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ABSTRACT 

 

Pancreatic ductal adenocarcinoma (PDAC) is a common digestive system tumor with high 

mortality rates and a poor prognosis. Reports suggest that microRNA (miR)-486-3p in PDAC can 

be used as a diagnostic biomarker. This research aimed to elucidate the mechanisms by which miR-

486-3p regulates PDAC progression. 

miR-486-3p and chymotrypsin C (CTRC) expression in PDAC were measured using 

quantitative real-time polymerase chain reaction. Changes in the biological properties of PDAC cells 

were assessed by Transwell assay, scratch-wound assay, cell counting kit (CCK)-8 assay, and plate 

cloning assay. The protein expression of immunosuppressive factors (vascular endothelial growth 

factor, interleukin-6, and transforming growth factor-β) in PDAC cells was detected by western 

blot. Additionally, a subcutaneous graft tumor model was constructed to explore the influence of 

silencing miR-486-3p on PDAC in vivo. 

PDAC showed a pronounced increase in miR-486-3p expression. Upregulation of miR-486-3p 

stimulated PDAC cell proliferation, migration, invasion, and immunosuppressive factor protein 

expression, whereas silencing miR-486-3p hindered PDAC malignant development. miR-486-3p 

targets and negatively regulates CTRC expression. Silencing CTRC partially rescued the restraining 

impact of silencing miR-486-3p on PDAC malignant progression. In vivo experiments also 

indicated that silencing miR-486-3p inhibited PDAC malignant progression and 

immunosuppressive factor expression in vivo. 

In summary, miR-486-3p promotes immunosuppressive factor protein expression by targeting 

and negatively regulating CTRC expression, which in turn promotes PDAC malignant progression. 
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INTRODUCTION 

 

Pancreatic ductal adenocarcinoma (PDAC) is an 

aggressive type of digestive system tumor that has a very 

poor prognosis. Morbidity and mortality rates are 
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increasing year by year, posing a serious hazard to 

human health.1,2 Statistics show that in 2020, more than 

490 000 cases of PDAC were detected globally, 

accounting for 2.6% of all cancers and ranking 14th 

among them; however, deaths from PDAC accounted 

for 4.7% of all cancer deaths, ranking sixth.3,4 Currently, 

the primary treatment for pancreatic cancer remains 

surgery.5,6 Radical surgical resection combined with 

postoperative adjuvant therapy prolongs survival to 

some extent in patients with PDAC.7,8 Unfortunately, 

PDAC has an insidious onset, and a large proportion of 

patients are diagnosed when the cancer is in an advanced 

stage, depriving them of the opportunity for surgery.9,10 

Therefore, clarifying the underlying molecular 

mechanisms of PDAC development and establishing 

methods for early diagnosis is paramount for enhancing 

the early detection rate of PDAC and diminishing 

recurrence and mortality rates. 

MicroRNAs (miRs) are a type of short, noncoding 

RNA containing about 18 to 24 nucleotides.11,12 It has 

been reported that miRs are aberrantly expressed in 

several tumors and can participate in the physiological 

and metabolic processes of tumor cells, making them 

potentially valuable in the early detection and treatment 

of tumors.13,14 Numerous investigations have 

demonstrated that miR-486-3p is aberrantly expressed 

and affects the malignant progression of non–small cell 

lung cancer, oral cancer, and cervical cancer, among 

others.15-17 Additionally, miR-486-3p has been found to 

suppress the expression of flotillin-2, thereby enhancing 

the proliferation and metastasis of skin squamous cell 

carcinoma.18 Recent research has indicated that miR-

486-3p was aberrantly expressed in PDAC and could be 

used as a diagnostic marker.19 Nevertheless, the 

regulatory mechanism by which miR-486-3p affects 

PDAC progression is uncertain. 

Chymotrypsin C (CTRC) is a serine protease 

produced by pancreatic cells.20,21 It has been shown that 

upregulation of CTRC expression reduces chemotherapy 

resistance in gastric and colon cancer cells.22 Currently, 

CTRC is not well studied in PDAC. This study began 

with an examination of miR-486-3p in PDAC. We then 

explored changes in the biological properties of PDAC 

cells after silencing or overexpressing miR-486-3p. We 

explored the impacts of silencing miR-486-3p and 

silencing CTRC on malignant development and 

immunosuppressive factor expression in PDAC. Finally, 

a subcutaneous graft tumor model was created to assess 

the influence of silencing miR-486-3p on tumor 

development in mice. This study will provide a novel 

reference for the study of miR-486-3p and CTRC in 

PDAC. 

 

MATERIALS AND METHODS 

 

Clinical Tissue Samples 

Cancer and paracancer tissue samples (n = 52) were 

obtained from patients with PDAC admitted to 

Xuancheng People’s Hospital. The tissues were 

collected randomly, cleaned, and stored in liquid 

nitrogen for backup. Patient inclusion criteria were as 

follows: (1) pathologically confirmed PDAC; (2) 

age≥18 years and gender neutral; (3) complete 

information; and (4) provision of written informed 

consent. The exclusion criteria were as follows: (1) any 

treatment, such as radiotherapy, chemotherapy, targeted 

therapy, or immunotherapy; (2) pathological diagnosis 

of benign tumors; (3) history of other malignant tumors; 

and (4) presence of extrapancreatic metastases. The 

Ethics Committee of Xuancheng People’s Hospital 

approved the study, and all patients provided informed 

consent for sample acquisition. 

 

Cell Culture and Transfection 

The pancreatic cell line HPDE6-C7 and the PDAC 

cell lines (BxPC-3, PANC-1, and Capan-1) were sourced 

from the American Type Culture Collection (ATCC). Cells 

were cultured in Dulbecco’s Modified Eagle Medium 

(DMEM) (Gibco, NY, USA) with 10% fetal bovine serum 

(FBS; Gibco, NY, USA) and 1% penicillin and 

streptomycin (Gibco, NY, USA) at 37°C with 5% CO2. The 

miR-486-3p mimics (mimics), miR-486-3p inhibitor 

(inhibitor), and short interfering CTRC RNA (si-CTRC) 

were supplied by RiboBio Co, Ltd (Guangzhou, China). 

BxPC-3 and PANC-1 cells were cotransfected using 

Lipofectamine 2000 (Invitrogen, CA, USA). 

 

Quantitative Real-time Polymerase Chain Reaction 

(qRT-PCR) 

RNA was extracted using TRIzol reagent 

(Invitrogen, CA, USA). After that, cDNA was obtained 

through reverse transcription with the inclusion of AMV 

reverse transcriptase (Invitrogen, CA, USA). SYBR 

Green qPCR Mix kit (TAKARA, Tokyo, Japan) was 

used for PCR amplification. The primer sequences were 

as follows: 

miR-486-3p: F: 5′-GCCGAGCGGGGCAGCTCAGTA-3′, 

R: 5′-CGCAGGGTCCGAGGTATTC-3′ 
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U6: F: 5′-CCCTTCGGGGACATCCGATA-3′, R: 5′-

TTTGTGCGTGTCATCCTTGC-3′ 

CTRC: F: 5′-ATTGACTGGTGGGGCTTCAG-3′, R: 5′-

CTTCCCCAGGAGTGGTTGTC-3′ 

β-actin: F: 5′-GCACCACACCTTCTACAATGAG-3′, 

R: 5′-GATAGCACAGCCTGGATAGCA-3′ 

 

Transwell Assay 

Matrigel (Sigma-Aldrich, MO, USA) was diluted 

to a 1:6 mixture with serum-free medium, and 100 μL of 

the mixture was added to each Transwell chamber 

(Corning, MA, USA) and placed in the incubator 

overnight. The following day, the remaining liquid in the 

chambers was aspirated, and serum-free DMEM was 

used to hydrate the basement membrane. A total of 200 

μL of cell suspension was added to the upper chamber, 

and an appropriate amount of DMEM was added to the 

lower chamber. Cells were incubated for approximately 

12 hours. The Matrigel and cells in the upper chamber 

were then wiped away, and the membrane was exposed 

to 4% paraformaldehyde (Solarbio, Beijing, China) for 

30 minutes. After that, the membrane was stained with 

0.1% crystal violet (Beyotime, Shanghai, China) and 

rinsed twice with deionized water. A randomly selected 

field of view was photographed at high magnification, 

and the number of invading cells was counted. 

 

Scratch-wound Assay 

PDAC cells were inoculated into 6-well plates with 

predrawn horizontal lines after transfection treatment. 

When the cell density reached 70% to 90%, a 200-μL 

sterile lance tip was used to gently etch a vertical line 

perpendicular to the horizontal line at the base of the 

plate. DMEM was then added, and the cells were 

incubated. The healing of the scratch was observed at 0 

and 24 hours after scratching. 

 

Cell Counting Kit (CCK)-8 Assay 

PDAC cells (2.0 × 104 cells/well) were seeded in 

96-well cell culture plates after routine digestion and 

transfection. After cell attachment, 100 μL of complete 

medium with 10% CCK-8 solution (Solarbio, Beijing, 

China) was added to each well. Plates were incubated 

(37°C, 2 hours), and the OD450 was measured using a 

microplate reader to calculate the cell proliferation rate. 

 

Plate Cloning Assay 

After digestion and resuspension, 1000 cells were 

added to each well of a 6-well plate and incubated (37°C, 

5% CO2) for 2 weeks. When clonal cell clusters could be 

seen, the culture medium was removed, and the wells 

were rinsed twice with PBS. Cells were fixed with 4% 

paraformaldehyde (Solarbio, Beijing, China) for 20 

minutes. The fixative was discarded, and cells were 

stained with 0.1% crystal violet (Sigma-Aldrich, MO, 

USA) for 15 minutes and then washed 3 times with 

deionized water. Images were acquired, and colonies 

were counted. 

 

Western Blot 

RIPA lysate (Solarbio, Beijing, China) was added 

to cells and tissues, and the lysates were collected. 

Protein concentrations were assessed using a BCA kit 

(Beyotime, Shanghai, China). After gel electrophoresis, 

the samples were transferred to polyvinylidene fluoride 

(PVDF) membranes (Invitrogen, CA, USA) and 

blocked. The membranes were rinsed and incubated 

overnight with primary antibody against vascular 

endothelial growth factor (VEGF), (Invitrogen, CA, 

USA; dilution 1:1000; MA5-32038), interleukin (IL)-6 

(Invitrogen, CA, USA; dilution 1:1000; M620), or 

transforming growth factor-beta (TGF-β) (Invitrogen, 

CA, USA; dilution 1:1000; MA5-15065) at 4°C. 

Membranes were then incubated with sheep anti-rabbit 

secondary Immunoglobulin G (Invitrogen, CA, USA; 

dilution 1:10 000; 31460) for 1.5 hours. β-Actin 

(Invitrogen, CA, USA; MA1-140) was used as an 

internal reference. The membrane was washed 3 times 

and then developed. 

 

In Vivo Experiment 

Two groups of 5 mice each were randomly 

assigned. Each mouse was injected with 200 μL of 

BxPC-3 cell suspension (1.5 × 106 cells/mouse). The 

survival of mice was recorded every day, and the size of 

subcutaneous tumors was measured using vernier 

calipers on days 7, 14, 21, 28, and 35. Mice were 

euthanized after anesthesia on day 35, and tumors were 

excised and weighed. 

 

Statistical Analysis 

For each experiment, the results were determined by 

taking the mean ± standard deviation from at least 3 

replicates. SPSS, version 26.0, software (IBM Corp) was 

used to perform ANOVA and Student t tests. p<0.05 

indicated significant differences. Prism software, version 

9.0 (GraphPad Software), was used for plotting. 

 

http://ijaai.tums.ac.ir/


Y. Tao, et al. 

Vol. 23, No. 6, December 2024                              Iran J Allergy Asthma Immunol/ 730 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

RESULTS 

 

Expression and Prognosis of miR-486-3p in PDAC 

qRT-PCR results indicated significant upregulation 

of miR-486-3p in PDAC (Figure 1A). miR-486-3p 

expression was substantially lower in HPDE6-C7 cells 

than in PDAC cells (BxPC-3, PANC-1, and Capan-1) 

(Figure 1B). Notably, miR-486-3p levels differed in the 

PDAC cells; the highest levels were seen in BxPC-3 cells, 

followed by PANC-1 cells. Therefore, we chose BxPC-3 

and PANC-1 cells for subsequent studies. Furthermore, 

the survival rate of patients with high miR-486-3p 

expression was markedly decreased compared with those 

with low expression (Figure 1C). miR-486-3p expression 

in patients with stages I and II PDAC was significantly 

lower than in those with stage III or IV PDAC (Figure 

1D). 

 

Overexpression of miR-486-3p Promotes 

Progression of PDAC 

qRT-PCR confirmed that miR-486-3p was 

overexpressed, and this finding was used for subsequent 

functional experiments (Figure 2A). Transwell assay 

results indicated that miR-486-3p overexpression 

enhanced the invasion ability of PDAC cells (Figure 2B–

2C). The cell scratch assay showed that miR-486-3p 

overexpression increased migration capability (Figure 

2D-2E). miR-486-3p overexpression stimulated the 

proliferation of PDAC cells (Figure 2F). The plate cloning 

assay indicated a marked increase in the clone formation 

capacity of cells after miR-486-3p overexpression (Figure 

2G–2H). Immunosuppressive factors, such as VEGF, IL-

6, and TGF-β, were examined using western blot, and the 

expression of these proteins was significantly elevated 

when miR-486-3p was overexpressed (Figure 2I–2L). 

 

 

Figure 1. Expression and prognosis of microRNA (miR)-486-3p in pancreatic cancer (PDAC). (A) The miR-486-3p expression 

level in adjacent tissues and PDAC tissues was quantified utilizing quantitative real-time polymerase chain reaction (qRT-

PCR). (B) qRT-PCR was implemented to measure miR-486-3p levels in different cells. (C) The connection between miR-486-

3p and the prognosis of PDAC. (D) Clinical stages in correlation with miR-486-3p expression. *p<0.05, ***p<0.001. 
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Figure 2. MicroRNA-486-3p overexpression on pancreatic cancer progression. 

(A) The overexpression efficiency was measured utilizing quantitative real-time polymerase chain reaction (qRT-PCR). (B–C) 

The invasion capacities of BxPC-3 and PANC-1 cells were evaluated by Transwell assay. (D–E) Scratch-wound assay showed 

cell migration. (F) Utilizing a Cell Counting Kit (CCK)-8 assay monitored the cell proliferation. (G–H) The plate cloning 

experiment was applied to quantify the cell cloning formation of BxPC-3 and PANC-1 cells. (I–L) The contents of vascular 

endothelial growth factor (VEGF), interleukin-6 (IL-6), and transforming growth factor (TGF)-β proteins were assessed by 

western blotting. ***p<0.001. 

 
Silencing miR-486-3p Hinders the Progression of PDAC 

Transfection of inhibitors into PDAC cells and 

verification of their silencing efficiency by qRT-PCR 

confirmed a significant decrease in miR-486-3p 

expression (Figure 3A). Silencing miR-486-3p resulted 

in a reduced invasion ability of PDAC cells (Figure 3B-

3C). The cell scratch assay indicated that silencing miR-

486-3p hindered cell migration ability (Figure 3D-3E). 

Cell proliferation capacity was impeded after silencing 

miR-486-3p (Figure 3F). The clone formation ability of 

PDAC cells was significantly decreased after silencing 

miR-486-3p (Figure 3G–3H). Western blot results 

revealed that silencing miR-486-3p led to a marked 

decline in VEGF, IL-6, and TGF-β expression compared 

with the control (Figure 3I–3L). 

miR-486-3p Targets Negative Regulation of CTRC 

TargetScanHuman, version 8.0 

(https://www.targetscan.org/vert_80/), GEPIA 

(http://gepia.cancer-pku.cn/), and Home-miRWalk 

(http://mirwalk.umm.uni-heidelberg.de/) databases 

were used to predict downstream target genes of miR-

486-3p, and 2 genes—CTRC and syncollin (SYCN)-were 

identified (Figure 4A). After silencing miR-486-3p, both 

CTRC and SYCN expression markedly increased, with 

the expression of CTRC being higher than that of SYCN; 

therefore, we selected CTRC for subsequent experiments 

(Figure 4B–4C). Figure 4D shows the CTRC 3′UTR-

WT and CTRC 3′UTR-MUT nucleotide sequences. The 

expression of CTRC in PDAC tissues and cells was 

markedly lower than in normal tissues and cells (Figure 
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4E-4J). On silencing miR-486-3p, PDAC cells displayed 

a significant increase in CTRC protein expression 

(Figure 4K). Figure 4L shows the linear regression 

relationship between CTRC and miR-486-3p expression, 

with miR-486-3p negatively regulating CTRC. 

 

Silencing of CTRC Expression Partially Attenuated the 

Inhibitory Effect of Silencing miR-486-3p on PDAC 

Transfection of si-CTRC into PDAC cells and detection 

of the silencing efficiency of CTRC showed a marked 

decrease in CTRC protein expression (Figure 5A-B). 

Transwell assay results showed that silencing CTRC 

partially rescued the restraining impact of silencing 

miR-486-3p on invasion capacity (Figure 5C-5D). 

Silencing CTRC partially attenuated the restraining 

influence of silencing miR-486-3p on migration 

capacity (Figure 5E-5F). The CCK-8 assay showed that 

silencing CTRC was able to partially rescue cell 

proliferation ability (Figure 5G). After silencing miR-

486-3p, silencing CTRC partially rescued the clone 

formation ability of cells (Figure 5H-5I). In addition, 

silencing CTRC partially rescued VEGF, IL-6, and TGF-

β expression in PDAC cells (Figure 5J-5M). 

 

In Vivo Experiment 

Silencing miR-486-3p markedly inhibited tumor 

growth in terms of volume and weight (Figure 6A-6C). 

Western blotting was used to identify changes in the 

expression of immune factors, and miR-486-3p 

silencing significantly restrained VEGF, IL-6, and TGF-

β protein expression (Figure 6D-6E). 

 

 

Figure 3. Silencing microRNA-486-3p on pancreatic cancer progression. 

(A) The silencing efficiency was measured utilizing quantitative real-time polymerase chain reaction (qRT-PCR). (B–C) The 

invasion capacities of BxPC-3 and PANC-1 cells were evaluated by Transwell assay. (D–E) Scratch-wound assay showed cell 

migration. (F) Utilizing a Cell Counting Kit (CCK)-8 assay monitored the cell proliferation. (G–H) The clone formation abilities 

of BxPC-3 and PANC-1 cells were detected by plate cloning assay. (I–L) The contents of vascular endothelial growth factor 

(VEGF), interleukin (IL-6), and transforming growth factor-β (TGF-β) proteins were assessed by western blotting. ***p<0.001.
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Figure 4. Screening and validation of microRNA (miR)-486-3p target genes. 

(A) Obtain target genes through TargetScan, miRWalk, and GEPIA databases. (B-C) Chymotrypsin C (CTRC) and syncollin 

(SYCN) expression in BxPC-3 and PANC-1 cells were quantified utilizing quantitative real-time polymerase chain reaction 

(qRT-PCR). (D) The binding sites of miR-486-3p and CTRC. (E-G) CTRC expression in different tissues was quantified utilizing 

qRT-PCR and western blotting. (H-J) CTRC mRNA expression in different cells was quantified utilizing qRT-PCR and western 

blotting. (K) CTRC protein expression in BxPC-3 and PANC-1 cells was ascertained utilizing western blotting. (L) The 

connection between miR-486-3p and CTRC. ***p<0.001. 
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Figure 5. Silencing of Chymotrypsin C (CTRC) expression partially attenuated the inhibition of silencing microRNA (miR)-

486-3p on pancreatic cancer (PDAC). 

(A-B) CTRC protein expression in BxPC-3 and PANC-1 cells were ascertained utilizing western blotting. (C-D) The invasion 

capacities of BxPC-3 and PANC-1 cells were evaluated by Transwell assay. (E-F) The scratch-wound experiment revealed the 

migration capacities of BxPC-3 and PANC-1 cells. (G) Utilizing Cell Counting Kit (CCK)-8 assay monitored the cell 

proliferation. (H-I) The plate cloning experiment was applied to quantify the cell cloning formation. (J-M) The contents of 

vascular endothelial growth factor (VEGF), interleukin-6 (IL-6), and transforming growth factor-β (TGF-β) proteins were 

scrutinized by western blot. ***p<0.001. 
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Figure 6. Silencing microRNA (miR)-486-3p on pancreatic cancer progression in vivo. 

(A–C) Silencing miR-486-3p inhibited tumor volume (A) and weight growth (C). (D–E) The contents of vascular endothelial 

growth factor (VEGF), interleukin-6 (IL-6), and transforming growth factor-β (TGF-β) proteins were scrutinized by western 

blot. *p<0.05, ***p<0.001. 

 
DISCUSSION 

 

Over the past few years, several investigations have 

attested to the fact that miRNAs are strongly associated 

with the progression of malignant tumors, specifically 

the promotion or inhibition of various biological 

behaviors of tumors by miRNAs.23,24 Chen et al revealed 

that miR-486-3p overexpression drastically reduced the 

migration and infiltration of thyroid cancer cells, 

whereas silencing miR-486-3p promoted thyroid cancer 

progression.25 In addition, Li et al reported that miR-

486-3p was significantly upregulated in cutaneous 

squamous cell carcinoma and that its overexpression 

increased the proliferation of cancer cells.18 Our study 

revealed that miR-486-3p was highly expressed in 

PDAC tissues and cells and that the overall survival rate 

was lower for patients with high expression. PDAC cells 

showed increased proliferation, migration, and invasion 

after miR-486-3p was overexpressed, whereas reduced 

miR-486-3p expression significantly inhibited the 

malignant progression of PDAC in vivo. 

Our study used the GEPIA, TargetScanHuman, and 

Home-miRWalk databases to identify CTRC as a 

downstream gene of miR-486-3p. Wang et al found that 

upregulation of CTRC resulted in diminished migration 

of PDAC cells and that downregulation of CTRC 

expression enhanced the migration of PDAC cells.26 Our 

findings revealed that silencing miR-486-3p resulted in 

upregulation of CTRC expression. Transfection of           

si-CTRC partially rescued the inhibitory effect of 

silencing miR-486-3p on PDAC progression, implying 

that miR-486-3p negatively regulates CTRC, which in 

turn is involved in the biological processes of PDAC. 

Cytokines are a class of small-molecule proteins 

secreted by immune cells and many other types of cells, 

including lymphocyte factors and interferons, that monitor 

the host’s immune response to infection.27-29 Many 

cytokines are involved in immunosuppression in the tumor 

microenvironment, and it has been shown that VEGF is not 

only involved in the growth of tumor vasculature but also 

inhibits T-cell function, thus acting as an 

immunosuppressant.30,31 IL-6 is part of the interleukin 
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cytokine family, and overproduction of IL-6 promotes 

cancer progression.32,33 TGF-β modulates the activity of 

immune cells and controls inflammatory processes.34,35 Our 

investigation revealed that miR-486-3p overexpression led 

to a marked increase in VEGF, IL-6, and TGF-β expression 

in PDAC cells, whereas inhibition of miR-486-3p 

expression led to a marked decrease in these factorsIL-6 in 

mice. This finding indicates that inhibition of miR-486-3p 

expression could reduce the secretion of 

immunosuppressive factors (VEGF, IL-6, and TGF-β), 

which augments the body’s antitumor capabilities. 

In summary, our study confirmed that miR-486-3p 

targets and negatively regulates CTRC and that miR-

486-3p upregulation enhances immunosuppressive 

factor expression in PDAC cells and promotes the 

malignant progression of PDAC. We found that miR-

486-3p and CTRC can be used as new biomarkers, which 

offers a new theoretical foundation for the early 

diagnosis and targeted therapy of PDAC. 
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