

[image: Cover: TLR4/MyD88 expression patterns and novel genetic variants: association with aggressive clinicopathological features in colorectal cancer]






Table of Contents

  
    	Cover

    	TLR4/MyD88 expression patterns and novel genetic variants: association with aggressive clinicopathological features in colorectal cancer 
    
      	Background

      	Methods

      	Results

      	Conclusions

      	1 Introduction

      	2 Materials and methods 
      
        	2.1 Study design and population

        	2.2 Clinical and pathological assessment

        	2.3 Immunohistochemistry

        	2.4 DNA sequencing and variant analysis

        	2.5 Statistical analysis

      


      	3 Results 
      
        	3.1 Clinical and pathological characteristics

        	3.2 TLR4 and MyD88 expression patterns 
        
          	3.2.1 Expression patterns in CRC and adenoma tissues

          	3.2.2 Co-expression analysis

          	3.2.3 Clinicopathological correlations

        


        	3.3 Genetic analysis 
        
          	3.3.1 Identification and distribution of variants

        


        	3.4 Risk assessment for CRC

        	3.5 In silico functional prediction

        	3.6 Genotype-phenotype associations and clinical correlations

      


      	4 Discussion 
      
        	4.1 Expression patterns and their significance

        	4.2 Molecular and functional implications

        	4.3 Novel genetic variants and their association with CRC risk

        	4.4 Clinicopathological correlations and prognostic implications

        	4.5 Study limitations

      


      	5 Conclusions

      	Data availability statement

      	Ethics statement

      	Author contributions

      	Funding

      	Acknowledgments

      	Conflict of interest

      	Generative AI statement

      	Supplementary material

      	References

    


  

Landmarks

  
    	Cover

    	Table of Contents

    	Start of Content


  


Print Page List

  
    	 Page 01. 

    	 Page 02. 

    	 Page 03. 

    	 Page 04. 

    	 Page 05. 

    	 Page 06. 

    	 Page 07. 

    	 Page 08. 

    	 Page 09. 

    	 Page 10. 

    	 Page 11. 

    	 Page 12. 

    	 Page 13. 

    	 Page 14. 

    	 Page 15. 

  






ORIGINAL RESEARCH
published: 09 July 2025
doi: 10.3389/fonc.2025.1568729

[image: Frontiers: Stamp Date]

TLR4/MyD88 expression patterns and novel genetic variants: association with aggressive clinicopathological features in colorectal cancer

Thai Tra Dang 1,2,†, Viet Nhat Pham 3,†, Ngoc Dung Tran 1, Thu Hang Ngo 2, Van Mao Can 2, Huy Hoang Nguyen 3, Thi Xuan Nguyen 3* and Thanh Chung Dang 1*

1Department of Pathology and Forensic Medicine, Military Hospital 103, Vietnam Military Medical University, Hanoi, Vietnam, 2Department of Pathophysiology, Vietnam Military Medical University, Hanoi, Vietnam, 3Institute of Biology, Vietnam Academy of Science and Technology, Hanoi, Vietnam

Edited by: 
Soumya Panigrahi, Case Western Reserve University, United States

Reviewed by: 
Djurdja Jerotic, University of Belgrade, Serbia
Elba Caraballo, University of Puerto Rico, Puerto Rico

*Correspondence:
 Thi Xuan Nguyen
 xuannt@igr.ac.vn
 Thanh Chung Dang
 dangthanhchung@vmmu.edu.vn

†These authors have contributed equally to this work and share first authorship

Received: 01 February 2025

Accepted: 11 June 2025

Published: 09 July 2025

Citation:
Dang TT, Pham VN, Tran ND, Ngo TH, Can VM, Nguyen HH, Nguyen TX and Dang TC (2025) TLR4/MyD88 expression patterns and novel genetic variants: association with aggressive clinicopathological features in colorectal cancer. Front. Oncol. 15:1568729. doi: 10.3389/fonc.2025.1568729



Background

Toll-like receptor 4 (TLR4) and myeloid differentiation factor 88 (MyD88) signaling play a critical role in colorectal cancer (CRC) development. Despite extensive research, the relationship between genetic variations and protein expression patterns during adenoma-carcinoma progression remains poorly understood.


Methods

We conducted a cross-sectional study of 176 CRC patients and 131 adenoma patients. Inclusion criteria required histologically confirmed primary colorectal tumors with adequate tissue content (≥30% tumor cells). TLR4 and MyD88 protein expression was evaluated using immunohistochemistry with standardized scoring systems. DNA sequencing identified genetic variants in TLR4 and MyD88 genes. Multivariate analyses assessed associations between protein expression, genetic variants, and clinicopathological features.


Results

TLR4 expression was significantly higher in CRC compared to adenomas (66.5% vs 30.5%, p<0.001), with MyD88 showing widespread expression in both groups (CRC: 97.2%, adenoma: 95.4%). We identified novel variants in TLR4 (9:117713042) and MyD88 (rs138284536), significantly associated with increased CRC risk (OR=8.92, 95% CI: 1.14-69.95, p=0.037 and OR=20.01, 95% CI: 4.72-84.83, p<0.001, respectively). The MyD88 variant correlated with aggressive features including mucinous histology (43.5% vs 22.7%, p=0.036), advanced pT stage (29.6% vs 13.2%, p=0.044), and perineural invasion (61.5% vs 22.1%, p=0.004). Combined TLR4/MyD88 scores ≥5 significantly predicted lymph node metastasis (42.9% vs 28.3%, p=0.046) and high-grade tumor budding (p=0.002).



Conclusions

Our study identifies distinct TLR4/MyD88 expression patterns in CRC progression and novel genetic variants associated with aggressive tumor features. These molecular alterations may serve as potential biomarkers for risk stratification and prognostic assessment in CRC patients, while offering promising targets for therapeutic intervention.
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1 Introduction

Colorectal cancer (CRC) remains a significant global health burden, ranking third in incidence and second in mortality among all cancers worldwide (1). According to GLOBOCAN 2022, over 1.9 million new CRC cases and 900,000 deaths were reported globally (1). By 2030, the global burden of CRC is projected to increase by 60%, with more than 2.2 million new cases and 1.1 million deaths annually (2), particularly affecting transitioning countries due to lifestyle changes and aging populations (3).

Growing evidence suggests that chronic inflammation plays a crucial role in colorectal carcinogenesis (4, 5). Inflammatory cells create a tumor-promoting microenvironment by secreting cytokines and growth factors that enhance neoplastic cell survival, promote angiogenesis, and facilitate metastasis (4). These inflammatory mediators activate NFκB-dependent signaling pathways and regulate the expression of cancer-related genes, while oxidative stress associated with chronic inflammation can promote mutations favorable for tumor development (5, 6). The link between inflammation and cancer is particularly relevant in the colon, where continuous exposure to microbial products can modulate inflammatory responses (7).

The Toll-like receptor (TLR) family, particularly TLR4, has emerged as a key player in linking inflammation to cancer development (8, 9). TLR4 is expressed not only on immune cells but also on intestinal epithelial and tumor cells, mediating complex interactions within the tumor microenvironment (10). TLR4 signaling operates through both myeloid differentiation factor 88 (MyD88)-dependent and independent pathways, potentially promoting tumor progression by enhancing tumor cell adhesion, invasion, and metastasis via NF-κB regulation (10, 11). Furthermore, innate immune responses to gut microbiota through TLR4 signaling have been implicated in gastrointestinal malignancies (12), with experimental evidence showing that blocking TLR4-MyD88 signaling suppresses inflammation-associated tumor development (11, 13).

Recent studies revealed complex TLR4/MyD88 signaling interactions with tumor progression (14, 15). However, critical knowledge gaps persist. First, coordinated TLR4/MyD88 expression during adenoma-carcinoma progression remains poorly characterized (16). Second, the combined impact of genetic variants on protein expression and clinicopathological features requires clarification (17, 18). Third, pathway relationships with molecular CRC subtypes, particularly MSI status and tumor-infiltrating lymphocytes, need investigation (19, 20).

This study aims to address these gaps by: (1) analyzing the immunohistochemical expression patterns of TLR4 and MyD88 proteins in colorectal adenomas and carcinomas, (2) investigating single nucleotide polymorphisms (SNPs) in TLR4 and MyD88 genes, and (3) evaluating their associations with clinicopathological features and protein expression. Our findings could provide insights into the role of TLR4/MyD88 signaling in colorectal carcinogenesis and identify potential therapeutic targets.


2 Materials and methods


2.1 Study design and population

This cross-sectional study with retrospective and prospective components was conducted at Military Hospital 103, Vietnam Military Medical University, between April 2021 and October 2023. Sample size was calculated using the formula for comparing two proportions:

n =Z2[p(1−p)]/d2

where Z = 1.96 (95% confidence level), d = 0.05 (margin of error), and p represents the expected variant frequency based on previous studies (15, 17). The calculation indicated a minimum required sample size of 133 cases for adequate statistical power. To account for potential technical failures and missing data, we enrolled 176 CRC patients and 131 controls.

Retrospective data were collected from surgical specimens and medical records from April 2021 to December 2022, while prospective enrollment was conducted from January 2023 to October 2023 using consecutive sampling. The study protocol was approved by the Ethics Committee of Military Hospital 103 (Decision No. 06/CNChT-HĐĐĐ, dated January 6, 2023) and was performed in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants or their legal representatives prior to enrollment.

Based on the WHO classification of colorectal tumors (21) and European Society for Medical Oncology (ESMO) guidelines (22), patients with histologically confirmed primary colorectal adenocarcinoma who underwent surgical resection were included in the CRC group. Inclusion criteria required patients to be aged ≥18 years with available formalin-fixed paraffin-embedded tissue blocks containing adequate tumor content (≥30% tumor cells) and complete clinical and pathological data. The control group comprised patients with histologically confirmed colorectal adenomas through colonoscopic biopsy, classified according to WHO criteria (21). Exclusion criteria for both groups encompassed: previous history of any malignancy, preoperative chemotherapy or radiotherapy, inflammatory bowel disease, hereditary colorectal cancer syndromes, synchronous or metachronous tumors, inadequate tissue samples, or incomplete clinical data.


2.2 Clinical and pathological assessment

Clinical data were systematically collected from medical records following a standardized protocol. Tumor location was classified according to anatomical landmarks: right colon (from cecum to proximal two-thirds of transverse colon), left colon (from distal third of transverse colon to sigmoid colon), and rectum.

All surgical specimens were processed according to standard pathology procedures. Pathological staging was performed according to the 8th edition of the American Joint Committee on Cancer (AJCC) TNM classification system (23). Two independent pathologists reviewed all H&E-stained slides. For CRC cases, histopathological evaluation included assessment of histological type (conventional adenocarcinoma, mucinous adenocarcinoma, or other variants including signet ring cell carcinoma and poorly differentiated carcinoma), tumor differentiation grade (well, moderate, or poor), depth of invasion (pT stage), lymphovascular invasion, perineural invasion, and lymph node status. Tumor differentiation grading was applied only to conventional adenocarcinomas following WHO criteria, which define well-differentiated (>95% glandular component), moderately differentiated (50-95% glandular component), and poorly differentiated (<50% glandular component) categories (21). Mucinous adenocarcinomas (n=25) were excluded from differentiation grading as WHO classification does not apply conventional grading criteria to this histological variant. MSI status testing (n=151) was performed based on clinical indications according to standard practice guidelines for CRC patients.

Tumor budding was assessed according to International Tumor Budding Consensus Conference criteria (24). This involved counting tumor buds, defined as single tumor cell or cluster of up to 4 cells, in hotspot areas (0.785 mm²) at 20× magnification. Cases were categorized as low (0–4 buds), intermediate (5–9 buds), or high (≥10 buds) grade. Tumor-infiltrating lymphocytes (TILs) were evaluated following International TILs Working Group recommendations (25), focusing on stromal TILs in both central tumor and invasive margin regions.

For adenoma specimens, pathological assessment included evaluation of adenoma type (conventional, sessile serrated, or traditional serrated), grade of dysplasia, size, and configuration. All pathological assessments were performed blinded to clinical information and molecular analysis results. Inter-observer variability was assessed using Cohen’s kappa coefficient, with discordant cases resolved through consensus review.


2.3 Immunohistochemistry

Immunohistochemical staining was performed on 4-μm sections from formalin-fixed, paraffin-embedded tissue blocks. Six monoclonal antibodies were used: anti-PMS2 (EP51), anti-MLH1 (M1), anti-MSH2 (G219-1129), anti-MSH6 (SPO3) (all from Leica, Germany), and anti-TLR4 (HTA125: sc-13593) and anti-MyD88 (B-1: sc-136970) (both from Santa Cruz Biotech, Santa Cruz, CA, USA). After deparaffinization in xylene and rehydration through graded ethanol, antigen retrieval was performed using pressure cooking in citrate buffer (pH 6.0). Endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 30 minutes.

The sections were incubated with primary antibodies overnight at 4°C following manufacturer’s recommendations. The streptavidin-biotin-peroxidase complex technique was employed using biotinylated secondary antibody and streptavidin-labeled peroxidase (DakoCytomation, Glostrup, Denmark) with 50-minute incubation at room temperature. Immunoreactivity was visualized using 3,3’-diaminobenzidine as chromogen, with 3-amino-9-ethylcarbazole reaction for confirmation. Sections were counterstained with hematoxylin. Human tonsil tissue served as positive control for TLR4, MyD88, and MMR proteins expression. Phosphate-buffered solution without primary antibody was used as negative control.

For immunohistochemical evaluation, two independent pathologists assessed all slides without knowledge of clinical data, following the method described by Wang et al. (8). Any membranous and/or cytoplasmic staining was considered positive for TLR4 and MyD88. Digital images of representative high-power fields (200×) were captured using a Leica microscope-mounted digital camera. An average of 2,000 tumor cells per case were evaluated. Results were expressed as percentage of positive tumor cells and scored on a scale of 0-4 (0: no staining; 1+: <10%; 2+: 11-30%; 3+: 31-50%; 4+: >50%). Expression levels were then categorized as negative (0), low (1+ and 2+), or high (3+ and 4+). Combined TLR4/MyD88 scores were calculated as the simple arithmetic sum of individual ordinal expression scores (TLR4: 0–4 scale + MyD88: 0–4 scale, maximum possible combined score = 8), then dichotomized as <5 or ≥5 following the literature-based approach described by Wang et al. (8). For MMR proteins, nuclear staining was evaluated according to established criteria (26), with cases showing complete loss of expression in tumor cells with preserved internal control staining considered MMR-deficient.



2.4 DNA sequencing and variant analysis

Genomic DNA was isolated from formalin-fixed, paraffin-embedded tissue samples using the GeneJET FFPE DNA Extraction Kit (Thermo Scientific, Waltham, MA, USA). PCR amplification was performed using the following primers: TLR4-F: 5’-AGTTTGACAAATCTGCTCTAG-3’ and TLR4-R: 5’-TGGTAATAACACCATTGAAGCTCAG-3’; MyD88-F: 5’-AACCCTGGGGTTGAAGACTG-3’ and MyD88-R: 5’-GGCGAGTCCAGAACCAAGAT-3’. The expected amplicon lengths were 429 bp for TLR4 and 207 bp for MyD88. PCR products were purified using the GeneJET PCR Purification Kit (Thermo Scientific).

DNA sequencing was performed using the 3500 Genetic Analyzer (Thermo Scientific). GenBank accession numbers NM_138554.5 and NM_002468.5 were used as reference sequences for TLR4 and MyD88, respectively. Sequencing was performed bidirectionally using the same primers as for PCR amplification. Sequence variants were confirmed by repeated PCR amplification and sequencing of both DNA strands. The potential functional impact of identified variants was predicted using PolyPhen-2 (27), with multiple sequence alignment performed to evaluate evolutionary conservation. All sequence analyses were performed by two independent investigators blinded to clinical data, with discrepancies resolved through consensus review.


2.5 Statistical analysis

Statistical analyses were performed using SPSS version 20 (IBM, New York, NY, USA) and GraphPad Prism version 8.4 (GraphPad Software, San Diego, CA, USA). Demographic and clinical characteristics were compared between groups using Chi-square test or Fisher’s exact test for categorical variables, and Student’s t-test or Mann-Whitney U test for continuous variables as appropriate. For immunohistochemical scoring analysis, inter-observer agreement was assessed using Cohen’s kappa coefficient.

Correlations between TLR4 and MyD88 expression were evaluated using Pearson’s and Spearman’s correlation coefficients. For genetic variant analysis, Hardy-Weinberg equilibrium was tested using chi-square goodness-of-fit test in the control group. Logistic regression was used to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for genetic associations, with adjustment for age and gender. Multiple testing corrections were applied using the Bonferroni method for primary analyses and False Discovery Rate (FDR) for exploratory analyses. Gene-gene interaction analysis was performed using likelihood ratio tests.

Statistical significance was set at p < 0.05 (two-sided) for all tests, with adjusted p-values reported for multiple comparisons.


3 Results


3.1 Clinical and pathological characteristics

The study included 176 colorectal cancer (CRC) patients and 131 colorectal adenoma patients with complete clinical and pathological data (Table 1). Analysis of demographic features revealed that CRC patients were significantly older than adenoma patients (mean age ± SD: 66.03 ± 13.43 vs 62.44 ± 13.53 years, p=0.021), while gender distribution was comparable between groups (male: 62.5% vs 61.8%, p=0.892).


Table 1 | Clinical and pathological characteristics of the study population.


	Characteristics
	CRC (N=176)
	Adenoma (N=131)
	P-value



	Demographic Features


	Age (years)†
	66.03 ± 13.43
	62.44 ± 13.53
	0.021*


	Sex‡


	 Male
	110 (62.5)
	81 (61.8)
	0.892


	 Female
	66 (37.5)
	50 (38.2)
	 


	Tumor Characteristics


	Location‡


	 Right colon
	57 (32.4)
	31 (23.7)
	0.002*


	 Left colon
	88 (50.0)
	54 (41.2)
	 


	 Rectum
	31 (17.6)
	46 (35.1)
	 


	Size


	 Mean (cm)†
	4.47 ± 1.90
	1.43 ± 0.86
	<0.001*


	 ≥5 cm‡
	69 (39.2)
	1 (0.8)
	<0.001*


	CRC Pathological Features
	n
	%
	


	Histological type


	 Conventional adenocarcinoma
	149
	84.7
	 


	 Mucinous adenocarcinoma
	25
	14.2
	 


	 Others§
	2
	1.1
	 


	Differentiation (n=151)¥


	 Well/Moderate
	142
	94.0
	 


	 Poor
	9
	6.0
	 


	Tumor staging


	 pT1-2
	43
	24.5
	 


	 pT3-4
	133
	75.5
	 


	Lymph node metastasis
	70
	39.8
	 


	Distant metastasis
	14
	8.0
	 


	Vascular invasion
	18
	10.2
	 


	Perineural invasion
	13
	7.4
	 


	Tumor-infiltrating lymphocytes


	 High/Moderate
	52
	29.5
	 


	 Low
	124
	70.5
	 


	MSI status (n=151)¶


	 MSS
	106
	70.2
	 


	 MSI-H
	45
	29.8
	 


†Mean ± standard deviation, analyzed using Student’s t-test; ‡Number (percentage), analyzed using Student’s t-test; §Including signet ring cell carcinoma and poorly differentiated carcinoma; ¥Differentiation grading applies only to conventional adenocarcinomas per WHO criteria; ¶MSI testing performed based on clinical indications; *Statistically significant (p<0.05) CRC, Colorectal cancer; MSI, Microsatellite instability; MSS, Microsatellite stable; MSI-H, High-level microsatellite instability.


Anatomical distribution showed distinct patterns between CRC and adenoma groups (p=0.002). CRC lesions predominantly affected the left colon (50.0%), followed by right colon (32.4%) and rectum (17.6%). In contrast, adenomas demonstrated more even distribution between left colon (41.2%) and rectum (35.1%). CRC tumors exhibited significantly larger size compared to adenomas (mean diameter ± SD: 4.47 ± 1.90 vs 1.43 ± 0.86 cm, p<0.001), with 39.2% of CRC tumors measuring ≥5 cm versus only 0.8% of adenomas.

Detailed pathological assessment of CRC cases revealed conventional adenocarcinoma as the predominant histological type (84.7%), followed by mucinous adenocarcinoma (14.2%). Most tumors demonstrated well or moderate differentiation (94.0%). Advanced disease characteristics included pT3–4 stage (75.5%), lymph node metastases (39.8%), and distant metastases (8.0%). Vascular and perineural invasion were identified in 10.2% and 7.4% of cases, respectively. Analysis of tumor microenvironment features showed low tumor-infiltrating lymphocytes in 70.5% of cases. Among the 151 cases evaluated for microsatellite instability status, 29.8% exhibited MSI-H phenotype.


3.2 TLR4 and MyD88 expression patterns


3.2.1 Expression patterns in CRC and adenoma tissues

Immunohistochemical analysis revealed distinct expression patterns of TLR4 and MyD88 proteins in colorectal tissues (Figure 1). TLR4 expression was significantly higher in CRC compared to adenoma cases (66.5% vs 30.5%, p<0.001). Among CRC cases, 5.1% showed strong (3+) TLR4 expression, while 61.4% exhibited low expression (1+/2+). In adenomas, TLR4 expression was exclusively of low intensity when present.

[image: Microscopic images display varying levels of MyD88 and TLR4 expression in tissues. The top row shows MyD88 expression from negative to very strong, while the bottom row illustrates TLR4 expression similarly. Each image demonstrates cellular staining, with intensity increasing from left to right, labeled as negative, weak, moderate, strong, and strong. The scale bar indicates 100 micrometers.]Figure 1 | Representative immunohistochemical staining of TLR4 and MyD88 in colorectal cancer. Representative images showing protein expression scoring patterns. Upper panel: MyD88 immunostaining ranging from negative (0) to very strong (4+). Lower panel: TLR4 immunostaining ranging from negative (0) to strong (3+). MyD88 shows cytoplasmic staining pattern, while TLR4 exhibits both membranous and cytoplasmic staining. Expression intensity was scored on standardized scales (0-4+ for MyD88; 0-3+ for TLR4) by two independent pathologists. For quantitative analysis, scores were categorized as low (0, 1+, 2+) or high (3+/4+ for MyD88; 3+ for TLR4). Original magnification ×100, scale bar = 100 μm.
MyD88 demonstrated widespread expression in both groups with comparable overall positivity rates (CRC: 97.2%, adenoma: 95.4%, p=0.518). In CRC cases, high MyD88 expression (3+/4+) was predominant (58.5%), comprising very strong (4+, n=54) and strong (3+, n=49) staining patterns. Low expression (1+/2+) was observed in 38.7% of cases. The distribution of expression patterns is detailed in Table 2.


Table 2 | Immunohistochemical expression analysis of TLR4 and MyD88: comparison between CRC and adenoma cases.


	Expression Level
	CRC (n=176)
	Adenoma (n=131)
	P-value



	TLR4 expression


	 Negative
	59 (33.5)
	91 (69.5)
	<0.001*


	 Low (1+/2+)
	108 (61.4)
	40 (30.5)
	 


	 High (3+)
	9 (5.1)
	0 (0)
	 


	MyD88 expression


	 Negative
	5 (2.8)
	6 (4.6)
	0.518


	 Low (1+/2+)
	68 (38.7)
	44 (33.6)
	 


	 High (3+/4+)
	103 (58.5)
	81 (61.8)
	 


	Combined score


	 <5
	116 (65.9)
	115 (87.8)
	<0.001*


	 ≥5
	60 (34.1)
	16 (12.2)
	 


Values are presented as n (%); Statistical analysis was performed using Fisher’s exact test; CRC, Colorectal cancer; *Statistically significant (p<0.05).



3.2.2 Co-expression analysis

Combined TLR4/MyD88 expression analysis revealed significantly elevated scores (≥5) in CRC compared to adenoma cases (34.1% vs 12.2%, p<0.001). Correlation analysis demonstrated significant positive associations between TLR4 and MyD88 expression levels in CRC tissues (Pearson r=0.372, p<0.001; Spearman r=0.373, p<0.001). CRC cases with high MyD88 expression showed significantly higher TLR4 expression levels (p=0.001), although the inverse relationship was not statistically significant (p=0.274; Figure 2).

[image: Box plots comparing expression scores. Panel A shows MyD88 expression scores by TLR4 expression status with a p-value of 0.274, indicating no significant difference. Panel B shows TLR4 expression scores by MyD88 expression status with a p-value of 0.001, indicating a significant difference. Each plot includes high and low expression comparison.]Figure 2 | Analysis of TLR4 and MyD88 co-expression patterns in colorectal cancer. Box plots showing the relationship between TLR4 and MyD88 expression levels. (A) MyD88 expression scores in tumors with low versus high TLR4 expression (p=0.274). (B) TLR4 expression scores in tumors with low versus high MyD88 expression (p=0.001). Expression levels were dichotomized as low (0, 1+, 2+) or high (3+/4+ for MyD88; 3+ for TLR4). Boxes represent interquartile range with median line; whiskers show range; circles indicate outliers. Statistical analysis was performed using Mann-Whitney U test.

3.2.3 Clinicopathological correlations

Protein expression patterns showed several significant associations with clinicopathological features (Table 3). High TLR4 expression significantly correlated with perineural invasion (30.0% vs 5.6%, p=0.029), with trends toward association with vascular invasion (17.6% vs 6.0%, p=0.123) and high-grade tumor budding (18.8% vs 5.4%, p=0.161).


Table 3 | Analysis of TLR4 and MyD88 expression in relation to major clinicopathological parameters in CRC (N=176).


	Parameters
	TLR4 Expression
	MyD88 Expression
	Combined Score


	Low
	High
	P-value
	Low
	High
	P-value
	<5
	≥5
	P-value



	Tumor Invasion


	pT stage


	 pT1-2
	21 (91.3)
	2 (8.7)
	0.561
	16 (40.0)
	24 (60.0)
	0.972
	33 (76.7)
	10 (23.3)
	0.085


	 pT3-4
	87 (92.6)
	7 (7.4)
	 
	52 (39.7)
	79 (60.3)
	 
	83 (62.4)
	50 (37.6)
	 


	Perineural invasion


	 Absent
	101 (94.4)
	6 (5.6)
	0.029*
	65 (41.1)
	93 (58.9)
	0.201
	110 (67.5)
	53 (32.5)
	0.136


	 Present
	7 (70.0)
	3 (30.0)
	 
	3 (23.1)
	10 (76.9)
	 
	6 (46.2)
	7 (53.8)
	 


	Vascular invasion


	 Absent
	94 (94.0)
	6 (6.0)
	0.123
	63 (41.2)
	90 (58.8)
	0.272
	107 (67.7)
	51 (32.3)
	0.133


	 Present
	14 (82.4)
	3 (17.6)
	 
	5 (27.8)
	13 (72.2)
	 
	9 (50.0)
	9 (50.0)
	 


	Metastasis Spread


	Lymph node metastasis


	 Absent
	64 (91.4)
	6 (8.6)
	0.739
	44 (43.1)
	58 (56.9)
	0.273
	76 (71.7)
	30 (28.3)
	0.046*


	 Present
	44 (93.6)
	3 (6.4)
	 
	24 (34.8)
	45 (65.2)
	 
	40 (57.1)
	30 (42.9)
	 


	Tumor Progression


	Tumor budding


	 Low
	70 (94.6)
	4 (5.4)
	0.161
	55 (46.2)
	64 (53.8)
	0.022*
	92 (74.2)
	32 (25.8)
	0.002*


	 Intermediate
	25 (92.6)
	2 (7.4)
	 
	10 (29.4)
	24 (70.6)
	 
	16 (47.1)
	18 (52.9)
	 


	 High
	13 (81.3)
	3 (18.8)
	 
	3 (16.7)
	15 (83.3)
	 
	8 (44.4)
	10 (55.6)
	 


Data presented as number (percentage); Statistical analysis was performed using the Chi-square test or Fisher’s exact test where appropriate; *Statistically significant (p<0.05; CRC, Colorectal cancer.


MyD88 expression demonstrated a significant association with tumor budding grade (p=0.022), showing progressive increases from low-grade (53.8%) through intermediate-grade (70.6%) to high-grade tumors (83.3%). Combined TLR4/MyD88 scores ≥5 correlated significantly with lymph node metastasis (42.9% vs 28.3%, p=0.046) and tumor budding grade (p=0.002). A trend was observed between combined scores ≥5 and advanced pT stage (37.6% in pT3–4 vs 23.3% in pT1-2, p=0.085)–. The association between MyD88 expression and tumor budding grade demonstrates biological plausibility, as MyD88-dependent signaling promotes epithelial-mesenchymal transition programs crucial for tumor invasion. The progressive increase in MyD88 expression from low-grade (53.8%) through intermediate-grade (70.6%) to high-grade (83.3%) tumor budding supports a dose-response relationship between pathway activation and invasive potential. Comprehensive analysis of protein expression in relation to all clinicopathological parameters, including age, tumor location, size, differentiation grade, and immune features, revealed no additional statistically significant associations (Supplementary Table S1).


3.3 Genetic analysis


3.3.1 Identification and distribution of variants

DNA sequencing analysis identified five missense variants: three in TLR4 (rs1444566743, 9:117713028, and 9:117713042) and two in MyD88 (rs2125780689 and rs138284536). All variants maintained Hardy-Weinberg equilibrium in both study groups (Table 4). The distribution of variants showed distinct patterns between CRC and control groups, with genotype frequencies detailed in Table 4. Sequence analysis demonstrated clear heterozygous variant patterns, as shown by the chromatograms in Figure 3. All identified variants were observed only in heterozygous state; no homozygous variant genotypes were detected in either study group. This absence of homozygous variants precluded meaningful recessive model analysis and limited statistical power for comprehensive genetic model testing.


Table 4 | Genetic analysis of TLR4 and MyD88 variants in CRC.


	Gene/Variant
	Position
	MAF
	HWE (p-value)
	Genotype Distribution
	OR (95% CI)
	P-value


	Adenoma
	CRC
	Adenoma
	CRC
	Adenoma
	CRC



	TLR4


	rs1444566743
	9:117713041
	0.041
	0.048
	0.925
	0.853
	AA: 78 (91.8)
	AA: 113 (90.4)
	1.00
	–


	 
	 
	 
	 
	 
	 
	AG: 7 (8.2)
	AG: 12 (9.6)
	1.18 (0.45-3.14)
	0.735


	9:117713028
	9:117713028
	0.018
	0.032
	0.986
	0.934
	TT: 82 (96.5)
	TT: 117 (93.6)
	1.00
	–


	 
	 
	 
	 
	 
	 
	TG: 3 (3.5)
	TG: 8 (6.4)
	1.87 (0.48-7.26)
	0.366


	9:117713042
	9:117713042
	0.006
	0.048
	0.999
	0.854
	AA: 84 (98.8)
	AA: 113 (90.4)
	1.00
	–


	 
	 
	 
	 
	 
	 
	AG: 1 (1.2)
	AG: 12 (9.6)
	8.92 (1.14-69.95)
	0.037*


	MyD88


	rs2125780689
	3:38141253
	0.071
	0.010
	0.703
	0.993
	GG: 102 (85.7)
	GG: 150 (98.0)
	1.00
	–


	 
	 
	 
	 
	 
	 
	GA: 17 (14.3)
	GA: 3 (2.0)
	0.12 (0.03-0.42)
	<0.001*


	rs138284536
	3:38141255
	0.008
	0.128
	0.996
	0.196
	CC: 117 (98.3)
	CC: 114 (74.5)
	1.00
	–


	 
	 
	 
	 
	 
	 
	CA: 2 (1.7)
	CA: 39 (25.5)
	20.01 (4.72-84.83)
	<0.001*


MAF, Minor allele frequency; HWE, Hardy-Weinberg equilibrium; OR, Odds ratio; CI, Confidence interval; Adenoma group: n=85 for TLR4, n=119 for MyD88; Colorectal cancer (CRC) group: n=125 for TLR4, n=153 for MyD88; Genotype data presented as number (percentage); Statistical analysis performed using chi-square test/Fisher’s exact test for frequencies and logistic regression for OR calculation; HWE tested using chi-square goodness-of-fit test; *Statistically significant (p<0.05).


[image: Genetic sequencing results displayed as chromatograms.   Panel A: Three sequences for TLR4 are shown. Each has wild-type and heterozygous variants, indicated by arrows at specific base pairs.   Panel B: Two sequences for MyD88 show similar comparisons with wild-type and heterozygous variations marked by arrows.   Sequences consist of colored peaks representing nucleotides: green (A), red (T), blue (C), and black (G).]Figure 3 | DNA sequence analysis of TLR4 and MyD88 variants in colorectal cancer. Representative DNA sequencing chromatograms showing identified variants. (A) TLR4 variants: wild-type (top) and heterozygous variant (bottom) sequences at positions 9:117713028 (T>G), 9:117713041/rs1444566743 (A>G), and 9:117713042 (A>G). (B) MyD88 variants: wild-type (top) and heterozygous variant (bottom) sequences at rs2125780689 (G>A) and rs138284536 (C>A). Arrows indicate variant positions. Base changes are shown in parentheses (reference>variant). Sequence analysis was performed using standard Sanger sequencing methods.


3.4 Risk assessment for CRC

Genetic association analysis revealed significant relationships between specific variants and CRC risk (Table 4). The TLR4 9:117713042 variant showed increased CRC risk, with AG genotype being more frequent in cases versus controls (9.6% vs 1.2%, OR=8.92, 95% CI: 1.14-69.95, p=0.037). MyD88 variants demonstrated opposing effects: rs2125780689 GA genotype showed a protective association (2.0% vs 14.3%, OR=0.12, 95% CI: 0.03-0.42, p<0.001), while rs138284536 CA genotype was associated with increased risk (25.5% vs 1.7%, OR=20.01, 95% CI: 4.72-84.83, p<0.001). Extended genetic model analysis, including dominant, recessive models and allele-based analysis, confirmed these associations and is detailed in Supplementary Table S2. However, the wide confidence intervals for these variants reflect limited sample size and low variant frequencies, indicating substantial uncertainty around effect estimates. While associations appear strong, replication in larger cohorts is essential for validation given the limited statistical precision.


3.5 In silico functional prediction

PolyPhen-2 analysis predicted potentially significant functional effects for both TLR4 variants (Figure 4). The p.I300M variant (9:117713028) was predicted to be probably damaging (score: 0.971, sensitivity: 0.77, specificity: 0.96). The p.N305S variant (9:117713042) was predicted to be possibly damaging (score: 0.888, sensitivity: 0.82, specificity: 0.94). Multiple sequence alignment demonstrated conservation of these positions across species. The predicted structural impacts, while computationally supported, must be interpreted cautiously given the absence of functional validation. The p.N305S substitution affects a conserved asparagine residue in the TLR4 extracellular domain, potentially altering ligand binding affinity, while the MyD88 variants may impact adapter protein interactions.

[image: Panel A shows a DNA sequence alignment with a predicted “Probably Damaging” mutation, scoring 0.971 with sensitivity of 0.77 and specificity of 0.96. The sequence highlights mutations and corresponding changes. Panel B presents a similar alignment with a “Possibly Damaging” mutation, scoring 0.888 with sensitivity of 0.82 and specificity of 0.94. Both panels contain color gradient bars indicating mutation impact.]Figure 4 | Functional impact analysis of TLR4 variants using PolyPhen-2. (A) Analysis of p.I300M variant (c.900A>G, chr9:117713028) showing “probably damaging” prediction (score: 0.971; sensitivity: 0.77; specificity: 0.96). (B) Analysis of p.N305S variant (c.914A>G, chr9:117713042) showing “possibly damaging” prediction (score: 0.888; sensitivity: 0.82; specificity: 0.94). For both variants, conservation analysis across species is shown below the prediction plots. Color scale represents predicted impact: green (benign, 0) to red (damaging, 1). Vertical black lines indicate variant-specific scores. Conserved amino acid positions are highlighted.

3.6 Genotype-phenotype associations and clinical correlations

Analysis of genotype-phenotype relationships revealed distinct patterns for TLR4 and MyD88 variants (Table 5). The TLR4 9:117713042 variant showed significant association with mucinous histology (23.5% vs 7.4% in conventional adenocarcinomas, p=0.038).


Table 5 | Genotype-phenotype associations: analysis of genetic variants in relation to clinical and molecular features.


	Features
	TLR4 9:117713042
	MyD88 rs138284536


	Wild-ype
	Variant
	p
	Wild-ype
	Variant
	p



	Histological Features


	Histological type


	 Conventional
	99 (92.5)
	8 (7.5)
	0.038*
	99 (77.3)
	29 (22.7)
	0.036*


	 Mucinous
	13 (76.5)
	4 (23.5)
	 
	13 (56.5)
	10 (43.5)
	 


	Disease Progression


	pT stage


	 pT1-2
	25 (78.1)
	7 (21.9)
	0.012*
	33 (86.8)
	5 (13.2)
	0.044*


	 pT3-4
	88 (94.6)
	5 (5.4)
	 
	81 (70.4)
	34 (29.6)
	 


	Perineural invasion


	 Absent
	104 (91.2)
	10 (8.8)
	0.285
	109 (77.9)
	31 (22.1)
	0.004*


	 Present
	9 (81.8)
	2 (18.2)
	 
	5 (38.5)
	8 (61.5)
	 


	Tumor Microenvironment


	TILs


	 High/Moderate
	35 (94.6)
	2 (5.4)
	0.507
	42 (91.3)
	4 (8.7)
	0.002*


	 Low
	78 (88.6)
	10 (11.4)
	 
	72 (67.3)
	35 (32.7)
	 


	MSI status


	 MSS
	72 (90.0)
	8 (10.0)
	0.740
	73 (78.5)
	20 (21.5)
	0.006*


	 MSI-H
	28 (87.5)
	4 (12.5)
	 
	22 (55.0)
	18 (45.0)
	 


	Protein Expression


	Expression level


	 Low
	75 (91.5)
	9 (81.8)
	0.288
	38 (70.4)
	16 (29.6)
	0.404


	 High
	7 (8.5)
	2 (18.2)
	 
	72 (76.6)
	22 (23.4)
	 


	Combined score


	 <5
	67 (59.3)
	5 (41.7)
	0.240
	67 (58.8)
	29 (74.4)
	0.082


	 ≥5
	46 (40.7)
	7 (58.3)
	 
	47 (41.2)
	10 (25.6)
	 


Data presented as number (percentage); Wild-type: AA for TLR4, CC for MyD88; Variant: AG for TLR4, CA for MyD88; Low expression: scores 0-2+; High expression: scores 3+ for TLR4, 3+/4+ for MyD88; Combined score represents the sum of TLR4 and MyD88 expression scores (Low: <5; High: ≥5); Statistical analysis performed using Chi-square test or Fisher’s exact test where appropriate. *Statistically significant (p<0.05) TILs, Tumor-infiltrating lymphocytes; MSI, Microsatellite instability; MSS, Microsatellite stable; MSI-H, High-level microsatellite instability.


MyD88 rs138284536 variant demonstrated multiple significant clinicopathological associations. It was more frequent in mucinous versus conventional adenocarcinomas (43.5% vs 22.7%, p=0.036), advanced pT stage (29.6% vs 13.2%, p=0.044), and cases with perineural invasion (61.5% vs 22.1%, p=0.004). This variant also showed significant associations with tumor microenvironment features, occurring more frequently in tumors with low TILs (32.7% vs 8.7%, p=0.005) and MSI-H status (45.0% vs 21.5%, p=0.006). This paradoxical relationship suggests that variant-mediated pathway alterations may influence both DNA repair mechanisms and immune cell recruitment, contributing to the heterogeneous MSI-H phenotype. Analysis of variant distribution across additional clinical parameters including age groups, tumor size, differentiation grade, vascular invasion, and distant metastasis is provided in Supplementary Table S3.


4 Discussion

Our comprehensive analysis of TLR4/MyD88 pathway in colorectal cancer reveals three key findings that advance our understanding of inflammatory signaling in colorectal carcinogenesis. First, we demonstrated distinct expression patterns of TLR4/MyD88 between CRC and adenomas, characterized by significantly higher TLR4 expression in CRC tissues and predominant high-level MyD88 expression in CRC cases. Second, we identified novel genetic variants in both TLR4 and MyD88 genes that significantly influence CRC susceptibility and progression. Third, we established strong associations between TLR4/MyD88 pathway activation and aggressive tumor features, including perineural invasion, high-grade tumor budding, and lymph node metastasis. The detailed examination of these findings and their relationship to current understanding of colorectal cancer biology will be discussed in the following sections.



4.1 Expression patterns and their significance

Our study revealed distinct expression patterns of TLR4/MyD88 in colorectal cancer compared to adenomas, with several important implications for understanding CRC pathogenesis. The most striking finding was the significantly higher TLR4 expression in CRC tissues (66.5% vs 30.5%, p<0.001), while MyD88 showed widespread expression in both groups with comparable overall positivity rates (CRC: 97.2%, adenoma: 95.4%). These findings align with current understanding of TLR4/MyD88 signaling in intestinal homeostasis and inflammation (19, 28), where controlled cytokine release and danger signals regulate immune responses while maintaining tolerance to beneficial bacteria.

While TLR4 expression was elevated in CRC compared to adenomas, the majority (61.4%) of TLR4-positive cases showed low expression intensity, particularly in advanced stages. This observation aligns with both Crame et al.’s findings (29) and recent mechanistic studies (30, 31) demonstrating dynamic regulation of TLR4 signaling during tumor progression. This stage-dependent expression pattern supports the evolving concept of inflammation-driven carcinogenesis (16).

The concurrent evaluation of TLR4 and MyD88 expression revealed significant positive correlations (Pearson r=0.372, p<0.001), indicating coordinated pathway activation. This finding supports previous mechanistic studies showing TLR4/MyD88 signaling functions as an integrated pathway in colorectal carcinogenesis (8, 32). Recent molecular analyses have further elucidated how this coordinated signaling influences tumor microenvironment through multiple mechanisms, including NF-κB activation and cytokine production (33, 34). The concurrent evaluation of TLR4 and MyD88 expression revealed significant positive correlations, indicating coordinated pathway activation potentially amplifying downstream oncogenic signals through NF-κB-mediated cytokine production and immune modulation.

In the context of tumor immunity, our findings of predominantly low TLR4 expression in advanced stages could be explained by emerging insights into immune checkpoint regulation. Studies have shown that TLR4 signaling can influence PD-L1 expression and T-cell responses (35, 36), particularly relevant given recent evidence linking innate immune signaling to tumor immune evasion strategies (37, 38).


4.2 Molecular and functional implications

The molecular analysis of TLR4/MyD88 signaling in our study revealed complex interactions with implications for CRC progression. The significant correlation between TLR4 and MyD88 expression (Pearson r=0.372, Spearman r=0.373, p<0.001) suggests coordinated pathway activation, potentially amplifying downstream oncogenic signals. High MyD88 expression significantly associated with elevated TLR4 levels (p=0.001), indicating synergistic pathway activation, consistent with the canonical TLR4 signaling cascade (11, 39).

Our findings demonstrate that enhanced TLR4/MyD88 signaling significantly correlates with aggressive tumor features, particularly perineural invasion (p=0.029) and tumor budding (p=0.022). This association aligns with current understanding of pathway-mediated tumor progression through multiple mechanisms. First, TLR4 activation enhances β1 integrin function via AKT phosphorylation, promoting cell adhesion and metastatic potential (40, 41). Second, TLR4/MyD88 signaling activates the urokinase plasminogen activator system through NF-κB, facilitating tumor invasion and metastasis (34, 42).

The pathway’s influence on tumor microenvironment is particularly noteworthy. Combined high TLR4/MyD88 expression significantly associated with lymph node metastasis (p=0.046) and high-grade tumor budding (p=0.002). Recent studies have shown that TLR4/MyD88-mediated COX-2/PGE2 signaling in tumor stromal cells promotes cancer progression through multiple mechanisms: inhibiting apoptosis, enhancing angiogenesis, and modulating immune function (37, 43). This is supported by experimental models showing that MyD88-dependent signaling influences tumor-associated inflammation and progression (44, 45).


4.3 Novel genetic variants and their association with CRC risk

Our comprehensive genetic analysis revealed novel variants in both TLR4 and MyD88 genes that significantly influence CRC susceptibility and progression. The TLR4 9:117713042 variant emerged as a significant risk factor, with the AG genotype associated with increased CRC susceptibility (OR=8.92, 95% CI: 1.14-69.95). The predicted damaging effect of this asparagine to serine substitution (PolyPhen-2 score: 0.888) suggests functional implications for TLR4 signaling. Unlike previously reported TLR4 variants in European populations (15, 18), our newly identified variant appears to enhance rather than diminish signaling activity, particularly relevant given recent structural studies of TLR4 domains (46). The exclusive heterozygous presentation of variants in our study reflects their rarity in the Vietnamese population. Notably, the TLR4 9:117713042 variant represents a novel finding in colorectal cancer, located near the well-studied rs4986790 (Asp299Gly) polymorphism on exon 3, suggesting potential functional significance that warrants further investigation.

The MyD88 rs138284536 variant demonstrated even stronger disease association (OR=20.01, 95% CI: 4.72-84.83) and revealed complex interactions with tumor biology. Its association with MSI-H status (45.0% vs 21.5%, p=0.006) yet concurrent low TILs presents an intriguing paradox in MSI-H tumor phenotype (20). This observation can be explained by recent molecular studies showing MyD88-dependent signaling’s dual influence on DNA repair mechanisms and immune cell recruitment (47, 48). The variant’s impact on tumor progression is further evidenced by its associations with mucinous histology (43.5% vs 22.7%, p=0.036), advanced pT stage (29.6% vs 13.2%, p=0.044), and perineural invasion (61.5% vs 22.1%, p=0.004).

In silico analyses predict that both variants could affect protein structure and function, supported by our observation of differential protein expression patterns in variant carriers (49, 50). These structural modifications may explain the enhanced signaling activity suggested by our clinicopathological correlations. The interaction between these genetic variants and the tumor microenvironment appears to be bidirectional, influencing both tumor cells and stromal components (51, 52).


4.4 Clinicopathological correlations and prognostic implications

The complex interactions between TLR4/MyD88 signaling and tumor progression revealed in our study provide important insights into CRC biology and potential prognostic stratification. A particularly significant finding was the relationship between TLR4/MyD88 activation and patterns of tumor invasion. The association with perineural invasion suggests involvement in neurotropic spread, a feature increasingly recognized as an independent prognostic factor in CRC (53, 54). This observation aligns with recent mechanistic studies demonstrating that TLR4 activation enhances neural-tumor interactions through NGF/TrkA signaling and chemokine production (55, 56).

The pathway’s influence extends to tumor dissemination, with combined high TLR4/MyD88 expression correlating with lymph node metastasis. Recent studies have shown that TLR4/MyD88-mediated inflammation can modify the lymph node microenvironment through enhanced vascular remodeling (57, 58) and immune modulation (59). Our observation of strong associations with tumor budding carries particular significance, given its emergence as a key prognostic indicator in CRC (60). The relationship between inflammatory signaling and tumor budding provides new insights into epithelial-mesenchymal transition programs crucial for tumor progression (61, 62).

The association between pathway activation and specific tumor subtypes, particularly mucinous histology and MSI status, indicates potential utility in molecular stratification. These relationships acquire greater significance considering recent evidence that inflammatory signaling patterns can predict therapeutic response, especially to immunotherapy (63, 64). The differential expression patterns across tumor subtypes suggest opportunities for personalized therapeutic approaches (65, 66). This concept is supported by recent pan-cancer analyses showing that inflammatory signaling networks can orchestrate multiple hallmarks of cancer progression (67, 68).


4.5 Study limitations

Several key limitations should be considered when interpreting our findings. First, study design and statistical power limitations include the moderate single-center sample size (176 CRC, 131 adenoma cases) which may limit generalizability, particularly for genetic associations with wide confidence intervals. The cross-sectional design prevents definitive causal inference, and the absence of homozygous variant genotypes limited comprehensive genetic model analysis and statistical power for recessive inheritance patterns.

Second, molecular analysis limitations encompass the lack of functional validation assays to confirm predicted biological effects of identified genetic variants. While in silico analyses suggest functional impacts, experimental validation through in vitro and in vivo studies is required to establish causality and confirm structural predictions.

Third, analytical scope limitations include our focus on selected TLR4 and MyD88 variants, which may not capture the full spectrum of inflammatory pathway alterations in CRC. Future larger, multi-center studies with comprehensive molecular profiling, functional validation experiments, and longitudinal follow-up would help validate and extend our observations (69, 70).


5 Conclusions

This study establishes three key findings regarding TLR4/MyD88 pathway alterations in colorectal cancer. First, we demonstrated distinct expression patterns between CRC and adenomas, with significantly higher TLR4 expression and predominant high-level MyD88 expression in CRC tissues. Second, we identified novel genetic variants in both TLR4 and MyD88 genes that significantly influence disease susceptibility and progression. Third, we established strong associations between pathway activation and aggressive tumor features, particularly perineural invasion and high-grade tumor budding.

These molecular signatures enhance our understanding of inflammation-driven colorectal carcinogenesis and show promise for improving disease stratification and prognostication. The identification of novel variants and their associations with specific clinicopathological features provides potential biomarkers for risk assessment and therapeutic targeting. Future studies should focus on functional validation of these variants and evaluation of their utility in personalized treatment approaches.

Our findings suggest potential future research directions for TLR4/MyD88 pathway modulation in colorectal cancer, though extensive functional validation and clinical studies would be required before any therapeutic applications could be considered.


Data availability statement

The data presented in the study are deposited in the Zenodo repository, DOI: 10.5281/zenodo.15805321. The dataset is publicly available at: https://zenodo.org/records/15805321.


Ethics statement

The studies involving humans were approved by Ethics Committee of Military Hospital 103 (Decision No. 06/CNChT-HĐĐĐ, dated January 6, 2023). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.


Author contributions

TD: Conceptualization, Formal Analysis, Investigation, Methodology, Writing – original draft. VP: Conceptualization, Formal Analysis, Investigation, Methodology, Writing – original draft. NT: Formal Analysis, Investigation, Validation, Writing – original draft. TN: Formal Analysis, Investigation, Validation, Writing – original draft. VC: Formal Analysis, Investigation, Validation, Writing – original draft. HN: Formal Analysis, Funding acquisition, Investigation, Project administration, Validation, Writing – original draft. TN: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing. TD: Conceptualization, Project administration, Resources, Supervision, Writing – review & editing.


Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by the Vietnam Academy of Science and Technology (VAST), grant number NCXS.01.03/23-25. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.


Acknowledgments

The authors would like to thank the staff of the Department of Pathology, Military Hospital 103, for their technical assistance in specimen processing and immunohistochemical staining. We also acknowledge all the patients who participated in this study. The content of this manuscript has not been previously published and is not under consideration for publication elsewhere.


Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.


Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1568729/full#supplementary-material




References
	
 Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834, PMID: 38572751

	
 Arnold, M, Sierra, MS, Laversanne, M, Soerjomataram, I, Jemal, A, and Bray, F. Global patterns and trends in colorectal cancer incidence and mortality. Gut. (2017) 66:683–91. doi: 10.1136/gutjnl-2015-310912, PMID: 26818619

	
 Rawla, P, Sunkara, T, and Barsouk, A. Epidemiology of colorectal cancer: incidence, mortality, survival, and risk factors. Prz Gastroenterol. (2019) 14:89–103. doi: 10.5114/pg.2018.81072, PMID: 31616522

	
 Francuz, T, Czajka-Francuz, P, Cisoń-Jurek, S, and Wojnar, J. The role of inflammation in colon cancer pathogenesis. Postepy Hig Med Dosw (Online). (2016) 70:360–6. doi: 10.5604/17322693.1200551, PMID: 27117112

	
 Greten, FR, and Grivennikov, SI. Inflammation and cancer: triggers, mechanisms, and consequences. Immunity. (2019) 51:27–41. doi: 10.1016/j.immuni.2019.06.025, PMID: 31315034

	
 Mantovani, A, Allavena, P, Sica, A, and Balkwill, F. Cancer-related inflammation. Nature. (2008) 454:436–44. doi: 10.1038/nature07205, PMID: 18650914

	
 Chen, CY, Kao, CL, and Liu, CM. The cancer prevention, anti-inflammatory and anti-oxidation of bioactive phytochemicals targeting the TLR4 signaling pathway. Int J Mol Sci. (2018) 19:1–17. doi: 10.3390/ijms19092729, PMID: 30213077

	
 Wang, EL, Qian, ZR, Nakasono, M, Tanahashi, T, Yoshimoto, K, Bando, Y, et al. High expression of Toll-like receptor 4/myeloid differentiation factor 88 signals correlates with poor prognosis in colorectal cancer. Br J cancer. (2010) 102:908–15. doi: 10.1038/sj.bjc.6605558, PMID: 20145615

	
 Fukata, M, and Abreu, MT. Role of Toll-like receptors in gastrointestinal Malignancies. Oncogene. (2008) 27:234–43. doi: 10.1038/sj.onc.1210908, PMID: 18176605

	
 Wang, JH, Manning, BJ, Wu, QD, Blankson, S, Bouchier-Hayes, D, and Redmond, HP. Endotoxin/lipopolysaccharide activates NF-kappa B and enhances tumor cell adhesion and invasion through a beta 1 integrin-dependent mechanism. J Immunol. (2003) 170:795–804. doi: 10.4049/jimmunol.170.2.795, PMID: 12517943

	
 Fukata, M, Chen, A, Vamadevan, AS, Cohen, J, Breglio, K, Krishnareddy, S, et al. Toll-like receptor-4 promotes the development of colitis-associated colorectal tumors. Gastroenterology. (2007) 133:1869–81. doi: 10.1053/j.gastro.2007.09.008, PMID: 18054559

	
 Huang, B, Zhao, J, Li, H, He, KL, Chen, Y, Chen, SH, et al. Toll-like receptors on tumor cells facilitate evasion of immune surveillance. Cancer Res. (2005) 65:5009–14. doi: 10.1158/0008-5472.CAN-05-0784, PMID: 15958541

	
 Fukata, M, Hernandez, Y, Conduah, D, Cohen, J, Chen, A, Breglio, K, et al. Innate immune signaling by Toll-like receptor-4 (TLR4) shapes the inflammatory microenvironment in colitis-associated tumors. Inflammation Bowel Dis. (2009) 15:997–1006. doi: 10.1002/ibd.20880, PMID: 19229991

	
 Semlali, A, Reddy Parine, N, Arafah, M, Mansour, L, Azzi, A, Al Shahrani, O, et al. Expression and polymorphism of toll-like receptor 4 and effect on NF-κB mediated inflammation in colon cancer patients. PloS One. (2016) 11:e0146333. doi: 10.1371/journal.pone.0146333, PMID: 26771524

	
 Pimentel-Nunes, P, Teixeira, AL, Pereira, C, Gomes, M, Brandão, C, Rodrigues, C, et al. Functional polymorphisms of Toll-like receptors 2 and 4 alter the risk for colorectal carcinoma in Europeans. Digestive Liver Disease. (2013) 45:63–9. doi: 10.1016/j.dld.2012.08.006, PMID: 22999059

	
 Rakoff-Nahoum, S, and Medzhitov, R. Toll-like receptors and cancer. Nat Rev Cancer. (2009) 9:57–63. doi: 10.1038/nrc2541, PMID: 19052556

	
 Klimosch, SN, Försti, A, Eckert, J, Knezevic, J, Bevier, M, von Schönfels, W, et al. Functional TLR5 genetic variants affect human colorectal cancer survival. Cancer Res. (2013) 73:7232–42. doi: 10.1158/0008-5472.CAN-13-1746, PMID: 24154872

	
 Omrane, I, Baroudi, O, Kourda, N, Bignon, YJ, Uhrhammer, N, Desrichard, A, et al. Positive link between variant Toll-like receptor 4 (Asp299Gly and Thr399Ile) and colorectal cancer patients with advanced stage and lymph node metastasis. Tumour Biol. (2014) 35:545–51. doi: 10.1007/s13277-013-1075-6, PMID: 23949880

	
 Sato, Y, Goto, Y, Narita, N, and Hoon, DS. Cancer cells expressing toll-like receptors and the tumor microenvironment. Cancer Microenviron. (2009) 2 Suppl 1:205–14. doi: 10.1007/s12307-009-0022-y, PMID: 19685283

	
 Mestrallet, G, Brown, M, Bozkus, CC, and Bhardwaj, N. Immune escape and resistance to immunotherapy in mismatch repair deficient tumors. Front Immunol. (2023) 14. doi: 10.3389/fimmu.2023.1210164, PMID: 37492581

	
 Gonzalez, RS, Raza, A, Propst, R, Adeyi, O, Bateman, J, Sopha, SC, et al. Recent advances in digestive tract tumors: updates from the 5th edition of the world health organization “Blue book. Arch Pathol Lab Med. (2020) 145:607–26. doi: 10.5858/arpa.2020-0047-ra, PMID: 32886739

	
 Argilés, G, Tabernero, J, Labianca, R, Hochhauser, D, Salazar, R, Iveson, T, et al. Localised colon cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up&x2020;. Ann Oncol. (2020) 31:1291–305. doi: 10.1016/j.annonc.2020.06.022, PMID: 32702383

	
 Amin, MB, Greene, FL, Edge, SB, Compton, CC, Gershenwald, JE, Brookland, RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a more “personalized” approach to cancer staging. CA Cancer J Clin. (2017) 67:93–9. doi: 10.3322/caac.21388, PMID: 28094848

	
 Lugli, A, Kirsch, R, Ajioka, Y, Bosman, F, Cathomas, G, Dawson, H, et al. Recommendations for reporting tumor budding in colorectal cancer based on the International Tumor Budding Consensus Conference (ITBCC) 2016. Mod Pathol. (2017) 30:1299–311. doi: 10.1038/modpathol.2017.46, PMID: 28548122

	
 Hendry, S, Salgado, R, Gevaert, T, Russell, PA, John, T, Thapa, B, et al. Assessing tumor-infiltrating lymphocytes in solid tumors: A practical review for pathologists and proposal for a standardized method from the international immunooncology biomarkers working group: part 1: assessing the host immune response, TILs in invasive breast carcinoma and ductal carcinoma in situ, metastatic tumor deposits and areas for further research. Adv Anat Pathol. (2017) 24:235–51. doi: 10.1097/PAP.0000000000000162, PMID: 28777142

	
 McCarthy, AJ, Capo-Chichi, JM, Spence, T, Grenier, S, Stockley, T, Kamel-Reid, S, et al. Heterogenous loss of mismatch repair (MMR) protein expression: a challenge for immunohistochemical interpretation and microsatellite instability (MSI) evaluation. J Pathol Clin Res. (2019) 5:115–29. doi: 10.1002/cjp2.120, PMID: 30387329

	
 Adzhubei, IA, Schmidt, S, Peshkin, L, Ramensky, VE, Gerasimova, A, Bork, P, et al. A method and server for predicting damaging missense mutations. Nat Methods. (2010) 7:248–9. doi: 10.1038/nmeth0410-248, PMID: 20354512

	
 de Kivit, S, Tobin, MC, Forsyth, CB, Keshavarzian, A, and Landay, AL. Regulation of intestinal immune responses through TLR activation: implications for pro- and prebiotics. Front Immunol. (2014) 5:60. doi: 10.3389/fimmu.2014.00060, PMID: 24600450

	
 Crame, EE, Nourmohammadi, S, Wardill, HR, Coller, JK, and Bowen, JM. Contribution of TLR4 to colorectal tumor microenvironment, etiology and prognosis. J Cancer Res Clin Oncol. (2023) 149:3009–21. doi: 10.1007/s00432-022-04199-4, PMID: 35841426

	
 Mukherjee, S, Patra, R, Behzadi, P, Masotti, A, Paolini, A, and Sarshar, M. Toll-like receptor-guided therapeutic intervention of human cancers: molecular and immunological perspectives. Front Immunol. (2023) 14:1244345. doi: 10.3389/fimmu.2023.1244345, PMID: 37822929

	
 Mai, CW, Kang, YB, and Pichika, MR. Should a Toll-like receptor 4 (TLR-4) agonist or antagonist be designed to treat cancer? TLR-4: its expression and effects in the ten most common cancers. OncoTargets Ther. (2013) 6:1573–87. doi: 10.2147/OTT.S50838, PMID: 24235843

	
 Chen, X, Zhao, F, Zhang, H, Zhu, Y, Wu, K, and Tan, G. Significance of TLR4/MyD88 expression in breast cancer. Int J Clin Exp pathol. (2015) 8:7034–9., PMID: 26261595

	
 Salcedo, R, Cataisson, C, Hasan, U, Yuspa, SH, and Trinchieri, G. MyD88 and its divergent toll in carcinogenesis. Trends Immunol. (2013) 34:379–89. doi: 10.1016/j.it.2013.03.008, PMID: 23660392

	
 Killeen, SD, Wang, JH, Andrews, EJ, and Redmond, HP. Bacterial endotoxin enhances colorectal cancer cell adhesion and invasion through TLR-4 and NF-kappaB-dependent activation of the urokinase plasminogen activator system. Br J cancer. (2009) 100:1589–602. doi: 10.1038/sj.bjc.6604942, PMID: 19436306

	
 Hino, R, Kabashima, K, Kato, Y, Yagi, H, Nakamura, M, Honjo, T, et al. Tumor cell expression of programmed cell death-1 ligand 1 is a prognostic factor for Malignant melanoma. Cancer. (2010) 116:1757–66. doi: 10.1002/cncr.24899, PMID: 20143437

	
 Wang, Y, Chung, YR, Eitzinger, S, Palacio, N, Gregory, S, Bhattacharyya, M, et al. TLR4 signaling improves PD-1 blockade therapy during chronic viral infection. PLoS Pathog. (2019) 15:e1007583. doi: 10.1371/journal.ppat.1007583, PMID: 30726291

	
 Oshima, H, and Oshima, M. The inflammatory network in the gastrointestinal tumor microenvironment: lessons from mouse models. J gastroenterol. (2012) 47:97–106. doi: 10.1007/s00535-011-0523-6, PMID: 22218775

	
 Kim, H-J, Kim, H, Lee, J-H, and Hwangbo, C. Toll-like receptor 4 (TLR4): new insight immune and aging. Immun Ageing. (2023) 20:67. doi: 10.1186/s12979-023-00383-3, PMID: 38001481

	
 Chandrasekar, SA, Palaniyandi, T, Parthasarathy, U, Surendran, H, Viswanathan, S, Wahab, MRA, et al. Implications of Toll-like receptors (TLRs) and their signaling mechanisms in human cancers. Pathol - Res Practice. (2023) 248:154673. doi: 10.1016/j.prp.2023.154673, PMID: 37453359

	
 Hsu, RY, Chan, CH, Spicer, JD, Rousseau, MC, Giannias, B, Rousseau, S, et al. LPS-induced TLR4 signaling in human colorectal cancer cells increases beta1 integrin-mediated cell adhesion and liver metastasis. Cancer Res. (2011) 71:1989–98. doi: 10.1158/0008-5472.CAN-10-2833, PMID: 21363926

	
 Sheng, H, Shao, J, Townsend, CM Jr., and Evers, BM. Phosphatidylinositol 3-kinase mediates proliferative signals in intestinal epithelial cells. Gut. (2003) 52:1472–8. doi: 10.1136/gut.52.10.1472, PMID: 12970141

	
 McKenzie, M, Lian, G-Y, Pennel, KAF, Quinn, JA, Jamieson, NB, and Edwards, J. NFκB signalling in colorectal cancer: Examining the central dogma of IKKα and IKKβ signalling. Heliyon. (2024) 10:e32904. doi: 10.1016/j.heliyon.2024.e32904, PMID: 38975078

	
 Jin, K, Qian, C, Lin, J, and Liu, B. Cyclooxygenase-2-Prostaglandin E2 pathway: A key player in tumor-associated immune cells. Front Oncol. (2023) 13:1099811. doi: 10.3389/fonc.2023.1099811, PMID: 36776289

	
 Asquith, MJ, Boulard, O, Powrie, F, and Maloy, KJ. Pathogenic and protective roles of myD88 in leukocytes and epithelial cells in mouse models of inflammatory bowel disease. Gastroenterology. (2010) 139:519–29.e2. doi: 10.1053/j.gastro.2010.04.045, PMID: 20433840

	
 Waldner, MJ, and Neurath, MF. Mechanisms of immune signaling in colitis-associated cancer. Cell Mol Gastroenterol Hepatol. (2015) 1:6–16. doi: 10.1016/j.jcmgh.2014.11.006, PMID: 28247866

	
 Sameer, AS, and Nissar, S. Toll-like receptors (TLRs): structure, functions, signaling, and role of their polymorphisms in colorectal cancer susceptibility. BioMed Res Int. (2021) 2021:1157023. doi: 10.1155/2021/1157023, PMID: 34552981

	
 Song, J, Li, Y, Wu, K, Hu, Y, and Fang, L. MyD88 and its inhibitors in cancer: prospects and challenges. Biomolecules. (2024) 14:562. doi: 10.3390/biom14050562, PMID: 38785969

	
 Kfoury, A, Le Corf, K, El Sabeh, R, Journeaux, A, Badran, B, Hussein, N, et al. MyD88 in DNA repair and cancer cell resistance to genotoxic drugs. J Natl Cancer Inst. (2013) 105:937–46. doi: 10.1093/jnci/djt120, PMID: 23766530

	
 Rovira, J, Karube, K, Valera, A, Colomer, D, Enjuanes, A, Colomo, L, et al. MYD88 L265P mutations, but no other variants, identify a subpopulation of DLBCL patients of activated B-cell origin, extranodal involvement, and poor outcome. Clin Cancer Res. (2016) 22:2755–64. doi: 10.1158/1078-0432.CCR-15-1525, PMID: 26792260

	
 Zhang, Y, Li, L, Mendoza, JJ, Wang, D, Yan, Q, Shi, L, et al. Advances in A-to-I RNA editing in cancer. Mol Cancer. (2024) 23:280. doi: 10.1186/s12943-024-02194-6, PMID: 39731127

	
 Huang, YK, Busuttil, RA, and Boussioutas, A. The role of innate immune cells in tumor invasion and metastasis. Cancers (Basel). (2021) 13:1–18. doi: 10.3390/cancers13235885, PMID: 34884995

	
 Quail, DF, and Joyce, JA. Microenvironmental regulation of tumor progression and metastasis. Nat Med. (2013) 19:1423–37. doi: 10.1038/nm.3394, PMID: 24202395

	
 Liebig, C, Ayala, G, Wilks, JA, Berger, DH, and Albo, D. Perineural invasion in cancer: a review of the literature. Cancer. (2009) 115:3379–91. doi: 10.1002/cncr.24396, PMID: 19484787

	
 Cotan, HT, Emilescu, RA, Iaciu, CI, Orlov-Slavu, CM, Olaru, MC, Popa, AM, et al. Prognostic and predictive determinants of colorectal cancer: A comprehensive review. Cancers (Basel). (2024) 16:1–35. doi: 10.3390/cancers16233928, PMID: 39682117

	
 Ferraguti, G, Terracina, S, Tarani, L, Fanfarillo, F, Allushi, S, Caronti, B, et al. Nerve growth factor and the role of inflammation in tumor development. Curr Issues Mol Biol. (2024) 46:965–89. doi: 10.3390/cimb46020062, PMID: 38392180

	
 Peri, F, and Calabrese, V. Toll-like receptor 4 (TLR4) modulation by synthetic and natural compounds: an update. J Med Chem. (2014) 57:3612–22. doi: 10.1021/jm401006s, PMID: 24188011

	
 Wang, Y, Jia, J, Wang, F, Fang, Y, Yang, Y, Zhou, Q, et al. Pre-metastatic niche: formation, characteristics and therapeutic implication. Signal Transduction Targeted Ther. (2024) 9:236. doi: 10.1038/s41392-024-01937-7, PMID: 39317708

	
 Ran, S. The role of TLR4 in chemotherapy-driven metastasis. Cancer Res. (2015) 75:2405–10. doi: 10.1158/0008-5472.CAN-14-3525, PMID: 25998620

	
 Kang, Y, Su, G, Sun, J, and Zhang, Y. Activation of the TLR4/MyD88 signaling pathway contributes to the development of human hepatocellular carcinoma via upregulation of IL-23 and IL-17A. Oncol Lett. (2018) 15:9647–54. doi: 10.3892/ol.2018.8586, PMID: 29928340

	
 Cho, S-J, and Kakar, S. Tumor budding in colorectal carcinoma: translating a morphologic score into clinically meaningful results. Arch Pathol Lab Med. (2018) 142:952–7. doi: 10.5858/arpa.2018-0082-RA, PMID: 30040461

	
 Luddy, KA, Robertson-Tessi, M, Tafreshi, NK, Soliman, H, and Morse, DL. The role of toll-like receptors in colorectal cancer progression: evidence for epithelial to leucocytic transition. Front Immunol. (2014) 5. doi: 10.3389/fimmu.2014.00429, PMID: 25368611

	
 Lu, J, Kornmann, M, and Traub, B. Role of epithelial to mesenchymal transition in colorectal cancer. Int J Mol Sci. (2023) 24:1–21. doi: 10.3390/ijms241914815, PMID: 37834263

	
 González-Montero, J, Rojas, CI, and Burotto, M. Predictors of response to immunotherapy in colorectal cancer. Oncologist. (2024) 29:824–32. doi: 10.1093/oncolo/oyae152, PMID: 38920285

	
 Krieg, C, Weber, LM, Fosso, B, Marzano, M, Hardiman, G, Olcina, MM, et al. Complement downregulation promotes an inflammatory signature that renders colorectal cancer susceptible to immunotherapy. J ImmunoTherapy Cancer. (2022) 10:e004717. doi: 10.1136/jitc-2022-004717, PMID: 36137652

	
 Kiran, NS, Yashaswini, C, Maheshwari, R, Bhattacharya, S, and Prajapati, BG. Advances in precision medicine approaches for colorectal cancer: from molecular profiling to targeted therapies. ACS Pharmacol Trans Science. (2024) 7:967–90. doi: 10.1021/acsptsci.4c00008, PMID: 38633600

	
 Singh, MP, Rai, S, Pandey, A, Singh, NK, and Srivastava, S. Molecular subtypes of colorectal cancer: An emerging therapeutic opportunity for personalized medicine. Genes Dis. (2021) 8:133–45. doi: 10.1016/j.gendis.2019.10.013, PMID: 33997160

	
 Zheng, H, Wu, X, Guo, L, and Liu, J. MyD88 signaling pathways: role in breast cancer. Front Oncol. (2024) 14. doi: 10.3389/fonc.2024.1336696, PMID: 38347830

	
 Teodoro, L, Carreira, ACO, and Sogayar, MC. Exploring the complexity of pan-cancer: gene convergences and in silico analyses. Breast Cancer (Dove Med Press). (2024) 16:913–34. doi: 10.2147/BCTT.S489246, PMID: 39691553

	
 Bender, U, Rho, YS, Barrera, I, Aghajanyan, S, Acoba, J, and Kavan, P. Adjuvant therapy for stages II and III colon cancer: risk stratification, treatment duration, and future directions. Curr Oncol. (2019) 26:S43–s52. doi: 10.3747/co.26.5605, PMID: 31819709

	
 Kano, Y, Suenaga, M, and Uetake, H. Strategic insight into the combination therapies for metastatic colorectal cancer. Curr Oncol. (2023) 30:6546–58. doi: 10.3390/curroncol30070480, PMID: 37504340



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Dang, Pham, Tran, Ngo, Can, Nguyen, Nguyen and Dang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OEBPS/Images/fonc-15-1568729-g004.jpg
YYD* WS R R**Y*V***R**RY YDMWKDYR RY [ *D****K

ET@TTIC“:CTT@T

TTCCGATTAGCATACTTAGACTACTACCTCGATGA CTTATTTAATTGTT
E--F--R--L--A--Y--L--D--Y--Y--L--D--D--I--I--D--L--F--N--C--

D* WS R R**Y*V***R**RY YDMWKDYR RY R

IATTETTICT_TTITIACT
ik

TCCGATTAGCATACTTAGACTACTACCTCGATGATATTATTGACT
E~-F--R~-l~-A~-Y--L-=D=-Y==Y=-L--D~-D~-I~=I--D--L-—F--N--C-~

This mutation is predictedtobe POSSIBLY DAMAGING with a score of 0.888 (sensitivity: 0.82; specificity: 0.94)






OEBPS/Images/fonc-15-1568729-g001.jpg
Weak () Moderate (2+) o (3+) Very trong (4+) _






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1568729-g003.jpg
A TLR4/9:117713028 TLR4/9:117713041/rs1444566743 TLR4/9:117713042
G ATG ATAT TAT TG ACTT|[ACTTAT TTAAT TGT T TTG|[CTTATTTAATTGT T TG A






OEBPS/Images/fonc.2025.1568729_cover.jpg
& frontiers | Frontiers in Oncology

TLR4/MyD88 expression patterns and novel
genetic variants: association with
aggressive clinicopathological features in
colorectal cancer





OEBPS/Images/fonc-15-1568729-g002.jpg
40

35

@
o

et
n

MyD88 Expression Score
o 5

o

T
High

TLR4 Expression Status

Low

TLR4 Expression Score

T
High

MyD88 Expression Status

Low






