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Abstract: Breast cancer remains the most frequently diagnosed life-threatening malignancy in 

women and continues to be the leading cause of cancer-related mortality in this population. 

Globally, it is the second most common cause of cancer-related deaths among women. In Iraq, breast 

cancer represents the most prevalent form of malignancy among females, accounting for 

approximately one-third of all documented female cancer cases, according to the most recent data 

from the Iraqi Cancer Registry ,This study was conducted on a cohort of breast cancer patients and 

healthy volunteers from Kirkuk Governorate in northern Iraq. A total of 95 participants were 

enrolled, comprising 50 breast cancer patients and 45 age-matched healthy controls , The primary 

objective of this study was to assess the circulating levels of Immunoglobulin G (IgG), 

Immunoglobulin M (IgM), and Total Antioxidant Capacity (TAC) in breast cancer patients and to 

explore their potential utility as diagnostic or prognostic biomarkers , The findings demonstrated 

significantly elevated concentrations of IgG and IgM, along with a marked reduction in TAC levels 

among breast cancer patients when compared to the control group (p < 0.05). These results highlight 

the critical involvement of immune dysregulation and oxidative stress in the pathophysiology and 

progression of breast cancer. 

Keywords: Breast Cancer, Immunoglobulin G (IgG), Immunoglobulin M (IgM), Total Antioxidant 

Capacity (TAC) 

1. Introduction 

Breast cancer accounts for 10.4% of all cancer cases among women, making it the 

second most common non-skin cancer after lung cancer and the fifth leading cause of 

cancer-related mortality[1]. In Iraq, it is the primary cause of cancer-related deaths among 

women, representing approximately one-third of all recorded cancer cases in 2019[2]. 

According to the latest Iraqi Cancer Registry, breast cancer remains the most prevalent 

malignancy among Iraqi females, surpassing all other types, including bronchogenic 

cancer, making it the most frequently diagnosed cancer in the country. The World Health 

Organization (WHO) emphasizes that early detection and screening, combined with 

appropriate treatment, provide the best opportunity to reduce breast cancer mortality 

rates[3]. This principle formed the foundation of Iraq’s national program for early breast 

cancer detection, launched in 2001, aimed at diagnosing cases at earlier, more treatable 

stages[4-6]. Since its initiation, specialized centers and clinics dedicated to the early 

detection of breast tumors have been established in major hospitals across all Iraqi 

provinces. Breast cancer is one of the most prevalent cancers among women worldwide 
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and remains the leading cause of cancer-related mortality among Iraqi women [7]. Health 

organizations frequently launch campaigns to raise public awareness about various 

diseases, with some specifically focusing on serious health threats. One of the most well-

known and long-standing initiatives is National Breast Cancer Awareness Month 

(NBCAM), established in 1985, which aims to promote routine breast examinations to 

facilitate early detection. Early diagnosis and timely treatment are strongly associated with 

higher survival rates for breast cancer [8]. Several key risk factors contribute to breast 

cancer development, including age, family history, reproductive factors, estrogen levels, 

and lifestyle choices. Among these, aging is considered one of the most significant risk 

factors due to the strong correlation between increasing age and breast cancer prevalence. 

Approximately 25% of breast cancer cases are linked to family history, with a higher 

likelihood of the disease occurring in women whose mother or sister has been diagnosed. 

Additionally, reproductive factors such as early menarche, late menopause, advanced 

maternal age at first pregnancy, and low parity have been identified as contributors to an 

increased risk of breast cancer. The immune system plays a dual role in cancer, both 

suppressing tumor growth and promoting tumor progression. Immunoglobulins, 

specifically IgG and IgM, represent essential constituents of the humoral immune 

response. Increased concentrations of these immunoglobulins have been documented 

across a spectrum of malignancies, including breast cancer, thereby indicating their 

prospective involvement in tumor immune evasion [9]. Oxidative stress, which arises from 

a dysregulation between the production of reactive oxygen species (ROS) and antioxidant 

defenses, constitutes another significant determinant in the etiology and progression of 

cancer [10]. Total Antioxidant Capacity (TAC) serves as an indicator of the organism's 

capacity to mitigate ROS, and its diminution is frequently correlated with an elevated risk 

of cancer [11]. The objective of this investigation is to systematically assess the levels of 

IgG, IgM, and TAC in patients diagnosed with breast cancer to enhance the understanding 

of their contributions to disease advancement and their prospective application as 

diagnostic biomarkers. 

2. Materials and Methods 

Blood Samples 

Blood samples in the current study were collected by drawing 5 mL of venous blood 

using a 5 mL disposable syringe. The samples were divided based on the type of analysis. 

A volume of 2.5 mL was placed in tightly sealed plastic test tubes containing the 

anticoagulant ethylene diamine tetra acetic acid (EDTA) for the measurement of 

hematological parameters. The remaining blood was transferred into tightly sealed plastic 

test tubes without anticoagulants and left at a temperature of 25°C to allow clotting. The 

serum was then separated using a centrifuge at a speed of 3000 rpm. Subsequently, the 

serum was aspirated using a micropipette to obtain the blood serum. Afterwards, the 

serum is divided into four equal parts using a clean, sterilized micropipette and transferred 

into small, tightly sealed Eppendorf tubes or PCR tubes (1.5 mL in size). Finally, the tubes 

are stored in a specialized deep freezer at a temperature of -60°C until the required 

biochemical tests are performed. A total of 95 participants from Kirkuk Governorate 

(northern Iraq) participated in the study, conducted between 25 September 2024 and 1 

February 2025. The participants were divided into two groups: 50 breast cancer patients 

aged 25–64 years and 45 healthy individuals (control group) aged 20–64 years. 

Assay Methods 

Determination of serum levels of (Total Antioxidant Capacity) TAC 

The Ferric Reducing Antioxidant Power (FRAP) assay was used to determine Total 

Antioxidant Capacity (TAC) in blood serum by measuring the reduction of Fe(III)-TPTZ 

to Fe(II)-TPTZ, producing a blue complex with absorbance at 593 nm. The TAC 

concentration was calculated using a standard Fe(II) calibration curve. 
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Reagents included acetate buffer (300 mmol/L, pH 3.6), TPTZ solution (10 mM in 40 

mM HCl), ferric chloride solution (20 mM FeCl₃.6H₂O), and freshly prepared FRAP 

reagent (10:1:1 ratio of buffer, TPTZ, and FeCl₃.6H₂O). Calibration standards (150–400 

μmol/L FeSO₄.7H₂O) were prepared for quantification. 

Serum samples (200 μL) were mixed with 1 mL FRAP reagent, incubated at 37°C for 

5 min, and absorbance was recorded at 593 nm. TAC values were expressed as Fe(II) 

concentration (μM) and calculated using the Fe(II) standard curve. 

Determination of serum levels of Immunoglobulin G (IgG) and Immunoglobulin M 

(IgM) 

IgG and IgM levels were measured using the solid-phase capture sandwich ELISA 

method (kits sourced from Diagnostic Automation/Cortz Diagnostics, Inc., Accu Diag™ 

Cat# 1803-9, Calabasas, CA, USA). In this method, IgG or IgM molecules are captured 

between two monoclonal antibodies one coated on the microtiter plate wells and the other 

conjugated with horseradish peroxidase (HRP). After incubation and washing, the 

enzymatic reaction produces a color change proportional to the concentration of IgG or 

IgM present in the sample.  

Statistical Analysis 

Data were analyzed using SPSS software (version 25.0). Continuous variables were 

expressed as mean ± standard deviation (SD), and categorical variables were expressed as 

percentages. Differences between groups were assessed using Student’s t-test or Mann 

Whitney U test, as appropriate. A p-value < 0.05 was considered statistically significant. 

3. Results 

The research encompassed a cohort of 95 individuals, comprising 50 patients 

diagnosed with breast cancer (aged between 25 and 64 years) and 45 healthy control 

subjects (aged between 20 and 64 years) recruited from Kirkuk, Iraq. The average age of 

the breast cancer patients was determined to be 48.5 ± 7.2 years, whereas the average age 

of the control cohort was assessed at 47.8 ± 6.9 years. Immunological metrics, specifically 

IgG, IgM, and Total Antioxidant Capacity (TAC), were evaluated in the serum samples of 

all participants. 

Variations in Immunoglobulin G and M (IgG and IgM) Levels in Breast Cancer 

A. Evaluating IgG and IgM Levels in Breast Cancer Patients Compared to Healthy 

Controls 

IgG concentrations were found to be lower in breast cancer patients compared to 

healthy controls. The mean IgG concentration in the breast cancer cohort was recorded at 

8.49 ± 3.96 g/L, whereas the control group exhibited a higher mean concentration of 10.87 

± 2.93 g/L. The statistical analysis revealed a significant difference between the two groups 

(p ≤ 0.05), suggesting potential immunological alterations in breast cancer patients. As 

shown in Table 1 and Figure 1. 

 

Table 1. IgG Levels in Breast Cancer Patients and the Control Group. 

Parameters 
Patients (n=50) ) Mean ± 

SD 

Controls (n=45) 

Mean ± SD 
p-value 

IgG (gm/L) 8.49 ± 3.96 10.87 ± 2.93 p ≤0.05 
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Figure 1. IgG Levels in Breast Cancer Patients and the Control Group. 

 

Similarly, IgM levels were also lower in patients (1.03 ± 0.75 gm/L) compared to 

healthy individuals (1.30 ± 0.67 gm/L), but the difference was not statistically significant (p 

> 0.05), as shown in Table 2 and Figure 2. 

 

Table 2. IgM Levels in Breast Cancer Patients and the Control Group. 

Parameters 
Patients (n=50) Mean ± 

SD 

Controls (n=45) 

Mean ± SD 
p-value 

IgM (gm/L) 1.03 ± 0.75 1.30 ± 0.67 p >0.05 

 

 
Figure 2. IgM Levels in Breast Cancer Patients and the Control Group. 

 

B. Evaluating Age-Dependent Differences in Immunoglobulin Levels Between Breast 

Cancer Patients and Healthy Controls 

Table 3 illustrates the age-group-specific differences in IgG and IgM levels. A 

statistically significant difference (p ≤ 0.05) was observed between the three age groups 

when comparing patients with the control group, particularly in IgG levels. However, IgM 

levels did not show significant differences across age groups (p > 0.05), as shown in Figure 

3.  
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Table 3. IgG and IgM Levels in Breast Cancer Patients and the Control Group by 

Age Group. 

Parameters Age Groups (years) 
Patients (n=50) 

(Mean ± SD) 

Controls (n=45) 

(Mean ± SD) 
p-value 

IgG (gm/L) 

20–34 years 8.71 ± 3.23 10.74 ± 2.80 p ≤0.05 

35–44 years 7.21 ± 3.06 9.61 ± 2.37 p ≤0.05 

45–64 years 9.54 ± 4.35 11.16 ± 3.37 p ≤0.05 

IgM (gm/L) 

20–34 years 1.09 ± 0.80 1.30 ± 0.70 p >0.05 

35–44 years 0.69 ± 0.63 1.23 ± 0.63 p >0.05 

45–64 years 1.15 ± 0.83 1.35 ± 0.65 p >0.05 

 

 
Figure 3. IgG and IgM Levels in Breast Cancer Patients and the Control Group by 

Age Group. 

 

Variations in Total Antioxidant Capacity Levels (TAC) Levels in Breast Cancer 

A. Evaluating TAC Levels in Breast Cancer Patients Compared to Healthy Controls 

The total antioxidant capacity (TAC) of the serum was found to be significantly 

diminished in breast cancer patients relative to the control group. The mean TAC in the 

breast cancer cohort was determined to be 270.5 ± 12.3µmol/L, whereas the control group 

exhibited a mean TAC of 390.9 ± 10.8 µmol/L. Statistical analysis revealed a significant 

reduction in TAC among cancer patients (p ≤ 0.01). TAC serves as a vital indicator of the 

organism's ability to mitigate oxidative stress, and the lowered TAC levels observed in 

cancer patients may suggest a compromised antioxidant defense mechanism, potentially 

exacerbating the heightened oxidative stress associated with oncogenesis. As shown in 

Tables 4, and Figure 4. 

 

Table 4. TAC level in the Sera of Patients with breast cancer and the Control 

Group. 

Group Mean TAC ± SD (µmol/L) p-value 

Patients (n=50) 270.5 ± 12.3 
< 0.01 

Controls (n=45) 390.9 ± 10.8 
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Figure 4. TAC levels in the sera of patients with breast cancer and the control 

group. 

 

B. Evaluating Age-Dependent Differences in Immunoglobulin Levels Between BC 

Patients and Healthy Controls 

To assess how oxidative stress dynamics, vary with age, TAC levels were stratified 

into three age categories for both BC patients and healthy controls. The analysis revealed 

a persistent deficit in antioxidant capacity among patients across all age groups, with the 

gap widening in older populations. AS shown in Table 5 and Figure 5. 

 

Table 5. Age-Based variations in TAC levels in Patients and controls Serum. 

Age Group 
Patients (µmol/L) 

n=50 

Controls (µmol/L) 

n=45 
Difference (Δ) p-value 

20–34 years 265.7 ± 14.1 384.2 ± 11.5 -118.5 < 0.01 

35–44 years 271.3 ± 13.8 390.5 ± 10.9 -119.2 < 0.01 

45–64 years 275.4 ± 15.3 398.1 ± 12.2 -122.7 < 0.001 

 

 
Figure 5. Age-Based variations in TAC levels in Patients and controls Serum. 
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Evaluation of Hematological Parameters in Breast Cancer Patients and Healthy 

Individuals 

As shown in Table 6. The analysis of hematological parameters reveals notable 

variations between breast cancer patients and healthy individuals. While WBC counts 

show a slight decrease in patients (6.23 ± 2.89) compared to healthy individuals (6.56 ± 

1.45), the difference is minimal and may be influenced by chemotherapy or inflammatory 

responses. Platelet counts (PLT) are slightly elevated in breast cancer patients (266.5 ± 70.3) 

compared to healthy individuals (253.8 ± 80.2), which could indicate tumor-associated 

thrombocytosis, a factor linked to disease progression. Conversely, RBC counts are 

marginally higher in patients (4.56 ± 0.85) compared to controls (4.38 ± 0.62), potentially 

reflecting physiological adaptations or treatment effects. Regular monitoring of these 

parameters is crucial for assessing disease status and guiding clinical interventions. 

 

Table 6. Comparison and Discussion of Hematological Parameters in Breast Cancer 

Patients and Healthy Individuals. 

Parameter 
Healthy Individuals 

(Mean ± SD) 
Breast Cancer Patients (Mean ± SD) 

WBC (×10³/µL) 6.56 ± 1.45 6.23 ± 2.89 

PLT (×10³/µL) 253.8 ± 80.2 266.5 ± 70.3 

RBC (×10⁶/µL) 4.38 ± 0.62 4.56 ± 0.85 

4. Discussion 

The findings of this study highlight the significant role of immune dysregulation, 

oxidativestress, and hematological alterations in breast cancer progression. Decreased IgG 

and IgM levels in BC patients, compared to healthy individuals, may indicate an impaired 

humoral immune response or immune suppression associated with tumor development. 

The reduction in these immunoglobulins suggests a weakened defense mechanism, 

potentially allowing tumor progression [12]. However, the precise role of 

immunoglobulins in BC remains controversial, as some studies suggest they may 

contribute to immune evasion [13]. A decrease in IgG and IgM levels in breast cancer 

patients may be attributed to several immunological and pathological mechanisms. 

Immunosuppression induced by the tumor microenvironment plays a critical role, as 

tumors release cytokines such as TGF-β and IL-10, which inhibit B-cell function and 

antibody production, leading to reduced immunoglobulin levels (Zou, 2005)[14]. 

Additionally, B-cell dysfunction and exhaustion have been observed in cancer patients due 

to chronic antigen exposure, limiting their ability to produce antibodies [15]. The presence 

of regulatory B cells (Bregs) in the tumor microenvironment further suppresses IgG and 

IgM production, contributing to immune evasion [16, 17]. Moreover, increased 

immunoglobulin consumption has been suggested as a factor in lower IgG and IgM levels, 

as antibodies bind to tumor-associated antigens and are rapidly cleared from circulation 

[18]. Chemotherapy-induced immune suppression is another major contributor, as 

treatments targeting cancer cells often suppress bone marrow activity, reducing B-cell 

maturation and antibody production [19]. Finally, oxidative stress and immune 

dysregulation further impair B-cell function, with elevated reactive oxygen species (ROS) 

in breast cancer patients shown to interfere with immunoglobulin synthesis [20].The 

hematological parameters exhibit minor yet notable differences between breast cancer 

patients and healthy individuals. The mean WBC count in cancer patients (6.23 ± 2.89 

×10³/µL) was slightly lower than in healthy individuals (6.56 ± 1.45 ×10³/µL), with a higher 

standard deviation in cancer patients, indicating variability likely due to chemotherapy-

induced leukopenia, radiotherapy effects, or immune activation[21]. Elevated WBC levels 

in some patients may signal inflammation or infection[22], who found that breast cancer 

patients undergoing chemotherapy exhibited significant fluctuations in WBC counts, with 
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some patients developing leukopenia while others showed elevated counts due to 

infection or inflammation [23]. 

Reduced TAC levels in patients indicate impaired antioxidant defense mechanisms, 

which may contribute to increased ROS-mediated damage and cancer progression [24]. 

These results align with previous studies showing the association between oxidative stress 

and breast cancer [25]. The significant reduction in TAC levels further underscores the 

importance of oxidative stress in breast cancer pathogenesis. Antioxidant defenses are 

crucial for neutralizing ROS, and their depletion can lead to DNA damage, lipid 

peroxidation, and protein oxidation, all of which contribute to carcinogenesis [26]. Lower 

total antioxidant capacity (TAC) levels in breast cancer patients reflect increased oxidative 

stress, which is a hallmark of cancer progression and treatment side effects [25]. Oxidative 

stress results from an imbalance between free radicals and antioxidants, leading to DNA 

damage, immune suppression, and tumor progression [27]. Studies have shown that BC 

patients often exhibit reduced antioxidant levels, such as GST and vitamins C and E, which 

may contribute to increased oxidative stress and poor treatment outcomes [28]. 

Platelet counts were marginally higher in breast cancer patients (266.5 ± 70.3 ×10³/µL) 

compared to healthy individuals (253.8 ± 80.2 ×10³/µL), which may reflect inflammatory 

responses or tumor-associated thrombocytosis [29]. Jones et al. (2019) found that breast 

cancer patients with advanced disease were more likely to exhibit thrombocytosis, which 

was associated with poorer prognosis [30]. However, some patients may experience 

thrombocytopenia due to chemotherapy-induced bone marrow suppression, contributing 

to the observed variability in platelet counts [31]. 

The mean RBC count in breast cancer patients (4.56 ± 0.85 ×10⁶/µL) was slightly 

higher than in healthy individuals (4.38 ± 0.62 ×10⁶/µL), which contrasts with the common 

observation of anemia in cancer patients, often attributed to chronic disease, 

chemotherapy, or radiotherapy[32, 33]. The higher RBC count in some patients may reflect 

compensatory erythropoiesis in response to chronic hypoxia or inflammation caused by 

the tumor [34]. Varlotto et al. (2005) reported that BC patients with localized disease often 

maintain normal or slightly elevated RBC counts, while those with advanced disease or 

undergoing aggressive treatment are more likely to develop anemia [35]. 

Changes in immunoglobulin levels, particularly IgG, were also observed in breast 

cancer patients. Elevated IgG levels may indicate chronic immune activation in response 

to the tumor [36, 37]. The elevated IgG and IgM levels observed in this study may reflect 

the body's attempt to combat tumor growth, but they could also indicate immune system 

dysregulation, which is often observed in cancer patients [38]. The interplay among 

immune activation and oxidative stress in BC warrants further investigation, as it may 

provide new insights into disease mechanisms and potential therapeutic targets. 

These findings underscore the importance of regular monitoring of hematological 

and immunological parameters in breast cancer patients to assess disease progression and 

treatment effects. WBC counts should be closely monitored to detect leukopenia or 

infection, while platelet counts may serve as a-biomarker for disease progression. RBC 

counts and hemoglobin levels should be assessed to identify and manage anemia, which 

is common in cancer patients. Immunoglobulin levels and oxidative stress markers, such 

as TAC, may provide additional insights into immune function and treatment response. 

These findings highlight the need for personalized treatment approaches to address the 

unique hematological and immunological challenges faced by breast cancer patients. 

Further research is needed to explore the underlying mechanisms and clinical implications 

of these changes, including the potential benefits of interventions such as antioxidant 

supplementation in mitigating oxidative stress and improving treatment outcomes in 

breast cancer patients [39-41]. 

The results obtained from the analysis of IgG and IgM levels across different age 

groups in BC patients compared to healthy individuals revealed significant age-related 

differences. The study emphasizes the age-specific variations in IgG and IgM levels among 
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breast cancer patients relative to healthy controls. IgG levels were markedly lower in 

cancer patients across all age groups (p ≤ 0.05), with the most significant reduction 

observed in the 35–44 age group (7.21 ± 3.06 vs. 9.61 ± 2.37 in controls). This decrease 

suggests a potential cancer-related dysfunction in B-cells or tumor-induced 

immunosuppression, which may be more pronounced in younger patients due to higher 

metabolic activity of the tumor. In contrast, older patients (45–64 years) exhibited higher 

IgG levels compared to younger patients (9.54 ± 4.35), potentially due to 

immunosenescence-associated chronic inflammation or cumulative antigen exposure over 

time. However, their IgG levels remained lower than those of healthy controls, indicating 

ongoing immune suppression. 

Furthermore, no significant age-dependent variations in IgM levels were observed 

(p > 0.05), likely because IgM, being a short-lived early-response antibody, is less 

susceptible to age-related immune decline or tumor evasion mechanisms that primarily 

affect long-term humoral immunity (IgG). The stability of IgM across age groups may also 

reflect its role in innate-like immune responses, which are preserved even in 

immunocompromised states. These findings highlight the complex interactions among 

aging, cancer, and immunoglobulin regulation, emphasizing the need for further 

investigation into age-specific immune biomarkers in oncology[42-45]. 

The age-stratified TAC analysis demonstrates a consistent antioxidant capacity 

deficit in BC patients versus controls (20–34y: Δ-118.5, p<0.01; 35–44y: Δ-119.2, p<0.01; 45–

64y: Δ-122.7, p<0.001), with the gap widening in older groups. This aligns with established 

literature where cancer-induced ROS overproduction (Trachootham et al.,)[46] synergizes 

with age-related declines in endogenous antioxidants like SOD and catalase (López-Otín 

et al.,)[47]. Notably, while younger patients exhibit significant TAC depletion—likely 

driven primarily by tumor metabolism—the amplified deficit in older patients reflects 

cumulative oxidative stress from both carcinogenesis and immunosenescence (Finkel & 

Holbrook,)[48]. These findings underscore the need for age-specific redox-modulating 

strategies, particularly in geriatric oncology where the dual burden of aging and 

malignancy exacerbates antioxidant depletion. Contrasting with studies reporting 

minimal menopausal TAC variations (Gumulec et al.,)[49], our data emphasize age as a 

critical modifier of oxidative stress dynamics in breast cancer, possibly due to unaccounted 

confounders like comorbid conditions or treatment heterogeneity. 

5. Conclusion 

This study underscores the complex interplay between immune dysregulation, 

oxidative stress, and hematological alterations in BC progression. The observed reduction 

in IgG and IgM levels suggests impaired humoral immunity, likely due to tumor-induced 

immunosuppression, B-cell dysfunction, and increased immunoglobulin consumption. 

These findings highlight the dual role of immunoglobulins—potentially contributing to 

both immune defense and tumor evasion—emphasizing the need for further research to 

clarify their precise mechanisms in breast cancer pathogenesis. Additionally, the study 

reveals significant oxidative stress in breast cancer patients, as evidenced by decreased 

TAC. This imbalance promotes ROS-mediated damage, exacerbating disease progression. 

Hematological parameters, including variations in WBC, platelet, and RBC counts, reflect 

the systemic impact of breast cancer and its treatment, with implications for inflammation, 

thrombocytosis, and compensatory erythropoiesis. Addressing these issues requires a 

comprehensive approach. Strengthening immune function through a nutrient-rich diet, 

regular physical activity, and stress reduction may help regulate immune responses. 

Antioxidant-rich foods, such as fruits and vegetables, can counteract oxidative stress and 

reduce DNA damage. Regular monitoring of hematological markers is essential for 

detecting complications early and guiding treatment adjustments. Furthermore, 

integrating antioxidant supplementation and personalized therapies may enhance 
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treatment efficacy and patient outcomes. Continued research is crucial to optimizing these 

strategies and improving breast cancer management. 
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