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Introduction

Pancreatic cancer (PC) is one of the most common types 
of cancer. The 5-year survival rate is only 10%, and the 
morbidity and mortality of PC has been increasing over 

the years (1). Currently, targeted therapies are substantially 
improving the quality of life of patients with various types 
of cancer and prolonging their survival. However, progress 
in targeted therapy depends on the discovery of new 
targets, and not much previous work has been done in this 
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area for PC. 
Long non-coding RNAs (lncRNAs), which are over 200 

nucleotides in length, are a class of RNAs with limited or 
no functionality in encoding proteins (2). Recent studies 
have highlighted the crucial role of lncRNAs in the growth, 
development, differentiation, proliferation, apoptosis, and 
metastasis of cancer cells (3-6). Moreover, studies have 
revealed that the dysregulation of lncRNAs is correlated 
with the occurrence, progress, metastasis, and prognosis 
of various cancers (7). LncRNAs have been shown to be 
significant in the pathogenesis of PC and are considered 
promising candidate biomarkers of PC (8). However, 
the functions and mechanisms of lncRNAs have yet to 
be fully clarified, and their exact role in PC is still under 
investigation (9). Currently, there are few published studies 
on the influence of lncRNAs on PC. Sun et al. (10) reported 
a substantial decrease of the lncRNA ENST00000480739 
in the tumor tissues of PC, and the knockdown of this 
lncRNA promoted the invasion of PC. Zhao et al. (11) 
reported that the plasmacytoma variant translocation 1 
(PVT1) is significantly overexpressed in PC tissues, and 
silencing PVT1 in PC cells inhibited their proliferation 
and migration. These discoveries further demonstrated 
that lncRNAs are potential biomarkers of PC, but their 
functions and the consequences of abnormal expression are 
yet to be well recorded.

In the present study, we firstly derived the LINC00857 
data from GEPIA website, which predicted that LINC00857 
was upregulated in PC and associated with good prognosis 
in PC patients. Recent studies have reported that lncRNA 
LINC00857 is involved in the tumorigenesis of lung  
cancer (12), gastric cancer (13), hepatic cancer (14), esophageal 
cancer (15), and ovarian cancer (16). Recently, it has been 
reported that LINC00857 is significantly upregulated in 
PC cell lines, and LINC00857 has been identified as a 
tumorigenic lncRNA in PC (17). However, the physiological 
function of LINC00857 in the progression of PC is still 
largely unclear, especially the downstream molecules. 

In this study, we further explored the biological function 
and potential molecular mechanism of LINC00857 in 
PC. We present the following article in accordance with 
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-723).

Methods

Cell culture

The PC cell lines BxPc3 and PANC1 were purchased 

from Sigma-Aldrich (St Louis, MO, USA). All media were 
supplemented with 10% fetal bovine serum (Invitrogen, San 
Diego, CA, USA).

RNA isolation, reverse transcription polymerase chain 
reaction (RT-PCR), and quantitative PCR (qPCR)

The QIAGEN miRNeasy Mini kit (QIAGEN, Hilden, 
Germany) was used to extract total RNA from PC tissues 
and cultured cells following the manufacturers' instructions. 
Reverse transcription was conducted using the High-
Capacity cDNA Reverse Transcription kit (Thermo 
Fisher Scientific, Waltham, MA, USA). The resultant 
complementary DNA (cDNA) was used as a template for 
subsequent qPCR, which was performed using Power 
SYBR Green Master Mix (Thermo Fisher Scientific), 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as 
an endogenous control, and the StepOne Real-Time PCR 
System (Thermo Fisher Scientific) to determine the relative 
RNA level. All data were analyzed using the 2‑ΔΔCq method. 

Cell proliferation assays

Cell proliferation assays were used to evaluate the 
proliferation ability of PC cell lines. After small interfering 
RNA (siRNA) transfection for 48 hours, we placed the 
cells into wells of a 96-well plate (density 1×10³ cells/well) 
and evaluated the rate of proliferation of these cells using a 
WST-1 assay (reagents purchased from Roche, Mannheim, 
Germany).

Antibodies and western blotting

Cells were harvested 72 hours after siRNA transfection 
as described previously (18). Western blotting was then 
performed according to the standard protocol, with 
specific anti-human antibodies mesenchymal-epithelial 
transition (MET), signal transducer and activator of 
transcription 3 (STAT3), cAMP response element-binding 
protein (CREB) (Cell Signaling Technology, Danvers, 
MA, USA), and GAPDH (Santa Cruz Biotechnology Inc., 
Santa Cruz, CA, USA).
 

Statistical analysis

SPSS standard V.16.0 and GraphPad Prism 7 were used 
for data analysis. The unpaired Student’s t-test was used 
to evaluate cell growth rate. All values are presented as 
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mean ± standard deviation (SD). Independent triplicated 
experiments were performed and the data are presented as 
the mean ± SD. P<0.05.

Results

The expression level of LINC00857 in PC according to 
online database

We used Gene Expression Profiling Interactive Analysis 
(GEPIA) to investigate transcriptional data of LINC00857 
in patients with different cancers. The expression of 
LINC00857 was higher in many cancer tissues compared 
with the corresponding normal tissue (Figure 1A). According 
to data from GEPIA and The Cancer Genome Atlas 
(TCGA), the expression level of LINC00857 in PC tissue 
was significantly higher than that in normal tissue (P<0.05, 
Figure 1A and P=0.01, Figure 1B, respectively). Based on 
data from TCGA, the overall survival of PC patients with 
low expression of LINC00857 was significantly longer than 
that of patients with high expression (P=0.02, Figure 1C). 

Cell proliferation was decreased after knockdown of 
LINC00857 in PC cells

To examine the level of LINC00857 expression in PC 
cells, RT-PCR was carried out on 5 cell lines: 4 tumor cell 
lines (BxPc3, PANC1, PCI-35, and Capan-1) and 1 normal 
cell line [human pancreatic duct epithelial (HPDE)]. The 
results revealed that LINC00857 was indeed overexpressed 
in the tumor cell lines (*, P<0.05, Figure 2A). The 
experiments that followed were carried out on BxPc3 and 
PANC1 cell lines only.

To examine the function of LINC00857, we established 
LINC00857 knockdown and control cell lines. We 
performed siRNA-mediated knockdown in BxPc3 and 
PANC1 cell lines, which contain high levels of the 
endogenous LINC00857 transcript. The expression of 
LINC00857 was significantly reduced after transfection 
with LINC00857 siRNAs, as determined by RT-PCR assays 
(Figure 2B). We performed the WST-1 assay to investigate 
the impact of LINC00857 on cell proliferation. The 
proliferation of BxPc3 and PANC1 cells was significantly 
inhibited (P<0.05)  af ter  LINC00857 knockdown  
(Figure 2C,2D). The results suggested that LINC00857 
promoted the proliferation of PC cells.

Potential molecular signaling regulated by LINC00857

We detected protein and messenger RNA (mRNA) 
expression in BxPc3 and PANC1 cell lines to explore 
the downstream molecules of LINC00857. We applied 
western blot to identify proteins whose expression altered 
after LINC00857 knockdown and we found that in both 
cell lines, the protein expression of MET, STAT3, and 
CREB was downregulated after LINC00857 knockdown 
(Figure 3A). The results indicated that these downregulated 
proteins might have played an important role in regulating 
cell growth in PC cells in the LINC00857 network.

To identify whether the RNAs transcribing these 
proteins were regulated by LINC00857, we then detected 
the RNA expression of MET, STAT3, and CREB in 
siLINC00857 cell lines by RT-PCR (Figure 3B). We found 
that MET mRNA was downregulated in both BxPc3 and 
PANC1 cells, which was consistent with the western blot 
results, indicating that the MET gene was regulated at 
the transcriptional level by LINC00857. Meanwhile, the 
mRNA level of STAT3 and CREB was increased after 
LINC00857 knockdown, which was contrary to the western 
blot results, suggesting that these proteins were regulated at 
the posttranscriptional level.

Conversely, the protein expression of STAT3 and CREB 
was downregulated in PC cells with MET knockdown 
(Figure 3A). We conducted RT-PCR to identify whether the 
RNAs of LINC00857, STAT3, and CREB were regulated 
by MET. It was observed that the RNA expression of 
STAT3 and LINC00857 was upregulated, while that of 
CREB was downregulated after the knockdown of MET 
in BxPc3 cells. However, in the PANC1 cell lines that 
received the same treatment, the RNA expression level 
of LINC00857 and STAT3 was downregulated while 
that of CREB was upregulated (Figure 3C). In short, the 
transcription level changes in the 2 cell lines were exactly 
the opposite, implying that MET does not regulate 
LINC00857. Combining this with the results presented 
in Figure 3A, we deduced that the position of MET in the 
signaling pathway lies downstream of LINC00857, and that 
the regulating effect of MET on STAT3 and CREB are at 
the posttranscriptional level instead of at the transcriptional 
level.

In order to further clarify the relationship among 
LINC00857, MET, STAT3, and CREB proteins and their 
roles in PC proliferation, we performed MET siRNA 
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Figure 3 Downstream protein and RNA expression after the knockdown of LINC00857 and mesenchymal-epithelial transition (MET). 
(A) Protein expression of MET, signal transducer and activator of transcription 3 (STAT3), and cAMP response element-binding protein 
(CREB) was downregulated after the knockdown of LINC00857 and MET; (B) MET mRNA was downregulated, while STAT3 and CREB 
mRNA levels were increased after LINC00857 knockdown; (C) the RNA expression of STAT3 and LINC00857 was downregulated and the 
RNA expression of CREB was upregulated in the PANC1 cell line after the knockdown of MET. However, the RNA expression levels of 
LINC00857 and STAT3 were upregulated while that of CREB was downregulated in the BXPC3 cell lines after the knockdown of MET.
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knockdown on BxPc3 and PANC1 cells. The knockdown 
efficiency is shown in Figure 4A. After MET knockdown, 
cel l  prol i ferat ion measured by WST-1 assay was 
significantly decreased relative to the control group (P<0.05) 
(Figure 4B,4C). This suggested that MET was an important 
oncogene in LINC00857 regulating cancer progression in 
PC cells. 

Taken together, the effect of LINC00857 on tumor 
cell proliferation may be via MET, STAT3, and CREB 

oncoproteins. A diagram of the mechanism is shown in 
Figure 5.

Discussion

In recent years, the relationship between lncRNAs and 
tumor growth has attracted substantial attention from 
researchers. It has been reported that lncRNAs are 
aberrantly expressed in various types of cancers and may 
be biomarkers of early diagnosis and prognosis, as well as 
potential targets for therapies. Researchers are currently 
identifying more and more types of lncRNAs that are 
aberrantly expressed in PC. These lncRNAs participate in 
tumorigenesis and play a crucial role in the development of 
PC (19-21).

LINC00857 is  a  lncRNA transcribed from the 
chromosome 11q22.3. Recent studies have shown that 
LINC00857 promoted cell proliferation and migration via 
the regulation of several genes related to cell survival and the 
cell cycle (22). LINC00857 is one of the most upregulated 
lncRNAs in lung cancer (23), while the silencing of 
LINC00857 was found to enhance radiosensitivity and 
promote apoptosis in lung adenocarcinoma (LUAD) 
cells and suppress their proliferation (22). Further, the 
knockdown of LINC00857 has been reported to suppress 
epithelial-mesenchymal transition (EMT) in hepatocellular 
carcinoma (HCC) (14). Our study revealed a significant 
upregulation of LINC00857 in PC cell lines. In previous 
studies, it has been reported that the overexpression of 
LINC00857 in PC patients was significantly correlated 
to their mortality (24). We found that knockdown of 
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Figure 5 Diagram of the mechanism of LINC00857 in PC cells. 
The effect of LINC00857 on tumor cell proliferation may be via 
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activator of transcription 3 (STAT3), and cAMP response element-
binding protein (CREB) oncoproteins.
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LINC00857 with siRNA in PC cell lines led to a decrease 
in cell proliferation, indicating that LINC00857 might have 
been involved in the growth of PC. The findings presented 
above suggest that LINC00857 may act as an oncogene and 
play an important role in the progression of PC.

In this study, we found that several oncogenic proteins, 
including MET, STAT3, and CREB, are downregulated 
after the knockdown of LINC00857. MET, as a widely 
known oncogene, has been confirmed to promote the 
proliferation of cancer cells in several types of cancers, 
including lung cancer (25), gastric cancer (26), and hepatic 
cancer (27). Studies to date have suggested that MET 
can activate a number of cellular signaling pathways, 
and therefore promote proliferation, survival, invasion, 
migration, angiogenesis, and EMT, and consequently, 
the propagation of cancer (28). Since MET is an essential 
oncogene in many types of tumors, therapies targeting 
c-MET may be an effective strategy for patients with 
c-MET variations (29). We revealed that after the 
knockdown of LINC00857, MET protein and mRNA 
were both decreased, suggesting that LINC00857 
regulated MET expression at the transcriptional level. 
LINC00857 has also been found to play an oncogenic role 
by regulating the expression of MET in other cancers. 
For instance, the knockdown of LINC00857 was found 
to suppress the proliferation of esophageal cancer cells 
via the MET oncogenic protein (15), and the interaction 
between LINC00857 and YBX1 has been shown to 
regulate apoptosis and autophagy via MET (12). Moreover, 
similar effects have been observed in other types of 
lncRNAs. Su et al. discovered that the knockdown of the 
lncRNA MIR22HG triggered cellular survival/death via 
the oncogene MET (18). In this study, we determined 
that LINC00857 regulated the expression of MET at the 
transcriptional level.

STAT3 serves as both a transcription activator and 
an oncogene that is strictly regulated under normal 
physiological conditions. There is substantial evidence to 
support that STAT3 is sustainedly activated in most human 
cancer cell lines and tumor tissues, and that it is involved in 
processes that promote the development of cancer, such as 
proliferation, invasion, and migration of tumor cells. The 
overexpression of STAT3 is significantly correlated to a 
poor tumor prognosis (30-33). Previous studies have shown 
that the activation of STAT3 promoted the stemness and 
tumorigenicity in PC cells (34). In the treatment of PC, 
sustained activation of STAT3 signaling leads to resistance 
to gemcitabine, a first-line chemotherapy medication (35). 

Targeted treatment aimed at STAT3 can improve the 
sensitivity of PC to gemcitabine and enhance the efficacy 
of treatment (36). Currently, therapy targeting STAT3 
is receiving widespread attention as a potential strategy 
for treating cancer and rendering cancer cells sensitive to 
chemotherapies. However, the signaling pathway network 
in which STAT3 acts as a downstream effector is very 
complex, and its specificity and mechanism of upstream 
regulation is yet to be fully clarified. Our study revealed 
that LINC00857 regulated the expression of STAT3 at the 
post-transcriptive level.

CREB is a transcription factor whose expression and 
functionality has been confirmed to play a significant role in 
cancer. CREB reinforces the expression of many target genes 
that are involved in various cellular functions, including 
survival, metabolism, and DNA repair, and is correlated 
to the overall survival of patients as well as treatment 
efficacy (37). CREB is activated via the phosphorylation 
of several critical oncogenic pathways, such as protein 
kinase A (PKA), and phosphorylated CREB (pCREB) 
drives the progression of cancer by recruiting additional 
components of the transcriptional mechanism (38).  
A previous study showed that elevated pCREB was 
strongly correlated with a worse overall survival rate in 
PC patients (39). Given the important effect of CREB in 
cancer progression, its inhibition has increasingly become 
an attractive strategy in the treatment of cancer; currently, 
there are several CREB regulators being developed as 
chemical probes for cancer treatment (40). In this study, we 
confirmed that the knockdown of LINC00857 lowered the 
protein expression of CREB.

A potential limitation of the present study is that 
LINC00857 function was not investigated in an animal 
model of PC. However, in vivo experiments will be 
performed in future investigations to further confirm the 
findings from the present study and to validate the accuracy 
and effectiveness of LINC00857 as a representative 
biomarker for PC.

 Overall, our study revealed that the expression level of 
LINC00857 in PC tissue was significantly higher than that 
in normal tissue and the overall survival of PC patients with 
low expression of LINC00857 was significantly longer than 
that of patients with high expression. We elucidated that 
LINC00857 promoted cancer development in PC cancer 
cells. LINC00857 might have affected the proliferation 
of tumor cells via the oncogenic proteins MET, STAT3, 
and CREB, which might bring a different insight into 
understanding the mechanisms underlying PC pathogenesis. 



2629Journal of Gastrointestinal Oncology, Vol 12, No 6 December 2021

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2021;12(6):2622-2630 | https://dx.doi.org/10.21037/jgo-21-723

These findings further confirm the potential of LINC00857 
as a biomarker in diagnosis and as a target in therapies.
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