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Abstract: Venous thromboembolism is the most common complication and the secondary cause of death in pan-
creatic cancer. Moreover, the hypercoagulable state induces microcirculation dysfunction, acidosis and hypoxia, 
and further enhances tumor immune evasion, tumor growth and metastasis. Numerous studies have revealed that 
patients with malignant tumors have high levels of IL-6, which stimulates hepatocytes to synthesize thrombopoietin, 
causing an increase in platelets. This study found that the concentration of IL-6 in pancreatic cancer patient sera 
was higher than that in healthy donors, while pancreatic cancer cells had low expression levels of IL-6, which was dif-
ferent from other types of cancer. This contradictory result prompted us to uncover the underlying mechanism. Our 
data revealed that pancreatic cancer enhanced IL-6 production in fibroblasts via the Jagged/Notch axis, while IL-6 
further elevated Jagged-1/2 expression in a paracrine positive feedback loop in pancreatic cancer. Inhibition experi-
ments and RNAi studies demonstrated that IL-6-induced Jagged-1/2 production in pancreatic cancer depended on 
STAT3 and that Jagged-1/2 enhanced IL-6 mRNA expression in HSFs through the NF-κB pathway. Finally, the animal 
study showed that knockdown of Jagged-1/2 or blockade of the Jagged/Notch pathway by Nirogacestat could al-
leviate pancreatic cancer-induced hypercoagulability. Accordingly, our findings clarified the key role of the Jagged/
Notch/IL-6/STAT3 feedback loop in the development of a hypercoagulable state in pancreatic cancer, which also 
provides new therapeutic strategies for pancreatic cancer patients who suffer from hypercoagulability.
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Introduction

Pancreatic cancer is hidden at onset and pro-
gresses rapidly to malignancy of the digestive 
system with a poor prognosis [1]. The median 
survival time of pancreatic cancer patients is 
less than 12 months after standard therapy, 
and the five-year survival rate is also less than 
3% [2-5], which is why pancreatic cancer named 
the “emperor of cancer” [6]. Thousands of stud-
ies clarified that malignant cancer patients had 
disorders of the coagulation and fibrinolysis 
system [7-9]. Dysfunction of these two systems 
not only causes thrombosis, but also plays criti-
cal roles in tumor growth, progression and 

prognosis [10, 11]. Pancreatic cancer tends to 
result in thrombosis, and venous thromboem-
bolism (VTE) is the secondary cause of death  
of pancreatic cancer patients [12, 13]. Even 
worse, conventional anticoagulation treatment 
tends to cause several adverse effects in the 
patients.

Interleukin-6 (IL-6) is a well-known pro-inflam-
matory cytokine involved in both immune 
defense and cancer progression [14, 15]. 
Moreover, several types of cancers had high 
levels of IL-6 in patient sera [16-18]. Naina et al. 
showed that the high level of IL-6 produced by 
ovarian cancer cells could promote TPO expres-
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sion in hepatocytes and elevate the abundance 
of platelets in peripheral blood, resulting in a 
hypercoagulable or prothrombotic state in 
patients [19]. In addition, Gao H et al. revealed 
that IL-6 regulated the expression of tissue  
factor (TF) in human umbilical vein endothelial 
cells [20]. Accordingly, IL-6 exerts vital roles in 
VTE by inducing TF and TPO. Most cancer 
patients suffer from a hypercoagulable state 
due to high levels of IL-6 in peripheral blood 
[21]. However, some types of cancer cells can-
not produce high levels of IL-6, while the con-
centration of IL-6 in patient sera is still higher 
than that in healthy volunteers [22], indicating 
that IL-6 in these types of cancer is mainly 
secreted by other cancer-associated cells, 
including immune cells, fibroblasts, endothe- 
lium, myocytes, adipocytes, a variety of endo-
crine cells, and PC cells [22-24]. It remains 
unclear which type of cancer-associated cells 
are the main producers and how tumor cells 
promote the secretion of IL-6 by cells in the 
tumor microenvironment.

Pancreatic cancer and breast cancer cells have 
high levels of Jagged-1/2, the ligands of the 
Notch pathway [25, 26]. A recent study clarified 
that myeloma cells enhanced IL-6 expression in 
hematopoietic stem cells through the Notch 
pathway [27]. Among these, activation of the 
Notch pathway elevated IL-6 promoter activity 
to enhance IL-6 transcriptional levels in macro-
phages [28]. More importantly, IL-6 acted on 
Jagged-1 and angiopoietin 2 expression in peri-
cytes [29, 30]. Thus, we hypothesized that a 
high level of Jagged-1/2 in pancreatic cancer 
cells could induce IL-6 secretion in tumor stro-
mal cells, such as fibroblasts, followed by a 
high level of IL-6-induced Jagged-1/2 expres-
sion in cancer cells to exacerbate the positive 
feedback loop and hypercoagulable state in the 
peripheral blood of cancer patients.

In the present study, we found that both 
Jagged-1 and Jagged-2 upregulated IL-6 pro-
duction in fibroblasts, while knockdown of 
Jagged-1/2 in cancer cells blocked IL-6 induc-
tion triggered by cancer cells. Inhibition experi-
ments revealed that STAT3 was involved in 
Jagged-1/2 expression in cancer cells after IL-6 
treatment. Animal studies also demonstrated 
that blockade of the Jagged/Notch/IL-6/STAT3 
axis could attenuate the hypercoagulable state 
in pancreatic cancer burden mice.

Materials and methods

Patients

The pancreatic cancer blood samples and 
blood samples from healthy controls used in 
this study were obtained from the First Affi- 
liated Hospital of Wenzhou Medical University 
from 2018 to 2020. Written informed consent 
was obtained from all patients in accordance 
with institutional guidelines before sample  
collection. The study was approved by the  
committee for ethical review of research at the 
First Affiliated Hospital of Wenzhou Medical 
University.

Cell lines

Human pancreatic cancer cell lines (PaTu-
8988, PANC-1) and fibroblast cell lines (HSFs) 
were obtained from the American Type Culture 
Collection. HSFs were purchased from the 
Kunming Cell Bank of China Infrastructure of 
Cell Line Resources (Kunming, China). PaTu-
8988 and PANC-1 cell lines were chosen 
because of their low expression of IL-6. We 
established stable JAG1/2-silenced PANC-1/
PaTu-8988 transfectants by infecting the cells 
with a lentivirus encoding JAG1/2 shRNA, and 
IL-6-silenced HSFs in the same way. The target 
sequences for constructing shRNA were shown 
as followed: 5’-AACCTGTAACATAGCCCGAAA-3’ 
for Jagged-1, 5’-CAAGGTGGAGACGGTTGTTAC-3’ 
for Jagged-2, 5’-AAGAATCTAGATGCAATAA-3’ for 
IL-6, 5’-GCACAATCTACGAAGAATCAA-3’ for STA- 
T3 and 5’-CACCATCAACTATGATGAGTT-3’ for NF- 
κBp65 (p65). Lentiviruses were purchased 
from Genechem (Shanghai, China).

All cell lines were maintained in complete 
growth medium as recommended by the manu-
facturer. The cultured cells were maintained in 
a humidified 5% CO2 atmosphere at 37°C. The 
genetic identity of all cell lines was confirmed 
by short tandem repeat profiling.

Antibodies and reagents

Jagged-1 (D4Y1R) XP Rabbit mAb (cat. #70109) 
and Jagged-2 (C23D2) Rabbit mAb (cat. #2210), 
ERK1/2 (137F5) Rabbit mAb (cat. #4695), 
ERK1/2pT202/Y204 (cat. #9101), AKT1pS473 
(587F11) Mouse mAb (cat. #4051), AKT (11E7) 
Rabbit mAb (cat. #4685), STAT3pY705 (D3A7) 
Rabbit mAb (cat. #9145), STAT3 (124H6) 
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Mouse mAb (cat. #9139) and β-actin (8H10- 
D10) Mouse mAb (cat. #3700) were purchased 
from Cell Signaling Technology (Beverly, MA, 
USA). Anti-IL-6 antibody (cat. #ab6672) was 
purchased from Abcam (Cambridge, MA, USA). 
Recombinant Human IL-6 (cat. #200-06) was 
purchased from Proteintech (Chicago, IL, USA). 
Nirogacestat (cat. #HY-15185) was bought 
from MedChemExpress (NJ, USA). Recombi- 
nant Human Jagged 1 Fc Chimera (cat. #1277-
JG-050), Recombinant Human Jagged 2 Fc 
Chimera (cat. #1726-JG-050), Human Throm- 
bopoietin Immunoassay (cat. #DTP00B), Hu- 
man Coagulation Factor III/Tissue Factor Imm- 
unoassay (cat. #DCF300) and Human IL-6 
Immunoassay (cat. #D6050) were purchased 
from R&D Systems (Minneapolis, USA). U0126 
(cat. #S1102), MK2206 (cat. #S1078), STATTIC 
(cat. #S7024) and PDTC (cat. #S3633) were 
purchased from Selleckchem (Houston, TX).

Western blot analysis

The cells were harvested, and total protein was 
extracted from the stable cell lines. Briefly, cells 
were washed with PBS, and protein was isolat-
ed according to the manufacturer’s instruc- 
tions (M-PERTM Mammalian Protein Extraction 
Reagent, Thermo Scientific, USA) with protease 
and phosphatase inhibitor cocktail (Cell 
Signaling Technology, USA). The protein con-
centration was examined with a BCA protein 
concentration assay kit (Beyotime, China) 
according to the manufacturer’s instructions. 
Equal amounts of protein were separated by 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (10% SDS-PAGE) and then 
transferred onto a polyvinylidene difluoride 
(PVDF) membrane (Millipore, USA). The immu-
noblots were incubated in 5% (w/v) skim milk 
powder dissolved in TBST (10 mM Tris-HCl, pH 
8.0, 150 mM NaCl, and 0.05% Tween-20) for 1 
h at room temperature. Next, the blots were 
probed first with specific antibodies and then 

Isolation Reagent (Roche, USA) according to 
the manufacturer’s instructions. RNA was 
reverse transcribed to generate cDNA using a 
RevertAid First Strand cDNA Synthesis kit 
(Thermofisher, USA). mRNA expression levels 
were detected by qPCR using FastStart 
Universal SYBR® Green Master Mix (Rox) 
(Roche, USA) following the manufacturer’s 
instructions. The primer sequences are provid-
ed in Table 1.

Murine models of pancreatic cancer

BALB/C nude mice were acquired from the 
Laboratory Animal Center of Wenzhou Medical 
University, and all mice were female and 5-6 
weeks of age. Mice were maintained under spe-
cific pathogen-free conditions in laminar-flow 
benches and were allowed to adapt to the envi-
ronment for 1 or 2 weeks before experiments.

A total of 5×106 PaTu-8988, PaTu-8988 jag1-/- 
and PaTu-8988 jag2-/- cells were injected hypo-
dermically (i.H.) into 20 g nude mice. After 
approximately 45 days, the volume of tumors 
reached approximately 400 to 500 mm3. The 
PaTu-8988 nude mouse group was randomly 
separated into 2 groups (n=6), named the 
PaTu-8988 group and Nigrogacestat-treated 
group. Nude mice in the Nigrogacestat-treated 
group were administered Nigrogacestat orally 
at 2 mg/20 g/2 days in 200 μL of normal 
saline. Mice in the PaTu-8988 group were 
administered 200 μL of normal saline orally 
every 2 days. Blood was collected from periocu-
lar venous blood of nude mice. Mice were 
observed daily for tumor growth and killed if 
peritoneal swelling reached UK Home Office 
limits (20% increase in abdominal girth).

Statistical analysis

All statistical analyses were performed by 
GraphPad Prism version 8.0 software (Graph- 

Table 1. The primer sequences for qPCR
Primers Forward Reverse
IL-6 GGTGTTGCCTGCTGCCTTCC GTTCTGAAGAGGTGAGTGGCTGTC
Jagged-1 TGTGGCTTGGATCTGTTGCTTGG ACGTTGTTGGTGGTGTTGTCCTC
Jagged-2 GCGTGGTCCTGTGCGTGTG GGCGGCGGCGTGAAGTTC
Notch-1 TGCGAGACCAACATCAACGAGTG TCAGGCAGAAGCAGAGGTAGGC
Notch-2 ACCACTGCTTCAAGAACACGGATG GGATTCACTGACGACAGACACAAGAG
Notch-3 CTGTGAGACCGATGTCAACGAGTG GGTTCCTGTGAAGCCTGCCATAC
Notch-4 CTCAACACTCCTGGCTCCTTCAAC AGTAGGTCCAGACAGGTGCTTCC

with the appropriate sec-
ondary antibodies. β-Actin 
was used as control. Sig- 
nals were quantified using 
ImageQuant TL software 
(GE).

RNA isolation and RT-
qPCR analysis

Total RNA was extracted 
from cells using TriPure 
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Pad Software, USA). All data are reported as 
the mean ± SD of triplicate experiments, and 
the differences between two groups were com-
pared by two-tailed Student’s t-test. *P<0.05 
was considered statistically significant.

Results

Abnormal expression of IL-6, TF and TPO in the 
peripheral blood of pancreatic cancer patients

Pancreatic cancer patients had a relatively high 
rate of deep vein thrombosis or pulmonary 
thromboembolism. Both TPO and TF are involv- 
ed in the formation of a hypercoagulable state 
in patients, which leads to these two fatal com-

plications. We examined TPO and TF expres-
sion levels in peripheral blood, and the results 
showed that both TPO and TF levels were ele-
vated in the pancreatic cancer patients com-
pared with the healthy donors (Figure 1A and 
1B). More importantly, IL-6, a key factor for TPO 
and TF induction in patient sera, showed higher 
levels in the pancreatic cancer patients than in 
the controls (Figure 1C).

Pancreatic cancer cells were not the major 
producers of IL-6, but could induce IL-6 expres-
sion in fibroblasts via direct interaction

Previous studies validated that ovarian cancer, 
liver cancer and colorectal cancer could induce 
the liver to secrete TPO by producing IL-6 [19, 
31, 32]. In contrast, our results showed that 
IL-6 was undetectable in the culture media of 
the pancreatic cancer cell lines PaTu-8988, 
BxPc-3 and MIA PaCa-2, and only PANC-1 cul-
ture medium contained 2.71 pg/ml IL-6 (Table 
2). Due to the features of the tumor microenvi-
ronment, fibroblasts are the major stromal cells 
that exist in the microenvironment, and we 
hypothesized that cancer cells trigger IL-6 pro-
duction in fibroblasts. Thus, we co-cultured the 
pancreatic cancer cells and HSFs directly and 
found that the IL-6 production level was higher 
in the co-culture system than that of HSF alone 
(Figure 2). Interestingly, the expression levels 
of IL-6 in the Transwell system were increased 
slightly, which separated pancreatic cancer 
cells and HSFs by chamber (Figure 2), indicat-
ing that IL-6 induction in fibroblasts were major-
ly regulated by direct contact of HSF and pan-
creatic cancer cells.

Pancreatic cancer cell-stimulated IL-6 produc-
tion in HSFs was Jagged/Notch axis depen-
dent

High expression levels of Jagged in pancreatic 
cancer and breast cancer were demonstrated 

Figure 1. The expression levels of TPO, TF and IL-6 in 
the peripheral blood. The sera of 39 pancreatic can-
cer patients and 17 healthy donors were collected, 
and the expression level of TPO (A), TF (B) and IL-6 (C) 
were detected by ELISA method. (*P<0.05, **P<0.01 
versus the healthy donors).

Table 2. The expression levels of IL-6 in the 
culture media of pancreatic cancer cell lines
Cell lines IL-6 (pg/ml)
PaTu-8988 0
PANC-1 2.71±0.12
BXPC-3 0
MIA PaCa-2 0
Note: The pancreatic cancer cells were seeded into the 
6 cm dish and cultured for 24 hours, then the culture 
media were collected for determining IL-6 secretion by 
ELISA. Data are shown as mean ± SD.
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by Buchler, P et al. Jagged/Notch is one of most 
important pathways involved in direct contact 
interactions between cancer cells and stromal 
cells in the tumor environment [25]. To deter-
mine whether activation of the Jagged/Notch 
pathway could alter IL-6 in fibroblasts, we  
treated HSFs with Jagged-1/2 and found that 
IL-6 expression was greatly enhanced after 
Jagged-1/2 treatment (Figure 3A); moreover, 
Notch1-3 expression was increased after 

Jagged-1/2 treatment (Figure 3B). Notch-4 
expression level was undetectable in HSFs 
before or after IL-6 treatment (data not shown). 
Notably, pancreatic cancer cells increased IL-6 
expression in the HSFs, and the expression 
was partially attenuated by Jagged-1 or 2 
shRNA expression in pancreatic cancer cells 
(Figure 3C and 3D). Moreover, pretreatment of 
the HSFs & PaTu-8988 or PANC-1 co-culture 
system with the Notch pathway inhibitor 
Nirogacestat alleviated IL-6 production in the 
medium (Figure 3E).

Paracrine production of IL-6 enhanced 
Jagged-1 and Jagged-2 expression in pancre-
atic cancer cells

IL-6 is a pluripotent cytokine that participates 
in multiple processes of cancer progression. 
Thus, we treated pancreatic cancer cells with 
recombinant IL-6 (rhIL-6) and found that both 
Jagged-1 and Jagged-2 transcript levels were 
increased in PaTu-8988 cells and PANC-1 cells 
(Figure 4A and 4C), In addition, immunoblott- 
ing showed similar expression patterns of 
Jagged-1 and 2 in pancreatic cancer cells after 
IL-6 treatment (Figures 4B, 4D and S1). We 
showed that pancreatic cancer cells could 
enhance IL-6 expression in HSFs via the 
Jagged/Notch axis, but whether IL-6 produced 
by HSFs could alter Jagged-1 and 2 levels in 
pancreatic cancer cells was elusive. We found 
that the co-culture of HSFs and PaTu-8988 
cells in the sublayers of Transwells stimulated 
Jagged-1 and Jagged-2 expression in PaTu-
8988 cells cultured in the upper layers of the 
chamber (Figure 4E and 4G). Additionally, both 
Jagged-1 and Jagged-2 expression levels were 
upregulated in PANC-1 cells cultured in the 
upper chamber, which were co-cultured with 
PANC-1 cells & HSFs in the sublayers (Figure 4F 
and 4H). Neutralization of IL-6 in the Trans- 
well system attenuated the upregulation of 
Jagged-1/2 expression in upper layer pancre-
atic cancer cells which cultured with pancreatic 
cancer cells & HSFs in the sublayers. Fur- 
thermore, knockdown of IL-6 in HSFs co-cul-
tured with pancreatic cancer in sublayers also 
blocked Jagged-1/2 expression in upper layer 
pancreatic cancer cells (Figure 4E-H).

STAT3 and NF-κB signaling were involved in 
IL-6-promoted Jagged-1/2 expression in pan-
creatic cancer cells and Jagged-1/2-enhanced 
HSF IL-6 production, respectively

IL-6 plays multiple roles in cancer progression 
mainly through the ERK, AKT and STAT3 path-

Figure 2. Pancreatic cancer cells could induce IL-6 
expression in fibroblasts via direct interaction. The 
secretion of IL-6 with cultured in touch or cultured 
without touch of PaTu-8988 cell line or PANC-1 cell 
line with HSF after 24 hours. Cultured in touch (co-
culture system): 1×105 PaTu-8988/PANC-1 cells or 
(and) HSF cells were seeded into the 6 cm dish and 
cultured for 24 hours, then the media were collected 
for detecting IL-6 production; cultured without touch 
(Transwell system): 1×105 PaTu-8988/PANC-1 cells 
were seeded in the sublayer of transwell apparatus, 
or (and) 1*105 HSFs were seeded in the chamber of 
transwell apparatus, then the media were collected 
for detecting IL-6 production. (****P<0.0001 versus 
corresponding group).
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ways. Therefore, PaTu-8988 cells were pre-
treated with the ERK1/2 inhibitor U0126, AKT 
inhibitor MK2206 or STAT3 inhibitor STATTIC, 
and the results showed that STATTIC blocked 
IL-6-induced Jagged-1/2 expression in PaTu-
8988 cells (Figure 5A). Additionally, knockdown 
of STAT3 by siRNA alleviated upregulation  
of Jagged-1/2 expression induced by IL-6 
(Figure 5B). The NF-κB pathway is known to be 
involved in Jagged/Notch signaling and exerts 
its effects on the transcription of a set of genes. 
Figure 5C shows that the NF-κB inhibitor PDTC 
suppressed Jagged1- or 2-mediated upregula-
tion of IL-6 expression. Furthermore, we con-
firmed that NF-κB subunit p65 siRNA blocked 
IL-6 production in HSFs after Jagged-1 or 
Jagged-2 treatment (Figure 5D).

Blockade of Jagged/Notch signaling alleviated 
VTE by downregulating IL-6, TPO and TF ex-
pression in a pancreatic cancer mouse model

We examined the role of the Jagged/Notch axis 
in VTE in a pancreatic cancer mouse model. We 
subcutaneously injected WT PaTu-8988 and 
Jagged-1 or Jagged-2 knockdown PaTu-8988 
cells in the mice. Peripheral blood was collect-
ed after 45 days, and our study showed that 
knockdown of Jagged-1 or Jagged-2 in PaTu-
8988 cells could reduce IL-6, TF and TPO pro-
duction in mice compared with that of the con-
trol group (Figure 6A-C). We further implanted 
PaTu-8988 cells in nude mice, and the mice 
were divided into two groups: the control group 
and the Notch inhibitor (Nirogacestat) group. 

Figure 3. Jagged-1/2 could stimulate tumor-associated stromal cells (HSF) to secrete IL-6 by up-regulating the notch 
signaling pathway. (A, B) HSF cells were collected after treated with 4 μg/ml Jagged-1 or 5 μg/ml Jagged-2 for 24 
hours, for measuring mRNA expression levels of IL-6 (A), Notch-1/2/3 (B) by RT-qPCR. (C, D) HSF cells were cultured 
with/without wild type, Jagged-1 or Jagged-2 knockdown PaTu-8988 (C) or PANC-1 cells (D), then culture media 
were collected and subjected to IL-6 quantification by ELISA after 24 hours co-incubation. (E) HSF cells were pre-
treated with Nirogacestat or DMSO for half an hour, then the HSF cells were co-cultured with or without PaTu-8988/
PANC-1 cells, after that, culture media were collected and subjected to IL-6 quantification by ELISA after 24 hours 
co-incubation. (*P<0.05, **P<0.01, ***P<0.001 versus control group).
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Figure 4. IL-6 could upregulate the Jagged-1/2 expression level in pancreatic cancer cells. (A-D) The PaTu-8988 (A, 
B) and PANC-1 (C, D) were treated with recombinant human IL-6 (rhIL-6, 100 ng/ml) for different times, and collected 
the cells for analyzing Jagged-1/2 expression level by RT-qPCR or immunoblotting. (E-H) PaTu-8988 or PANC-1 were 
co-culture with (or without) wild type or IL-6 knockdown HSF, or added IL-6 antibody in the co-culture medium, then 
the Patu-8988 or PANC-1 cells in the upper chambers were collected for analyzing Jagged-1 and Jagged-2 expres-
sion level by RT-qPCR or immunoblotting. (*P<0.05, **P<0.01, ***P<0.001 versus the control group).
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Then, mouse peripheral blood was collected at 
days 0, 2, 4, and 6 after drug administration, 
and ELISAs were performed to detect the IL-6, 
TPO and TF levels in each group. The results 
showed that these three markers were dramati-
cally decreased at days 2-4 after Nirogacestat 
administration (Figure 6D-F).

Discussion

Dysfunction of the coagulation and fibrinolysis 
system leads to VTE and tumor progression in 

in fibroblasts. Surprisingly, our results revealed 
that fibroblasts that directly contact cancer 
cells produce abundant IL-6, indicating that the 
pathway that depends on direct contact is 
involved in cancer cell-regulated IL-6 expres-
sion in fibroblasts. The activation of the Notch 
pathway depends on two membranous proteins 
those are expressed at nearby cells: delta-like 
ligands or Jagged ligands. Furthermore, pan-
creatic cancer cells typically have high levels of 
Jagged-1/2. Thus, we wondered whether high 

Figure 5. STAT3 and NF-κB signaling were involved in IL-6-promoted Jag-
ged-1/2 expression in pancreatic cancer cells and Jagged1/2-enhanced 
HSF production of IL-6, respectively. A. The PaTu-8988 cells were pretreated 
with (or with) DMSO, U0126, MK2206 or STATTIC for half an hour, then the 
cells were challenged with rhIL-6 for 12 hours, after that, the cell were sub-
jected to immunoblotting with corresponding antibodies. B. PaTu-8988 were 
transfected with control shRNA or STAT3 shRNA lentiviruses for 48 hours, 
then the cells were challenged with rhIL-6 for 12 hours, after that, the cell 
were subjected to immunoblotting with corresponding antibodies. C. HSF 
cells were pretreated with (or without) PDTC for half an hour, then the cells 
were treated with 4 μg/ml Jagged-1 or 5 μg/ml Jagged-2 for 24 hours, after 
that, the cell were collected for analyzing IL-6 mRNA level by RT-qPCR. D. 
HSF cells were transfected with control shRNA or STAT3 shRNA lentiviruses 
for 48 hours, then the HSF cell challenged with 4 μg/ml Jagged-1 or 5 μg/ml 
Jagged-2 for 24 hours, after that, the cells were collected for analyzing IL-6 
mRNA level by RT-qPCR. (*P<0.05, **P<0.01, ***P<0.001 versus the control 
group; Different alphabets denote a significant difference at P<0.05).

patients. VTE is the most com-
mon complication of malig-
nant cancer and one of the 
major causes of death in can-
cer patients. The occurrence 
rate of deep vein thrombosis 
or pulmonary thromboembo-
lism in cancer patients, espe-
cially pancreatic cancer pati- 
ents, is higher than that in the 
healthy population [33]. Thus, 
elucidation of the relationship 
between cancer cells and the 
hypercoagulable state could 
enrich our knowledge of VTE, 
but also provide new clues to 
prevent VTE in cancer pati- 
ents.

Although the involvement of 
IL-6 in the occurrence of VTE 
has been well illustrated, IL-6 
expression in pancreatic can-
cer cells is very low. In this 
study, we showed that fibro-
blasts mingled with cancer 
cells had relatively high levels 
of IL-6. Moreover, we found 
that TPO and TF expression 
levels in pancreatic cancer 
patients were higher than 
those in healthy volunteers. 
Numerous studies have dem-
onstrated that IL-6 could stim-
ulate TPO and TF production 
in hepatocytes. Accordingly, 
our study suggested that IL-6, 
which is mainly produced by 
fibroblasts, is the key driving 
factor involved in the hyperco-
agulation state of pancreatic 
cancer.

We next explored the mecha-
nism of high production of IL-6 
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expression of Jagged-1/2 in pancreatic cancer 
cells could enhance IL-6 production in fibro-
blasts. As shown in Figure 3C-E, both the inhibi-
tion experiment and depletion of Jagged-1/2 in 
pancreatic cancer showed that cancer cell-
induced IL-6 expression in fibroblasts was 
dependent on the Jagged/Notch pathway.

To explore the involvement of IL-6 in the posi-
tive feedback loop of the Jagged/Notch/IL-6/
STAT3 axis in the tumor microenvironment, we 
assessed Jagged-1/2 in pancreatic cancer 
cells after IL-6 treatment in vitro. Additionally, a 
research model was established in our study,  
in which cancer cells cultured in the upper 
chamber and fibroblasts & cancer cells were 
cultured in the sublayer of the Transwell appa-
ratus. Knockdown of IL-6 in the HSFs or neutral-
ization of IL-6 in this model blocked Jagged-1/ 
2 expression in cancer cells induced by a sub-
layer of fibroblasts & cancer cells. Accordingly, 
these two results demonstrated that the posi-
tive feedback loop of Jagged/IL-6 existed in the 
pancreatic cancer microenvironment, and the 
schematic diagram was shown in Figure 7. 

Furthermore, we confirmed that STAT3 and 
NF-κB signaling were involved in this positive 
feedback loop.

Although aspirin and low-molecular-weight hep-
arin have been widely used as first-line drugs 
for VTE in pancreatic cancer, the side effects 
remain an issue [12]. Exploring an effective 
therapeutic strategy for pancreatic cancer is 
hanging over our head. Nirogacestat is an inhib-
itor of γ-secretase and has been applied to 
treat desmoid tumors in phase III clinical trials. 
Consequently, Nirogacestat was used in the 
pancreatic cancer mouse model to verify its 
efficacy in treating VTE. The animal studies 
revealed that knockdown of Jagged-1/2 or 
treatment of the pancreatic cancer mouse 
model with Nirogacestat suppressed TPO and 
TF production in mouse peripheral blood. 
Moreover, in the Nirogacestat treatment group, 
the subcutaneous tumor volume was decreased 
compared with that in the other groups (data 
not shown), suggesting that treatment with 
Nigrogacestat is a good strategy to block pan-

Figure 6. Blockade of Jagged/Notch signaling alleviated VTE by downregulating IL-6, TPO and TF expression in a 
pancreatic cancer mouse model. (A-C) The sera were collected from mice, then the level of IL-6 (A), TPO (B) and TF 
(C) were determined by ELISA. NC: the mice without any treatment; WT: the mice were implanted with PaTu-8988 
cells stably express control shRNA; Jagged1-/- or Jagged2-/-: the mice were implanted with PaTu-8988 which stably 
express Jagged-1 or Jagged-2 shRNA. (D-F) The sera were collected from mice, then the level of IL-6 (D), TPO (E) 
and TF (F) were determined by ELISA. NC: the mice without any treatment; WT: the mice were implanted with PaTu-
8988 cells; Nirogacestat: the mice were implanted with PaTu-8988 cells and treated with Nirogacestat as described 
above. (*P<0.05, **P<0.01, ***P<0.001 versus corresponding group).
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creatic cancer growth and relieve VTE compli-
cations in cancer patients.

Taken together, we demonstrated that IL-6, 
which is mainly produced by fibroblasts that 
directly contact cancer cells, contributes to the 
hypercoagulation state in pancreatic cancer. 
We proposed the existence of a Jagged/IL-6 
positive feedback loop in the tumor micro- 
environment, which was strongly supported by 
our co-culture model. To explore a new thera-
peutic method for VTE in pancreatic cancer, we 
used a pancreatic cancer animal model, and 
the results revealed that treatment with 
Nigrogacestat is a promising way to deal with 
this complication.
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Figure S1. IL-6 could upregulate the Jagged-1/2 expression level in pancreatic cancer cells. (A-D) The PaTu-8988 
(A, B) and PANC-1 (C, D) were treated with recombinant human IL-6 (rhIL-6, 100 ng/ml) for different times, and the 
relative expression level of Jagged-1/2 were analyzed by Image J. (*P<0.05, **P<0.01, ***P<0.001 versus the control 
group).


