
Yanlin Chen, Yunfei Ma, Yuting Tang, Yucui Jin*, Yi Zhu* and Changyan Ma*

DUSP1 promotes pancreatic cancer cell
proliferation and invasion by upregulating
nephronectin expression
https://doi.org/10.1515/oncologie-2023-0215
Received June 4, 2023; accepted July 19, 2023;
published online August 23, 2023

Abstract

Objectives: To explore the role of dual-specific phosphatase
1 (DUSP1) in the proliferation, migration and invasion of
pancreatic cancer (PC).
Methods: TCGAandGTExdatabaseswereused to investigate
the relationship between DUSP1 expression and prognosis of
PC patients. Expression efficiency of DUSP1 was validated by
qPCR and western blotting. The proliferation of SW1990 and
PANC-1 cells with DUSP1 overexpression or knockout was
detected by EdU assays. The migratory and invasive abilities
of cells were detected bywound healing and transwell assays.
Results: DUSP1 was highly expressed in PC and associated
with poor prognosis of patients. Overexpression of DUSP1
promoted the proliferation, migration and invasion of PC
cells by regulating nephronectin (NPNT), whereas knockout
of DUSP1 exhibited the opposite effects. NPNT expression
was positively correlated with DUSP1, and the overall sur-
vival of PC patients with high levels of NPNT was shorter.
Conclusions: DUSP1 promoted the proliferation, migration
and invasion of PC cells by upregulating NPNT, suggesting
DUSP1 may be a potential target for PC treatment.
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Introduction

The survival rate of patients with pancreatic cancer (PC) is
very lower (12 %) [1]. By the time PC is diagnosed, it is already

typically in the advanced stage due to lack of specific tumor
markers. Moreover, PC cells have strong invasive and met-
astatic abilities; and inmetastatic patients, surgical resection
is difficult [2]. In addition, the pathogenesis of PC involves
complex genetic factors and a complex tumor microenvi-
ronment that make the PC prone to develop resistance to
chemotherapy and radiotherapy [3]. To improve the survival
rates of PC patients, it is important to elucidate the mecha-
nism of PC metastasis.

Dual-specific phosphatase-1 (DUSP1) is the most widely
studied protein among the 25 members of the DUSPs. It acts
on the threonine/serine or tyrosine residues to dephos-
phorylate the substrate and negatively regulate MAPK
kinase activity and has different functions in various can-
cers [4, 5]. DUSP1 was upregulated in a series of cancers,
including PC [6], non-small cell lung cancer [7], breast
cancer [8], ovarian cancer [9], and gastric cancer [10].
In breast cancer, DUSP1 overexpression enhances the
chemotherapy resistance by inhibiting JNK activity [11]. In
contrast, DUSP1 negatively regulates the ERK signaling
pathway in hepatocellular cancer (HCC) cells to inhibit
proliferation. In PC, shRNA-mediated inhibition of DUSP1
has been found to enhance gemcitabine-induced activation
of JNK and p38 MAPK and to make PC cells sensitive to
gemcitabine [12]. However, the roles of DUSP1 in PC have
not yet been completely clarified.

In this study, we found that DUSP1 and DUSP6 were
highly expressed in the patients with PC and related to poor
survival. Overexpression of DUSP1 significantly promoted
the proliferation, migration, and invasion of PC cells by
up-regulating NPNT, whereas knockout of DUSP1 exhibited
the opposite effects. NPNT expression was positively corre-
lated with DUSP1 in PC patients. These results suggest DUSP1
might be a potential target for PC treatment.

Materials and methods

Cell culture

The PC cell lines (SW1990, PANC-1) were purchased from the American
Type Culture Collection (ATCC, Manzas, Virginia, USA). PANC-1 and
SW1990 cells were cultured in DMEM (Gibco, New York, USA)
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supplemented with 10 % fetal bovine serum (Yeasen, Shanghai, China)
and 1 % penicillin/streptomycin (NCM Biotech, Suzhou, China). All
cells were maintained in a saturated humidity atmosphere at 37 °C
supplied with 5 % CO2.

RNA isolation and quantitative RT-PCR

Total RNA from PC cells was isolated with TRIzol reagent (Vazyme,
Nanjing, China). Hifair ®III Supermix (Yeasen) was used to synthesis
cDNA, following the manufacturer’s instructions. Then, qRT-PCR was
performed using SYBR Green qPCRMaster Mix (Yeasen). Normalization
of the DUSP1/NPNT expression fold change were calculated using the
formula 2−▵▵CT (β-actin as a control). The primer sequences are shown in
Table 1.

CRISPR-Cas9 gene editing

The sequences of synthetic guide RNAs (sgRNAs) that targeting DUSP1
are listed in Table 2. We diluted the synthesized paired oligos (Tsingke,
Shanghai, China) with sterile water. Then, the oligos were annealed in a
thermal cycler (DSBio, Guangzhou, China). After BsmBI (NEB, Massa-
chusetts, USA) digestion, the oligos were cloned into the LentiCRISPR v2
(Addgene, Massachusetts, USA) sgRNA backbone. To produce viral par-
ticles, HEK 293T cells were co-transfected with lentiCRISPR v2, psPAX2
and pVSV-G using the Neofect™ DNA transfection reagent (NEOFECT,
Beijing, China).

Wound healing assay

The cells were planted onto a 35 mm plate and grown to confluence,
after which they were serum-starved for 24 h. Cells were scratched
manually with pipette tips. Photos of the central wound edges
were taken at 0 and 24 h using a light microscope (Leica, Wetzlar,
Germany).

Transwell assay

The cells were plated onto the upper chamber (BD Biosciences, New
Jersey, USA) coated with or without matrigel (BD Biosciences), and
complete medium was added to the lower chambers. After 24 h of
incubation, 0.5 % crystal violetwas used to stain themethanol-fixed cells
on the lower surface. The migration/invasion cells were counted using
microscopy, and three randomly fields were picked.

Western blotting

After washing with PBS, we used RIPA buffer (Beyotime, Shanghai,
China) supplemented with a protease inhibitor cocktail (Beyotime) to
lysate cells. Then, the protein samples were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to PVDFmembrane (Roche, Basel, Switzerland), followed by
a 2 h blocking (TBS buffer containing 5 % milk and 0.2 % tween). Mem-
branewas then incubatedwith the primary antibodies overnight at 4 °C.
The next day, the membrane was incubated with the secondary anti-
body at room temperature for 1 h and then washed with TBST. Finally,
ECL kit and Gel imaging system (Tanon, Shanghai, China) were used to
visualize the immunoblots. Following primary antibodies were used in
this study: anti-β-actin (Proteintech, Chicago, USA), anti-NPNT (Abclonal,
Wuhan, China), anti-DUSP1 (Cell Signaling Technology, Boston, USA),
anti-Flag (Proteintech), anti-Bcl-2 (Proteintech) and anti-Bax (Cell
Signaling Technology).

EdU assays

BeyoClick™ EdU Cell Proliferation Kit (Beyotime) was used to evaluate
cell proliferation according to the manufacturer’s protocol. Briefly, 4 %
PFA were applied to fix cells for 15 min. After permeabilization with
0.5 % Triton X-100 at room temperature for 20 min, the cells were
incubated with the click reaction cocktails in the dark for 30min. The
nuclei were counterstained with 1 × Hoechst 33,342 (1:2,000) for 30 min.

Bioinformatic analysis

GEPIA 2 was used to analyze the expression of DUSP1 and NPNT in PC.
The Kaplan−Meier Plotter was used to analyze overall survival (OS) in
PC. CRISPROR (http://crispor.tefor.net/crispor.py) was used to design
the guide RNA sequence. GO and KEGG analysis were performed using
the BGI platform (BGI, Shenzhen, China). GSE62452, GSE71729, and
TCGA_PAAD survival information were obtained from the GEO and
TCGA database.

Statistical analysis

Student’s t-test, multiple t-test, and two-way ANOVA were performed to
calculate statistical significance. All the data were presented as mean ±
SD. GraphPad Prism 8 (GraphPad Software, California, USA) was used to
generate the figures and statistical analyses.When the p-value <0.05, the
difference was considered statistically significant.

Table : Primer sequences for qPCR.

Gene Sequence (′ → ′)

DUSP-F GCGAAGCATCATCTCTCCCA
DUSP-R CACTGTTCGTGGAGTGGACA
NPNT-F AGTACTTGGTGGCCTCCGAAGAC
NPNT-R CTGGTGGTGGTGGTGGAGTAGG
β-actin-F AGATGTGATCAGCAAGCAG
β-actin-R GCGCAAGTTAGGTTTTGTCA

Table : Sequences of sgRNAs that target DUSP.

sgRNA sgRNA sequence (′ to ′)

sgRNA-DUSP-F CACCGTCAGCACCATCGTGCGGCGC
sgRNA-DUSP-R AAACGCGCCGCACGATGGTGCTGAC
sgRNA-DUSP-F CACCGCACCCAGATTCCGCGCTGTC
sgRNA-DUSP-R AAACGACAGCGCGGAATCTGGGTGC
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Results

Significant upregulation of DUSP1
expression in pancreatic cancer

Members of the DUSP protein family play key roles in tumor
progression and may be developed as potential cancer
therapeutic targets [13]. To investigate DUSPs in PC, mRNA
expressions of DUSP1, DUSP2, DUSP4, DUSP6, DUSP10, and
DUSP16 in PC and normal tissues were investigated by
combining the TCGA and GTEx databases. DUSP1, DUSP2,
DUSP6, and DUSP10 were significantly upregulated in the PC
tissues (Figure 1A). High expressions of DUSP1 (p=0.016),
DUSP4 (p=0.021), and DUSP6 (p=0.021) were negatively
correlated with OS (Figure 1B). The ROC curve showed that
the area under the curve (AUC) of DUSP1 in PC was 0.820
(Figure 1C), indicating that DUSP1 could be an independent
predictor of PC. We also performed a pan-cancer analysis of

DUSP1 expression in different types of cancer and found that
DUSP1 expression was low in all but three types of cancer
(Figure 1D).

In addition, the clinicopathological data of 178 patients
with PC in the TCGA database were investigated. DUSP1
mRNA level was significantly correlated with the G1/G2 his-
tological grade (p=0.039) but not with the age, sex, TNM
grade, pathological grade (Stages I – IV), and anatomical
classification (Table 3).

DUSP1 promotes malignant progression of
PC cells

To investigate the biological function of DUSP1 in PC, we
performed EdU, wound healing, and transwell assays in
both SW1990 and PANC-1 cells. DUSP1 was significantly
upregulated in cells transfected with pCMV3-Flag-DUSP1

Figure 1: DUSP1 expression in pancreatic cancer. (A) Different expression levels of the DUSP family in pancreatic cancer (PC). (B) Relationship between
DUSP family expression and the OS of PC patients. (C) ROC curve of DUSP1 in PC (TCGA). (D) DUSP1 expression level in pan-cancer.
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(Figure 2A), and DUSP1 overexpression raised the prolif-
erative, migratory, and invasive abilities of SW1990 and
PANC-1 cells (Figure 2B–D).

Moreover, we constructed KO-DUSP1 cells using the
CRISPR-Cas9 system (Figure 3A and B). The KO-DUSP1 cells
showed lower proliferative,migratory, and invasive abilities
than KO-NC cells (Figure 3C–E). Meanwhile, we observed an
anti-apoptotic effect of DUSP1 on PC cells through detection
of the protein levels of BAX and Bcl-2 by western blotting.
DUSP1 overexpression decreased BAX and increased Bcl-2
levels in SW1990 and PANC-1 cells, and knockout of DUSP1
exhibited the opposite effects (Figures S1 and S2). Together,
these results suggest that DUSP1may serve as an oncogene in
PC cells.

NPNT is positively regulated by DUSP1

To investigate the mechanism of DUSP1 in PC progression,
we performed RNA sequencing of KO-DUSP1 SW1990 cells.
GO and KEGG pathways enrichment analyses of 75 DEGs
(p<0.05, |log2FC| > 2) were performed. The top 12 GO terms
and the top 20 KEGG pathway-enriched results were shown
in Figure 4A and B.

Among the 75 DEGs, we focused on the nephronectin
(NPNT) gene that was downregulated in the KO-DUSP1
SW1990 cells. The NPNT expression was associated with the
metastasis of various cancers, such as breast cancer, liver
cancer [14], and stomach cancer [15]. Then, we divided the
patients into 2 groups (high NPNT expression and low NPNT
expression) to perform survival analysis using GSE62452 and
GSE71729. The high NPNT expression group showed poor OS
(Figure 4C). Meanwhile, predictive value of NPNT in PC was
evaluated (AUC=0.872) from the TCGA database (Figure 4D).

Next, we verified whether the expression of NPNT was
regulated by DUSP1 using qPCR and WB. NPNT expression
was significantly upregulated after DUSP1 overexpression
in SW1990 and PANC-1 cells (Figure 4E). mRNA expression
level of NPNT was also positively correlated with DUSP1
according to GEPIA2 (Figure 4F).

DUSP1 promotes malignant progression of
PC cells by upregulating NPNT expression

Next, we knocked down NPNT in the PC cell lines to
investigate whether it can attenuate the enhanced malig-
nant progression of PC cells caused by DUSP1 over-
expression. Figure 5A showed that NPNT was successfully
knocked down by siRNA transfection. Furthermore, we
found that knockdown of NPNT attenuated the enhanced
proliferative, migration and invasion abilities induced by
DUSP1 overexpression (Figure 5B–D). These data suggest
that NPNT at least partially mediates the promoting
malignant progression of DUSP1 in PC cells.

Discussion

DUSPs belong to the protein tyrosine phosphatase super-
family, which includes 10 MKPs that inhibit the MAPK
signaling pathways, and 20 atypical DUSPs with different
substrates [16]. DUSPs play important roles in cancer pro-
gression. In ovarian cancer, high DUSP1 expression is
associated with shortened asymptomatic survival [9]. In

Table : Correlation between DUSP expression level and the clinico-
pathologic features of pancreatic cancer.

Clinicopathologic
characteristic

Low DUSP
expression

High DUSP
expression

p-Value

N  

Age .
≤  (.%)  (.%)
>  (.%)  (.%)
Gender .
Female  (.%)  (.%)
Male  (.%)  (.%)
T stage .
T  (.%)  (.%)
T  (%)  (.%)
T  (.%)  (.%)
T  (%)  (.%)
N stage .
N  (%)  (.%)
N  (.%)  (.%)
M stage .
M  (.%)  (.%)
M  (.%)  (.%)
Pathologic stage .
Stage I  (.%)  (.%)
Stage II  (.%)  (.%)
Stage III  (%)  (.%)
Stage IV  (.%)  (.%)
Anatomic neoplasm
subdivision

.

Head of pancreas  (.%)  (.%)
Other  (.%)  (.%)
Histologic grade a

.
G  (.%)  (.%)
G  (.%)  (.%)

Chi-square test was performed to calculate the statistical significance.
ap<.. Bold value means that DUSP mRNA level was significantly
correlated with the histological grade and the p-Value was less than ..
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Figure 2: Overexpression of DUSP1 promotes malignant progression of PC cells. (A) The DUSP1 levels were detected in the overexpressed and control
cells via qRT-PCR and western blotting. (B) Proliferative abilities of DUSP1-overexpressed SW1990 and PANC-1 cells were detected using EdU assays. Scale
bar, 100 μm. (C) Migratory abilities of DUSP1-overexpressed cells were detected through wound healing assay. Scale bar, 200 μm. (D) Migration and
invasion of DUSP1-overexpressed cells were detected via transwell assays. Scale bar, 200 μm *p<0.05, **p<0.01, and ***p<0.001, student’s t-test.
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Figure 3: Knockout of DUSP1 suppresses malignant progression of PC cells. (A) LentiCRISPRv2-gRNA1/gRNA2-DUSP1 sites were validated by Sanger
sequencing. (B) DUSP1 in KO-DUSP1 cells was detected via western blotting. (C) Proliferative abilities of the KO-DUSP1 cells were detected by EdU assays.
Scale bar, 100 μm. (D)Migratory abilities of the KO-DUSP1 cells were detected throughwound healing assay. Scale bar, 200 μm. (E)Migratory and invasive
abilities of the KO-DUSP1 cells were detected using transwell assays. Scale bar, 200 μm *p<0.05, **p<0.01, and ***p<0.001, multiple t-test.
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Figure 4: NPNT is positively regulated by DUSP1. (A–B) RNA sequencing of KO-DUSP1 SW1990 cells and control cells was performed. Results of the GO
and KEGG enrichment analyses of 75 DEGs. (C) Relationship between the NPNT expression and the patients’ overall survival in GSE62452 and GSE71729.
(D) ROC curve of NPNT in PC (TCGA database). (E) NPNT levels were detected in the overexpressing-DUSP1 and control cells via qRT-PCR and western
blotting. (F) The correlation between DUSP1 and NPNT mRNA expression was analysed using GEPIA 2.
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osteosarcoma, DUSP1 inhibition significantly reduces can-
cer cell proliferation, migration, and invasion by regulating
MAPK signaling pathway [17]. In non-small cell lung cancer,
knockdown of DUSP1 inhibits cell motility, invasion,
angiogenesis, and metastasis [7]. Conversely, in gallbladder

carcinoma, DUSP1 overexpression inhibits cell angiogenesis
through the pERK-MMP2/VEGF axis [18]. Most hepatocellular
carcinoma (HCC) patients with low DUSP1 expression have a
poor prognosis, as DUSP1 negatively regulates ERK signaling
pathways in hepatocellular carcinoma cells to inhibit the

Figure 5: DUSP1 promotes malignant progression of PC cells by upregulating NPNT expression. (A) Knockdown efficiency of siRNA on NPNT in SW1990/
PANC-1 cells was determined by qRT-PCR and western blotting. (B) EdU analysis of DUSP1-overexpressed SW1990/PANC-1 cells with or without NPNT
knockdown. Scale bar, 100 μm. (C) Migratory abilities of DUSP1-overexpressed SW1990/PANC-1 cells with or without NPNT knockdown were detected by
wound healing assays. Scale bar, 200 μm. (D) Migratory and invasive abilities of DUSP1-overexpressed cells with or without NPNT knockdown were
detected by transwell assays. Scale bar, 200 μm *p<0.05, **p<0.01, and ***p<0.001, multiple t-test.
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proliferation [19]. However, the biological function of DUSP1
in different cancers is not completely consistent. In PC cells,
our results showed that DUSP1 can promote the malignant
tumor progression by overexpression and knockout of
DUSP1, suggesting DUSP1 may play as an oncogenic gene
in PC.

The extracellular matrix (ECM) is a complex compo-
nent that maintains tissue integrity through providing
scaffolds while absorbing mechanical tension [20]. ECM
acts as a reservoir and provides signaling cues for cell
growth, proliferation, polarity, migration, and differentia-
tion [21]. Changes in ECM composition may affect cell
behavior during cancer progression [22]. NPNT is an ECM
component and is associated with the metastases of breast
cancer [8, 23], liver cancer [14], and gastric cancer [15].
NPNT was not only highly expressed in PC patients but was
also significantly correlated with a poor prognosis. Since
NPNT was upregulated by DUSP1, we speculated that NPNT
may mediate the oncogenic function of DUSP1. Our results
showed that knockdown of NPNT partially attenuated the
proliferative, migratory, and invasive abilities of PC cells
enhanced by DUSP1 overexpression.

NPNT expression is regulated by different signaling
pathways [22]. In osteogenic differentiation, TGF-β1 stim-
ulation leads to the downregulation of NPNT expression
through phosphorylation of ERK1/2 and JNK [21, 24, 25].
NPNT expression is also inhibited by Oncostatin M in a
dose-dependent manner via the JAK/STAT and MAPK
pathways [26]. DUSP1 has an inhibitory effect on the
phosphorylation of the ERK1/2, JNK, and p38 MAPK sub-
strates [27]. Therefore, we speculate that DUSP1 may
upregulate NPNT expression through the ERK/JNK
signaling pathway.

Conclusions

In summary, our study revealed that DUSP1 is upregulated
in PC tissues, and high DUSP1 expression is corelated with
poor prognosis. DUSP1 promoted the proliferation, migra-
tion and invasion of PC cells by upregulating NPNT,
suggesting that DUSP1 may be a potential target for PC
treatment.

Research ethics: Not applicable.
Informed consent: Not applicable.
Author contributions: YC, YM and YT performed the
experiments. YC and YM performed the statistics analysis.
YC performed the bioinformatic analyses. YC and YJ
reviewed the data. YC, YZ, YJ, and CM designed the
research and drafted the manuscript.

Competing interests: The authors declare that they have no
conflicts of interest to report regarding the present study.
Research funding: This work was supported by grants from
the National Natural Science Foundation of China (No.
82072484); the Major Projects of Science and Technology
Development Fund of Nanjing Medical University (No.
NMUD2019004).
Data availability: The datasets analyzed for this study
can be found as follows:TCGA-PAAD cohort https://gdc.
xenahubs.net/download/GSE62452 cohort https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE62452GSE71729 cohort
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE71729

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin 2023;73:17–48.

2. Chen X, Zeh HJ, Kang R, Kroemer G, Tang D. Cell death in pancreatic
cancer: from pathogenesis to therapy. Nat Rev Gastroenterol Hepatol
2021;18:804–23.

3. Quinonero F, Mesas C, Doello K, Cabeza L, Perazzoli G, Jimenez-Luna C,
et al. The challenge of drug resistance in pancreatic ductal
adenocarcinoma: a current overview. Cancer Biol Med 2019;16:688–99.

4. Nunes-Xavier C, Roma-Mateo C, Rios P, Tarrega C, Cejudo-Marin R,
Tabernero L, et al. Dual-specificity MAP kinase phosphatases as targets
of cancer treatment. Anticancer Agents Med Chem 2011;11:109–32.

5. Bermudez O, Pages G, Gimond C. The dual-specificity MAP kinase
phosphatases: critical roles in development and cancer. Am J Physiol
Cell Physiol 2010;299:C189–202.

6. Pan S, Shen M, Zhou M, Shi X, He R, Yin T, et al. Long noncoding RNA
LINC01111 suppresses pancreatic cancer aggressiveness by
regulating DUSP1 expression viamicroRNA-3924. Cell Death Dis 2019;
10:883.

7. Moncho-Amor V, Ibanez de Caceres I, Bandres E, Martinez-Poveda B,
Orgaz JL, Sanchez-Perez I, et al. DUSP1/MKP1 promotes angiogenesis,
invasion and metastasis in non-small-cell lung cancer. Oncogene 2011;
30:668–78.

8. Liu R, Yang G, Bao M, Zhou Z, Mao X, Liu W, et al. STAMBPL1 promotes
breast cancer cell resistance to cisplatin partially by stabilizing MKP-1
expression. Oncogene 2022;41:2265–74.

9. Sanders BE, Yamamoto TM, McMellen A, Woodruff ER, Berning A,
Post MD, et al. Targeting DUSP activity as a treatment for high-
grade serous ovarian carcinoma. Mol Cancer Therapeut 2022;21:
1285–95.

10. Lin ZY, Kuo CH, Wu DC, Chuang WL. Anticancer effects of clinically
acceptable colchicine concentrations on human gastric cancer cell
lines. Kaohsiung J Med Sci 2016;32:68–73.

11. Tuglu MM, Bostanabad SY, Ozyon G, Dalkilic B, Gurdal H. The role of
dual-specificity phosphatase 1 and protein phosphatase 1 in
beta2-adrenergic receptor-mediated inhibition of extracellular signal
regulated kinase 1/2 in triple negative breast cancer cell lines. Mol Med
Rep 2018;17:2033–43.

12. Liu F, Gore AJ, Wilson JL, Korc M. DUSP1 is a novel target for enhancing
pancreatic cancer cell sensitivity to gemcitabine. PLoS One 2014;9:e84982.

13. Zandi Z, Kashani B, Alishahi Z, Pourbagheri-Sigaroodi A, Esmaeili F,
Ghaffari SH, et al. Dual-specificity phosphatases: therapeutic targets in
cancer therapy resistance. J Cancer Res Clin Oncol 2022;148:57–70.

Chen et al.: DUSP1 promotes pancreatic cancer cell proliferation and invasion via NPNT 689

https://gdc.xenahubs.net/download/GSE62452 cohort
https://gdc.xenahubs.net/download/GSE62452 cohort
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE62452GSE71729 cohort
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE62452GSE71729 cohort
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE71729


14. Huang L, Guan S, Feng L, Wei J, Wu L. Integrated analysis identified
NPNT as a potential key regulator in tumormetastasis of hepatocellular
carcinoma. Gene 2022;825:146436.

15. Mei D, Zhao B, Zhang J, Xu H, Huang B. Nephronectin is a prognostic
biomarker and promotes gastric cancer cell proliferation, migration
and invasion. Histol Histopathol 2020;35:1263–74.

16. Shillingford SR, Bennett AM. Mitogen-activated protein kinase
phosphatases: no longer undruggable? Annu Rev Pharmacol Toxicol
2023;63:617–36.

17. Lopes LJS, Tesser-Gamba F, Petrilli AS, de Seixas Alves MT, Garcia-
Filho RJ, Toledo SRC. MAPK pathways regulation by DUSP1 in the
development of osteosarcoma: potential markers and therapeutic
targets. Mol Carcinog 2017;56:1630–41.

18. Shen J, Zhou S, Shi L, Liu X, Lin H, Yu H, et al. DUSP1 inhibits cell
proliferation, metastasis and invasion and angiogenesis in gallbladder
cancer. Oncotarget 2017;8:12133–44.

19. Pascale RM, Calvisi DF, Feo F, Simile MM. Genetic predisposition to
hepatocellular carcinoma. Metabolites 2022;13:35.

20. Bonnans C, Chou J, Werb Z. Remodelling the extracellular matrix in
development and disease. Nat Rev Mol Cell Biol 2014;15:786–801.

21. Magnussen SN, Toraskar J, Hadler-Olsen E, Steigedal TS, Svineng G.
Nephronectin as a matrix effector in cancer. Cancers 2021;13:959.

22. Sun Y, Kuek V, Qiu H, Tickner J, Chen L, Wang H, et al. The emerging role
of NPNT in tissue injury repair and bone homeostasis. J Cell Physiol
2018;233:1887–94.

23. Eckhardt BL, Parker BS, van Laar RK, Restall CM, Natoli AL, Tavaria MD,
et al. Genomic analysis of a spontaneous model of breast cancer
metastasis to bone reveals a role for the extracellular matrix. Mol
Cancer Res 2005;3:1–13.

24. Kahai S, Lee SC, Seth A, Yang BB. Nephronectin promotes osteoblast
differentiation via the epidermal growth factor-like repeats. FEBS Lett
2010;584:233–8.

25. Miyazono A, Yamada A, Morimura N, TakamiM, Suzuki D, Kobayashi M,
et al. TGF-beta suppresses POEMexpression through ERK1/2 and JNK in
osteoblasts. FEBS Lett 2007;581:5321–6.

26. Kurosawa T, Yamada A, Takami M, Suzuki D, Saito Y, Hiranuma K, et al.
Expression of nephronectin is inhibited by oncostatin M via both JAK/
STAT and MAPK pathways. Febs Open Bio 2015;5:303–7.

27. Low HB, Zhang Y. Regulatory roles of MAPK phosphatases in cancer.
Immune Netw 2016;16:85–98.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/oncologie-2023-0215).

690 Chen et al.: DUSP1 promotes pancreatic cancer cell proliferation and invasion via NPNT

https://doi.org/10.1515/oncologie-2023-0215

	DUSP1 promotes pancreatic cancer cell proliferation and invasion by upregulating nephronectin expression
	Introduction
	Materials and methods
	Cell culture
	RNA isolation and quantitative RT-PCR
	CRISPR-Cas9 gene editing
	Wound healing assay
	Transwell assay
	Western blotting
	EdU assays
	Bioinformatic analysis
	Statistical analysis

	Results
	Significant upregulation of DUSP1 expression in pancreatic cancer
	DUSP1 promotes malignant progression of PC cells
	NPNT is positively regulated by DUSP1
	DUSP1 promotes malignant progression of PC cells by upregulating NPNT expression

	Discussion
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


