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Abstract:  

Background: Colorectal cancer (CRC) is a major global health concern, and understanding its molecular 

underpinnings is essential for effective intervention strategies. This study investigates the causal relationship 

between microRNAs (miRNAs) and CRC using a Mendelian Randomization (MR) approach, 

complemented by reverse transcription quantitative polymerase chain reaction (RT-qPCR) validation. 

Methods: We conducted an extensive two-sample MR analysis. Briefly, the publicly available genetic data 

were utilized for investigation of the causal association between 2803 miRNAs and CRC; the inverse 

variance weighted (IVW) model and weighted medians were employed for MR analyses; and sensitivity 

analyses were adopted for heterogeneity and pleiotropy assessments and further confirm with RT-qPCR 

experiment. 

Results: Our analysis revealed a total of 86 miRNAs associated with CRC. Of them, miR−4274 [odds ratio 

(OR) = 1.554, 95% confidence interval (CI) = 1.181– 2.044, p = 0.002], miR−4769−3p (OR = 1.357, 95% 

CI=1.120–1.644, p = 0.002), and miR−6789−5p (OR = 1.508, 95% CI=1.040– 2.187, p = 0.030) were 

strongly associated with CRC risks. The RT-qPCR results further confirmed that the expression levels of 

miR-4274, miR-4769-3p, and miR-6789-5p were significantly higher in CRC cell lines (HCT116, HT29, 

and Caco-2) compared with normal colon epithelial cells (HIEC). 

Conclusion: These insights pave the way for further research into the clinical applications of miRNAs in 

CRC, offering promising avenues for diagnosis and treatment. 

Keywords: MicroRNA, Colorectal cancer, Mendelian randomization, GWAS. 

1. Introduction 

CRC is one of the leading causes of cancer-

related morbidity and mortality worldwide [1]. 

Understanding the molecular mechanisms 

underlying CRC is crucial for developing 

effective prevention and treatment strategies [2]. 

miRNAs, small non-coding RNA molecules that 

regulate gene expression, have emerged as 

significant players in cancer biology [3]. They 

modulate various cellular processes, including 

proliferation, apoptosis, and metastasis, making 

them potential biomarkers and therapeutic targets 

in CRC [4, 5]. 

Emerging evidence suggests that alterations in 

miRNA expression profiles are associated with 

CRC progression and patient outcomes [6, 7]. 
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However, establishing a causal relationship 

between specific miRNAs and CRC risk remains 

a challenge due to confounding factors in 

observational studies [8]. MR offers a robust 

approach to infer causality by using genetic 

variants as IVs [9]. This method helps mitigate 

biases from confounding and reverse causation, 

providing a clearer understanding of the 

relationship between miRNAs and CRC. 

In this study, we aimed to elucidate the causal 

relationship between miRNAs and CRC using a 

MR framework. Additionally, we validated our 

findings through RT-qPCR experiments, 

providing further evidence of the role of miRNAs 

in CRC. By integrating genetic data with 

experimental validation, our research seeks to 

enhance the understanding of miRNA 

involvement in CRC and contribute to the 

identification of novel diagnostic and therapeutic 

avenues. 

Research Gap / Hypothesis 

Gap: 

Despite numerous observational studies linking 

specific miRNAs to CRC prognosis and biology, 

causal inference remains limited. Conventional 

epidemiologic associations are susceptible to 

confounding, reverse causation, and measurement 

bias. While MR analyses can strengthen causal 

claims by using genetic instruments, MR findings 

for miRNAs in CRC are still sparse and often rely 

on limited instrument strength or available 

GWAS data. Additionally, experimental 

validation in cell lines (e.g., RT-qPCR in cell 

line) is frequently not integrated with robust 

causal inference, leaving a gap between statistical 

causality and mechanistic validation. 

Hypothesis: 

Causal Hypothesis (MR): Genetic proxies (cis- or 

trans-eQTLs) for specific miRNAs causally 

influence colorectal cancer risk and/or 

progression, such that higher genetically-

predicted expression of oncogenic miRNAs 

increases CRC risk or aggressiveness, while 

higher expression of tumor-suppressive miRNAs 

decreases risk or progression. 

Validation Hypothesis (RT-qPCR): In 

independent CRC patient samples and matched 

controls, differential expression levels of these 

miRNAs observed in MR analyses correspond to 

the direction and magnitude of effect, supporting 

a mechanistic link between miRNA dysregulation 

and CRC pathology. 

Core Research Question: 

Do genetically predicted expression levels of 

candidate miRNAs causally affect colorectal 

cancer risk and progression, and can RT-qPCR 

validation in cell lines samples corroborate these 

causal relationships? 

Implications: 

Establishing a causal role for specific miRNAs in 

CRC could identify robust biomarkers and 

therapeutic targets. 

Demonstrating concordance between MR 

estimates and RT-qPCR data would strengthen 

evidence for translational relevance and 

mechanistic pathways. 

Now we also updated the specific aim: This study 

aimed to identify microRNAs with a potential 

causal role in CRC using Mendelian 

randomization, followed by RT-qPCR validation 

in CRC cell lines. 

2 Materials and Methods 

2.1 Study Design 

The causal relationship between 2,803 microRNA 

expression quantitative trait loci (miR-eQTLs) 

and CRC was evaluated using two-sample MR 

analyses. This approach utilized genetic variations 

as proxies for risk factors. For robust causal 

inference, the IVs used in MR must satisfy three 

essential criteria: (1) there should be a direct link 

between the genetic variant and the exposure; (2) 

the genetic variant must not be associated with 

any potential confounders that could affect the 

relationship between the exposure and the 
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outcome; and (3) the effect of the genetic variant 

on the outcome should operate solely through the 

exposure, without involvement of alternative 

pathways  colorectal cancer downloaded from the 

GWAS dataset included 387,318 European 

individuals (4,562 cases and 382,756 controls) 

(Figure 1). All Mendelian randomization 

analyses were conducted in accordance with the 

STROBE-MR guidelines ( Supplementary File 

1).

 

 
Figure 1. Study Design Flowchart. 

 

2.2 Data sources for Exposure and Outcome 

The exposure data originated from the research 

conducted by Huan et al. (2015) [10] and can 

download from the statistics summary of 

Genome-Wide Association Study (GWAS) 

(https://gwas.mrcieu.ac.uk/). In summary, this 

study aimed to uncover genetic variants linked to 

microRNA expression levels (known as 

microRNA expression quantitative trait loci or 

miR-eQTLs) using a sample of 5,239 participants 

from the Framingham Heart Study (FHS). The 

analysis accounted for age, sex, and cohort 

differences. Huan et al. identified a total of 9,612 

variants associated with 76 mature miRNAs, with 

a false discovery rate (FDR) of less than 0.1. 

These genetic variants related to miRNAs 

expression served as instruments to investigate 

the causal connections between miRNAs and 

colorectal cancer. Referring to the ID of CRC, 

https://gwas.mrcieu.ac.uk/
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related data were downloaded from UK Biobank 

pheweb database (https://pheweb.org/UKB-

SAIGE/) including 387318 European individuals 

(n = 4562 case patients and 382756 control 

participants) for CRC. 

2.3 Instrument Selection 

Given the substantial number of single-nucleotide 

polymorphisms (SNPs) demonstrating genome-

wide significance (p < 5 × 10^-8) for miRNAs 

traits, we implemented stricter correlation 

thresholds (p < 5 × 10^-9) for selecting genetic 

IVs. These IVs were classified using the Linkage 

Disequilibrium (LD) reference panel from the 

1000 Genomes Project, applying a threshold of R² 

< 0.001. within a 10 MB range. Due to the 

relatively limited size of the GWAS data for 

miRNAs, we also considered a p-value cutoff of 1 

× 10^-5 and a more relaxed clustering threshold 

(R² < 0.001. at a distance of 10 MB) [11]. To 

ensure the robustness of our analysis, we focused 

on IVs with F-statistics exceeding 10, identifying 

them as strong instruments for further 

investigation. These IVs were extracted from 

summary statistics related to CRC outcomes, 

omitting any that showed potential pleiotropic 

effects (p < 1 ×10^-5) on gastric cancer, adhering 

to methodologies from earlier studies [12]. To 

maintain consistency in our analysis, we aligned 

SNPs between the exposure and outcome datasets 

to ensure uniform effect estimates for the same 

effect allele [11]. 

2.4  Experiment Validation 

2.4.1 Reagents and Instruments 

Phosphate-buffered saline (PBS; Cat# G4202) 

was obtained from Servicebio (Wuhan, China). 

RPMI-1640 medium (Cat# PM150110) and fetal 

bovine serum (FBS; Cat# 164210-50) were 

purchased from Procell Life Science & 

Technology Co., Ltd. (Wuhan, China). Penicillin–

streptomycin solution (Cat# C100C5) and 0.25% 

trypsin-EDTA (Cat# C100C1) were obtained 

from NCM Biotech (Suzhou, China). The miRNA 

First Strand cDNA Synthesis Kit (Tail Reaction, 

Cat# B532451) was purchased from Sangon 

Biotech (Shanghai) Co., Ltd. Real-time 

quantitative PCR was performed using 2 × EZ 

Color SYBR Green qPCR Master Mix (ROX2; 

Cat# A0012-R2; EZBioscience, United States). 

2.4.2 Cell Culture 

Human HIEC normal intestinal epithelial cells, 

along with HCT116, HT29, and CACO2 

colorectal carcinoma cells, were purchased from 

Procell Life Science & Technology Co., Ltd. 

(Wuhan, China). Cells were cultured in RPMI-

1640 medium supplemented with 10% fetal 

bovine serum, 10 U/mL penicillin, and 10 μg/mL 

streptomycin, and maintained at 37 °C in a 

humidified incubator with 5% CO₂. All cell lines 

were authenticated by short tandem repeat (STR) 

profiling and verified to be free of mycoplasma 

and cross-species contamination. 

2.4.3 RNA Extraction 

Total RNA was extracted from log-phase HIEC, 

HCT116, HT29, and CACO2 cells using standard 

phenol/chloroform procedures. Cells were washed 

twice with PBS and lysed with an appropriate 

volume of lysis buffer to ensure complete 

disruption. Following phase separation, the 

aqueous phase containing RNA was collected, 

and RNA was precipitated with isopropanol. The 

RNA pellet was centrifuged at 4 °C, washed with 

75% ethanol, and dissolved in RNase-free water. 

RNA concentration and purity were assessed by 

spectrophotometry (A260/A280), and integrity 

was verified prior to downstream applications. 

2.4.4 miRNA cDNA Synthesis 

For cDNA synthesis, 2 μg of total RNA was 

reverse transcribed using the miRNA First Strand 

cDNA Synthesis Kit (Tail Reaction). The 20 µL 

reaction mixture contained 10 µL of 2× miRNA 

P-RT Solution Mix, 2 µL of miRNA P-RT 

Enzyme Mix, RNA template, and RNase-free 

water. The mixture was gently mixed, briefly 

centrifuged (3–5 s), and incubated at 37 °C for 60 

minutes. Enzyme inactivation was performed at 

85 °C for 5 minutes, and the resulting cDNA was 

stored at 4 °C. Prior to RT-qPCR, cDNA was 

diluted 50-fold and used as the template. 

2.4.5 miRNA Primer Design 

Mature miRNA sequences were retrieved from 

miRBase (https://www.mirbase.org/), and primers 

were designed using Vazyme miRNA primer 

design software 

(http://www.vazyme.com/companyfile/7/). Since 

reverse primers are universal, only forward 

primers were designed for each miRNA. All 

primers were verified for specificity prior to 

synthesis. Forward primer sequences included 

https://pheweb.org/UKB-SAIGE/
https://pheweb.org/UKB-SAIGE/
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Universal U6 Primer F 

(CTCGCTTCGGCAGCACA), miR-4274 Primer 

F (ATTACAGCAGTCCCTCCCCCT), miR-

4769-3p Primer F 

(TTATTCTGCCATCCTCCCTCCCCTA), and 

miR-6789-5p Primer F 

(ATTATAAGTAGGGGCGTCCCGGGCG). The 

universal PCR reverse primer sequence was 

AACGCTTCACGAATTTGCGT. 

2.4.6 Quantitative Reverse Transcription PCR 

(RT-qPCR) 

RT-qPCR was performed using 2 × EZ Color 

SYBR Green qPCR Master Mix (ROX2) with 

miRNA-specific primers. Each 20 μL reaction 

contained 1 μL of cDNA template, 10 μL of 2 × 

SYBR Green Master Mix, and 0.3 μM of each 

forward and reverse primer. Cycling conditions 

were: initial denaturation at 95 °C for 10 minutes, 

followed by 40 cycles of 95 °C for 15 seconds 

and 60 °C for 1 minute. U6 miRNA was used as 

an internal reference gene, and all reactions were 

performed in triplicate. 

2.5 Statistical Analysis 

In the present study, multiple individual genetic 

variants were employed as IVs, rather than 

relying solely on a composite allele score. This 

strategy allowed for a more comprehensive 

evaluation of core MR assumptions, detection of 

potential pleiotropy, and improved performance 

in both sensitivity and multivariable MR analyses 

[13]. To evaluate the robustness of the causal 

estimates under varying assumptions regarding 

heterogeneity and pleiotropy, four complementary 

MR methods were applied: inverse variance 

weighted (IVW; random-effects model), weighted 

median, MR-Egger regression, and MR-PRESSO 

(pleiotropy residual sum and outlier). Among 

these, IVW served as the primary analytical 

framework across all four IV sets. Heterogeneity 

in the effect estimates was quantified using 

Cochran’s Q statistic. 

Additional analyses were conducted under more 

conservative assumptions. While the IVW method 

assumes the validity of all included variants, its 

estimates may be biased in the presence of 

extensive horizontal pleiotropy [14]. In contrast, 

the weighted median method remains consistent if 

at least 50% of the genetic instruments are valid, 

providing increased robustness against invalid 

instruments [15]. When over half of the variants 

demonstrated horizontal pleiotropy, the strength 

of the instruments was evaluated using F-

statistics, where a mean F-statistic below 10 

indicated the presence of weak instruments [16].  

MR-Egger regression was utilized to assess 

directional pleiotropy; a non-zero intercept in this 

model would suggest violation of the IV 

assumption due to directional effects [17]. In 

addition, MR-PRESSO was employed to identify 

and correct for outlier SNPs that contributed 

disproportionately to heterogeneity 

(NbDistribution = 1,500) [18]. To further address 

reverse causation, Steiger filtering was performed 

to exclude variants with stronger associations 

with the outcome than with the exposure [19]. 

Expression levels of target miRNAs were 

quantified using the ΔΔCt method, with fold 

changes calculated as 2^(-ΔΔCt). All experiments 

were performed with a minimum of three 

independent replicates per group. Data are 

presented as mean ± standard error of the mean 

(SEM), and group differences were assessed 

using independent-sample t-tests. A two-sided P-

value < 0.05 was considered statistically 

significant. Statistical significance is indicated as 

follows: ns, not significant; *P < 0.05, **P < 

0.01, ***P < 0.001, ****P < 0.0001 vs. control. 

The statistical power of the MR analyses was 

calculated using mRnd (https://cnsgenomics. 

shinyapps.io/mRnd/) (Table S1). All statistical 

analyses were performed using R version 4.3.2 (R 

Foundation) and specific R packages 

(―TwoSampleMR‖ and ―MR‖) tailored for MR 

analysis. The TwoSampleMR package provided 

causal estimates from the four MR models (IVW, 

weighted median, MR-Egger, and MR-PRESSO), 

and the MR package was utilized for 

multivariable MR [20, 21]. RT-qPCR data 

processing and graphical visualization were 

https://cnsgenomics/
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conducted with GraphPad Prism version 8 

(GraphPad; Dotmatics). 

3 Results 

3.1 Causal Association between miRNAs and 

CRC 

To investigate the causal effect of various 

metabolites on CRC, we conducted a two-sample 

MR analysis and utilized IVW as the primary 

analysis method. Our results showed the 

association between 86 miRNAs and CRC 

include 43 associated risk factors with CRC 

(Figure 2) and 43 related to protective factors 

(Figure 3), highlighting some of the strongest 

associations. Briefly, the CRC risk was strongly 

associated with miR−4274 [odds ratio (OR) = 

1.554, 95% confidence interval (CI) = 1.181– 

2.044, p = 0.002], miR−4769−3p (OR = 1.357, 

95% CI=1.120–1.644, p = 0.002), and 

miR−6789−5p (OR = 1.508, 95% CI=1.040– 

2.187, p = 0.030) (Figure 4). 

 

 
Figure 2. The causal association between all microRNAs and CRC for risk factor with CRC. We 

selected IVW as a primary method p<0.05 showed statistically significant; OR value >1 indicated a 

risk factor. 
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Figure 3. The causal association between all microRNAs and CRC for protective factor with CRC. 

We selected IVW as a primary method p<0.05 showed statistically significant; OR value <1 indicated 

a protective factor. 
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Figure 4. The causal association between three microRNAs and CRC. We selected IVW as a primary 

method p<0.05 showed statistically significant; OR value >1 indicated a risk factor, while OR value 

<1 indicated a protective factor. 

 

Furthermore, a sensitivity analysis was 

performed. No heterogeneity was observed, with 

significant results from Cochran’s Q test (P > 

0.05), the causal estimates remained robust when 

analyzed using the random-effects inverse 

variance weighting (IVW) model (Table 1). 

 

Table 1. The heterogeneity of causal association between all microRNAs and CRC. The p-values for 

the Cochran's Q yielded were above 0.05, suggesting that no significant heterogeneity effects were 

found. 

exposure method Q Q_d

f 

Q_pval 

miR-130a-3p  MR Egger 7,936359429 8 0,439711342 

miR-130a-3p Inverse variance weighted 9,989650317 9 0,35132373 

miR-484  MR Egger 10,58343806 13 0,645669292 

miR-484  Inverse variance weighted 10,7534449 14 0,705287131 

miR-5196-3p  MR Egger 6,250651915 7 0,510805984 

miR-5196-3p  Inverse variance weighted 6,40801878 8 0,601627283 

miR-4274  MR Egger 2,965926943 4 0,563543543 

miR-4274  Inverse variance weighted 4,358981248 5 0,498969949 

miR-3192-3p  MR Egger 3,660556728 8 0,886378026 

miR-3192-3p  Inverse variance weighted 6,728579579 9 0,665354384 

miR-4769-3p  MR Egger 5,640723542 5 0,342761617 

miR-4769-3p  Inverse variance weighted 5,658179787 6 0,462548351 

miR-6856-3p  MR Egger 7,423486181 9 0,593117343 

miR-6856-3p  Inverse variance weighted 9,025380425 10 0,529696587 

miR-8069  MR Egger 95,01968476 103 0,699959409 

miR-8069  Inverse variance weighted 95,4509572 104 0,713373654 

miR-3652  MR Egger 1,846038667 7 0,967868156 

miR-3652  Inverse variance weighted 2,67065123 8 0,953297968 

miR-1185-5p  MR Egger 8,403261596 12 0,752876512 

miR-1185-5p  Inverse variance weighted 12,10785949 13 0,518819837 

miR-7976  MR Egger 0,994775956 3 0,80251602 

miR-7976  Inverse variance weighted 1,361686763 4 0,850825945 

miR-539-3p  MR Egger 2,11109067 5 0,833569841 

miR-539-3p  Inverse variance weighted 2,729322166 6 0,841971756 

miR-7158-3p  MR Egger 10,9331458 9 0,280319319 

miR-7158-3p  Inverse variance weighted 11,12284139 10 0,348027997 

miR-4764-5p  MR Egger 2,510654504 7 0,926292636 

miR-4764-5p  Inverse variance weighted 2,648377739 8 0,954452531 

miR-3679-5p  MR Egger 7,047133303 9 0,632212028 

miR-3679-5p  Inverse variance weighted 7,816278636 10 0,646777083 
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miR-3662 MR Egger 2,28308921 7 0,942526855 

miR-3662  Inverse variance weighted 2,290461038 8 0,970787277 

miR-3198  MR Egger 10,04405303 11 0,526428956 

miR-3198  Inverse variance weighted 10,05669564 12 0,61098667 

miR-320e  MR Egger 5,74376547 4 0,219118664 

miR-320e  Inverse variance weighted 5,755637742 5 0,330727203 

miR-4439  MR Egger 4,473356163 6 0,612896035 

miR-4439  Inverse variance weighted 6,285816382 7 0,506800501 

miR-6792-5p MR Egger 1,75397825 3 0,625000614 

miR-6792-5p  Inverse variance weighted 1,754084002 4 0,78087135 

miR-3116  MR Egger 2,496713515 3 0,475885318 

miR-3116  Inverse variance weighted 2,519027541 4 0,641231889 

miR-22-5p  MR Egger 10,53030678 8 0,229758217 

miR-22-5p  Inverse variance weighted 10,97264017 9 0,27758898 

miR-4420 MR Egger 6,392702437 13 0,930686308 

miR-4420  Inverse variance weighted 6,392849665 14 0,95559789 

miR-1587  MR Egger 5,949742446 6 0,428843489 

miR-1587  Inverse variance weighted 5,966969439 7 0,543611435 

miR-4655-5p  MR Egger 4,00417044 12 0,983361019 

miR-4655-5p  Inverse variance weighted 4,208795613 13 0,988760755 

miR-616-3p MR Egger 7,866394661 12 0,79548209 

miR-616-3p  Inverse variance weighted 7,877560019 13 0,85148446 

miR-5089-3p  MR Egger 4,494685633 3 0,212764807 

miR-5089-3p  Inverse variance weighted 4,946994432 4 0,292779566 

miR-4719  MR Egger 6,215483337 9 0,718173104 

miR-4719  Inverse variance weighted 6,569434554 10 0,765371136 

miR-605-3p  MR Egger 12,2597641 12 0,425049686 

miR-605-3p  Inverse variance weighted 12,40640154 13 0,494633358 

miR-224-3p MR Egger 12,27585236 12 0,423787678 

miR-224-3p  Inverse variance weighted 12,58097058 13 0,480674042 

miR-548ba  MR Egger 3,5493926 8 0,895322665 

miR-548ba  Inverse variance weighted 3,951197294 9 0,914595111 

miR-2467-5p  MR Egger 8,797248535 8 0,359687623 

miR-2467-5p  Inverse variance weighted 8,965398164 9 0,440474373 

miR-6823-5p  MR Egger 8,077267775 10 0,621289623 

miR-6823-5p  Inverse variance weighted 9,473731538 11 0,578251004 

miR-520a-5p  MR Egger 2,967591734 8 0,936374831 

miR-520a-5p  Inverse variance weighted 3,101932648 9 0,960116052 

miR-301a-5p  MR Egger 13,76517274 14 0,467348536 

miR-301a-5p  Inverse variance weighted 13,82468842 15 0,53886464 

miR-486-5p  MR Egger 5,945548334 5 0,311553419 

miR-486-5p  Inverse variance weighted 7,175208658 6 0,304947642 

miR-7108-5p  MR Egger 30,22644059 27 0,304075893 

miR-7108-5p  Inverse variance weighted 31,0439917 28 0,315130519 

miR-4783-3p  MR Egger 7,686092642 8 0,464718418 

miR-4783-3p  Inverse variance weighted 7,916151916 9 0,542617738 

miR-2115-5p  MR Egger 6,036115168 10 0,812219927 

miR-2115-5p  Inverse variance weighted 8,451064156 11 0,672418614 

miR-7112-3p  MR Egger 6,121020886 5 0,294620577 

miR-7112-3p  Inverse variance weighted 8,478761716 6 0,205082939 
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miR-34c-5p  MR Egger 25,87169072 16 0,055860587 

miR-34c-5p  Inverse variance weighted 26,13080927 17 0,072110071 

miR-7162-5p  MR Egger 7,517577804 13 0,873549045 

miR-7162-5p  Inverse variance weighted 7,876956791 14 0,895637222 

miR-212-5p  MR Egger 8,448689698 8 0,390911263 

miR-212-5p  Inverse variance weighted 8,944239231 9 0,442437276 

miR-6817-5p  MR Egger 5,261845117 8 0,729258205 

miR-6817-5p  Inverse variance weighted 6,064841203 9 0,733411571 

miR-6741-5p  MR Egger 3,407390013 5 0,637444653 

miR-6741-5p  Inverse variance weighted 4,862788139 6 0,561528374 

miR-6736-3p  MR Egger 3,435706325 5 0,633137622 

miR-6736-3p  Inverse variance weighted 3,491579061 6 0,745089726 

miR-6796-3p  MR Egger 2,836280404 7 0,899723258 

miR-6796-3p  Inverse variance weighted 2,840537493 8 0,943962462 

miR-4446-5p  MR Egger 17,48730337 11 0,094264954 

miR-4446-5p  Inverse variance weighted 19,60587561 12 0,074918514 

miR-196b-5p  MR Egger 8,373151513 10 0,592437828 

miR-196b-5p  Inverse variance weighted 9,24711165 11 0,599094401 

miR-6789-5p  MR Egger 4,154167415 3 0,245290843 

miR-6789-5p  Inverse variance weighted 4,323934598 4 0,363937583 

miR-300  MR Egger 15,61913521 13 0,270309332 

miR-300  Inverse variance weighted 15,62082067 14 0,337074334 

miR-624-5p  MR Egger 28,50307218 23 0,197353831 

miR-624-5p  Inverse variance weighted 28,68711087 24 0,232129022 

miR-4256  MR Egger 14,39642816 18 0,702907065 

miR-4256  Inverse variance weighted 14,90465895 19 0,728637435 

miR-4320  MR Egger 12,2548116 14 0,585847589 

miR-4320  Inverse variance weighted 13,83355134 15 0,538188668 

miR-4668-5p  MR Egger 3,206487786 4 0,523883696 

miR-4668-5p  Inverse variance weighted 4,418316377 5 0,490886241 

miR-5090  MR Egger 14,4812793 16 0,562906404 

miR-5090  Inverse variance weighted 15,06936345 17 0,590485378 

miR-8058  MR Egger 5,936993582 6 0,430285043 

miR-8058  Inverse variance weighted 6,268994245 7 0,508714884 

miR-4496  MR Egger 3,991200586 10 0,947743066 

miR-4496  Inverse variance weighted 5,285276073 11 0,916567468 

miR-1908-5p  MR Egger 0,131703809 2 0,936269511 

miR-1908-5p  Inverse variance weighted 0,169690786 3 0,982327218 

miR-6769a-3p MR Egger 4,33169072 9 0,888257662 

miR-6769a-3p  Inverse variance weighted 4,652309605 10 0,913162247 

miR-6773-5p  MR Egger 5,216247261 5 0,390063296 

miR-6773-5p  Inverse variance weighted 5,236011656 6 0,513918758 

miR-6501-3p  MR Egger 16,10807898 11 0,13716568 

miR-6501-3p Inverse variance weighted 16,41672877 12 0,17288581 

miR-6839-5p  MR Egger 7,176719363 9 0,61872618 

miR-6839-5p  Inverse variance weighted 7,297605551 10 0,697082061 

miR-8071  MR Egger 1,028958563 2 0,597811805 

miR-8071  Inverse variance weighted 1,148514173 3 0,765377326 

miR-655-5p  MR Egger 2,019040437 6 0,917939147 

miR-655-5p  Inverse variance weighted 2,356593072 7 0,937503259 
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The P-values for the MR-Egger intercept were above 0.05, indicating no significant pleiotropic effects 

(Table 2). 

 

Table 2. The pleiotropy of causal association between all microRNAs and CRC. The MR-Egger 

intercept p-values were >0.05, suggesting that no significant pleiotropy effects were found. 

exposure egger_intercept se pval 

miR-30e-3p  MR Egger 3,52368182 6 0,740816313 

miR-30e-3p  Inverse variance weighted 4,233708962 7 0,75249957 

miR-16-5p  MR Egger 38,57827579 32 0,196558342 

miR-16-5p  Inverse variance weighted 39,12821482 33 0,213858266 

miR-4677-3p  MR Egger 7,330804233 13 0,884308797 

miR-4677-3p  Inverse variance weighted 7,761377185 14 0,901383474 

miR-6846-5p  MR Egger 12,01206924 10 0,284249563 

miR-6846-5p  Inverse variance weighted 12,23586145 11 0,346178007 

miR-6758-3p  MR Egger 8,88754811 11 0,632271438 

miR-6758-3p  Inverse variance weighted 8,896191445 12 0,711770577 

miR-662  MR Egger 5,190016349 13 0,970768397 

miR-662  Inverse variance weighted 8,878957428 14 0,838725494 

miR-629-5p  MR Egger 10,91309761 9 0,281712745 

miR-629-5p  Inverse variance weighted 10,98898953 10 0,358376465 

miR-3912-5p  MR Egger 2,87447793 4 0,579046127 

miR-3912-5p  Inverse variance weighted 7,111439753 5 0,212483455 

miR-4722-3p  MR Egger 5,487301545 9 0,789930419 

miR-4722-3p  Inverse variance weighted 5,519578749 10 0,853883897 

miR-3134  MR Egger 5,857216111 6 0,439373586 

miR-3134  Inverse variance weighted 6,178410205 7 0,519078817 

miR-4457  MR Egger 4,800085158 7 0,684344567 

miR-4457  Inverse variance weighted 6,207468843 8 0,624004693 

miR-586  MR Egger 4,293280489 9 0,891071297 

miR-586  Inverse variance weighted 4,812428999 10 0,903350445 

miR-4452  MR Egger 6,731087062 12 0,874860835 

miR-4452  Inverse variance weighted 7,362258361 13 0,882530778 

miR-574-5p  MR Egger 2,468411372 6 0,87198605 

miR-574-5p  Inverse variance weighted 2,847119742 7 0,898775496 

miR-8060  MR Egger 18,26640284 16 0,308529421 

miR-8060  Inverse variance weighted 18,46587697 17 0,360036589 

miR-614  MR Egger 14,36391672 11 0,213506413 

miR-614  Inverse variance weighted 14,53947585 12 0,26759173 

miR-2052  MR Egger 11,73194708 10 0,303396823 

miR-2052  Inverse variance weighted 11,9273971 11 0,369125247 

miR-370-3p  MR Egger 3,373384112 7 0,848448908 

miR-370-3p  Inverse variance weighted 3,56194806 8 0,894329042 

miR-6516-3p  MR Egger 6,560285533 12 0,885253122 

miR-6516-3p  Inverse variance weighted 8,389198062 13 0,81735326 

miR-33a-5p  MR Egger 5,315657863 7 0,621501803 

miR-33a-5p  Inverse variance weighted 5,32714269 8 0,722106551 

miR-7973  MR Egger 13,77901285 7 0,055254349 

miR-7973  Inverse variance weighted 13,91180357 8 0,084093385 
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miR-130a-3p 0,019947441 0,013920728 0,189775 

miR-5196-3p 0,011573924 0,029175881 0,70340827 

miR-4274 0,033234282 0,02815803 0,303284088 

miR-4769-3p -0,00455718 0,036635586 0,90585099 

miR-3652 -0,020833861 0,022942714 0,394022628 

miR-1185-5p -0,038927081 0,020224664 0,078294614 

miR-7158-3p 0,009282513 0,023490284 0,701924304 

miR-4764-5p 0,011633216 0,031347014 0,721531903 

miR-3679-5p -0,016323649 0,018612857 0,403283915 

miR-3662 -0,002663704 0,031024038 0,933982453 

miR-6792-5p -0,001674218 0,162804352 0,992440636 

miR-3116 -0,009377559 0,062777043 0,890731757 

miR-22-5p -0,012332174 0,021273566 0,578076188 

miR-4420 -0,000235099 0,019375622 0,990503122 

miR-1587 0,004659192 0,03549816 0,899866633 

miR-616-3p 0,00165613 0,015673216 0,917592943 

miR-224-3p 0,010864382 0,019893269 0,594982173 

miR-548ba -0,029597387 0,046692364 0,543852805 

miR-6823-5p -0,026919017 0,022779509 0,26465573 

miR-301a-5p 0,00437838 0,017947242 0,810801865 

miR-7108-5p 0,020794111 0,024332937 0,400310469 

miR-4783-3p -0,012036232 0,025094046 0,644318315 

miR-7112-3p 0,064514414 0,046487442 0,223868574 

miR-212-5p 0,016378368 0,023909846 0,512695226 

miR-4446-5p -0,024242513 0,021000087 0,272799448 

miR-196b-5p 0,016540027 0,017692549 0,371886153 

miR-6789-5p -0,029035697 0,082925242 0,749372275 

miR-624-5p 0,005813079 0,015084592 0,703507773 

miR-4256 -0,009769508 0,013703838 0,485045973 

miR-8058 -0,017645191 0,030623645 0,585432459 

miR-4496 -0,040000772 0,035163215 0,281820357 

miR-6769a-3p 0,012309937 0,021740087 0,585076343 

miR-6501-3p 0,010501472 0,022874032 0,655101386 

miR-6839-5p 0,007429232 0,021367591 0,736068331 

miR-8071 0,024935073 0,072115009 0,762500569 

miR-655-5p -0,018178055 0,031287918 0,582395493 

miR-30e-3p -0,021990686 0,026097644 0,43173539 

miR-4677-3p 0,014104212 0,021494406 0,523153108 

miR-6758-3p 0,001741205 0,018728766 0,927599437 

miR-629-5p 0,007726523 0,030884395 0,808068713 

miR-3912-5p -0,055482786 0,026954482 0,108651004 

miR-4452 -0,016076048 0,020235115 0,44235505 

miR-614 -0,01119254 0,030525095 0,720822985 

 

Additionally, we further evaluated the data using 

scatter plots (Fig. 5D-F), funnel plots (Fig. 6A-

C), and leave-one-out plots (Fig. 6D-F), which 

helped to eliminate the potential influence of 

outliers and horizontal pleiotropy on the identified 

key miRNAs. To further assess the influence of 

potential directional pleiotropy, we scanned each 

of the SNPs used as IVs for their potential 

secondary phenotypes using the GWAS Catalog 

(https://www.ebi.ac.uk/gwas/, last accessed on 

September 22, 2025), The results show no any 

SPN associated with CRC risk factors such as 
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smoking, alcohol consumption, body mass index, 

and inflammatory bowel disease in this study 

(Table S2). 

 

 
Figure 5. RT-qPCR in CRC; (A) miR-4274 expression is higher in CRC cell lines than in normal 

cells. (B) miR-4769-3p expression is higher in CRC cell lines than in normal cells. (C) miR-6789-5p 

expression is higher in CRC cell lines than in normal cells. (D) Scatter plot showing the relationship 

of miR-4274 with the risk of CRC. (E) Scatter plot showing the relationship of miR-4769-3p with the 

risk of CRC. (F) Scatter plot showing the relationship of miR-6789-5p with the risk of CRC. 
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Figure 6. Funnel plot showing IVs for each significant causal association between three miRNAs and 

CRC. (A) miR-4274 in CRC. (B) miR-4769-3p in CRC. (C) miR-6789-5p in CRC. (D) Leave-one-out 

plot showing the genetic associations of miR-4274 in CRC; 

(E) Leave-one-out plot showing the genetic associations of miR-4769-3p in CRC; (E) Leave-one-out 

plot showing the genetic associations of miR-6789-5p in CRC. 
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3.2 miR−4274, miR−4769−3p, and 

miR−6789−5p Real Time Quantitative PCR in 

CRC 

In this experiment, we compared the expression 

differences of miR-4274, miR-4769-3p, and miR-

6789-5p in CRC cells HCT116, HT29, and 

CACO2 and normal colon epithelial cells HIEC. 

The RT qPCR results showed that the expression 

levels of miR-4274, miR-4769-3p, and miR-

6789-5p in HCT116, HT29, and CACO2 cells 

were significantly higher than those in HIEC 

cells. This result suggests that changes in miRNA 

expression levels may play an important role in 

the occurrence and development of CRC, 

potentially affecting the biological behavior of 

tumor cells and their differences from normal 

colon epithelial cells (Fig. 5A-C; Table 3).

 

 

Table 3. Summary of RT-qPCR results for miRNAs, presented as mean differences. Statistical 

significance compared with HIEC control cells is indicated by stars (ns = not significant; *P < 0.05, 

**P < 0.01, ***P < 0.001, ****P < 0.0001). Exact adjusted P-values and fold changes are provided. 

Group Comparison Mean Diff Summary Adjusted P Value Fold Change 
miR4274 HIEC vs. HCT116 -2.13 *** 0.0005 3.13 

HIEC vs. HT29 -1.897 ** 0.0013 2.897 

HIEC vs. Caco2 -2.587 **** <0.0001 3.587 

miR4769-3p HIEC vs. HCT116 -1.696 * 0.0316 2.696 

HIEC vs. HT29 -7.755 **** <0.0001 8.755 

HIEC vs. Caco2 -1.838 * 0.0202 2.838 

miR6789-5p HIEC vs. HCT116 -2.457 ** 0.0014 3.457 

HIEC vs. HT29 -2.039 ** 0.0056 3.039 

HIEC vs. Caco2 -3.34 *** 0.0001 4.34 

 

4 Discussion 

This study identified 86 miRNAs associated with 

CRC through Mendelian randomization (MR) 

analysis, including 43 risk-associated and 43 

protective miRNAs. These findings highlight the 

dual regulatory roles of miRNAs in colorectal 

tumorigenesis. Dysregulated miRNAs in CRC 

participate in oncogenic and tumor-suppressive 

pathways, such as Wnt/β-catenin, PI3K/AKT, 

TGF-β, and p53, modulating proliferation, 

apoptosis, invasion, and immune evasion [22–26]. 

Beyond their mechanistic roles, miRNAs also 

hold promise as biomarkers for diagnosis, 

prognosis, and therapeutic targeting [27–29]. 

To illustrate these findings, we focused on three 

representative candidates—miR-4274, miR-4769-

3p, and miR-6789-5p—that exhibited significant 

dysregulation in CRC cells. 

4.1 Mechanistic Insights 

Our analysis revealed that miR-4274 is highly 

expressed in CRC cells. Polymorphism in its seed 

region has been shown to influence the expression 

of the target gene PEX5 and enhance radiotherapy 

resistance [27], linking miR-4274 to DNA 

damage response and therapeutic resistance. 

Moreover, miR-4274 and its host gene SORCS2 

regulate IGFBP6 in basal-like breast cancer, 

affecting tumor proliferation and migration [28], 

suggesting conserved roles across tumor types. 

MiR-4769-3p has been reported to regulate 

apoptosis and energy metabolism through the 

USP18/VDAC2 pathway [29]. While studied in 

systemic sclerosis, this mechanism implies 

potential involvement in CRC metabolic 

reprogramming and cell survival. Similarly, miR-

6789-5p is suppressed by LINC00273 in triple-

negative breast cancer, promoting metastasis and 

stemness [30]. Together, these findings suggest 

that miR-4769-3p and miR-6789-5p may 

contribute to CRC progression through metabolic 

and stemness-related mechanisms. 

4.2 Clinical Relevance 

The mechanistic roles of these miRNAs suggest 

potential clinical implications. MiR-4274 

polymorphisms have been associated with gastric 

cancer susceptibility [31] and radiotherapy 

resistance in CRC [27], highlighting its value as a 

predictive biomarker for risk and treatment 

outcomes. Circulating miR-4769-3p is elevated in 

the serum of non-small cell lung cancer patients 
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[32], indicating potential as a non-invasive 

biomarker applicable to CRC. The involvement of 

miR-6789-5p in tumor metastasis and stemness 

[30] further underscores its potential as a 

therapeutic target in advanced CRC. 

4.3 Limitations and Future Directions 

Despite these promising findings, the precise 

downstream targets and signaling pathways of 

miR-4274, miR-4769-3p, and miR-6789-5p in 

CRC remain to be experimentally validated. 

Functional studies employing knockdown or 

overexpression systems combined with 

transcriptomic and proteomic profiling are 

warranted. Additionally, large-scale clinical 

validation is needed to assess their diagnostic and 

prognostic utility. Integration of liquid biopsy 

technologies may facilitate translation into 

precision medicine by enabling dynamic disease 

monitoring and treatment stratification [33,34]. 

5 Strengths and Limitations 

This study has several notable strengths. MR 

provides a robust framework to emulate 

randomized controlled trials using observational 

data, effectively mitigating reverse causation and 

confounding. Extensive sensitivity analyses 

revealed no substantial heterogeneity or 

horizontal pleiotropy, supporting the robustness 

of our findings. 

Our study systematically applied MR to 

investigate the potential causal effects of 

circulating miRNAs on CRC, identifying three 

miRNAs with potential causal effects and 86 

additional miRNAs showing nominal associations 

with CRC-related outcomes. These results 

highlight the potential of miRNAs as novel 

biomarkers for CRC prevention and treatment. 

The study has limitations. First, miRNA eQTL 

data were derived from a European-only 

population, potentially introducing population 

bias. Second, RT-qPCR validation was performed 

only in CRC cell lines (HIEC, HCT116, HT29, 

and Caco2); studies using primary tissues or 

additional models are needed to enhance 

biological generalizability. 

6 Conclusions 

In summary, this study emphasizes the key role of 

miRNAs in CRC. MR screening confirmed that 

the expression of these miRNAs is closely related 

to CRC occurrence, progression, and prognosis, 

providing insights into underlying molecular 

mechanisms. These miRNAs, as potential 

biomarkers, could be used for early diagnosis, 

prognostic evaluation, and as targets for future 

therapeutic interventions. 
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