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Introduction

T h e  5 - y e a r  s u r v i v a l  r a t e  o f  p a n c r e a t i c  d u c t a l 
adenocarcinoma (PDAC) is about 10%, highlighting its 
lethality (1). Micrometastasis is the most common type of 
metastasis and the primary cause of mortality in pancreatic 

ductal adenocarcinoma (PDAC) (2). Growing evidence has 
indicated that stroma cells in the tumor microenvironment 
(TME) play critical roles in controlling the development, 
invasion, and metastasis of cancer (3,4). The TME’s 
essential components, cancer-associated fibroblasts (CAFs), 
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interact with cancer cells to promote carcinogenesis and 
growth (5,6). However, more research on the processes 
through which CAFs encourage cancer invasion and 
metastasis is required.

Vesicles, known as an exosome, which has a diameter 
of 30 to 100 nm and a lipid bilayer membrane structure, 
are made up of proteins, double-stranded DNA (dsDNA), 
RNA, and other substances (7). Their primary role in cell 
communication is the delivery of messenger RNAs (mRNAs) 
and microRNAs (miRNAs), as well as proteins and nucleic 
acids that are tailored to certain cell types, to control 
intracellular signaling cascades (8). MicroRNAs (miRNAs) 
are a class of single-stranded non-coding RNA molecules 
of 18−24 nucleotides in length that play a role in regulating 
gene expression by specifically recognizing and binding to 
the 3'-terminal untranslated region (UTR) of target gene 
mRNA through sequence complementation and inhibiting 
the translation of target gene mRNA (9). Existing studies 
have confirmed that miRNAs play an important role in 
cellular processes such as cell proliferation, differentiation, 
apoptosis and migration, and miRNAs have been found 
to act as cancer suppressors or promoters in a variety of 
cancers (10,11). In the available studies (12), miR-125b-5p 
plays an important role in the development and progression 
of several tumors. It has been shown that (13) miR-125b-5p  

can downregulate TPD52 gene expression, thereby 
affecting the proliferation, migration and invasion of breast 
cancer cells. Another study showed that miR-125b-5p  
showed aberrant expression in bladder cancer (14).  
It has been reported that miR-125b-5p can regulate 
glycolysis, proliferation and metastasis of pancreatic cancer 
cells (15). According to several studies, exosomal-derived 
miRNAs encourage metastases and improve endothelial 
cell migration (16,17). However, the mechanisms through 
which exosomes released by stromal cells control changes 
in miRNA expression, encourage metastases, and improve 
endothelial cell migration have not yet been elucidated.

The adenomatous polyposis coli (APC) is a tumor 
suppressor gene, and the functional significance of 
altered APC is the dysregulation of several physiological 
processes that control cellular homeostasis, including 
cell cycle progression, migration, differentiation, and 
apoptosis (18,19). The expression of the oncogene APC is 
deficient to varying degrees in the early stages of epithelial-
derived malignancies, such as colon (20), gastric (21), and 
esophageal (22) cancers. Studies on other malignant tumors 
have shown that rectal (23), pancreatic (24), liver (25),  
breast (26), endometrial (27), and other cancers have all 
shown reduced APC gene expression, which is strongly 
associated with the development, invasion, and metastasis of 
these malignant tumors. In addition to genetic alterations, 
i.e., mutations and deletion factors of genes, epigenetic 
alterations—abnormal methylation of gene promoters—are 
a key mechanism in the development of malignant tumors 
due to the deletion of oncogene expression and functional 
inactivation (28,29). In recent years, with an in-depth 
understanding of the pathogenesis of pancreatic cancer, it has 
been recognized that the development of pancreatic cancer 
is not only related to genetic factors such as gene mutations 
but is also closely related to epigenetic abnormalities (30). 
Moreover, it has also been found that the APC gene, as an 
cancer suppressor gene, is rarely mutated, and the mechanisms 
causing the loss of function of this gene include loss of 
heterozygosity and promoter methylation, in which the 
“silencing” of gene function caused by promoter methylation 
is the main cause of the down-regulated gene expression 
(31,32). Currently, APC gene promoter hypermethylation 
as well as gene transcription and expression deletion 
have been observed in colorectal (33), esophageal (34),  
gastric (35), pancreatic (36), hepatocellular (37), breast (38), 
endometrial (39), and lung (40) cancers.

In this study, we demonstrated that miR-125b-5p-
enriched in exosomes, which are released from CAFs, can 
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promote the metastasis and proliferation of pancreatic 
cancer cells by suppressing the expression of APC, and as 
a result, promote the metastasis, invasive, and proliferation 
of pancreatic cancer cells. This finding highlighted an 
underlying mechanism for the application of CAFs-
derived exosomes as well as a new therapeutic approach 
for pancreatic cancer. We present the following article 
in accordance with the MDAR and ARRIVE reporting 
checklists (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-198/rc).

Methods

Cell lines and pancreatic cancer samples

The normal epithelial cells of the pancreatic ducts HPDE 
and human pancreatic ductal adenocarcinoma cell lines, 
AsPC-1, BxPC-3, Capan2, PANC-1, SW1990, Mia-
paca2 andHs-766T, were purchased from the American 
Type Culture Collection (ATCC) (USA). CAFs cells 
were obtained from primary cultures of pancreatic ductal 
adenocarcinoma tissues collected from the Department 
of Hepatobiliary Surgery, Affiliated Hospital of Guizhou 
Medical University. These cell lines were grown in 10% 
Fetal Bovine Serum (FBS)-supplemented dulbecco’s 
modified eagle medium (DMEM) (Gibco, USA). The 
experimental protocol was established according to the 
ethical guidelines of the Helsinki Declaration (as revised in 
2013) and was approved by the Human Ethics Committee 
of The Affiliated Hospital of Guizhou Medical University 
(No. 162). Written informed consent was obtained from the 
participants or their guardians.

Cell transfection

APC, si-APC, si-NC, miR-125b-5p mimics, or the 
corresponding negative vectots were obtained from 
GenePharma (Shanghai, China). Transfection was 
performed using Lipofectamine 3000 (Invitrogen, Carlsbad, 
CA, USA) based on the manufacturer’s recommendations.

Exosome isolation from medium and plasma

Exosomes in medium and plasma were isolated from cell by 
differential centrifugation. After removing cells and other 
debris by centrifugation at 300 and 3,000 g respectively, 
the supernatant was centrifuged at 10,000 g for 30 min to 
remove shedding vesicles and the other vesicles with larger 

sizes. Finally, the supernatant was centrifuged at 110,000 g  
for 70 min, and exosomes were collected from the pellet 
and re-suspended in PBS (all steps were performed at 4 ℃).

Western blot analysis

In this investigation, primary antibodies were employed 
against Wingless (WNT), a tumor suppressor gene 
(APC) and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). Horseradish peroxidase-conjugated goat anti-mouse 
antibodies were utilized as secondary antibodies (1:2,000, 
Jackson ImmunoResearch, PA, USA). The experiment was 
conducted according to the aforementioned established 
protocols.

Quantitative real-time PCR (qPCR) analysis

Total RNA was extracted using TRIzol reagent according 
to the manufacturer’s instructions (Invitrogen, CA, USA). 
Next, RNA was reverse-transcribed into complementary 
DNA (cDNA) using a Superscript Reverse Transcriptase 
Kit supplied by Transgene (France). Real-time PCR was 
performed using an Applied Biosystems (USA) ABI7300 
real-time PCR instrument. The primers used are listed in 
Table 1.

Subcutaneous tumorigenesis experiment

Fifteen female BALB/c mice (4 weeks old, weighing about 
16 g) were obtained and given a week of adaptive feeding. 
After being suspended in 200 mL of PBS (1×106), stably 
transfected cells were subcutaneously injected into the 
mice. Five weeks later, the tumor tissues were aseptically 
removed, and tumor weights were calculated according 
to the guidelines of The Affiliated Hospital of Guizhou 
Medical University Animal Protection Committee. Animal 
experiments were performed under a project license (No. 
2304120) granted by The Affiliated Hospital of Guizhou 
Medical University Animal Protection Committee, in 
compliance with the institutional guidelines for the care and 
use of animals. A protocol was prepared before the study 
without registration.

Cell proliferation assay

After seeding the tumor cells into 96-well plates, the culture 
medium was changed to CCK8 (10 μL) after one night. 

https://jgo.amegroups.com/article/view/10.21037/jgo-23-198/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-198/rc
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Next, the cells were cultured in CCK8 containing culture 
medium for 2 h, a 450 nm absorption rate was obtained to 
calculate the Optical Density (OD) value, and different time 
points were observed according to the protocol provided by 
the manuscript provider (24, 48, 72, and 96 h). For colony 
formation assays, PC cells were inoculated at 1,000 cells/
plate into culture dishes. 2 weeks later, clones were fixed, 
stained with crystal violet, and counted under a microscope. 
Images were taken at a 400× zoom using a Zeiss lens. 

Cell migration, and invasion assays

For Transwell experiments, 800 μL of DMEM medium 
containing 20% fetal bovine serum and 1×104 resuspended 
cells were added to the bottom compartment of an 8 μM 
Transwell. The top chamber was boronized with Matrigel 
before the invasion test. Cells were preserved with 4% 
paraformaldehyde for 10 minutes at room temperature, 
stained with 0.1% crystal violet, and kept for 20 min at 
room temperature twenty-four hours after cell seeding. 
Images were taken at a 400× zoom using a Zeiss lens. 

Wound healing assays

For the wound healing experiment, all tumor cells were 
seeded into six-well plates and cultivated until confluent. 
A wound that had healed after being scratched in a cell 
monolayer with a sterile pipette tip was imaged after 24 h. 
Images were taken at a 400× zoom using a Zeiss lens.

Bioinformatics
Prediction of downstream target genes of miRNAs through 
the online prediction website STARBASE database (https://
starbase.sysu.edu.cn/starbase2/). Downstream target genes 
of miR-125b were retrieved in miRNA-Target intersections. 
Selection of downstream target genes by scoring and 
binding sites.

Statistical analysis

Data from repeated experiments are shown as the mean 
± standard deviation (SD). GraphPad Prism 5 software 
(GraphPad, San Diego, CA, USA) was used to compute the 
outcome. The statistical significance level was established at 
P<0.05, and a one-way analysis of variance (ANOVA) was 
employed to identify significant differences between the 
groups.

Results

CAF enhanced the invasive and metastatic abilities of 
pancreatic cancer cells

To confirm the biological effects of CAF cells on pancreatic 
cancer cells, we constructed a CAF- pancreatic cancer cell 
co-culture model. We discovered through the CCK8 test 
that when CAF cells were co-cultured with pancreatic 
cancer cells, the proliferative viability of the pancreatic 
cancer cells was considerably increased (Figure 1A).  

Table 1 Sequences of the real-time PCR primers

Gene Forward primer (5'-3') Reverse primer (5'-3')

miR-355-3p ATGACAGCTGACCACTGAG ATTTGTTGCCCAGGAAAGTG

miR-26a-5p GGGGTTCAAGTAATCCAGGA TGCGTGTCGTGGAGTC

miR-125b-5p CGTCCCTGAGA CCCTAACTTGTGA

miR-130a-5p AACACGCGCTGACTCCTAGT CAGTGCAGGGTCCGAGGT

miR-188-5p CCCTCTCTCACATCCCTTGCAT ATCCTGCAAACCCTGCATGTG 

miR-142a-3p GAACCCTGTAGTGTTTCCTACTT CAGTGCGTGTCGTGGAGT

miR-196-5p CCGACGTAGGTAGTTTCATGTT GTGCAGGGTCCGAGGTATTC 

miR-204-5p AGATCTGGAAGAAGATGGTGGT AATTCACAGTTGCCTACAGTA

miR-345-5p CTCCAGCTGGGGCTGACCCCTA CTCAACTGGT GTCGTGGA

miR-149-5p GGCTCTGGCTCCGTGTCTT CAGTGCAGGGTCCGAGGTATT 

APC AAAATGTCCCTCCGTTCTTATG CTGAAGTTGAGCGTAATACCAGT

PCR, polymerase chain reaction; APC, adenomatous polyposis coli.

https://starbase.sysu.edu.cn/starbase2/
https://starbase.sysu.edu.cn/starbase2/
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Figure 1 Pancreatic cancer cells’ proliferative and invasive metastatic abilities are enhanced by CAF. (A) CCK8 assay analysis of the 
proliferative viability of the pancreatic cancer cells when co-cultured with CAF cells; (B) a Transwell experiment was used to detect the 
invasion and migration of pancreatic cancer cells co-cultured with CAF cells. Images were taken at a 400× zoom using a Zeiss lens; (C) plate 
cloning assay analysis of the formation ability of pancreatic cancer cell colony co-cultured with CAF cells. (B,C) Stained with 0.1% crystal 
violet. *P<0.05, **P<0.01 and ***P<0.001. NF, normal fib; CAF, cancer-associated fibroblast; CCK8, cell counting kit 8.
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Additionally, we also discovered using a Transwell 
experiment that co-culturing CAF cells with pancreatic 
cancer cells dramatically enhanced their invasion and 
migration abilities (Figure 1B). Finally, the plate cloning 
assay showed that the co-culture of CAF cells with 
pancreatic cancer cells enhanced the colony formation 
ability of pancreatic cancer cells (Figure 1C). Therefore, 
these results indicate that CAF may promote pancreatic 
cancer cells’ ability to proliferate and spread invasively.

miR-125b-5p was highly expressed in CAF exosomes

To further clarify the key miRNAs in CAF exosomes, 
we identified the differentially expressed miRNAs by 
transcriptome sequencing analysis (Figure 2A). Further, 
we also confirmed and validated the top 10 differentially 
e x p r e s s e d  m i R N A s  ( m i R - 3 5 5 - 3 p ,  m i R - 2 6 a - 5 p ,  
miR-125b-5p, miR-130a-5p, miR-188-5p, miR-142a-3p, 

miR-196-5p, miR-204-5p, miR-345-5p, miR-149-5p) by 
PCR experiments. According to the findings, miR-125b-5p  
was substantially more expressed in CAF exosomes than 
in the necessary pre-miRNAs (Figure 2B-2D). Based on 
these results, miR-125b-5p may play a significant role in 
pancreatic cancer’s CAF-mediated malignant development.

miR-125b-5p promoted pancreatic cancer proliferation, 
migration, and invasion

Firstly, we used a PCR test to measure the expression levels 
of miR-125b-5p in pancreatic cancer cell lines, which 
showed that these cells had a considerably high level of 
miR-125b-5p expression (Figure 3A). Additionally, we also 
significantly increased the expression level of miR-125b-5p  
in pancreatic cancer cells via miRNA mimic transfection 
(Figure 3B). Furthermore, through the CCK8, Transwell, 
plate cloning test, and cell scratching assays, we discovered 
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Figure 2 miR-125b-5p was highly expressed in CAF exosomes. (A) Transcriptome sequencing analysis of miRNA expression in normal 
fibroblast and tumor-associated fibroblast exosomes; (B,C) qRT-PCR analysis of differentially expressed miRNAs in normal fibroblast and 
tumor-associated fibroblast exosomes; (D) qRT-PCR analysis of differentially expressed pre-miRNAs in normal fibroblasts and tumor-
associated fibroblasts. *P<0.05, **P<0.01. NF, Normal Fib; CAF, cancer-associated fibroblast; qRT-PCR, quantitative real-time polymerase 
chain reaction.
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that miR-125b-5p overexpression greatly increased the 
proliferation and invasive metastasis capacity of pancreatic 
cancer cells (Figure 3C-3F). These data imply that  
miR-125b-5p may have a biological role in accelerating the 
malignant development of pancreatic cancer.

miR-125b-5p directly targets APC

In this investigation, our initial hypothesis was that miR-
125b-5p may target APC via informatics. According to the 
PCR (Figure 4A) and western blotting results (Figure 4B), 
both the protein and mRNA levels of APC were down-
regulated in miR-125b-5p-overexpressing cells. To further 
confirm the underlying mechanism, a luciferase activity 
assay was performed. As shown in Figure 4C,4D, wild-type 
APC reporter gene luciferase activity was reduced when 
miR-125b-5p was overexpressed in both pancreatic cancer 
cell lines. In addition, 36 fresh pancreatic cancer tissue 
samples were used to investigate the underlying relationship 
between miR-125b-5p and APC. Figure 4E shows that miR-
125b-5p was over-expressed while APC was downregulated 

in pancreatic cancer tissues. Spearman correlation analysis 
showed that the expression of miR-125b-5p was negatively 
correlated with the expression of APC (r=−0.44). APC was 
also downregulated in pancreatic cancer tissues (Figure 4F).

miR-125b-5p-targeted APC promotes pancreatic cancer 
progression

Further, the western blot assay confirmed that APC was 
downregulated in pancreatic cancer (Figure 5A-5D). 
Meanwhile, APC expression in pancreatic cancer cells 
with APC overexpression was suppressed by miR-125b-5p  
(Figure 5E,5F). The CCK8 assay demonstrated that the 
growth ability of pancreatic cancer cells was significantly 
upregulated in APC-knocked-down cells, and miR-125b-5p  
could partly reverse this effect in APC-overexpressed 
pancreatic cancer cells (Figure 5G-5I). The Transwell 
assay demonstrated that pancreatic cancer cell migration 
and invasion were significantly upregulated in APC-
knocked-down cells, and miR-125b-5p could partly reverse 
this effect in APC-overexpressed pancreatic cancer cells  
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Figure 3 miR-125b-5p promotes pancreatic cancer proliferation, migration, and invasion. (A) qRT-PCR detection of miR-125b-5p 
expression in normal ductal epithelial cells of the pancreas and pancreatic cancer cells; (B) qRT-PCR detection of miR-125b-5p expression 
differences between the Vector and miR-125b-5p overexpression groups; (C) CCK8 assay was performed to detect changes in the 
proliferation ability of pancreatic cancer cells in the Vector and miR-125b-5p overexpression groups; (D) Transwell assay to detect changes 
in the proliferation ability of pancreatic cancer cells in the Vector and miR-125b-5p overexpression groups. Images were taken at a 400× 
zoom using a Zeiss lens; (E) plate cloning assay to detect changes in the proliferation ability of pancreatic cancer cells in the Vector and  
miR-125b-5p overexpression groups; (F) cell scratch assay was performed to detect changes in the proliferation ability of pancreatic cancer 
cells in the Vector and miR-125b-5p overexpression groups. Images were taken at a 400× zoom using a Zeiss lens. (D,E) Stained with 0.1% 
crystal violet. **P<0.01 and ***P<0.001. qRT-PCR, quantitative real-time polymerase chain reaction; CCK8, cell counting kit 8.

C D

E

F

BA

A
bs

or
ba

nc
e 

O
D

45
0 

m
m
, A

U
A

bs
or

ba
nc

e 
O

D
45

0 
m

m
, A

U

R
el

at
iv

e 
of

 c
lo

ni
ng

, %

R
el

at
iv

e 
of

 c
lo

ni
ng

, %
C

ha
ng

e 
of

 T
ra

ns
w

el
l

A
re

a,
 m

m
2

C
ha

ng
e 

of
 T

ra
ns

w
el

l
A

re
a,

 m
m

2



Journal of Gastrointestinal Oncology, Vol 14, No 2 April 2023 1071

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2023;14(2):1064-1076 | https://dx.doi.org/10.21037/jgo-23-198

Figure 4 miR-125b-5p directly targets APC. (A) qRT-PCR assay was used to analyze the difference in APC expression in the Vector 
and miR-125b-5p overexpression groups; (B) Western blot assay was used to analyze the difference in APC expression in the Vector and  
miR-125b-5p overexpression groups; (C) schematic diagram of vector construction for wild-type and mutant APC luciferase; (D) dual 
luciferase to verify the binding ability of miR-125b-5p to APC; (E) qRT-PCR analysis of the correlation between miR-125b-5p and APC 
expression levels; (F) immunohistochemical analysis of APC expression levels in paraneoplastic and cancerous tissues. The sections were 
subjected to DAB reaction. Images were taken at a 400× zoom using a Zeiss lens *P<0.05, **P<0.01, n.s, no significance. APC, adenomatous 
polyposis coli; WT, wild-type; MUT, mutant; qRT-PCR, quantitative real-time polymerase chain reaction.

(Figure 5J-5L). These results indicate that miR-125b-5p-
targeted APC promotes pancreatic cancer progression.

miR-125b-5p inhibited pancreatic cancer cell proliferation 
in vivo

Figure 6 demonstrates that the PANC-1-miR-125b-5p 
group produced a greater tumor volume than the control 
group (Figure 6A,6B).

Discussion

The growth and spread of malignant tumors are intimately 
correlated with CAFs, which are the predominant stromal 
cell type in the tumor microenvironment (41). CAF can be 
activated by resting fibroblasts or transformed by epithelial 
cells, endothelial cells, and mesenchymal stem cells (42). 
Exosomes function as carriers of miRNAs during the early 
stages of pancreatic cancer and can distribute miRNAs 
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Figure 5 miR-125b-5p-targeted APC promotes pancreatic cancer progression. (A,B) Immunoblotting assay to detect the difference of APC 
expression in the control and APC-interfering groups; (C,D) immunoblotting assay to detect the difference of APC expression in the control 
and overexpression groups; (E,F) analysis of the effect of miR-125b-5p on APC expression by immunoblotting in APC-overexpressing 
cells; (G) CCK8 assay to analyze the proliferation ability of cells in the control and APC-interfering groups; (H) CCK8 assay to analyze 
the cell proliferation ability in the control and APC overexpression groups; (I) CCK8 assay analysis of the effect of miR-125b-5p on cell 
proliferation capacity in APC-overexpressed cells; (J) Transwell assay to analyze cell migration ability in the control and APC-interfering 
groups; (K) Transwell assay to analyze cell migration ability in the control and APC-overexpression groups; (L) analysis of the effect of  
miR-125b-5p on cell migration ability by Transwell assay in APC-overexpressed cells. Stained with 0.1% crystal violet. Images were 
taken at a 400× zoom using a Zeiss lens. *P<0.05, ***P<0.001 APC, adenomatous polyposis coli; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; OE, overexpression; CCK8, cell counting kit 8.
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Figure 6 miR-125b-5p inhibits pancreatic cancer cell proliferation in vivo. (A) Nude mouse tumorigenic assay to analyze the effect of  
miR-125b-5p on the proliferative capacity of pancreatic cancer cells in vivo; (B) analysis of tumor weights in the control and  
miR-125b-5p-overexpression groups. *P<0.05.
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in an unstable milieu, transforming recipient cells and 
encouraging the growth of pancreatic cancer cells (43). For 
instance, in a hypoxic milieu, pancreatic cancer cells produce 
miR-301a-3p-rich exosomes that polarize macrophages to 
support the malignant behaviors of pancreatic cancer cells. 
Pancreatic cancer might perhaps be diagnosed and treated 
by focusing on exosomal miR-301a-3p (44). According to 
other research, miR-30b-5p was noticeably more abundant 
in exosomes produced by hypoxic PDAC cells. These 
exosomes may be transported to human umbilical vein 
endothelial cells (HUVECs), where they would upregulate 
miR-30b-5p. Exosomes produced by hypoxic PDAC cells 
may facilitate endothelial cell migration and tube formation 
by downregulating the gap junction protein Gap Junction 
Protein Alpha 1 (GJA1). Moreover, these exosomes 
boosted in vivo new microvascular density. Total miR-30b-
5p and exosomal miR-30b-5p levels in peripheral blood 
plasma were greater in PDAC patients than in controls. 
Furthermore, there were substantial associations between 
the levels of total miR-30b-5p or exosomal miR-30b-5p 
in portal vein plasma and peripheral blood plasma (45). 
In the present study, we discovered that exosomes from 
CAF substantially elevated the expression of miR-125b-
5p. Furthermore, we also discovered that CAF cells may 
use miR-125b-5p as a critical molecule to accelerate the 
malignant development of pancreatic cancer.

MiRNAs are crucial for controlling development, 
growth, and other important biological processes (46). 
Currently, numerous miRNAs have been investigated as 
diagnostic biomarkers for diseases, biomarkers for cancer 
subtypes, and therapeutic targets (47,48). Several disorders 
are regulated by miR-125b-5p. For instance, miR-125b-5p  
knockdown decreases Ring1 and YY1 binding protein 
(RYBP) expression and the biologically malignant activity 
of gastric cancer cells (49). In ischemia acute kidney 

damage, miR-125b-5p from bone marrow mesenchymal 
stem cells enhances tubular healing by concentrating on 
and suppressing P53 expression in renal tubular epithelial 
cells (50). In the present study, we discovered that  
miR-125b-5p expression was increased in pancreatic cancer 
cells and that miR-125b-5p overexpression significantly 
inhibited pancreatic cancer cell proliferation, lactate 
production, glucose consumption, Adenosine Triphosphate 
(ATP) production, as well as the expression of the Lactate 
dehydrogenase A (LDHA), Phosphatidylinositol-dependent 
protein kinase-1 (PDK1), and Hexokinase 2 (HK2) 
proteins. Wu et al. (51) also showed that miR-125b-5p was 
upregulated in highly invasive pancreatic cancer cells and 
promoted migration, invasion, and EMT. We discovered 
that the expression of miR-125b-5p was markedly elevated 
in tissues and cells from pancreatic cancer patients. 
In addition, we also found that miR-125b-5p might 
considerably boost the capacity of pancreatic cancer cells to 
proliferate, migrate, and invade. Prediction of downstream 
target genes of miRNAs through the online prediction 
website STARBASE database (https://starbase.sysu.edu.cn/
starbase2/). Downstream target genes of miR-125b were 
retrieved in miRNA-Target intersections. Selection of 
downstream target genes by scoring and binding sites. APC 
may be its downstream functional target gene, which was 
supported by dual luciferase and PCR experiments.

Given that malignant carcinogenesis is a multi-stage, 
multi-factorial, and multi-genetic illness with an unclear 
specific mechanism, there are currently no optimal anti-
tumor medications. The APC-associated Wnt pathway is 
closely related to tumor development, and the opening and 
closing of this pathway directly control the expression of 
downstream target genes, including many oncogenes related 
to growth and metabolism (52). It is now generally accepted 
that the APC gene is a typical oncogene, and structural and 

https://starbase.sysu.edu.cn/starbase2/
https://starbase.sysu.edu.cn/starbase2/
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expression abnormalities have been successively identified 
in a variety of human tumors. These findings imply that the 
APC gene may be involved in a variety of human cancer 
processes. The APC protein expression product plays a 
crucial regulatory role in cell proliferation, apoptosis, and 
signaling (53). Since it is an important component of the 
Wnt signaling pathway, it also has a significant impact on the 
malignant transformation of cells. It has been found that in 
the early stages of epithelial-derived malignant tumors, such 
as colon, gastric, and endometrial cancers, the expression of 
the APC oncogene is deficient to varying degrees, promoting 
the development of tumor development and invasive 
metastasis (21,54,55). Following APC gene inactivation, 
the inability of the β-catenin protein to be properly broken 
down results in the accumulation of free β-catenin in the 
cytoplasm and subsequent entry into the nucleus, which leads 
to abnormal transcription of target genes downstream of the 
Wnt signaling pathway, including C-myc, c-jun, and cyclin 
D1, and ultimately, cancer development (25,56).

Conclusions

In the present study, we found that CAFs encourage PDAC 
cell growth, epithelial-mesenchymal transition (EMT), and 
metastasis. Importantly, CAFs release exosomes into PDAC 
cells, which significantly increase the levels of miR-125b-
5p in these cells. Meanwhile, pancreatic cancer cell lines 
and PDAC tissues have considerably higher miR-125b-5p 
expression. MiR-125b-5p’s elevated expression mechanically 
suppresses the expression of APC and accelerates the spread 
of pancreatic cancer. Exosomes released by CAFs encourage 
PDAC growth, invasion, and metastasis. Exosomal 
miR-125b-5p inhibition offers an alternate strategy for 
combating the basic malady of PDAC.
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