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ABSTRACT 

 

MicroRNA (miR)-425-5p is used as a molecular biomarker to identify cervical cancer (CxCa). 

However, few studies have examined the miR-425-5p-based modulation of the vital activities of 

CxCa cells.  

The levels of neural cell adhesion molecule 1 (NCAM1) and miR-425-5p in CxCa tissues and 

cells were tested using western blot and reverse transcription quantitative polymerase chain reaction 

(RT-qPCR) tests. CxCa cells’ malignant phenotype was examined through clone formation tests, and 

transwell tests. CD8+T cells were co-cultured with CxCa cells and then analyzed for apoptosis rates 

and the expression of activation proteins (granzyme B (GZMB) and perforin) as well as immune 

factors (tumor necrosis factor-alpha (TNF-α) and interferon-gamma (IFN-γ)) using flow cytometry, 

western blot, and enzyme-linked immunosorbent assay (ELISA) methods. Finally, in nude mouse 

experiments, the tumor size was measured for subcutaneous tumors, and the expression of CD8+T 

cell-related factors was detected.  

The NCAM1 and miR-425-5p were down-regulated and up-regulated in CxCa tissue and cells, 

respectively. After silencing miR-425-5p, CxCa cells showed attenuation in vitality, clone formation 

rate, and their capacities to migrate, penetrate, and evade immune responses. NCAM1 was targeted 

and silenced by miR-425-5p. When NCAM1 was silenced, it partially counteracted miR-425-5p’s 

inhibitory effects on the immune escape and proliferation. In nude mice, the tumor size and weight 

decreased after silencing miR-425-5p, and levels of CD8, IFN-γ, TNF-α, perforin, and GZMB were 

elevated. However, these changes were reversed when NCAM1 was silenced. 

In conclusion, miR-425-5p mediates the biological behavior and immune evasion of CxCa cells 

by regulating NCAM1. 

 
Keywords: MicroRNA-425-5p; Neural cell adhesion molecule 1; Tumor escape; Uterine cervical 

neoplasms  

 
INTRODUCTION 

 

Cervical cancer (CxCa) ranks fourth among the most 

common carcinomas affecting women after breast, 

colorectal, and lung carcinomas.1 Every year, 
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approximately 570,000 people worldwide are affected 

by CxCa, resulting in 310,000 deaths.1–3 In countries 

with a high Human Development Index (HDI), 60 to 

70% of patients with CxCa survive more than 5 years, 

while in countries with low HDI, the rate drops to less 

than 20%.4,5 At present, the main options for treating 

CxCa are surgery, radiation, and chemotherapy. 

However, the effectiveness of treatment is contingent 

upon the stage of the disease. Treatment is difficult for 

those in advanced stages and usually involves a range of 

side effects, and the tumor can develop resistance.6–8  

Immunotherapy, targeted therapy, and genetic 

approaches show promise for improving outcomes and 

survival in CxCa. However, these methods are still 

evolving, and many related studies are not 

comprehensive. It is important to find new molecular 

pathogenic pathways and cancer biomarkers for better 

control of CxCa.9 The tumor microenvironment (TME) 

is a complex and delicate ecosystem composed of a 

variety of cell types, signaling molecules, and physical 

structures.10 This environment provides the necessary 

conditions for tumor growth, invasion, and metastasis 

and also largely influences the tumor’s response to 

treatment. Apoptosis and decreased activity of immune 

cells in the TME are the main mechanisms that lead to 

tumor immune escape,11 which has been linked to CxCa 

metastasis and tumor invasion.12  

CD8+ T cells are the main anti-tumor immune 

effector cells in vivo. They can kill tumor cells and 

inhibit the invasion, metastasis and recurrence of 

tumors. If the activity of CD8+ T cells is reduced or 

negated, tumor immune escape can occur more easily. 

However, it is not completely clear what mechanisms of 

immune escape are involved in the abnormal infiltration 

of immune CD8+ T cells in the TME of CxCa. 

MicroRNA (miR) is involved in regulating cellular 

biological processes such as programmed death, 

immune modulation, inflammation, cell differentiation, 

and cell proliferation. Oncogenic or tumor-suppressive 

miR has been considered as biomarker candidates for 

identifying numerous cancers due to their varying 

expressions in tumor cells.13 Furthermore, the 

augmentation or inhibition of miR expression has 

emerged as a novel strategy for disease treatment.14  

MiR-425-5p is strongly associated with tumor 

genesis and expansion and exhibits increased expression 

in numerous tumor cells, which facilitates cancerous 

activities.15–21 In tissues and cells that are affected by 

hepatocellular carcinoma, miR-425-5p levels are 

increased, resulting in a poorer prognosis for patients 

with this cancer and creating an environment conducive 

to the mobility and proliferation of cancer cells.22 In 

tissues and cells affected by ovarian carcinoma, miR-

425-5p levels are increased, but knocking  down of this 

miR can prevent the cancer cells from invading, 

migrating, and multiplying.23 MiR-425-5p levels are 

higher in CxCa cells, and decreasing its levels reduces 

the cell viability and induces apoptosis.24,25 However, 

the role of miR-425-5p in the modulation of CxCa, 

particularly in  relation to immune escape remains 

unclear. The aim of this work was to examine the 

impacts of miR-425-5p on immune escape and 

proliferation of CxCa cells and the underlying 

mechanisms. 

 

MATERIALS AND METHODS 

 

Clinical Samples 

Samples of carcinoma tissues and para-carcinoma 

tissues were collected from 48 patients diagnosed with 

CxCa at Puren Hospital, affiliated with Wuhan 

University of Science and Technology. None of the 

patients had undergone preoperative radiotherapy or 

chemotherapy. This study followed the principles of the 

Declaration of Helsinki. All tests were conducted after 

obtaining informed consent from the participants and 

approval from the ethics committee of the hospital. 

Blood was also sampled from healthy female volunteers 

within the hospital and stored in heparin anticoagulant 

tubes at 4°C. 

 

Cell Culture 

Normal cervical epithelial cells (Ect1/E6E7) and 

CxCa cell lines (MS751, C-4I, C-33A, and HeLa) were 

obtained from the Cell Bank of the Chinese Academy of 

Sciences (Shanghai, China). All cells were cultivated in 

Roswell Park Memorial Institute (RPMI)-1640 medium 

(ORCPM0110B, ORiCells Biotechnology, Shanghai, 

China) with 10% fetal bovine serum (FBS). The cell 

culture incubator had saturated humidity with 5% CO2 

and a temperature of 37°C. 

 

Cell Transfection 

After a monolayer was formed and stuck to the well 

walls, the cells were sub-cultured, and then those 

entering the log phase were collected. Using 

Lipofectamine 3000 (L3000001, Invitrogen, Austin, 

TX, USA), the collected cells were transfected with 
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miR-425-5p inhibitor and its negative control (miR-425-

5p inhibitor NC), as well as under-expressed neural cell 

adhesion molecule 1 (NCAM1) (shRNA-NCAM1) and 

its negative control (shRNA-NC). After transfection, the 

cells were cultured for an additional 48 hours prior to 

follow-up tests. 

 

Cell Viability Test  

Cell viability was tested using cell counting kit-8 

(CCK-8) kits. The transfected CxCa cells were treated 

with trypsin, centrifuged, and resuspended in 

succession. Next, 1×104 cells were seeded into each well 

with 100 μL of culture medium. The plate was placed 

into an incubator (parameters: 37°C and 5% CO2) for 48 

hours. Subsequently, 10 μL of CCK-8 reagent (HY-

K0301, MedChem Express, Monmouth Junction, NJ, 

USA) were dispensed into each well and mixed 

thoroughly, followed by another 2 hours of incubation. 

A microplate reader was then used to determine the 

optical density (OD) of the cells at 450 nm. Based on the 

results, the cells’ survival rate was calculated as the 

percentage of the OD value of treated cells relative to 

that of untreated cells. 

 

Clone Formation Test 

Culture dishes containing 10 mL of culture medium 

were prepared, and groups of cells were seeded in them 

at a density of 100 cells per dish. The dishes were gently 

rotated to disperse the cells evenly and then placed in a 

cell incubator (parameters: 5% CO2, 37℃) for 2 to 3 

weeks of cell culture until visible clones appeared in the 

dishes. The dishes were then treated with 4% 

paraformaldehyde to fix the cell clones for 20 minutes.  

After 2 washes with phosphate-buffered saline 

(PBS), the clones were stained for 30 minutes with an 

appropriate amount of Giemsa stain solution (C0133, 

Beyotime, Shanghai, China). After rinsing with PBS and 

air-drying, the cell clones were photographed using a 

microscope. The clone formation rate was calculated as 

the percentage of the number of cells clones relative to 

the number of seeded cells, and a cluster consisting of 

more than 50 cells was considered as one cell clone. 

 

Transwell Cell Movement and Penetration Tests  

The movement of cells was assessed using 8-μm 

transwells (Corning Incorporated, Corning, NY, USA), 

which were placed over a 24-well plate. Then, 100 μL of 

cell suspension with a cell density of 1×105/mL were 

added to each transwell. Below each transwell, 500 μL 

of RPMI-1640 medium supplemented with 10% FBS 

were dispensed. The plate was then put into an incubator 

(parameters: 5% CO2, 37 ℃) for 24 hours of cell culture. 

Next, the culture media in both the transwell and 

below it was discarded, and remaining cells were 

carefully wiped away with a cotton swab. The cells 

below the transwell (migrated cells) were fixed for 30 

minutes in a solution containing 4% formaldehyde 

(P6148, Sigma, St Louis, MO, USA), followed by 30 

minutes of staining in 0.1% crystal violet solution 

(C0121, Beyotime, Shanghai, China), followed by two 

rinses with PBS, and air drying. Lastly, the cells were 

observed and photographed using high-magnification 

microscopy, and the number of migrated cells was 

counted to determine their movement capacity. For 

penetration assessment of cells, 50 μL of Matrigel 

(354234, Corning Inc., Corning, NY, USA) were added 

to each transwell and air-dried at room temperature for 

4 hours. Then, cell suspension and medium were 

injected into the transwells and lower compartments, 

followed by the same steps as in the movement 

assessment.  

 

Flow Cytometry Tests 

Flow cytometry was used to assess toxicity and 

apoptosis of CD8+T cells. Blood samples from healthy 

female volunteers were treated with gradient doses of 

Ficoll (Merck Millipore, Billerica, MA, the USA) and 

centrifuged to separate the peripheral blood 

mononuclear cells (PBMCs). The PBMCs were treated 

with human CD8+T cell isolation kits (11348D, 

Invitrogen, Carlsbad, CA, USA) to isolate CD8+T cells. 

The obtained CD8+T cells were seeded in cell culture 

dishes at 1×106 cells/10 mL containing RPMI-1640 

complete medium mixed with 10% FBS and 1% 

penicillin-streptomycin (15140122, Gibco, Grand 

Island, NY, USA).  

Human CD3/CD28 T cell activator (11161D, Gibco, 

Grand Island, NY, USA) was added to the cell 

suspension at a ratio of 25 µL/10 mL, followed by 48 

hours of culture at 37°C in 5% CO2 and saturated 

humidity to stimulate the CD8+T cells. The stimulated 

CD8+T cells and transfected MS751 and HeLa cells 

were then co-cultured at a ratio of 10:1 for 16 hours. 

After co-culture, the instructions of PI/Annexin V-FITC 

cell stain kits (40302ES20, Yeasen Biotechnology, 

Shanghai, China) were followed to stain CxCa cells and 

CD8+T cells. A NovoCyte Advanteon flow cytometer 

(Agilent Technologies, Santa Clara, CA, USA) was then 
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used to detect the staining, and the software FlowJo 

v10.6.2 (Tree Star, Ashland, OR, USA) was used for 

analysis. The results were used to assess the apoptosis 

rates of CD8+T cells and CD8+T cells. 

 

Reverse Transcription Quantitative Polymerase 

Chain Reaction (RT-qPCR) Test 

Tissues and cells were treated with Trizol reagent 

kits (DP424, TIANGEN, Beijing, China) to extract total 

RNA. The total RNA was reverse transcribed using 

prime script RT reagent kits (RR047A, Takara, Tokyo, 

Japan), and cDNA was synthesized. RT-qPCR tests 

were performed using the SYBR Green PCR kit 

(4309155, Applied Biosystems, DE, USA) and the ABI 

PRISM 7300 RT-PCR system (7300, ABI, Carlsbad, 

CA, USA). GAPDH and U6 were used as internal 

controls for NCAM1 and miR-425-5p, respectively, and 

their relative expression levels were calculated using the 

2-∆∆Ct method. The primers used are shown in Table 1. 

 

Western Blot Test 

Tissue or cell samples were immersed in lysis buffer 

(20101ES60, Yeasen Biotechnology, Shanghai, China) 

at 4°C for 30 minutes to extract proteins. An aliquot of 

20 µg of protein sample was then isolated and subjected 

to 10% SDS-PAGE (sodium dodecyl sulfate-

polyacrylamide gel electrophoresis) for protein 

separation. The separated proteins were transferred onto 

a polyvinylidene fluoride (PVDF) membrane, which 

was blocked in Tris-buffered saline with 0.2% Tween 20 

(TBST) containing 5% non-fat milk for 1 hour at room 

temperature.  

The membrane was rinsed and incubated overnight 

at 4℃ with primary rabbit antibodies against NCAM1 

(1:1000, ab237708, Abcam, Cambridge, UK), granzyme 

B (GZMB) (1:1000, ab255598, Abcam, Cambridge, 

UK), and perforin (1:1000, ab256453, Abcam, 

Cambridge, UK), as well as the internal control protein 

GAPDH (1:2500, ab9485, Abcam, Cambridge, UK). 

After incubation, the antibody solutions were discarded, 

and the membrane was rinsed with TBST. Subsequently, 

the membrane was incubated with goat anti-rabbit IgG 

secondry antibody (1:2000, ab6721, Abcam, Cambridge, 

UK) at 4°C for 30 minutes and then rinsed again with 

TBST. Enhanced chemiluminescence (ECL) reagent 

(P0018S, Beyotime, Shanghai, China) was applied for 

color development, and the membranes were imaged 

using a ChemiDoc Imaging System (5200, Tanon, 

Shanghai, China). The gray values of the protein bands 

were quantified using Image J 1.8.0 (National Institutes 

of Health, Bethesda, MD, the USA). 

 

Bioinformatics Analysis 

Kaplan–Meier survival curve analysis was 

conducted to examine the influence of miR-425-5p on 

the survival rate of patients with CxCa. The target gene 

of miR-425-5p was identified using TargetScan 

(http://www.targetscan.org/) and Gene Expression 

Profiling Interactive Analysis (GEPIA, 

http://gepia.cancer-pku.cn/). Gene-expression data from 

patients with CxCa were downloaded from the The 

Cancer Genome Atlas (TCGA) database 

(https://portal.gdc.cancer.gov/), and the expression of 

miR-425-5p was analyzed. The correlation between 

miR-425-5p and NCAM1 was assessed by Pearson 

correlation analysis. 

 

Dual-luciferase Reporter Test 

The 3'UTR of wild-type NCAM1 (NCAM1-WT) 

and mutant NCAM1 (NCAM1-MUT), which had 

bonded to the miR-425-5p sequence were cloned and 

inserted into dual-luciferase reporter vectors (E1330, 

Promega, Madison, WI, USA). Subsequently, 

Lipofectamine 3000 was added to CxCa cells to co-

transfect them with both the NCAM1-WT and NCAM1-

MUT recombinant plasmids, along with either a miR-

425-5p inhibitor or miR-425-5p inhibitor NC separately. 

Transfection was allowed to proceed for 48 hours, after 

which the luciferase reporter gene activity in the 

transfected cells was measured using dual-luciferase 

reporter assay kits according to the manufacturer’s 

instructions (RG027, Beyotime, Shanghai, China). 

 

Nude Mice Test 

Nude mice were subcutaneously injected with 100 

μL of HeLa cells (1×106 cells/mice) to produce tumor 

xenografts. One week later, the 24 nude mice were split 

into 4 groups: the miR-425-5p inhibitor NC group, miR-

425-5p inhibitor group, miR-425-5p inhibitor+shRNA-

NC group, and miR-425-5p inhibitor+shRNA-NCAM1 

group (each group n=6). The corresponding miR-425-5p 

inhibitor NC, miR-425-5p inhibitor, shRNA-NC, and 

shRNA-NCAM1 (10 μg) were injected every 3 days for 

3 weeks after tumor formation. The tumor volume 

((length×width2)/2) was measured weekly using a 

Vernier caliper. The transplanted tumor was removed, 

photographed, and weighed. 
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Immunohistochemistry Test 

Fresh tumor tissue was fixed in paraformaldehyde, 

dehydrated with ethanol, embedded in paraffin, and cut 

into 4-μm-thick slices. The sections were cultured 

overnight with Ki-67 primary antibody (1:200, ab16667, 

Abcam, Cambridge, UK), followed by incubation, with 

secondary antibody (1:200, ab288151, Abcam, 

Cambridge, UK). All sections were observed under a 

microscope. 

 

Immunofluorescence Test 

The tumor sections were dewaxed, rehydrated into 

water, and antigen retrieval was performed using 

microwave heating. Sections were then blocked with 5% 

bovine serum albumin (BSA), and incubated at 37℃ for 

1 hour. The serum was discarded, and primary antibody 

against CD8 (1:100, ab316778, Abcam, Cambridge, 

UK) was applied and left overnight at 4℃. Fluorescent 

secondary antibody (1:200, ab150077, Abcam, 

Cambridge, UK) was added and incubated for 60 min. 

After sealing with an anti-fade fluorescent quenching 

mounting medium, pictures were taken using a 

fluorescence microscope. 

 

Enzyme-Linked Immunosorbent Assay (ELISA) for 

Assessing Immune Cytokines Secreted by CD8 

Tumor tissue was obtained from the mice, 

homogenized, and then supernatant was collected. The 

supernatant was collected after co-culture, and an 

appropriate ELISA kit was used to detect the cytokine 

levels. ELISA kits for tumor necrosis factor-alpha 

(TNF-α, ab181421), interferon-gamma (IFN-γ, 

ab224197), and GZMB (ab238265) were obtained from 

Abcam (Cambridge, UK), and a perforin ELISA kit 

(21862) was purchased from MEIMIAN (Shuzhou, 

China).  

Following the provided instructions, the co-cultured 

cell suspension was diluted, and 100 μL of the 

supernatant was added to an assay plate, followed by 

incubation at 37°C for 1.5 hours. Next, 100 µL of 

relevant antibodies were added to the plate, and the cells 

were incubated at 37°C for 1.5 hours, followed by 

administration of 100 µL of streptavidin-horseradish 

peroxidase conjugate (Streptavidin-HRP, S911, 

Invitrogen, Austin, TX, USA) for half an hour at the 

same temperature. The cells were then treated with 100 

µL of color-developing agent and kept in the dark for 15 

minutes, followed by the addition of 100 µL of stop 

solution to terminate the reaction. The OD values of the 

samples were measured at 450 nm using a microplate 

reader, and cytokine levels were calculated accordingly.  

 

Data Processing 

The data were analyzed using SPSS 26.0 (SPSS Inc., 

Chicago, IL, the USA) to vrify normal distribution and 

homogeneity of variance.  Results are presented as the 

mean ± standard deviation. Two groups were compared 

using a t-test, while multiple groups were compared by 

one-way analysis of variance and Tukey’s post hoc test. 

In all tests, statistical significance was denoted by 

*p<0.05, **p<0.01, and ***p<0.001. 

 

RESULTS 

 

Up-regulation of MiR-425-5p Level in CxCa Tissue 

and Adjacent Tissue 

MiR-425-5p was significantly increased in CxCa 

tissues (p<0.05) (Figures 1A), and RT-qPCR tests were 

conducted to determine the effect of miR-425-5p on 

CxCa development. CxCa tissues had significantly 

higher miR-425-5p level than para-carcinoma tissues 

(p<0.001) (Figure 1B). The Kaplan–Meier survival 

analysis showed that poorer prognosis may be more 

likely for patients with CxCa who have high miR-425-

5p levels (p<0.01) (Figure 1C). Moreover, compared to 

Ect1/E6E7 cells, the CxCa cell lines (MS751, C-4I, C-

33A, and HeLa) exibited higher miR-425-5p levels, 

particularly MS751 and HeLa cells (p<0.001) (Figure 

1D). MS751 and HeLa cells were selected for further 

experiments. Based on these findings, miR-425-5p may 

be a key factor in driving CxCa development. 

 

Inhibition of CxCa Cell Growth, Movement, and 

Invasion by MiR-425-5p Suppression 

MiR-425-5p inhibitor was administered to CxCa 

cells to reduce their levels of miR-425-5p and assess its 

influence on cell proliferation. The levels of miR-425-5p 

were significantly decreased in MS751 and HeLa cells 

(p<0.01) (Figure 2A). The outcomes of the CCK-8 

assays and clone formation tests showed that these cells 

became less viable following the reduction of miR-425-

5p level (p<0.001) (Figure 2B). Moreover, the number 

of MS751 and HeLa cell clones was reduced (p<0.001) 

(Figures 2C–D), which indicated that CxCa cell 

proliferation was inhibited. Additionally, transwell tests 

demonstrated a significant decrease in the number of 

migrating and invaded CxCa cells following miR-425-

5p inhibition (p<0.001) (Figures 2E–H). 
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Figure 1. MicroRNA (miR)-425-5p level was up-regulated in cervical cancer (CxCa) tissue and adjacent tissue. A: miR-425-5p 

expression in CxCa tissues (n=48) in The Cancer Genome Atlas (TCGA) database, B: miR-425-5p expression in CxCa tissues 

(n=48) and para-carcinoma tissues, C: Survival curves for high and low expressions of miR-425-5p, D: miR-425-5p contents in 

Ect1/E6E7 cell and MS751/C-4I/C-33A/HeLa cells. 
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Figure 2. MicroRNA (miR)-425-5p suppression inhibits cervical cancer (CxCa) cell growth, migration and invasion. A: Relative 

levels of miR-425-5p, B: Cell viability after miR-425-5p was suppressed, C-D: Clone formation assays, E-F: Transwell 

migration assays showing cell movement capacity (×20, 100 μm), G-H: Transwell invation assays demonstrating cell invation 

capacity (×20, 100 μm) 

 

Inhibition of CxCa Cells’ Immune Escape by MiR-

425-5p Knockdown  

The impact of low miR-425-5p level with the 

immune escape of CxCa cells was assessed. MS751 and 

HeLa cells with reduced miR-425-5p expression were 

separately co-cultured with CD8+T cells. The FCM 

analysis revealed an increase in the proportion of 

apoptotic CxCa cells, indicating enhanced cytotoxicity 

of CD8+ T cells (Figure 3A), while the apoptosis rate of 

CD8+T cells decreased (p<0.001) (Figure 3B).  

Following the knockdown of miR-425-5p, there was 

a marked elevation in the protein levels of GZMB and 

perforin—key molecules involved in CD8+ T cell 

activation, as evidenced by Western blot analysis 

(p<0.001) (Figure 3C). Additionally, ELISA results 

demonstrated an increase in the secretion of immune 

cytokines TNF-α and IFN-γ by CD8+ T cells (p<0.001) 

(Figure 3D). These findings suggest that silencing miR-

425-5p enhances the immune-mediated killing capacity 

of CD8+ T cells, thereby reducing their immune escape. 
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Figure 3. MicroRNA (miR)-425-5p knockdown restrained immune escape of cervical cancer (CxCa) cells. A: Consequences of 

flow cytometry tests on CD8+ T cells’ toxicity, B: Consequences of flow cytometry tests on CD8+ T cells’ apoptosis, C: 

Consequences of western blot tests on granzyme B (GZMB) and Perforin, D: Consequences of enzyme-linked immunosorbent 

assay (ELISA) tests on the relative expressions of interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) secreted 

by CD8 cells 

 
MiR-425-5p Targeting of NCAM1 

Using prediction online tools Tar getScan and 

GEPIA, phospholamban (PLN) and NCAM1 were 

screened out as the target genes of miR-425-5p. Analysis 

of the TCGA CESC database revealed that NCAM1 

expression was significantly decreased in CxCa tissues 

compared to normal tissues (Figure 4A). According to 

western blot analysis, the NCAM1 expression in CxCa 

cells with low miR-425-5p level was higher than the 

PLN protein expression (p<0.01) (Figures 4B, C). Thus, 

NCAM1 was confirmed as miR-425-5p’s major 

regulatory gene, and their binding sites illustrated in 

Figure 4D.  
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Dual-luciferase reporter assays demonstrated that the 

miR-425-5p inhibitor significantly attenuated the 

luciferase activity of NCAM1-WT construct, but had no 

effect on the NCAM1-MUT construct (p<0.01) (Figures 

4E, F). This further confirmed that that miR-425-5p 

directly targets NCAM1. Subsequent assessments of 

NCAM1 expression in CxCa tissues and cell lines 

showed significant down-regulation in both protein and 

mRNA levels of NCAM1 in CxCa cells and tissues 

(MS751, C-4I, C-33A, and HeLa) compared to normal 

tissues and Ect1/E6E7 cells (p<0.001) (Figures 4G–J). 

Furthermore, Pearson correlation analysis demonstrated 

a negative association between miR-425-5p and 

NCAM1expression levels (Figure 4K). In summary, 

these results support that miR-425-5p negatively 

regulates NCAM1 by direct targeting. 

 

NCAM1 Knockdown and CxCa Cell Growth, 

Movement, and Invasion 

Knockdown of NCAM1 partially rescued the 

inhibitory effects of miR-425-5p knockdown on CxCa 

cell proliferation, migration, and invasion. Following 

transfection with shRNA against NCAM1, Western blot 

analysis confirmed a marked reduction in NCAM1 

protein levels in MS751 and HeLa cells (p<0.05) 

(Figures 5A, B). Furthermore, transfection of miR-425-

5p inhibitors decreased miR-425-5p levels and prevent 

CxCa cells from suppressing immune responses and cell 

proliferation. To explore the role of NCAM1 further, co-

transfection of shRNA-NCAM1 was performed to 

downregulate NCAM1 expression in cells with inhibited 

miR-425-5p.CxCa cells with down-regulation of both 

miR-425-5p and NCAM1exibited significantly higher 

cell viability and clone formation rates compared to cells 

with only miR-425-5p inhibition (p<0.01) (Figures 5C–

E).  

Similarly, migration and invasion assays showed that 

the enhanced motility and invasive capacity induced by 

miR-425-5p inhibition were partially reversed by 

NCAM1 silencing (p<0.001) (Figures 5F–I). These 

findings indicate that the effects of miR-425-5p 

inhibition on cell proliferation, migration, and invasion 

are, at least in part, mediated through NCAM1. 

 

NCAM1 Knockdown and Immune Escape by CxCa 

Cells  

Knockdown of NCAM1 partially rescued the 

inhibitory effect of miR-425-5p knockdown on immune 

escape by CxCa cells. In the flow cytometry analysis, 

the apoptosis rate of CxCa cells was significantly 

reduced, and CD8+T cell toxicity was markedly 

decreased (p<0.001) (Figures 6A, B), while the 

apoptosis rate of CD8+ T cells increased with NCAM1 

downregulation (p<0.001) (Figures 6C, D). 

Additionally, levels of GZMB and perforin were 

decreased (p<0.01) (Figures 6E–G), as well as TNF-α 

and IFN-γ (p<0.01) (Figures 6H, I). These observations 

suggest that down-regulating NCAM1 attenuates the 

enhancement of CD8+ T cell responses mediated by the 

miR-425-5p inhibitor. It implies that miR-425-5p may 

regulate critical functions of CxCa cells such as 

proliferation and immune escape by targeting NCAM1. 

 

CxCa Cell Tumorigenicity and Immune Escape In 

Vivo  

Down-regulation of miR-425-5p reduced CxCa 

cells’ tumorigenicity and immune escape in vivo. The 

tumors size and weight were significantly reduced 

following miR-425-5p knockdown and markedly 

increased after NCAM1 knockdown (p<0.001) (Figures 

7A–C). The expression trend of Ki-67 was consistent 

with the tumor size, which decreased after miR-425-5p 

knockdown and increased after NCAM1 knockdown 

(p<0.001) (Figures 7D, E). These findings suggest that 

silencing miR-425-5p inhibits the tumorigenic capacity 

of HeLa cells. 

Simultaneously, immunofluorescence and ELISA 

analyses revealed that levels of CD8, IFN-γ, TNF-α, 

perforin, and GZMB in tumor tissues were significantly 

increased after miR-425-5p knockdown and 

significantly decreased after NCAM1 knockdown 

(p<0.05) (Figures 7F–I). These results further 

demonstrate that silencing miR-425-5p suppresses 

CxCa immune escape in vivo. Combined with in vitro 

experiments, the results indicate that silencing miR-425-

5p inhibits CxCa’s malignant behavior and immune 

escape through up-regulating NCAM1. 
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Figure 4. MicroRNA (miR)-425-5p targeted neural cell adhesion molecule 1 (NCAM1). A: Screening of target genes 

phospholamban (PLN) and NCAM1 from Target Scan and Gene Expression Profiling Interactive Analysis (GEPIA) databases, 

along with the relative expressions of NCAM1 in carcinoma tissues and para-carcinoma tissues in the GEPIA database, B-C: 

Selection of target genes PLN and NCAM1, D: Pairing of miR-425-5p with the wild and mutant genes, E-F: Dual-luciferase 

activity, G-J: NCAM1 level in cancer tissue and cancer cell, respectively, K: Correlation analysis between miR-425-5p and 

NCAM1 
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Figure 5. Knockdown of neural cell adhesion molecule 1 (NCAM1) partially rescued the inhibitory effect of MicroRNA (miR)-

425-5p knockdown on cervical cancer (CxCa) cell proliferation, migration and invasion. A-B: NCAM1 relative level in cells 

after transfection, C: The impact of NCAM1 on cell viability, D-E: Cell cloning and visualization analysis, F-G: Transwell-

based test on cell movement (×20, 100 μm), H-I: Transwell-based test on cell penetration (×20, 100 μm). 
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Figure 6. Knockdown of neural cell adhesion molecule 1 (NCAM1) partially rescued the inhibitory effect of MicroRNA (miR)-

425-5p knockdown on immune escape of cervical cancer (CxCa) cells. A-B: Consequences of flow cytometry tests on CD8+ T 

cells’ toxicity, C-D: Consequences of flow cytometry tests on CD8+ T cells’ apoptosis, E-G: Consequences of western blot tests 

on granzyme B (GZMB) and Perforin, H-I: Consequences of enzyme-linked immunosorbent assay (ELISA) tests on the relative 

expressions of interferon-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α) secreted by CD8 cells. 
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Figure 7. Down-regulation of MicroRNA (miR)-425-5p restrained cervical cancer (CxCa) cell tumorigenicity and immune 

escape in vivo. A: The size of subcutaneous tumor, B-C: On the 28 th day, the tumor mass was weighed, D-E: Consequences of 

immunohistochemistry tests on Ki-67 level (×20, 100 μm), F-G: Consequences of immunofluorescence tests on CD8 level (×40, 

50 μm), H-I: Consequences of enzyme-linked immunosorbent assay (ELISA) kit tests on interferon-gamma (IFN-γ), tumor 

necrosis factor-alpha (TNF-α), Perforin and granzyme B (GZMB) levels. 
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DISCUSSION 

 

High-risk human papillomavirus (HPV) triggers the 

onset of CxCa. HPV can lead to precancerous lesions of 

normal cervical epithelium.26 CxCa can be treated 

surgically in the early stages, but not in advanced stages 

or after metastasis.27 Therefore, it is important to find 

biomarkers and molecular targets that can accurately 

predict CxCa is crucial to facilitate the development of 

diagnostic and therapeutic strategies. 

Aberrant expression of miR can interfere with CxCa 

evolution by regulating its target gene.28–30 MiR-425-5p 

and NCAM1 were respectively up-regulated and down-

regulated in CxCa cells. MiR-425-5p targets NCAM1 

exerting a negative regulatory effect. Silencing NCAM1 

was shown to partially mitigate the effects of miR-425-

5p inhibition on CxCa cell proliferation and immune 

escape. Thus, the NCAM1/miR-425-5p pathway could 

be a plausible route in the development of CxCa. 

Also recognized as CD56, NCAM1 belongs to the 

immunoglobulin superfamily and function as a cell 

adhesion protein.31 It participates in the processes of cell 

adhesion and growth and is linked to the occurrence, 

development, and prognosis of various tumors.32–34 As a 

surface marker on natural killer (NK) cells, NCAM1 can 

influence the development, maturation, and movement 

of immune cells and their process of killing target cells.35  

NK cells and NKT cells are major immune cells with 

NCAM1 expression. They can generate cytotoxicity and 

induce apoptosis of target cells, as well as release 

cytokines to regulate immune balance and the activities 

of dendritic cells and T cells.36–38 The present results 

revealed that after the silencing of NCAM1, there was 

enhancement of CxCa cells’ migration, proliferation, 

and invasive capacities, while increasing apoptosis of 

CD8+ T cells and decreasing their cytotoxicity. These 

results suggest that NCAM1 participates in modulating 

CxCa cells’ malignant behavior and immune escape, 

which hinders cancer progression. 

CD8+T cells are a primary factor in inhibiting tumor 

cells immune responses. The persistence of their 

cytotoxic function determines their level of anti-tumor 

immune response.39 CD8+T cells are cytotoxic and have 

large amounts of GZMB and perforin. The GZMB 

enzyme that cleaves and activates caspases and is 

delivered into cancer cells by perforin, where it cleaves 

substrates such as caspase-3, leading to cell 

apoptosis.40,41 Additionally, CD8+T cells can also 

secrete TNF-α, IFN-γ, and other cytokines, which are 

associated with immune functions and inflammatory 

processes.42–44  

Within the tumor microenvironment (TME),, the 

metabolism of CD8+T cells can often weaken the anti-

tumor immune response, and tumor cells evade immune 

surveillance.45 CD8+T cells compete with tumor cells for 

nutrients within the TME, consuming glutamine and 

glucose and releasing immunosuppressive substances 

and ions, including potassium, lactic acid, and urea. 

Other immune cells like regulatory T cells and tumor-

related macrophages also produce factors that suppress 

CD8+ T cell function.46–48  

In co-culture experiments, CxCa cells with low miR-

425-5p levels demonstrated increased apoptosis, while 

the apoptosis rate of CD8+T cells decreased. The culture 

supernatant showed elevated GZMB and perforin 

expression, along with TNF-α and IFN-γ. In vivo, CD8, 

IFN-γ, TNF-α, perforin, and GZMB increased in tumor 

tissues after miR-425-5p silencing. These changes 

indicated that a low miR-425-5p level is conducive to 

the anti-tumor immune responses of CD8+T cells, 

impeding CD8+T cell metabolism within the TME.  

Conversely, downregulation of NCAM1 yielded 

opposite outcomes, likely because miR-425-5p under-

expression leads to the up-regulating NCAM1. Hence, 

the outcomes were opposite to those obtained with 

shRNA-NCAM1. In addition, tumor-associated 

macrophages (TAMs) and regulatory T cells (Treg) are 

also main types of immunosuppressive cells in the TME 

and have key roles in tumor immune escape. We 

speculate that miR-425-5p may inhibit immune escape 

by regulating TAM polarization or local clearance of 

Treg, and then affecting CxCa, which will be the 

consider for further investigation. 

This study primarily explored the effects of miR-

425-5p’s on CxCa-cell immune escape and proliferation, 

as well as its potential pathways of action. However, in 

vitro results require further verification through in vivo 

and in clinical trials. This study also had limitations 

because many genes and proteins play a role in tumors 

and the immune system, but nude mice lack immune 

cells. Therefore, nude mice cannot accurately simulate 

the immune attack of the body’s immune system on 

tumors. In addition, this study mainly focused on MS751 

and HeLa cells, and further studies are needed to explore 

the effect of miR-425-5p on other CxCa cells and clarify 

how miR-425-5p regulates CxCa by targeting NCAM1. 

MiR-425-5p holds a prominent place in the 

proliferastion and immune escape of CxCa cells by 
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targeting NCAM1. The miR-425-5p/NCAM1 axis may 

serve as a potential target for CxCa treatment. Such 

findings may help develop new therapeutic drugs and 

targeted therapies for CxCa. However, further work is 

needed to unravel miR-425-5p’s effects in vivo, develop 

targeted drugs for inhibiting miR-425-5p, or directly 

knocking out miR-425-5p through CRISPR/Cas9. 

Nanocarriers (such as liposomes, polymer 

nanoparticles) could also be used to improve the 

targeting of miR-425-5p and NCAM1, and clinical 

toxicity trials are needed to test such drugs. Such drugs 

could also be used together with chemotherapy, other 

targeted drugs, and immunotherapy to improve the 

clinical response of patients with CxCa. Future studies 

should also integrate pathological research, genetic 

mutations, and immunological characteristics to achieve 

personalized precision treatment. 
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