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ABSTRACT
Background and aims The crosstalk between cancer 
stem cells (CSCs) and their niche is required for the 
maintenance of stem cell- like phenotypes of CSCs. Here, 
we identified E26 transformation- specific homologous 
factor (EHF) as a key molecule in decreasing the 
sensitivity of pancreatic cancer (PC) cells to CSCs’ niche 
stimulus. We also explored a therapeutic strategy to 
restore the expression of EHF.
Design We used a LSL- KrasG12D/+mice, LSL- Trp53R172H/+ 
and Pdx1- Cre (KPC) mouse model and samples from 
patients with PC. Immunostaining, flow cytometry, 
sphere formation assays, anchorage- independent growth 
assay, in vivo tumourigenicity, reverse transcription PCR, 
chromatin immunoprecipitation (ChIP) and luciferase 
analyses were conducted in this study.
Results CXCL12 derived from pancreatic stellate cells 
(PSCs) mediates the crosstalk between PC cells and PSCs 
to promote PC stemness. Tumorous EHF suppressed 
CSC stemness by decreasing the sensitivity of PC to 
CXCL12 stimulus and inhibiting the crosstalk between 
PC and CSC- supportive niches. Mechanically, EHF 
suppressed the transcription of the CXCL12 receptor 
CXCR4. EHF had a cell autonomous role in suppressing 
cancer stemness by inhibiting the transcription of Sox9, 
Sox2, Oct4 and Nanog. Rosiglitazone suppressed PC 
stemness and inhibited the crosstalk between PC and 
PSCs by upregulating EHF. Preclinical KPC mouse cohorts 
demonstrated that rosiglitazone sensitised PDAC to 
gemcitabine therapy.
Conclusions EHF decreased the sensitivity of PC to 
the stimulus from PSC- derived CSC- supportive niche by 
negatively regulating tumorous CXCR4. Rosiglitazone 
could be used to target PC stem cells and the crosstalk 
between CSCs and their niche by upregulating EHF.

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is 
a highly lethal tumour with aggressive clinical 
courses, poor prognosis and limited treatment 
options. Chemotherapy resistance and tumour 
relapse are still two unresolved problems in PDAC 
treatment.1 2 Cancer stem cells (CSCs) contribute 
to PDAC recurrence and metastasis and cause resis-
tance to chemotherapy.3–6

CSCs are regulated by the aberrant activation of 
cell- intrinsic signal pathways, including NOTCH, 
WNT and STAT3 pathways, and the overexpres-
sion of OCT4, SOX2, NANOG, KLF4, c- MYC 

Significance of this study

What is already known on this subject?
 ► Pancreatic cancer (PC) is one of the leading 
causes of cancer- related death and is projected 
to become the second most lethal tumour by 
the year 2030.

 ► Cancer stem cells (CSCs) contributed to PC 
recurrence and metastasis.

 ► PC stemness is regulated by the aberrant 
activation of cell- intrinsic signal pathways and 
the crosstalk between CSCs and their niche.

 ► Patients with PC and low tumorous E26 
transformation- specific homologous factor 
(EHF) expression gained poor overall and 
relapse- free survival.

What are the new findings?
 ► Tumorous EHF decreased the sensitivity of PC 
to pancreatic stellate cell (PSC)- derived CXCL12 
stimulus, which suppressed cancer stemness by 
inhibiting the crosstalk between PC and CSC- 
supportive niches.

 ► EHF transcriptionally suppressed CXCR4, which 
is the receptor of CXCL12.

 ► EHF also suppressed cancer stemness in a 
cell autonomous manner by transcriptionally 
suppressing Sox9, Sox2, Oct4 and Nanog.

 ► Rosiglitazone suppressed PC stemness and 
inhibited the crosstalk between PC and PSCs by 
upregulating EHF.

How might it impact on clinical practice in the 
foreseeable future?

 ► Our study identified that EHF suppressed 
cancer stemness from intrinsic and extrinsic 
pathways, which could be a promising target in 
PC therapy.

 ► Rosiglitazone could be used as a new 
therapeutic method in clinical practice to target 
pancreatic cancer stem cells and the crosstalk 
between CSCs and their niche.
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among others.3 7 The recent insights into the complex nature 
of cancer stemness reveal that CSC phenotype is also regulated 
by cell- extrinsic factors derived from stromal cells.8–11 The 
major cell types of PDAC stroma are pancreatic stellate cells 
(PSCs).9 12 13 PSCs can secrete prostemness cytokines, such as 
interleukin (IL)-6, IL-8, tumour growth factor beta 1 (TGF-β1) 
and CXCL12, which form the CSC niche and participate in the 
active crosstalk with cancer cells within the tumour microen-
vironment.14–16 The majority of anti- CSC therapeutic strate-
gies focus on targeting cell- intrinsic stemness- associated genes. 
However, most of these genes are shared between CSCs and 
normal stem cells. Therefore, the side effect of anti- CSC therapy 
remains a major concern that restricts its clinical application.17 
Targeting the crosstalk between pancreatic cancer (PC) and its 
stemness- supporting niche may provide new therapeutic strate-
gies for the prevention of PC progression.

Epithelium- specific E26 transformation- specific (ETS) factor 
family member 3 or ESE3/E26 transformation- specific homologous 
factor (EHF) is a member of the ETS gene superfamily.18 Our previous 
work has demonstrated EHF as a tumour suppressor in PDAC. In 
PDAC, EHF promotes E- cadherin expression and suppresses epithe-
lial–mesenchymal transition.19 Furthermore, EHF deficiency induces 
the conversion and expansion of regulatory T cells (Treg) and 
myeloid- derived suppressor cells (MDSCs) by inhibiting TGF-β1 
and granulocyte- macrophage colony stimulating factor (GM- CSF) 
secretion.20 In prostate cancer, EHF plays a vital role in the inhibition 
of cell- intrinsic CSC signal by suppressing STAT3 and repressing the 
expression of TWIST1, ZEB2, BMI1 and POU5F1.21–23 However, 
the role of EHF in pancreatic CSC regulation is not fully understood. 
Although the critical function of EHF has been verified in different 
tumour types,19–25 no clinical and translational research involving 
EHF as a therapeutic target has been conducted.

In this study, we demonstrated that EHF could play a cell 
autonomous function and inhibit PDAC stemness by disrupting 
the crosstalk between CSCs and their PSC niche. Tumorous 
EHF decreased the sensitivity of PDAC to PSC- derived CXCL12 
by repressing the CXCR4 expression. Moreover, we identified 
peroxisome proliferator- activated receptor gamma (PPAR-γ) 
ligand rosiglitazone as a promising suppressor of PDAC stemness 
by upregulating EHF.

RESULTS
Tumorous EHF is negatively correlated with stemness profiles 
in PDAC tissue
An immunohistochemical multiplex assay was conducted in archived 
tissues from a retrospective cohort of 93 patients with PDAC to 
examine the correlation between the expression of tumorous EHF 
and the proportion of pancreatic cancer stem cells (PCSCs). The 
frequencies of CD133+ and aldehyde dehydrogenase 1(ALDH1+)
cells in the high- EHF group were significantly decreased compared 
with those in the low- EHF group (both p<0.0001; figure 1A,B 
and online supplemental figure S1A). Furthermore, fresh PDAC 
tissues from a prospective cohort of 39 patients were collected 
and analysed (figure 1C). As shown in figure 1D–F and online 
supplemental figure S1B, tumorous EHF IHC score was inversely 
correlated with the proportion of tumorous CD133+, ALDH+ and 
ESA+CD44+CD24+ cells in the prospective cohort. These results 
confirmed the findings from the archived PDAC tissues. Therefore, 
our results suggested that tumorous EHF negatively correlated with 
stemness profiles in PDAC tissues. Besides, the clinical significance 
of EHF expression and PCSCs is shown in figure 1G,H, online 
supplemental figure S1C–F and online supplemental tables S1 and 
S2).

Tumorous EHF negatively regulates PC stemness
PDAC- EHF/short hairpin EHF (shEHF) cell lines were established 
(online supplemental figure S2A) to determine whether tumorous 
EHF regulated PDAC stemness. The percentage of CD44+CD24+ 
cells in PDAC- EHF significantly decreased compared with that in the 
PDAC- vector control group (figure 2A). By contrast, the percentage 
of CD44+CD24+ cells in PDAC- shEHF significantly increased 
compared with that of PDAC- scramble (figure 2B). Similarly, EHF 
negatively regulated the ALDH activity (figure 2C,D) and the 
proportions of CD133+ cells (figure 2E,F). In vitro sphere formation 
assay demonstrated that EHF negatively regulated the cellular sphere 
formation capacity of PDAC (figure 2G,H). In in vivo limited dilution 
assay, the ectopic expression of EHF significantly reduced, whereas 
the knockdown of EHF increased the tumour incidence (figure 2I). 
This result suggested that EHF suppressed CSC stemness in PDAC. 
Quantitative PCR (Q- PCR) and western blot demonstrated that 
EHF negatively regulated stemness- related genes (Sox9, Sox2, Oct4 
and Nanog) (figure 2J,K) while increasing the expression of differ-
entiation markers (online supplemental figure S2B). These findings 
were further confirmed in the other PC cell lines and two PDX cell 
lines (online supplemental figures S3 and S4). Chromatin immuno-
precipitation (ChIP) analyses revealed that EHF directly bound to 
the promoter region of Sox9, Sox2, Oct4 and Nanog (figure 2L).

Tumorous EHF suppresses the crosstalk between PDAC and 
PSCs
PSCs can support PDAC stemness through paracrine mecha-
nisms.16 26 27 In vivo limited dilution assay was conducted to eval-
uate the role of tumorous EHF on the crosstalk between PDACs 
and PSCs. As shown in figure 3A,B, the peritumorous injection of 
PSC- CM notably increased the tumour incidence in the PANC-1- 
vector group compared with that in the mice that received the control 
medium. However, the effect of PSC- CM was robustly suppressed in 
the PANC-1- EHF group.

PANC-1- vector, PANC-1- EHF, PANC-1- scramble and PANC-1- 
shEHF were incubated with the control medium or PSC- CM for 
48 hours to determine whether EHF might regulate the crosstalk 
between PDAC cells and PSCs, and the proportions of CSCs were 
determined through flow cytometry. A PSC- CM stimulus could 
increase the proportion of CSC populations compared with those 
treated with the control medium (figure 3C–H). The abilities of 
PSC- CM to increase the CSC population were significantly enhanced 
by the short hairpin RNA knockdown of EHF and suppressed by the 
ectopic expression of EHF. Sphere formation and soft agar formation 
assays were also conducted. As shown in figure 3I–L, the promoting 
effects of PSC- CM on the self- renewal and anchorage- independent 
growth of CSCs were inhibited by the ectopic expression of EHF 
and remarkably increased by EHF depletion. These results were 
confirmed in multiple PDAC cell lines (online supplemental figures 
S5 and S6). Therefore, our results indicated that tumorous EHF 
decreased the sensitivity of PDACs to PSC stimulus.

Tumorous EHF abrogates the sensitivity of PDAC to PSC-
derived CXCL12 stimulus
Blocking antibodies for cytokines secreted by PSCs were added to 
PSC- CM to identify the mechanism by which EHF regulated the 
PDAC–PSC crosstalk. CXCL12 was found to be the potential cyto-
kine that induced the different reaction of PDACs to PSC- derived 
stimulus, depending on the EHF expression (online supplemental 
figure S7).

In in vivo limited dilution assay, CXCL12 notably increased the 
tumour incidence of PANC-1- vector group compared with that in 
the control medium group. However, the effect of CXCL12 was 

https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
https://dx.doi.org/10.1136/gutjnl-2020-321952
http://gut.bmj.com/


3Zhou T, et al. Gut 2021;0:1–15. doi:10.1136/gutjnl-2020-321952

Pancreas

robustly suppressed in the PANC-1- EHF group (figure 4A,B). Then, 
the cell lines of PANC-1- vector, PANC-1- EHF, PANC-1- scramble 
and PANC-1- shEHF were treated with recombinant CXCL12 and 
the control medium. The CXCL12 treatment sharply increased 
the proportions of CSCs in low- EHF- expressing cell lines; the 
ectopic EHF overexpression remarkably suppressed the response 
to CXCL12 (figure 4C–H). Sphere formation and soft agar forma-
tion assays were also conducted. As shown in figure 4I–L, the 
CXCL12 treatment robustly increased tumour sphere formation 
and anchorage- independent growth, and the stimulating effects of 
CXCL12 were inhibited by the ectopic expression of EHF. Similar 
results were observed in other PDAC cell lines (online supplemental 
figures S8 and S9). Therefore, tumorous EHF abrogated the sensi-
tivity of PDAC to the CXCL12 stimulus.

CXCR4 is transcriptionally repressed by EHF in PDAC
CXCR4 and CXCR7 are the receptors of CXCL12. Tumorous 
EHF did not regulate the secretion of CXCL12 in PSCs in 

coculture experiments (online supplemental figure S10A,B), so 
we investigated whether EHF regulated the CXCR4/CXCR7 
expression in PDACs. The expression of CXCR7 was not 
modulated by EHF (online supplemental figure S10C). Q- PCR, 
western blot and flow cytometry showed that the expression 
of CXCR4 was negatively regulated by EHF in the PDAC cell 
culture (figure 5A–D and online supplemental figure S11) and 
confirmed via western blot by using the harvested xenograft 
tumour tissues from the experiments in figure 2I (figure 5E). 
Importantly, the EHF expression was negatively correlated 
with the CXCR4 expression in human PDAC tumour tissues 
(figure 5F–I).

In silico analysis showed one high- confidence EHF- binding 
site (EBS) within the promoter region of CXCR4 in the JASPAR 
database (figure 5J,K). ChIP was conducted in the PANC-1 cell 
line and revealed that EHF markedly bound to the promoter of 
human CXCR4 (figure 5L). The luciferase analysis of PANC-1 
and 293T showed that the EHF overexpression significantly 

Figure 1 Tumorous EHF is negatively correlated with stemness profiles in PDAC tissue. (A,B) Multiplex fluorescent IHC staining (left) of EHF 
expression and the accumulation of CD133+ cells (A) and ALDH1+ cells (B) in tumour tissues. The representative images from 93 pancreatic cancer 
cases are shown. The arrowheads indicate CD133+ cells and ALDH1+ cells. Bars, 200 µM. Non- paired Student’s t- test was used as statistical analysis; 
n=93, ****p<0.0001. (C–F) Single- cell suspensions were prepared from 39 cases of fresh PDAC tissues and stained with ALDEFLUOR or specific 
antibodies against three CSC subsets (ALDH+ cells, CD133+ cells and CD44+ CD24+ cells). Representative IHC staining of EHF is shown (C). Bars, 200 
µm. Representative histogram and dot plots of CD133+ cells (D, left), ALDH+ cells (E, left) and CD44+CD24+ cells (gated on ESA+ epithelial cells; F, left). 
Spearman correlation analysis between EHF IHC score and the proportions of CD133+ cells (D, right), ALDH+ cells (E, right) and ESA+CD44+CD24+ 
cells (F, right); n=39. Kaplan- Meier OS (G) and RFS (H) for different levels of EHF based on the log- rank statistic test (p<0.05). Patients were divided 
into EHF- low and EHF- high groups based on the multiplex fluorescent IHC results. ALDH, aldehyde dehydrogenase; CSC, cancer stem cell; DAPI, 
4’,6- diamidino-2- phenylindole; EHF, E26 transformation- specific homologous factor;IHC, immunohistochemistry; OS, overall survival;PDAC, pancreatic 
ductal adenocarcinoma; RFS, relapse free survival; SSC, side scatter.
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Figure 2 Tumorous EHF negatively regulates pancreatic cancer stemness. (A,B) The proportion of CD44+CD24+ cells in PANC-1- vector/EHF, MiaPaca-
2- vector/EHF, BxPC-3- scramble/shEHF and SW1990- scramble/shEHF cells were analysed using flow cytometry. Representative dot plots (A, left; B, left) 
and percentage of CD44+CD24+ cells (A, right; B, right) are shown. (C,D) The proportion of ALDH+ cells in indicated cells were analysed using flow 
cytometry. Representative dot plots (C, left; D, left) and percentage of ALDH+ cells (C, right; D, right) are shown. (E,F) The proportion of CD133+ cells 
in indicated cells were analysed using flow cytometry. Representative histograms (E, left; F, left) and percentage of CD133+ cells (E, right; F, right) 
are shown. (G,H) Sphere formation assays were performed in indicated cell lines. Representative images (G, left; H, left) and sphere number analysis 
(G, right; H, right) are shown. Bars:100 µm. (I) In vivo limited dilution assays were performed to determine the effects of EHF overexpression or EHF 
depletion on CSC self- renewal of PANC-1 cells. Representative tumour incidence and CSC probabilities are shown. (J) Q- PCR on EHF and the stemness 
markers of Sox9, Sox2, Nanog and Oct4 were performed in indicated cells. Actin was used as internal control. (K) Western blot on EHF, Sox9, Sox2, 
Nanog and Oct4 were analysed in indicated cell lines. β-Tubulin was used as loading control. representative results are shown. (L) ChIP assay was 
performed to validate transcriptional regulation on Sox9, Sox2, Nanog and Oct4 by EHF. Predicted EBSs in the promoters of human Sox9, Sox2, Nanog 
and Oct4 (L, left). Binding of EHF to the promoters of the indicated genes in PANC-1 cells determined by ChIP (L, medium). IgG was used as negative 
control and anti- RNA polymerase Ⅱ was used as PC. AcH3 and H3K27me3 occupancy on the identified EBSs in the promoters of the indicated genes 
in PANC-1 cells determined by ChIP (L, right). Representative results are shown. All experiments were repeated three times independently. Paired 
Student’s t- test was used for statistical analysis. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. ALDH, aldehyde dehydrogenase; ChIP, chromatin 
immunoprecipitation; CSC, cancer stem cell;EBS, EHF- binding site; EHF, E26 transformation- specific homologous factor; PC, positive control;Q- PCR, 
quantitative PCR; short hairpin EHF, shEHF; SSC, side scatter; TSS, transcriptional start site.
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Figure 3 Tumorous EHF suppresses the crosstalk between PDAC and PSCs. (A,B) In vivo limited dilution assay was performed to determine the 
effects of PSC- CM on CSC self- renewal of PANC-1- vector/EHF. Representative tumour incidence and CSCs probabilities are shown. All experiments 
were repeated three times independently. (C–H) PANC-1- vector, PANC-1- EHF, PANC-1- scramble and PANC-1- shEHF were cultured with PSC- CM or the 
Ctrl medium. The percentages of PCSCs in each cell line under each treatment are shown; the fold change of the percentage of PCSCs in each cell line 
after culturing with PSC- CM was calculated: (C,D) CD24+CD44+ cells, (E,F) ALDH+ cells and (G,H) CD133+ cells. Representative dot plots/histogram 
(left), the statistical analysis of CSC percentage of each group (medium) and the statistical analysis of the fold change in each cell line (right). (I,J) 
Statistical analysis of the sphere number of each cell line under the treatment of serum- free medium and serum- free medium with PSC- CM added 
(left), statistical analysis of the fold change of sphere number after culturing with serum- free medium containing PSC- CM in each cell line(right). (K,L) 
Statistical analysis of the soft agar colony number of each cell line under the treatment of Ctrl medium and PSC- CM (left). Statistical analysis of the 
fold change of colony number after culturing with PSC- CM in each cell line (right). Paired Student’s t- test was used for statistical analysis. *P<0.05, 
**P<0.01, ***P<0.001, ****P<0.0001. ALDH, aldehyde dehydrogenase; CM, conditioned medium; CSC, cancer stem cells; Ctrl, control; EHF, E26 
transformation- specific homologous factor; PCSCs, pancreatic cancer stem cells; PDAC, pancreatic ductal adenocarcinoma; PSC, pancreatic stellate 
cell; shEHF, short hairpin EHF; SSC, side scatter.
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Figure 4 Tumorous EHF abrogates the sensitivity of PDAC to PSC- derived CXCL12 stimulus. (A,B) In vivo limited dilution assay was performed to 
determine the effects of human recombinant CXCL12 on CSC self- renewal of PANC-1- vector/EHF. Ctrl medium was used as the control of CXCL12.
Tumour incidence and CSC probabilities were shown. (C–H) PANC-1- vector, PANC-1- EHF, PANC-1- scramble and PANC-1- shEHF were cultured with 
medium containing CXCL12 or the Ctrl medium. The percentages of PCSCs in each cell line under each treatment are shown; the fold change of the 
percentage of PCSCs in each cell line after culturing with medium containing CXCL12 was calculated: (C,D) CD24+CD44+ cells, (E,F) ALDH+ cells and 
(G,H) CD133+ cells. Representative dot plots/histogram (left), the statistical analysis of CSC percentage of each group (medium) and the statistical 
analysis of the fold change in each cell line (right). (I,J)Statistical analysis of the sphere number of each cell line under the treatment of serum- free 
medium and serum- free medium with CXCL12 added (left), statistical analysis of the fold change of sphere number after culturing with serum- free 
medium containing CXCL12 in each cell line (right). (K,L) Statistical analysis of the soft agar colony number of each cell line under the treatment of 
Ctrl medium and medium containing CXCL12 (left), statistical analysis of the fold change of colony number after culturing with medium containing 
CXCL12 in each cell line (right). All experiments were repeated three times independently. Paired Student’s t- test was used for statistical analysis. 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. ALDH, aldehyde dehydrogenase; CSC, cancer stem cell; Ctrl, control; EHF, E26 transformation- 
specific homologous factor; PCSCs, pancreatic cancer stem cells; PDAC, pancreatic ductal adenocarcinoma; PSC, pancreatic stellate cell; shEHF, short 
hairpin EHF; SSC, side scatter.
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Figure 5 CXCR4 is transcriptionally repressed by EHF in PDAC. (A) Q- PCR on CXCR4 mRNA were performed in indicated cell lines. Actin was 
used as internal control. (B) Western blot on EHF and CXCR4 proteins in indicated cell lines was performed. Representative results are shown. 
(C,D) Percentages of CXCR4+ population in indicated cell lines were determined by flow cytometry. Representative histograms (C, left; D, left) and 
percentage of CXCR4+ population (C, right; D, right) are shown. (E) Western blot on EHF and CXCR4 proteins in harvested mice subcutaneous tumour 
tissues (tumour tissues were from figure 2I). β-Tubulin was used as loading control. Representative results are shown. (F,G) Representative IHC images 
of EHF and CXCR4 expression using human PDAC tissue sections (n=93) (F). Bars, 200 µm. Spearman rank correlation analysis was used to evaluate 
the correlation between tumorous EHF and CXCR4 expression (n=93) (G). The number at the right side of the plots represented the case number. (H,I) 
Single- cell suspensions were made from 39 cases of fresh PDAC tissues and stained with antibodies against CXCR4. Tumorous CXCR4+ cells were 
determined by flow cytometry. Gated on EpCAM+ cells to exclude non- epithelial cells. Representative histograms are shown (H). Spearman correlation 
analysis between EHF IHC score and the proportion of EpCAM+CXCR4+ population are shown (I); n=39, p<0.001. (J) EHF scanned motif logo. (K) 
Predicted EBSs on the human CXCR4 promoter. Position relative to the transcription start site of CXCR4, EBS sequence and corresponding JASPAR 
score. (L) Binding of EHF to the promoter of CXCR4 was determined by chromatin immunoprecipitation. IgG was used as negative control. Anti- RNA 
polymerase Ⅱ was used as positive control. Representative results are shown. (M) PANC-1 (left) and 293 T cells (right) were transfected with either 
vector control or pCDH- EHF in conjunction with the luciferase reporter pGL3- empty vector, pGL3-CXCR4- EBS1- wt or pGL3-CXCR4- EBS1- mut. Results 
were expressed as fold induction relative to that of the corresponding cells transfected with the control vector after normalisation of firefly luciferase 
activity according to Renilla luciferase activity. All experiments were repeated three times independently. Paired Student’s t- test was used for 
statistical analysis. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. EBS, EHF- binding site EHF, EHF, E26 transformation- specific homologous factor; 
IHC, immunohistochemistry; n.s., not significant; PC, positive control; PDAC, pancreatic ductal adenocarcinoma; Q- PCR, quantitative PCR; shEHF, short 
hairpin EHF; wt, wild type.
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decreased the transcription of CXCR4 (PANC-1, p=0.0065; 
293T, p=0.0061) and the mutation of EBS1 substantially abro-
gated the trans- suppression of the CXCR4 promoter induced by 
EHF (PANC-1, p=0.3295; 293T, p=0.4918; figure 5M).

EHF decreases the sensitivity of PDACs to PSC-derived CSC-
supporting stimulus by suppressing CXCR4
BxPC-3- scramble- scramble, BxPC-3- scramble- shCXCR4, 
BxPC-3- shEHF- scramble and BxPC-3- shEHF- shCXCR4 were 
established (online supplemental figure S12A,B) and treated 
with the control medium or PSC- CM to evaluate whether EHF 
decreased the sensitivity of PDACs to PSC- CM stimulus by 
suppressing CXCR4. As we previously observed, EHF deple-
tion with shRNA increased the pro- CSC effects of PSC- CM 
(figure 6A–C). However, knocking down CXCR4 in BxPC-3- 
shEHF cells almost abrogated the effects of PSC- CM treatment 
(figure 6A–C). Similarly, the shRNA depletion of CXCR4 in 
PDAC cells abrogated the abilities of PSC- CM to promote the 
sphere formation of PDAC tumour (figure 6D). In vivo limited 
dilution assay demonstrated that PSC- CM significantly increased 
the CSC frequency in PDAC cells (from 1/779769 to 1/245406), 
and the effects of PSC- CM were dramatically enhanced after 
EHF knockdown (CSC frequency increased from 1/210828 in 
the 1640 group to 1/1443 in the PSC- CM group; figure 6E). 
Strikingly, CXCR4 knockdown abrogated the pro- CSC effects of 
the conditioned medium from PSC (figure 6E). Collectively, our 
data supported that tumorous EHF decreased the sensitivity of 
PDACs to PSC- derived CSC stimulus by suppressing the CXCR4 
expression.

Identification of compounds that induce EHF overexpression
EHF is a promising therapeutic target of PDAC, so 190 
compounds from a drug library in our laboratory were screened 
to determine their effects on regulating the EHF expression 
(online supplemental table S3 and online supplemental figure 
S13A). Among these 190 compounds, 14 could induce the EHF 
overexpression (online supplemental figure S13B). Considering 
the efficacy on the EHF upregulation and the safety profile, we 
chose rosiglitazone as a candidate for further studies. As shown 
in figure 7A,B, rosiglitazone significantly induced the mRNA 
and protein expression of EHF in PDAC cells and PDX- derived 
PDAC cells in a concentration- dependent manner.

PPAR-γ is a ligand- activated nuclear transcription factor. 
Rosiglitazone is a specific PPAR-γ agonist that improves 
glycaemic control and insulin sensitivity in patients with 
diabetes by selectively activating PPAR-γ. Computational anal-
ysis showed two high- confidence PPAR-γ response elements 
(PPREs) corresponding to the promoter regions of EHF in the 
JASPAR database (figure 7C,D). ChIP primers were designed 
to investigate the binding site through the ChIP assay and eval-
uate whether PPAR-γ directly bound to the promoter of EHF. 
As shown in figure 7E, PPAR-γ antibody could precipitate the 
PPRE sequence, which indicated the direct binding of PPAR-γ to 
the EHF promoter. Luciferase analysis showed that rosiglitazone 
significantly increased the transcriptional activity of the EHF 
promoter (p=0.0423), suggesting that rosiglitazone induced the 
EHF overexpression through PPAR-γ activation (figure 7F).

Rosiglitazone inhibits PDAC stemness and suppresses 
the sensitivity to the stemness-promoting stimulus by 
upregulating the EHF expression
As shown in figure 8A,B, rosiglitazone treatment inhibited the 
sphere formation capacity of PDACs and essentially blocked the 

CXCL12- mediated increase in the sphere formation of PDAC 
tumour. This finding suggested that rosiglitazone could be used to 
abrogate CXCL12 and PSC- mediated PDAC CSC self- renewal. 
To rigorously evaluate this hypothesis, we performed in vivo 
limited dilution tumourigenicity assay. As shown in figure 8C, 
rosiglitazone significantly reduced tumour initiation and CSC 
frequency. Moreover, no significant difference in tumour inci-
dence could be observed in the PANC-1- CXCL12- rosiglitazone 
and PANC-1- ctrl- rosiglitazone groups. This result indicated 
that the stemness- promoting effect of CXCL12 was blocked by 
rosiglitazone. We also observed that rosiglitazone significantly 
deceased the percentage of the CXCR4+ population in PDAC 
cells (figure 8D). In the orthotopic BALB/C tumour mouse 
model, the mice in the rosiglitazone group survived significantly 
longer than those in the dimethyl sulfoxide (DMSO) control 
group (p=0.031; figure 8E,F). The normalised BLI in the rosigl-
itazone group was notably lower than that in the DMSO control 
group, suggesting that orthotopic tumour growth was inhib-
ited (figure 8G,H). The harvested tumours from the orthotopic 
mouse model were analysed throughflow cytometry. As shown 
in online supplemental figure S14A, rosiglitazone significantly 
decreased the proportion of ALDH+ cells. Western blot and IHC 
indicated that rosiglitazone increased the expression of EHF and 
decreased the expression of stemness genes (online supplemental 
figure S14B,C).

EHF was knocked out in PANC-1, BxPC-3 and PANC02 
cells via the CRISPR/dCas9 system to determine whether 
rosiglitazone inhibited the stemness of PDACs via the PPAR-
γ-EHF pathway (online supplemental figure S15). As shown 
in figure 8I,J, EHF- KO could abrogate the abilities of rosigli-
tazone to inhibit tumour sphere formation. In the orthotopic 
tumour mouse model (figure 8K–M), rosiglitazone significantly 
reduced the tumour burden in the PANC02- vector group but not 
in the EHF- KO group. Importantly, rosiglitazone could improve 
survival in the vector control group but not in the EHF- KO 
group (figure 8N).

Ibuprofen and allopurinol, two other compounds that upreg-
ulated the EHF expression, could similarly suppress CSC stem-
ness in PDAC (online supplemental figures S16 and S17).

Rosiglitazone sensitises PDAC to gemcitabine therapy in the 
KPC mouse model
Given the role of CSCs in chemotherapy resistance and the func-
tion of rosiglitazone on suppressing PDAC stemness, KPC mouse 
models were used to evaluate the therapeutic effects of gemcit-
abine plus rosiglitazone. When the tumour volumes reached 
20–60 mm3, the KPC mice were randomised into four groups: 
vehicle, GEM, rosiglitazone and GEM plus rosiglitazone groups 
(figure 9A and online supplemental figure S18). Ultrasonic 
imaging showed that the tumour burdens significantly decreased 
in the GEM plus rosiglitazone group compared with those in the 
GEM group alone on day 30 (figure 9B). Consistently, GEM plus 
rosiglitazone reduced the weight of pancreas compared with that 
of GEM monotherapy (figure 9C). The proportion of ALDH+ 
cells significantly decreased when rosiglitazone was administered 
(figure 9D,E). The IHC of ki-67 indicated that GEM plus rosigl-
itazone combination therapy more significantly reduced cancer 
cell proliferation compared with that with GEM monotherapy 
(figure 9F,G). The western blot of pancreatic tumour tissues from 
the KPC mice further confirmed that rosiglitazone could induce 
the expression of EHF and suppress the expression of stemness 
marker genes (figure 9H). Finally, obvious survival benefits were 
observed in the GEM plus rosiglitazone group compared with 
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those in the GEM group (figure 9I). Therefore, rosiglitazone 
suppressed PC stemness and could be used as a new therapeutic 
method in the clinical practice of PDAC treatment (figure 10).

DISCUSSION
CSCs play a significant role in disease recurrence and treat-
ment failure in PC. The crosstalk between CSCs and its niche is 

Figure 6 EHF decreases the sensitivity of PDACs to PSCs derived CSC- supporting stimulus by suppressing CXCR4. (A–C) BxPC-3- scramble/shEHF- 
scramble and BxPC-3- scramble/shEHF- shCXCR4 were cultured with PSC- CM or the Ctrl medium. The percentages of PCSCs in each cell line under each 
treatment are shown; the fold change of the percentage of PCSCs in each cell line after culturing with PSC- CM was calculated: (A) CD24+CD44+ cells, 
(B) ALDH+ cells, (C) CD133 +cells. representative dot plots/ histogram (left), the statistical analysis of CSC percentage of each group (medium) and 
the statistical analysis of the fold change in each cell line (right). (D) Statistical analysis of the sphere number of each cell line under the treatment of 
serum- free medium and serum- free medium with PSC- CM added (left), statistical analysis of the fold change of sphere number after culturing with 
serum- free medium containing PSC- CM in each cell line (right). (E) In vivo limited dilution assay was performed to determine the effects of PSC- CM 
on CSC self- renewal of BxPC-3- scramble/shEHF- scramble and BxPC-3- scramble/shEHF- shCXCR4.Tumour incidence and CSCs probabilities are shown. 
All experiments were repeated three times independently. Paired Student’s t- test was used for statistical analysis. *P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001. ALDH, aldehyde dehydrogenase; CM, conditioned medium; CSC, cancer stem cell; Ctrl, control; EHF, E26 transformation- specific 
homologous factor; n.s., non- significant; PDAC, pancreatic ductal adenocarcinoma; PSC, pancreatic stellate cell; SSC, side scatter.
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essential for stemness maintenance, cancer initiation and progres-
sion.3 28 Seino et al29 revealed that cancer- associated fibroblasts 
transmit a protumourigenic niche signal to PDACs through the 
juxtacrine production of stromal Wnt ligands. Öhlund et al30 
reported that tumour organoids need PSC- secreted ligands for 
surviving. Our study supported that the cytokines IL-6, IL-8 and 
CXCL12 secreted by PSCs significantly increase the cancer stem-
ness of PDAC.30–32 A PSC- derived CSCs niche shows potential 
for applications that promote cancer stemness, so targeting the 
crosstalk between CSCs and PSCs can be an efficient modality 
for the prevention of tumour recurrence.

EHF is a member of a highly diverse ETS superfamily. Our 
group first demonstrated EHF as a tumour suppressor that 
directly inhibits PDAC progression by upregulating E- cadherin 
while downregulating TGF-β1 and GM- CSF.19 20 The role of 
EHF in CSCs regulation was first identified in prostate cancer. 
Albino et al33 reported that EHF directly controls the activity 
of the Lin28/let-7 axis, a key pathway involved in CSC expan-
sion. EHF also represses the expression of the key CSCs genes 
TWIST1, ZEB2, BMI1 and POU5F1.23 Furthermore, the loss of 
EHF leads to the upregulation of IL-6 and the activation of the 
JAK/STAT3 pathway.21 Our data indicated that EHF not only 
plays a cell autonomous role in regulating CSC stemness but also 
has important functions in regulating the sensitivity to a pro- 
CSC stimulus from the PSC niche.

PSCs within the tumour microenvironment represent the 
principal source of CXCL12, which binds to its two receptors, 
CXCR4 and CXCR7, to activate a number of signalling pathways 

in PC cells, such as the PKCα/NFκB, MAPK, PI3K- Akt- mTOR 
and JAK/STAT pathways.34 35 Moreover, Hermann et al6 defined 
a subpopulation of migrating CSCs that are characterised by the 
expression of the CXCR4 receptor and critically involved in 
tumour metastasis. Khan et al16 reported that CXCR4/CXCL12 
and hedgehog signalling pathways mediate the chemoresistance 
of PC cells on coculturing with PSCs. We found that tumorous 
EHF repressed the CXCR4 expression but not the CXCR7 
expression. ChIP and dual- luciferase assays revealed that EHF 
directly bound to the promoter regions of CXCR4 to suppress 
its transcription. Our blocking experiment revealed that EHF 
decreased the sensitivity of cancer cells to the PSC stimulus by 
repressing the CXCR4 expression.

Our findings suggested that restoring the CSC- suppressing 
functions of EHF could be a promising approach in PDAC treat-
ment. Here, we screened 190 compounds from our drug library 
on the basis of their effects on the EHF expression. These 190 
compounds are commonly used drugs in clinical work and easily 
obtained. Rosiglitazone, a high- affinity synthetic agonist for 
nuclear PPAR-γ, was identified as the most potent activator of 
the EHF expression with limited side effects. On activation with 
specific ligands, PPAR-γ binds to PPREs, which then mediate the 
target gene expression.36 Recently, studies have indicated that 
rosiglitazone and related thiazolidinediones may play inhibi-
tory roles in various types of cancer cells, including PC, such 
as enhancing radiosensitivity,37 reducing immune suppression38 
and inhibiting cell invasion and metastasis.39–41 In our current 
work, rosiglitazone- activated PPAR-γ bound to the promoter 

Figure 7 Identification of compounds that induce EHF overexpression. (A,B). PANC-1, BxPC-3 and two primary cancer cell lines PDX1# and PDX2# 
were treated with rosiglitazone(5 and 10 µM, 24 hours). DMSO was used as control. (A) Q- PCR was conducted to detect for EHF mRNA expression. 
(B) Western blot for EHF expression was performed. Representative results are shown. (C) PPAR-γ-scanned motif logo (D) predicted PPREs on the 
human EHF promoter. position relative to the transcription start site of Ehf, PPRE sequences and corresponding JASPAR scores. (E) binding of PPAR-γ 
to the promoter of EHF was determined by chromatin immunoprecipitation. IgG was used as negative control. Anti- RNA PolymeraseⅡwas used 
as positive control. representative results were shown. (F) The promoter activity of EHF after treated with rosiglitazone. PANC-1 transfected with 
either luciferase reporter pGL3- empty vector or wild type pGL3- ESE3/EHF promoter were treated with rosiglitazone(10 µM,24h). Forty-8 hours later, 
cells were collected for dual luciferase assay. results were expressed as fold induction relative to those of the corresponding cells transfected with 
pGL3- empty vector after normalisation of firefly luciferase activity according to Renilla luciferase activity. All experiments were repeated three times 
independently. Paired Student’s t- test was used as statistical analysis. *p<0.05 and **p<0.01. DMSO, dimethyl sulfoxide; EHF, E26 transformation- 
specific homologous factor; PC, positive control; PPRE, PPAR-γ response element; PPAR-γ, peroxisome proliferator- activated receptor gamma;Q- 
PCR,quantitative PCR; TSS, transcriptional start site.

http://gut.bmj.com/


11Zhou T, et al. Gut 2021;0:1–15. doi:10.1136/gutjnl-2020-321952

Pancreas

Figure 8 Rosiglitazone inhibits PDAC stemness and suppresses the sensitivity to the stemness- promoting stimulus by upregulating the EHF 
expression. (A,B) Adherent cells were pretreated with 5 µM rosiglitazone for 48 hours, and then cells were collected and cultured with serum- free 
medium containing 100 ng/mL human recombinant CXCL12 in low- adherent six- well plates. Representative results are shown (PANC-1, A; BxPC-3, 
B). (C) In vivo limiting dilution assays were performed to determine the effects of rosiglitazone on CSC self- renewal of PANC-1 cells with or without 
CXCL12 stimulus. Tumour incidences and CSCs probabilities are shown. (D) Rosiglitazone reduced the percentage of CXCR4+ population (5 µM, 24 
hours). representative results are shown. (E) Schematic illustration for in vivo rosiglitazone therapeutic experiment in an orthotopic mice model. (F) 
Kaplan- Meier survival curves with log- rank test (PANC02- DMSO vs PANC02- rosiglitazone p=0.031). (G,H) Representative bioluminescent images 
of two groups on days 7 and 21 after tumour implantation (G). Statistical analysis of the fold change of BLI after drug treatment (BLI on day 21 
to BLI on day 7; H) (n=8 per group). (I,J) Adherent PDAC- vector/EHF- KO cells were pretreated with 5 µM rosiglitazone for 48 hours; and then cells 
were collected and cultured with serum- free medium with or without 100 ng/mL human recombinant CXCL12 in low- adherent six- well plates for 
the following sphere formation assays. Sphere number analysis was shown (PANC-1, I; BxPC-3, J). (K) Schematic illustration for in vivo rosiglitazone 
therapeutic experiment using PANC02- vector/EHF- KO cell lines in an orthotopic mice model. (L,M) Representative bioluminescent images of the 
two groups on days 7 and 21 after tumour implantation are shown (L). Statistical analysis of the fold change of BLI after drug administration (BLI 
on day 21 to BLI on day 7, M) (n=8 per group). (N) Kaplan- Meier survival curves with log- rank test were used to analyse the different effect after 
treating with DMSO and rosiglitazone. All experiments were repeated three times independently. Paired Student’s t- test was used for statistical 
analysis for in vitro experiments and unpaired Student’s t- test was used for animal experiments. *P<0.05, **P<0.01, ***P<0.001, ****P<0.001. BLI, 
bioluminescent intensity; CSC, cancer stem cell; DMSO, dimethyl sulfoxide; EHF, E26 transformation- specific homologous factor; KO, knock out; n.s., 
non- significance; PDAC, pancreatic ductal adenocarcinoma.
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Figure 9 Rosi sensitises PDAC to gemcitabine therapy in theE KPC mouse model. (A) Experimental design programme. (B) Representative 
ultrasound images of KPC mice treated with vehicle (n=6), GEM (n=6), Rosi (n=6) and GEM+Rosi (n=6) at day 30 after drug treatment (left). 
Pancreatic T, P, S, K and D. Statistical analysis for the fold change of pancreatic T volumes measured by ultrasound system at day 30 after drug 
treatment (volumes in day 0 were used as baseline) (right). (C) Representative macroscopic images of pancreatic T in KPC mice treated with vehicle, 
GEM, Ros and GEM+Rosi after sacrifice (left). Statistical analysis for P weight of KPC mice from different groups (right). (D) Rosi reduced the 
percentage of ALDH+ population in PDAC in the KPC model. PI was used to exclude dead cells; CD45 was used to exclude leucocytes; and DEAB 
was used as negative control. Representative dot plots (left) and statistical analysis (right) are shown. (E) Representative images of H&E slides 
from tumours of four groups. Scale bars: 200 µm. (F) Representative images of KPC pancreatic tumour IHC for Ki-67 staining. Scale bars: 400 µm. 
(G) Statistical analysis for percentage of Ki-67- positive cells in different groups. (H) Protein expression of EHF and stemness markers (SOX9, Sox2, 
Nanog and Oct4) were detected in pancreatic T tissues of KPC mice by western blot. Tubulin was used as loading control. Representative results are 
shown. (I) Kaplan- Meier survival curves with log- rank test for KPC mice treated with vehicle (n=8), GEM (n=8), Rosi (n=8) and GEM+Rosi (n=8). The 
mouse experiments were repeated three times independently, and non- paired Student’s t- test was used for statistical analysis. *P<0.05, **P<0.01, 
***P<0.001, ****P<0.0001. ALDH, aldehyde dehydrogenase; D, duodenum; DEAB, diethylamino benzaldehyde; EHF, E26 transformation- specific 
homologous factor; GEM, gemcitabine; K, kidney; OS, overall survival; P, pancreas; PDAC, pancreatic ductal adenocarcinoma; PI, propidium Iodide; 
Rosi, rosiglitazone; S, spleen; SSC, side scatter; T, tumour.
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region of EHF and upregulated its expression. In vivo and in 
vitro studies demonstrated that rosiglitazone decreased the sensi-
tivity of PDAC to PSCs’ stimulus and inhibited tumour stemness 
properties by inducing tumorous EHF expression. Our results 
suggested that the effects of rosiglitazone on EHF upregulation 
could be translated into the development of targeted therapy 
against cancer stemness.

Our study first reported that EHF suppressed cancer stemness 
from intrinsic and extrinsic pathways. For the intrinsic pathway, 
EHF repressed the expression of SOX9, SOX2, OCT4 and 
Nanog. For the extrinsic pathway, EHF decreased the sensitivity 
of PDACs to the stimulus from the PSC- derived CSC- supportive 
niche by negatively regulating the tumorous CXCR4 expres-
sion. Conceivably, rosiglitazone could be used to target pancre-
atic stem cells and the crosstalk between CSCs and its niche by 
upregulating EHF.

MATERIALS AND METHODS
Patient and sample collection
A total of 93 sequential PDAC tissues were retrospectively 
collected from patients who received radical surgery R0 resection 
at the Tianjin Medical University Cancer Institute and Hospital 
from July 2011 to January 2015. The follow- up rate was 100% 
until the last follow- up on 23 October 2019. Then, 39 consec-
utive cases of fresh PDAC tissues were prospectively collected 
during operation from January 2018 to November 2019.

Primary human PC cells
Human pancreatic tumours were obtained during surgery with 
written informed consent from all the patients. Low- passage 
(<10 passages) primary cancer cells were used for later experi-
ments. Information of patients and cellular genomic background 
was listed in online supplemental tables S4, S5.

Cell culture and transfection
The PC cell lines PANC-1, MiaPaca-2, BxPC-3, SW1990 and 
PANC02 were maintained as previously described.20 42 The 
human PSCs were set up as reported by Jesnowski et al.43 
PDAC- vector, PDAC- EHF, PDAC- scramble and PDAC- shEHF 
were established as previously described, and related sequence 
information is listed in online supplemental table S6.20 Myco-
plasma contamination was excluded in these cell lines. The cells 
were cultured at 37°C in a humidified atmosphere of 95% air 
and 5% CO2 with Dulbecco’s Modified Eagle Medium (DMEM) 
and Roswell Park Memorial Institute-1640 (RPMI-1640) basic 
medium supplemented with 10% fetal bovine serum (FBS) as a 
medium.

Animals
Female NOD/SCID, BALB/C nude and KPC mouse models (4–6 
weeks old) were used. All the mice were maintained in specific 
pathogen- free conditions.

In vivo tumourigenicity assay
The cohorts of NOD/SCID mice were randomised into different 
groups. In each group, cancer cells at different dilutions were 
subcutaneously injected into the contralateral flanks of the 
NOD/SCID mice. Stem cell frequency was calculated via the 
website (http:// bioinf. wehi. edu. au/ software/ elda/).

Orthotopic mouse model
The cohorts of BALB/C nude mice were randomised into 
different groups. An orthotopic model was established using 
5×105 luciferase- expressing PDAC tumour cells. Tumour growth 
was analysed through BLI.

KPC mouse model and preclinical animal cohorts
LSL- KrasG12D/+, LSL- Trp53R172H/+ and Pdx1- Cre mouse models 
were were generated in- house. Primers and PCR conditions for 
genotyping were listed in online supplemental tables S7, S8. 
Preclinical studies were conducted with a KPC mouse model.

Immunohistochemistry (IHC) and multiplex fluorescent IHC
IHC score was determined by two independent pathologists 
who were blinded to the patients’ clinicopathological features 
and prognosis. For multiplex fluorescent IHC, stained tissues 
were scanned and captured using a Vectra Polaris system (Perki-
nElmer). Images captured were analysed using the inForm cell 
analysis software (PerkinElmer).

Flow cytometry
Primary pancreatic cells, PC cell lines and cells from tumour 
tissue digestions were stained with anti- hCD133, anti- hCD24, 
anti- hCD44, anti- ESA, anti- hCXCR4 or appropriate control 
antibodies. Detailed information of antibodies used is listed in 
online supplemental table S9. The ALDH activity was detected 
with ALDEFLUOR kits. Isotype controls were used as negative 
controls. Data were analysed using FlowJo V.10.0.

Reverse transcription PCR (RT-PCR)
The total RNA of the cells was extracted with TRizol and 
converted to cDNAs by using an RT- PCR system. Then, real- 
time fluorescent Q- PCR was conducted to analyse the cDNA 
levels. Related primers are listed in online supplemental table 
S10.

Figure 10 Schematic of the research. ESE3/EHF regulated PDAC CSCs 
property through cell- intrinsic and extrinsic pathway. Rosiglitazone 
suppressed PC stemness and inhibited the cross- talk between PC 
and PSCs by upregulating ESE3/EHF. CSC cancer stem cell; EHF, E26 
transformation- specific homologous factor; PC, positive control; PDAC, 
pancreatic ductal adenocarcinoma; PPAR-γ, peroxisome proliferator- 
activated receptor gamma; PSC, pancreatic stellate cell.
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Western blot
Target proteins were detected through western blot with primary 
antibodies as follows: anti- EHF, anti- Sox9, anti- Sox2, anti- 
Nanog, anti- Oct4, anti- CXCR4, anti- E- cadherin, anti- CK19, 
anti- CAII and anti- tubulin.

Anchorage-independent growth assay
Each six- well plate was coated with 1 mL of bottom agar, and 
5000 cells were suspended in 1 mL of the top agar. Cells were 
incubated for 21 days, and colonies were analysed.

Sphere formation assay
Cells (5000 cells/mL) were cultured in ultralow adhesion plates in 
a serum- free medium. After the cells were cultured for 2 weeks, 
tumour spheres with a diameter of >75 µm were counted.

ChIP and luciferase analysis
ChIP assays were performed using a ChIP kit. The immunopre-
cipitated products were detected through PCR assays. Luciferase 
analysis was performed on the basis of the binding sites identi-
fied through ChIP analysis. Related sequences are listed in online 
supplemental table S11.

Preparation of PSC-CM
PSCs were grown to 70%–80% confluence in 10 cm dishes in 
complete culture media. Then, the medium was replaced with 
FBS- free DMEM/F12 (1:1), and the cells were cultured for addi-
tional 48 hours.

Stimulation of PSC-CM/CXCL12
For in vitro studies, PSC- CM was added to the culture medium 
at a ratio of 1:1, and CXCL12 was added to the culture system at 
a final concentration of 100 ng/mL. For in vivo studies, 200 µL 
of PSC- CM or 200 µL of CXCL12 was intratumourally injected 
three times a week.

Treatment of rosiglitazone
For in vitro studies, adherent PDAC cells were pretreated with 
5 µM rosiglitazone for 48 hours and were collected for further 
experiments. For in vivo tumourigenicity studies, rosiglitazone 
(100 mg/kg/day) was peritumorously injected three times a 
week. For orthotopic tumour models, rosiglitazone (100 mg/kg/
day) was injected intraperitoneally three times a week.

Statistical analysis
Statistical analysis was performed with IBM SPSS Statistics 
V.21.0. Each experiment was conducted in triplicate, and data 
were presented as mean±SD unless otherwise stated. The vari-
ance between the groups was statistically compared. Student’s t 
test was conducted to compare the mean values. Kaplan–Meier 
curves were analysed for median survival. A log- rank test was 
carried out to analyse the differences in survival times among the 
patient subgroups. *P<0.05, **P<0.01 and ***P<0.001 indi-
cated significant differences, and n.s. meant non- significant. See 
online supplemental Methods for details.
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Supplementary figure 1. (A) The objective quantified method for EHF. Mean nucleus 

intensity of EHF, positive rate of EHF and EHF staining grade were quantified by 

PerkinElmer Advanced Image Analysis Software-in Form 2.4 Viewer. Tumor areas were 

manually outlined to exclude stromal nuclei. Nuclei, cytoplasm and membrane were 

segmented and DAPI was used to identify nuclei. (B) Single cell suspensions were 

prepared from 18 cases of fresh PDAC tissues and CD133+ population were detected by 

flowcytometry. Anti-CD133 antibody (Miltenyi Biotec) was used. Representative histograms 

were shown (left) and Spearman correlation analysis between EHF IHC score and the 

proportions of CD133+ cells (right); n=18, P<0.01. (C-D) Prognostic significance of CD133+  

PCSCs for overall survival (C) and recurrence free survival (D) in a series of 93 cases of 

PDAC. Kaplan-Meier OS and RFS for different levels of CD133+ PCSCs accumulation 

based on the log-rank statistic test. (E-F) Prognostic significance of ALDH1+ PCSCs for 

overall survival (E) and recurrence free survival (F) in a series of 93 cases of PDAC. 

Kaplan-Meier OS and RFS for different levels of ALDH1+ PCSCs accumulation based on 

the log-rank statistic test.  
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Supplementary table1: Correlation of ESE3/EHF expression to clinicopathological 

features in PDAC. 

  ESE3(n)    

Parameters  low high χ2 P r 

Age(years) <60 33 16 0.205 0.601 0.042 

 ≥60 30 14    

Gender Male 35 12 0.106 0.435 0.032 

 Female 36 10    

Histological 

grade 

G1, G2 45 20 5.472 0.020a -0.324 

 G3 25 3    

p TNM stage IA, IB 33 19 3.276 0.031a -0.137 

 IIA, IIB 28 13    

Tumor size T1≤3.5cm 25 22 2.725 0.231 -0.456 

 T2>3.5cm 30 16    

LN metastasis N0 25 24 5.782 0.075 -0.443 

 N1 30 14    

Note: Data was based on IHC assay. Statistical data on EHF expression in relation to clinic- 

histopathologic features for surgical PDAC specimens. P values were calculated using the 

chi-square test. a Statistically significant (P<0.05). b Here EHF expression was divided into 

high-EHF and low-EHF according to staining scores.   
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Supplementary table2: Univariate and multivariate Cox proportional hazards 

analysis of clinicopathological factors for median overall survival and relapse free 

survival. 

 Overall survival Relapse free survival  

Variables     

Univariate analysis HR (95.0% CI) P HR (95.0% CI) P 

Age 0.989(0.631-1.550) 0.962 1.108(0.707-1.737) 0.655 

Gender 0.934(0.606-1.438) 0.756 1.008(0.654-1.552) 0.973 

Differentiation 0.762(0.451-1.287) 0.031a 0.710(0.420-1.199) 0.020a 

Tumor size 1.582(1.007-2.487) 0.046a 1.589(1.011-2.507) 0.045a 

p TNM stage 2.493(1.602-3.891) 0.000a 2.439(1.550-3.830) 0.000a 

LN metastasis 0.862(0.505-1.472) 0.586 0.781(0.457-1.335) 0.366 

EHF expression 0.253(0.156-0.409) 0.000a 0.268(0.164-0.437) 0.002a 

Multivariate analysis     

Differentiation 0.571(0.332-0.982) 0.043a 0.581(0.551-1.579) 0.049a 

p TNM stage 1.886(1.094-3.251) 0.022a 2.099(1.209-3.645) 0.008a 

EHF expression 0.274(0.161-0.495) 0.000a 0.303(0.180-0.509) 0.000a 

NOTE: Data was based on IHC assay. EHF staining score was determined by two 

independent pathologists who were blinded to the patients’ clinical features and outcomes. 

Multivariate Cox proportional hazards analysis used backward selection model. 

Abbreviations: HR, hazard ratio; CI, confidence interval; LN, lymph node. a Statistically 

significant (P<0.05).  
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Supplementary table4: detailed information of two patients whose specimens were 

used for isolation of primary cancer cells.  

 Patient1# Patient2# 

Primary cell name PDX1# PDX2# 

Gender male female 

age 65 64 

Date of admission 2016-03-23 2016-11-09 

Date of operation 2016-04-06 2016-11-28 

Date of recurrence 2016-12-05 2017-09-02 

Date of death 2017-03-02 2017-12-05 

Surgical option pancreaticoduodenectomy pancreaticoduodenectomy 

Pathological diagnosis PDAC PDAC 

Histologic grade G2 G2 

Tumor size 3.0cm 4.0cm 

LN metastasis yes yes 

Vessel invasion yes yes 

Nerve invasion yes yes 
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Supplementary table5: Genomic background of two primary cancer cells PDX1# and 

PDX2#. 

Sample 
Gene 

name 
Spliced variant Function Mutation type AA change 

PDX1# 

KRAS 
NM_004985,NM_03336

0 
exonic missense SNV 

KRAS:NM_004985:exon2:c.G3

5C:p.G12A,KRAS:NM_033360:

exon2:c.G35C:p.G12A 

TP53 

NM_000546,NM_00112

6112,NM_001126113,N

M_001126114,NM_0011

26115,NM_001126116,

NM_001126117,NM_00

1126118,NM_00127669

5,NM_001276696,NM_

001276697,NM_001276

698,NM_001276699,N

M_001276760,NM_001

276761 

exonic missense SNV 

TP53:NM_001126115:exon3:c.

G347A:p.R116Q,TP53:NM_001

126116:exon3:c.G347A:p.R116

Q,TP53:NM_001126117:exon3:

c.G347A:p.R116Q,TP53:NM_0

01276697:exon3:c.G266A:p.R8

9Q,TP53:NM_001276698:exon

3:c.G266A:p.R89Q,TP53:NM_0

01276699:exon3:c.G266A:p.R8

9Q,TP53:NM_001126118:exon

6:c.G626A:p.R209Q,TP53:NM_

000546:exon7:c.G743A:p.R248

Q,TP53:NM_001126112:exon7:

c.G743A:p.R248Q,TP53:NM_0

01126113:exon7:c.G743A:p.R2

48Q,TP53:NM_001126114:exo

n7:c.G743A:p.R248Q,TP53:NM

_001276695:exon7:c.G626A:p.

R209Q,TP53:NM_001276696:e

xon7:c.G626A:p.R209Q,TP53:

NM_001276760:exon7:c.G626

A:p.R209Q,TP53:NM_0012767

61:exon7:c.G626A:p.R209Q 

SMAD4 NM_005359 Intronic mutation 

P16 No mutation was found 

PDX2# 

KRAS 
NM_004985,NM_03336

0 
exonic missense SNV 

KRAS:NM_004985:exon2:c.G3

5A:p.G12D,KRAS:NM_033360:

exon2:c.G35A:p.G12D 

TP53 

NM_000546,NM_00112

6112,NM_001126115,N

M_001126118,NM_001

276697,NM_001276760

,NM_001276761 

exonic missense SNV 

TP53:NM_001126115:exon6:c.

G683C:p.G228A,TP53:NM_001

276697:exon6:c.G602C:p.G201

A,TP53:NM_001126118:exon9:

c.G962C:p.G321A,TP53:NM_0

00546:exon10:c.G1079C:p.G36

0A,TP53:NM_001126112:exon1

0:c.G1079C:p.G360A,TP53:NM

_001276760:exon10:c.G962C:p
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.G321A,TP53:NM_001276761:

exon10:c.G962C:p.G321A 

TP53 

NM_000546,NM_00112

6112,NM_001126113,N

M_001126114,NM_0011

26115,NM_001126116,

NM_001126117,NM_00

1126118,NM_00127669

5,NM_001276696,NM_

001276697,NM_001276

698,NM_001276699,N

M_001276760,NM_001

276761 

exonic stopgain 

TP53:NM_001126115:exon2:c.

C241T:p.R81X,TP53:NM_0011

26116:exon2:c.C241T:p.R81X,T

P53:NM_001126117:exon2:c.C

241T:p.R81X,TP53:NM_001276

697:exon2:c.C160T:p.R54X,TP

53:NM_001276698:exon2:c.C1

60T:p.R54X,TP53:NM_0012766

99:exon2:c.C160T:p.R54X,TP5

3:NM_001126118:exon5:c.C52

0T:p.R174X,TP53:NM_000546:

exon6:c.C637T:p.R213X,TP53:

NM_001126112:exon6:c.C637T:

p.R213X,TP53:NM_001126113:

exon6:c.C637T:p.R213X,TP53:

NM_001126114:exon6:c.C637T:

p.R213X,TP53:NM_001276695

:exon6:c.C520T:p.R174X,TP53:

NM_001276696:exon6:c.C520T

:p.R174X,TP53:NM_00127676

0:exon6:c.C520T:p.R174X,TP5

3:NM_001276761:exon6:c.C52

0T:p.R174X 

SMAD4 NM_005359 exonic stopgain 
SMAD4:NM_005359:exon3:c.C

403T:p.R135X 

SMAD4 NM_005359 Intronic mutation 

P16 No mutation was found 
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Supplementary table6: shRNA sequences for stable knockdown cell lines 

Human 

EHF 

shRNA1 

(most 

efficient) 

Top: 

ccggGCCAATTGTATCCCTTTCCAACTCGAGTTGGAAAGGGATACAATTG

GCttttt 

Bottom: 

aattaaaaaGCCAATTGTATCCCTTTCCAACTCGAGTTGGAAAGGGATACA

ATTGGC 

Human 

EHF 

shRNA2 

Top: 

ccggGGGAGTTCATCCGAGACATTCCTCGAGGAATGTCTCGGATGAACT

CCCttttt 

Bottom: 

aattaaaaaGGGAGTTCATCCGAGACATTCCTCGAGGAATGTCTCGGATG

AACTCCC 

Human 

EHF 

shRNA2 

Top: 

ccggAGTCCGCACACAATGTCATTGCTCGAGCAATGACATTGTGTGCGG

ACttttt 

Bottom: 

aattaaaaaAGTCCGCACACAATGTCATTGCTCGAGCAATGACATTGTGTG

CGGAC 

Human 

CXCR4 

shRNA1 

 

Top 

ccggCCATCATCTTCTTAACTGGCAttttt 

 

Bottom 

aattaaaaaCCATCATCTTCTTAACTGGCA 

 

Human 

CXCR4 

shRNA2 

(most 

efficient） 

 

 

Top 

ccggCCTGCTATTGCATTATCATCTttttt 

 

Bottom 

aattaaaaaCCTGCTATTGCATTATCATCT 

 

Human 

CXCR4 

shRNA 

3 

Top 

ccggGGAGAGTTGTAGGATTCTACA ttttt 

 

Bottom 

aattaaaaaGGAGAGTTGTAGGATTCTACA 
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Supplementary table7: Primers used for genotyping of KPC mice model 

Primer name Sequence(5’-3’) 
Trp53-primer1 CTT GGA GAC ATA GCC ACA CTG 

Trp53-primer2 AGC TAG CCA CCA TGG CTT GAG TAA GT 

Trp53-primer3 CAA CTG TTC TAC CTC AAG AGC C 

Kras-primer1 GTC TTT CCC CAG CAC AGT GC 

Kras-primer2 CTC TTG CCT ACG CCA CCA GCT C 

Kras-primer3 AGC TAG CCA CCA TGG CTT GAG TAA GTC TGC A 

Pdx1-Cre-internal positive 

control forward 

AGA TGG AGA AAG GAC TAG GCT ACA 

Pdx1-Cre-internal positive 

control reverse 

CTG TCC CTG TAT GCC TCT GG 

Pdx1-Cre-transgene 

forward 

CCT GGA CTA CAT CTT GAG TTG C 

Pdx1-Cre-transgene 

reverse 

AGG CAA ATT TTG GTG TAC GG 
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Supplementary table8: PCR procedure for genotyping of KPC mice model 

Trp53 

Step1: 94℃ 3min; 

Step2: 94℃ 1min, 60℃ 30s, 72℃ 30s (34 repeats for step2); 

Step3: 72℃ 5min; 

End. 

Kras 

Step1: 94℃ 5min; 

Step2: 94℃ 30s, 61℃ 30s, 72℃ 30s (34 repeats for step2); 

Step3: 72℃ 10min; 

End. 

Pdx1-Cre 

Step1: 94℃ 3min; 

Step2: 94℃ 30s, 65℃ 1min(-0.5℃ per cycle decrease), 68℃ 30s (10 

repeats for step2); 

Step3: 94℃ 30s; 

Step4: 94℃ 30s, 60℃ 1min, 72℃ 30s (28 repeats for step4); 

Step5: 72℃ 5min; 

End. 
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Supplementary table9: Antibodies used in this study 

Antibodies name Dilution Source Cat # 

Anti-human EHF antibody (for 

WB) 

1:5000 LSBio LS-B11884 

Anti-human EHF antibody (for 

IHC and Ch-IP) 

1:1000 abcam ab220113 

Anti-human Sox9 antibody (for 

WB and IHC) 

1:1000 abcam ab185230 

Anti-human Sox2 antibody (for 

WB and IHC) 

1:1000 Proteintech 66411-1-Ig 

Anti-human Nanog antibody (for 

WB and IHC) 

1:1000 abcam ab109250 

Anti-human Oct4 antibody (for 

WB and IHC) 

1:1000 abcam ab18976 

Anti-human CXCR4 antibody (for 

WB and IHC) 

1:1000 abcam ab124824 

Anti-human CD133 antibody (for 

mIHC)  

1:100 Miltenyi Biotec 130-118-143 

Anti-human tubulin antibody (for 

WB) 

1:5000 abmart M20005 

Anti-human ALDH1 antibody (for 

mIHC) 

1:1000 BD 611194 

Anti-human PPARγ antibody (for 

Ch-IP) 

1:10 abcam ab45036 

Anti-human carbonic anhydrase2 

antibody (for WB) 

1:1000 abcam ab124687 

Anti-human CK19 antibody (for 

WB) 

1:1000 abcam ab7755 

Anti-human E-cadherin antibody 

(for WB) 

1:1000 abcam ab1416 

PE/Cy7 anti-human EpCAM 

antibody (for FCM) 

5μl/test Biolegend 324222 

FITC anti-human CD24 antibody 

(for FCM) 

5μl/test Biolegend 101805 

PE anti-human CD24 antibody 

(for FCM) 

5μl/test Biolegend 311106 

APC anti-human CD44 antibody 

(for FCM) 

5μl/test Biolegend 338806 

APC/Cy7 anti-human CXCR4 

antibody (for FCM) 

5μl/test Biolegend 306528 

PE anti-human CD133 antibody 

(for FCM) 

5μl/test Biolegend 372804 

Anti-human IL6 antibody (for 

neutralizing) 

5μg/ml R&D MAB206 
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Ant-human IL8 antibody (for 

neutralizing) 

5μg/ml R&D MAB208 

Anti-human GRO antibody (for 

neutralizing) 

5μg/ml R&D AF275 

Anti-human CSF2 antibody (for 

neutralizing) 

5μg/ml R&D MAB215 

Anti-human MCP1 antibody (for 

neutralizing) 

5ug/ml R&D MAB279 

Anti-human PDGF antibody (for 

neutralizing) 

5μg/ml R&D AF-220-NA 

Anti-human CXCL12/SDF-1 

antibody (for neutralizing) 

5μg/ml R&D MAB310 

Anti-human activin-A antibody 

(for neutralizing) 

5μg/ml R&D AF338 

Anti-human periostin antibody 

(for neutralizing) 

5μg/ml R&D MAB35483 

Anti-human CTGF antibody (for 

neutralizing) 

5μg/ml Fibrogen FG-3019 

Anti-human endothelin antibody 

(for neutralizing) 

5μg/ml R&D MAB34401 

Mouse IgG1 isotype control(for 

matching with  anti-IL6, anti-IL8, 

anti-CXCL12, anti-CSF-2, anti-

MCP1, anti-periostin, anti-CTGF 

and anti-endothelin) 

5μg/ml R&D MAB002 

Polyclonal Goat IgG isotype 

control (for matching with anti-

GRO, anti-PDGF, anti-activin-A)  

5μg/ml R&D AB-108-C 
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Supplementary table10: Primers used for RT-PCR and Ch-IP in this study 

Gene name Forward  Reverse 

h EHF TGCAGCATCTGAAGTGGA

AC 

AGGAAGGTGACTGGTGGTTG 

hSox9 GCTCTGGAGACTTCTGAA

CGA 

CCGTTCTTCACCGACTTCCT 

hSox2 ACACCAATCCCATCCACAC

T 

GCAAACTTCCTGCAAAGCTC 

h Nanog TTCCTTCCTCCATGGATCT

G 

ATCTGCTGGAGGCTGAGGTA 

hOct4 GAAGGATGTGGTCCGAGT

GT 

GTGAAGTGAGGGCTCCCATA 

hCXCR4 GAACCCTGTTTCCGTGAA

GA 

AGGGAAGCGTGATGACAAAG 

hCXCR7 CAAAACAGGGCTCACCAA

GC 

GCCGGTACAAAACACCACAC 

h Actin ACCCTGAAGTACCCCATC

GAG 

AGCACAGCCTGGATAGCAAC 

 

EHFCh-IP-Sox9-1 AGAGCCCTGGATACGAAG TCCCAAATAAACGCACAG 

EHFCh-IP-Sox9-2 GCCGATTCACCACAACAA GCACCACCGCAGACAAAA 

EHFCh-IP-Sox2-1 GCGTGGGAGGGAGTTTGT AGAAGGGTTTCGGTCGTG 

EHFCh-IP-Nanog-1 CCCACTTAACAAACTGTGC 

 

TCCTTCCTATTCCCAAAC 

 

EHFCh-IP-Nanog-2 TTGAATGTTGGGTTTGGG 

 

TAGGGTGATTTCTTGATTTGA

G 

 

EHFCh-IP-Oct4-1 GCATTCCGTTGGCTATTC GGGCAGCTCTAACCCTAAA 

EHFCh-IP-CXCR4-

1 

GGGATGTCTTGGAGCGAG

TT 

CCCTCTGCCTACTGTGCTG 

PPAR γ Ch-IP-EHF-

1 

GGTTAATCTCAGGCAATG AGACAAATCAGGCACAAC 

PPAR γ Ch-IP-EHF-

2 

ACAGTCACCACCAAATCA TAAGCAATAAGCCACCAA 
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Supplementary table11: Sequence of the vectors for luciferase analysis 

CXCR4 promoter-EBS1-wt (yellow region stands for EBS1-wt sequence)  

tcccccaccccgccttctccctccccgccccagcggcgcatgcgccgcgctcggagcgtgtttttataaaagt

ccggccgcggccagaaacttcagtttgttggctgcggcagcaggtagcaaagtgacgccgagggcctgagtgc

tccagtagccaccgcatctggagaaccagcggttaccatggaggggatcagtgtaagtccagtttcaacctgc

tttgtcataaatgtacaaacgtttgaacttagagcgcagcccctctccgagcgggcagaagcggccaggacat

tggaggtacccgtactccaaaaaagggtcaccgaaaggagttttcttgaccatgcctatatagtgcgggtggg

tggggggggagcaggattggaatctttttctctgtgagtcgaggagaaacgactggaaagagcgttccagtgg

ctgcatgtgtctcccccttgagtcccgccgcgcgcggcggcttgcacgctgtttgcaaacgtaagaacattct

gtgcacaagtgcagagaaggcgtgcgcgctgcctcgggactcagaccaccggtctcttccttggggaagcggg

gatgtcttggagcgagttacattgtctgaatttagaggcggagggcggcgtgcctgggctgagttcccaggag

gagattgcgcccgctttaacttcggggttaagcgcctggtgactgttcttgacactgggtgcgtgtttgttaa

actctgtgcggccgacggagctgtgccagtctcccagcacagtaggcagagggcgggagaggcgggtggaccc

accgcgccgatcctctgaggggatcgagtggtggcagcagctaggagttgatccgcccgcgcgctttgggttt

gagggggaaaaccttcccgccgtccgaagcgcgcctcttccccacggccgcgagtgggtcctgcagttcgaga

gtttggggtcgtgcagaggtcagcggagtggtttgacctcccctttgacaccgcgcagctgccagccctgaga

tttgcgctccggggataggagcgggtacggggtgaggggcgggggcggttaagaccgcacctgggctgccagg

tcgccgccgcgaagactggcaggtgcaagtggggaaaccgtttggctctctccgagtccagttgtgatgttta

accgtcggtggtttccagaaaccttttgaaaccctcttgctagggagtttttggtttcctgcagcggcgcgca

attcaaagacgctcgcggcggagccgcccagtcgctccccagcaccctgtgggacagagcctggcgtgtcgcc

cagcggagcccctgcagcgctgcttgcgggcggttggcgtgggtgtagtgggcagccgcggcggcccggggct

ggacgacccggccccccgcgtgcccaccgcctggaggcttccagctgcccacctccggccgggttaactggat

cagtggcggggtaatgggaagccacccgggagagtgaggaaatgaaacttggggcgaggaccacgggtgcaga

ccccgttaccttctccacccaggaaaatgccccgctccctaacgtcccaaacgcgccaagtgataaacacgag

gatggcaagagacccacacaccggaggagcgcccgcttgggggaggaggtgccgtttgttcattttctgacac

tcccgcccaatataccccaagcaccgaagggccttcgttttaagaccgcattctctttacccactacaagt 

tgcttgaagcccagaatggtttgtatttaggcaggcgtgggaaaattaagtttttgcgctttaggagaatgag

tctttgcaacgcccccgccctccccccgtgatcctcccttctcccctcttccctccctgggcgaaaaacttct

tacaaaaagttaatcactgcccctcctagcagcacccaccccaccccccacgccgcctgggagtggcctcttt

gtgtgtattttttttttcctcctaaggaagg 

CXCR4 promoter-EBS1-mut (yellow region stands for EBS1-mut sequence) 

Tcccccaccccgccttctccctccccgccccagcggcgcatgcgccgcgctcggagcgtgtttttataaaagt

ccggccgcggccagaaacttcagtttgttggctgcggcagcaggtagcaaagtgacgccgagggcctgagtgc

tccagtagccaccgcatctggagaaccagcggttaccatggaggggatcagtgtaagtccagtttcaacctgc

tttgtcataaatgtacaaacgtttgaacttagagcgcagcccctctccgagcgggcagaagcggccaggacat

tggaggtacccgtactccaaaaaagggtcaccgaaaggagttttcttgaccatgcctatatagtgcgggtggg

tggggggggagcaggattggaatctttttctctgtgagtcgaggagaaacgactggaaagagcgttccagtgg

ctgcatgtgtctcccccttgagtcccgccgcgcgcggcggcttgcacgctgtttgcaaacgtaagaacattct

gtgcacaagtgcagagaaggcgtgcgcgctgcctcgggactcagaccaccggtctcttccttggggaagcggg

gatgtcttggagcgagttacattgtctgaatttagaggcggagggcggcgtgcctgggctgagttcccaggag

gagattgcgcccgctttttttttttttttaagcgcctggtgactgttcttgacactgggtgcgtgtttgttaa

actctgtgcggccgacggagctgtgccagtctcccagcacagtaggcagagggcgggagaggcgggtggaccc

accgcgccgatcctctgaggggatcgagtggtggcagcagctaggagttgatccgcccgcgcgctttgggttt

gagggggaaaaccttcccgccgtccgaagcgcgcctcttccccacggccgcgagtgggtcctgcagttcgaga
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gtttggggtcgtgcagaggtcagcggagtggtttgacctcccctttgacaccgcgcagctgccagccctgaga

tttgcgctccggggataggagcgggtacggggtgaggggcgggggcggttaagaccgcacctgggctgccagg

tcgccgccgcgaagactggcaggtgcaagtggggaaaccgtttggctctctccgagtccagttgtgatgttta

accgtcggtggtttccagaaaccttttgaaaccctcttgctagggagtttttggtttcctgcagcggcgcgca

attcaaagacgctcgcggcggagccgcccagtcgctccccagcaccctgtgggacagagcctggcgtgtcgcc

cagcggagcccctgcagcgctgcttgcgggcggttggcgtgggtgtagtgggcagccgcggcggcccggggct

ggacgacccggccccccgcgtgcccaccgcctggaggcttccagctgcccacctccggccgggttaactggat

cagtggcggggtaatgggaagccacccgggagagtgaggaaatgaaacttggggcgaggaccacgggtgcaga

ccccgttaccttctccacccaggaaaatgccccgctccctaacgtcccaaacgcgccaagtgataaacacgag

gatggcaagagacccacacaccggaggagcgcccgcttgggggaggaggtgccgtttgttcattttctgacac

tcccgcccaatataccccaagcaccgaagggccttcgttttaagaccgcattctctttacccactacaagt 

tgcttgaagcccagaatggtttgtatttaggcaggcgtgggaaaattaagtttttgcgctttaggagaatgag

tctttgcaacgcccccgccctccccccgtgatcctcccttctcccctcttccctccctgggcgaaaaacttct

tacaaaaagttaatcactgcccctcctagcagcacccaccccaccccccacgccgcctgggagtggcctcttt

gtgtgtattttttttttcctcctaaggaagg 

EHF promoter-PPRE1/2-wt 

tgggtcagagagccacatcacttttgtggttgcatttgaagttcactatctcttgaccacacaaccctagccc

ttctactcccaccctgctgtctcaggttaatctcaggcaatggtgtaaagaaggccaagtttgtttccctgga

gtcccacgggctctagcaataatgcttcccttttctcatgagtgccccgccacccaccccccttcaccatcat

acacacaaatgccctgcagtgggtggaatgtagttacttcaggttgtgcctgatttgtctctcaagcaaaact

ccagcaggccattccctcagggccctgctctcagatctggaactgatagactaattggggctaatgtgataat

gggaaataatgaaatttgttgtttttatcagtgtgtatatggggcggggtttacatttgcattttcacagggc

ccttggcaagttcacagggttgaacagttgggaagggtgggaatgtctggggcaggttagggaggcagaggga

tttattagaactcccctaaactgcactgaccaaagcctcaagcccttcttcaagacctgcccagcttccaaga

ccttcccaagtccacccttgttttcccactgagtcttttacactttcagaaacctctgaatttgtgtagaaac

tagaaaaaataagtaagaaaagactaatactactgcacactcactgttcccccttaatataataaccagtttt

tattctattcagtcagcctttgaccataagcagacctttttttttctttttaacacaagtaacttcttggttt

tgatcacaaaatctttatctctgccaaatctcaacttcccttccctctcccacaaaagggaggcccgttgagt

caaagaaatctgcttagacactttgctcatgccaggccagtgtcctggaaggttcaacagagaaagttaatgg

ttgggggatggtatttttctttgctaggagcagtcattcacccgtatgggagaaggtacatttgtgacccagt

gaagcaggtacaggtaactccccatatgtcccttggcccaagggaatagaggttgcctgggtatttgaatccg

tagatcctccctaatattccaccttcttcttgtccaaactgtgcttttttatttccagtttcagcattttggt

cttctcatctctaactcttatagggagtgtcaataaaccttttaaaaaagatcatgtaagtgtcaagaggaag

tgaagaacctagataatccaccaaccggataatcagctcttgcatatttgagagttgactgcttgacctaagc

atctcctcataaggtaccctccctcccaggaccttccctttcaaacctctcaaggctcttacctggggccagg

ggagataggcttttcaaagtccattgaattgccaagagtctctgtcaagaaggcagtcatggtgcctggagag

ggaacttgctgggagccccttcagagcctggtacttatagagctagggaaaagatcttgatgccaaagcaggg

tggactaaatacagactaataaatgagacaggtgctcaagagggcccctccataccatcatctcctccagatt

tggacttctactcactttgcttttacattccctcttcccgatggtgtctttggtgagcagggtgcttttcacc

tgaaacagcctctgagctgaaaagaacagtcaccaccaaatcaattcctcatccattaacaggttgtctctct

gttcttgagacacaggcattacctggttagacctgttttgtttgaacactaacgtgtgagttggccaaatgca

aatgagccagtgtttgtaatcctttattttatttttttaaagggctgggtagccaatcagaagagggggaagt

gacttagggaattcccggttggtggcttattgcttaacatcctacaaaatgatttaaaattattgttatatgc

atttatcttcactctgatgagggctcag 
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Supplementary figure 2. (A) Western blot for the basal expression of ESE3/EHF in five 

PDAC cancer cell lines (B) Western blot for the expression of differentiation markers (CA

Ⅱ , E-cadherin and CK19) in PANC-1-vector/EHF, MiaPaca-2-vector/EHF, BxPC-3-

scramble/shEHF and SW1990-scramble/shEHF cell lines. 
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Supplementary figure 3. Tumoral EHF regulates pancreatic cancer stemness in PANC-

1-scramble/shEHF, MiaPaca-2-scramble/shEHF, BxPC-3-vector/EHF and SW1990-

vector/EHF cell lines. (A-B) The proportion of CD44+CD24+ cells in indicated cell lines were 

analyzed using flow cytometry. Representative dot plots (A, left; B, left) and percentage of 

CD44+CD24+ cells (A, right; B, right) were shown. (C-D) The proportion of ALDH+ cells in 

indicated cells were analyzed using flow cytometry. Representative dot plots (C, left; D, left) 

and percentage of ALDH+ cells (C, right; D, right) were shown. (E-F) The proportion of 

CD133+ cells in indicated cells were analyzed using flow cytometry. Representative 

histograms (E, left; F, left) and percentage of CD133+ cells (E, right; F, right) were shown. 

(G-H) Sphere formation assays were performed in indicated cell lines. Representative 

images (G, left; H, left) and sphere number analysis (G, right; H, right) were shown. 

Bars:100μm. (K) Western blot on EHF, Sox9, Sox2, Nanog and Oct4 were analyzed in 

indicated cell lines. β- tubulin was used as loading control. Representative results were 

shown. All experiments were repeated three times independently. Paired Student’s t-test 

was used as statistical analysis. *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. 
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Supplementary figure 4. Tumoral EHF regulates pancreatic cancer stemness in PDX1#-

vector/EHF, PDX1#-scramble/shEHF, PDX2#-vector/EHF and PDX2#-scramble/shEHF. 

(A-B) The proportion of CD44+CD24+ cells in indicated cell lines were analyzed using flow 

cytometry. Representative dot plots (A, left; B, left) and percentage of CD44+CD24+ cells 

(A, right; B, right) were shown. (C-D) The proportion of ALDH+ cells in indicated cells were 

analyzed using flow cytometry. Representative dot plots (C, left; D, left) and percentage of 

ALDH+ cells (C, right; D, right) were shown. (E-F) The proportion of CD133+ cells in 

indicated cells were analyzed using flow cytometry. Representative histograms (E, left; F, 

left) and percentage of CD133+ cells (E, right; F, right) were shown. (G-H) Sphere formation 

assays were performed in indicated cell lines. Representative images (G, left; H, left) and 

sphere number analysis (G, right; H, right) were shown. Bars:100μm. (I) In vivo limited 

dilution assays for PDX1#-vector/EHF and PDX1#-scramble/shEHF cell lines were 

performed. Representative tumor incidence and CSC probabilities were shown. (J) 

Western blot on EHF, Sox9, Sox2, Nanog and Oct4 were analyzed in indicated cell lines. 

β- tubulin was used as loading control. Representative results were shown. All experiments 

were repeated three times independently. Paired Student’s t-test were used for in vitro 

experiments.*P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. 
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Supplementary figure 5. Data from another BxPC-3-vector/EHF and BxPC-3-

scramble/shEHF cell lines culturing with PSC-CM. (A-F) BxPC-3-vector, BxPC-3-EHF, 

BxPC-3-scramble and BxPC-3-shEHF were cultured with PSC-CM or the control medium. 

The percentage of PCSCs in each cell line under each treatment were shown, the fold 

change of the percentage of PCSCs in each cell line after culturing with PSC-CM was 

calculated: (A-B) CD24+CD44+ cells, (C-D) ALDH+ cells, (E-F) CD133+ cells. 

Representative dot plots/ histogram (left), the statistical analysis of CSC percentage of 

each group (medium) and the statistical analysis of the fold change in each cell line (right) 

(G-H) Statistical analysis of the sphere number of each cell line under the treatment of 

serum-free medium and serum-free medium with PSC-CM added (left), statistical analysis 

of the fold change of sphere number after culturing with serum-free medium containing 

PSC-CM in each cell line(right). (I-J) Statistical analysis of the soft agar colony number of 

each cell line under the treatment of control medium and PSC-CM (left). Statistical analysis 

of the fold change of colony number after culturing with PSC-CM in each cell line (right). 
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All experiments were repeated three times independently. Paired Student’s t-test was used 

for statistical analysis. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 and n.s. means non-

significant. 
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Supplementary figure 6. Data from another primary PDX1#-vector/EHF or PDX1#-

scramble/shEHF cell lines culturing with PSC-CM. (A-F) PDX1#-vector, PDX1#-EHF, 

PDX1#-scramble and PDX1#-shEHF were cultured with PSC-CM or the control medium. 

The percentage of PCSCs in each cell line under each treatment were shown, the fold 

change of the percentage of PCSCs in each cell line after culturing with PSC-CM was 

calculated: (A-B) CD24+CD44+ cells, (C-D) ALDH+ cells, (E-F) CD133+ cells. 

Representative dot plots (for CD24+CD44+ cells and ALDH+ cells), the statistical analysis 

of CSC percentage of each group and the statistical analysis of the fold change in each 

cell line. (G-H) Statistical analysis of the sphere number of each cell line under the 

treatment of serum-free medium and serum-free medium with PSC-CM added (left), 

statistical analysis of the fold change of sphere number after culturing with serum-free 

medium containing PSC-CM in each cell line(right). (I-J) Statistical analysis of the soft agar 

colony number of each cell line under the treatment of control medium and PSC-CM (left). 

Statistical analysis of the fold change of colony number after culturing with PSC-CM in 

each cell line (right). (K) In vivo limited dilution assay was performed to determine the 

effects of PSC-CM on CSC self-renewal of PTX1#-vector/EHF. Representative tumor 

incidence and CSCs probabilities were shown. All experiments were repeated three times 
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independently. Paired Student’s t-test was used for statistical analysis. *P<0.05, **P<0.01, 

***P<0.001, ****P<0.0001 and n.s. means non-significant. 
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Supplementary figure 7. (A) Illustration of cytokines secreted by PSCs. (B) Sphere 

formation capacity of PANC-1 cells cultured in PSC-CM derived serum-free medium after 

blocking with series of cytokine antibodies, respectively. Anti-IL6, anti-IL8, anti-GRO, anti-

CSF2, anti-MCP1, anti-PDGF, anti-CXCL12, anti-activin-A, anti-CTGF, anti-periostin and 

anti-endothelin antibodies were used. IgG isotype were used as control. (C) The actual 

sphere number (left) and the fold change of sphere number (right) in PANC-1-vector/EHF 

after culturing with PSC-CM derived serum-free medium neutralized with anti-IL6 antibody. 

(D) The actual sphere number (left) and the fold change of sphere number (right) in PANC-

1-vector/EHF after culturing with PSC-CM derived serum-free medium neutralized with 

anti-IL8 antibody. (E) The actual sphere number (left) and the fold change of sphere 

number (right) in PANC-1-vector/EHF after culturing with PSC-CM derived serum-free 

medium neutralized with anti-CXCL12 antibody. *P<0.05, **P<0.01 and n.s. means non-

significant.  
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Supplementary figure 8. Data from another BxPC-3-vector/EHF and BxPC-3-

scramble/shEHF cell lines treating with recombinant human CXCL12/SDF-1α. (A-F) BxPC-

3-vector, BxPC-3-EHF, BxPC-3-scramble and BxPC-3-shEHF were cultured with medium 

containing CXCL12 or the control medium. The percentage of PCSCs in each cell line 

under each treatment were shown, the fold change of the percentage of PCSCs in each 

cell line after culturing with medium containing CXCL12 was calculated: (A-B) 

CD24+CD44+ cells, (C-D) ALDH+ cells, (E-F) CD133+ cells. Representative dot plots/ 

histogram (left), the statistical analysis of CSC percentage of each group (medium) and 

the statistical analysis of the fold change in each cell line (right). (G-H) Statistical analysis 

of the sphere number of each cell line under the treatment of serum-free medium and 

serum-free medium with CXCL12 added (left), statistical analysis of the fold change of 

sphere number after culturing with serum-free medium containing CXCL12 in each cell 

line(right). (I-J) Statistical analysis of the soft agar colony number of each cell line under 
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the treatment of control medium and medium containing CXCL12 (left), statistical analysis 

of the fold change of colony number after culturing with medium containing CXCL12 in 

each cell line (right). All experiments were repeated three times independently. Paired 

Student’s t-test was used for statistical analysis. *P<0.05, **P<0.01, ***P<0.001, 

****P<0.0001 and n.s. means non-significant. 
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Supplementary figure 9. Data from another primary PDX1#-vector/EHF or PDX1#-

scramble/shEHF cell lines treating with recombinant human CXCL12/SDF-1α. (A-F) 

PDX1#-vector, PDX1#-EHF, PDX1#-scramble and PDX1#-shEHF were cultured with 

medium containing CXCL12 or the control medium. The percentage of PCSCs in each cell 

line under each treatment were shown, the fold change of the percentage of PCSCs in 

each cell line after culturing with medium containing CXCL12 was calculated: (A-B) 

CD24+CD44+ cells, (C-D) ALDH+ cells, (E-F) CD133+ cells. Representative dot plots (for 

CD24+CD44+ cells and ALDH+ cells), the statistical analysis of CSC percentage of each 

group and the statistical analysis of the fold change in each cell line. (G-H) Statistical 

analysis of the sphere number of each cell line under the treatment of serum-free medium 

and serum-free medium with CXCL12 added (left), statistical analysis of the fold change 

of sphere number after culturing with serum-free medium containing CXCL12 in each cell 

line(right). (I-J) Statistical analysis of the soft agar colony number of each cell line under 

the treatment of control medium and medium containing CXCL12 (left), statistical analysis 

of the fold change of colony number after culturing with medium containing CXCL12 in 

each cell line(right). (K) In vivo limited dilution assay was performed to determine the 

effects of human recombinant CXCL12 on CSC self-renewal of PDX1#-vector/EHF. Control 
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medium was used as the control of CXCL12.Tumor incidence and CSCs probabilities were 

shown. All experiments were repeated three times independently. Paired Student’s t-test 

was used for statistical analysis. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 and n.s. 

means non-significant. 
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Supplementary figure 10.  (A-B) ELASA assay for CXCL12 protein in conditioned 

medium of PSCs indirectly cocultured by PANC-1-vector/EHF and BxPC-3-

scramble/shEHF cell lines (1640 was used as control). Representative results were shown 

(PANC-1, A; BxPC-3, B). (C) CXCR7 mRNA expression was determined in PANC-1-

vector/EHF and BxPC-3-scramble/shEHF cell lines. All experiments were repeated three 

times independently. Paired Student’s t-test was used as statistical analysis and n.s. 

means non-significant. 
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Supplementary figure 11. EHF negatively regulated the expression of CXCR4 in newly 

established PDAC cell lines. (A) Total protein expression of EHF and CXCR4 were 

validated in indicated cell lines by western blot. Tubulin was used as loading control. 

Representative results were shown. (B-J) Percentage of CXCR4+ population in indicated 

cell lines were analyzed by flowcytometry. Isotype was used as negative control. 

Representative histogram and statistical analysis were shown. All experiments were 

repeated three times independently. Paired Student’s t-test were used for statistical 

analysis. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
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Supplementary figure 12. (A) Protein expression of EHF and CXCR4 were detected in 

BxPC-3-scramble-scramble/shCXCR4 and BxPC-3-shEHF-scramble/shCXCR4 cell lines 

by western blot. Representative results were shown. (B) Percentage of CXCR4+ population 

were analyzed in indicated cell lines by flow cytometry. Representative histograms (left) 

and percentage of CXCR4+ population (right) were shown. 
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Supplementary figure 13. (A) PANC-1 cells were treated with total 190 compounds (10μ

M; 24h) from our drug library for screening potential ESE3/EHF agonists. A0, B0, C0, D0, 

E0, F0, G0, H0, I0, J0, K0, L0, M0, N0, O0, P0, Q0, R0 and S0 mean groups treated with 

DMSO. Western blot was taken to detect EHF protein expression. β-tubulin was used as 

a loading control for western blot. Experiments were repeated three times independently. 

Representative results were shown. (B) The list of drugs which induced ESE3/EHF protein 

expression in PANC-1 cells. 
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Supplementary figure 14. Rosiglitazone suppresses PDAC stemness in orthotopic 

mouse model. (A) BALB/C nude mice were orthotopically implanted with 5×105 PANC02 

cells. Rosiglitazone was injected intraperitoneally three times a week. Mice were sacrificed 

at day 28 after drug administration and single cell suspension of pancreatic orthotopic 

tumors were prepared for ALDH+ CSCs detection. PI was used to exclude dead cells and 

CD45 was used to exclude leukocytes and DEAB was used as negative control. 

Representative dot plots (left) and statistical analysis (right) were shown. (B) Western blot 

of EHF and stemness markers in tissue proteins from murine pancreatic orthotopic tumors 

were performed. Tubulin was used as loading control and representative results were 

shown. (C) IHC of EHF and stemness markers in pancreatic orthotopic tumors were carried 

out. Bar, 200μm. All experiments were repeated three times independently. Non-paired 

Student’s t-test was used for statistical analysis. *P<0.05. 
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Supplementary figure 15. Validation of EHF expression in PANC-1-vector/EHF-KO, 

BxPC-3-vector/EHF-KO and PANC02-vector/Ehf-KO cell lines by western blot. 
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Supplementary figure 16. Ibuprofen suppresses cellular stemness in PDAC. (A-D) IC50 

of ibuprofen in PANC-1 and BxPC-3 cell lines and PDX1# PDX2# primary cell lines were 

detected by CCK-8. 1mM ibuprofen was used in following experiments. (E) Adherent 

PDAC cell lines were pre-treated with 1mM ibuprofen for 48 hours (DMSO was used as 

control); and then cells were collected and cultured with serum-free medium for the 

following sphere formation assays. Ibuprofen abbreviated as Ibu in following experiments. 

Representative images were shown (left) and statistical analysis were shown (right). (F) 

Percentage of CD44+CD24+ population were detected in indicated cell lines treated with 

1mM ibuprofen by flow cytometry. Representative dot plots were shown (left) and statistical 

analysis were presented (right). (G)Western blot for stemness markers (Sox9, Sox2, 

Nanog and Oct4) were performed on indicated cell lines treated with 1mM ibuprofen. (H) 

In vivo limited dilution assay was performed to determine the effects of ibuprofen on CSC 

self-renewal of PANC-1 cells. Tumor incidence and CSCs probabilities were shown. (I) 

Percentage of ALDH+ cells in harvested tumor tissues from panel H. PI was used to 

exclude dead cells and CD45 was used to exclude leukocytes and DEAB was used as 

negative control. Representative dot plots were shown (left) and statistical analysis were 

shown (right). Paired Student’s t-test was used for statistical analysis of in vitro experiments 
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and non-paired Student’s t-test was used for statistical analysis of in vivo murine 

experiments.  **P<0.01, ***P<0.001 and n.s. means non-significant. 
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Supplementary figure 17. Allopurinol suppresses cellular stemness in PDAC. (A-D) IC50 

of allopurinol in PANC-1 and BxPC-3 cell lines and PDX1# PDX2# primary cell lines were 

detected by CCK-8. 5mM allopurinol was used in following experiments. (E) Adherent 

PDAC cell lines were pre-treated with 5mM allopurinol for 48 hours (DMSO was used as 

control); and then cells were collected and cultured with serum-free medium for the 

following sphere formation assays. Allopurinol abbreviated as Allopu in following 

experiments. Representative images were shown (left) and statistical analysis were shown 

(right). (F) Percentage of CD44+CD24+ population were detected in indicated cell lines 

treated with 5mM allopurinol by flow cytometry. Representative dot plots were shown (left) 

and statistical analysis were presented (right). (G)Western blot for stemness markers 

(Sox9, Sox2, Nanog and Oct4) were performed on indicated cell lines treated with 5mM 

allopurinol. (H) In vivo limited dilution assay was performed to determine the effects of 

allopurinol on CSC self-renewal of PANC-1 cells. Tumor incidence analysis and CSCs 

probabilities were shown. (I) Percentage of ALDH+ cells in harvested tumor tissues from 

panel H. PI was used to exclude dead cells and CD45 was used to exclude leukocytes and 

DEAB was used as negative control. Representative dot plots were shown (left) and 

statistical analysis were shown (right). Paired Student’s t-test was used for statistical 
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analysis of in vitro experiments and non-paired Student’s t-test was used for statistical 

analysis of in vivo murine experiments.  **P<0.01, ***P<0.001, ***P<0.001 and 

****P<0.0001. 
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Supplementary figure 18. The breeding strategies for KPC mice models. 
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Materials and method 

Patients and samples collection 

A total of 93 patients who had received radical surgery R0 resection with 

histological diagnosis of PDAC at the Tianjin Medical University Cancer Institute and 

Hospital, China from July 2011 to January 2015 were retrospectively collected in this 

study. Until the last follow-up date of October 23, 2019, the follow-up rate was 100%. 

Clinicopathological data of the 93 consecutive PDAC patients, including age, sex, 

tumor size, regional lymph node status, TNM stage, histological grade, differentiation 

and regional vessel invasion status were obtained. None of the patients had received 

neoadjuvant chemotherapy or radiotherapy before tissue samples were collected. 

Systemic gemcitabine-based chemotherapy was given to all the patients. 

From January 2018 to November 2019, 39 consecutive cases of fresh PDAC tissues 

were prospectively collected during operation. The PDAC tissue mass was cut into two 

parts, one parts were grinded and digested into single cell suspension for flowcytometry, 

the paired parts were used for IHC detection of ESE3/EHF expression. The usage of these 

specimens and the patients’ information were approved by the Ethics Committee of the 

Tianjin Medical University Cancer Institute and Hospital (Tianjin, China). All patients 

provided written consent for the use of their specimens and disease information for future 

investigations according to the ethics committee and in accordance with recognized ethical 

guidelines of Helsinki.          

 

Cell culture 

  Human PDAC cell lines PANC-1, BxPC-3 and SW1990 were obtained from the Type 

Culture Collection Committee of the Chinese Academy of Sciences (Shanghai, China) and 

the MiaPaca-2 cell line was obtained from ATCC in 2013. The murine PDAC cell line 

PANC02 was a gift from Prof. Yang SY (Moffitt Cancer Center, Tampa, FL, USA). The 

immortalized human PSC cell line ihPSC was established by retrovirus-mediated gene 

transfer for simian virus 40(SV40) T antigen and human telomerase reverse transcriptase 

(hTERT) into the human PSCs isolated from the resected pancreas tissue of a patient 

undergoing operation for pancreatic cancer. Mycoplasma contamination was excluded in 

these cell lines at the beginning of this study. These cells were cultured in DMEM and 

RPMI1640 basic medium supplemented with 10% Fetal Bovine Serum(FBS) at 37℃ in a 

humidified atmosphere of 95% air and 5% CO2. 

 

Plasmid construction and lentiviral transduction  

  shCXCR4 sequences were designed by GeneCopeoia Company (China) and three 

recommended sequences for CXCR4 genes were synthesized and cloned into the psi-

nU6.1 Vectors. Human CRISPR/dCas9-EHF knockout virus and murine CRISPR/dCas9-

Ehf-knockout viruses were purchased from Genechemat company (China) and PANC-1-

vector/EHF-KO, BxPC-3-vector/EHF-KO and PANC02-vector/Ehf-KO cell lines were 

constructed according to the manufacturer's instructions.  

 

The establishment of primary cancer cell lines in pancreatic cancer 
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Fresh human PDAC tissues were obtained during surgery and immediately washed by 

PBS three times. Blood clots, dead tissues and other connective tissues were removed. 

PDAC tissues were cut into small pieces (1mm3) and then PDAC pieces were transferred 

into 15ml Conical centrifugal tube(Corning) resuspended with a mix of 5ml enzymes buffer 

containing 1 mg/ml collagenase(Sigma-Aldrich,C2799), 2.5 U/ml hyaluronidase(Sigma-

Aldrich, H3506) and 0.1 mg/ml DNase(Sigma-Aldrich DN25) in 37℃ water bath for 4~6 h. 

The mix were then filtrated in a 30um strainer (MACS Smart Strainer) to obtain single cell 

suspension. The primary cancer cells were centrifuged, cell pellet was re-suspended with 

fresh medium and seeded in 6-well plates. Genomic sequencing (including four highly 

mutated genes: TP53, KRAS, SMAD4 and p16) were performed to investigate the genomic 

background of primary cancer cell lines and detailed information of PDX1# and PDX2# 

were listed in supplementary table 4-5. Low-passage (<10 passages) primary cancer cells 

were used for later experiments. 

 

Immunohistochemistry (IHC) 

  IHC analysis was performed in PDAC tissues using a DAB substrate kit (ORIGENE, ZLI-

9019). All antibodies used in this study were list in supplementary table 9. The intensity of 

the staining was evaluated using the following criteria: 0, negative; 1, low; 2, medium; and 

3, high. The extent of staining was scored as 0, 0% stained; 1, 1%–25% stained; 2, 26%–
50% stained; and 3, 51%–100% stained. Five random fields (100×magnification) were 
evaluated under a light microscope. The final scores were calculated by multiplying the 
scores of the intensity with those of the extent and dividing the samples into four grades: 

0, negative (-); 1–2, low staining (+); 3–5, medium staining (++); and 6–9, high staining 

(+++). IHC score was determined by two independent pathologists who were blinded to 

the patients’ clinical features and outcomes. 
 

Multiplex fluorescent IHC and Multispectral imaging  

  Two sets of 93 PDAC tissues were used for immunological assessment of EHF, CD133 

and ALDH1. All antibodies used in this study were list in supplementary table 9. CD133 or 

ALDH1 was labeled by Opal 520(494nm-525nm), EHF was labeled by Opal 650(627nm-

650nm) (Perkin Elmer, 2395285). Isotype controls were used for all assays. Stained 

slides were scanned over the whole slide using the Vectra Polaris system (PerkinElmer). 

Phenochart slide reviewer (PerkinElmer) was used to systematically capture tissue 

heterogeneity in an unbiased manner. The selected images were then captured with a 20× 

lens using the Vectra Polaris system. Form cell Analysis software 2.4 (PerkinElmer) was 

used to evaluate the counts of EHF, ALDH1 and CD133 positive points per high power field 

(HPF; 200x). Tumor areas were manually outlined to exclude stromal nuclei. DAPI was 

used to identify nuclei. EHF was then measured on a cell-nucleus based mode. Five 

random fields (200×magnification) were evaluated. The count of EHF-positive points per 

high power field (HPF; 200X)  ranged from 0 to 260, mean ± SD, 108.05 ± 65.13. EHF-

positive counts/HPF ＞ 108.05 was considered as high-EHF group; EHF-positive 

counts/HPF＜108.05 was considered as low-EHF group. The count of ALDH1-positive 

points per high power field (HPF; 200X)  ranged from 0 to 30, mean ± SD, 17.61 ± 7.37. 

ALDH1-positive counts/HPF＞17.61 was considered as high-ALDH1 group; ALDH1-
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positive counts/HPF＜17.61 was considered as low-ALDH1 group. The count of CD133-

positive points per high power field (HPF; 200X)  ranged from 0 to 52, mean ± SD, 27.99 

± 13.35. CD133-positive counts/HPF＞27.99 was considered as high-CD133 group; 

CD133-positive counts/HPF＜27.99 was considered as low-CD133 group. 

 

Sphere formation assay 

PDACs (5000 cells/ml) were cultured in ultra-low adhesion plates (Corning) in serum-

free DMEM/F12 medium (GIBCO), which contains B27 (1:50, Invitrogen), 20ng/ml EGF 

(Proteintech), 10ng/ml FGF2 (Proteintech), 0.4% Bovine Serum Albumin (Sigma) and 

5μg/ml insulin (Sigma). After 2 weeks, tumor spheres with diameter>75μm were counted. 

 

CCK8 cell viability and cytotoxicity assay 

PANC-1, BxPC-3, PDX1# and PDX2# cells were seeded in clear, flat-bottom 96-well 

plates (Corning) at a density of 1000 cells per well. The following day, cancer cells were 

treated with dilution range of ibuprofen(sigma,I4833) (0, 0.2mM, 0.4mM, 0.8mM, 1.6mM, 

3.2mM and 6.4mM) or allopurinol(sigma, PHR1377) (0, 0.2mM, 0.5mM, 1mM, 2mM, 5mM, 

10mM, 15mM and 20mM) (6 duplications for each concentration) for 72h. And then, culture 

media were replaced with fresh DMEM containing 10% CCK8 (Bimake, B34302) and 

plates were incubated for 3 h in an incubator. The absorbance was read at 595nm and the 

IC50 for ibuprofen or allopurinol were calculated.     

 

Anchorage-independent growth assay 

  A total of 5000 cells were individualized through 40-μm porous strainers and seeded in 
a medium solution with 0.7% agar settled on a solidified 1.2% agar layer. Once solidified, 

fresh medium was added above the cell-containing layer and replaced 3 times a week. 

Cells were maintained in a humidified atmosphere with 5% CO2 at 37°C. After 3 weeks in 

culture, medium was removed and replaced with 1 mg/mL 3-(4, 5-dimethylthiazolyl-2)-2 

(MTT, M2128, Sigma-Aldrich) solution. Only the colonies formed by cells with metabolic 

activity are able to reduce MTT to formazan, forming dark blue crystals. Colonies with a 

diameter <100 μm were excluded from the analysis.  

 

ALDEFLUOR assay 

  The ALDEFLUOR™ kit (STEMCELL Technologies, 01700) was used to analyze the 
subpopulation with the high ALDH enzymatic activity which has been considered as the 

marker of pancreatic CSCs. The assay follows the protocols suggested by the 

manufacturer. 1 × 106 cells were suspended in ALDEFLUOR assay buffer containing ALDH 

substrate (BAAA) and incubated in a cell incubator for 60 min at 37°C. For the negative 

control, each sample aliquot was treated with diethylamino benzaldehyde (DEAB), a 

specific ALDH inhibitor. The cell flow cytometric sorting gates were established using 

DEAB treated cells as negative controls. 

 

Flowcytometry 

To explore the relationship between the expression of EHF and percentages of 

pancreatic CSCs subsets in PDAC tissues, fresh PDAC specimens were collected and 
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divided into two parts, one part was immediately fixed in formalin buffer and embedded in 

paraffin for IHC of EHF; the other part were immediately prepared into the single cell 

suspension with 1 mg/ml collagenase (Sigma-Aldrich, C2799), 2.5 U/ml hyaluronidase 

(Sigma-Aldrich, H3506) and 0.1 mg/ml DNase (Sigma-Aldrich DN25). To determine the 

percentages of CSCs subsets of tumor tissues, single cell suspension was divided into 

three parts, three different combination of CSCs markers were used, including 

ESA+CD44+CD24+ CSCs, CD133+ CSCs and ALDH+ CSCs. Related antibodies were used 

according the instructions.  

The percentages of CSCs subsets in human pancreatic cancer cell lines were also 

detected by flowcytometry. Three different combination of CSCs markers was used, 

including CD44+CD24+ CSCs, CD133+ CSCs and ALDH+ CSCs. 

Besides, the percentages of CXCR4+ (biolegend, 306528) population in fresh PDAC 

specimens and pancreatic cancer cell lines were also determined by flowcytometry. Isotype 

controls were used as negative controls. The data were analyzed using soft Flow Jo 10.0.   

 

In vivo limited dilution assay  

Female 4–6-week-old NOD/SCID mice were purchased from SPF (Beijing) 

Biotechnology Company. All mice were maintained in specific pathogen–free conditions, 

and animal experiment procedures were approved by the Ethics Committee of Tianjin 

Medical University Cancer Institute and Hospital, in compliance with the principles and 

procedures of the NIH Guide for the Care and Use of Laboratory Animals. 

To validate the effects of EHF on PDAC stemness, mice were randomized into four 

groups: (A) PANC-1-vector group, (B) PANC-1-EHF group, (C) PANC-1-scramble group, 

(D) PANC-1-shEHF group. In each group, cancer cells at a dilution range of 1×103，1×105 

and 1×106 were suspended in a 60μl mix of Matrigel plug (Corning,356234) and PBS at a 
1:1 ratio and then subcutaneously injected into contralateral flanks of the mice. Primary 

PDX1#-vector, PDX1#-EHF, PDX1#-scramble and PDX1#-shEHF cell lines was also used 

to repeat the experiment. Xenograft tumors were observed and measured twice a week 

using a caliper. All the mice were euthanized at the end of two months. Subcutaneous 

tumors were harvested and tumor incidence were analyzed. Stem cell frequency were 

calculated on website http://bioinf.wehi.edu.au/software/elda/. 

 

Reverse transcription PCR (RT-PCR) 

  The total RNA of the cells was extracted with TRizol (Invitrogen) according to the 

manufacturer's instructions. Then, the mRNA was reverse transcribed to single-stranded 

cDNAs using a Reverse Transcription PCR (RT-PCR) System (Takara Bio Inc.). Then, real-

time fluorescent quantitative PCR was used to analyze the cDNA levels. Actin was used 
as a loading control. Related primers were listed in supplementary table10. 

 

Western blotting 

  Whole-cell extracts were prepared by lysing the cells with SDS protein lysis buffer 

supplemented with proteinase inhibitor cocktail (bimake, B14001). Protein lysate was 

separated by SDS-PAGE, and then, the target proteins were detected by Western blotting 

with the following primary antibodies: anti-EHF (LSBio, LS-B11884,1:5000), anti-
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Sox9(abcam,ab185230,1:1000), anti-Sox2(proteintech,66411-1-Ig,1:1000), anti-

Nanog(abcam, ab109250,1:1000), anti-Oct4(abcam, ab18976,1:1000), anti-

CXCR4(abcam, ab124824,1:1000), anti-E-cadherin(abcam,ab1416, 1:1000), anti-

CK19(abcam,ab52625,1:1000) and anti-CA Ⅱ (abcam,ab124687,1:1000). β-tubulin 

(Abmart,1:5000) was used as a loading control. Secondary antibodies: Goat anti-rabbit or 

mouse antibody at 1:5000(Abmart). 

 

Cell Sorting 

  To determine the effects of EHF on CSCs and non-CSCs, primary pancreatic cancer cell 

lines were used for cell sorting. PDX1# and PDX2# primary cell lines were stained with 

anti-human CD133 antibody (Miltenyi Biotec, 130-118-143) and ALDEFLUOR detection kit 

(STEMCELL Technologies, 01700), respectively; Then, CD133-, CD133+, ALDH- and 

ALDH+ cells were sorted by FACS. The purities of sorted CD133+ cells and ALDH+ cells 

were both higher than 95%. The purities of sorted CD133- cells and ALDH- cells were both 

nearly 100%. Cell viability was checked by Trypan blue dye exclusion. The sorted 

CD133+/CD133- cells and ALDH+/CD133- cells were transfected with EHF-overexpression 

plasmids or siEHF. 72 hours later, cells were collected for further experiments.  

 

Preparation of PSC-conditioned medium 

   PSCs were grown to 70% to 80% confluence in 10cm dishes in complete culture 

media. Then the medium was replaced with FBS-free DMEM/F12 (1:1), and the cells were 

cultured for additional 48 h. The medium was collected, centrifuged at 1200 rpm for 5 min, 

and the supernatant was filtrated through a 0.22 μm filter (Millipore Corp., Billerica, MA, 
USA). PSC-CM was stored at −80 °C until further use.  

To obtain the serum free single cytokine depletion conditional medium, PSCs were pre-

treated with serum-free medium for 48h and then the PSCs-CM was collected. The serum 

free PSC-CM was incubated with the neutralizing antibody of  IL6，IL8 and CXCL12, etc. 

for 48 h at 4 °C to obtain the serum free single cytokine-depleted PSC-CM. Isotype IgG 

was used as control. Related information of antibodies used was listed in supplementary 

table 9. 

 

The evaluation of the increasement of PDAC stemness after treating by PSC-CM 

For the medium in sphere formation assay, PSCs-CM was added into serum free 

medium (1:1), then the stem cells culture factors, including B27 (1:50), 20ng/ml EGF, 

10ng/ml FGF2, 0.4% Bovine Serum Albumin and 5μg/ml insulin were added. For the 

control group, the medium was serum free medium with the stem cells culture factors of 

the same concentration. The increasement of the sphere between PSCs-CM group and 

control group was calculated in each cell lines. (PDAC-vector, PDAC-EHF, PDAC-scramble 

and PDAC-shEHF) 

In order to investigate the increasement of the ability of PDACs to grow in suspension 

under the stimulation of PSCs-CM, their capacity to form colonies in solid agar was 

assessed. 500ul PSCs-CM was added to 500ul top agar, which was used to suspend 

PDAC-vector/ PDAC-EHF/ PDAC-scramble/ PDAC-shEHF. Control medium was used as 

control. The increasement of the number of clones between PSCs-CM group and control 
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group was calculated in each cell lines. 

For the cell using in flowcytometry, PDAC-vector, PDAC-EHF, PDAC-scramble, 

PDAC-shEHF were seeded in 6-well plates (1×105 cells/well). The following day, the PDAC 

culture medium was replaced by a mix of PSC-CM and fresh 1640 medium (at a ratio of 

1:1). Pure fresh 1640 medium was used as control. 48 hours later, cancer cells were 

collected for flowcytometry.  

To validate the different effects of PSCs-CM on PDAC stemness in PDAC with different 

EHF expression, NOD/SCID mice were randomized into PANC-1-vector-control medium 

group, PANC-1-vector- PSCs-CM group, PANC-1-EHF-control medium group and PANC-

1-EHF-PSCs-CM group. In each group, indicated PDAC cells at a dilution range of 1×103，
1×105 and 1×106 were suspended in a 60μl mix of Matrigel and PBS at a 1:1 and then 
subcutaneously injected into the contralateral flanks. Eight mice for each dilution. 200 ul 

PSCs-CM or culture medium were injected intratumorally three times a week. PDX1#-

vector and PDX1#-EHF were also used to repeat the experiment. Seven mice for each 

dilution.  

To determine EHF decreased the sensitivity of PDACs to PSCs derived CSC-

supporting stimulus through CXCR4, cell lines of BxPC3-scramble-scramble, BxPC3-

shEHF-scramble, BxPC3-scramble-shCXCR4, BxPC3-shEHF-shCXCR4 were set up. 

Mice were randomized into BxPC3-scramble-scramble-control medium, BxPC3-scramble-

scramble-PSCs-CM, BxPC3-shEHF-scramble-control medium, BxPC3-shEHF-scramble-

PSCs-CM, BxPC3-scramble-shCXCR4-control medium, BxPC3-scramble-shCXCR4-

PSCs-CM, BxPC3-shEHF-shCXCR4-control medium, BxPC3-shEHF-shCXCR4-PSCs-

CM. The increasements of the tumorigenicity between PDAC-PSCs-CM and PDAC-control 

medium were compared between cell lines.  

 

The evaluation of the increasement of PDAC stemness after stimulated by CXCL12  

To explore the difference of the effects of CXCL12 on sphere formation promoting in 

PDAC with different EHF expression, human recombinant CXCL12 were added into the 

serum-free medium for cancer cell sphere formation assay. The final concentration of 

CXCL12 was 100ng/ml. 

To explore the difference of the effects of CXCL12 on promoting anchorage-

independent growth in PDAC and PDAC-EHF, human recombinant CXCL12 (100ng/ml) 

was added into RPMI 1640 containing 20% FBS for further culture system. Cells were 

incubated for 3 weeks and the conditional medium was replaced every 3 times a week.  

For the cell using in flowcytometry, PDAC-vector, PDAC-EHF, PDAC-scramble, 

PDAC-shEHF were seeded in 6-well plates (1×105 cells/well). The following day, the PDAC 

culture medium was replaced by a mix of 1640 contained with 100ng/ml CXCL12. 1640 

medium was used as control. 48 hours later, cancer cells were collected for flowcytometry 

and western blot.  

To validate the different effects of CXCL12 on PDAC stemness in PDAC with different 

EHF expression, NOD/SCID mice were randomized into PANC-1-vector-control medium 

group, PANC-1-vector-CXCL12 group, PANC-1-EHF- control medium group and PANC-1-

EHF-CXCL12 group. In each group, indicated PDAC cells at a dilution range of 1×103，1

×105 and 1×106 were suspended in a 60μl mix of Matrigel and PBS at a 1:1 and then 
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subcutaneously injected into contralateral flanks. Eight mice for each dilution. Human 

recombinant CXCL12 or culture medium were injected intratumorally three times a week. 

PDX1#-vector and PDX1#-EHF were also used to repeat the experiment. Seven mice for 

each dilution. Tumor proliferation was monitored twice a week. Mice were sacrificed after 

2 months. Subcutaneous tumors were harvested and tumor incidence were analyzed. 

Stem cell frequency was calculated on website. http://bioinf.wehi.edu.au/software/elda/. 

 

Chromatin immunoprecipitation (Ch-IP) and luciferase analysis 

  Ch-IP assays were performed using Ch-IP kit (Millipore) according to the manufacturer's 

instructions. To detect if EHF directly bound to de promoter region of Sox2, Sox9, Nanog, 

Oct4, CXCR4, PANC-1 were immunoprecipitated with anti-EHF antibody (abcam, 

ab220113). Then the immunoprecipitated products were detected by PCR. Related primers 

were listed in supplementary table 10. To detect if EHF directly suppressed the 

transcriptional activity of CXCR4, luciferase analyses were conducted using dual-

luciferase reporter assay kit (Promega, E1910). PANC-1 and 293T cells were transfected 

with pCDH-EHF plasmid or control vector (pCDH-vector), which were subsequently 

transfected with pGL3-CXCR4-EBS1-wt and pGL3-CXCR4-EBS1-mut, respectively. Forty-

eight hours later, cells were subjected to dual luciferase analysis. Related sequences of 

the vectors for luciferase analysis were listed in supplementary table 11. 

Similarly, to elucidate if PPARγ directly bound to the promoter region and suppressed 

the transcriptional activity of EHF, PANC-1 were immunoprecipitated with anti-PPAR γ 

(abcam, ab45036). The immunoprecipitated products were detected by PCR. PANC-1 was 

transfected with pGL3-EHF-PPRE(WT) plasmid or control vector(pGL3-vector).Then 

PANC-1 were treated with 10μM rosiglitazone for 24 hours. DMSO was used as negative 

control. Renilla reporter plasmid was used as internal control. Forty-eight hours later, cells 

were subjected to dual luciferase analysis.  

The information of the related Ch-IP primers was listed in supplementary table 10. The 

results of luciferase analysis were expressed as a fold induction relative to the cells 

transfected with the control vector after normalization to Renilla activity. 

 

In vitro drug-screening for EHF agonists among drugs of routine medication 

  For EHF agonists screening, 1x105 PANC-1 were suspended with DMEM (10%FBS) and 

seeded in 6-well plates. 12 hours later, PANC-1 was adherent to the bottom of the plate, 

the medium was replaced with 1ml DMEM (10%FBS) with 10 μ M compounds added, the 

cells were cultured for additional 24 h. Then cells were collected for evaluating EHF 

expression by western blot. Detailed compounds information was listed in supplementary 

table 3.  

 

In vitro evaluation of the therapeutic effect of rosiglitazone 

To evaluate the effects of rosiglitazone on the maintenance of the stemness of PDACs, 

adherent cancer cells were pre-treated with 5μM rosiglitazone(Sigma,R2408) for 48 hours 

(DMSO was used as control) , which were collected for sphere formation assays. To avoid 

cellular toxicity, no continuous infusion of rosiglitazone was added into sphere formation 

system. After 2 weeks, tumor spheres with diameter>75μm were counted. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-321952–15.:10 2021;Gut, et al. Zhou T

http://bioinf.wehi.edu.au/software/elda/


 

In vivo evaluation of the therapeutic effect of rosiglitazone 

  To evaluate the effects of rosiglitazone on PDAC stemness under the stimulus of 

CXCL12, NOD/SCID mice were randomized into four groups (DMSO was used as the 

control for rosiglitazone, culture medium was used as the control for CXCL12): (A) control 

medium +DMSO, (B) control medium +rosiglitazone, (C) CXCL12+DMSO, (D) 

CXCL12+rosiglitazone. In each group, PANC-1 cells at a dilution range of 1×103，1×105 

and 1×106 were suspended in a 60μl mix of Matrigel and PBS at a 1:1 ratio and then 

subcutaneously injected into mice. One week later, rosiglitazone (100mg/kg/day; DMSO 

was used as control) and human recombinant CXCL12 protein (20μg/mouse/day; control 

medium was used as control) were intratumorally injected three times a week. Tumor 

proliferation was monitored twice a week. Mice were sacrificed after 2 months; 

subcutaneous tumors were harvested and tumor incidence were analyzed. Stem cell 

frequency were also calculated on website http://bioinf.wehi.edu.au/software/elda/. 

   To better determine the effects of rosiglitazone on PDAC, 5×105 PANC02-luc cell was 

resuspended using a 40ul mix of matrigel plug and PBS(1:1) per mouse for the 

establishment of orthotopic tumor models. BABL/C nude were randomized into two 

groups :(A) DMSO control group(n=8), (B) rosiglitazone treatment group(n=8). One week 

after tumor inoculation, rosiglitazone (100mg/kg/day) or DMSO were injected 

intraperitoneally three times a week and continued to one month. Tumour growth was 

analysed by bioluminescent imaging (BLI) twice a week. Pancreatic tumours were 

harvested for further experiments at the end of one month. To evaluate the effects of 

rosiglitazone on ALDH+ cells, fresh tumour tissues were prepared into the single cell 

suspension with 1 mg/ml collagenase, 2.5 U/ml hyaluronidase and 0.1 mg/ml DNase and 

then cells were stained with ALDEFLUOR kit for flowcytometry analysis (PI was used to 

exclude dead cells and CD45 was used to exclude leukocytes). IHC and western blot on 

tumor tissues were carried out to detect the expression of EHF and stemness markers 

(Sox9, Sox2, Nanog and Oct4). Another cohort of orthotopic tumor models were also 

established which received the same treatment in each groups Motilities of the mice were 

recorded and survival curves were plotted. 

  To determine if rosiglitazone suppressed the stemness of PDAC mostly via EHF, 

PANC02-ctrl-luc and PANC02-EHF-KO-luc cell lines were established. BABL/C nude mice 

were randomized into two groups: (A) DMSO control group, (B) rosiglitazone treatment 

group. In each group, pancreatic orthotopic tumor models was established using a 40ul 

mix of matrigel plug and PBS(1:1) per mouse containing 5×105 PANC02- ctrl-luc(n=8) or 

PANC-EHF-KO(n=8) cell lines. One week later, rosiglitazone (100mg/kg/day) or DMSO 

were injected intraperitoneally three times a week and drug treatment was continued to 

one month. Tumour growth was analysed by bioluminescent imaging (BLI) twice a week. 

Motilities of mice was recorded and survival curves were plotted.  

 

Breeding and genotyping analysis for KPC mice model 

  LSL-KrasG12D/+ mice, LSL-Trp53R172H/+ and Pdx1-Cre mouse model was a gift from 

the Stephen J. Simpson Lab (Broadway Research Building at Johns Hopkins University, 

USA) and mice were maintained in specific pathogen-free conditions. The breeding 
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strategy to get KPC mice often started with crossing LSL-KrasG12D/+ mice with LSL-

Trp53R172H/+ mice to obtain LSL-KrasG12D/+; LSL-Trp53R172H/+ (KP) mice. LSL-KrasG12D/+; 

LSL-Trp53R172H/+ mice (KP) male mice were then crossed with Pdx-1-Cre female mice to 

generate LSL-KrasG12D/+; LSL-Trp53R172H/+; Pdx-1-Cre (KPC) mice. Genomic DNA of mice 

tails were purified by Mouse direct PCR kit (Bimake, B40013) and then polymerase chain 

reaction (PCR) was performed for the genotyping of KPC mice. The primer sequences and 

PCR conditions for the genotyping of KPC mice were listed in supplementary table 7-8. All 

animal experiment procedures were approved by the Ethics Committee of Tianjin Medical 

University Cancer Institute and Hospital, in compliance with the principles and procedures 

of the NIH Guide for the Care and Use of Laboratory Animals. 

 

Ultrasound imaging for pancreatic tumor in KPC mice  

  Pancreatic tumor of KPC mice were monitored by the VEVO2100 ultrasound imaging 

system (Visual Sonics). KPC mice were anesthetized and taped to the imaging stage. KPC 

mice were imaged in supine position; then, images of pancreas were captured using the 

abdominal package in B-Mode and long diameter/short diameter of pancreatic tumor were 

measured. Tumor volume(V) was calculated by the following formula: V= (long diameter) 

× (short diameter)2/2.  

 

Preclinical animal cohorts  

Pancreatic tumor volume of KPC mice were monitored twice a week by the VEVO2100 

ultrasound imaging system (Visual Sonics).When pancreatic tumor of KPC mice initiated 

and reached 20~60mm3 , mice were then randomized into four groups: (A) vehicle (Corn 

oil purchased from Sigma, C8267; 1.0ml/kg once a day by oral gavage), (B) gemcitabine 

(purchased from MCE, HY-17026; 25mg/kg intraperitoneally once a week), (C) 

rosiglitazone (purchased from Sigma, C2408; rosiglitazone were pre-dissolved in olive oil; 

100mg/kg once a day by oral gavage), (D) gemcitabine +rosiglitazone. Mice were 

separated in 2 sets. For set 1(8 mice per group), drug was administrated when the tumor 

reached 20~60mm3 until death. In set 2 (6 mice per group), mice were treated like in set 1 

but killed after 8 weeks of treatment to compare tissues. The volume of pancreatic tumor 

was monitored twice a week by the VEVO2100 ultrasound imaging system. For mice in set 

2, pancreatic tumor tissues were harvested and weighed. Tumor tissues were divided into 

three parts: first part was immediately made into single cell suspensions and prepared for 

detection of ALDH activity by flow cytometry (PI was used to exclude dead cells and CD45 

was used to exclude leukocytes); second part of the tumor tissues were immediately fixed 
in buffered formalin and embedded in paraffin and another part were kept at -80℃ for 

protein extraction and western blot analysis. Tissue slides(5μm) were prepared and 

Hematoxylin & Eosin (H&E) staining were performed for histopathological analysis 

according to instructions. IHC of Ki67 (abcam, ab16667) staining were performed to 

evaluate proliferation status of tumor tissues. Tissues protein from vehicle group and 

rosiglitazone group were prepared for western blot to analyze the expression of EHF and 

stemness markers (Sox9, Sox2, Nanog and Oct4).  

 

In vitro evaluation of the therapeutic effect of ibuprofen and allopurinol 
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To evaluate the effects of ibuprofen and allopurinol on the maintenance of the 

stemness of PDACs, adherent cancer cells were pre-treated with 1mM ibuprofen (sigma, 

I4833) or 5 mM allopurinol (sigma, PHR1377) for 48 hours (DMSO was used as control), 

which were collected for flowcytometry analysis of CD44+CD24+ cells, western blot of 

stemness genes (Sox9, Sox2, Nanog and Oct4) and sphere formation assays. To avoid 

cellular toxicity, no continuous infusion of ibuprofen or allopurinol was added into sphere 

formation system. After 2 weeks, tumor spheres with diameter>75μm were counted. 

 

In vivo evaluation of the therapeutic effect of ibuprofen and allopurinol 

  To evaluate the effects of ibuprofen or allopurinol on PDAC stemness, NOD/SCID 

mice were randomized into two groups (DMSO was used as the control): (A) DMSO group 

(B) ibuprofen or allopurinol group, PANC-1 cells at a dilution range of 1×103，1×105 and 1

×106 were suspended in a 60μl mix of Matrigel and PBS at a 1:1 ratio and then 
subcutaneously injected into 4-6-week-old NOD/SCID mice. One week later, ibuprofen 

(45mg/kg/day; DMSO was used as control) or allopurinol (30mg/kg/day; DMSO was used 

as control) were peritumorally injected three times a week. Tumor proliferation was 

monitored twice a week. Mice were sacrificed after 2 months; subcutaneous tumors were 

harvested and tumor incidence were analyzed. Stem cell frequencies were also calculated 

on website http://bioinf.wehi.edu.au/software/elda/. Proportion of ALDH+ cells in 

subcutaneous tumors were analyzed by flowcytometry. 
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