
Supplementary Materials and Methods 

Reagents 

The glycolytic capacity of the cells was inhibited by treatment with 2-DG (Sigma). 

Recombinant human TGF-β1 was purchased from Peprotech (100-21C) to be added 

to the medium. 

Whole-body 
18

F-FDG PET/CT 

In total, 101 PDAC patients were subjected to whole-body FDG PET/CT 

examinations as previously described[1-3]. Briefly, 
18

F-FDG was automatically made 

by a cyclotron (Siemens CTI RDS Eclipse ST) using an Explora FDG4 module. 

Quantification of metabolic activity was acquired using the SUV normalized to body 

weight, and the SUVmax for each lesion was calculated. The mean SUV (SUVmean) of 

the mediastinal background plus two standard deviations was used as the threshold to 

automatically calculate MTV, which represents the volume of viable tumour cells 

with upregulated glycolytic activity. TLG was then derived as MTV multiplied by 

SUVmean. TLG is a volumetric measurement of the glycolytic activity representing 
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total viable tumour cells. Notably, only 32 samples were subjected to both mutation 

detection and PET/CT examination. 

DNA extraction and Kras sequence analysis 

Genomic DNA was obtained from samples using the TIANamp FFPE DNA Kit 

(Tiangen). After extraction of genomic DNA, the Kras gene (exon 2) was amplified 

by PCR with the following primer set: 

5′-TGGTGGAGTATTTGATAGTGTATTAACC-3′ and 

CCCAAGGTACATTTCAGATAACTTA-3′. The product size was 340 bp. After 

verifying the product size on an agarose gel, the PCR product was purified and 

sequenced with the following primer: 5′-GGTCCTGCACCAGTAATATGC-3′. 

PDAC tissue microarrays and immunohistochemistry (IHC) 

The PDAC tissue microarrays contained 232 matched pairs of specimens. IHC 

analysis of paraffin-embedded tissue sections with antibodies for TGF-β (Proteintech), 

TP53 (Abcam), CDKN2A (Abcam), SMAD4 (Abcam), PGK1 (Proteintech), 

E-cadherin (Abcam), or Ki-67 (Proteintech) was performed, and staining was scored 

to determine protein expression according to standard procedures described 
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previously[4]. Some results of staining using the quick (Q) score were scored as 

described in our previous study[5], which was obtained by multiplying the score 

corresponding to the percentage of positive cells by the score corresponding to the 

intensity. To determine the levels of cytoplasmic and nuclear PGK1, cytoplasmic 

labelling was scored on an intensity scale, and the percentages of labelled neoplastic 

epithelial cells and nuclear labelling were examined as the presence of positive cells. 

Cytoplasmic and nuclear labelling was used to generate a typing system for 

stratification into phenotypes with different PGK1 statuses.  

TCGA dataset analysis 

PDAC patient TCGA data on RNA expression (Level 3) in terms of RNA-seq by 

Expectation-Maximization were downloaded from the Cancer Genomics Brower of 

the University of California, Santa Cruz (UCSC; https://genome-cancer.ucsc.edu/). In 

total, 177 primary pancreatic cancer samples with detailed gene expression data were 

chosen from the updated TCGA database according to the parameters mentioned. The 

detailed demographics of these patients were characterized by the TCGA consortium. 

SMAD4 mutations and copy number, which were downloaded from c-BioPortal, were 
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assessed. Tumours with SMAD4 GISTIC scores were moved forward for analysis. 

Samples were divided into two cohorts based on GISTIC classification: SMAD
MUT

 

(GISTIC = -2, homozygous deletion & -1, hemizygous deletion) or SMAD4
WT 

(GISTIC = 0, no change). The data are presented in Supplementary Table S2. 

Vectors and constructs 

The pLKO.1 TRC cloning vector (Addgene plasmid 10878) was used to 

generate shRNA against SMAD4 and PGK1. The targets against SMAD4 

were CAGATTGTCTTGCAACTTCAG and GCAGACAGAAACTGGATTAAA. 

The targets against PGK1 were 

GATTGTGTGGAATGGTCCTGT and GCAAGGATGTTCTGTTCTTGA. 

SMAD4
WT

 and the mutant SMAD4 (K45A/K46A/K48A) without a nuclear 

localization capacity were cloned separately into the 

pCDH-CMV-MCS-EF1-Puro vector (System Biosciences)[6]. The pGL3-Basic 

vector (Promega) was used to generate promoter luciferase constructs of 

PGK1 (-1600 to +100) and E-cadherin (-178 to +92)[7]. Lenti-Guide-Puro 

(Addgene plasmid 52963), a gift from Zhang Feng, was used to 

Supplementary material Gut

 doi: 10.1136/gutjnl-2018-317163–13.:1 0 2019;Gut, et al. Liang C



generate sgRNA targets against PGK1[8]. The sgRNA targets against PGK1 

were CAGGGATGTTCTGTTCTTGA and GACATAGACATCCCCTAGCT. WT 

PGK1, truncated PGK1 without its nuclear accumulation ability (aa 20 to 417) and 

the PGK1 mutant that possessed decreased glycolytic capacity (S203A)[9] were each 

cloned separately into the pWPI lentiviral vector. The empty vector, pWPI, was used 

as a control and was a gift from Didier Trono (Addgene plasmid # 12254). 

Tissue preprocessing and metabolite profiling 

The 8 SMAD4-negative and 8 SMAD4-positive tissue samples used in this study 

were obtained from patients diagnosed with pancreatic cancer at FUSCC, and the 

SMAD4 status was determined by a pathologist. Prior patient consent and approval 

from the Institutional Research Ethics Committee were obtained. A total of 30 mg of 

sample was weighed and transferred to a tube, and 580 µL of a mixed solution 

(methanol/water = 6:4 (V/V)) and 20 µL of 2-chloro-l-phenylalanine (0.3 mg/mL, 

dissolved in methanol) were added to the tube, with small steel balls subsequently 

added. The samples were homogenized with a TissueLyser, and extraction was 

performed with 10 min of sonication. A total of 150 µL of chloroform was added, and 
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the sample was vortexed for 1 min and allowed to stand for 30 min (-20°C). After 

centrifugation at 13,000 rpm for 10 min (4°C), 500 µL of supernatant was dried in a 

freeze concentration centrifugal dryer. A total of 250 µL of a mixed solution 

(methanol/water = 1:1 (V/V)) was added, and the sample was vortexed for 30 s, 

extracted for 3 min by sonication (4°C), and centrifuged at 13,000 rpm for 15 min 

(4°C). A total of 180 µL of supernatant was transferred to LC vials and stored at 

-20°C until LC-MS analysis. LC-HRMS was performed on a Waters UPLC I-class 

system equipped with a binary solvent delivery manager and a sample manager, 

coupled with a Waters VION IMS Q-TOF Mass Spectrometer equipped with an 

electrospray interface (Waters Corporation, Milford, USA). The mass spectrometric 

data were collected using a Waters VION IMS Q-TOF Mass Spectrometer equipped 

with an electrospray ionization (ESI) source operating in either positive or negative 

ion mode. Centroid data were collected from 50 to 1,000 m/z with a scan time of 0.1 s 

and interscan delay of 0.02 s over a 13-min analysis time. 

Metabolomics analysis 

Tumour cells were cultured with SILAC DMEM Flex Media (glucose- and 
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glutamine-free media; Gibco, A2493901) containing 25 mM uniformly labelled 

13
C-glucose (Sigma) for 4 h before sampling. Metabolites were extracted from cell 

pellets for mass spectrometry analysis. 

Extracellular acidification rate (ECAR) and oxygen consumption rate (OCR) 

ECAR and OCR levels were determined with the Bioscience XF96 Extracellular Flux 

Analyzer. Cellular mitochondrial function was measured using the Seahorse XF Cell 

Mito stress test kit, and the glycolytic capacity was determined using the glycolysis 

stress test kit per the manufacturer's instructions. A total of 3 × 10
4
 cells were plated 

in Seahorse XF96 assay plates. Overnight, glycolysis stress tests and mitochondrial 

stress tests were performed as described previously[2]. The cell number was used for 

data normalization. 

Glucose consumption and lactate measurements 

The glycolysis process in pancreatic cancer cells was analysed by using glucose 

uptake colorimetric assay kits (BioVision) and lactate colorimetric assay kits 

(BioVision) according to the manufacturer's protocols. 

Gene expression analysis by quantitative real-time PCR (qRT-PCR) 
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Total RNA was extracted with TRIzol reagent (Invitrogen), purified using the 

PureLink RNA minikit (Life Technologies), and assessed for quality and quantity 

using absorption measurements. The expression statuses of candidate genes and 

β-actin were determined by quantitative real-time PCR using an ABI 7900HT 

Real-Time PCR system (Applied Biosystems), as previously described[10]. The 

primers are listed in Supplementary Table S3. RNA was used for analysis of glucose 

metabolism using pathway-focused RT-PCR array systems (RT
2
 Profiler Human 

Glucose Metabolism PCR Array; PAHS-006Z; QIAGEN). Comparative data analysis 

was performed with the ΔΔCt method using the PCR array data analysis web portal 

(www. sabiosciences.com/RTPCR.php) to determine relative expression differences 

between the comparison groups. Changes in mRNA abundances of two-fold and 

higher with a P < 0.05 were considered significantly different between the 

comparison groups, as shown. 

Western blot analysis 

Western blotting was carried out as previously described[10]. β-actin was used as the 

loading control for cytoplasmic extracts, and histone H3 was used as the loading 
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control for nuclear extracts. In some experiments, nuclear and cytoplasmic proteins 

were extracted using the NE-PER Nuclear and Cytoplasmic Extraction Reagents 

(78835; Thermo), according to the manufacturer’s protocol. Antibodies against 

SMAD4, histone H3, and E-cadherin were purchased from Abcam. The β-actin and 

PGK1 antibodies were obtained from Proteintech. 

Dual luciferase reporter assay 

Cells were plated in 96-well culture plates and transfected with the promoter construct 

with the Renilla luciferase expression vector pRL-TK (Promega) by using 

Lipofectamine™ 2000 (Invitrogen). Next, cells were assayed for both firefly and 

Renilla luciferase activities using a dual luciferase system (Promega), as described in 

the manufacturer’s protocol. 

Chromatin immunoprecipitation (ChIP) assay 

Chromatin immunoprecipitation (ChIP) was performed according to the instructions 

of the Magna ChIP A/G Chromatin Immunoprecipitation kit (Merck Millipore 

Corporation). The nuclear DNA extracts were amplified for the regions that spanned 

the PGK1 and E-cadherin promoters. 

Transwell migration assay 
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A 24-well Transwell chamber with an 8-µm-pore PET membrane (BD Biosciences) 

was used to conduct the migration analysis. The lower chamber was filled with 800 

µL of medium containing 10% FBS. Subsequently, approximately 6 × 10
4
 cells in 200 

µL of serum-free medium were seeded into the top chambers for migration assays. 

The cells were allowed to migrate at 37 °C with 5% CO2 for over 24 h. After removal 

of the non-migrating cells, the remaining cells were washed, fixed and stained with 

crystal violet. The number of migrating cells was counted in six randomly selected 

fields at 200× magnification. Experiments were performed at least in triplicate. 

Cell viability 

Cell viability was determined every day using CCK-8 (Cell Counting Kit-8; Dojindo 

Laboratories) according to the manufacturer's instructions. All observations were 

reproduced at least three times in independent experiments. 

Colony-formation assay 

Cells were seeded in 6-well plates at an initial density of 500 cells/well. After 10 to 14 

days, colonies were clearly visible, and the cells were fixed with 4% 

paraformaldehyde for 15 min at room temperature followed by staining with 0.5% 
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crystal violet (Sigma). Colonies containing more than 50 cells were counted by light 

microscopy. The average number of colonies was determined from three independent 

experiments. 

Cell cycle and cell apoptosis 

Flow cytometric analysis was conducted to examine the cell cycle status using 

propidium iodine (Invitrogen) and cell apoptosis using a human Annexin V-FITC kit 

(Invitrogen), according to the manufacturer's protocols. 
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