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1. INTRODUCTION 

Coronary artery disease (CAD) is a disease from the group of 

cardiovascular diseases (CVD) and is a significant global 

health concern, contributing to high morbidity and mortality 

rates worldwide[1]. In Iraq, following data from the World 

Health Organization, CVD was a leading cause of mortality, 

accounting for over 18.5% of total mortality in 2017, placing 

Iraq nineteenth in the global rankings[2]. numerous risk factors 

contribute in the development of CAD, some of which can be 

modified, including increased blood pressure, increased blood 

lipid profile, consuming cigarettes, diabetes mellitus, increased 

body weight, lack of physical activity and stress[3]. In most of 

the cases, the cause of CAD is atherosclerosis[4]. Genetic 

susceptibility also plays a major role in increasing CAD risk 

and understanding the genetic basis of the disease is key[5]. 

Predisposition to CAD is equally divided between the presence 

of traditional risk factors and genetic factors[6]. This effect is 

even more pronounced when discussing early-onset coronary 

artery disease which also known as premature coronary artery 

disease (PCAD)[7], which is described as the onset of CAD in 

females at less than 55 years of age and in males at less than 45 

years of age[8]. 

In Iraq, knowledge is poor regarding risk factors for CAD[9]. 

Increased prevalence of modifiable risk factors for CAD among 

young people includes low physical activity, smoking, and 

obesity[10]. The mentioned risk modifiers for the development 

of CAD may be different from the risk factors associated with 

angiographic severity[11]. This increases the demand for the 

use of additional biomarkers that correlate with coronary 

angiography findings as risk stratification to predict CAD 

severity independent of traditional risk factors[12]. 

Several genetic mutations linked with CAD development have 

been discovered by genome-wide association studies[13]. 

These genetic variations can serve as genetic biomarkers for 

CAD[14]. One of these genetic factors is the Kalirin (KALRN) 

gene[15]. Kalirin is a protein encoded by the KALRN gene that 

functions as a guanine nucleotide exchange factor for the 

GTPases Rac1 and RhoaA. Kalirin activity may contribute to 

atherogenesis by promoting the proliferation and migration of 

Abstract Coronary artery disease (CAD) is a major global contributor to mortality and morbidity. Genetic 

susceptibility plays a significant role in its etiology, particularly when CAD occurs prematurely. However, the 

relationship between premature CAD (PCAD) and specific genetic polymorphisms in the Iraqi population is still 

unclear. This aim of this study to assess the relationship between the KALRN gene single nucleotide 

polymorphism (SNP) (rs9289231T>G) and the development of PCAD in Iraqi patients. It also assesses the 

potential of serum Kalirin protein levels as a biomarker for PCAD. The study included 92 participants divided 

into two groups. Polymerase chain reaction (PCR) was performed to detect the KALRN SNP (rs9289231T>G), 

and the PCR products were analyzed via Sanger sequencing. Kalirin protein serum levels were measured using 

the ELISA technique. An association with statistical significance was found between the frequencies of 

genotypes and alleles of the KALRN SNP (rs9289231T>G) among the study groups, following a dominant 

genetic model. There was also a relationship between the genotypes of the KALRN SNP and CAD severity. 

Kalirin serum levels were significantly elevated in participants with CAD and were associated with the KALRN 

SNP genotypes. The KALRN SNP (rs9289231T>G) is associated with premature CAD in the Iraqi population, 

and follows a dominant genetic model. Elevated Kalirin serum levels, linked to the presence of the mutant allele, 

may serve as a biomarker for early diagnosis of the disease. 
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vascular smooth muscle cell (SMC) as well as endothelial 

dysfunction, among other mechanisms[16]. 

The KALRN gene has been studied in many atherosclerotic 

diseases, such as stroke[17], intracranial atherosclerotic 

stenosis[18], venous thromboembolism[19] and CAD. The 

single nucleotide polymorphism (SNP) rs9289231 is a 

candidate polymorphism associated with the disease[15,20]. 

The study aims to inspect the association between KALRN 

gene SNP rs9289231 and the development of PCAD in Iraqi 

patients and the assessment of serum Kalirin protein levels as a 

biomarker for PCAD 

2. METHODS 

Study design and participants. 

The study is cross-sectional design and was carried out at 

Baghdad Heart Center in Baghdad Teaching Hospital, Baghdad 

Medical City in Baghdad, Iraq, between June 2022 and June 

2023. Participants (n=92) were divided into two groups. The 

PCAD group (n=46) included patients diagnosed with PCAD, 

defined as 50% or more occlusion in one or more coronary 

arteries on coronary angiography, with ages <45 years old in 

males and <55 years in females[21]. The non-CAD group 

(n=46) included patients in the same age range who had no 

coronary artery occlusion, as confirmed by coronary 

angiography. The diagnosis process was supervised by a 

specialized cardiologist according to guideline published from 

the American Heart Association/American College of 

Cardiology.[22-24]. 

Inclusion criteria  

Patients undergoing coronary angiography procedures, who 

were less than 45 years if males or less than 55 years old if 

females, were considered for enrolment in the study. Group 

allocation was based on angiographic results. 

Exclusion criteria 

Patients with Congenital heart disease, cardiomyopathy or 

valvular heart disease, were excluded from the study. 

Ethical consideration 

Ethical approval with the number (RECAUBCP1212022) was 

obtained on 12th of January 2022 from The Scientific and 

Ethical Committee in College of Pharmacy – University of 

Baghdad. Informed consent from all participants was obtained 

for this study and this work was compliant with the declaration 

of Helsinki and its subsequent amendments. 

Data collection 

The following participants' demographic and clinical data were 

collected at enrolment using a data sheet designed for this 

purpose: gender, age, height, weight, smoking status, past 

relevant medical history, CAD family history, results of 

angiographic procedures, and number of occluded arteries. 

Body mass index (BMI) calculation was as follows: the weight 

of participant in kilograms divided by their square height in 

meters  (kg/m2)[25]. Current smokers were defined as 

currently smoking one or more cigarettes per day. Past medical 

history was obtained from the patient’s medical records 

regarding the presence and absence of hypertension, diabetes, 

dyslipidemia, and family history. These were confirmed by 

directly asking the participants. 

Sample collection. 

From each participant, samples of venous blood of four 

milliliters were drawn. Two milliliters were transferred into an 

EDTA (Ethylenediaminetetraacetic acid) tube and used for 

DNA extraction. The other two milliliters were drawn into a gel 

tube, left at room temperature for 30 minutes for clotting, and 

centrifuged for ten minutes at 4000 rpm to obtain serum. The 

resultant serum was stored in Eppendorf tubes for the 

measurement of Kalirin levels, using enzyme-linked 

immunosorbent assay (ELISA) technique. Both samples were 

stored frozen at -20 ℃ until enough samples were collected. 

Serum Kalirin levels were measured using ELISA kits from 

Bioassay Technology Laboratories, China. The procedure 

employed the quantitative sandwich ELISA technique and was 

conducted according to the directions of the 

manufacturer[26,27]. The absorbance of the samples was 

recorded  using a microplate reader (BioTek, USA) at 450nm 

wavelength[28], The concentration of the samples was 

calculated after plotting a standard curve and results for the 

concentration was described as ng/L. 

DNA extraction and Genotyping  

A ready commercial DNA extraction kit from Geneaid, 

Taiwan, was used for genomic DNA extraction, according to 

the instruction of the manufacturer[29]. The extracted DNA 

quality and quantity were measured using a nano-drop 

spectrophotometer (ScanDrop, Germany). The purity of the 

extracted DNA was determined by measuring the absorbance 

ratio at 260 and 280, and samples with extraction ratios less 

than 1.7 were re-extracted[30]. 

The primers for polymerase chain reaction (PCR) were 

designed using NCBI Primer-BLAST online software[31-33], 

supplied by Macrogen, Korea in lyophilized form, and prepared 

according to instructions, the primer sequence and length are 

shown in Table 1 , PCR was performed using a thermal cycler 

device (Hybaid, England), and the master mix solution was 

from Bioneer, Korea. The PCR mixture was prepared by 

adding 2 µL of extracted DNA, 1 µL of each primer, 10 µL of 

PCR master mix solution (Macrogen, Korea) and 6 µL of PCR-

grade water, bringing the final volume to 20 µL. 

Primer optimisation for conventional PCR was tested at various 

temperatures, and the optimal annealing temperature at 63 ℃ 

was determined after PCR amplification[34]. The products 

were assessed by agarose gel electrophoresis in 1% 
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concentration using ethidium bromide as a staining agent and 

viewed under ultraviolet light[35]. 

The PCR products were sent to Korea for sequencing using the 

Sanger method by DNA analyser (ABI3730XL) (Macrogen, 

Korea). The data received were analysed using Geneious Prime 

software (V 20201.1.1) and the genotype of rs9289231 was 

determined based on the peak present at position 330 on the 

DNA amplicon. A single “T” peak (green line) was identified 

as a homozygous T allele, the heterozygous T/G allele was 

identified when both “T” and “G” peaks were present (green 

and yellow lines), and the presence of a homozygous mutant 

(G/G) allele was identified by a single “G” peak (yellow line; 

see Figure 2. ). 

Statistical analysis  

The SPSS software version 26 for Windows (SPSS, IL, USA) 

was used for the statistical analysis of the results. The 

categorical variables for the demographic and clinical data 

were presented as frequencies and percentages, any relation 

between these variables was assessed using Chi-square test. For 

continuous variables, normality was assessed using the 

Shapiro-Wilk test, these variables are described as means and 

standard deviations. The means are compared using the 

Students t-test. 

For the genetic data, the Hardy-Weinberg equilibrium (HWE) 

online calculator for two alleles was used to check the 

distribution of observed and expected genotypes. The Chi-

square test for 2 x 2 tables and the Fisher-Freeman-Halton exact 

test for n x k tables were performed to check the distribution of 

the genotypes and alleles among the study groups, then the 

likelihood of developing PCAD was assessed using logistic 

regression analysis for three genetic models, and described as 

the odds ratio (OR) and 95% confidence interval (95%CI). 

The association of serum Kalirin levels according to the study 

groups and the genotypes, for two groups the Mann-Whitney U 

test and for three groups the Kruskal-Wallis test was used, and 

association with disease severity was tested with the Fisher-

Freeman-Halton exact test. P-values of less than 0.05 were 

considered statistically significant. 

3. RESULTS  

Table 2 shows the characteristics of enrolled participants 

according to the study groups. Age, BMI, and sex were similar 

between the two groups, while some clinical characteristics 

were similar, such as the presence of hypertension and family 

history of CAD. Other factors such as smoking status, diabetes, 

and dyslipidemia prevalence were significantly different (p-

value < 0.05) between the groups. 

Genotype distribution was not statistically different between 

the observed and the expected values in either the CAD group 

(p-value=0.506) and the non-CAD group (p-value=0.406), 

according to Hardy-Weinberg equilibrium as shown in Table 3. 

The most prevalent genotype of the rs9289231 variant in both 

the CAD and non-CAD groups was the wildtype (T/T) 

genotype, which represented 78.3% of the non-CAD group and 

56.5% of the CAD group. 

Significant association found between the distribution of 

genotypes and alleles frequencies in the PCAD group (p-value 

< 0.05) as shown in Table 4. 

Table 5 illustrates the three genetic models considered during 

the analyses to determine the relationship between the 

rs9289231 polymorphisms and study groups. KALRN 

gene (rs9289231) followed the dominant genetic model, in 

which participants with GG plus TG genotypes were more 

likely to develop PCAD compared to the TT genotype (OR and 

95% confidence interval (95% CI); 2.768 (1.113-6.889), p-

value > 0.05). 

Table 6 illustrates the significant association between PCAD 

disease severity and genotype (p-value < 0.05). 

Table 7 shows that serum Kalirin levels were significantly 

higher in the PCAD group compared to the non-CAD group (p-

value < 0.05). 

Table 8 shows that serum Kalirin levels were significantly 

associated with genotype in the non-CAD group and the CAD 

group (both p-values > 0.05). 

4. DISCUSSION 

The genetic influence on the development and severity of CAD 

has been the focus of several studies in scientific literature, 

highlighting the critical role that hereditary factors play in this 

disease[36,37]. However, this genetic effect is expected to be 

more pronounced than traditional risk factors in the case of 

PCAD, where individuals are affected at a younger age[7,38]. 

Understanding genetic predisposition is crucial; this could lead 

to targeted prevention strategies and personalized management 

approaches. Additionally, the identification of new serum 

biomarkers for risk stratification can help identify patients at 

risk, who may benefit from revascularization procedures 

[39,40]. 

This study tries to establish the association between KALRN 

gene SNP (rs9289231T>G) and PCAD and the plausibility of 

the association of its product, the Kalirin protein, with the 

development of PCAD in a sample of the Iraqi population. 

In the current study, the CAD and non-CAD groups showed 

similar demographic characteristics, but the CAD group had 

significantly more participants who smoked (p=0.006) or who 

were diagnosed with diabetes (p=0.011) or dyslipidaemia 

(p=0.004). These findings are similar to those of many studies 

that compared a group of CAD patients with controls[41-43]. 

However, despite hypertension being a condition often 

observed in the elderly[44], no difference was observed among 

study groups in terms of the presence of hypertension, which is 
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explained by the high prevalence of hypertension in young 

Iraqis[45,46]. 

No significant deviations from the HWE in the genotype 

frequency (p=0.506) and allele frequency (p=0.408) were 

observed, suggesting that the sample tested in genetic 

equilibrium and the observed genotype frequency are 

consistent with those expected in a random combination of 

alleles. 

The study of genotype and allele frequency showed a 

significant difference (p=0.025, 0.013, respectively) between 

the CAD and non-CAD groups, which suggests a relationship 

between the SNP in question (rs9289231) and the development 

of PCAD. Only two research papers have observed this 

association directly in the Iranian population, and both reached 

similar results regarding the association of the genotypes and 

alleles frequency with PCAD[47,48]. Moreover, when 

assessing the association of KALRN SNP (rs9289231T>G) 

with the study groups according to three genetic models, only 

the dominant model showed a significant association (p=0.028) 

with PCAD and increased the risk of developing PCAD by 

2.769-fold in comparison with the non-CAD group. This 

suggests that this SNP has a dominant effect and even the 

presence of one allele in the gene is sufficient to increase PCAD 

risk. These findings accord with the classification of the SNP 

in question in NCBI ClinVar as pathologic susceptibility SNP 

for CAD[49]. 

KALRN SNP (rs9289231T>G) genotype was also significantly 

associated (p=0.001) with PCAD severity classified according 

to the number of vessels affected, which suggests that patients 

with the risk allele not only have an increased risk of 

developing CAD but also a more severe CAD. This relationship 

was previously explored in an Iranian study of the frequency of 

alleles but not genotype with CAD severity and, similar to the 

current study, concluded that the minor mutant G allele is 

associated with higher CAD severity[47]. 

Kalirin, a guanine nucleotide exchange factor, is implicated in 

the development of atherosclerosis through its role in SMC 

signalling and motility via Rac-1 and Rho A activation. These 

proteins regulate SMC proliferation, migration, and 

adhesion[50]. Genetic variations in KALRN, particularly the 

rs9289231 SNP, are associated with CAD[15], suggesting the 

involvement of Kalirin in the Rho GTPase signalling pathway, 

as evidenced by the 2007 CATHGEN study[15]. 

Further research indicates that Kalirin influences SMC 

migration and proliferation by affecting the Rac-1 pathway and 

interacting with receptor tyrosine kinases and NOS2. Loss-of-

function studies show that reduced Kalirin decreases SMC 

migration by lowering Rac-1 activation. Kalirin also promotes 

monocyte/macrophage infiltration, contributing to neointimal 

hyperplasia[16]. Varying ammounts of Kalirin in SMCs, 

endothelial cells, and monocytes lead to altered interactions in 

injured arteries, making serum Kalirin levels a potential early 

marker for pre-atherosclerotic intimal hyperplasia[48]. 

When comparing the PCAD and non-CAD groups, the serum 

Kalirin levels in the PCAD group were significantly (p=0.001) 

higher than in the non-CAD group. These findings are similar 

to a study conducted in Iran[48]. Although the results found 

were not statistically significant, the CAD group had higher 

Kalirin levels than the control group in the Iranian study[48]. 

This association was also observed when comparing levels of 

Kalirin between rs9289231 genotypes in the non-CAD 

(p=0.049) and PCAD (p=0.015) groups. 

Considering that KALRN SNP (rs9289231) is an intron 

mutation, two hypotheses relate to the observed results in the 

current study. The first hypothesis is that the intron mutation, 

although not directly expressed or transcribed in the target 

RNA or protein, can still affect gene transcription, and may 

sometimes boost gene transcription[51]. The second hypothesis 

is that a mutation in miRNA might yet be identified[52]. The 

investigation of these hypotheses is outside the scope of this 

study, but these assumptions may justify the observed results. 

In summary, this study reported a link between the KALRN 

gene variant (rs9289231) and PCAD and the severity of CAD. 

Furthermore, serum Kalirin levels were associated with the 

development of PCAD and PCAD severity, and Kalirin showed 

a promising diagnostic ability as a serum biomarker for PCAD. 

Further research is required to identify additional variations in 

the KALRN gene and other genes that may have affected the 

development and severity of PCAD. 

This study also has some limitations including the relatively 

small sample size, the case-control study design which can 

show association but fails to confirm causality, the study was 

conducted in a single center only, it was not possible to screen 

patients for further genes that may also be associated with CAD 

or further biomarkers to fully understand the relationship of 

KALRN with PCAD. It is recommended that these study 

findings can be further validated in future research with taking 

into account the limitations encountered by the researchers, 

including a multi-center prospective study design with a larger 

sample size and more genes or biomarkers. 

5. CONCLUSION  

This study has shown that KALRN SNP (rs9289231) is 

associated with the presence  and development of PCAD and 

the gene product, the Kalirin protein is also associated with 

PCAD development and severity, and its serum levels may 

provide benefit to be used as an additional biomarker for PCAD 

in association with other biomarker. Further research is 

encouraged to confirm the results of the current study as well 

as to discover further genetic mutations associated with PCAD. 
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Tables 

Table 1. primer characteristics. 

Primer Sequence Length GC% Amplicon size (base pairs) 

5'-TGGGTTGTGATTATCAGTAGTTCCA-3' 

5'-TTTAGTGGCATCAGGAGCGG-3' 

25 

20 

36% 

55% 
506 

Table 2. Assessment of socio-demographic and disease characteristics. 

Parameters Non-CAD (n=46) CAD (n=46) p-value 

Age (y), mean ± SD 42.28±5.82 42.46±5.12 0.879 

BMI (kg/m2), mean ± SD 27.13±5.37 28.07±4.31 0.362 

Sex   

0.662 Female, n (%) 17(37.0%) 15(32.6%) 

Male, n (%) 29(63.0%) 31(67.4%) 

Smoking, n (%) 13(28.3%) 26(56.5%) 0.006* 

Hypertension, n (%) 26(56.5%) 30(65.2%) 0.392 

DM, n (%) 13(28.3%) 25(54.3%) 0.011* 

Dyslipidaemia, n (%) 17(36.9%) 31(67.9%) 0.004* 

Family history of CAD, n (%) 22(47.8%) 27(58.7%) 0.296 

Values presented as number (percentages), mean ± SD 

Table 3. Genotype distribution and adherence to Hardy – Weinberg equilibrium in KALRN gene. 

Genotype Frequency (%) P value 

 Observed Expected  

CAD group    

GG 4(8.7%) 3 (6.5%) 

 

0.506 

 

TG 16(34.8%) 18 (39.1%) 

TT (wild type) 26(56.5%) 25 (54.3%) 

Non-CAD group   

GG 0(0.0%) 1 (2.5%) 
 

0.408 

 

TG 10(21.7%) 9 (19.6%) 

TT (wild type) 36(78.3%) 36 (78.3%) 

 

Table 4. Distribution of KALRN gene (rs9289231) SNP genotypes and allele frequency according to study groups. 

SNP rs9289231 Frequency (%) p-value 

Genotype Non-CAD (n=46) CAD (n=46)  

GG 0(0.0%) 4(8.7%) 
0.025 

 

 

TG 10(21.7%) 16(34.8%) 

TT (wild type) 36(78.3%) 26(56.5%) 

Allele   

T 82 (89.1%) 68 (73.9%) 0.013 

 G 10 (10.9%) 24 (26.1%) 
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Table 5. Assessment of the association between KALRN gene (rs9289231) SNP polymorphism and study groups using genetic models. 

Genotype model Frequency (%) OR (95%CI) p-value 

 Non-CAD (n=46) CAD (n=46)   

Co-dominant model 

GG 0(0.0%) 4(8.7%) 12.396 (0.64-240.2)a 0.086 

TG 10(21.7%) 16(34.8%) 2.215 (0.868-5.657) 0.096 

TT 36(78.3%) 26(56.5%) Reference  

Dominant genetic model 

GG + TG 10(21.7%) 20(43.5%) 2.769 (1.113-6.889) 0.028* 

TT 36(78.3%) 26(56.5%) Reference  

Recessive genetic model 

TT + TG 46(100.0%) 42(91.3%) 5.465(0.624-48.663)a 0.204 

GG 0(0.0%) 4(8.7%) Reference  

a: using Woolf-Haldane correction (correction was applied by adding 0.5 to each cell count if a zero was in at least one cell of the 2*2 table) 

Table 6. Association between rs9289231 KALRN gene polymorphism and disease severity. 

 GG  TG  TT  p-value 

Number 4 16 26 - 

One vessel 0(0.0%) 6(37.5%) 13(50.0%) 

<0.001 Two vessels 0(0.0%) 3(18.8%) 12(46.2%) 

≥3 vessels 4(100.0%) 7(43.8%) 1(3.8%) 

 

Table 7. Assessment of Kalirin (ng/L) according to the study groups. 

Parameters Non-CAD (n=46) CAD (n=46) p-value 

Kalirin (ng/L), median (IQR) 201.6 (122.6 - 312.0) 312.8 (219.7 - 447.6) <0.001 

Values presented as median (interquartile range) 

Table 8. Levels of Kalirin according to genetic polymorphism of KALRN gene (rs9289231) SNP. 

Parameters Non-CAD (n=46) p-value CAD (n=46) p-value 

GG - 

0.049* 

569.1 (448.0-758.3) 

0.015* TG 307.4 (188.7- 379.7) 295.3 (209.1- 339.7) 

TT (wild type) 194.9 (116.4- 279.9) 355.8 (236.2- 488.5) 

Values presented as median (interquartile range) 

Figures 
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Figure 1. Gel Electrophoresis for the products of PCR amplification using Ethidim Bromide as indicator 

This figure illustrates Results of the PCR amplification of KARLN gene of the study samples that were fractionated on 1% 

agarose gel electrophoresis stained with Ethidium Bromide. M: 100bp ladder marker. Lanes 51-64: resemble 506 bp product 

 

Figure 2. Sequencing and genotyping for KALRN gene SNP (rs9289231). 

This figure illustrates the analysis of PCR products after sequencing using Geneious prime software (V 20201.1.1). the SNP 

location is highlighted with blue, the presence of a single green peak indicates TT homozygous genotype and is identified by the 

letter “T”, the presence of a single yellow peak indicates the presence of GG homozygous genotype and is identified by the letter 

“G”, the presence of overlapping green and yellow peaks indicates TG heterozygous genotype and is identified by the letter “K”. 
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