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 Cancer refers to diseases where abnormal cells multiply uncontrollably 

and have the potential to spread to other tissues. Radiotherapy is one 

type of treatment used to treating patient with cancer, Through DNA 

damage, radiotherapy causes the death of malignant cells. Many of the 

antitumor effects of radiotherapy are caused by a direct link between it 

and the immune system. Radiation therapy has anticancer effects 

throughout the body in addition to the direct cytotoxicity it has on tumor 

cells. Study the impact of radiation on the levels of circulating 

interferon-gamma (IFN-γ), tumor necrosis factor (TNF-α) and CD8+ 

cytotoxic T cells. 90 women participated in this study, and they were 

split into three primary groups: Group I: 30 individuals with stage II-

stage III invasive breast cancer; Group II: The same 30 patients After 

Radiotherapy, Group III: 30 healthy women as a control group. After 

surgery and chemotherapy, all patients in the study got adjuvant 

radiation. The enzyme-linked immunosorbent test was used to quantify 

TNF-α, INF-γ, and CD8+ cytotoxic T cells. There was a significant 

increase occurred in the percent of TNF-α, INF-γ, and CD8+ cytotoxic T 

cells between Group I patients and Group III control. A significant 

decrease occurred in the percent of both INF-γ, and CD8+ cytotoxic T 

cells between Group I patients and Group II patients After Radiotherapy, 

while no significant changes occurred in the percent of TNF-α between 

Group I and Group II. The soluble and cellular immune response 

mediators were altered by radiotherapy following radiation treatment; 

circulating cytokines in breast cancer patients were assessed. Serum 

level of INF-γ and CD8+ decreases after radiotherapy while no 

significant change in TNF- α level. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Breast cancer is the most prevalent form of cancer in women globally and the main cause of death in both 

developing and industrialized nations [1]. Breast cancer has become a big concern to women in Iraq, and it 

is the most prevalent form of cancer, accounting for 34.4 % of all cancers in the country [11]. Radiation 

therapy, chemotherapy, and surgery are the three primary cancer treatment choices. Treatments are 

determined by the cancer's type, location, and grade as well as by the patient's health and treatment 
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preferences [2]. Ionizing radiation is used in radiation therapy (also known as radiotherapy) to treat the 

cancer; for some localized malignancies, this treatment may be curative. Ionizing radiation can be supplied 

by high-energy radiation beams, often X-rays, or by radiation produced by the decay of radioactive 

isotopes. Ionizing radiation damages DNA in a way that can be both fatal and non-fatal. The treatment has 

been created to maximize exposure of the tumor tissues and limit exposure of the normal tissues because 

normal tissues are also radiosensitive [4]. Several parameters, including fractionation, total dosage, hypoxia, 

tumor replication time, and tumor radiosensitivity, are known to have an impact on cellular response to 

radiation in the clinical setting [9]. Therefore, selecting the appropriate number of fractions, total radiation 

dose and duration of treatment is essential for enhancing therapeutic result [10]. However, recent studies 

strongly imply a connection between radiation exposure and the immune system. This in turn mediates a 

number of radiotherapy's anticancer effects [8]. Ionizing radiation has the ability to trigger an inflammatory 

response involving innate immune system cells, particularly macrophages, which can cause tissue damage 

and fibrosis [16]. Through upregulation or release of danger-associated molecular patterns, chronic 

inflammation and immunogenic cell death can be caused (DAMPs). It has been shown that the secretion of 

various cytokines during the synthesis of DAMPs attracts and activates dendritic cells, myeloid-derived 

suppressor cells and effector T cells [24]. According to conventional wisdom, radiation significantly affects 

the immune system's regulation by triggering cytokine cascades in tumor cells and lymphocytes that have 

already invaded the tumor. They could either stimulate or depress the immune system. In addition, their 

effects can be either stimulatory or inhibitory depending on their concentration, the microenvironment, and 

the type of cells that make them. In addition to their effects on the tumor burden, these compounds also 

have systemic effects [21]. Additionally, radiotherapy-induced tissue damage triggers the release of a 

number of cytokines and chemokines that mediate response to injury by drawing in cells subtypes crucial to 

immune response [5]. Proinflammatory cytokines can either stimulate or decrease a radiation-mediated 

immune response, which can affect how effective radiotherapy is. Tumor necrosis factor alpha (TNF-α) is 

primarily produced by tissue-resident macrophages. This cytokine promotes angiogenesis, metastasis, and 

cell survival at low concentrations while having antitumorigenic effects at high concentrations [14]. The 

immune cells mediate multiple cytotoxic effects once they have entered the tumor microenvironment by 

releasing a variety of interferons. Type 2 interferon (IFN-γ) is an inflammatory cytokine that is upregulated 

after radiation treatment and is crucial for the development of the immune system's antitumor responses 

[20]. Radiotherapy was found to be able to boost the subpopulations of CD8+ T cells and improve their 

response, according to a number of in vitro and in vivo studies [12]. The aim of this study was to investigate 

the effects of radiation on TNF-α, In IFN-γ and CD8+ cytotoxic T cell levels in breast cancer patients. 

 

2. Materials and Methods 

 

2.1 Sampling and Study design 

Blood samples have been collected from 30 patients with invasive breast carcinoma in Babil Oncology 

Center/Babil iraq from a period of December 2021 to April 2022. This case-control study including 90 

samples divided into three groups: 

Group I: 30 Patients who suffered stage II-III primary invasive breast carncer. 

 

These patients have been diagnosed by physician with all clinical examination and clinical evaluation 

preformed including physical examination, chest X-ray, blood tests, abdominal ultrasound, breast 

mammography and ultrasound. Also Immunohistochemitry assessed pretreatment estrogen, progesterone 

receptors and HER 2 status and all patients treated with chemotherapy and had a surgery before treating 

with radiotherapy. Also we considered age, tumor location in this study. 
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Group II: The same 30 patients after completing the total radiotherapy dose. Each patient received 

radiotherapy by linear accelerator. The total dose given (40.5 Gry) dividing on to (15 fraction) the daily 

dose were (2.7 Gry) of locally x-ray radiation treatment for a five days a week. 

 

Group III: 30 healthy women with matched age as a control group. 

 

2.2 Laboratory analysis 

We collected 3ml of blood sample in Gel tube from healthy and patient's women with breast cancer. We 

obtain blood from patients before and after radiotherapy. After blood colt for 20 minutes serum separated 

directly by centrifuge for 5 minute 2000 rpm than the sample stored at -40 °C until analyzed. We measured 

TNF-α, INF-γ and CD8+ cytotoxic T cells levels by Enzyme-Linked Immunosorbent Assay (ELISA) in 

accordance with the directions provided by the manufacturer (BT LAB, China). This work done in AL-

qassim green university. 

 

2.3 Statistical analysis 

The SPSS statistics program version 18 (IBM, Armonk, NY, United States of America) was used for the 

statistical analyses, and outcomes with P values (≤0.05) were deemed statistically significant. 

 

3. Results 

 

3.1 Patients' clinical characteristics 

Table 1 summarizes the clinical features of the study subjects. 

 

Table 1: Clinical characteristics of the participants. 

Patients No.  Characteristics 

 

30 Female 

 

Gender 

30 

 

(31-73) Age  

20 

10 

Right 

Left  

Tumor localization 

16 

14 

II 

III 

Tumor stage 

30 

0 

Invasive ductal  

other 

Pathology  

21 

9 

+ 

- 

ER status 

22 

8 

+ 

- 

PR status 

8 

22 

+ 

- 

HER 2 immunohistochemistry 

23 

7 

Mastectomy 

 lumpectomy 

Surgery  

30 

0 

Yes 

No  

Chemotherapy  

30 

0 

Yes 

No 

Radiotherapy 
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3.2 TNF-α serum levels in breast cancer patients 

By ELIZA technique we measured TNF- α cytokine concentration in serum of breast cancer patients and 

healthy women. First we compared the results between breast cancer patients before treated with 

radiotherapy with healthy women as a control group as it's summarized in table (2). The Mean±S.E of TNF-

α was 213.44±6.9 in healthy control group while it was 296.25±11.8 in breast cancer patients before 

radiotherapy. the statistical analysis shows a significant increase in serum level TNF- α between healthy 

control group and breast cancer patients at p-value (p≤0.01). After radiotherapy the Mean±S.E of TNF-α 

was 296.00±7.2 as it summarized in Table (3). That means the statistical analysis shows no significant 

changes between breast cancer patients before and after radiotherapy treatment at p-value (p≤0.05).  Figure1 

shows the mean difference between the three groups. 

 

 
Figure 1: A bar graph showing the average serum levels of TNF- α (ng/mL) in breast cancer patients before 

and after radiation treatment in comparison to controls. 

 

3.3 INF- γ Serum levels in breast cancer patients 

By ELIZA technique we measured INF-γ cytokine concentration in serum of breast cancer patients and 

healthy women. First we compared the results between breast cancer patients before treated with 

radiotherapy with healthy women as a control group as it's summarized in table (2). The Mean±S.E of INF-

γ was 98.00±6.5 in healthy control group while it was 204.88±9.4 in breast cancer patients before 

radiotherapy. the statistical analysis shows a significant increase in serum level INF-γ between healthy 

control group and breast cancer patients at p-value (p≤0.01). After radiotherapy the Mean±S.E of INF-γ was 

142.23±9.7as it summarized in table (3). That means the statistical analysis shows a significant decrease 

between breast cancer patients before and after radiotherapy treatment at p-value (p≤0.01).  Figure 2 shows 

the mean difference between the three groups. 

 

Before 
Radiothrapy

After 
radiotherapy

Control

0

50

100

150

200

250

300

350

123

TNF Alpha%
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Figure 2: A bar graph showing the average serum levels of INF-γ (ng/mL) in breast cancer patients before 

and after radiation treatment in comparison to controls. 

 

3.4 Serum CD8+ cytotoxic T cell counts in breast cancer patients 

By ELIZA technique we measured CD8+ cytotoxic T cells concentration in serum of breast cancer patients 

and healthy women. First we compared the results between breast cancer patients before treated with 

radiotherapy with healthy women as a control group as it's summarized in table (2). The Mean±S.E of 

CD8+ cytotoxic T cells was 55.89±8.2in healthy control group while it was 192.16±18.8in breast cancer 

patients before radiotherapy. the statistical analysis shows a significant increase in serum level CD8+ 

cytotoxic T cells between healthy control group and breast cancer patients at p-value (p≤0.01). After 

radiotherapy the Mean±S.E of CD8+ cytotoxic T cells was 126.23±16.5 as it summarized in table (3). That 

means the statistical analysis shows a significant decrease between breast cancer patients before and after 

radiotherapy treatment at p-value (p≤0.05).  Figure 3 shows the mean difference between the three groups. 

 

 
Figure 3: A bar graph showing the average serum levels of CD8+ (ng/mL) in breast cancer patients before 

and after radiation treatment in comparison to controls. 
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Table (2): Cytokines concentration in control and breast cancer patients. 

             Groups 

 

Parameters  

Control Patient 

P-value 
Mean±S.E 

TNF- α 213.44±6.9 296.25±11.8 ≤0.0001** 

Interferon- γ 98.00±6.5 204.88±9.4 ≤0.0001** 

CD8+ 55.89±8.2 192.16±18.8 ≤0.0001** 

* refer to significant difference at p≤0.05. 

** refer to significant difference at p≤0.01. 

 

Table (3): Cytokines concentration before and after Radiotherapy of Breast Cancer Patients. 

             Groups 

 

Parameters  

Before  Radiotherapy After Radiotherapy 

P-value 
Mean±S.E 

TNF- α 296.25±11. 296.00±7.2 0.986 

Interferon- γ 204.88±9.4 142.23±9.7 ≤0.0001** 

CD8+ 192.16±18.8 126.23±16.5 0.011* 

* refer to significant difference at p≤0.05. 

** refer to significant difference at p≤0.01. 

 

4. Discussion 

According to the findings of the current study, radiation treatment in breast cancer patients significantly 

altered their serum cytokine levels. TNF-α cytokine levels in breast cancer patients serum do not 

significantly alter after radiotherapy compared to before, although there is a considerable increase between 

before and healthy controls. According to the current findings, the cytokine cascade was activated following 

radiotherapy exposure. This has a significant impact on the cellular radiosensitivity as well as the start of 

tissue problems. 

 

Cancer and RT have the potential to significantly alter the overall secretion of cytokines: The "cytokine 

profile" or "signature," which resembles a molecular fingerprint, can be a molecular tool used to distinguish 

not just diverse cellular subsets [17]. 

 

In agreement with the current study, TNF- α is unaffected by RT according to [18], [23], while a 

measurable decrease in the ability to generate TNF- was seen after RT in [22]. in [7] shows a significant 

increase in TNF- α after radiotherapy at a dose of 44 Gry over the course of 16 days, delivered five times 

each week at a daily fraction of 2.75 Gry. Although TNF is the only cytokine that has been seen to be 

significantly different from the baseline level even six months after RT [6]. The cytokine profiles generated 

after radiation exposure can be influenced by a wide variety of circumstances. For example, the local 

reaction and the antitumor impact were influenced by the radiation dose and tissue type. 24 The expression 

patterns of cytokines differ significantly between in vivo and in vitro, it should be added [3]. 

 

In this study we measured INF-γ cytokine in serum of breast cancer patients its level are significantly 

decrease after radiotherapy treatment compared to pretreatment. Th1 cells are the main producers of type 2 

IFN-. These cells are the subsets of CD4+ that are crucial for the immune system's ability to fight tumors. 

IFN- is a powerful stimulator of the phagocytic activity of neutrophils, NK cells, and macrophages. 

Additionally, it encourages the production of Class I and II MHC molecules, which improve the 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 09, November, 2022 

  

4567 
 

presentation of antigens [25]. in our study INF-γ decrease unlike [6], [22] which INF-γ have no significant 

changes. While in [7] shows a significant increase in INF-γ after radiotherapy. 

 

We measured the percentage of CD8+ cell in serum of breast cancer patient. there was a significant 

decrease in CD8+ after radiotherapy compared to pretreatment and control. This shows that these 

modifications are linked to circulating lymphocytes' increased radiosensitivity. 

 

Before and after radiotherapy, CD4+ and CD8+ infiltration was examined by [19]. in tumor tissues from 

cervical cancer patients. Similar levels of both cells' invasion before radiation were discovered. Their levels 

sharply dropped after radiation treatment, indicating a rebalancing effect of radiation on the lymphocytes 

inside the tumor. 

 

Unlike our findings, [13] hypothesized that targeted tumor irradiation improved the production of certain T 

lymphocytes as well as their localization to the tumor locations. They noticed that both fractionated and 

single high-dose treatments resulted in improvement. They also described how frequently CD8+ and CD4+ 

T lymphocytes were present in the lymph node that was draining the tumor. In lymph nodes draining 

radioactive tumors, there was an increase in CD8+ T lymphocytes, indicating more antigen presentation. 

 

The ability of radiation to modulate the immune system and its systemic, out-of-field effects can help to 

individualize care and direct the choice of effective radiation-based regimens in combination with 

chemotherapies, immune checkpoint inhibitors, or immune stimulants [15]. 

 

5. Conclusion 

The soluble and cellular immune response mediators were altered by radiotherapy. 

 

Following radiation treatment, circulating cytokines in breast cancer patients were assessed. Serum level of 

INF-γ and CD8+ decreases after radiotherapy while no significant change in TNF- α level. 
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