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ABSTRACT 

 

MicroRNA (miR)-148a-3p is most frequently upregulated in solid tumors, such as colorectal 

cancer (CRC). This study aimed to elucidate the role of miR-148a-3p in CRC cell proliferation and 

immune escape and its potential mechanism. 

miR-148a-3p and Kruppel-like transcription factor 4 (KLF4) expressions were quantified by 

western blot and quantitative real-time polymerase chain reaction (qRT-PCR). The proliferation, 

migration, invasion, epithelial-mesenchymal transition (EMT), and immune evasion abilities of CRC 

cells were evaluated with the cell counting kit-8 assay, Transwell, western blot, and enzyme-linked 

immunosorbent assays. The proliferation or apoptosis of CD8+ and CD4+ T cells after coculture 

with CRC cells was assessed by flow cytometry. Dual-luciferase reporter gene testing was used to 

validate the targeting association between KLF4 and miR-148a-3p. A nude mouse subcutaneous 

graft tumor model was constructed, and CD8+ T cell infiltration was detected by 

immunohistochemistry and flow cytometry. 

miR-148a-3p exhibited a high level, while KLF4 was under-expressed in CRC cells; miR-148a-

3p negatively regulated the KLF4 level. Overexpression of miR-148a-3p enhanced CRC cell 

proliferation, migration, invasion, EMT, and immune escape; silencing miR-148a-3p caused the 

opposite trend; moreover, the said biological functions of CRC cells were weakened with 

overexpression of KLF4 but enhanced with silencing of KLF4; silencing KLF4 weakened the 

influences of dampened miR-148a-3p on CRC development. Silencing miR-148a-3p promoted the 

infiltration of CD8+
 T cells and inhibited tumor growth. 

In summary, miR-148a-3p promotes CRC cell proliferation and immune evasion by regulating 

the expression of KLF4. This finding can be used for reference when developing a new way of CRC 

treatment. 
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INTRODUCTION 

 

Colorectal cancer (CRC) stands as one of the most 

prevalent cancer types leading to mortality in humans.1,2 

All over the world in 2020, the number of people who 

died from CRC ranked second among those who died 

from cancers.3 Due to the rise in population who have 

bad habits in lifestyle and diet, an increasing number of 

Chinese people are affected by CRC.4 When being 

diagnosed, more than 83% of CRC patients have entered 

the later period, with almost half of these patients 

experiencing metastasis to other parts of the body, 

resulting in a poor prediction of the disease.5 Once CRC 

cells migrate, propagate, attack, or reappear, the 

proportion of these patients who survive within 5 years 

will not exceed 30%.6,7 To control CRC, it is pressing to 

identify therapeutic targets having a causal relationship 

with this disease, as well as biomarkers easily 

measurable and pertaining to clinical outcomes. As 

already proved,8,9 microRNAs (miR) meet these 

requirements. As a critical factor determining the 

regulation posttranscription, microRNAs not only 

participate in the evolution of a cancer but also modulate 

the anticancer immune response.10-12 Regulating the 

microRNA expression has become a novel strategy for 

cancer therapy. 

Located on chromosome 7p15.2, miR-148a-3p 

probably possesses a stem-loop structured sequence;13 it 

results from the cleavage at the 3′ end of pre-microRNA 

by Dicer.14 As discovered in a previous study, miR-

148a-3p levels are upregulated in both endometrial 

cancer15 and CRC.16 Other studies17-22 have also 

demonstrated that miR-148a-3p is a microRNA 

suppressive for tumors, with its expression dampened in 

breast cancer, gastric cancer, epithelial ovarian cancer, 

hepatocellular carcinoma, and pancreatic cancer. This 

reveals that miR-148a-3p holds tissue specificity and 

plays varying roles in different tumors, offering more 

possibilities to study miR-148a-3p. As found in this 

survey, Kruppel-like factor 4 (KLF4) is gene-targeted 

and affected by miR-148a-3p; KLF4 may be an effective 

target for miR-148a-3p-based regulation in CRC cells. 

Being a transcription factor specific to epithelial cells, 

KLF4 can modulate the expression of cytokines, taking a 

crucial part in inflammatory responses;23-25 it can also 

stimulate immune cells (e.g., CD8+
 T) to perform 

antitumor immune regulation,26 thereby interfering with 

the development of malignant tumors. Numerous articles 

have described that KLF4 is a potential CRC-suppressive 

gene regulated by microRNAs and is capable of inhibiting 

CRC cells from propagating and migrating.27-32 Yet, no 

article has mentioned the immune regulatory role of 

KLF4 in CRC cells. 

As demonstrated in this research, KLF4 exhibited a 

CRC-suppressive effect and was under the control of 

miR-148a-3p; miR-148a-3p, once expressed at an 

excess level, facilitated CRC cells to propagate and 

evade immunization. These findings prove that miR-

148a-3p targets KLF4 to regulate CRC cells’ biological 

functions, making miR-148a-3p/KLF4 an available 

marker and target spot for treating CRC. 

  

 
Graphical abstract. MicroRNA-148a-3p promoted colorectal cancer (CRC) cell proliferation, invasion, and metastasis by 

negatively targeting and regulating KLF4. In addition, overexpression of miR-148a-3p reduced the antitumor effect of effector 

T cells (CD8+ and CD4+), suppressed their proliferation, and promoted their apoptosis, which in turn promoted the immune 

escape of CRC cells. 
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MATERIALS AND METHODS 

 

Cell Culture 

Normal colon epithelial cells NCM460 and CRC cell 

lines (SW620, LoVo, and HT29) of human used in this 

research were all collected from the Cell Bank of 

Chinese Academy of Sciences (Shanghai, China). After 

that, the cells were soaked in a RPIM-1640 medium 

(ORCPM0110B, ORiCells Biotechnology, Shanghai, 

China) and cultured in a setting of 37℃ and 5% CO2. 

The medium was previously blended with 10% fetal 

bovine serum (C0235, Beyotime, Shanghai, China), 100 

µg/mL streptomycin, and 100 U/mL penicillin (ST488S, 

Beyotime, Shanghai, China). 

 

Cell Transfection and Treatment 

The cells were subcultured when reaching a 

monolayer confluency and collected for transfection 

testing when entering the log phase. For transfection, 

miR-148a-3p mimics/inhibitors (mimics/inhibitors) and 

their negative controls (mimic-NC/inhibitor-NC), as 

well as over-expressed/silenced KLF4 (OE-KLF4/Si-

KLF4) and its negative control OE-NC/Si-NC, were 

acquired from Ribobio (Guangzhou, China). Then, 

Lipofectamine 3000 (L3000001, Invitrogen, Austin, 

TX, USA) was applied, following its user manual, to 

have the said testing vectors and control vectors 

transfected into CRC cells, respectively. Afterward, the 

cells were subjected to 48-hour incubation in an 

incubator before doing the subsequent tests. 

CRC cells transfected with mimics-NC or mimics 

were recorded as the mimic-NC or mimics group. CRC 

cells transfected with inhibitor-NC or inhibitor were 

recorded as inhibitor-NC or inhibitor group. CRC cells 

transfected with OE-NC or OE-KLF4 were designated 

as OE-NC or OE-KLF4 groups. CRC cells transfected 

with Si-NC or Si-KLF4 were designated as Si-NC or Si-

KLF4 groups. In addition, CRC cells co-transfected with 

the inhibitor and Si-KLF4 were designated as the 

inhibitor Si-KLF4 group. 

 

Isolation of Peripheral Blood CD8+
 T Cells and CD4+

 

T Cells 

Fasting healthy blood donors were collected 10 mL 

of venous blood, diluted in an equal volume of PBS, and 

added to human peripheral blood lymphocyte isolation 

solution (C0025, Beyotime, Shanghai, China). 

Following low-speed centrifugation, the white film at 

the liquid interface is the peripheral blood mononuclear 

cells (PBMCs). After centrifugation at a low speed, the 

white membrane at the interface of the plasma and the 

layered solution was aspirated, which is the peripheral 

blood mononuclear cells. Cells were sorted through the 

CD8+ T cell sorting kit (11348D, Invitrogen, Austin, TX, 

USA) and the CD4+ T cell sorting kit (11346D, 

Invitrogen, Austin, TX, USA). PBMCs (about 1×107) 

were taken, centrifuged, and the cells were resuspended 

in PBS buffer. A biotin-labeled antibody (10 μL) was 

added, mixed well, and reacted at 4°C for 5 minutes. 

Added 30 μL PBS and 20 μL CD8+ T cell or CD4+ T cell 

microsphere antibody, mixed well, and reacted for 10 

min. The unlabeled cells that passed through the 

separation column were collected as enriched CD8+ T 

cells or CD4+ T cells. 

Using Transwell (Corning Incorporated, Corning, 

NY, USA) and 24-well plates, CD8+ T and CD4+ T cells 

were co-cultured with CRC cells having a low/high 

miR-148a-3p level or a low/high KLF4 level at a 15:1 

ratio (effector T cells: tumor target cells) for 45 hours 

(effector T cells in the upper chamber, CRC cells in the 

lower chamber) at 37℃.33 Following coculturing, the 

CRC cells, effector T cells, and coculture supernatant 

were gathered for later use. 

 

Cell Counting Kit-8 (CCK-8) Tests 

Cell activity: The activity of cells was tested 

following the instructions attached with the applicable 

assay kit (C0038, Beyotime, Shanghai, China). Cells 

(5×103 cells/mL) were injected into a 96-well plate. 

Respectively 1, 2, 3, and 4 days later, each well was 

dosed with 10 μL of CCK-8 reagent for 4-hour cell 

cultivation at 37℃. Thereafter, a microplate reader was 

employed to test the optical density (OD) of cells at a 

wavelength of 450 nm. 

Additionally, collected tumor cells after co-culture 

with effector T cells, applied CCK-8 assay kit to 

evaluate the destructive impact of effector T cells on the 

tumor target cells; the final percentage of dead cells 

(Tumor Lysis, %) was calculated based on the 

absorbance readings.34 

 

Carboxyfluorescein Diacetate Succinimidyl Ester 

(CFSE) Staining 

1 μL of CFSE probe (C1031, Beyotime, Shanghai, 

China) was added to each milliliter of CD8+ T/CD4+ T 

cells suspension (density of 1.0×106/mL) to give a final 
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concentration of 5 μM, and subsequently incubated at 

37°C for 10 minutes to facilitate labeling. Terminated 

the staining by adding 5 times the volume of medium 

and mixing well. The cells were centrifuged, washed 2 

times with PBS to remove unbound CFSE solution. 

Resuspend with PBS buffer, take a small number of 

drops, and add them to the 96-well plate, and observe 

under the fluorescence microscope to see if the labeling 

is successful. CFSE pre-stained CD8+ T cells/CD4+ T 

cells were taken and co-cultured with CRC cells for 48 

h. Cell proliferation of CD8+ T cells/CD4+ T cells was 

detected through a flow cytometer (BD 

FACSCaliburTM, BD Biosciences, San Jose, CA, 

USA). 

 

Flow Cytometry 

CD8+ T cells/CD4+ T cells were co-incubated with 

CRC cells using Transwell for 48 h, collected, rinsed 

twice with PBS, and gently mixed by adding 500 μL 

Binding Buffer. Then propidium iodide and Annexin-V-

FITC (C1062S, Beyotime, Shanghai, China) were 

introduced and left to incubate for 15 min away from 

light. CD8+ T cells/CD4+ T cells apoptosis was tested 

using a flow cytometer, and the experimental results 

were analyzed and counted by FlowJo software (v10.8, 

BD Biosciences, San Jose, CA, USA). 

 

ELISA 

This testing was to make clear the contents of 

cytokines in the supernatants after co-culture. ELISA 

kits for tumor necrosis factor (TNF-α, ab181421), 

Interferon-γ (IFN-γ, ab224197), and Granzyme B 

(ab235635) were all purchased from Abcam (Waltham, 

MA, USA). Following the instructions, we diluted the 

co-culture supernatants and added 100 μL of the 

suspension to the assay plate, waiting for a 1.5-hour 

incubation at 37℃. Next, the plate was dosed with 100 

μL of relevant antibodies, incubating for 1.5 hours at 

37℃ for cell incubation. Next, the plate was injected 

with 100 μL of Streptavidin-Horseradish Peroxidase 

conjugate (Streptavidin-HRP, S911, Invitrogen, Austin, 

TX, USA) for half an hour of cell incubation at 37℃. 

Subsequently, 100 μL of color reagent solution was 

dosed to the plate, followed by 15-minute incubation in 

a setting without light. Thereafter, 100 μL of stop buffer 

was added to the plate to block the reaction. Finally, we 

used a microplate reader to assess the OD450 of the 

samples and calculate their concentrations. 

 

Transwell Testing 

Cell movement capacity testing: Transwell chambers 

were placed above a 24-well plate. Cell suspension (100 

μL, 1×105 cells/mL) was introduced into each chamber; 

each well below the chamber was filled with RPMI-

1640 medium (500 μL, with 10% FBS); the plate was 

then put into an incubator (setting: 37℃; 5% CO2) for 

24 hours of cell culture. After that, the culture medium 

in both chambers was abandoned; cotton swabs were 

used to gently remove the cells in the upper section. 

Subsequently, cells in the lower chamber were 

administered with a solution containing 4% 

paraformaldehyde (P6148, Sigma, St. Louis, MO, USA) 

for 30-minute fixation. Subsequently, the cells were 

colored with 0.1% crystal violet (C0121, Beyotime, 

Shanghai, China) for 30 minutes. Following two washes 

using PBS and drying up, a high-power microscope was 

utilized to observe and capture images of the cells. 

Finally, the movement capacity of the cells was 

determined as on the number of moved cells observed 

under the microscope. 

Cell attacking capacity testing: First, 50 μL of 

Matrigel (354234, Corning Inc., Corning, NY, USA) 

was placed in the Transwell chamber in advance and air 

dried for 4 hours at the indoor temperature. Next, cell 

suspension and culture medium were injected into the 

Transwell chambers and the wells of a 24-well plate 

below the chambers, respectively, following the same 

operation steps as the cell movement capacity testing. 

 

Bioinformatics Analysis 

According to the microRNA target prediction 

database TargetScan (http://www.targetscan.org/), 

KLF4 was predicted as the target gene of miR-148a-3p. 

Based on this prediction, the correlation between miR-

148a-3p and KLF4 was verified by Pearson analysis. 

 

Dual-luciferase Reporter Gene Testing 

Based on the above prediction findings, such as wild-

type fragment KLF4-WT and mutant-type fragment 

KLF4-MUT in the 3'UTR region of KLF4, binding with 

the miR-148a-3p sequence was cloned and inserted into 

dual-luciferase reporter gene vectors (E1330, Promega, 

Madison, WI, USA). Then, Lipofectamine 3000 was 

utilized to have KLF4-WT and KLF4-MUT 

recombinant plasmid vectors, together with miR-148a-

3p mimic and mimic-NC, transfected into CRC cells. 

After 48-hour transfection, the cells were collected 

separately and tested with an applicable kit (RG027, 

http://ijaai.tums.ac.ir/
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Beyotime, Shanghai, China) following its instructions to 

acquire the activity of the luciferase reporter gene. 

 

Subcutaneous Tumor Model 

Healthy BALB/c nude mice were obtained from 

Vitalriver (Beijing, China) and acclimatized for one 

week at a constant temperature of 22℃. Each group 

consisted of six mice, selected randomly to form the six 

groups. Each nude mouse received a subcutaneous 

injection of 200 μL of LoVo cell suspension (5×105 

cells/mouse) transfected with inhibitor-NC, inhibitor, 

Si-NC, Si-KLF4, inhibitor-NC+Si-NC, or inhibitor+Si-

KLF4 in the right axilla, respectively. The size of the 

subcutaneous tumor was assessed using vernier calipers 

every week to calculate the tumor volume. On day 28, 

the mice were anesthetized and executed, and the tumors 

were completely peeled off by tissue clippers, weighed, 

and photographed to record the mass of the tumors.  

 

qRT-PCR 

To extract total RNA, cells and tumor tissues were 

treated with TRIzol reagent kit (DP424, TIANGEN, 

Beijing, China). Then, cDNA synthesis was completed by 

adding Prime Script RT reagent kit (RR047A, Takara, 

Tokyo, Japan) to the extracted total RNA. Followed by, 

the obtained mixture was added with chloroform at the 

indoor temperature, followed by the addition of 

isopropanol and centrifugation, obtaining the precipitated 

RNA. After that, SYBR Green PCR kit (4309155, 

Applied Biosystems, DE, USA) was added to the final 

mixture to make qRT-PCR analysis of miR-148a-3p and 

KLF4, along with their endogenous controls (U6 and 

GAPDH), using the ABI PRISM 7300 RT-PCR system 

(7300, ABI, Carlsbad, CA, USA). At last, the 

transcription levels were quantified using the 2−∆∆Ct 

method. The primers adopted the following designs: 

miR-148a-3p:  

F: 5'-GCGCGTCAGTGCACTACAGAA-3';  

R: 5'-AGTGCAGGGTCCGAGGTATT-3'; 

U6:  

F: 5'-CTCGCTTCGGCAGCACAU6-3';  

R: 5'-AACGCTTCACGAATTTGCGT-3'; 

KLF4:  

F: 5'-TACCCTCGTTCAGTGGCTCT-3';  

R: 5'-CTGACTCTCCTGTCTCCGCTC-3'; 

GAPDH:  

F: 5'-CTAGGCAGCAGCAAGCATTC-3';  

R: 5'-AAGGCATGGCTGCAACTGAA-3'. 

 

Western Blot 

Cells and tumor tissues were collected and treated for 

30 minutes with lysis buffer (20101ES60, Yeasen 

Biotechnology, Shanghai, China) in a setting of 4℃ to 

extract proteins. Then, the protein concentrations were 

tested using the BCA kit (P0012, Beyotime, Shanghai, 

China). Further, the proteins (50 μg) were separated by 

treatment with 10% SDS-PAGE and then transferred 

onto a PVDF membrane. After translocation, the 

membrane was blocked for 1 hour. Followed by a 

solution of rabbit-derived primary antibody against 

KLF4 (1:1000; ab215036; Abcam, Waltham, MA, USA) 

or against GAPDH (1:2500; ab9485; Abcam, Waltham, 

MA, USA) was incubated onto the membrane overnight 

in a setting of 4℃. Following washes with TBST, the 

membrane was further incubated for another 30 minutes 

with a solution of goat anti-rabbit IgG (1:2000, ab6721, 

Abcam, Waltham, MA, USA) at the indoor temperature. 

Afterward, ECL chemiluminescence solution (P0018S, 

Beyotime, Shanghai, China) was dosed onto the 

membrane to visualize and expose the protein strips. 

Subsequently, we took pictures of the protein strips 

using a chemiluminescence imaging system (5200, 

Tanon, Shanghai, China) and analyzed the gray values 

of the protein strips through Image J 1.8.0 software 

(National Institutes of Health, Bethesda, MD, USA). 

 

Immunohistochemistry 

After fixation with 4% paraformaldehyde, tumor 

tissues were routinely dehydrated, sectioned after 

paraffin embedding (thickness of 4~5 μm), 

deparaffinized with xylene (247642, Sigma-Aldrich, St. 

Louis, MO, USA), and repaired antigen. Sections were 

treated with a 3% H2O2 solution for 25 min. 

Subsequently, the tissues were evenly covered with 

drops of 5% bovine serum albumin (ST023, Beyotime, 

Shanghai, China) and closed for 30 min. CD8 antibody 

(MA5-14548, 1:100, Invitrogen, Austin, TX, USA) was 

administered onto the sections and left to incubate at 

37°C for 90 minutes. Then, the samples were covered 

with HRP-labeled secondary antibody (1:10000) for 20 

min. DAB (P0203, Beyotime, Shanghai, China) color 

development, tap water terminated color development. 

Mayer Hematoxylin (MHS16, Sigma-Aldrich, St. Louis, 

MO, USA) was re-stained and observed under the 

microscope. 

 

 

 

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


Ch. Zhang, et al. 

6/ Iran J Allergy Asthma Immunol,                                                                        

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

Effector T cell marker assay 

Mouse tumor tissue was taken and ground 

thoroughly to prepare a tumor single cell suspension 

(1.0×107/mL). PE-labeled TNF-α antibody (12-7349-41, 

Invitrogen, Austin, TX, USA), APC-labeled IFN-γ 

antibody (17-7311-82, Invitrogen, Austin, TX, USA) 

and Granzyme B antibody (GRB05, Invitrogen, Austin, 

TX, USA) were added and FITC-labeled CD8 antibody 

(11-0081-82, Invitrogen, Austin, TX, USA), mixed well 

and incubated for 30 min away from light. Transferred 

to a flow cytometer, the percentage of CD8+ T cells was 

analyzed and counted by FlowJo software. 

 

Data Analysis 

All the data are reported as mean value±the standard 

deviation. Data analysis was conducted with SPSS 26.0 

software (SPSS Inc., Chicago, IL, USA). The t-test was 

employed for two-group comparisons, while one-way 

ANOVA was used for analyzing differences among 

multiple groups. p<0.05 denotes that there was a large 

difference. 

 

RESULT 

 

miR-148a-3p Expression in CRC 

At the beginning, we searched for miR-148a 

expression from the TCGA COAD dataset to explore the 

involvement of miR-148a in human CRC. As depicted 

in Figure 1A, normal tissues had much lower miR-148a 

levels than CRC tissues. Besides, miR-148a-3p levels 

were also tested on normal colon epithelial cells (NCM-

460) and CRC cells (SW620, LoVo, and HT29) of 

humans. The testing results reveal that the miR-148a-3p 

level in CRC cells (particularly in cells LoVo and HT29) 

was much higher than in cells NCM-460 (Figure 1B). As 

previously reported, miR-148a-3p may drive the 

evolution of CRC. 

 

Excess miR-148a-3p’s Contribution to CRC Cells’ 

Biological Functions 

Considering the high miR-148a-3p contents of cells 

LoVo and HT29, these two cells were selected for 

analyzing the biological properties of CRC cells in vitro. 

Further, mimics and inhibitors were incorporated into 

the two cells to ascertain miR-148a-3p’s impacts on the 

migration, propagation, and epithelial-mesenchymal 

transition (EMT) of CRC cells in vitro. 

Initially, after being transfected with mimics, CRC 

cells were tested with the qRT-PCR method to ensure 

the stable overexpression of miR-148a-3p (Figure 2A). 

Next, CCK-8 tests were conducted to determine the 

impacts of miR-148a-3p on CRC cell activity. In 

consequence (Figure 2B), cells LoVo and HT29 became 

more active as miR-148a-3p reached an excess level. The 

results of Transwell testing (Figures 2C-2D) demonstrate 

that miR-148a-3p overexpression boosted cells LoVo and 

HT29 cells to attack and migrate. After transfection with 

mimics, CRC cells experienced a decline in the level of 

E-cadherin, an epithelial phenotype protein related to the 

EMT, but a rise in the contents of such mesenchymal 

phenotype proteins as vimentin and N-cadherin (Figure 

2E). To examine the influence of miR-148a-3p levels on 

effector T cell function, we incubated CD8+ T/CD4+ T 

cells with miR-148a-3p overexpressed CRC cells. The 

findings indicated a marked decline in the proliferative 

capacity of effector T cells (Figures 2F–2H) and a 

significant rise in apoptotic rate (Figures 2I-2K). In 

addition, the levels of cytokines TNF-ɑ, IFN-γ, and T-cell 

activation marker granzyme B were notably reduced in 

CD8+ T/CD4+ T cells after co-culture with miR-148a-3p 

overexpressed CRC cells (Figures 2L-2N). These 

findings revealed that miR-148a-3p overexpression 

inhibited the activation of CD8+ T/CD4+ T cells and 

promoted the immune escape of CRC cells. 

 

Impairment of the Biological Functions of CRC Cells 

by Reducing the miR-148a-3p Content 

Subsequently, the miR-148a-3p inhibitor was 

transfected into CRC cells to lower the miR-148a-3p 

content. miR-148a-3p was knocked down notably in both 

LoVo and HT29 cells, as Figure 3A displays. Contrary to 

the result of expressing miR-148a-3p over much, 

knocking down the miR-148a-3p content of CRC cells 

resulted in weakened activity (Figure 3B), movement, and 

attacking (Figures 3C-3D) of cells LoVo and HT29, as 

well as elevated E-cadherin content but lowered Vimentin 

and N-cadherin contents in the two cells (Figure 3E). 

Coculturing of CD8+ T cells and CD4+ T cells with CRC 

cells knocked down miR-148a-3p caused increased 

proliferation of effector T cells (Figure 3F–H), markedly 

declined apoptosis rate (Figure 3I-3K), and notably higher 

levels of TNF-ɑ, IFN-γ, and granzyme B (Figure 3L-3N). 

Above all, the expressed level of miR-148a-3p posed a 

strong influence on CRC cells’ biological functions: miR-

148a-3p, a cancer-promoting factor, facilitated CRC cells 

to propagate, attack, and migrate, drove cell EMT, and 

also suppressed effector T cells’ antitumor immune 

responses. 
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Figure 1. MicroRNA (miR)-148a-3p expression in colorectal cancer (CRC). A. miR-148a level in COAD tissue (n=251) and 

normal tissue (n=7) samples was analyzed by the TCGA COAD dataset. B. Expressions of miR-148a-3p in varying cell lines. 

*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001  

 

 

Figure 2. Excess microRNA (miR)-148a-3p’s influence on colorectal cancer (CRC) cells’ biological behaviors. A. After 

transfection of mimics NC or mimics, miR-148a-3p level in CRC cell lines was detected via qRT-PCR. B. Cell activities were 

assessed by the cell counting kit-8 (CCK-8) assay. C-D. Cell migration and attacking capacities were tested through Transwell 

(20×, bar=100 μm). E. Examining epithelial-mesenchymal transition (EMT) marker proteins (Vimentin, N-cadherin, and E-

cadherin) levels in CRC cells via western blot. F-H. Proliferative capacity of CD8+ T and CD4+ T cells after co-culture with 

CRC cells (transfected with mimics NC or mimics) was examined by Carboxyfluorescein Diacetate Succinimidyl Ester (CFSE) 

staining. I-K. After co-culture with CRC cells, the apoptosis rates of effector T cells were determined by flow cytometry. L-N. 

The levels of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and Granzyme B in the co-cultured supernatant were 

evaluated by enzyme-linked immunosorbent assay. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 
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Figure 3. Impairment of colorectal cancer (CRC) cells’ biological functions by dampening the microRNA (miR)-148a-3p 

expression. A. After transfection of inhibitor NC or inhibitor, the expression of miR-148a-3p in CRC cell lines was assessed by 

qRT-PCR. B. Cell activities were assessed by the cell counting kit-8 (CCK-8) assay. C–D. Cell migration and attacking 

capacities determined by Transwell testing (20×, bar=100 μm). E. The expressions of epithelial-mesenchymal transition (EMT) 

marker proteins were assessed through western blot testing. F–H. Proliferative capacity of CD8+ T and CD4+ T cells after co-

culture with CRC cells (transfected with inhibitor NC or inhibitor) was examined by Carboxyfluorescein Diacetate 

Succinimidyl Ester (CFSE) staining. I–K. After co-culture with CRC cells, the apoptosis rates of effector T cells were evaluated 

by flow cytometry. L–N. The levels of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and Granzyme B in the co-

cultured supernatant were evaluated by enzyme-linked immunosorbent assay. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 

 

miR-148a-3p’s Targeted Suppressive Effect on 

KLF4 

As predicted using the TargetScan database, miR-

148a-3p targets the KLF4 gene; the site where miR-

148a-3p attaches to KLF4 3'UTR is presented in Figure 

4A. To further confirm this prediction, LoVo and HT29 

cells were tested with the dual-luciferase reporter gene 

testing method. Consequently, miR-148a-3p, when 

expressed at an excess level, suppressed the luciferase 

activity of the KLF4-WT reporter gene in both of the 2 

cell lines, while that of the KLF4-WUT reporter gene 

showed no significant change (Figure 4B). Besides, 

miR-148a-3p, when reaching an excess level, dampened 

the expression of KLF4 in CRC cells, while when 

reaching a lower level, it heightened the KLF4 

expression (Figures 4C–D). The consequences of the 

Pearson correlation analysis (Figure 4E) imply that miR-

148a-3p has a negative correlation with KLF4. These 

data demonstrated that KLF4 was regulated by miR-

148a-3p in a negative and targeted manner and might 

suppress the advancement of CRC cells. 
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Attenuation of the Normal Living Activities of CRC 

Cells by Heightening the KLF4 Expression 

To verify whether KLF4 indeed promotes the vital 

activities of CRC cells in vitro, Over-expressed plasmids 

OE-KLF4 and silenced plasmids Si-KLF4 were utilized 

to modulate the content of KLF4 in CRC cells. After 

transfection with OE-KLF4, we monitored a high rise in 

the KLF4 level of both cells, LoVo and HT29 (Figures 

5A-5B). The elevated KLF4 level further weakened 

CRC cells’ activity (Figure 5C), attacking, migration 

(Figures 5D-5E), and EMT extent (evidenced by the 

increased E-cadherin content and declined N-cadherin 

and Vimentin contents as shown in Figure 5F); the 

overexpressed KLF4 also promoted the proliferation of 

CD8+ T/CD4+ T cells (Figures 5G–I), caused a notably 

lower apoptosis rate these two kinds of cells (Figures 5J–

L), and markedly higher levels of TNF-ɑ, IFN-γ, and 

granzyme B (Figures 5M–O). This phenomenon proved 

that excess KLF4 indeed retarded CRC cells’ normal 

living activities in vitro, and enhanced the immunologic 

impacts of effector T cells. Followed by an exploration 

was made into the effect of silenced KLF4 on CRC cells. 

 

 

Figure 4. MicroRNA (miR)-148a-3p’s targeted regulation of kruppel-like transcription factor 4 (KLF4). A. The attaching site 

between miR-148a-3p and KLF4 3'UTR. B. Dual-luciferase reporter gene testing results. C. KLF4 mRNA expression in 

colorectal cancer (CRC) cells was analyzed by qRT-PCR testing. D. KLF4 protein expressions in CRC cells were evaluated 

through western blot. E. The correlation between miR-148a-3p and KLF4 was affirmed by Pearson analysis. ns=not significant, 

**p<0.01, ***p<0.001, ****p<0.0001 
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Figure 5. Excess Kruppel-like transcription factor 4 (KLF4)’s impact on the biological behaviors of colorectal cancer (CRC) 

cells. A–B. After being transfected with OE-KLF4 or OE-NC, to verify the transfection efficiency, qRT-PCR and western blot 

quantified the level of KLF4. C. Cell activities were determined by the cell counting kit-8 (CCK8) assay. D–E. Cell migration 

and attacking capacities were evaluated by Transwell testing (20×, bar=100 μm). F. The levels of epithelial-mesenchymal 

transition (EMT) marker proteins were assessed through western blot testing. G–I. The proliferative capacity of effector T 

cells after co-culture with CRC cells (transfected with OE-KLF4 or OE-NC) was examined by Carboxyfluorescein Diacetate 

Succinimidyl Ester (CFSE) staining. J–L. After co-culture with CRC cells, flow cytometry assessed the apoptosis rate of effector 

T cells. M–O. The contents of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and granzyme B in the cocultured 

supernatant were evaluated by enzyme-linked immunosorbent assay. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 

 
Promotion of the Normal Living Activities of CRC 

Cells by Retarding the KLF4 Expression 

Following the same steps as the study of KLF4 

overexpression, we first transfected Si-KLF4 into CRC 

cells and verified the transfection effect through qRT-

PCR and western blot testing. In consequence, the KLF4 

content in CRC cells was reduced successfully (Figures 

6A–B); alongside, cells LoVo and HT29 exhibited 

enhanced vital force, evidenced by the heightened 

activity (Figure 6C), migration and attacking capabilities 

(Figures 6D–E), and EMT extent (Figure 6F) of the two 

cells, attenuated the proliferative capacity of effector T 

cells and promoted their apoptosis (Figure 6G–L), which 

reduced the antitumor immune response (Figure 6M–O). 

These results demonstrate that KLF4 impeded the 

normal living activities of CRC cells. In view of this 

finding, we hypothesized that miR-148a-3p modulated 

the cell functions in CRC cells by inhibiting KLF4. 

 

KLF4’s Partial Counteraction on miR-148a-3p’s 

Effects Against CRC Cells’ Development and 

Immune Suppression 

To validate this hypothesis, we designed four groups 

of experimental LoVo cells: control cells (control group), 

cells with lowered miR-148a-3p level (inhibitor group), 

cells with silenced KLF4 (Si-KLF4 group), and cells 

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


MicroRNA-148a-3p /KLF4 Regulates Colorectal Cancer Progression 

                                                                                                 Iran J Allergy Asthma Immunol, / 11 

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

with both lowered miR-148a-3p level and silenced 

KLF4 (inhibitor + Si-KLF4 group) to compare the 

biological functions of these four cell groups. In 

comparison, LoVo cells with miR-148a-3p or KLF4 

silenced witnessed alleviated or heightened cell activity 

(Figure 7A), migration, and attacking capacities 

(Figures 7B–C), as well as boosted or inhibited immune 

response of CD8+ T cells and CD4+ T cells (Figures 7D-

7H). These changes accord with the previous testing 

results. The biological functions exhibited by the 

inhibitor+Si-KLF4 group were notably enhanced in 

comparison to those observed in the inhibitor group, 

which denotes that Si-KLF4 partially counteracted the 

dampened miR-148a-3p’s effects on CRC cells’ 

evolution and immune suppression; miR-148a-3p in the 

inhibitor+Si-KLF4 group, in comparison to the Si-KLF4 

group, also mitigated the promotional effect of Si-KLF4 

on LoVo cells. As KLF4 is known as miR-148a-3p’s 

downstream target gene, the above findings prove that, 

by targeting KLF4, miR-148a-3p promotes the 

propagation and immune evasion of CRC cells.

 

 

 

Figure 6. Silenced kruppel-like transcription factor 4 (KLF4) ’s impact on the biological behaviors of colorectal cancer (CRC) 

cells. A–B. After being transfected with Si-NC or Si-KLF4, qRT-PCR and western blot quantified the level of KLF4. C. Cell 

activities were assessed by cell counting kit-8 (CCK8) assay. D–E Cell migration and attacking capacities were assessed through 

Transwell testing (20×, bar=100 μm). F. The levels of epithelial-mesenchymal transition (EMT) marker proteins were evaluated 

by western blot testing. G–I. The proliferative capacity of CD8+ T and CD4+ T cells after co-culture with CRC cells (transfected 

with Si-NC or Si-KLF4) was examined by Carboxyfluorescein Diacetate Succinimidyl Ester (CFSE) staining. J–L. After 

coculture with CRC cells, flow cytometry assessed the apoptosis rate of effector T cells. M–O. The contents of interferon-γ 

(IFN-γ), tumor necrosis factor-α (TNF-α), and granzyme B in the cocultured supernatant were evaluated by enzyme-linked 

immunosorbent assay. **p<0.01, ***p<0.001, ****p<0.0001. 
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Figure 7.  The impacts of microRNA (miR)-148a-3p on colorectal cancer (CRC) cells weakened by kruppel-like transcription 

factor 4 (KLF4). A. After being transfected with the inhibitor, Si-KLF4 or inhibitor + Si-KLF4, cell activities were assessed by 

the cell counting kit-8 (CCK8) assay. B–C. Cell migration and attacking capacities assessed with the Transwell testing method 

(20×, bar=100 μm). D. After coculturing with CRC cells, the proliferative capacity of effector T cells was detected by 

Carboxyfluorescein Diacetate Succinimidyl Ester (CFSE) staining. E. The apoptosis rate of CD8+ T/ CD4+ T cells was detected 

by flow cytometry. F–H. The contents of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and granzyme B in the co-

cultured supernatant as evaluated by the enzyme-linked immunosorbent assay. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. 

 
Silencing miR-148a-3p inhibits tumorigenicity and 

immune escape of CRC cells in vivo 

Finally, we constructed a subcutaneous 

transplantation tumor model in nude mice to explore the 

effects of miR-148a-3p and KLF4 on tumor growth in 

nude mice in vivo. Injection of LoVo cells transfected 

with inhibitor or Si-KLF4 significantly reduced the 

levels of miR-148a-3p and KLF4 in tumors in nude mice 

in vivo (Figures 8A–B). Silencing miR-148a-3p 

significantly reduced the volume and weight of tumors 

in nude mice in vivo compared to the inhibitor-NC + Si-

NC (control) group, while silencing KLF4 promoted 

tumor growth. Tumor volume and weight were 

significantly higher in the inhibitor+Si-KLF4 group 

compared to the inhibitor group, suggesting that 

silencing KLF4 partially impaired the inhibitory effect 

of silencing miR-148a-3p on tumor growth (Figures 8C–

E). Immunohistochemistry and flow cytometry results 

showed that silencing of miR-148a-3p resulted in 

increased CD8 positivity and a significantly higher 

proportion of activated CD8+ T cells in tumor tissues, 

whereas silencing of KLF4 attenuated the effect of 

silencing of miR-148a-3p, reduced CD8 positivity, and 

inhibited CD8+ T activation (Figures 8F-8J). These 

results further suggested that silencing miR-148a-3p 

inhibited the malignant progression of CRC by 

modulating KLF4 and suppressed the immune escape of 

tumor cells. 
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Figure 8. Silencing microRNA (miR)-148a-3p inhibits tumorigenicity and immune escape of colorectal cancer (CRC) cells in 

vivo. A. After being transfected with inhibitor-NC (control) or inhibitor, the expression of miR-148a-3p was assessed by qRT-

PCR. B. After being transfected with Si-NC (control) or Si-kruppel-like transcription factor 4 (KLF4), the expression of KLF4 

was assessed by western blot. C. After receiving a subcutaneous injection of 200 μL of LoVo cell suspension transfected with 

inhibitor-NC + Si-NC (control), inhibitor, Si-KLF4, or inhibitor+Si-KLF4 in the right axilla, respectively. The size of the 

subcutaneous tumor was measured with vernier calipers at days 7, 14, 21, and 28. D–E. On day 28, the mice were killed, the 

tumors were weighed and photographed. F. CD8+ T cell infiltration in tumor tissues was detected by immunohistochemistry 

(20×, bar=100 μm). G–J. Flow cytometry was used to detect the expression of interferon-γ (IFN-γ), tumor necrosis factor-α 

(TNF-α), and granzyme B in CD8+ T cells infiltrated by tumor tissues. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 

 
DISCUSSION 

 

CRC has affected about 10% of people worldwide 

who are diagnosed with cancers, and this proportion is 

increasing.4,7 Detecting the CRC-associated molecular 

biomarkers helps to screen for CRC and to predict and 

treat this condition. In this work, the miR-148a-3p 

content in CRC tissue samples and cells was observed to 

be significantly upregulated, suggesting a possibility for 

miR-148a-3p to regulate CRC evolution. Further, miR-

148a-3p’s biological functions were dug into. As an 

outcome, excess miR-148a-3p accelerated the immune 

evasion, EMT, propagation, invasion, and migration of 

CRC cells. These outcomes contribute to guiding the 

clinical treatment and diagnosis of CRC. 

MicroRNAs can attach to the corresponding target 

mRNA directly to affect many diseases.35 Based on 

bioinformatics tools and experimental validation, KLF4 
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was ascertained as miR-148a-3p’s target gene. As 

reported, KLF4 functions as an evolutionarily conserved 

zinc-finger transcription factor capable of regulating 

cellular processes (e.g., cell growth, propagation, and 

differentiation);36 microRNA is an important factor 

regulating KLF4 expression in cells. KLF4 can maintain 

intestinal epithelium in a normal homeostasis state37 and 

is under-expressed in cancer cells.38-47 Once expressed 

excessively, KLF4 can reduce the tumorigenicity of in 

vivo gastric cancer and colon cancer cells;48,49 also, 

KLF4 can inhibit in vitro lung cancer cells to propagate 

and cloning.50,51 Additionally, KLF4 can drive cellular 

EMT by promoting cancer cells’ migration and required 

cytokines’ expression,52,53 or re-stimulate the functions 

of exhausted effector T cells, thereby boosting anti-

tumor immune responses, further improving cancer 

patients’ survival rates.26 Through this research, the 

KLF4 level was found in inverse proportion to the miR-

148a-3p level; KLF4 was dampened in CRC cells; when 

expressed excessively, KLF4 restrained the immune 

evasion and EMT of CRC cells. 

EMT is a cellular process affecting the progression of 

malignant tumors. Through this process, interactions both 

among cells and between cells and the extracellular matrix 

are redefined, facilitating the detachment of epithelial 

cells from their neighbors and the basement membrane. 

This initiates new transcriptional programs, encouraging 

the production of mesenchymal tissue.54 EMT constitutes 

a significant biological process through which cancerous 

epithelial cells are transformed, gaining the capabilities to 

migrate and attack. Its main characteristics include the 

reduction of epithelial cell markers (represented by E-

cadherin and cytokeratins) and the increase of 

mesenchymal cell markers (represented by vimentin, 

fibronectin, and N-cadherin).39,55 The present study 

findings reveal that excess miR-148a-3p prevented the 

KLF4 expression in CRC cells and caused down-

regulated E-cadherin contents and up-regulated vimentin 

and N-cadherin contents. This proves that excess miR-

148a-3p enhances CRC cells’ EMT progression, which 

might be the reason why CRC cells were enhanced to 

propagate, attack, and migrate. 

Capable of identifying and eliminating cancer cells, 

T cells play an immune function across various tissues 

and organs. CD8+ T cells are effective cytotoxic effector 

cells in anti-tumor immunity, also known as Tc cells.56 

By attaching to antigens presented on the surface of 

nucleated cells by MHC class I molecules, Tc cells can 

recognize their targets. During antigen-specificity 

activation, the affinity between CD8 molecules and 

MHC molecules helps maintain a close binding between 

Tc cells and their target cells. In addition to CD8+ T, 

CD4+ T cells are among the major effector T cells.57 

When CD8+ T and CD4+ T cells recognize their antigens 

and become activated, several pro-inflammatory 

cytokines, primarily including TNF-α and IFN-γ, are 

secreted from these cells to combat tumors, viruses, and 

microbes;58-60 additionally, such cells facilitate the death 

of target cells through the secretion of the serine protease, 

granzyme B.61 As detected in the present work, 

CD8+/CD4+ T cells, after being co-cultured with such 

CRC cells as having miR-148a-3p overexpressed or 

KLF4 silenced, exhibited weakened proliferative 

capacity and increased apoptosis rates, along with a 

large drop in the levels of granzyme B, IFN-γ, and TNF-

α in the supernatant. This variation proves that excess 

miR-148a-3p might, by retarding the KLF4 expression, 

impair effector T cells’ antitumor effect, further 

facilitating CRC cells’ immune evasion. 

This article elucidates the regulatory mechanism of 

intracellular miR-148a-3p on CRC cells’ specific 

biological functions. In details, the miR-148a-3p level 

was inversely proportional to the KLF4 level; 

heightening miR-148a-3p led to a decline in the KLF4 

level, followed by a great inhibition of the EMT, 

migration, attacking, immune evasion, and proliferation 

of CRC cells, which accords with the detected functions 

of the cells with solely KLF4 silenced; the detected 

functions of the cells with miR-148a-3p knocked down 

were also identical to that of the cells with KLF4 over-

expressed. Furthermore, in vivo experiments also 

confirmed that silencing KLF4 reduced the inhibitory 

effect of silencing miR-148a-3p on tumor growth. Based 

on these findings, this paper proposes a molecular 

mechanism to modulate CRC cells’ immune evasion and 

propagation by miR-148a-3p targeting KLF4. This 

mechanism can be put to use for immunological 

treatment of CRC. 

To conclude, miR-148a-3p promotes CRC cell 

proliferation, migration, and immune escape in vivo and 

in vitro by targeting and negatively regulating KLF4 

expression. This study's finding provides a novel 

approach to CRC treatment. Based on the target miR-

148a-3p alone or in combination with other targets, it is 

viable to better the treatment protocol. Preventing the 

miR-148a-3p expression in a targeted way may become 

an effective method of CRC treatment. In the principle 

of model-informed drug development, it is possible to 
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develop miR-148a-3p-targeted drugs suitable for 

clinical application and advance the precision treatment 

of CRC by means of artificial intelligence and high-

throughput sequencing. 
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