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A B S T R A C T: 
     The present study investigated the association between mutations in the gene of interleukin (IL)-15 located on exon 8 and the 

risk of atherosclerosis in Iraqi patients. A total of 87 patients (71 males and 16 females) with atherosclerosis prior to [Coronary 

Artery Bypass Graft (CABG) surgery] median age, 57 years and 30 subjects with no CVD (median age, 58.5 years) were enrolled 

at the Surgical Specialty Hospital of Cardiac Center-Erbil-Iraq between April 2021 and February 2022. Genotype analysis was 

achieved using a polymerase chain reaction (PCR) and Sanger DNA sequencing and clinical biochemistry were achieved by 

Cobas 311and e411 analyzers. The IL-15 homozygous rs2291596 (53.3%) and rs10833 (100%) genotypes appeared in peak 

frequencies and were related to a risk of the progress of atherosclerosis. In comparison, the remaining two novel mutations 

exhibited a low frequency for the 97264 G>GC genotype (13.3%) and the 97270 G>GT genotype (26.7%). Significant changes 

were observed in serum C-reactive protein (CRP) levels, the erythrocyte sedimentation rate (ESR), and high-density lipoprotein 

(HDL), alkaline phosphatase (ALP), blood fasting glucose, hemoglobin A1c (HbA1c) and troponin T-hs levels in the patients with 

atherosclerosis compared with those of the non-CVD subjects. Finally, it was concluded that the IL-15 mutations may play an 

essential role in the development and prognostic prediction of blood vessel atherosclerosis. 
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1.INTRODUCTION : 

 

Interleukin (IL)-15 is a cytokine that is involved in 

the inflammatory process with a structural analogy 

to IL-2; both bind to IL-2Rβ Clusters of 

Differentiation 122 (CD122) and IL-2Rγ (CD132) 

receptors and the main function of both ILs is 

present by the corresponding α receptor chains, 

IL-15Rα and IL-2Rα (CD215 and CD25, 

respectively) (Olsen et al., 2007, Meghnem et al., 

2017, Ma et al., 2021). IL-15 is made by different 

cells in the body. It plays an essential role in 

natural, adaptive immunity, inflammation, Natural 

Killer cell development, homeostasis and the 

stimulation of Cytotoxic T-cells. IL-15 is 

associated with autoimmune and inflammatory 

diseases, such as atherosclerosis, cardiovascular 

diseases (CVDs), the development of 

inflammation in malignancies, transplantation 

rejection, and infectious diseases (Panigrahi et al., 

2020).  

 

 

Atherosclerosis is a chronic disease of the 

blood vessel wall characterized by the 

precipitation of plaques of fatty substances in and 

on inner artery walls, identified by an impactable 

interaction between the immune system and fats 

(Park and Park, 2015). The cells form plaque 

inflammation through a complex exchange among 

inflammatory factors in the circulation and artery 

wall. Hence, inflammation is a precursor of 

atherosclerotic plaque formation and a factor 

involved in atherosclerotic development (Ramji 

and Davies, 2015, Björkegren and Lusis, 2022). 

The activation of the inflammatory process in 

atherosclerosis and CVDs is mediated by the IL-

15 cytokine, in all aspects. The overexpression of 

IL-15 in atherosclerosis and certain other CVDs 

promotes atherogenesis and may be an effective 

target in the treatment of CVDs (Guo et al., 2020). 

Other inflammatory factors, such as CRP and 

other cytokines, are the most prevalent 

intermediaries in the inflammatory process, have * Corresponding Author: 
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been used in the medical diagnosis, and prognosis 

of the disease and have been usable targets for 

future therapies (Turillazzi et al., 2014). 

Previous studies have demonstrated that IL-15 

stimulates atherosclerotic plaque formation in 

mouse models (van Es et al., 2011). The values of 

IL-15 and soluble IL-15Rα are higher in the 

plasma of patients with CVDs than non-CVD 

individuals (Dozio et al., 2014). 

As previously demonstrated, four 

mutations in IL-15 are related to atherosclerosis; 

however, the rs10833 variation may be significant 

in controlling IL-15 expression in atherosclerosis 

(Angeles-Martínez et al., 2017). Polymorphisms 

in the gene of IL-15 and IL-15 expression levels 

affect the development of coronary artery disease 

(Gokkusu et al., 2010).  

Previous studies have demonstrated 

associations between an elevated hemoglobin 

A1c/ HDL ratio and patients with atherosclerosis 

and carotid artery plaque with and without 

diabetes mellitus (Hu et al., 2021, Rossello et al., 

2021).  Alterations in serum CRP concentrations 

are associated with HbA1c values compared with 

fasting blood glucose values (Seo and Park, 2021).  

Others indicated that CRP and the ESR were good 

indicators of inflammation and atherosclerosis and 

were identified as vital risk factors and predictors 

of atherosclerosis (Xie et al., 2016, Koyama et al., 

2015). Elevations in the serum levels of troponin 

T-hs and alkaline phosphatase have also been 

found to be related to an increased risk of 

developing atherosclerosis and several other 

CVDs (Ndrepepa, 2017, Li et al., 2021, Wang et 

al., 2021).  

The present study aimed to determine whether IL-

15 polymorphisms are related to risk factors for 

atherosclerosis in Iraqi patients. The analysis of 

IL-15 mutations may provide strategies with 

which to prevent the formation of atherosclerotic 

plaque and may also lead to the development of 

effective therapeutics. 
 

2. Patients and Methods   

2.1 Study Participants.  

The present study was based on a case-control 

study design. Patients with atherosclerosis were 

enrolled from the Laboratory Department of the 

Surgical Specialty Hospital of Cardiac Center-

Erbil (Erbil, Iraq). Patients who were admitted for 

CABG between April, 2021 and February, 2022 

were incorporated in the current study. Venous 

blood samples were obtained from 87 cases with 

atherosclerosis (71 males and 16 females), median 

age 57 years and 30 healthy control individuals, 

their median age was 58.5 years. The patients with 

atherosclerosis were preferably diagnosed by the 

following clinical examinations: 

Echocardiography, cardiac assays, hemostasis, 

clinical chemistry screening tests and hematology 

analysis. 

2.2 Blood Collection  

Peripheral blood samples were collected by 

phlebotomy at the Hematology Laboratory, 

Surgical Specialty Hospital of Cardiac Center in 

Erbil-Iraq. subsequently, the venous blood 

samples were divided into two parts: One tube 

was used for serum biochemical analysis and the 

other for DNA extraction and sequencing. The 

latter was transferred to the Immunogen Center, in 

Erbil, Iraq. 

2.3 Genotype Determination  

The current study examined the genotypes of the 

IL-15 gene on exon 8 on the chromosomal 

location 4q31.21 (Imunogene Center, Erbil-Iraq). 

In accordance with the manufacturer's operating 

instructions, DNA was first extracted to obtain 

polymorphic mutation from blood cells of patients 

with atherosclerosis, using AddPrep (Genomic 

DNA Extraction kit Add Bio, Inc.) (Hamzei et al., 

2020). DNA was quantified using a NanoDrop 

spectrophotometer (Thermo Fisher Scientific, 

Inc.). The PCR amplification was performed using 

the AddPrep kit according to the manufacturer's 

protocol with 35 amplification cycles. (Applied 

Biosystems; Thermo Fisher Scientific, Inc.). The 

following primers were used: IL-15 exon 8 

forward, 5'-CTATGCTGGTAGGCTCCTG-3' and 

reverse, 

5'-GTTCCATTAGAAGAGAGCTTGC -3'.  

 CR was perfor ed using the following 

steps  Denaturation for 5  in at  5  C; 

denaturation for 30 sec at  5˚C, annealing for 30 

sec at 56˚C and elongation at 72˚C for 30 sec; a 
final elongation step was perfor ed at 72˚C for 5 

min. The DNA outcomes were isolated in one lane 

using 3% agarose gels and a reference 50 bp DNA 

ladder. Subsequently, they were dyed with Safe 

DNA Gel Stain dye (Add Bio, Inc.). The stained 

DNA bands were imaged using a UV light source 

with a UV Transilluminator (UST-20M-8K; 

Biostep GmbH)  (Ghatak et al., 2013, Hamzei et 

al., 2020).  

https://asia.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000164136;r=4:141636583-141733987;t=ENST00000296545;v=rs939153141;vf=263855938
https://asia.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000164136;r=4:141636583-141733987;t=ENST00000296545;v=rs959719834;vf=265262140
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Following PCR, DNA extraction was 

performed to obtain the DNA samples for the 

sequencing process. The latter was performed 

using automatic gene analyzer 3130 Genetic 

analyzers (Applied Biosystems; Thermo Fisher 

Scientific, Inc.). Sanger sequencing was 

performed to obtain using the Mutation Surveyor 

software package 5 (5.0-UG001) (Soft Genetics, 

LLC) to detect known and unknown mutations by 

comparison with the GenBank database sequences 

reference genes (Chromosome 4 - NC_000004.12; 

- (https://www.ncbi.nlm.nih.gov/genbank) 

2.4 Blood Analysis 

Clinical chemistry analysis, which included 

blood sugar, lipid profile, electrolytes, kidney 

function and CRP levels) was performed using the 

Roche Cobas C311 analyzer. Thyroid function, 

serum ferritin, hemostasis [prothrombin time and 

international normalized ratio (INR)] and cardiac 

assays (CK-MB and troponin T-hs) were analyzed 

using the Roche Cobas e411 analyzer from the 

Laboratory Department of the Surgical Specialty 

Hospital of Cardiac Center-Erbil.  

2.5 Statistical analysis 

All statistical analyses were performed using 

GraphPad prism 8. The values were expressed as 

mean ± Standard Error and median. Normality 

was tested using the Anderson-Darling test, 

D’Agostino &  earson test, Kol ogorov-

Smirnov, and Shapiro-Wilk test. An independent 

samples (unpaired) t-test was used for blood 

parameters analysis 

2.6 Ethics approval and consent to participate 

The study was confirmed by the Human Ethics 

Committee of the College of Science, Salahaddin 

University-Erbil (Reference No: 7/54/590; date, 

4/2/2021; Erbil-Iraq), and the study was carried 

out according to the principles of the Declaration 

of Helsinki. Permission was gotten from all 

patients and healthy subjects to obtain their blood 

before the CABG operation. 

3. RESULTS AND DISCUSSION 

The present study examined the effects of single 

nucleotide polymorphism (SNPs) of IL-15 on the 

biochemical and hematological parameters in 

patients with atherosclerosis.    

3.1 GENOMIC VARIATION OF IL-15 
In the current study, the genomic polymorphisms 

of IL-15 (exon 8) gene mutations in patients with 

atherosclerosis were analyzed using Mutation 

Survey software (Table 1). 

A total of 4 mutations were obtained in exon 8 

of the IL-15 gene at chromosome 4q31.21 in 

patients with atherosclerosis. The sequencing 

results of IL-15 identified one type of genomic 

polymorphism, which was substitution. 

Specifically, a total of four nucleotide substations 

were revealed in the IL-15 polymorphism 

genotypes with the following allele frequencies: 

(G>GA, G>GT, T>C and C>T). The variant 

percentage of the heterozygous mutation 

(97264G>GC) exhibited a frequency of 13.3% on 

the chromosome location 4:142654512 and the 

heterozygous variant (97270G>GT) a frequency 

of (26.7%) on chromosome location 4:142654518. 

The variant percentage of the homozygous 

mutation, 97299T>C (a frequency of 100%, 

location 4:142654547), and the homozygote 

variant 97553C>T (frequency of 53.3%, location 

4:142654801) has been described in gene 

databases as dbSNP:10833 and as 

dbSNP:2291596, respectively. 

However, the remaining two novel substitution 

variants of IL-15 were not recorded in the external 

databases, and no missense mutation record was 

reported in the present study. All IL15 mutations 

noted in patients with CVDs did not affect the 

amino acid sequence of the mentioned cytokine. 

These polymorphisms may affect serum IL15 

production and influence atherosclerotic plaque 

formation and progression. 

Previous studies have illustrated the 

presence of several variants in IL-15 that are 

significantly related to the development of 

atherosclerosis and inflammation, and SNP 

rs10833 may be involved in serum IL-15 

production or may be associated with metabolic 

changes in atherosclerosis. It has been proposed 

that the association between the rs10833 variation 

and the IL-15 concentrations may be a mechanism 

through which this mutation affects disease 

development (Angeles-Martínez et al., 2017, Guo 

et al., 2020). The increased discharge of IL-15 in 

human blood vessel plaques promotes the 

development of microenvironments that support 

blood vessel endothelial dysfunction (Panigrahi et 

al., 2020).  

Plasma concentrations of IL-15 and IL-

15Rα appear to reflect body lipid distribution and 

epicardial adipose tissue. These phenomena occur 

due to the association between body lipid 

distribution, inflammation, genetic 

polymorphisms of the cytokine and CVDs (Dozio 

et al., 2014) (Jackson et al., 2018). The 

inflammatory reaction in arterial sclerosis is 

adjusted by both the natural and specific defense 

systems across the action of ILs (Ramji and 

https://www.ncbi.nlm.nih.gov/genbank
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Davies, 2015). The elevation of serum troponin 

levels and the appearance of neurocardiogenic 

damage in a patient with stroke is considered to be 

mediated by epinephrine, norepinephrine and 

dopamine and endothelial dysfunction, which 

eventually leads to myocardial reappearing after 

initial damage (Sposato et al., 2020).   

The risk of developing atherosclerosis is 

associated with elevated numbers of T-cells 

(CD8
+ 

cells) and the high expression of IL-15 in 

atherosclerotic plaque. An association has also 

been identified between signalling mechanisms, 

including tyrosine-protein kinase JAK1/STAT and 

Smad2/3 signalling, and IL-15 in the 

cardiovascular organs (Guo et al., 2020, Panigrahi 

et al., 2020, Björkegren and Lusis, 2022). 

 

Table 1. Mutation observed in IL-15 gene in atherosclerosis patients analyzed with MutationSurveyor-5.0-

UG001 

 

 

3.2 BLOOD ANALYSIS IN 

ATHEROSCLEROSIS 

The most notable blood analysis results 

before CAGB in patients with atherosclerosis are 

presented in Table 2 and Figs. (1 and 2). The 

results revealed marked significant elevation in 

the median levels of fasting blood glucose (152.5; 

range, 104-219.8), mean HbA1c% levels (range, 

7.300 ± 0.2277), alkaline phosphatase levels 

(P<0.05), ESR mm/h (P<0.05), median CRP 

levels 0.29 (range 0.14-0.6575) and troponin T-hs 

levels (P<0.01). Of note, the HDL level was 

significantly decreased (P<0.01) in the patients 

with atherosclerosis compared with the 

corresponding values noted in the healthy 

subjects. While, blood urea, creatinine, 

cholesterol, triglyceride, low-density lipoprotein 

(LDL), alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), total bilirubin, Na+, Ka+, 

Ca+2, serum ferritin, prothrombin time, INR, CK-

MB, and thyroid function test not changed 

statistically in atherosclerosis disease. A previous 

study indicated that IL-15 expression, hs-CRP and 

HDL-cholesterol were related to the risk of 

circulatory system disease (Seo and Park, 2021).  

 

 

Higher glycated hemoglobin concentrations 

have also been found to be associated with an 

elevated risk of developing atherosclerosis in 

individuals who are at low risk of CVDs. The 

HbA1c and fasting blood glucose levels can be 

used as diagnostic biomarkers of CVDs. Increased 

HbA1c and decreased HDL-cholesterol levels are 

also significantly associated with the development 

of coronary artery disease in cases with or without 

diabetes (Rossello et al., 2021, Hu et al., 2021). 

The induced production of free radicals from 

glycation end products may also be a pro-

inflammatory effect of hyperglycemia or an 

increased glucose level affects the nuclear factor-

kB mechanism through the expression of pro-

atherosclerotic and proinflammatory genes in 

blood vessel cells (Orasanu and Plutzky, 2009, 

Chehaibi et al., 2016).  

The elevation of alkaline phosphatase levels 

is associated with blood vessel calcification and 

the direct contribution of the alkaline phosphatase 

to the pathogenesis of atherosclerosis (Ndrepepa, 

2017, Hansson, 2005). Alkaline phosphatase is 

associated with CRP in CVDs. Therefore, 

inflammation plays a vital role in the initial phases 

of atherosclerotic plaque formation, from fixed to 

unfixed plaque and ensuing clinical syndrome 

(Ndrepepa, 2017, Hansson, 2005). Elevated ALP 

expression leads to blood vessel calcification and 

 

Chromosome 

Position 

Mutation 

Mutation 

genotype 

Heterozygous / 

Homozygous 

Variants 

Variant 

Percentage 

External 

Database 

1 4:142654512 Substitution G>GC Heterozygous 97264G>GC 13.3% Not Found 

2 4:142654518 Substitution G>GT Heterozygous 97270G>GT 26.7% Not Found 

3 4:142654547 Substitution T>C Homozygous 97299T>C 100 % dbSNP:10833 

4 4:142654801 Substitution C>T Homozygous 97553C>T 53.3% dbSNP:2291596 
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stimulates the atherosclerosis process via 

hydrolyzing inhibitor of vascular calcification 

which is inorganic pyrophosphate (Kunutsor et al., 

2015).   

Previous studies have confirmed that a 

high concentration of the heart troponin T-hs is a 

hazard factor for CVDs and atrial fibrillation in 

atherosclerosis (Wang et al., 2021, Li et al., 2021). 

The troponin T-hs concentration is significantly 

associated with CRP and ESR. CRP is an 

important biomarker in the advancement of 

CVDs. Blood artery or heart injury results in the 

release of tissue proteins and may be recognized 

by the body's immune system, leading to the 

production of autoimmune antibodies against 

these proteins. Immune dysfunction and 

inflammatory conditions appear to be critical 

factors in atherosclerosis (Abdelaziz et al., 2021, 

Chaulin, 2021a, Chaulin, 2021b, Kaya et al., 

2010). 

 

Table 2. Blood analysis in individual with and without Atherosclerosis  
Parameters Patients with 

Atherosclerosis 

Control without 

Atherosclerosis 
P-Value 

Glucose (mg/dl) 152.5 (104-219.8) 106.3 (98.5-117.8) 0.01 

HbAc1 (%) 7.300 ± 0.2277 6.156± 0.1375 0.05 

Urea (mg/dl) 45.00 (42.25-52.75) 36.00 (35.00+47.00) NS 

Creatinine (mg/dl) 0.8600 (0.7400- 1.068) 0.8200 (0.7850- 0.91) NS 

Cholesterol (mg/dl) 132.0 (109.5 - 145.8) 142.5±13.1 NS 

Triglyceride (mg/dl) 131.0 (106.0-139.3) 127.9 ± 7.477 NS 

HDL-Cholesterol 

(mg/dl) 
37.50 (31.75-43.00) 45.20±1.884 0.01 

LDL-Cholesterol 

(mg/dl) 
76.50 (53.75-99.75) 97.50 (51.50-105.0) NS 

AST (GOT) U/L 18.50 (14.50-24.25) 21.20 ± 1.652 NS 

ALT (GPT) U/L 14.50 (10.75-26.00) 20.60 ± 1.694 NS 

Alkaline Phosphatase 

(U/L) 
89 (72-106.3) 72.00 ±4.450 0.05 

T. Bilirubin (mg/dl) 0.7150 (0.315+0.855) 0.380 (0.265-0.80) NS 

Na (mmol/L) 138.0 (136.8-139.5 139.0 (137.5-140.3) NS 

Ka (mmol/L) 4.500 (4.175-4.825) 4.560+ 0.1477 NS 

Ca (mmol/L) 1.285 (1.215-1.33) 1.28 (1.228-1.333) NS 

CRP (mg/dl) 0.29.5 (0.14-0.6575) 0.14 (0.13-0.21) 0.05 

ESR (mm/1hr) 16 (7-34) 8 (5-14.25) 0.05 

S. Ferritin (ng/ml) 123.3 (54.69-205.8) 115 (55.74-200.7) NS 

Prothrombin Time 

(PT) (Sec.) 
14.80 (13.45-15.03) 13.29 ± 0.2433 NS 

International 

Normalized Ratio 

(INR) 

1.1 (0.9925-1.123) 1.03 (0.993-1.133) NS 

CK-MB (ng/ml) 2.245 (1.495-6.345) 2.666±0.4969 NS 

Troponin T-hs 

(ng/ml) 
0.0165 (0.0077-0.03475) 0.0087± 0.00202 0.01 

T3 (nmol/L) 1.57(1.465-1.83) 1.71 (1.555-1.825) NS 

T4 (nmol/L) 116.7±8.796 104.3 (99.7-118.3) NS 

TSH (uIU/ml) 2.77 (1.223-4.218) 2.25 (0.9668-4.39) NS 
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Figure (1). Shows some biochemical and hematological criteria in atherosclerosis patients  
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Figure (2). Shows cardiac assays criteria in atherosclerosis diseases 

CONCLUSION 
In conclusion, the present study identified 

associations between several novel 

polymorphisms in IL-15 and risk factors for 

atherosclerosis disease. The data revealed a 

relationship between rs2291596, rs10833 and two 

other novel mutations with artery vessel 

atherosclerosis. In addition, a significant 

association was found between HbA1c, fasting 

serum glucose, HDL, ESR, CRP, troponin T-hs 

and alkaline phosphatase values with the disease. 

ACKNOWLEDGEMENTS 

The authors would like to express special thanks 

to all physicians, staff and atherosclerosis patients 

of Surgical Specialty Hospital of Cardiac Center-

Erbil-Iraq for their technical assistance, helping 

and for providing us with all facilities to achieve 

the present study. 

CONFLICTS OF INTEREST: None 

REFERENCES 

ABDELAZIZ, S. S., EL-GHARBAWY, N. H., 

MADKOUR, S. S., AMIN, I. R. & REDA, M. A. 

2021. Potential role of high sensitivity cardiac 

troponin T in subclinical coronary atherosclerosis 

in systemic lupus erythematosus patients. The 

Egyptian Rheumatologist, 43, 65-70. 

ANGELES-MARTíNEZ, J., POSADAS-SáNCHEZ, R., 

PEREZ-HERNáNDEZ, N., RODRíGUEZ-PEREZ, 

J. M., FRAGOSO, J. M., BRAVO-FLORES, E., 

POSADAS-ROMERO, C. & VARGAS-

ALARCóN, G. 2017. IL-15 polymorphisms are 

associated with subclinical atherosclerosis and 

cardiovascular risk factors. The Genetics of 

Atherosclerosis Disease (GEA) Mexican Study. 

Cytokine, 99, 173-178. 

BJöRKEGREN, J. L. M. & LUSIS, A. J. 2022. 

Atherosclerosis: Recent developments. Cell, 185, 

1630-1645. 

CHAULIN, A. M. 2021a. Elevation mechanisms and 

diagnostic consideration of cardiac troponins under 

conditions not associated with myocardial 

infarction. Part 1. Life, 11, 914. 

CHAULIN, A. M. 2021b. Elevation mechanisms and 

diagnostic consideration of cardiac troponins under 

conditions not associated with myocardial 

infarction. Part 2. Life, 11, 1175. 

CHEHAIBI, K., TRABELSI, I., MAHDOUANI, K. & 

SLIMANE, M. N. 2016. Correlation of oxidative 

stress parameters and inflammatory markers in 

ischemic stroke patients. Journal of Stroke and 

Cerebrovascular Diseases, 25, 2585-2593. 

DOZIO, E., MALAVAZOS, A. E., VIANELLO, E., 

BRIGANTI, S., DOGLIOTTI, G., BANDERA, F., 

GIACOMAZZI, F., CASTELVECCHIO, S., 

MENICANTI, L. & SIGRUENER, A. 2014. 

Interleukin-15 and soluble interleukin-15 receptor α 

in coronary artery disease patients: association with 

epicardial fat and indices of adipose tissue 

distribution. PloS one, 9, e90960. 

GHATAK, S., MUTHUKUMARAN, R. B. & 

NACHIMUTHU, S. K. 2013. A simple method of 

genomic DNA extraction from human samples for 

PCR-RFLP analysis. J Biomol Tech, 24, 224-31. 

GOKKUSU, C., AYDIN, M., OZKOK, E., TULUBAS, F., 

ELITOK, A., PAMUKCU, B. & UMMAN, B. 

2010. Influences of genetic variants in interleukin-

15 gene and serum interleukin-15 levels on 

coronary heart disease. Cytokine, 49, 58-63. 

GUO, L., LIU, M. F., HUANG, J. N., LI, J. M., JIANG, J. & 

WANG, J. A. 2020. Role of interleukin‐15 in 

cardiovascular diseases. Journal of cellular and 

molecular medicine, 24, 7094-7101. 

HAMZEI, B., SHEIDAEIAN, T., BAHADORZEHI, N., 

SHEIBANI, P., AKBARI, M., AKBARI, S., 

GHOLIZADE, S., TABATABAE, M. S., 

DOLATABADI, N. F. & KIANPOUR, F. 2020. 

Involvement of single nucleotide polymorphisms in 



102 

 

Mohammed. S. /ZJPAS: 2023, 35 (5): 95-102 

ZANCO Journal of Pure and Applied Sciences 2023 

 

    

acute lymphoblastic leukemia susceptibility. Gene 

Reports, 21, 100971. 

HANSSON, G. 2005. Inflammation, atherosclerosis, and 

coronary artery disease-Reply. New England 

Journal of Medicine, 353, 429-430. 

HU, X., LI, W., WANG, C., ZHANG, H., LU, H., LI, G., 

ZHOU, Y. & DONG, H. 2021. Association 

between the Plasma-Glycosylated Hemoglobin 

A1c/High-Density Lipoprotein Cholesterol Ratio 

and Carotid Atherosclerosis: A Retrospective 

Study. Journal of Diabetes Research, 2021. 

JACKSON, A.-O., REGINE, M. A., SUBRATA, C. & 

LONG, S. 2018. Molecular mechanisms and 

genetic regulation in atherosclerosis. IJC heart & 

vasculature, 21, 36-44. 

KAYA, Z., KATUS, H. A. & ROSE, N. R. 2010. Cardiac 

troponins and autoimmunity: their role in the 

pathogenesis of myocarditis and of heart failure. 

Clin Immunol, 134, 80-8. 

KOYAMA, K., YONEYAMA, K., MITARAI, T., 

ISHIBASHI, Y., TAKAHASHI, E., KONGOJI, K., 

HARADA, T. & AKASHI, Y. J. 2015. Association 

between inflammatory biomarkers and thin-cap 

fibroatheroma detected by optical coherence 

tomography in patients with coronary heart disease. 

Archives of Medical Science, 11, 505-512. 

KUNUTSOR, S. K., BAKKER, S. J., KOOTSTRA-ROS, J. 

E., GANSEVOORT, R. T., GREGSON, J. & 

DULLAART, R. P. 2015. Serum Alkaline 

Phosphatase and Risk of Incident Cardiovascular 

Disease: Interrelationship with High Sensitivity C-

Reactive Protein. PLoS One, 10, e0132822. 

LI, L., SELVIN, E., HOOGEVEEN, R. C., SOLIMAN, E. 

Z., CHEN, L. Y., NORBY, F. L. & ALONSO, A. 

2021. 6‐year change in high sensitivity cardiac 

troponin T and the risk of atrial fibrillation in the 

Atherosclerosis Risk in Communities cohort. 

Clinical cardiology, 44, 1594-1601. 

MA, R., LU, T., LI, Z., TENG, K.-Y., MANSOUR, A. G., 

YU, M., TIAN, L., XU, B., MA, S. & ZHANG, J. 

2021. An oncolytic virus expressing IL15/IL15Rα 

combined with off-the-shelf EGFR-CAR NK cells 

targets glioblastoma. Cancer research, 81, 3635-

3648. 

MEGHNEM, D., MORISSEAU, S., FRUTOSO, M., 

TRILLET, K., MAILLASSON, M., BARBIEUX, 

I., KHADDAGE, S., LERAY, I., HILDINGER, M. 

& QUEMENER, A. 2017. Cutting edge: 

Differential fine-tuning of IL-2–and IL-15–

dependent functions by targeting their common IL-

2/15Rβ/γc receptor. The Journal of Immunology, 

198, 4563-4568. 

NDREPEPA, G. 2017. Alkaline phosphatase and 

cardiovascular disease. J Lab Precis Med, 2, 83. 

OLSEN, S. K., OTA, N., KISHISHITA, S., KUKIMOTO-

NIINO, M., MURAYAMA, K., UCHIYAMA, H., 

TOYAMA, M., TERADA, T., SHIROUZU, M. & 

KANAGAWA, O. 2007. Crystal structure of the 

interleukin-15· interleukin-15 receptor α co plex  

insights into trans and cis presentation. Journal of 

Biological Chemistry, 282, 37191-37204. 

ORASANU, G. & PLUTZKY, J. 2009. The pathologic 

continuum of diabetic vascular disease. J Am Coll 

Cardiol, 53, S35-42. 

PANIGRAHI, S., CHEN, B., FANG, M., 

POTASHNIKOVA, D., KOMISSAROV, A. A., 

LEBEDEVA, A., MICHAELSON, G. M., 

WYRICK, J. M., MORRIS, S. R. & SIEG, S. F. 

2020. CX3CL1 and IL-15 Promote CD8 T cell 

chemoattraction in HIV and in atherosclerosis. 

PLoS pathogens, 16, e1008885. 

PARK, K.-H. & PARK, W. J. 2015. Endothelial 

dysfunction: clinical implications in cardiovascular 

disease and therapeutic approaches. Journal of 

Korean medical science, 30, 1213-1225. 

RAMJI, D. P. & DAVIES, T. S. 2015. Cytokines in 

atherosclerosis: Key players in all stages of disease 

and promising therapeutic targets. Cytokine & 

growth factor reviews, 26, 673-685. 

ROSSELLO, X., RAPOSEIRAS-ROUBIN, S., OLIVA, B., 

SáNCHEZ-CABO, F., GARCíA-RUíZ, J. M., 

CAIMARI, F., MENDIGUREN, J. M., LARA-

PEZZI, E., BUENO, H. & FERNáNDEZ-FRIERA, 

L. 2021. Glycated hemoglobin and subclinical 

atherosclerosis in people without diabetes. Journal 

of the American College of Cardiology, 77, 2777-

2791. 

SEO, J. W. & PARK, S. B. 2021. The association of 

hemoglobin A1c and fasting glucose levels with hs-

CRP in adults not diagnosed with diabetes from the 

KNHANES, 2017. Journal of Diabetes Research, 

2021. 

SPOSATO, L. A., HILZ, M. J., ASPBERG, S., MURTHY, 

S. B., BAHIT, M. C., HSIEH, C.-Y., SHEPPARD, 

M. N., SCHEITZ, J. F., BRAIN, W. S. O. & 

FORCE, H. T. 2020. Post-stroke cardiovascular 

complications and neurogenic cardiac injury: JACC 

state-of-the-art review. Journal of the American 

College of Cardiology, 76, 2768-2785. 

TURILLAZZI, E., DI PAOLO, M., NERI, M., RIEZZO, I. 

& FINESCHI, V. 2014. A theoretical timeline for 

myocardial infarction: immunohistochemical 

evaluation and western blot quantification for 

Interleukin-15 and Monocyte chemotactic protein-1 

as very early markers. Journal of translational 

medicine, 12, 1-10. 

VAN ES, T., VAN PUIJVELDE, G. H., MICHON, I. N., 

VAN WANROOIJ, E. J., DE VOS, P., PETERSE, 

N., VAN BERKEL, T. J. & KUIPER, J. 2011. IL-

15 aggravates atherosclerotic lesion development in 

LDL receptor deficient mice. Vaccine, 29, 976-983. 

WANG, X., WANG, P., CAO, R., YANG, X., XIAO, W., 

ZHANG, Y., SHENG, L. & YE, P. 2021. High-

Sensitivity Cardiac Troponin T Is a Risk Factor for 

Major Adverse Cardiovascular Events and All-

Cause Mortality: A 9.5-Year Follow-Up Study. 

Cardiology Research and Practice, 2021. 

XIE, D., HU, D., ZHANG, Q., SUN, Y., LI, J. & ZHANG, 

Y. 2016. Increased high-sensitivity C-reactive 

protein, erythrocyte sedimentation rate and lactic 

acid in stroke patients with internal carotid artery 

occlusion. Archives of Medical Science, 12, 546-

551. 

 


