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Abstract 

Objective 

Histological changes in colorectal cancer are an essential feature influenced by different factors, 

and they form an important key role in classification and diagnosis of the disease. Colorectal 

cancer is the most common cancer type that increased in last year among Iraqi population. This 

study aimed to estimate the association between histological characterization of colorectal cancer 

and the impact of mi-RNA free energy changings on their binding sites.  

Materials and methods 

A cross-sectional study was suggested to achieve the study’s goal, histological features and 

characterization were used along with the analysis of changing in free energy of some mi-RNA 

(miR-125a-3p, miR-383-5p, miR-148a, miR-148b, miR-365a, miR-26a, miR-130a and miR-27) 

binding with their target sequences by PCR sequencing and in silico miRNA-mRNA 

hybridization prediction.  

Results 

The results of these histological features demonstrated that adenocarcinoma was more abundant 

in this study (75%), about 58% of cases were well differentiated. The glands infiltrate the 

muscular layer but did not infiltrate the pericolonic fat. The free energy of CRC study samples 

distribution according to a Binding threshold of ΔG >-15 kcal/mol, a significant change in miR-

148b was observed while other mi-RNA varied non-significantly between patient and control 

group. High energy levels were reported for miR-125a-3p, miR-383-5p, miR-148a, miR-365a and 

miR-26a in mucinous adenocarcinoma though non-significant. Variation in free energy levels was 

observed in different stages but non-significant. In the grade categories, significant elevation in 

miR-27 free energy was seen in well differentiation. All free energy values were non-significantly 

with respect to metastasis. In all types of mi-RNA, free energy levels were non-significantly 

changes across the N categories. Significant association was found between miR-365a and miR-

148b while an inverse correlation was observed in the control group. On the other hand, in the 
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control group significant association between miR-130a and miR-383-5p whereas an inverse 

correlation was found in the patient group. 

Conclusion 

The findings demonstrated that the binding free energy was greater than -15 kcal/mol in almost 

all samples, suggesting that the miRNA-mRNA complexes were comparatively stable.  miR-27 

was found to have a significant impact on the CRC subtype, indicating a role in tumor 

classification, while miR-148b showed a significant tumor suppressive effect.  Modified 

correlation patterns between patient and control groups' mi-RNA types suggest a power regulatory 

disturbance that could be useful for CRC diagnosis or treatment. 
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Introduction 

Various clinical, histopathological, and molecular characteristics have generally been 

identified as important indicators of colorectal cancer. These characteristics' potential clinical 

benefits could be independent or dependent (Mahan, 2016). The histopathological markers have 

been used extensively for malignancy classification to distinguish subtypes, moreover, the 

biological features of tumors could be used to predict disease status and select appropriate 

therapeutic strategies. Furthermore, the molecular technology has discovered new biomarkers 

along with histological and molecular approach (Zaha, 2014). Key in molecular mechanisms in 

carcinogenesis, like aberrant cell proliferation and angiogenesis can be affected by different 

signaling pathways (Ferlay et al., 2010). In the United States, American Cancer society evaluate 

a new cancer cases and deaths in the United States about an estimate 2,041,910 new cases and 

approximately 618,120 cancer deaths are projected for 2025 (Siegel et al., 2025). This society 

reported that the CRC is the third most common cancer in both sexes. Signs and symptoms 

colorectal cancer include bowel habits changing, rectal bleeding, constipation (or some cases 

diarrhea), unexplained weight loss and abdominal discomfort, most CRCs begin as a polyp which 

can be removed by colonoscopy (Pawlina, 2023; Torre et al., 2012). The CRC incidence is three 

times higher in developed countries (Bray et al., 2024).  Evidences suggested that CRC imposes 
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global burden that could be associated with population growth and aging, socioeconomic status, 

life styles, diet and habits including smoking, unhealthy diet and exercise (Bray and Møller, 2006; 

Nowatzki et al., 2011; Mahan, 2016). The CRC risk factors including diet and smoking could be 

modified in contrast to non-modifiable genetic factors (Bognár et al., 2006; Azzoni et al., 2007; 

Ferlay et al., 2011). One of the crucial genetic factors is miRNAs which regulate about 60% of 

protein encoding genes (Friedman et al., 2009).  miRNA play a major role in the histological 

changes and pathogenesis of CRC (Liu et al., 2016). They impact in the prognosis of cancer via 

gene transcription, expression, processing, and target selection (Wu et al., 2008; Ryan et al., 2010; 

Gong et al., 2012). A meta‐analysis showed significant effect of different types of miRNA in CRC 

like miR‐27a rs895819 (Liu et al., 2016), miR‐146a and in miR‐196a2 (Xu and Tang, 2016) in 

miR‐146a, hsa‐miR‐149, and hsa‐miR‐196a2 (Liu et al., 2015). A previous article showed 

polymorphisms in microRNA gene let‐7, miR‐149, miR‐603, miR‐34b/c, and miR‐146a gene 

SNPs were associated with CRC (Rong et al., 2017). Moreover, the study of cancer is very vital 

due to the high rate of misdiagnosis (10-20%) that can threaten the lives of the elderly (Mortazavi 

et al., 2005; Mohammadabadi et al., 2009). This research is of fundamental importance for 

improving more accurate diagnostic methods, developing more effective treatments, increasing 

the quality of life of patients, and better understanding the social supports needed (Heidarpour et 

al., 2011; Alavi et al., 2022). The study of cancer and biomarkers is one of the most vital research 

areas in modern medicine, playing a key role in increasing patient survival rates, early diagnosis, 

and personalizing treatments (Mohammadabadi Mozafari, 2018). Biomarkers are molecules (such 

as proteins, DNA, or RNA) that indicate the presence of an abnormal process or a disease, such 

as cancer, in the body and can be measured in blood, tissue, or other body fluids (Zarrabi et al., 

2020). Thus, the aim of this study was to investigate the possibility of free energy changes of 

some miRNA binding in the histological and tumor characterization of colorectal cancer. 

 

Materials and methods  

Sample collection: Colorectal cancer patients attended to a private lab for diagnosis tumor 

during (2023-2024). All samples were collected prior treatment, and embedded tissue was used 

in the present study.  

Ethical approval: This study was conducted according standard procedures, with informed 

consent obtained from each patient. Ethical approval was granted by the University of Babylon, 

College of Science, Department of Biology and Biotechnology (B240505 dated 10/5/2023). 

Histological examination: Tumor tissue sections from the FFPE blocks were studied for 

colorectal cancer characterization by hematoxylin - eosin (H&E) staining. Samples were 

categorized according to tumor subtype, stage, grades, metastasis, lymph node, TNM system and 

sex.  

DNA extraction: Whole genomic was extracted via DNA extraction kit purchased from 

Favorgen (FavorPrep™ Tissue Genomic DNA Extraction Kit). 

miRNA binding site sequencing: Some miRNAs binding sites types were included in this 

investigation (Table 1). Binding sites were amplified using specific primers, for IL-23 UTR to 

produce 249 bp, and for ACVR1 UTR to produce 398 bp. The amplification conditions of these 
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target loci were as standard condition with annealing temperatures 58 ⁰C and 57 ⁰C for IL-23 UTR 

and ACVR1 UTR, respectively. PCR products were visualized using 1% agarose gel 

electrophoresis. The products were sequenced via Macrogen Company (Korea) using forward 

strand. 

Data analysis: Histology characterization was conducting using microscope with 

hematoxylin and eosin (H&E) staining. Data were represented as mean±SD and descriptive data 

were presented as a percentage %. Statistical analysis was performed using SPSS software (V26), 

applying independent sample t test. ANOVA one way with p value less than 0.05 was considered 

statistically significant. 

Free energy and miRNA-RNA hybridization: The target sequences were in silico 

transcripted using Transcription and Translation Tool 

(https://biomodel.uah.es/en/lab/cybertory/analysis/trans.htm). Free energy and miRNA-RNA 

hybridization was implemented using BiBiserve (https://bibiserv.cebitec.uni-

bielefeld.de/rnahybrid) (Rehmsmeier et al., 2004).  

The ΔG < 0 (Negative Free Energy): This energy refers to a spontaneous and stable 

interaction between miRNA and mRNA. Lower (more negative) ΔG values mean stronger 

binding and effective gene regulation.  

ΔG > 0 (Positive Free Energy): This energy indicates an unstable interaction, or the miRNA 

is unlikely to bind and regulate the target efficiently. While, when Threshold Binding is < -15 

kcal/mol indicates a strong and biologically relevant interaction (Wang et al., 2020; Ghoshal et 

al., 2016). 

 Table 1. Types of miRNA and their binding sites in the present study    

miRNA Binding sites Reference 

miR-148a ACVR1 (UTR)  

 

(Karimzadeh et al., 2020) 
miR-148b 

miR-365a 

miR-26a 

miR-27a 

miR-130a 

miR-125a IL-23 (UTR) 

miR-383-5p 

 

 

Results  

This study designed as a continuation of previous investigations that examined genetic 

diversity of some miRNA binding sites. In this research, different mi-RNA including miR-125a-

3p, miR-383-5p, miR-148a, miR-148b, miR-365a, miR-26a, miR-130a and miR-27 were studied. 

The histological features of the study samples are shown in Figures 1 and 2. In Figure 1 

distribution of study samples according to type of CRC, grade, lymph number, metastasis and 

stage were clarified. The results showed that adenocarcinoma was the more prevalent type (75%), 

about 58% of cases were classified as well differentiation. The most samples fell under stage III 

(61.1%), with regard to lymph node involvement (N classification). 47% of samples were 
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categorized as N0 and according to metastasis classification. 61% of study were identified as MX. 

Regarding the microscopic histological changes, the tops left of Figure 2 shows glandular 

structure with normal organization lost in adenocarcinoma. While, the top right has fibrotic stroma 

surrounding clusters of malignant cells in invasive carcinoma. The lower figures showed 

disorganization and crowded glandular structure in adenocarcinoma. In general, the slides show 

well-formed atypical glandular architecture with hyperchromatic nuclei and high 

Nuclear/Cytoplasmic ratio associated with desmoplastic reaction. The glands infiltrate the 

muscular layer but do not invade the pericolonic fat. 

 

Figure 1. The colorectal cancer samples distribution according to histological features  

 

The free energy of CRC study samples distribution according to Threshold for Binding a 

ΔG>-15 kcal/mol suggests a strong and biologically relevant interaction (Figure 3). The effect of 

free energy of miRNAs-RNA in histological characterization in CRC samples is demonstrated in 

Table 2. The differences between patient and control showed a significant change in miR-148b 

while other types varied non-significantly. The effect of sex on some miRNAs-RNA free energy 

showed non-significant differences. In women miR-125a-3p, miR-383-5p and miR-27 exhibited 

higher free energy values than men. While, miR-148b showed lower energy in women compared 

to men (Table 3). Two types of CRC were observed in this study (mucinous and adenocarcinoma). 

Higher free energy was reported for miR-125a-3p, miR-383-5p, miR-148a, miR-365a and miR-

26a in mucinous adenocarcinoma. While, other types were lower than adenocarcinoma type 

(Table 4). All changes were non-significant. Regarding the stages of CRC (I, II and III), variations 

in free energy levels were observed among different stages. Overall, all changes were non-

significant (Table 5). In the grade categories, significant elevation in miR-27 free energy was 

observed in well differentiation samples, while changes in other types were non-significant (Table 

6). Table 7 illustrated free energy levels according to metastasis status. The significant values of 

all variations were greater than 0.05. Thus, all changes were non-significantly across metastasis 

type of cancer Mucinus
adeno ca

type of cancer
adenocarcinoma

grade well D

grade moderate D

stage  I

stage  II



  Agricultural Biotechnology Journal, 2026, 18(3)   

142 

 

categories. In all types of mi-RNA, free energy levels showed non-significant changes across the 

three lymph node categories of N (N0, N1 and N2). Slight changes were reported in Table 8. 

 

Figure 2. Histological features of colorectal cancer slides with hematoxyline and eosin 

staining, different panels demonstrate carrying tissue structure  
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Figure 3. The free energy of CRC study samples distribution according to Threshold for 

Binding a ΔG = -15 kcal/mol 

 

Table 2. Free energy variation of selected miRNAs-RNA interaction in study samples (CRC 

v control group) 

Types CRC cases Control group p 

miR-125a-3p -23.29±8.521 -25.87±2.62 0.184 

miR-383-5p -21.31±4.317 -21.71±1.766 0.685 

miR-148a -18.27±2.411 -17.66±1.633 0.341 

miR-148b -18.00±1.49 -16.82±1.917 0.033* 

miR-365a -21.40±2.70 -20.08±1.61 0.057 

miR-26a -19.16±2.02 -19.70±2.32 0.427 

miR-130a -24.12±2.57 -23.46±3.08 0.461 

miR-27 -18.42±3.51 -17.49±2.14 0.306 
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Table 3. the effect of CRC samples sex (men Vs women) on the variation of free energy in 

selected miRNAs-RNA interaction 

Types men women p 

miR-125a-3p -22.88±9.15 -24.10±7.822 0.696 

miR-383-5p -20.84±5.11 -21.89±2.042 0.521 

miR-148a -18.32±2.38 -18.16±3.00 0.905 

miR-148b -18.18±1.42 -17.58±1.91 0.472 

miR-365a -21.29±3.00 -21.56±2.39 0.861 

miR-26a -19.17±2.13 -19.34±2.10 0.886 

miR-130a -24.01±2.70 -24.12±2.70 0.942 

miR-27 -18.26±3.05 -19.08±5.17 0.680 

 

Table 4. Types of CRC (mucinous and adenocarcinoma) and their effect on the free energy 

variation of selected miRNAs-RNA interactions  

Types Mucinus adeno carcinoma adeno carcinoma p 

miR-125a-3p -25.86±1.719 -22.43±9.82 0.309 

miR-383-5p -22.03±2.42 -20.87±4.85 0.504 

miR-148a -19.30±1.73 -17.62±2.73 0.170 

miR-148b -17.67±1.348 -18.23±1.66 0.464 

miR-365a -20.97±2.879 -21.61±2.82 0.645 

miR-26a -19.74±2.352 -18.89±1.89 0.410 

miR-130a -23.32±2.905 -24.50±2.45 0.371 

miR-27 -18.84±3.384 -18.26±3.88 0.751 

 

Table 5. the effect of stages (I, II and III) on the variation in free energy of selected miRNAs-

RNA interactions   

Types I II III P 

miR-125a-3p -26.47±1.91 -21.91±9.81 -22.56±9.77 0.727 

miR-383-5p -22.07±1.96 -17.98±7.94 -21.85±2.31 0.126 

miR-148a -15.60±0.001 -19.40±2.25 -18.22±2.53 0.435 

miR-148b -17.80±0.01 -18.50±1.99 -17.92±1.55 0.851 

miR-365a -18.60±0.02 -22.53±4.16 -21.31±2.55 0.494 

miR-26a -17.40±0.09 -19.50±3.29 -19.29±1.90 0.680 

miR-130a -25.60±0.07 -24.13±3.84 -23.91±2.55 0.840 

miR-27 -16.50±0.09 -17.03±2.54 -18.94±3.87 0.631 

 

Table 6. The effect of CRC grade (well differentiation vs moderate differentiation) in the 

free energy variation of selected miRNAs-RNA interactions  

Types Well differentiation Moderate differentiation p 

miR-125a-3p -23.93±8.08 -22.40±9.58 0.607 

miR-383-5p -20.77±5.28 -21.84±2.20 0.494 

miR-148a -19.01±2.26 -16.80±2.39 0.072 

miR-148b -17.86±1.78 -18.31±0.93 0.574 

miR-365a -21.71±3.08 -20.66±2.11 0.467 

miR-26a -19.21±1.79 -19.23±2.71 0.988 

miR-130a -23.86±2.82 -24.40±2.37 0.697 

miR-27 -19.83±3.72 -15.80±0.89 0.02* 
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Table 7. The effect of CRC metastasis status (M0, M1 and MX) on the variation in free 

energy of selected miRNAs-RNA interactions  

Types M0 M1 MX P 

miR-125a-3p -25.80±1.80 -20.06±17.83 -22.48±9.33 0.476 

miR-383-5p -22.09±2.63 -23.50±3.11 -20.47±5.07 0.463 

miR-148a -18.55±2.72 -21.70±0.006 -17.74±2.23 0.309 

miR-148b -18.55±1.37 -17.30±0.02 -17.71±1.67 0.505 

miR-365a -22.42±2.98 -22.80±0.02 -20.48±2.58 0.335 

miR-26a -19.31±2.05 -18.70±0.05 -19.21±2.27 0.966 

miR-130a -23.38±3.23 -25.60±0.009 -24.35±2.30 0.656 

miR-27 -19.72±4.25 -22.00±0.09 -17.27±2.88 0.244 

 

Table 8. The effect of CRC lymph node involvement (N0, N1 and N2) on the variation in 

free energy of selected miRNAs-RNA interactions   

Types N0 N1 N2 P 

miR-125a-3p -22.75±8.74 -23.71±8.51 -23.84±9.54 0.943 

miR-383-5p -20.63±5.86 -20.66±0.40 -22.90±2.67 0.454 

miR-148a -18.74±2.78 -17.06±2.12 -18.75±2.16 0.461 

miR-148b -18.52±1.45 -17.72±1.53 -17.25±1.69 0.362 

miR-365a -22.51±3.31 -19.92±1.72 -20.60±1.50 0.211 

miR-26a -19.34±2.44 -19.74±2.02 -18.30±1.03 0.593 

miR-130a -24.54±2.81 -24.82±2.42 -21.95±1.57 0.179 

miR-27 -18.75±4.09 -18.52±4.138 -17.85±2.32 0.925 

 

The correlation among mi-RNA free energy level was analyzed. The results showed 

significant positive association between miR-125a-3p and miR-383-5p in patients. While, in the 

control there was a weak positive association. Significant positive association was also found 

between miR-27 and miR-148a in patients. While, a weak positive association was seen in the 

control group. Furthermore, a significant association between miR-365a and miR-148b was 

found. Whereas, an inverse association was reported in the control group. On the other hand, a 

significant association was seen between miR-130a and miR-383-5p in the control group. 

Whereas, in the patients an inverse correlation was found. Other changes were non-significant 

(Table 9).  

 

Discussion  

Some factors related to histopathology characterization of CRC have been studied, including 

genetic factors, mitochondrial function, the duration of disease, treatment types and the 

inflammation activities which may vary from case to case. Moreover, mutations in genes related 

to CRC progression (for example, APC, KRAS, TP53 and some repair genes) have been reported, 

affecting tumor behavior, growth rate metastasis and treatment response (Armaghany et al., 

2012). Notably, mitochondrial dysfunction contributed in CRC histological changes. Alteration 

in DNA, bioenergetics, and ROS expression play a role in malignant transformation and chemo 

resistance of CRC cells. The mitochondrial dysfunction may influence cell death and metastasis 

(Kong et al., 2014; Hertweck and Dasgupta, 2017; Wu et al., 2024). The duration of disease can 

impact histological features, as prolong exposure to inflammation in cancer microenvironment 
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leads to tumor prognosis and development (Tripathi et al., 2025). The tumor microenvironment 

is characterized by inflammatory cytokines, immune cells and oxidative stress which enhance 

histological changes, as a consequence of diversity of immune response in each case. Tissue 

infiltration and tumor architecture can be changed (Fu et al., 2021; Martínez-Hernández et al., 

2024). 

 

Table 9. The correlation coefficients among the free energy levels of mi-RNAs in study 

samples (blue for cases and pink for control) 

Types of mi-RNAs miR-

125a-

3p 

miR-

383-5p 

miR-

148a 

miR-

148b 

miR-

365a 

miR-

26a 

miR-

130a 

miR-

27 

miR-125a-3p R  0.767** -0.252 -0.091 0.033 0.239 -0.226 -0.031 

P  0.000 0.298 0.710 0.894 0.324 0.353 0.899 

miR-383-5p R 0.056  0.037 0.381 0.349 0.154 -0.243 0.140 

P 0.811  0.893 0.145 0.186 0.570 0.365 0.604 

miR-148a R 0.267 -0.301  0.166 0.349 -0.024 0.093 0.596** 

P 0.300 0.240  0.496 0.143 0.923 0.705 0.007 

miR-148b R 0.159 -0.228 0.067  0.511* 0.306 0.268 0.451 

P 0.543 0.380 0.763  0.025 0.203 0.268 0.053 

miR-365a R -0.210 0.153 0.108 -0.294  0.129 0.208 0.422 

P 0.435 0.571 0.634 0.173  0.600 0.393 0.072 

miR-26a R 0.111 -0.394 0.147 0.012 0.021  0.015 0.237 

P 0.683 0.131 0.515 0.955 0.927  0.952 0.329 

miR-130a R 0.280 0.505* -0.197 -0.160 -0.088 -.0065  0.388 

P 0.294 0.046 0.380 0.466 0.696 0.768  0.101 

miR-27 R 0.210 -0.086 0.171 0.377 -0.209 -0.020 -0.042  

P 0.453 0.761 0.460 0.084 0.364 0.930 0.854  
**. significant at the 0.01 level (2-tailed), *. significant at the 0.05 level (2-tailed). 

 

In the present study the regulation of inflammatory gene expression by mi-RNA free energy 

showed low effect on histological changes, except miR-27 which had a significant effect in the 

type of CRC. However, the correlation showed difference among free energy mi-RNAs types and 

this may be contributed in histology changes in addition to other factors. Literally, the tumor 

treatment like chemotherapy, radiation and target therapy can stimulate histological changes for 

instance; some medications induce necrosis or fibrosis (de Sousa et al., 2023). In this study the 

samples were collected from patients before receiving any types of treatment, thus all histological 

changes were attributed to other factors. Furthermore, other factors like angiogenesis, 

extracellular matrix remodeling and infiltration of immune cell are involved in the tumor 

microenvironment leading to histopathological changes which vary from cases to case. Free 

energy can be used to predict the stability of a biological system. If the binding of a miRNA to a 

target mRNA is predicted to be stable, it implies strong interaction. As a result of difficult free 

energy measured, its changing during reactions is often considered, a negative ΔG indicate that 

less energy is required for the reaction to proceed which led to increased stability. The 

hybridization between mi-RNA and target sequence, both high and low free energy regions can 

be inferred and the overall free energy can be used as an indicator of how strongly bound they are 
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bound (Yue et al., 2009). The results showed a significant association between the free energy of 

miR-148b and CRC, while other types showed non-significant differences. The present mi-RNA 

free energy included miR-148a, miR-148b, miR-365a, miR-26a, miR-27a, miR-130a, miR-125a, 

and miR-383-5p. These types have been implicated in the progression, development, diagnosis 

and treatment of cancer. The function of these mi-RNA is tumor suppressive or oncogenic 

depending on their target mRNA (Smolarz et al., 2022). Investigations found that miR-148a 

function as a tumor suppresser, its down regulation in CRC which targeted DNA 

methyletransfrase 1 causes reduction in tumor growth and metastasis and associated with 

epithelial-mesenchymal transition and resistance to chemotherapy (Shi et al., 2018). The miR-

148b has also down regulation in CRC. Its decreased expression is associated with advance tumor 

stage and poor prognosis (Song et al., 2012). The miR-365a act as oncogene that upper regulated 

in CRC contributing to metastasis and tumor growth (Hong et al., 2020). Moreover, miR-26a is a 

tumor suppresser that down regulation in CRC leads to increased stemness and chemoresistance 

(Murayama and Gotoh, 2019). miR-27a is upper regulated in CRC and it’s considered an 

oncomiR that linked to angiogenesis, invasion, and poor prognosis (Barisciano et al., 2020). 

Furthermore, a dual role of miR-130a has been observed. High expression is linked to poor 

survival and increased metastasis (Chen et al., 2017). Down regulation of miR-125a also reported 

in CRC which enhanced invasion and metastasis (Yang et al., 2019). Finally, miR-383-5p is 

poorly expressed in CRC which correlate with poor prognosis and metastasis (Bilegsaikhan et al., 

2018). In this study, the ACVR1 and IL-23R binding site were targeted to study free energy of 

some mi-RNAs mRNA hybridization. The previous investigations indicated that these genes are 

related to inflammation in CRC. The difference in free energies between the two alleles of target 

sequence was studied as ΔΔG. Therefore, the impact of genetic variant in binding capacity was 

classified in two classes including increase in binding (for negative ΔΔG) and decreased binding 

(for positive ΔΔG) (Karimzadeh et al., 2020). The changes in correlations among mi-RNA in 

CRC cases and control can be considered important evidence of the influence of free energy effect 

on CRC and histological changes. In general, the free energy values of CRC samples were 

classified as a stronger binding and effective in gene regulation because ΔG < 0 indicates a 

spontaneous and stable interaction between miRNA-mRNA. Lower (more negative) ΔG values 

correspond to stronger binding and more effective gene regulation, which may explain the low 

number of significant associations between free energy changes and various histological changes 

(Karimzadeh et al., 2020; Ahmed and Yalda, 2024). Finally, further researches should be 

conducted to identify the various contributing factors and understand how they interact to 

influence tumor progression and development. 

Conclusion: The current research focuses on important cellular mechanism in CRC, 

particularly, the interaction between some mi-RNAs and their mRNA target sequence. A key 

aspect examined is the free energy of miRNA-mRNA binding, which reflect the stability of these 

interactions and may influence cellular energy dynamics within tumor environments. The results 

revealed that in nearly all samples, the binding free energy exceeded -15 kcal/mol, indicating 

relatively stable miRNA-mRNA complexes. Among mi-RNAs studied, miR-148b demonstrated 

a significant tumor suppressive effect, aligning with previous reports of its role in inhibiting 
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cancer progression. Additionally, miR-27 was found to valuably impact CRC type, suggesting 

role in tumor classification, notably, changes in the correlation pattern among mi-RNAs types 

were observed between patients and control group, indicate to abrader regulatory disruption that 

may have diagnostic or therapeutic value in CRC. 
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   چکیده

های اساسی این بیماری است که تحت تأثیر عوامل مختلف قرار  شناسی در سرطان کولورکتال یکی از ویژگی تغییرات بافت   :هدف

های اخیر در  ترین انواع سرطان بوده که در سالکند. سرطان کولورکتال از شایعبندی و تشخیص ایفا می دارد و نقش مهمی در طبقه 

های هیستوپاتولوژیک سرطان کولورکتال و تغییرات  جمعیت عراق افزایش یافته است. هدف این مطالعه بررسی ارتباط بین ویژگی

 .ها بودهای هدف آنها به جایگاهmiRNA انرژی آزاد اتصال

ها بررسی شد و  های هیستوپاتولوژیک نمونه صورت مقطعی طراحی شد. در این مطالعه، ویژگی این پژوهش به :  هامواد و روش

،  miR-125a-3p  ،miR-383-5p  ،miR-148a  ،miR-148b  ،miR-365a  شامل)ها  miRNA  تغییرات انرژی آزاد برخی

miR-26a  ،miR-130a  و miR-27   )های هدف، از طریق تعیین توالیدر اتصال به توالی PCR  بینی هیبریداسیونو پیش 

miRNA-mRNA  صورتبه in silico ارزیابی گردید . 

موارد  %58( و حدود %75ترین نوع تومور در این مطالعه بود )شناسی نشان داد که آدنوکارسینوم شایعهای بافتنتایج بررسی :  نتایج

بر اساس  . اما به چربی اطراف کولون گسترش نیافته بودند ،دارای تمایز خوب بودند. غدد سرطانی به لایه عضلانی نفوذ کرده بودند

ها miRNA  مشاهده شد، در حالی که سایر miR-148b داری در انرژی آزاد، تغییر معنی ΔG >-15 kcal/mol  آستانه اتصال

-miR-125a-3p  ،miR-383-5p  ،miR  سطح انرژی آزاد بالاتری برای  داری بین گروه بیمار و کنترل نشان ندادند.تفاوت معنی

148a  ،miR-365a   و miR-26a تغییرات  .  دار نبودندها از نظر آماری معنیما این اختلاف در آدنوکارسینوم موکوسی مشاهده شد، ا

دار انرژی بندی بر اساس درجه تومور، افزایش معنیدر طبقه .  دار نبودولی معنی  ،انرژی آزاد در مراحل مختلف بیماری مشاهده شد

همچنین .  داری نداشتندتمامی مقادیر انرژی آزاد در ارتباط با متاستاز تفاوت معنی.  در موارد با تمایز خوب مشاهده شد miR-27 آزاد

 داری بینارتباط معنی.  دار نبود)درگیری غدد لنفاوی( معنی N هایبندی، تغییرات انرژی آزاد در دستهmiRNA  در تمامی انواع

miR-365a   و miR-148b  ر  مشاهده شد، در حالی که در گروه کنترل بین این دو همبستگی معکوس وجود داشت. همچنین د

https://orcid.org/0000-0002-1518-5170
https://orcid.org/0000-0002-0929-7985
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دیده شد، در حالی که در گروه بیماران این رابطه به صورت   miR-383-5p و miR-130a داری بینگروه کنترل، ارتباط معنی

 .معکوس گزارش گردید

دهنده  بود که نشان    kcal/mol 15-ها بیشتر از  ها نشان دادند که انرژی آزاد اتصال در تقریباً تمامی نمونه یافته:  گیرینتیجه

های سرطان کولورکتال داشت و  داری بر زیرگروهتأثیر معنی  miR-27.  است miRNA-mRNA هایپایداری نسبی کمپلکس

اثر مهارکننده تومور قابل توجهی نشان داد. تغییر الگوهای  miR-148b بندی تومور نقش داشته باشد، در حالی کهتواند در طبقه می

تواند در تشخیص یا درمان سرطان  های تنظیمی است که می ها بین گروه بیمار و کنترل بیانگر اختلال در شبکه miRNA  همبستگی
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