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The long non-coding RNA EGOT promotes
pancreatic cancer progression by sequestering miR-
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Abstract
Background: Long non-coding RNAs (lncRNAs) have been shown to play central roles in diverse
oncogenic contexts. Database-based bioinformatics analyses indicated that pancreatic cancer (PC)
samples exhibit the upregulation of the lncRNA EGOT. The present study was therefore designed to
explore the role of this lncRNA in PC, focusing on its ability to regulate the EGOT/miR-214/PLS3 axis.

Methods: A qPCR approach was used to quantify EGOT, miR-214, and PLS3 mRNA levels in PC cells,
while PLS3 protein levels were examined via Western blotting. Tumor cell invasivity and proliferation were
measured through CCK-8, EdU, and wound healing assays. The impact of EGOR knockdown on in vivo PC
tumor growth was additionally assessed.

Results: EGOT upregulation was observed in PC cells, and the knockdown of this lncRNA signi�cantly
impaired their migration, proliferation, and invasion. Direct binding interactions between miR-214 and
both EGOT and PSL3 were detected, and miR-214 inhibition was su�cient to partially reverse the impact
of EGOT knockdown on PLS3 expression and PC cell proliferative and migratory activity. Knocking down
EGOT also suppressed the in vivo growth of PC tumors, and relationships between EGOT, miR-214, and
PLS3 were con�rmed in this animal model system.

Conclusion:We con�rmed that EGOT serves as an important regulator of PC development, suggesting
that it may be a valuable diagnostic biomarker and/or therapeutic target in this oncogenic context. 

Introduction
Pancreatic cancer (PC) is di�cult to diagnose in its early stages and is associated with high rates of
malignancy, a rapid disease course, poor therapeutic e�cacy, and a poor prognosis, with a 5-year survival
rate of < 10% that has led to its designation as the “king of cancer” [1–3]. Recent work has indicated that
PC incidence rates are rising throughout the world [4], with such incidence having increased approximately
six-fold in China in recent years such that it is now the �fth deadliest malignant tumor type in this country
[5]. Per the data most recently released by the American Cancer Association in 2017, PC is the fourth
deadliest form of malignancy in the United States [6]. While surgical resection can achieve bene�cial
outcomes in some patients with early-stage PC, the overall rates of curative surgery in this patient
population are very low, emphasizing the need to identify novel and effective treatments for these
patients.

Over 95% of the human genome consists of sequences that do not directly encode proteins, with the
majority of these sequences instead coding for long non-coding RNAs (lncRNAs) between 200 and
100,000 nucleotides in length[7–8]. A growing body of evidence has �rmly established the ability of these
lncRNAs to regulate most physiological processes, such as cellular survival, proliferation, invasion, and
migration. As such, lncRNAs are also central regulators of oncogenic processes, in�uencing progression
in many different cancer types[9–11]. The lncRNA EGOT is encoded on chromosome 3p26.1 in humans,
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and is expressed in mature eosinophils owing to its documented role as a regulator of eosinophil
development[12]. Interactions between EGOT and HuR have been shown to control hypoxia-induced
autophagy in renal tubular cells[13], and aberrant EGOT expression has also been detected in breast and
kidney tumor cells[14, 15]. By promoting ITPR1 upregulation via RNA-RNA and RNA-protein interactions,
EGOT has also been shown to increase paclitaxel cytotoxicity[16]. Some studies have also explored the
role of EGOT in viral infections[17, 18]. How this lncRNA functions in the context of PC, however, has yet to
be explored.

LncRNAs control oncogenesis by regulating many intracellular processess[19]. Herein, we found that
EGOT was upregulated in pancreatic adenocarcinoma (PDAC) tumor samples, and we then evaluated its
role as a regulator of the progression of this cancer type.

Methods

Cell culture and transfection
HPDE, PANC-1, AsPC-1, HPAF-II, SW1990, and CFPAC-1 PC cells were obtained from Shanghai Institute of
Nutrition and Health (Shanghai, China), and were cultured in DMEM (Gibco) containing 10% FBSin a 37°C
5% CO2 incubator. Lipofectamine 2000(Invitrogen) was used to transfect these cells with miR-214
inhibitors, mimics, or si-EGOT constructs (Genepharma Co., Ltd., Shanghai, China).

Western blotting
RIPA buffer was used to extract proteins from cells, after which a BCA assay was utilized to measure
protein concentrations in these extracts. Proteins were then separated via SDS-PAGE, transferred to
appropriate membranes, and these blots were blocked for 1 h with TBST containing 5% non-fat milk.
Blots were then probed overnight with primary antibodies (1:1000; ProteintechGroupInc.) at 4°C. Blots
were then probed with HRP-conjugated goat anti-mouse or anti-rabbit IgG for 1 h at room temperature,
after which protein bands were detected via electrochemiluminescence.

qPCR
RNA was extracted from cells using the Trizol reagent, after which a PrimeScript RT Reagent Kit was used
for cDNA synthesis. Primers used for this study included: EGOT, forward:CCTGAAATCCAGCCCAACCT;
reverse: GCACCCTGTTCATAAGCCCT. PLS3, forward: CCTTGGCTGCTTTACTCCGA;
reverse:TTTTGCCAGCCCGAGTTTTC. miR-214, forward: GCGACAGCAGGCACAGACA; reverse:
AGTGCAGGGTCCGAGGTATT. RNA expression was then assessed via qPCR, with relative gene expression
being quanti�ed via the 2−ΔΔ approach. [20]

Cell proliferation assays
For CCK-8 viability assays, cells were added to 96-well plates and incubated for 24, 48, or 72 h with 10 µL
of CCK-8 reagent, after which absorbance at 450 nm was assessed with a plate reader. For EdU assays,
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cells were plated in 6-well plates and an EdU working solution (20 µM) was added at appropriate time
points, followed by an additional 2 h incubation. The culture solution was then removed, and 0.5 mL of
Click reaction solution was added per well for 30 min at room temperature in the dark. This solution was
then removed, and 1 mL of Hoechst 33342 was added per well for 10 min at room temperature in the
dark. Fluorescent signal was then detected.

Migration and invasion assays
Cellular migration was assessed using Transwell chambers, with 100 µL of cells being added to the upper
chamber and complete media supplemented with 20% FBS in the lower chamber. For invasion assays,
200 µL of cells mixed with Matrigel were added to the upper chamber. After appropriate incubation
periods, migratory/invasive cells were �xed with paraformaldehyde, stained with crystal violet (0.1%), and
cells remaining in the upper chamber were gently removed with a cotton swab. Cells in three random
�elds of view per well were then counted via microscopy to quantify migratory or invasive activity.

In vivo experiments on animals
Nude mice (SLAC Laboratory Animal Co, Ltd., Shanghai, China) were randomized into a control group
implanted with control tumor cells and an experimental group implanted with si-EGOT tumor cells, and
were housed under speci�c pathogen-free conditions. Xenograft tumors were produced by subcutaneous
injection of 4×106 cells. Chinese animal welfare guidelines were utilized to guide all aspects of this
experimental protocol.

Statistical Analysis
Data are means ± standard deviation, and were analyzed using SPSS 24.0 and GraphPad Prism 8.
Correlation analyses were conducted using Pearson’s correlation coe�cient. P < 0.05 was the signi�cance
threshold.

Results
3.1. Knocking down EGOT suppresses the in vitro proliferative, migratory, and invasive activity of PC cells

We began by conducting a series of qPCR assays exploring the expression of the lncRNA EGOT in control
human pancreatic HPDE cells and in the PANC-1, HPAF-II, AsPC-1, CFPAC-1, and SW1990 PC cell lines.
This analysis revealed all �ve of these PC cell lines to exhibit signi�cant EGOT upregulation relative to
HPDE cells (Fig. 1A), with this upregulation being most pronounced in PANC-1 and SW1990 cells, which
were thus used for subsequent experiments. To establish the impact of EGOT knockdown on PC cells, we
next generated three different EGOT-speci�c siRNA constructs and transfected these constructs into
PANC-1 and SW1990 cells. Subsequent qPCR analyses con�rmed the successful knockdown of EGOT in
both cell lines (Fig. 1B). We then assessed the proliferation, migration, and invasive activity of these cells
using CCK-8, EdU, wound healing and Transwell assays which demonstrated that the knockdown of
EGOT signi�cantly impaired the viability, migration, and invasion of both PANC-1 and SW1990 cells
(Fig. 1C-H).
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3.2. EGOT promotes PC cell proliferative and migratory
activity through a miR-214-dependent mechanism in vitro
To explore the association between EGOT and miR-214, we next utilized a program to predict binding
sites between these two non-coding RNAs (Fig. 2A). We then conducted luciferase reporter assays to
assess interactions between EGOT and miR-214 within cells, revealing that miR-214 mimics were able to
suppress luciferase activity driven by wild-type but not mutant EGOT (Fig. 2B), supporting a direct
interaction between these RNAs. Relative to control cells, cells in which EGOT had been knocked down
exhibited signi�cant increases in miR-214 expression, while EGOT expression levels in cells transfected
with miR-214 mimic constructs were conversely reduced (Fig. 2C). A �uorescence in situ hybridization
approach was further used to validate the association between EGOT and miR-214 using �uorescence in
situ hybridization (Fig. 2D). To evaluate the functional role of miR-214 in our model system, we
transfected PC cell lines with a miR-214 inhibitor or corresponding miR-NC control constructs, con�rming
via qPCR that the former led to signi�cant decreases in miR-214 levels within transfected cells (Fig. 2E).
We then transiently co-transfected PC cells with combinations of si-EGOT, miR-214, and/or control
constructs and evaluated these cells in CCK-8, EdU, wound healing and Transwell assays. This analysis
con�rmed that the proliferation, viability, invasion, and migration of PC cells co-transfected with si-EGOT
and a miR-214 inhibitor were enhanced as compared to PC cells transfected with si-EGOT alone (Fig. 2F-
K). Together, these data suggested that interactions between EGOT and mIR-214 ultimately govern PC cell
proliferation, invasion, and migration in vitro.

3.3. PLS3 is a direct miR-214 target in PC cells
We next used predictive software to identify putative miR-214 sites in PLS3 (Fig. 3A). Luciferase reporter
assays con�rmed that miR-214 mimics were able to suppress wild-type but not mutant PLS3 luciferase
reporter activity, con�rming the speci�city of this interaction (Fig. 3B-C). PC cells were then transfected
with miR-214 mimic constructs and PL3 expression was assessed via qPCR and Western blotting,
revealing that miR-214 suppressed PLS3 expression at the mRNA and protein levels in these cells relative
to control treatment (Fig. 3D-E).

3.4. EGOT promotes the upregulation of PLS3 in PC cells by
sponging miR-214
We next evaluated the ability of EGOT to modulate PLS3 expression within PC cells in a manner mediated
by miR-214. To that end, we transiently transfected PC cells with si-EGOT, miR-214 inhibitors, and/or
control constructs and then examined PLS3 expression via qPCR and Western blotting. This analysis
revealed that PLS3 expression was reduced following EGOT knockdown while si-EGOT and miR-214
inhibitor co-transfection was su�cient to inhibit this si-EGOT-mediated reduction in PLS3 expression at
the mRNA and protein levels (Fig. 3F-G). These �ndings indicated that EGOT and miR-214 interact with
one another to ultimately shape PLS3 expression within PC cells.
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3.5. Knockdown of EGOT suppresses in vivo PC tumor
growth
Given the above data emphasizing the oncogenic activity of EGOT in PC cells in vitro, we next sought to
extend these results in vivo by implanting mice with either control tumor cells or with tumor cells
transfected with si-EGOT. Relative to the control group, si-EGOT tumors grew more slowly (Fig. 4A-D).
When we assessed gene expression in tumors from these animals at the end of the study, we con�rmed
that EGOT knockdown was associated with miR-214 upregulation and PLS3 downregulation, consistent
with in vitro results (Fig. 4E-F). These results thus con�rmed that the knockdown of EGOT was su�cient
to suppress PC tumor growth in vivo.

Discussion
Pancreatic cancer is among the deadliest forms of cancer owing to the di�culties associated with its
early-stage diagnosis and an overall poor prognosis, underscoring the need for more reliable approaches
to detecting and treating PC before it progresses to a more advanced state [1]. Herein, we found that EGOT
was upregulated in PC cells, suggesting that it may offer value as a diagnostic biomarker for this cancer
type. We further found that at a functional level, EGOT enhanced the proliferative, migratory, and invasive
activity of PC cells whereas the knockdown of this lncRNA yielded the opposite effect.

The role of lncRNAs as regulators of diverse pathological processes has been a focus of growing
research interest in recent years [21–24]. Indeed, several lncRNAs have been identi�ed as regulators of PC
progression. For example, Wang et al. found that lnc-PCTST was able to promote TACC-3 downregulation
and to thereby suppress PC progression[25], while Zhang et al. demonstrated that LINC00339 was able to
modulate the miR-497-5p/IGF1R axis in PC cells to promote proliferative and migratory activity[26]. EGOT
is a lncRNA encoded on chromosome 3p26.1 in humans that has been linked to eosinophil development,
is expressed in mature eosinophils, and may act through a sucrose density gradient [12]. EGOT
overexpression in breast cancer cells impairs their proliferation[14], whereas the overexpression of this
lncRNA in gastric cancer cells conversely promotes tumor progression[27]. EGOT overexpression similarly
promotes oncogenesis in the context of hepatocellular carcinoma[28]. Herein, we assessed EGOT
expression in PC cells via qPCR, con�rming that it was upregulated in these tumor cell lines. By
suppressing target gene expression, miRNAs can regulate diverse biological processes [29]. For example,
in colorectal cancer, the expression of EZH2 is regulated by interactions between miR-214 and SNHG6[30].
PLS3 is an actin-binding protein encoded on chromosome Xq23 that regulates motility in cells and can
stabilize the cellular actin backbone. There is recent evidence that PLS3 can promote PC cell metastasis
and proliferation via the PI3K/AKT pathway[31]. Herein, we determined that EGOT was able to promote
PLS3 expression by sequestering miR-214 in PC cells such that miR-214 knockdown effectively reversed
EGOT knockdown-induced changes in PLS3 protein levels. By enhancing miR-214 expression, we were
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further able to downregulate EGOT and PLS3 in PC cells. We then conducted similar experiments in vivo,
wherein we found that EGOT knockdown impaired the growth of PC tumors.

Conclusion
In summary, our results demonstrate that PC cells exhibit pronounced upregulation of the lncRNA EGOT,
which plays a key functional role in shaping the malignancy of these cells. Speci�cally, EGOT was able to
promote the upregulation of PLS3 by sequestering miR-214 within these tumor cells, thereby increasing
their proliferative and migratory activity levels. As such, this EGOT/miR-214/PLS3 regulatory axis holds
great promise as a target for future therapeutic intervention. However, as there are certain limitations to
our preclinical analyses, further clinical validation of these results will be essential, as will more detailed
mechanistic investigations of the oncoregulatory activities of EGOT, miR-214, and PLS3 in PC cells.
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Figure 1

The knockdown of EGOT suppresses PC cell proliferative, migratory, and invasive activity in vitro. A.
Pancreatic cancer cells exhibit EGOT upregulation relative to control HPDE cells, as demonstrated via
qPCR. B. EGOT expression levels in PC cells following siRNA-mediated knockdown were assessed via
qPCR. C. PC cell viability was assessed via CCK-8 assay following EGOT knockdown. D-E. PC cell
proliferation was assessed via EdU assay following EGOT knockdown. F-H. The impact of EGOT
knockdown on PC cell migration and invasion was assessed through wound healing and Transwell
assays. Data are means ±aSD (*P < 0.05, **P < 0.01).
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Figure 2

EGOT promotes the proliferation, invasion, and migration of PC cells in a miR-214-dependent manner in
vitro. A. Predicted binding sites between EGOT and miR-214. B. miR-214 suppressed WT but not mutant
EGOT luciferase activity in a luciferase reporter assay. C. EGOT knockdown increased miR-214 expression
levels in two PC cell lines, while miR-214 mimic transfection suppressed EGOT expression in these
cells.D.Fluorescence in situ hybridization. E. miR-214 levels were reduced following miR-214 inhibitor
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transfection. F-K. EGOT knockdown suppressed the viability, migration, invasion, and proliferation of PC
cells, while co-transfection with both si-EGOT and miR-214 inhibitor constructs reversed these changes.
Data are means ±eSD (*P < 0.05, **P < 0.01).

Figure 3
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PLS3 is a direct miR-214 target in PC cells. A. Putative interaction sites between miR-214 and the PLS3
mRNA sequence. B-C. miR-214 suppresses the activity of PLS3-WT but not PLS3-MUT luciferase reporter
constructs in vitro. D-E. qPCR and Western blotting analyses of PC cells in the indicated treatment groups.
F-G. EGOT promotes PLS3 upregulation in PC cells by sponging miR-214. PLS3 expression in the
indicated treatment groups was assessed via qPCR and Western blotting.Data are means ±eans(*P <
0.05, **P < 0.01).
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Figure 4

EGOT knockdown suppresses in vivo PC tumor growth. A-D. Tumor comparisons in the indicated murine
treatment groups. E-F. Assessment of EGOT, miR-214, and PLS3 expression in tumor samples from mice
in the indicated groups. Data are means ± SD (*P < 0.05, **P < 0.01).


