0). EPR and Zeb2 (also known as SIP1, positive control for 

cycloheximide treatment) expression was analyzed by qRT-PCR. (g) qRT-PCR analysis of 

EPR expression in total RNA extracted from mouse embryos at the indicated gestational ages. 

(h) qPCR analysis of EPR expression evaluated using a set of primers annealing with exons 

1 and 2 of EPR precursor RNA (in order to amplify spliced EPR). Total RNA from NMuMG 

cells was retro-transcribed using either random hexamers or oligo-dT (as indicated, see also 

the Methods Section). The position of primers that have been used is indicated in the 

schematic on the top. 
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Supplementary Figure 2. (Related to Figure 1).  

(a) Immunoblot analysis of cell fractions obtained as outlined in the Methods Section and used 

for experiments depicted in Fig. 1c. The indicated antibodies were used. The position of 

molecular mass markers is indicated on the left. Representative gels are shown. TUBA is also 

known as Tubulin Alpha. (b) The expression levels of h.EPR in multiple human tissue were 
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extracted from the Illumina Human Body Map 2.0 data. Data were median centered to 

distinguish the tissues with high expression of h.EPR. Breast is in red. (c) Phase contrast 

microscopy of either mock or EPR-overexpressing (EPR) NMuMG cells that were serum-

starved and then either treated with TGF-β or left untreated for 24 hr. Scale bars: 100 μm. (d) 

qRT-PCR analysis of the indicated transcripts in either mock or EPR-overexpressing (EPR) 

NMuMG cells. (e) Scratch wound healing assays. Scratch wounds were introduced into 

confluent monolayers of either mock or EPR-overexpressing NMuMG cells. Cultures were 

either treated with TGF-β (for either 8 hours or 24 hours) or left untreated (0). Cultures were 

photographed and the width of the wound was measured at 0 hr, 8 hr, and 24 hr after the 

scratch was made. The percentage of the scratch gap area for each culture condition was 

plotted. (f) qRT-PCR analysis of the indicated transcripts in NMuMG cells overexpressing EPR 

and transiently transfected with either control siRNA (siC) or siRNAs to EPR (siEPR). (g) 

Pearson correlation analysis between the expression levels of h.EPR and the indicated human 

transcript as calculated by the GEPIA website (http://gepia.cancer-pku.cn) using as input 

breast normal samples from the TCGA dataset and normal mammary gland tissues. 

Expression levels are plotted as Transcripts per million (TPM, log-scale). The value of Pearson 

correlation coefficient (R) and the p-value are presented. (h) Bioinformatics analysis of 

datasets derived from single cell RNA-Seq performed in mice 

(https://marionilab.cruk.cam.ac.uk/mammaryGland/). Cells with Luminal phenotype are 

indicated in red while cells with Basal phenotype are in black. 

 The values of qRT-PCR and cell migration assays experiments shown are averages 

(±SEM) of three independent experiments performed in triplicate. Statistical significance: *p< 

0.01, **p < 0.001 (Student’s t-test). 
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Supplementary Figure 3. Endogenous EPRp is expressed in epithelial tissues and interacts 

with cytoskeletal and junctional proteins. (Related to Figure 2). 

(a) Left panel. Representative example of polysome profiles obtained from cytoplasmic lysates 

of NMuMG cells fractionated by sucrose gradients. The relative absorbance of the various 

fractions is indicated. Four pools of fractions corresponding to free RNA + 40S (a), 60S + 80S 
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(b), light polysomes (c), heavy polysomes (d) were prepared and processed for RNA 

extraction and qRT-PCR. Right panel. Relative expression of EPR across the four pools of 

sucrose gradient, cytoplasmic lysate fractions. The average relative expression and the 

standard error of three replicates are plotted. (b) Immunoblot analysis of total cell extracts from 

either mock or EPR-transfected HEK-293 cells. Asterisks mark nonspecific immunoreactivity. 

ACTB is also known as Actin Beta. (c) Immunoblot analysis of total extracts from the indicated 

mouse tissues. Asterisks mark nonspecific immunoreactivity. (d) Co-immunoprecipitation of 

FLAG-tagged EPRp and distinct cytoskeletal proteins (as indicated) in total extracts from HEK-

293 cells transiently co-transfected with EPRp-FLAG and the indicated GFP-fused proteins. 

Asterisks mark nonspecific immunoreactivity. 

For Immunoblots, the indicated antibodies were used; the position of molecular mass 

markers is indicated on the left and representative gels are shown. 
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Supplementary Figure 4. Gene expression changes induced by human EPR and EPRp 

synthesis in NMuMG cells. (Related to Figure 3). 

(a) qRT-PCR analysis of the indicated transcripts in either mock or human EPR (h.EPR) -

overexpressing NMuMG cells. (b) qRT-PCR analysis of the indicated transcripts in either 

mock, EPR or EPRSTOPE-overexpressing NMuMG cells. (c) Immunoblot analysis of HEK-293 

cells transiently transfected with either the empty vector, EPR or EPRSTOPM (top panel). qRT-

PCR analysis of the indicated transcripts in either mock, EPR or EPRSTOPM-overexpressing 

NMuMG cells (bottom panel). (d) qRT-PCR analysis of the indicated transcripts in either mock, 

EPR or EPRSTOPE-overexpressing NMuMG cells. (e) qRT-PCR analysis of the Cdkn1a 

mRNA levels in either mock or human EPR (h.EPR) -overexpressing NMuMG cells (top 

panel). Immunoblot analysis of either mock or human EPR (h.EPR) -overexpressing NMuMG 

cells (bottom panel). (f) Cell proliferation analysis (assayed by Crystal violet staining) of either 

mock or human EPR (h.EPR) -overexpressing NMuMG cells. (g) Sorting of mock, EPR- or 

EPRSTOPE- overexpressing NMuMG cells in the G1 phase of the cell cycle. Cells were 

stained by Hoechst 33342 and processed using a BD Aria II cytometer. The pre-sorting cell 

cycle profile (top left), gating (green area in the dot plot, bottom left), and purity checked by 
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post-sorting sample re-run (center panels) are shown for one replicate of the mock sample; 

SSC-A is for side scatter area. qRT-PCR analysis of the sorted cells (right panels). 

The values of qRT-PCR experiments shown are averages (±SEM) of three 

independent experiments performed in triplicate. The values of cell proliferation experiments 

(panel e) are averages (±SEM) of three independent experiments performed in triplicate. 

Statistical significance: **p < 0.001 (Student’s t test). Please note that the statistical 

significance presented in panels (d) and (g) results from comparison of gene expression levels 

in either EPR or EPRSTOPE-overexpressing cells compared with mock cells. For Immunoblots, 

the indicated antibodies were used; the position of molecular mass markers is indicated on 

the left and representative gels are shown. ACTB is also known as Actin Beta. 
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Supplementary Figure 5. EPR affects transcription of Cdkn1a gene in NMuMG cells. (Related 

to Figures 4 and 5). 

(a) Top panel, chromatin prepared from either mock or EPR-overexpressing NMuMG cells was 

immunoprecipitated using either normal mouse IgG (cIgG) or mouse monoclonal anti-PolII 
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antibody. The association of PolII with Cdkn1a promoter was verified by qPCR using specific 

primers. Bottom panel, chromatin prepared from either mock or EPR-overexpressing NMuMG 

cells was immunoprecipitated using either normal rabbit IgG (cIgG) or affinity purified rabbit 

anti-H3K27me3 antibody. The association of H3K27me3 with Cdkn1a promoter was verified 

by qPCR using specific primers. (b) NMuMG cells were serum-starved (2% FBS, 16h) and 

either treated with TGF-β (10 ng/ml) for 1 hour (+) or left untreated (-). ChIRP analyses was 

performed using cell lysates and either even or odd EPR probe sets. Both input and purified 

DNA were analyzed by qPCR using primers designed to amplify either Rpl32 (negative 

control) or Cdkn1a promoters. Values are averages (±SEM) of three independent experiments 

performed in triplicate. (c) NMuMG cells were serum-starved (2% FBS, 16h) and either treated 

with TGF-β (10 ng/ml) for 1 hour (+) or left untreated (-). Total extracts were prepared and 

immunoprecipitated as indicated. RNA was purified from immunocomplexes and analyzed by 

qRT-PCR to quantify EPR levels. (d) Chromatin was prepared from either mock, EPR- or 

EPRSTOPE- overexpressing NMuMG cells serum-starved (2% FBS, 16h), pre-treated with 

SB431542 for 1 hour and either treated with TGF-β (1 ng/ml) for the indicated times or left 

untreated (control). Chromatin was immunoprecipitated using either normal rabbit IgG (cIgG) 

or affinity-purified anti-SMAD3 rabbit polyclonal antibody. The association of SMAD3 with 

Cdkn1a promoter was verified by qPCR using specific primers. (e) Immunoblot analysis of 

either cytoplasmic (c) or nuclear (n) cell extracts from either mock or EPR-overexpressing 

NMuMG cells. The indicated antibodies were used; the position of molecular mass markers is 

indicated on the left and representative gels are shown. TUBA is also known as Tubulin Alpha. 

The values of qRT-PCR and qPCR experiments shown are averages (±SEM) of three 

independent experiments performed in triplicate. Statistical significance: *p< 0.01, **p < 0.001 

(Student’s t-test). 
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Supplementary Figure 6. EPR affects mRNA decay of Cdkn1a gene in NMuMG cells. (Related 

to Figures 4 and 5). 

(a) qRT-PCR analysis of total RNA isolated from either mock or shKHSRP NMuMG cells. 

Please note that NMuMG mock cells used for these experiments differ from those presented 

throughout this report and have been described in Puppo et al.15. (b) qRT-PCR analysis of 
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polyadenylated and spliced Cdkn1a mRNA isolated from either cytoplasmic (cyto) or nuclear 

(nuc) extracts of NMuMG cells. The position of primers that have been used is indicated in the 

schematic on the top. Total RNA from NMuMG cells was retro-transcribed using oligo-dT. (c) 

Either mock or EPR-overexpressing NMuMG cells were treated with 100 μM 5,6-

Dichlorobenzimidazole 1-β-D-ribofuranoside (DRB). Nuclear (top panel) and cytoplasmic 

(bottom panel) RNAs were isolated at different times (as indicated) and analyzed by qRT-PCR 

to quantify polyadenylated and spliced Cdkn1a mRNA levels. The position of primers that have 

been used is indicated in the schematic on the top. (d) Run-off analysis of EU-labeled nuclear 

RNA prepared from either mock-transfected (mock) or EPR-overexpressing (EPR) NMuMG 

cells (chase time 0 and 60 minutes). 

The values of qRT-PCR and qPCR experiments shown are averages (±SEM) of three 

independent experiments performed in triplicate. Statistical significance: **p < 0.001 

(Student’s t test). 
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Supplementary Figure 7. EPR expression in transformed mammary gland cells. (Related to 

Figure 6). 

(a) The expression of EPR was quantified by qRT-PCR analysis in the indicated cell types. (b) 

Distribution of h.EPR in the TCGA Breast Cancer (BRCA) dataset. (c) qRT-PCR analysis of 

EPR levels in mock, EPR or EPRSTOPE-overexpressing 4T1 cells as well as of h.EPR in either 

mock or EPR-overexpressing MDA-MB-231 cells. (d) qRT-PCR analysis of the indicated 

transcripts in either mock-transfected (mock) or EPR-overexpressing (EPR) 4T1 cells. (e) Cell 

proliferation analysis (using Crystal violet staining) of either mock or EPR (EPR) -

overexpressing MDA-MB-231 cells. (f) qRT-PCR analysis of the indicated transcripts in either 

mock-transfected (mock) or human EPR-overexpressing (h.EPR) MDA-MB-231 cells. (g) 

Either mock or h.EPR-overexpressing MDA-MB-231 cells were seeded at low density in 6-

wells plates and colony-formation assays were performed after 6 days. A representative (of 

three independent) plate is shown. (h) Tumors (n = 6 tumors/group, see Figure 6h) were 

removed and weighted at the end of the experiment (two weeks). Box plot analysis of tumor 

weight is shown. Box plots display summaries of the data distribution: the lower whisker is the 

minimum, the lower box edge is first quartile, the middle line is the median, the upper box 

edge is the third quartile, and the upper whisker the maximum value. Data were analyzed in 
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R version 3.4.3, using the statistic method Wilcoxon Unpaired Test as implemented in 

`stat_compare_means` in ‘ggplot 2.2.1’. 

The values of qRT-PCR experiments shown are averages (±SEM) of three 

independent experiments performed in triplicate. The values of cell proliferation experiments 

(panel e) are averages (±SEM) of three independent experiments performed in triplicate. 

Statistical significance: *p< 0.01, **p < 0.001 (Student’s t-test). 
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Supplementary Figure 8. Uncropped and unprocessed scans of the Immunoblots presented 

in the Figures of this study. 

The lanes of each Immunoblot that are displayed in the paper are indicated by red boxes. 

Figure 1f

CDH1

ACTB

Figure 2c

FLAG-EPR

Figure 2d

EPR

ACTB

Figure 2f

EPR

Figure 3a

TJP1

CGNL1

CGN

ACTB

Figure 3c

CDKN1A

ACTB

Figure 3f

CDKN1A

ACTB

Figure 5b

Figure 3g

CDKN1A

ACTB

ACTB

CDH1






