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Introduction

Today, heart diseases and their side effects are so integrated 
in modern life that they constitute a major health problem. 
Cardiovascular Disease (CVD) is a group of diseases that 

affect heart and blood vessels. Cardiovascular disease is divided 
into several branches including Coronary Heart Disease (CHD), 
cerebrovascular disease, peripheral arterial disease, rheumatic 
heart disease, congenital heart disease and deep vein thrombosis 
and pulmonary embolism.1 The highest mortality rate due to CVD 
in the world belongs to the Middle East and parts of Eastern Eu-
rope (MEN).2 According to statistics provided by the WHO Glob-
al Burden of Disease study, in 2002, 5% of cardiovascular disease 
deaths worldwide belong to low- and middle-income countries, 
and more than 35% of these mortalities are due to CVD.3 In fact, 

thousand in MEN4 with half of the mortality of the CVD and 
16.9% of all mortalities worldwide is related to CHD.3 Also ac-

cording to the statistics provided by the WHO in 2008, 17.3 mil-
lion people have died due to CVD5,6 and 7.3 million die from 
CHD annually.7

In Iran, Coronary Heart Disease (CHD) is the main cause of 
disease-related death in both sexes. Based on the WHO factsheet 
published in 2002, the total of death in Iran was reported to be 
385,000 in 2002. Among that, 268,000 deaths were related to 
CHD (Figure 1).

Coronary Heart Disease manifests as heart failure, angina, ar-
rhythmia and Myocardial Infarction (MI)8 which is permanent tis-
sue damage caused by death of heart cells. Heart is a vital and in-
dispensable organ in human life, pumping blood into all arteries to 
supply oxygen and nutrients to all cells. However, like any other 
organs in the body, it also needs oxygen and nutrients to survive 
and function, and this task falls on the coronary arteries. Blockage 
in these arteries with plaques (aggregations of fatty acids, calcium 
or connective tissue)diminishes the blood supply and oxygen to 
the heart and causes Myocardial Infarction or heart attack and in 
some cases, may lead to cardiac death.9,10 

In addition to environmental factors, including high cholesterol, 
obesity, hypertension, smoking, metabolic syndrome, physical in-
activity, age and diabetes mellitus which lead to Coronary Heart 
Disease,9,11 genetic risk factors also contribute to this disorder 
which have been in the focus of various research institutes in the 
last few years and play a crucial role in the Coronary Heart Dis-
ease. The Cardiovascular Health Study (CHS),12,13 the Women’s 
Health Study (WHS),14 the Cholesterol and Recurrent Events 
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Figure 1. 

Restriction Site
Normal

homozygote
(Genotype: TT)

Carrier heterozygote
( Genotype: TC)

Patient homozygote
(Genotype: CC)

HPYCH4 (Bst4c1) 252 bp 156+96+252  bp 156+96 bp

Primer pair F: AAACTCCTTCTGGGGCCAACAG
PCR product: 252 bp. R: TCCTGCTGGATCATATGGCTTATC

Table 1. PCR Primer and conditions used in PCR-RFLP.

Characteristic Controls (n=100) Cases (n=100) P Value a

Current Smoker, n 5 33 P < 0.001

History of  diabetes,  n 9 23 P < 0.001

History of  kidney,  n 10 17 P = 0.147

Family history of MI, n 31 37 P =  0.37

Fisher’s exact test for discrete variables (current smoker, history of diabetes, history of kidney)

Table 2. Characteristics of Cases and Controls. 

Characteristic Cases Controls OR** 95% CI P Value

Arg/Arg  + Arg/Trp 65 37 3.17 5.98–1.68 P < 0.001

Trp/Trp 35 63 ref

Arg/Trp 48 27 3.20 5.99–1.71 P < 0.001

Arg/Arg 17 10 3.06 7.4–1.26 P = 0.013

** 

Table 3. Association between CHD and Trp719Arg.  

Characteristic Carriers Non-carriers OR 95% CI P Value

Cases with once MI, n (%) 52(%80) 14 (%40)
0.17 0.08 – 0.41 P < 0.001

Cases with twice MI, n (%) 13 (%20) 21 (%60)

Table 4. Relation of the rs20455, MI and Statin therapy. 
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(CARE) study, and the West of Scotland Coronary Prevention 
Study (WOSCOPS)15 include studies related to the association 
of single nucleotide polymorphisms (SNP) with Coronary Heart 
Disease.

One of the main genetic risk factors reported to be associate 
with increased risk of incident CHD is the single nucleotide poly-
morphism (SNP) in the kinesin family member 6 (KIF6) gene, 
Trp719Arg (rs20455).16 Furthermore, some studies have reported 
that carrier individuals with KIF6 Trp719Arg are at increased risk 
for Coronary Heart Disease and some researches have suggested 

17,18 KIF6 (kinesin 
family member 6) gene which is located on 6p21.2 is related to 
the kinesin superfamily and expressed in vascular tissue, mainly in 
the coronary arteries. This gene consists of 22 exons and encodes 
a protein containing 814 amino acids with microtubule motor ac-
tivity that transports cellular cargoes along microtubules.19 These 
cargoes include membrane organelles, cellular vesicles, protein, 
and mRNAs.20–24 Kinesin protein is made up of two conserved 
motor domains, a connecter neck region, non-conserved stem and 
also a tail domain. The rs20455 SNP which converts Trp codon 
719 (TGG) to Arg codon (CGG) is located at position 39325078 
in exon 20 which codes the tail region of the Kinesin. A substitu-
tion of thymine (T) to cytosine (C) in the nucleotide sequence at 
this position can affect the Kinesin ability to bind cargoes inside 
cells.25 Different populations show a different distribution of allele 
frequency for Trp719Arg (rs20455) of KIF6. Until now, such 
studies have not been performed in Iran. The aim of this study 
was to investigate the association between Trp719Arg (rs20455) 
with Coronary Heart Disease and also Coronary Heart Disease 
reduction during statin therapy in southern Iran. 

Materials and Methods

This research was an applied case-control study carried out in 
the geographic region of southern Iran. This work was approved 
by the Ethics Committee of Shiraz University of Medical Sci-
ences. This project focuses on two statistical targets. We aimed 
to analyze the relationship of the rs20455 SNP in the KIF6 gene 
and heart disease. Furthermore, we monitored the patients who 

underwent Statin therapy and analyzed the rate of second heart 
attack. We hypothesize that carriers of the rs20455 SNP respond 

According to the information obtained from questionnaires, pa-
tients were placed into two groups: patients with a history of one 
myocardial infarction and those with two myocardial infarctions. 

In this study, all samples (case and control) were collected at 
Fars Heart Central Hospital. All participants were Caucasian and 
residents of Fars Province. The criteria for including patients in 
the sample group were; 1) Age above 18 years old, 2) Persian eth-
nicity and Caucasian race, 3) Patients in the sample group should 
have at least one history of Myocardial Infarction, 4) In patients 
with two incidences of Myocardial Infarction, the interval of two 
Myocardial Infarctions should be at least 3 months, 5) Patients 
with two incidences of Myocardial Infarction should have re-
ceived regular doses (20 mg/day) of atorvastatin between the two 
Myocardial Infarctions. Patients without any of these criteria were 
excluded from the sample group. For the control group, individu-
als should have had no previous histories of Myocardial Infarction 

For this purpose, 5 mL of peripheral whole blood was collected 
in the presence of EDTA (Ethylene Di-amine Tetra Acetic Acid) 
(2 mg/mL) from 100 patients and 100 controls. 

All patients and controls underwent genetic counseling and 
genetic testing which was performed after obtaining informed 
consent. 

Genomic DNA was extracted using the cinnapure DNA extrac-
tion kit according to manufacturer’s instructions and stored at 
-20°C until use. 

Polymerase Chain Reaction-Restriction Fragment Length Poly-
morphism (PCR-RFLP) was used to genotype the patients and 
normal controls. Table 1 shows PCR primers and the condition 
used in this study. The PCR for the DNA fragment was carried 

2 -

H2
cycles of 94°C for 30 s, 62°C for 30 s, 72°C for 30 s, and further 

Figure 2. PCR-RFLP results
2), individual with homozygote mutated allele 156bp and 96bp bands (line 3) and individuals with wild type allele following enzyme digestion showed a 
252bp band (line 4, 5).
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of 252 bp containing HPYCH4 restriction site and then the PCR 
-

ing HPYCH4 (Bst4c1, Vivantis Cat.no RE1204) according to the 
conditions recommended by the manufacturer (Vivantis). The en-
zyme digestion reaction was performed in a total volume of 15 

enzyme (Vivantis, Malaysia), and 1.5 μL buffer V (Vivantis) and 
incubated at 65°C for 1 hr. The reaction was then visualized on 
2% agarose gel containing ethidium bromide. The possible geno-
type expected from RFLP PCR is shown in Table 1. All experi-
ments were carried out at Medical Genetics Department, Shiraz 
University of Medical sciences and the data obtained from ques-
tionnaires and genetic testing were analyzed by SPSS statistical 
software version 19.0.

Statistical analysis
For sample collection, sex and age were matched by group 

matching method between the sample and control groups. For 
matching, sex variant was analyzed by Chi-square and age variant 
was analyzed by t-test. According to the data obtained, the aver-
age age was 57.8 ± 13.6 years in the control group and 59.7 ± 11.3 
years in the case group. t
difference between the two groups (P = 0.284). Moreover, there 
were 66 (66%) men in the control group and 62 (62%) men in the 

difference were observed (P = 0.65). 
The variables of smoking, family history of MI and also vari-

problems were analyzed between the case and control groups by 
Chi-square. Logistic regression models were used to assess the 
association between genotype and risk of MI and also the effect of 
statin therapy on patients. P values (P) less than 0.05 were consid-

± SD or number (percentages). 

Results

All information related to cases and controls from southern Iran 
used in the current study are shown in Table 2. According to the 
data obtained, the average age is 57.8 ± 13.6 years in the control 
group and 59.7 ± 11.3 years in the case group and the results of t-

groups (P = 0.284). Also, for sex variable, there are 66 (66%) men 
in the control group and 62 (62%) men in the case group which, 

between the two groups (P = 0.65). Thus, these results give us 

Several risk factors for Coronary Heart Disease such as smoking, 
history of diabetes, history of kidney and family history of Myocar-
dial Infarction (MI) were higher in cases in comparison with con-

-
cant differences between the case and control groups (Table 2). 

PCR-RFLP was carried out for 100 cases with Coronary Heart 
Disease and 100 controls. Following Bst4CI restriction enzyme 
digestion, 252bp, 156bp, and 96bp bands were obtained from 
heterozygous carrier individuals and also 156bp and 96bp 
bands from individual with homozygous mutated allele (Arg/
Arg,CGG/CGG). A 252bp band was observed in individuals 
with wild type allele (Trp/Trp, TGG/TGG) following enzyme 

digestion (Figure 2).
According to our data, the KIF6 719 Arg polymorphism in one 

or both alleles of the chromosome were seen more in patients 
comparison with non-controls. The odds of CHD in carriers (Arg/
Arg  + Arg/Trp) was 3.17 times higher compared to non-carriers 
(Trp/Trp). Moreover, the Trp/Arg heterozygotes had 3.2 times 
more likelihood to have CHD than Trp/Trp homozygotes  and also  
the odds of CHD in Arg/Arg homozygotes was 3.06 times higher 
than non-carriers (Trp/Trp) (Table 3).

Among the carriers patients, the odds of second heart attack was 
83% lower than non-carrier patients (OR = 0.17, 95% CI: 0.08 
– 0.41). On the other hand, 80% of patients with rs20455 poly-
morphism (carrier patients) had only one time MI and also 60%  
of non-carriers patients had two times MI during statin therapy 
(atorvastatin, 20 mg/day) (Table 4).

Discussion

Cardiovascular diseases (CVD) have become a major health 
concern worldwide, especially in developing countries. The inci-
dence of the disease is growing and several studies have focused 
on the genetic characteristics that are related to heart disease. Vari-
ous research have been done on genes such as ITGA2, THBS4, 
SERPINE1, LTA, and F2 which are related to MI, and APOE re-
lated to CHD and MI.26-36 SNPs in some genes are shown to have 
an impact on the progression of the disease and response to treat-
ment. SNPs have been investigated in these genes and shown to 
be related to the heart disease. For example, in a research done by 
Santoso, et al.26 and Antoniades, et al.27 the impact of re1126643 
was investigated in the ITGA2 gene and shown to be related to 
nonfatal MI in younger population. Topol, et al.28 and Wessel, et 
al.29 showed that rs1866389 SNP in the THBS4 gene causes pre-
mature MI and a research by Eriksson, et al.30 and Margaglione, 
et al.31 investigated the rs1799768 in the SERPINE1 gene and 
showed that this SNP is related to MI and high plasminogen Ac-
tivator Inhibit-1 activity. Rs1799963 SNP in F2 gene is related to 
MI in young women.32,33 SNPs in APOE, for example rs429358 
and rs405509, have also been shown to have an impact on the  
CHD 34,35 and MI.36 

In the recent years, KIF6 gene’s SNPs are shown to have a great 
impact on CHD.37 SNPs in KIF6 gene have been investigated in 
CARE clinical trial and WOSCOPS clinical trial and were proven 
to affect the course of treatment of MI and CHD. It has been sug-
gested that SNPs in KIF6 gene greatly affect the course of MI 
treatment.15 Thus, in this research we have aimed to investigate 
the effect of SNPs in KIF6 gene.

KIF6 
719Arg polymorphism was seen more in patients suffering from 
CHD when compared to the control group, which can suggest that 
this polymorphism could have an effect on development of CHD.

A thymine (T) to cytosine (C) transition at position 39325078 of 
KIF6 gene results in an altered amino acid at position 719 in the 
Kinesin protein. In fact, the substitution of a non-polar amino acid 
(tryptophan) with basic amino acid (arginine) in the tail region af-
fects the protein mobility and activity.25 Several SNPs were useful 
in the treatment strategies, for instance, some studies suggested 
that KIF6 719 Arg carriers respond better to the Statin treatment 
than non-carriers by 83%. This was in alliance with results ob-
tained by other researchers37 who found that pravastatin therapy 
(40 mg/day) reduces the risk of cardiovascular disease by 37%, 
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50% and 34% in carriers of the rs20455 SNP in the KIF6 gene.
KIF6 test can be useful for recognizing 

individuals at a higher risk of CHD and also individuals who can 

Consequently, in our subjects collected from southern Iran, it 
was found that smokers and diabetic individuals were at a higher 
risk of heart attack. Also, we found that KIF6 719Arg polymor-
phism is seen more in patients with CHD in comparison with non-
carriers and CHD reduction in individuals with this SNP during 
statin therapy in the studied population of southern Iran.
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