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Supplementary Information


Supplementary Materials and Methods

Cell culture and transfection
All cell lines were obtained from American Type Culture Collection (ATCC) apart from the immortalised normal pancreatic cell line HPDE, kindly provided by Prof Hemant Kocher (Queen Mary University of London). Cell lines were authenticated and routinely tested for mycoplasma contamination. All cell lines (apart from HPDE) were cultured in DMEM supplemented with 10% (v/v) fetal bovine serum (FBS), 1X penicillin/streptomycin and glutamine, and 1% (v/v) sodium pyruvate. HPDE cells were cultured in keratinocyte serum-free medium supplemented with epidermal growth factor and bovine pituitary extract. Cells were maintained under standard cell culture conditions (37°C, 20% O2, 5% CO2). siRNAs were transfected using Oligofectamine™ or Lipofectamine® RNAiMAX, according to the manufacturer’s instructions.

Cell growth assays 
For cell counting, cells were seeded in 12 well plates and grown in cell culture medium supplemented with 10% FBS for the indicated times. When necessary, cells were treated with the GPR55 antagonists CBD or CID16020046 (Tocris Bioscience). The number of cells was assessed after 72 h by cell counting. For anchorage-independent growth, 1.2% agarose gel was melted and then placed in a water bath at 55°C. DMEM medium was supplemented with 20% (v/v) FBS, 2X penicillin/streptomycin and glutamine and 2% (v/v) sodium pyruvate (2X DMEM), and kept at 37°C. A mix of 1.2% melted agarose gel and 2X DMEM was used to generate 2ml 0.6% agarose thick base layer. The mix was poured into one well of a 6-well plate and left to solidify. Where indicated, cells were transfected for 24 h. Cells were washed, detached, counted and a suspension of 20,000 cells was prepared in 1.5ml of 2X DMEM. Then 0.75ml of 1.2% agarose gel and 0.75ml of 2X DMEM was mixed to form a 0.3% agarose gel. The mix was poured on top of the solidified 0.6% agarose gel. 2ml of DMEM was added on top and cells were left to grow at 37°C in a 5% CO2 atmosphere. Colonies were fixed with 4% paraformaldehyde or methanol/acetic acid in PBS 3-4 weeks after plating, stained with Crystal Violet (0.05%) and counted under the microscope or using the ChemiDoc XRS+ System (Bio-Rad). 

Cell cycle analysis 
Cells were seeded in a 6 well plate (200,000 cells/well) and transfected with the indicated siRNAs or treated with CBD. At indicated times, cells were washed once with PBS, detached and collected in 1.5ml microfuge tubes and centrifuged at 1,200 rpm for 5 min. Pelleted cells were then fixed in ice-cold 70% ethanol by adding one drop at a time on a vortex and left at 4°C from 60 min to a week. Cells were then washed and centrifuged at 1,200 rpm for 5 min and re-suspended in 200μl Vindellövs Propidium Iodide (PI) solution (50μg/ml PI, Ribonuclease I 100μg/ml) before being analysed by FACS, collecting 50,000 events per sample.
EdU assay. To assess EdU incorporation, cells were treated with 5μM or 10μM of CBD for 70 h and then treated with 10µM EdU for 2 h. Cells were fixed in 70% ethanol for 1 h and then treated according to the manufacturer’s instructions (Thermo Fisher Scientific). Cells were washed and centrifuged at 1,200 rpm for 5 min and resuspended in 500μl Vindellövs PI solution before being analysed by flow cytometry, collecting 50,000 events per sample using FACS Diva software.

Apoptosis assays 
For the Annexin V assay, cells were plated in 6 well plates (200,000 cells/well) and transfected with the indicated siRNAs. At 48 h post transfection, cells were collected (including the supernatant) and pelleted. The pellet was resuspended in 400µl 1X Annexin V Binding Buffer and 2µl of Annexin V-FITC and incubated in the dark for 15 min at room temperature. Then, 4µl PI was added and the samples were analysed using FACS Diva software, collecting 20,000 events per sample. A control of unstained cells was incubated with 1X Annexin V Binding Buffer alone and Annexin V-FITC or PI in order to set the quadrants. Caspase 3 activity was measured by using an EnzCheck® Caspase 3 Assay Kit #2 (Cat. No E-13184, Molecular Probes®, Life Technologies) according to manufacturer’s instructions. Cells were plated in 6 well plates (200,000 cells/well) and transfected with indicated siRNAs. At 48 h post transfection, cells were washed once with PBS and pelleted. The pellets were then resuspended in 100µl 1X cell lysis buffer solution and kept on ice for 30 min. Cell lysates were then centrifuged at 5,000 rpm for 5 min and the supernatant was transferred to a new 1.5ml microfuge tube. 1X cell lysis buffer was used as a control to determine background fluorescence of the substrate. 50µl of 2X substrate working solution was added in each sample and control and 100µl were transferred in a 96 well plate and incubated for 75 min at room temperature. Fluorescence was then measured using a spectrophotometer (Synergy HT) at excitation/emission 496/520nm. The protein concentration of each sample was determined using the Bradford or BCA protein assay. Fluorescence results were then normalised according to the protein concentration of each sample.

RT-qPCR analysis 
RNA was extracted from cells or murine tissues using the GeneJET RNA Purification Kit (Thermo Fisher Scientific) according to the manufacturer’s instructions. The complementary DNA (cDNA) synthesis was performed on ice using Maxima Reverse Transcriptase (Thermo Fisher Scientific) according to the manufacturer’s instructions. RT-qPCR was performed using 2X Maxima SYBR green/Fluorescein (Fermentas) qPCR mix and the ABI 7500 RT-QPCR. QARS, GAPDH or RPS14 cDNA were also amplified as housekeeping gene controls. All experiments were performed in triplicate. Quantification of the relative changes in gene expression was calculated using the relative ddCT analysis mode of the ABI 7500 Real-Time PCR system software. GAPDH forward and reverse primers 5’-AGGGCTGCTTTTAACTCTGGT-3’, 5’-CCCCACTTGATTTTGGAGGGA-3’; GPR55 forward and reverse primers 5’-GTTTCCATGGGAAAGTGGAA-3’, 5’-GGAAGGAGACCACGAAGACA-3’; QARS forward and reverse primers 5’-CAGGGGTCTGGCTTATGTGT-3’ 5’-CTCTGAAAACTTGCCCTTGC-3’. RRM1 forward and reverse primers 5’-ACTAAGCACCCTGACTATGCTATCC-3’ 5’-CTTCCTCACATCACTGAACACTTT-3’ RPS14 forward and reverse primers 5’-GACCAAGACCCCTGGACCT-3’ 5’-CCCCTTTTCTTCGAGTGCTA-3’

Immunoblotting 
Cells were washed and lysed either in 2% SDS or in ice-cold lysis buffer [50 mM Tris, pH 7.5, 150mM NaCl, 1% Triton X-100, 2mM EDTA, 2mM EGTA, 1μl/ml Protease inhibitor cocktail (Sigma Aldrich), 1μl/ml Phosphatase inhibitor cocktail A (Sigma Aldrich) and 1μl/ml Phosphatase inhibitor cocktail B (Sigma Aldrich)]. Samples were separated by SDS-PAGE and transferred to nitrocellulose membranes. Membranes were then incubated in PBS supplemented with 0.05% (v/v) Tween 20 (PBS-T) containing 5% skim milk powder for 1 h at room temperature, followed by overnight incubation with primary antibodies at 4°C. After washing with PBS-T, membranes were incubated with secondary antibodies for 1 h at room temperature, washed with PBS-T and exposed to ECL reagent. Anti-p53 (1:1000, Cell Signaling Technology, product code 2527); anti-Tubulin (1:10000, Sigma-Aldrich, product code T9026); anti-pERKT202/Y204 (1:2000, Cell Signaling Technology, product code 4370); anti-pS6S235/236 (1:1000, Cell Signaling Technology, product code 4858); anti-pMEKS217/221 (1:1000, Cell Signaling Technology, product code 9154); anti-p90RSKS380 (1:1000, Cell Signaling Technology, product code 11989);  anti-RRM1 (1:1000, Santa Cruz Biotechnology, product code sc-11733); anti-RRM2 (1:1000, Santa Cruz Biotechnology, product code sc-10846); anti-Vinculin (1:1000, Cell Signaling Technology, product code 4650); anti cyclin D1 (1:1000, Cell Signaling Technology, product code 2978); anti ERK2 (1:1000, Santa Cruz Biotechnology, product code sc-154); anti RSK1/RSK2/RSK3 (1:1000, Cell Signaling Technology, product code 9355); anti MEK1/2 (1:1000, Cell Signaling Technology, product code 4694); anti S6 (1:1000, Cell Signaling Technology, product code 2317); anti actinin (1:1000, Cell Signaling Technology, product code 3134). For GPR55 staining, membranes were incubated in TBS containing 0.05% Tween (TBS-T) supplemented with 3% BSA for 1 h before overnight incubation with anti-GPR55 (1:80,000, Cayman Chemical, product code 10224). Densitometry analysis was performed using Image J. In all graphs, specific band densities were normalised to the corresponding loading control. 

microRNA (miR) analysis 
To assess miR levels, cells were washed twice with PBS and lysed using Qiazol Lysis Reagent (Qiagen). Total RNA was extracted using miRNAs Mini Kit (Qiagen), and cDNA synthesised using TaqMan® MicroRNA Reverse Transcription kit (Life Technologies) according to the manufacturer’s instructions. PCR was performed according to the manufacturer’s instructions (TaqMan® MicroRNA Assays Protocol, Life Technologies). Analysis of miR expression was performed using the cycle threshold (Ct) and RNU48 as endogenous control. Levels of miRs were obtained using the ∆∆Ct method and expressed as 2(-∆∆Ct) values. 

Luciferase assay
Plasmids encoding the luciferase gene either under the control of the 3’-UTR of the GPR55 (defined as “GPR55” in Figure 3c) or without a regulatory region (defined as “Control” in Figure 3c) were used. Both plasmids were purchased from ABM®. ASPC1 cells were plated in a 24 well plate and transiently co-transfected with each 3’-UTR plasmid in combination with an empty vector (pcDNA) or a plasmid encoding either wild type (wt) or p53 mutants (p53 143Ala, p53 175His). This led to two groups of transfected cells: a) cells co-transfected with “Control” and either pcDNA or p53 wt or p53 mutants; b) cells co-transfected with “GPR55” and either pcDNA or p53 wt or p53 mutants. Assays were performed by using the Luciferase assay system (Promega, cat number E1500) according to the manufacturer’s instructions. For each group of transfections (a & b), results were expressed as fold change of normalised luciferase activity in cells co-transfected with pcDNA. To obtain final results, values for group b were expressed as fold change of corresponding values in group a. Plasmids encoding p53 carrying gain-of-function mutations at positions 143Ala or 175His were kindly provided by Dr Massimo Broggini (IRCCS, Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy).

Human phospho-kinase array 
HPAFII cells were treated with 10µM CBD or vehicle alone in DMEM containing 10% FBS for 24h before being lysed. Analysis of the phosphorylation status of several kinases was performed using Proteome Profiler Human Phospho-Kinase Array Kit (Cat. No. ARY003B, R&D Systems, Abingdon, UK) according to the manufacturer’s instructions. Densitometry analysis was performed using Image J software according to the manufacturer’s instructions. 




Supplementary Figure legends

Supplementary Figure 1. GPR55 expression in PDAC. (a) Representative Western blot of GPR55 protein expression in a panel of PDAC cell lines. Tubulin was used as loading control. All cell lines in figure harbour TP53 mutations. (b) Representative IHC images of GPR55 protein expression in pancreas from Pdx1-Cre+/+ mice as well as images of non-neoplastic pancreas and PDAC tissues from KPC mice. Images of non-neoplastic pancreas and PDAC tissues from KPCG mice incubated with the anti GPR55 antibody are also shown. Blue dotted lines indicate Islet of Langerhans, red dotted lines indicate normal pancreatic duct. Scale bar: 50µm.

Supplementary Figure 2. Effect of GPR55 downregulation on PDAC cell growth. ASPC1 (a,b), HPAFII (c,d), and PANC1 (e,f) were transfected with a non-targeting siRNA (siControl), siRNAs specifically targeting GPR55 or transfection reagent alone (“untreated”). In a, c and e the number of cells was assessed at 72 h post transfection by manual counting as described in the Materials and Methods section. Data are expressed as fold change of untreated cells and are means ± s.e.m. of n=3 independent experiments performed in duplicate. *p<0.05, **p<0.01, ***p<0.001 vs untreated cells. (b,d,f) Representative RT-qPCR of GPR55 mRNA levels in cells transfected with the indicated siRNAs at 72 h post transfection. QARS was used as a housekeeping gene. Data are expressed as fold change of cells transfected with siControl and are means ± s.e.m. of n=3 independent experiments performed in duplicate. *p<0.05, **p<0.01, ***p<0.001 vs cells transfected with siControl.

Supplementary Figure 3. GPR55 regulation of PDAC cell cycle and MAPK/ERK signalling pathways. (a,b) Effect of GPR55 downregulation on HPAFII (a) and PANC1 (b) cell cycle. Cell cycle analysis was performed by FACS at 48 h after transfection. Cells were grown in DMEM containing 10% FBS. Results are expressed as percentage of cells in each phase of the cycle and are means ± s.e.m. of n=3 independent experiments. *p<0.05, **p<0.01, ***p<0.001 vs cells transfected with siControl. (c) Effect of GPR55 downregulation on Cyclin D1, Cyclin D2, and Cyclin B1 mRNA levels assessed by RT-qPCR. GAPDH was used as a housekeeping gene. Results are expressed as fold change of cells transfected with siControl and are means ± s.e.m. of n=3 independent experiments. *p<0.05; **p<0.01. (d) ASPC1 cells were transfected with the indicated siRNAs or transfection reagent alone (“untreated”) and the activity of caspase 3 was assessed at 48 h post transfection. Data are expressed as fold change of caspase 3 activation in untreated cells and are means ± s.e.m. of n=2 independent experiments. (e) HPAFII cells were transfected with the indicated siRNAs or transfection reagent alone (“untreated”) and analysed at 48 h post transfection by Annexin V/FACS analysis as described in the Materials and Methods section. Results indicate the percentage of apoptotic cells (early and late apoptotic cells) and are means ± s.e.m. of n=2 independent experiments. (f) Effect of GPR55 downregulation on pERKT202/Y204 and pS6S235/236 and total ERK and S6 levels, assessed by Western blotting analysis. Tubulin and vinculin were used as loading controls. Data from densitometry analysis are expressed as fold change of normalised results from cells transfected with siControl and are means ± s.e.m. of n=3 independent experiments. *p<0.05, **p<0.01.

Supplementary Figure 4. p53 regulates GPR55 through miR regulation. (a) Western blotting analysis of GPR55 protein expression in PDAC murine cell lines derived from the indicated mouse models. Tubulin was used as loading control. Data from densitometry analysis are expressed as fold change of normalised levels of GPR55 in PZR1 cells and are means ± s.e.m. of n=3 independent experiments. *p<0.05, **p<0.01. (b) ASPC1 cells were transfected with a plasmid encoding wild type p53 or corresponding empty vector (pcDNA). Levels of GPR55 were assessed by Western blotting analysis. Tubulin was used as loading control. Data from densitometry analysis are expressed as fold change of normalised levels of GPR55 in cells transfected with pcDNA and are means ± s.e.m. of n=3 independent experiments. *p<0.05. (c) HEK293T cells, expressing wild type p53, were transfected with two siRNAs specifically targeting p53 and a non-targeting siRNA (siControl). Cells were lysed after 48 h and levels of GPR55 and p53 were assessed by Western blotting analysis. Actinin was used as loading control. Representative blot and results from densitometry analysis are shown. Data are means ± s.e.m. of n=3 independent experiments and are expressed as fold change of GPR55 levels normalised to loading control in cells transfected with siControl. *p<0.05, **p<0.01. (d) ASPC1 cells were transfected with plasmids expressing the luciferase gene under the control of the 3'-UTR of GPR55 (“GPR55”) or the luciferase gene without regulatory regions (“Control”) in combination with pcDNA or plasmids encoding wild type or the indicated mutants p53. Expression levels of the exogenous proteins were assessed by Western blotting analysis. Tubulin was used as loading control. (e) In silico analysis of 3’-UTR GPR55 binding site showing matching sequences with hsa-miR34b-3p. (f) Levels of miR34b-3p in HPDE, ASPC1 and HPAFII cells assessed by RT-qPCR. n=2. (g) ASPC1 cells were transfected with a plasmid encoding wild type p53 or empty vector. At the indicated times, levels of miR34b-3p were assessed by RT-qPCR.

Supplementary Figure 5. Effect of pharmacological inhibition of GPR55 on PDAC cell growth. ASPC1 (a), HPAFII (b), BXPC3 (c) and PANC1 (d) cells were treated with the indicated concentrations of drugs in DMEM containing 10% FBS. The number of viable cells was assessed after 72 h by manual counting. Control cells were incubated with the corresponding amount of vehicle (“untreated”). Data are expressed as fold change of control cells and are means ± s.e.m. of n=3 independent experiments performed in duplicate. *p<0.05, ** p<0.01, *** p<0.001 vs control cells. 

Supplementary Figure 6. Effect of CBD on a panel of kinases and related proteins. Results from densitometry analysis of the phospho-kinase array assay performed in HPAFII treated with 10µM CBD or incubated with vehicle alone (untreated). For each protein data show values from CBD-treated sample expressed as fold change compared to the corresponding value from the untreated sample. 

Supplementary Figure 7. Effect of combination of pharmacological inhibition of GPR55 and GEM on PDAC cell growth. HPAFII (a) and PANC1 (b) cells were treated with the indicated concentrations of drugs alone or in combination in DMEM containing 10% FBS and the number of cells was assessed after 72 h. Control cells were incubated with the corresponding amount of vehicle (“untreated”). Data are expressed as fold change of control cells and are means ± s.e.m. of n=3 (a) and n=4 (b) independent experiments performed in duplicate.  *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 

Supplementary Figure 8. Effect of GPR55 inhibition and ablation on RRM1 mRNA levels. (a) HPAFII cells were treated with 10µM CBD for 48h or incubated with vehicle, DMSO, alone (untreated). Effect on RRM1 mRNA levels was assessed by RT-qPCR. GAPDH was used as housekeeping gene. Results are expressed as fold change of levels in untreated cells and are means ± s.e.m. of n=3 independent experiments. **p<0.01. (b) RNA was extracted from pancreata from KPC (n=5) and KPCG (n=6) mice and the levels of RRM1 mRNA were assessed by RT-qPCR. RPS14 was used as housekeeping gene. **p<0.01.

Supplementary Table 1. miR34 family members that are predicted to target GPR55. 

Supplementary Table 2. Values of combination index (CI) and dose reduction index (DRI) for the indicated combinations as assessed by CompuSyn software. CI<1, CI=1, CI>1 indicate synergism, additivity and antagonism respectively.

Supplementary Table 3. Representative images of IHC antibody optimisation (positive and negative staining).
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