
Supplementary Figure Legends 

Supplementary Figure S1. SMAD4 is correlated with MTV and TLG values in 

PDAC. A. Analysis of the MTV and TLG values of the SMAD4Positive and 

SMAD4Negative groups. Data are expressed as the mean ± SEM. B. Analysis of the 

MTV and TLG values of the SMAD4WT and SMAD4MUT groups. Data are expressed 

as the mean ± SD.  

Supplementary Figure S2. TGF-β/SMAD4 reprograms metabolic pathways in 

PDAC. A. SMAD4 was ectopically expressed in SMAD4-negative PDAC cells, as 

confirmed by qRT-PCR (left panel) and Western blot analyses (right panel). **P < 

0.01 versus the control cells with pCDH. B. SMAD4 was silenced in MiaPaca-2 and 

PANC-1 cells, as confirmed by qRT-PCR (left panel) and Western blot analyses 

(right panel). **P < 0.01 versus the control cells with scrambled. C. TGF-β 

stimulation plus SMAD4 silencing induced metabolic reprogramming in MiaPaca-2 

and PANC-1 cells, as reflected by the ECAR and OCR. D. TGF-β stimulation plus 

SMAD4 silencing induced metabolic reprogramming in MiaPaca-2 and PANC-1 cells, 

evidenced by their glucose uptake and lactate production. **P < 0.01 versus the 
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control group without treatment. E. Normal human pancreatic ductal epithelium 

HPDE cells were transformed by transfection with Flag-KrasG12D, which activated 

ERK and AKT kinases. F. SMAD4 expression was silenced in HPDE-KrasG12D cells. 

G. TGF-β stimulation plus SMAD4 silencing induced metabolic reprogramming in 

HPDE-KrasG12D cells, as evidenced by their glucose uptake and lactate production. *P 

< 0.05 versus control or sh-SMAD4 groups without TGF-β treatment. 

Supplementary Figure S3. PGK1 is a glycolytic enzyme regulated by SMAD4 in 

PDAC. A. Metabolome analysis of the different metabolites between SMAD4Positive 

and SMAD4Negative PDAC tissues. B. The network analysis indicated the differences 

in metabolic enzymes and metabolites between SMAD4-positive and 

SMAD4-negative PDACs. C. qRT-PCR analysis of PGK1 mRNA levels in 

MiaPaca-2 and PANC-1 cells after manipulating the expression of SMAD4 and 

treating with TGF-β. **P < 0.01 versus the control group without treatment. D. 

Western blot analysis of the PGK1 protein levels in MiaPaca-2 and PANC-1 cells 

after manipulating their SMAD4 expression and treating with TGF-β. 
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Supplementary Figure S4. Correlations among TGF-β, SMAD4, PGK1 and 

E-cadherin in human PDAC samples, as examined by Pearson correlation 

analysis and linear regression analysis. 

Supplementary Figure S5. SMAD4 transcriptionally inhibits PGK1 expression. 

A. SMAD4 silencing inhibited the TGF-β-induced decrease in the promoter activity 

of PGK1 in HEK-293T cells. **P < 0.01 versus the control group without treatment. 

B. SMAD4 silencing inhibited the TGF-β-induced decrease in the PGK1 promoter 

activity in HPDE-KrasG12D cells. **P < 0.01 versus the control group without 

treatment. C. qRT-PCR analysis of the PGK1 mRNA levels in HPDE-KrasG12D cells 

after manipulating the SMAD4 expression and treating with TGF-β. **P < 0.01 

versus the control group without treatment. D. Western blot analysis of the PGK1 

protein level in HPDE-KrasG12D cells after manipulating the SMAD4 expression and 

treating with TGF-β. 

Supplementary Figure S6. Roles of SMAD4 loss in PDAC development in a 

PGK1-dependent manner in PDAC. A. Kaplan-Meier analysis of the overall 

survival rate of SMAD4WT patients from the TCGA cohort according to PGK1 
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expression (the median divided into the PGK1High group and PGK1Low group; left 

panel) and that of SMAD4MUT patients (right panel). B. Representative 18F-FDG 

PET/CT imaging of SMAD4-negative PDAC patients with high or low levels of 

PGK1 expression (PGK1Low or PGK1High groups). C. Analysis of the SUVmax of the 

PGK1Low (n = 14) and PGK1High (n = 42) groups. D. Analysis of the MTV (left panel) 

and TLG (right panel) of the PGK1High and PGK1Low groups. Data are expressed as 

the mean ± SEM. **P < 0.01. E. PGK1 was silenced in BxPC-3 and PANC-1 cells, as 

confirmed by qRT-PCR analysis. **P < 0.01 versus control cells with the scramble 

sequence. F. Western blot analysis of the nuclear and cytoplasmic PGK1 levels in 

BxPC-3 and PANC-1 cells with PGK1 silencing. G. Representative images of 

xenografts formed by injection of BxPC-3-shPGK1 cells into nude mice. H. 

Representative 18F-FDG MicroPET/CT imaging of xenograft mouse models with 

BxPC-3-sh-PGK1 cells. I. The ratios of the xenograft SUVmax in the PGK1-silenced 

group (sh-PGK1; n = 5) and the control group (Scramble; n = 5). J. The glycolytic 

capacity repressed by TGF-β/SMAD4 could be recovered by re-expressing PGK1 in 

BxPC-3 and CFPAC-1 cells. K. The decreased amount of xenograft volume (left 
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panel) and SUVmax values (right panel) in scramble group and sh-SMAD4 group were 

calculated by comparing the volume difference of AAV-PGK1/2-DG(-) subgroup 

with AAV-NC/2-DG(-) subgroup. *P < 0.05 versus scramble group. L. The viability 

of scramble or sh-SMAD4 treated cells, which were additionally treated with 2-DG (1 

μM), sh-PGK1 or both 2-DG and sh-PGK1 using the CCK-8 reagent. *P < 0.05, **P 

< 0.01 versus control groups. 

Supplementary Figure S7. Immunofluorescence analysis of the subcellular 

distribution of PGK1 in SMAD4-negative PDAC cells.  

Supplementary Figure S8. The independent roles of PGK1 in the PDAC cell 

migration capacities. A. The migration capacity of the cells with distinct PGK1 

statuses in Transwell migration assays. B. Western blots confirmed that cells with 

silenced ALDOA and PGK1 were transfected with ALDOA- and PGK1-expressing 

vectors, respectively. C. Quantitative analysis of the effects of PGK1 and ALDOA on 

cell migration capacities with silenced ALDOA and PGK1. D. Quantitative analysis 

of the effects of PGK1 and ALDOA on ECAR in cells with silenced ALDOA and 

PGK1. Data are expressed as the mean ± SD of three independent experiments. ns: 
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not significant. E. Quantitative analysis of the effects of PGK1 and ALDOA on OCR 

in cells with silenced ALDOA and PGK1. ns: not significant. F. qRT-PCR analysis of 

E-cadherin mRNA expression in BxPC-3 and CFPAC-1 cells with different PGK1 

statuses. *P < 0.05, **P < 0.01 versus control cells with pWPI. G. Western blot 

analysis of E-cadherin protein expression in BxPC-3 and CFPAC-1 cells with 

different PGK1 statuses. 

Supplementary Figure S9. Subcellular localization of PGK1 determines 

malignant behaviours in SMAD4 mutant cells. A. Viability of cell lines with 

different PGK1 statuses in CCK-8 assays. The ratios were compared with that at time 

point 0. *P < 0.05, **P < 0.01 versus cells with sgPGK1-pWPI. B. PGK1 status 

determines the cloning formation capacity. C. The number of colonies was quantified 

and expressed as the mean ± SD of three independent experiments. *P < 0.05, **P < 

0.01 versus cells with sgPGK1-pWPI. D. PGK1 status affects cell cycle progression. 

E. The cell number of each phase was quantified and expressed as the mean ± SD of 

three independent experiments. F. Apoptosis analysis of cell lines with different 

PGK1 statuses by flow cytometric analysis. G. The percentage of apoptotic cells was 
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quantified and expressed as the mean ± SD of three independent experiments. **P < 

0.01 versus cells with sgPGK1-pWPI. H. Representative images of orthotropic 

xenografts (outlined by a yellow dashed line) and metastatic foci in the liver 

(indicated by white arrows). I. Haematoxylin-eosin (H&E) staining was performed to 

confirm the metastatic foci in the liver (indicated by white arrows; scale bar, 20 μm). 

J. Representative imaging of primary pancreatic xenografts and metastatic foci in the 

liver (indicated by white arrows) of an orthotopic implantation tumour mouse model 

(scale bar, 10 mm). K. The xenograft volumes (right panel) and number of metastatic 

foci (left panel) of the orthotopic implantation tumour mouse model were quantitated. 

Data are expressed as the mean ± SD (n = 5/group) and analysed using a one-way 

ANOVA. *P < 0.05, **P < 0.01 versus the control group (pWPI plasmid). 

Supplementary Figure S10. Analysis of the MTV and TLG levels of the CH & 

NP, CL & NN, CL & NP and CH & NN subgroups in SMAD4-negative PDAC. 

Data are expressed as the mean ± SEM. *P < 0.05 versus control cells with pWPI. 
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