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 Abstract: Background: Breast cancer is a complex malignancy characterized by uncontrolled 

proliferation of abnormal cells within breast tissue, and representing one of the most prevalent 

cancers affecting women globally leading to cancer-related mortality. Aim: Gene expression 

profiling of MTHFR-C677T to estimate association of breast cancer to folate metabolism with 

evaluation of immune and inflammatory responses in non-treated and treated patients to predict 

outcome of disease. Materials and methods: A total of 30 adult women diagnosed clinically as newly 

non-treated (15 women) and treated chemically and/or surgically (15 women) cases in addition to 

15 healthy ones (negative control) were subjected to present study. Venous blood was sampled from 

all study population and used to serological measurement of immune [cluster of differentiation 25 

(CD25), CD127, interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and vascular endothelial 

growth factor (VEGF)] and inflammatory [C-reactive protein (CRP)] markers by quantitative ELISA; 

and molecular genotyping of MTHFR-C677T gene by Tetra-ARMS-PCR. Results: Among the 

population of negative population, differences between the observed and expected data of CC, CT 

and TT were insignificant. The comparison of allele and genotypes frequency concerning the 

MTHFR-C677T SNP between the groups of breast cancer patients and healthy negative control 

detected a significant variation in their values. Concerning alleles, significant elevation was detected 

in frequency distribution of T allele and the risk in breast cancer patients when compared to negative 

control population. Regarding genotypes, frequency of TT and the risk were significantly higher in 

breast cancer patients than those of negative control. Immunologically, the findings of CD25, CD127, 

IL-6, and TNF-α were shown a significant elevation in non-treated breast cancer patients when 

compared to those of treated patients and negative control. Subsequently, values of treated breast 

cancer patients were significantly higher than those of negative control individuals. However, 

insignificant variation was seen in values of VEGF among the study population; non-treated and 

treated breast cancer patients as well as the negative control. For inflammatory marker, values of 

CRP were higher in non-treated breast cancer patients than those of treated breast cancer patients 

and negative control. Also, the findings of treated breast cancer patients were higher than those of 

negative control. Conclusion: Significant alteration in alleles and genotypes frequency of MTHFR-

C677T gene indicates that folate metabolism contributes to the risk of female breast cancer. Increases 

in immunologic and inflammatory responses in non-treated and treated breast cancer patients 

might refer to the relevant of such markers in prognosis of disease. 
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1. Introduction 

Breast cancer is a group of biologically and molecularly heterogeneous diseases that 

originating from the breast at different areas such as ducts, lobules, or intervening tissue 

[1]. The pathogenesis of breast carcinogenesis is understood as a multistep process driven 

by the accumulation of genetic and environmental events that transform normal cells 

through stages of hyperplasia, premalignant change, and in situ carcinoma [2], [3]. This 

progression largely is fueled by genetic mutations that activate oncogenes or deactivate 

tumor suppressor genes within the mammary cancer stem cells, thereby disrupting the 

regulatory mechanisms that typically control cellular proliferation and apoptosis [4]. Most 

DNA mutations related to cancer occur in single breast cells during the life of a women 

rather than being inherited with acquired mutations of oncogenes and tumor suppressor 

genes potentially resulting from radiation or carcinogenic chemicals though the specific 

environmental causes of most acquired mutations remain unknown [5], [6], [7]. Despite 

uncertainty surrounding many environmental triggers, germline mutations in high 

penetrance genes in addition to lifestyle variables including physical activity, high body 

mass index and smoking have been identified as modifiable risk factors that contribute to 

disease onset [8]. Hormonal influences also play a pivotal role in breast cancer etiology, as 

reproductive hormones that produced by the ovaries and adrenal glands are involved in 

the pathogenesis of the disease [9]. Thus, the clinical manifestations of this disease are 

diverse and driven by intricate pathogenesis possess significant obstacles to effective 

treatment and prevention [10].  

Epidemiological data indicate that the global burden of this malignancy is 

substantial with over 2.3-2.5 million new cases reported in 2022, accounting for 11.6-12.4% 

of all cancer diagnosis worldwide [11], [12]. Subsequently, annual rates increased by 1.5% 

in half of examined countries but the mortality rates were decreased in 29 countries with 

very high human development index (HDI). By 2050, new cases and deaths might be 

increased to 38% and 68%, respectively, disproportionality impacting low-HDI countries 

[13]. In Iraq, Al-Hashimi documented that 72.022 incident breast cancer cases registered 

during 2000-2019 with an average annual percentage change (AAPC) of +3.192 [14]. The 

recent national reports and the Iraqi Cancer Registry highlighted the importance of “early 

detection, strengthen of pathology and imaging services, multimodality treatment, and 

supporting of related-socioeconomic factors” in improving of life’s quality of survivors 

and reducing mortalities [15]. This high prevalence underscores the critical need for 

understanding the biological mechanisms of the disease and risk factors to inform public 

health strategies and clinical interventions. Hence, this study aims to determine the gene 

expression profiling of MTHFR-C677T to estimate association of breast cancer to folate 

metabolism with evaluation of immune and inflammatory responses in non-treated and 

treated patients to predict outcome of disease. 

 

2. Materials and Methods 

Ethical approval 

The Scientific Committee in Department of Pathological Analyses (College of 

Science, University of Al-Qadisiyah) was licensed the current study.  

Samples 

A total of 30 adult women 31-49 years old were admitted to some private surgeon 

clinics in Baghdad province (Iraq) during May (2024)-June (2025), diagnosed with breast 

cancer and divided as either new non-treated (total number=15 women) or previously 

treated chemically and / or surgically (total number=15 women) cases. In addition, 15 

healthy adult women were selected as a negative control group. Approximately, 10ml of 

venous blood were collected from each study individuals, and divided into free-
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anticoagulant glass-gel tube (8ml) and EDTA-anticoagulant plastic tube (2ml). The free-

anticoagulant glass-gel tubes were centrifuged (5000rpm/5min) and the obtained sera were 

kept in labeled Eppendorf tubes. Tubes of both EDTA-whole blood and sera were saved 

frozen (-20°C) until be tested.  

Genotyping 

After preparation at room temperature, the whole blood samples were subjected to 

extraction of DNAs following the Blood Protocol Procedure of the gSYNCTM DNA 

Extraction Kit (Geneaid, Taiwan). After estimation the concentration and purity of 

extracted DNAs, MasterMix tubes were prepared at a final volume of 25l using Tetra-

ARMS-PCR primers (Table 1) and the GoTaqTM G2 Green Master Mix Kit (Promega, 

USA). Then, the MasterMix tubes were subjected to conditions of Thermal Cycler system 

as 1 cycle for initial denaturation (95°C/8min); 30 cycles for denaturation (94°C/1min), 

annealing (63°C/1min) and extension (72°C/1min); and 1 cycle final extension (72°C/5min). 

Electrophoresis of Agarose-gel (3%) was done to amplification of each SNP, C allele: 198bp, 

and T allele: 175bp (Sadiq et al., 2019).  

 

Table 1. Sequence of Tetra-ARMS-PCR primer for MTHFR-C677T genotyping. 

Primer  5ʹ→3ʹ Product size 

F(inner) TGAAGGAGAAGGTGTCTGCGGGA  198bp 

R(inner) AGGACGGTGCGGTGAGAGTG 175bp 

F(outer) GCCCCCAAAGCAGAGGACTCTC 344bp 

R(outer) GAGAGTGGGGTGGAGGGAGCTT 

 

Immunologic and inflammatory markers 

Following the manufacturer instructions of the immune markers including CD25 

(Cat.No:SL3336Hu), CD127 (Cat.No:SL4940Hu), IL-6 (Cat.No:SL1001Hu), TNF-α 

(Cat.No:SL1761Hu), and VEGF (Cat.No:SL1811Hu) as well as inflammatory CRP 

(Cat.No:SL0535Hu) marker of quantitative ELISAs’ Kits (SunLong Biotech, China), the 

sera and contents of each kit were prepared at room temperature, processed, and the 

optical density (OD) was measured at 450nm. Then, the concentrations of each marker in 

serum samples were calculated through utilization of Standard Curve in the Microsoft 

Office Excel.  

Statistical analysis 

One-Way ANOVA in the GraphPad Prism Software was applied to detect significant 

differences between study groups (healthy, treated, and non-treated) at p<0.05 (*), p<0.01 

(**), p<0.001 (***), and p<0.0001 (****). Additionally, Chi-square (x2), 95% confidence 

interval (95%CI), odds ratio (OR) and relative risk (RR) were estimated to indicate 

significance between alleles and genotypes frequency (Gharban et al., 2025). 

 

3. Results  

Genotyping of MTHFR-C677T 

Among the population of negative population, differences between the observed and 

expected data of CC, CT and TT were insignificant (p<0.5024), (Table 2). 
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Table 2. Hardy Weinberg equation. 

Genotype Observed Expected x2 p-value 

Homozygote reference (CC) 12 11 1.3768 0.5024 

Heterozygote (CT) 1 3 

Homozygote variant (TT) 2 1 

 

The comparison of allele and genotypes frequency concerning the MTHFR-C677T 

SNP between the groups of breast cancer patients and healthy negative control detected a 

significant variation in their values (Table 3). Concerning alleles, significant elevation 

(p<0.0126; 95%CI: 25.71 to 59.04) was detected in frequency distribution of T allele (20%) 

and the risk (1.625, 1.0446) in breast cancer patients when compared to negative control 

population. Regarding genotypes, frequency of TT (23.33%) and the risk (1.9783, 1.6) were 

significantly higher (p<0.0349; 95%CI: 45.20 to 81.86) in breast cancer patients than those 

of negative control.  

 

Table 3. Frequency of alleles and genotypes in breast cancer patients (Total No: 30) and 

negative control (Total No: 15). 

MTHFR 

C677T 

Breast 

cancer 

Negative 

control 
p-value OR RR 95%CI 

Allele frequency  

T 9 (20%) 6 (13.33%) 0.0126 1.625 1.0446 25.71 to 59.04 

C 36 (80%) 39 (86.67%) 0.0755 0.6154 0.7059 -40.96 to 125.7 

Genotype frequency  

TT 7 (23.33%) 2 (13.33%) 0.0349 1.9783 1.6 45.20 to 81.86 

CT 3 (10%) 1 (6.67%) 0.0886 0.5 0.1919 -12.82 to 29.49 

CC 20 

(66.67%) 

12 (80%) 0.0433 1.5556 1.2360 11.35 to 158.0 

 

Immune markers 

Significant elevation (p<0.0001; 95%CI: 1.760 to 6.240) in values of CD25 were 

determined in non-treated patients (4.07±0.13g/L) when compared to treated patients 

(1.61±0.09g/L) and negative control (1.04±0.07g/L). Additionally, the findings of treated 

patients were significantly higher (p<0.05) than the values of negative control group 

(Figure 1). 
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Figure 1. Quantitative measurement of immune CD25 marker among study population. 

 

For CD127 marker, there was a significant elevation (p<0.0001; 95%CI: 551.8 to 1836) 

in values of non-treated breast cancer patients (1170.8±28.02pg/ml) when compared to 

treated patients (524.4±40.63pg/ml) as well as the negative control (231.4±10.22pg/ml). 

Subsequently, the findings of treated breast cancer patients were significantly (p<0.01) 

higher than those of healthy one (Figure 2). 

 

 

Figure 2. Quantitative measurement of immune CD127 marker among study population. 

 

The findings of IL-6 were shown a significant elevation (p<0.0001; 95%CI: 6.420 to 

51.91) in values of non-treated breast cancer patients (36.29±3.02ng/L) than those of treated 

(16.51±0.4ng/L) and negative control (15.44±1.19ng/L) groups. Also, the findings of treated 

breast cancer patients were significantly (p<0.05) higher than the values of negative control 

population (Figure 3). 

 

 

Figure 3. Quantitative measurement of immune IL-6 marker among study population. 
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Significantly (p<0.0001; 95%CI: 100.6 to 278.7), values of TNF-α were shown an 

increase in non-treated breast cancer patients (175.4±8.76pg/ml) when compared to those 

of treated (61.4±5.43pg/ml) and negative control (30.4±1.75pg/ml) groups. Subsequently, 

the findings of treated breast cancer patients were significantly (p<0.01) higher than those 

of negative control population (Figure 4). 

 

 

Figure 4. Quantitative measurement of immune TNF-α marker among study population. 

 

The findings of VEGF in non-treated (76.67±4.24pg/ml) and treated (74.33±7.42pg/ml) 

breast cancer patients were differed insignificantly (p0.0951; 95%CI: 60.70 to 84.85) when 

compared to those of negative control (72.67±7.07pg/ml), (Figure 5). 

 

 

Figure 5. Quantitative measurement of immune VEGF marker among study population. 

 

Inflammatory marker 

Values of CRP were shown a significant elevation (p<0.0001; 95%CI: 154.5 to 804.1) in 

non-treated breast cancer patients (530.93±31.54pg/ml) when compared to treated patients 

(295±46.89pg/ml) and negative control (148.53±9.23pg/ml). Subsequently, the findings of 

treated breast cancer patients were significantly higher (p<0.01) than those of negative 

control individuals (Figure 6). 
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Figure 6. Quantitative measurement of immune CRP marker among study population. 

 

4. Discussion  

Breast cancer remains the most prevalent malignancy and the leading cause of cancer-

related mortality among women nationally and internationally due to complex etiologies 

that involving genetic, epigenetic and environmental factors. Among the genetic 

determinants investigated, MTHFR gene, particularly C677T variant (rs1801133), has 

garnered significant attention due to the enzyme’s critical role in folate metabolism and 

DNA methylation process [16]. In the present study, the findings of MTHFR-C677T gene 

polymorphism were revealed a significant association between folate metabolism and 

breast cancer. In Iraq, MTHFR-C677T gene polymorphism has been investigated 

extensively to estimate the risk of various diseases such as ischemic stroke [17], colorectal 

diseases [18], myocardial infarction [19], men [20] and women [21] infertility, rheumatoid 

arthritis [22], [23], autism [24], toxoplasmosis in pregnant women [25], and type 2 diabetes 

mellitus [26],  nonetheless, few studies have been conducted to evaluate the association of 

MTHFR gene to breast cancer [27], [28], [29].  

However, there is inconsistency in distribution of the genetic frequency of the MTHFR 

polymorphism between patient and control individuals which might be associated with 

increasing etiological risk of the SNP in breast cancer patients [28]. In addition, this might 

be attributed to the biological mechanism by which the MTHFR-C677T polymorphism 

reduces enzyme activity, thereby disrupting of folate-mediated DNA synthesis, one-

carbon metabolism, and methylation pathways that are essential for maintaining genomic 

stability and preventing mutagenesis [30], [31]. As identified in present study, the 

reduction in methyl donor availability could particularly significant under conditions of 

impaired folate status where the homozygous TT genotype has been associated with 

elevated plasma total homocysteine levels and an increased risk of neoplastic 

transformation [32], [33], [34], [35]. Epidemiological studies investigating this association 

have reported significant variability across different ethnic groups with meta-analysis 

indicating that the C677T polymorphism is associated with breast cancer risk in Chinese, 

Iranian, American, European, Mexican, Jordanian, Turkish, Kazakh, Indian, and East 

Asian populations; whereas, studies involving Caucasians, Canadian, Spanish, German, 

and Russian cohorts have frequently demonstrated a lack of association [36].  

Immunologically, the findings of CD25, CD127, IL-6, and TNF-α were shown a 

significant elevation in non-treated breast cancer patients when compared to those of 

treated patients and negative control. Subsequently, values of treated breast cancer 

patients were significantly higher than those of negative control individuals. However, 

insignificant variation was seen in values of VEGF among the study population; non-

treated and treated breast cancer patients as well as the negative control. Within the tumor 

microenvironment, several processes have been initiated which characterized by a 



 53 
 

  
Central Asian Journal of Medical and Natural Science 2026, 7(2), 46-56.                  https://cajmns.centralasianstudies.org/index.php/CAJMNS 

consistent expression of pro-inflammatory cytokines and chemokines [37], [38]. Among 

these, CD25 is highly expressed on tumor-infiltrating regulatory T (Treg) cells in breast 

cancer, serves as a key surface marker for identification and function, and contributes to 

an immunosuppressive environment that promotes tumor growth and poor prognosis 

[39], [40]. Specifically, CD4+CD25+CD127low/- Tregs have been observed to predominate 

in the peripheral blood mononuclear cells of invasive breast cancer patients compared to 

healthy individuals and those with benign fibroadenoma [41]. This elevated Treg is 

population correlates with an increased risk of relapse and shorter relapse-free survival, 

suggesting that these cells may serve as a critical pathological factor in disease progression 

[42].  

The IL-6 signaling pathway, mediated through the IL-6 receptor complex and 

downstream JAK/STAT3 activation, represents a promising target for therapeutic 

intervention in breast cancer [43]. Constitutively, active IL-6/JAK/STAT3 signaling drives 

cancer cell proliferation and invasiveness while suppressing apoptosis, and STAT3 

enhances IL-6 signaling to promote a vicious inflammatory loop [44], [43]. Elevated 

concentrations of IL-6 are frequently observed in breast cancers and correlate with 

advanced stages and poor survival outcomes [45]. On other hand, TNF-α is secreted by 

macrophages and other stromal cells within the tumor microenvironment, where it exerts 

complex effects on tumor biology through its interaction with TNF-receptor 1 (TNFR1) and 

TNFR2 [46]. Additionally, Cruceriu et al. reported that TNF-α exhibits a functional duality 

by promoting signals for activation, differentiation, survival, or cell death depending on 

the cellular context [47]. Elevated levels of TNF-α, are frequently detected in the serum of 

breast cancer patients and have been correlated with two distinct receptors on various 

types with the tumor cells [48].  

For inflammatory marker, our findings detected that the values of CRP were higher 

in non-treated breast cancer patients than those of treated breast cancer patients and 

negative control. Also, the findings of treated breast cancer patients were higher than those 

of negative control. Several studies have demonstrated that CRP, a major acute-phase 

reactant and biomarker of chronic low-grade inflammation, has been implicated in 

carcinogenesis through mechanisms that include DNA damage, genomic alterations and 

the promotion of angiogenesis [49], [50], [51]. However, association between CRP levels 

and breast cancer susceptibility remains controversial as observational studies have 

reported conflicting results regarding the relationship between systemic inflammation and 

cancer risk [52], [53]. Lou et al. (2023) mentioned that CRP is a commonly measured as 

non-specific biomarker of inflammation that has been most frequently studied in the 

context of breast cancer development [54]. In a number of epidemiological studies, 

researchers have reported that elevated serum concentrations of CRP are associated with 

an increased risk of breast cancer development [55], [56], [57]. 

 

5. Conclusion  

Significant alteration in alleles and genotypes frequency of MTHFR-C677T gene 

indicates that folate metabolism contributes to the risk of female breast cancer. Increases 

in immunologic and inflammatory responses in non-treated and treated breast cancer 

patients might refer to the relevant of such markers in prognosis of disease. Thus, 

furthermore studies are needed to investigate the role of other folate genes as well as other 

immune and inflammatory markers in stimulation or inhibition of breast cancer in women. 
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