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Abstract: This study was targeted at investigating the biological functions of E74-like ETS transcription factor 1
(ELF1) in pancreatic cancer (PC) and its underlying mechanism. ELF1 expression in PC tissues was detected by
quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR) and immunohistochemistry. Cell
counting kit-8 (CCK-8) method, EdU method and flow cytometry were used to detect the cell proliferation and apop-
tosis of PC cell lines after transfection. A subcutaneous tumorigenesis model was constructed to validate the on-
cogenic role of ELF1 in vivo. PROMO database was used to predict the binding site of ELF1 on the promoter region
of doublecortin-like kinase 1 (DCLK1). Dual-luciferase reporter gene assay, chromatin immunoprecipitation-quan-
titative polymerase chain reaction (ChIP-gPCR) assay and quantitative real-time PCR were performed to detect the
binding of ELF1 to the promoter region of DCLK1. The effect of ELF1 on DCLK1 expression was detected by Western
blot assay. It was found that ELF1 expression in PC tissues and cells was up-regulated. ELF1 overexpression pro-
moted the proliferation and inhibited the apoptosis of PC cells, while knocking down ELF1 had the opposite effects.
ELF1 could bind to the promoter region of DCLK1 and ELF1 overexpression promoted the expression of DCLK1.
Bioinformatics analysis suggested that Janus kinase (JAK) - signal transducer and activator of transcription (STAT)
signaling pathway was associated to DCLK1 expression, and overexpression of ELF1 promoted the expression of
Janus kinase 2 (JAK2) and signal transducer and activator of transcription 3 (STAT3). In conclusion, ELF1 promoted
the malignant progression of PC via regulating DCLK1/ JAK/STAT signaling pathway.
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Introduction

Pancreatic cancer (PC) is a tumor of digestive
system with extremely high malignancy [1], and
ranks the seventh leading cause of cancer-
related deaths [2, 3]. Early symptoms of PC are
insidious, so most patients already have dis-
tant metastases once they are diagnosed [4,
5]. In recent years, the prognosis of patients
with PC has been significantly improved as the
progress of comprehensive treatment. How-
ever, the 5-year survival rate of PC patients is
still less than 10% [6-8]. Therefore, it is neces-
sary to further clarify the molecular mechanism
of PC progression.

Transcription factor is a class of DNA-binding
proteins modulating expressions of multiple
genes via binding to the specific region of the
promoter of a gene [9]. Transcription factors,
currently accounting for about 20% of all onco-
genes, are associated with the pathogenesis
and progression of multiple human diseases,
including cancer [10]. For example, ETV4 acti-
vates ANXA2 transcription by binding to ANXA2
promoter region, which in turn activates the
Wnt/B-catenin pathway and accelerates the
progression of HBV-related liver cancer [11];
E2F1 binds to the promoter region of TINCR and
activates the transcription of TINCR, thus facili-
tating the proliferation and inhibiting the apop-

https://doi.org/10.62347/TEWF1767


http://www.ajcr.us

ELF1, DCLK1, and pancreatic cancer

tosis of gastric cancer cells [12]. NR5A2 tran-
scription is activated by BRD4, subsequently
promotes PC cell growth, migration and inva-
sion [13]. In addition, the role of E74-like ETS
transcription factor 1 (ELF1) has been reported
in many diseases. For example, ELF1 is up-reg-
ulated in osteosarcoma cells, and ELF1 up-reg-
ulates the expression of ZCCHC3 by activating
FOXD3-AS1, thereby promoting the aggressive-
ness and epithelial-mesenchymal transition of
osteosarcoma cells [14]. In this study, bioinfor-
matics analysis showed that ELF1 expression
in PC was up-regulated and correlated with
shorter overall survival time of patients.
However, how ELF1 functions in PC deserves
further clarification.

In addition, doublecortin like kinase 1 (DCLK1)
is up-regulated in PC and the overexpression of
DCLK1 promotes the proliferation, migration
and invasion of PC cells [15]. Bioinformatics
analysis showed that ELF1 could bind to DCLK1
promoter region, and their expression levels
were positively correlated. Therefore, this study
focused on exploring the biological function of
ELF1 in PC and its regulatory effects on DCLK1
transcription.

Materials and methods
Tissue sample collection

PC tissues and non-cancerous pancreatic tis-
sues were obtained during surgery from De-
partment of Hepato-Pancreato-Biliary Surgery,
the Second Affiliated Hospital of Zhejiang
University School of Medicine. All subjects did
not receive chemotherapy, radiotherapy, and
other anti-cancer treatments before the sur-
gery. This study was conducted with the app-
roval and under the guidance of the Ethics
Committee of the Second Affiliated Hospital of
Zhejiang University School of Medicine (approv-
al number: 2017ZJDX036).

Immunohistochemistry

PC tissues (n=50) and unpaired non-cancer-
ous pancreatic tissues (n=20) were used for
immunohistochemistry. After the removal, the
tissues were washed with normal saline and
then fixed by formalin. After the tissues were
embedded in paraffin, tissue sections were
prepared. Next, the sections were dewaxed in
xylene and rehydrated by gradient ethanol.
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Then the sections were incubated in 3% H,0,
for 30 min to block the activity of endogenous
peroxidase. Next, the sections were heated in
boiling sodium citrate buffer (0.01 M, pH 6.0)
for 10 min, to repair the antigens. Next, the tis-
sues were blocked with goat serum for 30 min,
and then incubated with anti-ELF1 antibody
(@b64937, 1:100, Abcam Inc, Cambridge, UK)
in a wet box overnight at room temperature.
The tissues were then incubated at room tem-
perature for 1 h with the secondary antibody
(Proteintech, Wuhan, China). After rinsing with
phosphate buffer saline (PBS), DAB was added
for color developing. PBS was used as a blank
control instead of the primary antibody. The
staining intensity of ELF1 was scored by two
experienced pathologists, and clarified into
“high expression”, “low expression” and “nega-
tive”. The Human Protein Atlas (www.proteinat-
las.org) was also searched to check the immu-
nohistochemical staining of ELF1 in PC tissues
and non-cancerous tissues.

Cell culture

PC cell lines (PANC-1, BxPc-3, Capan-2) and
human normal pancreatic ductal epithelial cell
line hTERT-HPNE were available from the
American Type Culture Collection (Manassas,
VA, USA). The cells were cultured in Roswell
Park Memorial Institute-1640 medium (RPMI-
1640, Gibco, Carlsbad, CA, USA) or Dulbecco’s
modified Eagle’s medium (DMEM, Gibco,
Carlsbad, CA, USA) and placed in an incubator
containing 5% CO, at 37°C. The medium con-
tained 10% fetal bovine serum (FBS, Gibco,
Carlsbad, CA, USA), 100 U/mL penicillin (Gibco,
Carlsbad, CA, USA) and 0.1 mg/mL streptomy-
cin (Gibco, Carlsbad, CA, USA).

Cell transfection

Empty plasmid (negative control, NC), ELF1
overexpression plasmid (ELF1), DCLK1 overex-
pression plasmid (DCLK1), small interfering
RNA (siRNA) targeting ELF1 (si-ELF1) (si-ELF1-1:
sense, 5-CACUUCAAAUAGGAAUCAAC-3’; anti-
sense, 5-GUUGAUUCCUAUUUGAAGUG-3’; si-
ELF1-2: sense, 5-UCCGACCGAGUCGUCCAUG-
UA-3’; anti-sense, 5-UACAUGGACGACUCGGU-
CGGA-3’), siRNA targeting DCLK1 (si-DCLKZ1;
sense, 5-GAUCGAUACUUCAAAGGGA-3’; anti-
sense, 5-UCCCUUUGAAGUAUCGAUC-3’), and
negative control (si-NC; sense, 5-UUCUCCGA-
ACGUGUCACGUTT-3’; anti-sense, 5-ACGUGA-
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CACGUUCGGAGAATT-3’) were purchased from
GenePharma (Shanghai, China). When the cells
reached 60-80% confluence, the above plas-
mids or siRNAs were transfected into Capan-2
and PANC-1 cells with Lipofectamine™ 2000 kit
(Invitrogen, Carlsbad, CA, USA). 48 h later, the
transfection efficiency was detected by quanti-
tative Real-time PCR (gRT-PCR) and the cells
were collected for subsequent analyses.

qRT-PCR

Forty-four pairs of PC tissue samples and adja-
cent normal samples were collected for gqRT-
PCR. They were obtained from the surgically
resected tumor tissues and adjacent non-can-
cerous tissues, and the samples were subse-
quently frozen in liquid nitrogen until RNA
extraction. Total RNA was extracted by a TRIzol
kit (Invitrogen, Carlsbad, CA, USA) and rever-
sely transcribed into cDNA by a Miscript
Reverse Transcription Kit (Qiagen GmbH,
Hilden, Germany). Then, the PCR reaction was
carried out with a miScript SYBR Green PCR
Kit (Qiagen GmbH, Hilden, Germany) on a
Rotorgene 3000 series PCR machine (Qiagen
GmbH, Hilden, Germany). Ultimately, quantita-
tive analysis was performed with the Rotor
Gene software. The 222°t method was used
to calculate the relative expression of ELF1
MRNA and DCLK1 mRNA, with GAPDH as the
internal reference. The primer sequences:
ELF1 Forward: 5-TGTGTGATAGGTCTGCGAA-
AA-3’, ELF1 Reverse: 5-ATAAGGGCAAGGACA-
TT-3; DCLK1 Forward: 5-CAGCGCCATCAAAT-
ACCTGC-3’, DCLK1 Reverse: 5-TGGTCATCAC-
CACTTCCACG-3’; GAPDH Forward: 5-GAAGGT-
GAAGGTCGGAGTC-3’, GAPDH Reverse: 5-GA-
AGATGGTGATGGGATTTC-3..

Cell counting kit-8 (CCK-8) assay

The viability of Capan-2 and PANC-1 cells was
detected by a CCK-8 kit (Dojindo, Shanghai,
China). These cells were inoculated on 96-well
plates at a density of 1 x 103 cells/well. After
24, 48 or 72 h, 10 ul of CCK-8 reagent was
loaded into each well and the cells were incu-
bated at 37°C in 5% CO, for 2 h. After that, the
optical density (OD) values at 450 nm per well
were probed by a microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

EdU assay

Capan-2 and PANC-1 cells were respectively
inoculated into a 24-well plate. A BeyoClick™™
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EdU-488 cell proliferation Kit (Beyotime,
Shanghai, China) was used for the EdU assay.
Each well was added with 200 uL of 5 ymol/L
EdU working solution for 2 h. The cells were
followingly fixed with paraformaldehyde for 10
min and stained with Apollo for 30 min. Besides,
the cells were incubated with 1 x Hoechst
33342 DNA staining solution (Dojin, Tokyo,
Japan) in darkness for 20 min at ambient tem-
perature. After the cells were washed, the cells
were observed under a fluorescence micro-
scope and the results were analyzed.

Flow cytometry assay

The apoptosis of PC cells was detected by the
Apoptosis Detection Kit. The PC cells were cul-
tured for 24 h, trypsinized with 0.25% trypsin
and then collected after centrifugation. After
being washed twice with PBS containing 5%
BSA, the cells were mixed with 5 ul of Annexin
V-FITC solution (YEASEN Biotech Co., Ltd.,
Shanghai, China) and 10 ul of propidium iodide
(Pl) solution (YEASEN Biotech Co., Ltd.,
Shanghai, China) and incubated for 20 min.
After the cells were washed with PBS, the
apoptotic rate was detected by a flow cytome-
ter (BD Biosciences, San Jose, CA, USA).

Dual luciferase report gene assay

Through the PROMO database, the binding
sites between ELF1 and DCLK1 promoter
regions were predicted, and the DCLK1 promot-
er sequence fragment was amplified by PCR
and cloned into a pGL3-Basic vector (Promega,
Madison, WI, USA) to construct a pGL3-DCLK1-
wild type (DCLK1-WT) and a pGL3-DCLK1-
mutant (DCLK1-MUT) reporter vector. The vec-
tors and the ELF1 overexpression plasmid and
si-ELF1 were then co-transfected into Capan-2
and PANC-1 cells by Lipofectamine™ 2000 kit.
48 h later, the luciferase activity was detected
by a dual-luciferase reporter assay system
(Promega, Madison, WI, USA).

Chromatin immunoprecipitation (ChIP) assay

ChIP experiment was performed with the
EZ-ChIP™ kit (Millipore, Billerica, MA, USA).
Capan-2 and PANC-1 cells were fixed with form-
aldehyde and terminated with glycine after
incubation. The cells were scraped to get cell
precipitation, and then the cell lysis buffer con-
taining phenylmethanesulfonyl fluoride (PMSF)
was added and the nuclear precipitate was
obtained. The DNA was cut by ultrasound in an

Am J Cancer Res 2024;14(2):616-629



ELF1, DCLK1, and pancreatic cancer

ice bath. 10% of the supernatant of the nuclear
lysate cut by ultrasound was used as the con-
trol, and the remaining 90% of the lysate and
magnetic beads coupled with anit-ELF1 anti-
body were mixed, shaken, incubated and cen-
trifuged, and the DNA bound to ELF1 was elut-
ed with fresh elution buffer. Next, the DNA was
purified by DNA purification kit and then detect-
ed by gRT-PCR.

Western blot

The cells were collected and incubated with
pre-cooled RIPA lysis buffer (Beyotime Bio-
technology, Shanghai, China) for 20 min on ice
and then centrifuged for 20 min (13000 r/min,
4°C). Next, the supernatant was collected as
the sample, with the protein quantification
performed by the bicinchoninic acid (BCA) pro-
tein quantification kit (Beyotime Biotechnology,
Shanghai, China). After the concentration of the
protein sample was adjusted, the protein was
denatured by boiling for 5 min and protein
samples were loaded on a 12% sodium dode-
cyl sulfate-polyacrylamide gel (Sigma Aldrich,
St. Louis, MO, USA) and electrophoresed for 2
h and transferred to polyvinylidene difluoride
(PVDF) membrane (Millipore, Billerica, MA,
USA). Then, the membranes were washed with
tris buffered saline tween (TBST), and incubat-
ed overnight at 4°C with primary antibodies
including anti-ELF1 (ab64937, 1:1000, Abcam
Inc., Cambridge, UK), anti-DCLK1 (ab106635,
1:500, Abcam Inc., Cambridge, UK), anti-Janus
kinase 2 (JAK2) (ab108596, 1:500, Abcam Inc.,
Cambridge, UK), anti-signal transducer and
activator of transcription 3 (STAT3) (ab1090-
85, 1:500, Abcam Inc., Cambridge, UK) and
anti-GAPDH (ab181602, 1:500, Abcam Inc.,
Cambridge, UK). After rinsing with TBST again,
the PVDF membranes were incubated with
secondary antibody Goat Anti-Rabbit 18G H&L
(@b205718, 1:1000, Abcam Inc, Cambridge,
UK) at room temperature for 2 h and then
immersed in TBST again. Finally, the protein
bands were visualized with an ECL lumines-
cence kit (Santa Cruz, CA, USA), with GAPDH as
the internal reference.

Animal experiments

The processes of the animal experiments of
the present study were performed after the
approval of the Animal Research Ethics
Committee of the Second Affiliated Hospital of
Zhejiang University School of Medicine. The
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mice (4 weeks old, BALB/c, male, bought from
Hio-bio, Hangzhou, China) were divided into two
groups (ELF1 overexpression group and the
control group, and 3 mice per group). Capan-2
cells were then subcutaneously inoculated into
the back of the nude mice (2 x 107 cells per
mouse, suspended in sterile PBS). The mice
were fed for 15 days, and then were sacrificed,
and the formed tumors were isolated, and the
size was compared.

Statistical analysis

SPSS 24.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was applied to analyze the
experimental data. Student’s t-test was adopt-
ed for the comparison between two groups,
and one-way ANOVA was used for comparisons
among multiple groups. P < 0.05 indicates sta-
tistically significant differences.

Results

The expression characteristics of ELF1 in PC
tissues

GEPIA database (http://gepia.cancer-pku.cn/)
showed that ELF1 expression in PC tissue
samples was significantly up-regulated (Figure
1A). Next, immunohistochemistry results ob-
tained from the Human Protein Atlas database
(https://www.proteinatlas.org/) showed that
ELF1 had a higher expression in PC tissues
than that in normal pancreatic tissues; and
ELF1 protein expression in PC tissues (n=50)
and non-cancerous pancreatic tissues (n=20)
was also evaluated by immunohistochemistry,
and it showed that ELF1 expression was up-
regulated in PC tissues (Chi-square value
=13.693; P value =0.001) (Figure 1B; Table 1).
gRT-PCR showed that, ELF1 mRNA expression
in PC tissues was up-regulated as against the
adjacent tissues (Figure 1C). In addition, ELF1
expression was up-regulated in PC cells com-
pared with the immortalized pancreatic cell
line (Figure 1D). In addition, StarBase data-
base showed a negative correlation between
ELF1 expression and the overall survival of
patients, suggesting its oncogenic role (Figure
1E).

Effects of ELF1 on proliferation and apoptosis
of PC cells

To clarify the biological functions of ELF1 in
Capan-2 and PANC-1 cells, Capan-2 cells were
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Figure 1. ELF1 is up-regulated in PC, and it is a potential prognostic factor. A. ELF1 expression characteristics in PC tissues and non-cancerous tissues were analyzed
using GEPIA database. B. Representative IHC staining of ELF1 in PC tissues and non-cancerous tissues were provided (scale bars =50 ym and 20 ym, respectively).
C. The expression of ELF1 mRNA in PC tissues (n=44) and normal tissues (n=44) was determined by qRT-PCR. D. The expression of ELF1 mRNA in PC cell lines
(PANC-1, BxPc-3, Capan-2) and hTERT-HPNE cells was determined by qRT-PCR. E. The association between the prognosis of PC patients and the expression of ELF1
was analyzed using StarBase database. *P < 0.05 and ***P < 0.001

620 Am J Cancer Res 2024;14(2):616-629



ELF1, DCLK1, and pancreatic cancer

Table 1. The statistical analysis of the results of immunohis-

tochemistry

Effects of ELF1 and DCLK1 on pro-
liferation and apoptosis of PC cells

Non-cancerous Chi-square

PC tissues tissues value  value To further confirm whether ELF1 pro-
ELF1 high 15 4 13.693  0.001* motes the progression of PC by regu-
ELF1 low 30 6 lating DCLK1, we co-transfected the
ELF1 negative 5 10 ELF1 overexpression plasmid and si-

*Pearson’s chi-squared test.

transfected with ELF1 overexpression plas-
mids, and PANC-1 cells were transfected with
si-ELF1, and Western blot was used to verify
the success of transfection (Figure 2A).
Considering the si-ELF1-2 had high knockdown
efficiency, it was selected for subsequent
experiments. CCK-8 assay, EdU assay and flow
cytometry showed that compared with the con-
trol group, the up-regulation of ELF1 promoted
the proliferation and restrained the apoptosis
of PC cells, while knocking down ELF1 func-
tioned oppositely (Figure 2B-D).

ELF1 promotes the transcription of DCLK1

To explore the downstream mechanism of
ELF1, PROMO database was searched and two
binding sites were found between ELF1 and
the promoter region of DCLK1 (Figure 3A).
Previous studies have shown DCLK1 facilitat-
es the malignant biological behaviors of PC
cells [15-17]. Consistently, we also observed
that DCLK1 overexpression promoted the pro-
liferation and inhibited the apoptosis of PANC-
1 cells (Supplementary Figure 1). Additionally,
StarBase database showed a positive correla-
tion between ELF1 expression and DCLK1
expression in PC tissues (Figure 3B). It was
supposed that ELF1 could promote the tran-
scription of DCLK1. As expected, dual lucifer-
ase reporter gene assay showed that in Capan-
2 and PANC-1 cells, overexpression of ELF1
increased the luciferase activity of DCLK WT
reporter, while knocking down of ELF1 worked
oppositely; overexpression or knockdown of
ELF1 did not significantly change the lucife-
rase activity of DCLK1-MUT (Figure 3C). ChIP-
gPCR showed that overexpression of ELF1
enhanced the binding between ELF1 and
DCLK1 promoter in Capan-2 and PANC-1 cells,
while knocking down E2F1 had the opposite
effects (Figure 3D). In addition, Western blot
showed that ELF1 overexpression promoted
DCLK1 expression, and knockdown ELF1
worked oppositely (Figure 3E).
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DCLK1 into Capan-2 cells and the si-
ELF1 and DCLK1 overexpression
plasmids into PANC-1 cells, and gRT-
PCR suggested that the transfection is suc-
cessful (Figure 4A). CCK-8 assay, EdU assay
and flow cytometry showed that overexpression
of ELF1 accelerated cell growth and inhibited
cell apoptosis, while knockdown of DCLK1
weakened this effect; knocking down ELF1
inhibited cell proliferation and promoted apop-
tosis, while the DCLK1 overexpression revers-
ed this effect (Figure 4B-D). These data sug-
gested the biological functions of ELF1 were
partially dependent on DCLK1.

DCLK1 activates the JAK-STAT signaling path-
way

To further elaborate on the downstream mech-
anism of DCLK1 in regulating the biological
function of PC cells, we used LinkedOmics
database (http://www.linkedomics.org) to con-
duct gene set enrichment analysis, and proved
that DCLK1 expression was correlated with
JAK-STAT signaling pathway (Figure 5A). Janus
kinase 2 (JAK2) is a transcriptional co-activator
of the JAK-STAT signaling pathway located at
the upstream of STAT3 signaling pathway and is
the major activator of STAT3 [18]. EdU assay,
flow cytometry and Western blot showed that
DCLK1 overexpression promoted the proli-
feration of PANC-1 cells, and repressed the
apoptosis, accompanied with up-regulated
JAK2 expression and STAT3 expression in
PANC-1 cells, while the treatment of Ganoderic
acid A (@ JAK-STAT pathway inhibitor) totally
reversed these effects (Supplementary Figure
1). These results supported that DCLK1 pro-
moted the malignant biological behaviors of
PC cells via modulating JAK/STAT pathway.
Western blot showed that overexpression of
ELF1 promoted the expression of STAT3 and
JAK2, while knocking down DCLK1 weakened
these effects; knockdown of ELF1 inhibited
the expression of STAT3 and JAK2, while over-
expression of DCLK1 worked oppositely (Figure
5B). These data supported that ELF1 potential-
ly modulate DCLK1/JAK/STAT axis. To further
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Figure 2. Effects of ELF1 on the proliferation and apoptosis of PC cells. A. The transfection efficiency of ELF1 overexpression plasmid and si-ELF1 was detected by
Western blot. B. The effects of ELF1 overexpression or knockdown on the viability of Capan-2 and PANC-1 cells were detected by CCK-8 assay. C. The effects of ELF1
overexpression or knockdown on the proliferation of Capan-2 and PANC-1 cells were detected by EdU assay (scale bars =50 um). D. The effects of ELF1 overexpres-
sion or knockdown on the apoptosis of Capan-2 and PANC-1 cells were detected by flow cytometry. *P < 0.05, **P < 0.01, and ***P < 0.001.
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Figure 3. ELF1 transcriptionally promotes DCLK1 expression. A. PROMO database was used to predict the binding sites between ELF1 and DCLK1 promoter region.
B. The correlation between ELF1 expression and DCLK1 expression in PC samples was analyzed by the StarBase database. C. Dual-luciferase reporter gene assay
was performed to detect the effects of ELF1 overexpression and knockdown on the luciferase activities of DCLK1-WT and DCLK1-MUT. D. ChIP-gPCR assay was
applied to detect the binding of ELF1 to the DCLK1 promoter region. E. Western blot was used to detect the effect of ELF1 overexpression or knock-down on the
expression of DCLK1 in Capan-2 and PANC-1 cells. **P < 0.01 and ***P < 0.001.
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Figure 4. ELF1 interferes with cell proliferation and apoptosis by targeting DCLK1. The ELF1 overexpression plasmid and si-DCLK1 were co-transfected into Capan-2
cells, and the si-ELF1 and DCLC1 overexpression plasmids were co-transfected into PANC-1 cells. A. DCLK1 mRNA expression was probed by gRT-PCR after trans-
fection. B, C. The viability of Capan-2 and PANC-1 cells was detected by CCK-8 and EdU assays. D. The apoptosis of Capan-2 and PANC-1 cells was detected by flow
cytometry. *P < 0.05, **P < 0.01, and ***P < 0.001.
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Figure 5. ELF1 modulates JAK-STAT signaling pathway via DCLK1. A. Gene set enrichment analysis was adopted
to analyze the signaling pathway related to DCLK1. B. The ELF1 overexpression plasmid and si-DCLK1 were co-
transfected into Capan-2 cells, and the si-ELF1 and DCLK1 overexpression plasmids were co-transfected into PANC-
1 cells. JAK2 expression and STAT3 expression were analyzed by Western blot assay. C. After ELF1 overexpression
plasmids were transfected into Capan-2 cells, the Capan-2 cells with ELF1 overexpression and the control Capan-2
cells were subcutaneously transplanted into nude mice, and the tumor size of the two groups (3 mice per group)
was compared. D. The expression levels of ELF1, DCLK1, STAT3 and JAK2 in the tumor tissues of the two groups of

mice were detected by Western blot and compared.

validate the oncogenic role of ELF1 in PC, a
tumorigenesis model in nude mice was con-
structed, and the results showed that Capan-2
cells with ELF1 overexpression could form larg-
er tumor in nude mice compared with the con-
trol cells (Figure 5C). Additionally, the expres-
sion levels of ELF1, DCLK1, STAT3 and JAK2 in
the tumor tissues of ELF1 overexpression group
were obviously higher than those in the control
group (Figure 5D), which further supported that
ELF1 promoted PC progression via DCLK1/
JAK/STAT axis.

Discussion

Due to insidious early symptoms and rapid dis-
ease progression, as well as the low surgical
resection rate and insensitivity to chemothera-
py, the prognosis of PC is extremely poor, with
90% of patients surviving for less than one
year. In this context, it is crucial to seek new
treatment strategies [19]. Here we found that
the expression of ELF1 in PC tissues and cell
lines was up-regulated and interrelated with a
short survival time of patients, indicating that it
could be a prognostic marker and therapeutic
target for PC.

E26 transformation-specific transcription fac-
tor family is a large and important family of
evolutionarily conservative transcription fac-
tors [20-22]. Among them, the gene of ELF1,
as one of its important family members, is
located in the 13q13.3-13g14.11 region,
and it is mainly expressed in lymphocytes.
Moreover, ELF1 acts as an enhancer to re-
gulate the transcription of various genes, thus
participates in the progression of certain
tumors [23-25]. For example, highly expressed
ELF1 is associated with poor prognosis of the
patients with endometrial cancer and ovarian
cancer [26, 27]. ELF1 is upregulated in gliomas
and ELF1 promotes the malignant progression
of gliomas by activating MEIS1 and regulating
the GFI1/FBW?7 axis [28]. ELF1 is also up-regu-
lated in oral squamous cell carcinoma, and as a
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transcription factor of CTNB1, ELF1 promotes
the growth of oral squamous carcinoma cells
by facilitating the expression of CTNB1 [29].
However, the biological function of ELF1 in PC
has not been fully clarified yet. Here we found
up-regulating ELF1 promotes the proliferation
and inhibits the apoptosis of PC cells; knocking
down ELF1 inhibits the proliferation and induc-
es the apoptosis of PC cells. Based on our find-
ings, we conclude that ELF1 plays a role as an
oncoprotein in PC.

DCLK1 is a transmembrane microtubule-asso-
ciated protein kinase with a DCX domain and
a C-terminal serine/threonine protein kinase
domain, which is considered to be a crucial
modulator of cell movement [30]. Previous
studies have shown that DCLK1 is highly
expressed in a variety of cancers and has been
identified as a potential oncogene associated
with cancer progression, in intestinal tumor,
non-small cell lung cancer and nasopharyng-
eal carcinoma [31-34]. In addition, there are a
large number of reports about the role of
DCLC1 in PC. For example, DCLC1 is overex-
pressed in PC and is interrelated to the poor
prognosis; depletion of DCLK1 inhibits epitheli-
al-mesenchymal transition by down-regulating
Bmi-1, which in turn represses the migration
and invasion of PC cells [35]. Up-regulation of
DCLK1 activates KRAS, which enhances PI3K/
AKT/mTOR signaling and facilitates the migra-
tion and invasion of PC cells [36]; another
study reports that DCLK1 is up-regulated in
PC, and miR-195 directly targets DCLK1 to
inhibit the proliferation, migration and aggres-
siveness of PC cells [37]. In this study, we
found that ELF1 could bind to the promoter
region of DCLK1, thus activating transcription
of DCLK1. Our data give a reasonable explana-
tion for DCLK1 dysregulation in PC.

Janus kinase/signal transducer and activator
of transcription (JAK/STAT) signal pathway is a
classical pathway involved in tumorigenesis
and development. For example, in PC, IL28RA
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activates JAK-STAT pathway to accelerate the
cell proliferation and invasion [38]. In the
present work, with in vitro and in vivo data, we
found overexpression of ELF1 activates the
JAK-STAT signaling pathway by targeting DC-
LK1. Collectively, the ELF1/DCLK1/JAK-STAT
signaling pathway may accelerate the progres-
sion of PC.

Conclusion

In conclusion, to our best knowledge, this is
the first study that provides direct evidence for
the role of ELF1 in PC progression. Me-
chanistically, ELF1 activates the JAK-STAT sig-
naling pathway by targeting DCLK1, thus pro-
moting the malignant progression of PC. This
study potentially offers novel treatment targets
for PC patients. Nonetheless, there are some
limitations to this work. Firstly, this study is still
limited to single-center samples. In the future,
tissue sample size is necessary to be enlarged
to explore the prognostic prediction value of
ELF1 in depth. Additionally, the regulatory
effects of ELF1 and DCLK1 on the other mem-
bers of JAK-STAT signaling still remain to be
investigated.
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