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Abstract 

Cancer is defined as a group of abnormal cells that grow and spread unusually, and 

sometimes their proliferation cannot be controlled. These tumours are usually 

called cancer. Cancer may affect damaged parts of the body, including the brain. 

This study focused on the activity of transglutaminase 1 in the blood serum of 

brain cancer patients and then compared it with the control group. The study also 

included the effect of age, gender, body mass index, and glucose on the 

transglutaminase 1 in the blood serum of patients with brain cancer. The study 

sample consisted of 45 samples of brain cancer patients, (45) samples as a control 

group. The results  showed a significant decrease in the activity of 

transglutaminase 1 in brain cancer patients (902.66 ± 14.27  ng/L) compared to the 

control group (1594.66 ± 32.95 ng/L). Gender and age also impact the enzyme; in 

the control group only, males had lower enzyme activity than females, and the 

enzyme's activity decreased with age in both groups (brain cancer patients and 

controls).  The findings also demonstrate that there was a discernible difference in 

the serum glucose concentration of brain cancer patients when compared to the 

control group, although it was still within normal allowable limits, and that there 

was a decrease in the enzyme's activity with an increase in body mass index values 
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in both the patient and control groups. The investigation of transglutaminase 1 is a 

useful marker for identifying brain cancer and can be utilized in early diagnosis. 

Keywords: Cancer, Transglutaminase 1, Body Mass Index, Glucose, Brain 

Introduction 

"cancer" refers to diseases caused by the body's abnormal cells proliferating and 

spreading uncontrollably [1]. Cancer, or tumours, is a general term for diseases 

caused by abnormal cells in the body that develop and spread uncontrollably [2]. 

Every year, the number of cancer cases rises as a result of pollution in the air, 

water, and land, as well as the introduction of canned goods without proper quality 

control [3]. Some of the symptoms of brain tumors are headaches, seizures, 

memory or cognitive impairments, visual or hearing alterations, balance problems, 

and behavioral or personality changes [4]. Treatment options for brain tumors vary 

depending on the kind, size, location, and general health of the patient. MRIs and 

CT scans, which are commonly used to identify the type of tumor and its features, 

are also sometimes combined with a biopsy to confirm the diagnosis [5]. Surgery, 

radiation therapy, chemotherapy, targeted medication therapy, or a mix of these 

may be used as a form of treatment [6]. An enzyme known as transglutaminase 1 

(TGM1) is essential to the keratinization process, which creates the epidermis, the 

skin's protective outer layer. This enzyme is especially crucial for the formation of 

the epidermal barrier, which shields the body from contaminants, dehydration, and 

infections [7]. This enzyme belongs to a family of enzymes that are vital to many 

biological processes, such as tissue repair, wound healing, and blood clotting [8]. 

The body has many forms of transglutaminases 1, including the brain [9]. 

According to a study, transglutaminases may contribute to the development of 

cancer, especially brain tumors (BT) [10]. Gliomas are among the many forms of 

brain tumors that express TGM1. Through the promotion of protein cross-linking 

within the tumor microenvironment, TGM 1 can aid in the development and spread 
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of tumors. Proteins involved in cell adhesion, migration, and invasion-all of which 

are essential for the advancement of cancer—can be stabilized by this process [11]. 

Transglutaminases have been investigated as possible therapeutic targets for the 

treatment of cancer, especially brain tumors, due to their role in supporting cancer 

cell survival and metastasis. Transglutaminase activity inhibition may interfere 

with these functions and prevent tumor growth [12]. 

Since there isn't much information on the assay of transglutaminase 1 in blood 

serum, due to the paucity of biochemical research on the correlation between 

transglutaminase  1 and brain cancer, particularly in light of the rise in brain cancer 

cases in Iraq, the study's main goal was to measure the level of transglutaminase 1 

activity in the blood serums of patients with brain cancer and healthy individuals, 

as well as the relationship between the two. 

Material and Methods 

Chemical and standard kits 

Every chemical and standard utilized in this investigation for analytical reasons 

was used with a high-purity 

Research procedures 

The scientific committee of Tikrit University's College of Science approved the 

study's protocol. On April 5, 2023, during its 242nd session, the Scientific and 

Ethical Research Committee of the Nineveh Health Department also approved the 

study's conduct and provided the necessary data and samples.  

45 individuals with brain cancer are included in this research. Samples were taken 

from patients receiving treatment at the Mosul Oncology and Nuclear Medicine 

Hospital in Mosul, Iraq, between April and September of 2023. Each case's clinical 

diagnosis was determined based on the oncologist's recommendations. The ages of 
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each patient ranged from 9 to 76. The study's participants had been diagnosed with 

brain cancer both clinically and histologically, and they had no history of diabetes, 

hypertension, or other chronic illnesses affecting the heart, kidneys, or liver. The 

female cases weren't nursing or pregnant. The control group was made up of forty-

five normal, healthy people who were matched in age to the patients and had no 

evidence of any benign or malignant brain disease. They also showed no 

indications or symptoms of cancer or chronic illnesses. 

Blood Sample Collection 

Samples of venous blood were taken following an overnight fast. Venous blood 

samples of 8 ml were collected from both patients and control samples 2 ml. of 

fresh venous blood was preserved right away in a tube which contained an 

anticoagulant. The remaining blood was then allowed to clot in a gel tube for 

fifteen minutes at room temperature to obtain blood serum. 

Human Transglutaminase 1 Determination 

TGM 1 is a serum of Transglutaminase 1 activity, which was determined using a 

kit assayed according to the manufactured procedure (Bioassay Technology 

Laboratory, Cat. No. E6023Hu, Shanghai, China). The Detection Range is 15-3000 

ng/L, and the sensitivity is 7.03ng/L.  

Assay Principle 

This work employed a precise quantitative sandwich enzyme immunoassay 

approach to detect human Transglutaminase 1 (TGM1). The plate was pre-coated 

with a human TGM1 antibody (Human Protein-glutamine Gamma-

glutamyltransferase, TGM1). Then, TGM1 (the Antigen) from the sample was 

added, which binds to antibodies coated on the wells. A biotinylated Human TGM1 

Antibody was also added, which binds to TGM1 from the sample.  
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Next, the biotinylated TGM1 antibody bound streptavidin-HRP. After incubation, 

unbound Streptavidin-HRP was eliminated in a washing phase. Subsequently, the 

hue changed in direct proportion to the concentration of Human TGM1 when the 

substrate solution was introduced. At 450 nm, absorbance was measured, and an 

acidic stop solution was added to halt the process. 

Calculation of Body Mass Index (BMI) using Weight and Height 

Measurements 

Trained nurses measured each participant's height (cm) and weight (kg).  The 

subjects were dressed comfortably and barefoot when their body weight was 

assessed using a balancing scale. The balance scale was set to the nearest half-

kilogram. Weight in kg divided by height in meters squared yields the BMI, or 

Quetelet index. The next equation is used to calculate BMI 

Body Mass Index =  
weight (kg)

height (m2)
 

The following ranges represent the BMI classifications used by the WHO: 

Underweight is defined as 18 or less, ideal weight as 18.5-24.9, overweight as 25-

29.9, and obesity as 30 or more. [13]. 

Serum Glucose Determination 

The solutions were placed in three test tubes: the sample, the standard (glucose), 

and the blank. After mixing the solution tubes and incubating them at 37 °C for 

five to ten minutes, the absorbance (A) of the samples and the standard were 

measured at 505 nm using a spectrophotometer (PYE-UNICAM, U.K.) 

Statistical analysis 

The ready-made statistical program SPSS 22 (SPSS Software, SPSS Inc., Chicago, 

Illinois, USA) was used to analyze the data [14]. All results were presented as the 
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average ± standard deviation. to compare the relevance of the various categories. 

To identify any significant differences between the research groups, the findings 

were statistically evaluated using the t-test and the correlation coefficient. A 

probability level of p < 0.05 was deemed significant, while p>0.05 was deemed 

non-significant. Pearson's correlation is used to ascertain whether the variables 

under study have an effective connection. 

Results and Discussion 

The activity of TGM 1 in the blood serum of the control group was found at 

15.94.66 ± 32.95 ng/L for both genders, as presented in Table 1.  

Adults typically use a reference range of less than 4 U/mL. A result of more than 4 

U/mL in children is very indicative of celiac disease, and in certain circumstances, 

this may mean that a biopsy is not necessary. [15,16]. For the patient group, it has 

been found that the activity of TGM 1 in the serum of both genders and for ages 

(9-74 years), was (902.66± 14.27 ng / L) (Table 1). 

Table (1): Activity of serum Transglutaminase 1 for both control and patients 

Age groups 

Transglutaminase 1 activity (ng/L) 

(mean ± SD) 

Control group 

(n=45) 

Patients group 

(n=45) 

Males 

(n=23) 

Females 

(n=22) 
Total 

Males 

(n=23) 

Females 

(n=22) 
Total 

(9-29) years 

(N=13) 

1499.56 ± 

29.13 c 

 

1881.7: ± 

30.21 g 

 

1710.20 ± 

28.55 f 

946.58 ± 
26.36 c 

 

1089.96 ± 
27.91 g 

 

1012.80 ± 

17.25 e 

(30-59) years 

(N=16) 

1401.55 ± 

16.85 b 

 

1748. 70 ± 

22.45 f 

 

1574.5: ± 

21.35 d 

901.75 ± 
11.85 b 

 

1047. ;0 ± 
32.45 f 

 

974.<< ± 

25.15 d 

(60-89) years 

(N=16) 

1264.76± 

21.73 a 

 

1624.55 ± 

13.87 e 

 

1444.76 ± 

18.18 bc 

854.79 ± 
18.18 a 

 

1001.5; ± 
18.07 e 

 

927.86 ± 
27.12 bc 

 

Total mean 
1444.96 ± 

19.90 bc 

1754.50 ± 

23.05 
1594.66 ± 

32.95 d 

884.82 ± 

22.14 a 

1034.50 ± 
11.35 

 F 

902.66± 

14.27 b 
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f 

a, b, c, d, e, f & g infer that the means significantly differ at P<0.05 among the groups of studied.  

 

Impact of genders according to age on TGM 1 activity in the blood serum 

On control group: 

It investigated how gender affected the level of TGM1 activity in the control 

group's serum based on age. The blood serum of the control group for the first age 

group compared with the older age groups indicates a reduction in TGM1 activity 

with an increase in age of both genders (P≤0.05).  Transglutaminase 1 activity was 

significantly lower in men than in females across all age groups when comparing 

the sex of the individuals. This finding is similar to [17], indicating that TGM1 

activity was lower in males than in girls. Male and female variations in 

transglutaminase 1 activity can be ascribed to several physiological and biological 

variables.  Research on transglutaminases and enzyme activities in different sexes 

provides insights, even if the specific research results did not directly address 

variations in TGM1 activity.  

There are some factors that can affect TGM 1 activity, such as hormonal influence: 

Sex hormones, particularly androgens and estrogens, significantly influence 

enzyme activities [16]. Higher testosterone levels in men are often associated with 

enhanced enzyme activity and specific metabolic pathways. On the other hand, 

transglutaminases' expression and activity may be affected by the increased 

estrogen levels in females. The interaction of hormones may cause differences in 

TGM1 activity between both genders. Muscle and Tissue Composition: Studies 

show that men typically have more muscle mass and a distinct makeup of muscle 

fibers than women. This has the potential to impact the production and function of 

muscle-related enzymes, such as transglutaminases [18], and it may also be 

significantly influenced by genetic, epigenetic, and gender-specific variables [18]. 
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On patients group 

In a study examining the impact of sex and age on enzyme activity in the serum of 

brain cancer patients, significant decreases in Transglutaminase 1 activity were 

observed with advancing age for both females and males, with a probability level 

of P≤0.05. This finding suggests that age significantly influences enzyme activity. 

Recent research highlights the importance of Transglutaminase 1 in various 

biological processes, such as cell differentiation and tissue repair, and indicates that 

its activity may reflect underlying pathophysiological conditions. The findings 

suggest that one important factor influencing TGM1 activity is age. This enzyme's 

activity decreases with age in patients, which might have an impact on how well 

their condition progresses and how well their treatments work. Even while TGM1 

activity decreased with age in both sexes, the results may also call for more 

research to see if the pace or degree of this reduction differs in males and females 

[17]. Understanding these differences may facilitate more personalized treatment 

and management strategies for brain cancer. Research indicates that several 

enzymes in brain cancer patients, including Transglutaminase 1, significantly 

decline activity with age. Here are some notable examples: 

Indoleamine 2,3-Dioxygenase: its expression increases with age; however, its 

enzyme activity does not rise similarly. This suggests a potential decline in 

functionality despite higher expression levels. This discrepancy prompts further 

investigation into IDO1's role in immunosuppression and its effects on brain cancer 

outcomes in older patients [19, 20]. Catalase: Like Se-GPx, catalase activity has 

been shown to decrease in patients with brain cancer. This enzyme is crucial for 

breaking down hydrogen peroxide, and its diminished activity can result in 

increased oxidative stress, which may exacerbate cancer pathology [21]. 
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Acetylcholinesterase (AChE) activity is significantly impaired in cancer patients, 

including those with brain tumors. This impairment can result in elevated 

acetylcholine levels, potentially influencing tumor growth and aggressiveness [22]. 

The decline in TG1 activity with age may serve as a potential biomarker for 

evaluating disease severity or progression in brain cancer patients. Additionally, 

understanding the effects of age and sex on enzyme activity could aid in 

developing tailored therapeutic strategies that are age-appropriate and sex-specific. 

Impact of BMI (Body Mass Index) on TGM 1 activity in the blood serum 

On control group 

The formula for calculating BMI is weight divided by height. According to WHO 

criteria, BMI is categorized as follows: BMI less than 18.50 indicates underweight; 

18.5 ≤ BMI less than 25.0; 25.0 ≤ BMI less than 30.0; and BMI more than 30 

indicates obesity [23]. As can be seen in Table (2), the control group was split into 

two groups based on body mass index (BMI) since an increase in BMI is 

associated with a substantial decrease in TGM 1 activity at the probability level (P

≤0.05). To recognize the connection between body mass index and 

transglutaminase 1 activity. It noted that TGM1 activity has been found to decrease 

significantly with rising BMI; this suggests that TGM1 activity decreases with 

rising BMI and that the association is statistically significant.  

The production of covalent connections between proteins, which is necessary for 

the structural integrity of tissues, is one of the many biological processes in which 

the enzyme TGM1 plays a critical role. The reduction in TGM1 activity with rising 

BMI may be due to several processes, including inflammatory cytokines. Increased 

levels of inflammatory markers are frequently linked to higher BMIs, and this may 

limit TGM1 function. alterations in dietary and hormonal aspects as well [23]. 
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The substantial decline in transglutaminase 1 activity with rising BMI draws 

attention to a crucial field of study that may be useful in understanding health 

problems associated with obesity. To lessen the side effects linked to decreased 

TGM1 activity, further research is required to investigate the underlying processes 

and possible treatment targets [24]. 

Table (2): Impact of BMI on TGM1 activity in the serum in both groups 

Groups BMI (kg/m²) 
TGM1 (ng/L) 

(avarage ± SD) 

Control group 

 

Normal (≤ 25)  1758. 90 ± 21.95 a 

Obese (≥ 30) (n=21) 1294.86 ± 31.13 b 

Patient group 

 

Normal (≤ 25)  959.93 ± 8.19 a 

Obese (≥ 30) (n=40) 900.03± 24.12 b 

a & b infer that the average is significantly different at P<0.05 among the groups studied.  

On patients group 

Table (2) shows that a significant drop in the probability level (P≤0.05) in enzyme 

activity is detected with an increase in the BMI in the patient's blood serum. The 

patients were classified into two groups based on their BMI.  

High BMI (overweight or obese) has been linked to several disorders [25, 26] and 

has been linked to several negative health and financial effects, including greater 

yearly medical care expenses [27] and increased mortality and morbidity.  

Numerous epidemiological studies have connected obesity to a higher risk of brain 

tumour development, including gliomas and meningiomas. Obesity has been linked 

to an increased risk of meningiomas, gliomas, and brain/CNS cancers, according to 

a meta-analysis [28]. A different meta-analysis revealed a correlation between an 

elevated BMI and physical activity with a greater risk of adult meningioma and 

glioma [29].  A 7% higher cancer risk, including brain cancer, has been linked to 
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obesity in men [30]. Although the precise processes relating obesity to the risk of 

brain cancer are not entirely known, they may include obesity-related variables 

such as insulin resistance and elevated inflammation [31].  

Effect of Glucose on TGM 1 activity in the blood serum 

Those suffering from brain cancer had noticeably increased blood glucose levels 

(102.36±1.06 mg/dL), compared with those of the control (91.20±0.97 mg/dL), 

P<0.05 Figure (1). There is a relationship between glucose levels and brain cancer; 

some studies link hyperglycemia to increased brain cancer risk and aggressiveness. 

It can be explained by reduced insulin production, aberrant glucose tolerance, or 

insulin resistance (along with compensatory hyperinsulinemia). Given that insulin 

is known to have a role in cell differentiation, aberrant insulin activity may be a 

sign of an increased risk of cancer cells growing undifferentiated [32, 33]. 

 

Figure (1): Glucose concentration (mg/dl) in brain cancer patients and control 

groups 
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Conclusions 

Transglutaminases are a family of enzymes that play diverse roles in different 

biological processes. It is expressed in various tissues, including the brain. In the 

case of brain cancer, such as gliomas, researchers have explored its activity and 

potential impact. This study determined the activity of TGM 1 enzyme in brain 

cancer patients' blood serum and compared this activity to the control group 

(healthy people). The impact of age, gender, body mass index, and glucose on the 

transglutaminase 1 enzyme in brain cancer patients' blood serum was also 

examined in this study. The results revealed that significant decrease in the activity 

of transglutaminase 1 in brain cancer patients compared to the control group. In 

addition, the results revealed that transglutaminase 1 activity decreased with age 

and increased in body mass index. Finally, transglutaminase 1 is considered a 

useful biomarker for the early detection of brain tumours. The researchers 

recommended an additional investigation to evaluate the activity of 

transglutaminase 1 in brain tumour tissues from brain cancer patients. 

References 

[1] Pellegrino M, Secli V, D’Amico S, Petrilli L, Caforio M, Folgiero V & de 

Billy E. [2024]: Manipulating the Tumor Immune Microenvironment to 

Improve Cancer Immunotherapy: IGF1R, a Promising Target. Frontiers in 

Immunology. 15(1356321), pp 20-29. 

[2] Jacobs L, [2024]: The Cancer Survivorship Program at the Abramson 

Cancer Center of the University of Pennsylvania. Journal of Cancer 

Survivorship, pp 1-5. 

[3] Lin Z, Li X, Shi H, Cao R, Zhu L, Dang C & Wu S. [2024]: Decoding the 

Tumor Microenvironment and Molecular Mechanism: Unraveling Cervical 



Journal of Kufa for Chemical Sciences Vol. (5) No. (1) ………………..…..………….Dec. 2025 

 544 

 

Cancer Subpopulations and Prognostic Signatures Through scRNA-Seq and 

Bulk RNA-seq Analyses. Frontiers in Immunology. 15, 1351287. 

[4] Röttgering J, Varkevisser T, Gorter M, Belgers V, De Witt Hamer P, 

Reijneveld J& Douw L. [2024]: Symptom Networks in Glioma Patients: 

Understanding the Multidimensionality of Symptoms and Quality of Life. 

Journal of Cancer Survivorship. 18(3), pp. 1032-1041. 

[5] Cavanna A &  Carson A. [2024]: Neuropsychiatric Disorders. In Seminars in 

General Adult Psychiatry , 2024, Cambridge University Press, pp. 460-467. 

[6] Shoeibi A, Khodatars M, Jafari M, Ghassemi N, Moridian P, Alizadehsani 

R& Gorriz J. [2023]: Diagnosis of Brain Diseases in Fusion of 

Neuroimaging Modalities Using Deep Learning: a Review. Information 

Fusion,  93(1), pp. 85-117. 

[7] Loeser A,  Kim J, Peppercorn M, Burkard A, Niemierko D, Juric A& Bardia 

A.[2024]: The Right Dose: Results of a Patient Advocate–Led Survey of 

Individuals With Metastatic Breast Cancer Regarding Treatment-Related 

Side Effects and Views About Dosage Assessment to Optimize Quality of 

Life. JCO Oncology Practice, 23,  pp. 224-231. 

[8] Zhang S, Yao H, Li H, Su T, Jiang S, Wang H& Yang X[2023]: 

Transglutaminases are Oncogenic Biomarkers in Human Cancers and 

Therapeutic Targeting of TGM2 Blocks Chemoresistance and Macrophage 

Infiltration in Pancreatic Cancer. Cellular Oncology, 46( 5), pp. 1473-1492. 

[9] Ha K. S.[2024]: Transglutaminase 2 in Diabetes Mellitus: Unraveling Its 

Multifaceted Role and Therapeutic Implications for Vascular Complications. 

Theranostics, 14(6), pp.  2329. 



Journal of Kufa for Chemical Sciences Vol. (5) No. (1) ………………..…..………….Dec. 2025 

 545 

 

[10] Chen Z, Dai Z,  Liu S,  Wang S,  Li J&  Mao X.[2024]: Microbial 

Transglutaminase Promotes Cross-linking for Enhancing Gelation of 

Myofibrillar Protein in Frozen Litopenaeus Yannamei through Deamination 

Reaction. Food Hydrocolloids, 147(1), pp. 109332. 

[11] Kang S, Shao Y, Li Z, Chang W, Song J, Hu Y& Luan G. [2024]: 

Mechanism of Transglutaminase on Film-Forming and Structural Sroperties 

of Soybean Srotein and Its Fractions: a Study in Different pH Environments. 

Food Hydrocolloids, 110394. 

[12] Tabolacci C, Lentini A, Provenzano B& Beninati S.[2012]: Evidences 

For a Role of Protein Cross-Links in Transglutaminase-Related Disease. 

Amino Acids, 42(1), pp. 975-986. 

[13] Tietz N W.[2019]: Textbook of Clinical Chemistry. 9
th

 Edition. C.A. 

Burtis, E.R. Ashwood, W.B. Saunders. 

[14] IBM Corp. [2020]. IBM SPSS Statistics for Windows (Version 

27.0) [Computer software]. IBM Corp.  

[15] Perrotta G& Guerrieri E. [2022]: Celiac disease: definition, 

classification, historical and epistemological profiles, anatomopathological 

aspects, clinical signs, differential diagnosis, treatments and prognosis. 

Proposed diagnostic scheme for celiac disease (DSCNC). Arch Clin 

Gastroenterol 8(1),pp. 008-019. DOI: https://dx.doi.org/10.17352/2455-

2283.000106 

[16] Reunala T, Salmi T& Hervonen K.[2016]: Dermatitis Herpetiformis: 

Pathognomonic Transglutaminase IgA Deposits in the Skin and Excellent 

Prognosis on a Gluten-Free Diet,96(1),pp. 82-86.  

https://dx.doi.org/10.17352/2455-2283.000106
https://dx.doi.org/10.17352/2455-2283.000106


Journal of Kufa for Chemical Sciences Vol. (5) No. (1) ………………..…..………….Dec. 2025 

 546 

 

[17] Green H, Fraser I&  Ranney I.[1983]: Male and Female Differences in 

Enzyme Activities of Energy Metabolism in Vastus Lateralis 

Muscle. Medicine & Science in Sports & Exercise, 15(2), pp. 107. 

[18]  Arnold P, Otte A &Becker-Pauly C. [2017]: Transglutaminase 1 

Metalloproteases: Molecular Regulation and Function in Inflammation and 

Fibrosis. Biochim Biophys Acta Mol Cell Res., 1864 (11), pp. 2096-2104. 

[19] Ladomersky E, Zhai L, Lauing K, Bell A, Xu J, Kocherginsky M& 

Wainwright D.[2020]: Advanced Age Increases Immunosuppression in the 

Brain and Decreases Immunotherapeutic Efficacy in Subjects with 

Glioblastoma. Clin Cancer Res.,  26 (19), pp. 5232-5245. 

[20] Gayathri M., Ashalatha V, Annaswamy R, Suryanarayana R& Anjali 

R. [2000]: Role of Antioxidant Enzymes in Brain Tumours, Clinica Chimica 

Acta,  296(2), pp. 203-212. 

[21] Wang J, Ren L, Liu X, Liu J & Ling Q. [2023]: Underactive Bladder 

and Detrusor Underactivity: New Advances and Prospectives. International 

journal of molecular sciences, 24(21), pp. 15517. 

https://doi.org/10.3390/ijms242115517 

[22] Bond J. S. [2019]: Proteases: History, Discovery, and Roles in Health 

and Disease. J. Biol. Chem.  294(5), pp. 1643–1651. 

[23] Kaartinen M, Arora M, Heinonen S, Rissanen A, Kaprio J, Pietiläinen 

K. [2020]:  Transglutaminases and Obesity in Humans: Association 

of F13A1 to Adipocyte Hypertrophy and Adipose Tissue Immune 

Response. International journal of molecular sciences,  21(21), pp. 8289. 

[24] Ladomersky E, Scholtens D, Kocherginsky M, Hibler E, Bartom E, 

Otto-Meyer S, Zhai L, Lauing K, Choi J, Sosman J, Wu J, Zhang B, Lukas R 

& Wainwright D. [2019]. The Coincidence Between Increasing Age, 

https://doi.org/10.3390/ijms242115517


Journal of Kufa for Chemical Sciences Vol. (5) No. (1) ………………..…..………….Dec. 2025 

 547 

 

Immunosuppression, and the Incidence of Patients With 

Glioblastoma. Frontiers in pharmacology, 10,pp. 200. 

https://doi.org/10.3389/fphar.2019.00200 

[25] Singh R, Panghal A, Jadhav K, Thakur A, Verma R, Singh C & 

Namdeo A. [2024]: Recent Advances in Targeting Transition Metals 

(Copper, Iron, and Zinc) in Alzheimer’s Disease. Molecular Neurobiology, 

pp. 1-25. https://doi.org/10.1007/s12035-024-04256-8 

[26]  Himoto T& Masaki T. [2024]: Current Trends on the Involvement of 

Zinc, Copper, and Selenium in the Process of Hepatocarcinogenesis. 

Nutrients,  16(4), pp. 472. 

[27]  Pati S, Irfan W, Jameel A, Ahmed S & Shahid R.  [2023]. Obesity 

and Cancer: A Current Overview of Epidemiology, Pathogenesis, Outcomes, 

and Management. Cancers, 15(2),pp. 485. 

https://doi.org/10.3390/cancers15020485 

[28] Fan J, Zhang Z, Chen H, Chen D, Yuan W, Li J& Xu, Y. [2024]: Zinc 

Finger Protein 831 Promotes Apoptosis and Enhances Chemosensitivity in 

Breast Cancer by Acting as a Novel Transcriptional Repressor Targeting the 

STAT3/Bcl2 Signaling Pathway. Genes & Diseases, 11(1), pp. 430-448. 

[29] Duan M, Li T, Liu B, Yin S, Zang J, Lv C& Zhang T. [2021]. Zinc 

nutrition and dietary zinc supplements. Critical Reviews in Food Science 

and Nutrition, 63(9),pp.1277–1292. 

https://doi.org/10.1080/10408398.2021.1963664 

[30] Jen J& Wang YC. [2016]: Deciphering Zinc Finger Proteins’ Role in 

Breast Cancer Progression: Homology-Based Analysis of Etiology and 

Prognosis, J Biomed Sci.23(1), pp.53. 

https://doi.org/10.3389/fphar.2019.00200
https://doi.org/10.3390/cancers15020485
https://doi.org/10.1080/10408398.2021.1963664


Journal of Kufa for Chemical Sciences Vol. (5) No. (1) ………………..…..………….Dec. 2025 

 548 

 

[31] Costa M. I, Sarmento-Ribeiro A. & Gonçalves A. C.  [2023]: Zinc: 

from Biological Functions to Therapeutic Potential. International Journal of 

Molecular Sciences,  24 (5), pp. 4822.  

[32] Alexandru O, Ene L, Purcaru O, Tache D, Popescu A, Neamtu O&  

Dricu A. [2014]: Plasma Levels of Glucose and Insulin in Patients with 

Brain Tumors. Current Health Sciences Journal, 40(1), pp.27. 

[33] Simon D, & Balkau B. [2010]: Diabetes Mellitus, Hyperglycaemia 

and Cancer. Diabetes & metabolism, 36(3), pp. 182-191. 

 


