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Abstract:
Cardiovascular Disease has been proposed as a sickness with considerable complications and consequent
disabilities in industrialized countries. One of the main causes of heart diseases is deposition of fat and LDLCh in blood vessels and overexpression of PCSK9. This study was designed to investigate PCSK9 gene
expression level in patients compared to control groups as well as most prevalent polymorphism of E670G
gene. In the current study, 40 patients with CHD (Coronary heart disease) and 20 non - CHD cases were
studied. PCSK9 gene expression was evaluated by qPCR and E670G polymorphism (SNP) was determined by
RFLP PCR. PCSK9 gene expression in 60 cases including patients and control groups, PCSK9 gene
expression was reduced in most of the cases. 75% of samples were patients with A/G genotype; only 10% of
patients were G/G genotype. Other samples were homozygous with A/A genotype. Evaluation of PCSK9 gene
expression level and its associated SNP (E670G) in patients with cardiovascular disease can be effective in
early diagnosis in order to reduce mortality rates of cardiovascular lesions and increase life expectancy.
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INTRODUCTION:
Cardiovascular disease is an umbrella term
referring to any cardiovascular disorder, coronary
heart disease, congenital heart defects and heart
attack [1]. Cardiovascular diseases are broad
disorders leading to a significant percentage of
admissions, hospital visits and deaths nowadays.
According to statistics, about 45 percent of deaths
occur in developed countries and between 25 and
45 percent of the deaths in developing countries
are due to cardiovascular disease and also CVD
encompasses a broad range of disorders including
diseases of the vasculature, the myocardium, the
heart’s electrical circuit, and congenital heart
disease. Hyper tension, high cholesterol, diabetes,
obesity and hereditary factors play an important
role in cardiovascular disease [2, 3]. One of the
main contributing factors in the development of
cardiovascular disease is high cholesterol or hyper
cholesterolemia. One of the most important forms
of hyperactive cholesterolemia, is familial
hypercholesterolemia (FH). FH is a dominant
autosomal disorder caused by mutations in one of
three genes of low-density lipoprotein receptor
(LDLR), apolipoprotein B-100 and PCSK9 gene
[4]. Familial hypercholesterolemia has different
phenotypes which vary from mild to severe. In
addition, the clinical phenotypes increase the risk
of cardiovascular disease and premature death [5,
6]. The pathological substrate of FH is related to
the dysfunctional uptake of LDL particles via its
receptor and this can either be caused by
mutations in the genes encoding for the LDL
receptor (LDLR), apolipoprotein B (apoB), or proprotein convertase subtilisin/kexin 9 (PCSK9). It
is important to diagnose FH at an early age in
order to prevent vascular conditions. The
diagnosis is based on clinical parameters such as
lipid levels, presence of xanthomas, family
history, and vascular disease, and a definite
diagnosis is based either on the identification of a
pathogenic mutation in any of the three wellestablished FH-causing genes or a probable score
derived from clinical characteristics. Due to the
presence of benign and non-pathogenic variants
associated with genes, there are such phenotypes
which can convert FH to mutagenic diseases [7],
as mentioned mutation in PCSK9 gene results in
destruction of cell surface LDL receptors and
prevents cholesterol from internalizing in the liver
and its consequent degradation [8]. Eventually,
accumulation of cholesterol in blood vessels leads
to arteries occlusion[1]. PCSK9 gene is located on
chromosome number one. Gain-of-function
mutation can prevent liver cells receptors from
Destruction. PCSK9 gene codes 74 KD protease
which is highly expressed in liver [9, 10]. PCSK9
has an important role in regulating cholesterol
homeostasis through increasing circulating LDL-C
levels [11]. Studies show that polymorphism
E670G (rs505151) plays a significant role in the
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development of coronary artery disease [12]. The
aim of this study is to evaluate PCSK9 gene
expression and its related SNP in patients with
cardiovascular diseases, which could be helpful in
development of prediagnosis of cardiovascular
diseases.
MATERIAL AND METHODS:
The study population: In a case-control study, 40
cardiac patients (21 males and 19 females) with an
age range of 25 to 77 years (i.e. 53.6 ± 16.98)
referring to Shohada hospital and 20 healthy
individuals without any history of heart disease
were studied. The individuals who have diabetes,
high blood pressure, liver disease, and kidney and
thyroid disease were avoided. In addition,
pregnant women and those taking lipid-lowering
medications were excluded from this study. After
obtaining written consent from patients, 5 ml of
blood were obtained for biochemical tests
including total cholesterol, triglycerides, LDL,
HDL and FBS and molecular tests.
Extraction of DNA: To determine the specific
SNP E670G (rs505151), DNA was extracted by
using DNP kit (Cinnagen- Iran). After that, RFLP
PCR test using specific forward primers for
PCSK9 gene (5' CACGGTTGTGTCCCAAATGG
3')
and
Reverse
primer
(3'
GAGAGGGACAAGTCGGAACC 5') was done.
PCR cycles were as follows: 95c° for 3 min,
followed by 35 cycles of 93c° for 30 seconds,
67c° for 30 seconds, 72c° for 30 seconds and final
extension on 72c° for 5 minutes. For restriction
enzyme digestion 10 μl of the PCR product was
mixed with 1μl Eam 1104 I (Fermentas-America)
enzyme in a final volume of 30 μl. The mixture
was incubated for 16 h at 37c°. Finally, digest
product was assessed on 3% agarose gel. Three
genotypes A/A (Normal Homozygous) and G/G
(Patient homozygous) and genotype A/G (Patient
heterozygous) were detected.
RNA Extraction (Evaluation of PCSK9 gene
expression): RNA extraction was done using
RNX plus (Cinnagen-Iran) and optimized
protocols. cDNA synthesis was done using
random hexa-nucleotide and oligi dT primers and
MMuLv enzyme. Quantitative Real Time PCR
was performed as follows: 1X SYBR TM, 0.2 μM
F&R primers, 2 µl of cDNA in 20 µl final volume.
GAPDH gene expression was used as internal
control. 45 cycles; initial denaturation at 95c° for
10 seconds, followed by 95c° for 5 seconds,
59.5c° for 1 minute and 72c° for 30 seconds were
The thermal program for the replication of both
genes done under the same conditions containing,
PCSK9:
(90
bp)
Forward
5'
GAATGCAAAGTCAAGGAGCA3' and Reverse
3'ACTGCAGCCAGTCAGGGT5',
GAPDH:
(124bp),
Forward
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5'ATGGAGAAGGCTGGGGCT3', and Reverse 3'
ATCTTGAGGCTGTTGTCATACTTCTC5' .
Statistical analysis: All statistical findings were
analyzed using SPSS version 20. The relationship
between different groups, alleles or genotypes of
PCSK9 gene polymorphism were estimated using
odds ratio (OR) and 95% confidence intervals.
Significant levels were determined through Chisquare test. To analyze the quantitative results of
PCSK9 gene expression data were normalized to
GAPDH as housekeeping gene. Data analysis was
performed using 2-ΔΔCT, and the significance of
differences for gene expression between the control
group and the test group was estimated by
statistical t-test. P-value less than 0/05 was
considered significant [13,15].
RESULTS:
Biochemical analysis of serum in Control and
patient groups are listed in Table 1.
Accordingly, it was established that the
average cholesterol was higher in patients than
the healthy group (P<0.05) but no significant
differences were observed in the other
biochemical
markers.
Statistical
analysis
showed the distribution frequency of genotype
A/A,A/G,G/G
in
independent
group
of
patients and control group is statistically
significant (P<0.05). Table 2 and Figure 1
show the type of genotype and phenotype
resulting from the enzymatic digestion and
patient’s phenotype respectively. The results
of PCSK9 gene expression showed that the
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average level of PCSK9 gene expression in
patient samples was 0.36 compared to 1 in
control gene. This implies that the expression
of this gene reduces in patients. Also, the
average level of PCSK9 gene expression in
males and females was not significantly
different. Risk factors were compared with the
level of PCSK9 gene expression. In this
comparison, factors such as TG, Chol, HDL
and FBS were not significantly associated
with PCSK9 gene expression, but the amount
of LDL was significantly correlated with the
PCSK9 gene so that overexpression of PCSK9
increases LDL level. Data on comparison of
the amount of PCSK9 gene expression with
different genotypes are found in chart 1.
Based on its results, people with genotype
G/G and phenotype are homozygous patients
with high expression of the PCSK9 gene. The
results of this study show that patient
homozygous
individuals
have
a
higher
expression of the PCSK9 gene. Since the
disease, familial hypercholesterolemia is a
kind of autosomal dominant, so people with
genotype A/G and G/G incidence of the
disease. This disease in homozygous people is
more widely offered. In addition, chart 2
shows that there is a link between the different
genotypes in 40 patients and PCSK9 gene
expression. Base on this chart, there is an
association of PCSK9 gene expression with a
variety of its polymorphisms, that this
relationship was not statistically significant.

Table 1: The results of serum biochemical parameters of patients and control groups
Biochemical Factors
(mg/dl)

Patients Group
(40 Patients)

Healthy Group
(20 Healthy)

Total Cholesterol*

208.2±52.7

170.7±46.4

Triglyceride

175.6± 23.3

153.3±43.6

Fast Blood Sugar (FBS)

105.15±17

98 ±14.4

Low Density Lipoprotein (LDL)

123.6±45.5

112.6± 44

High Density Lipoprotein (HDL)

38.4± 7.5

42.7 ± 12.1

P-value

< 0.05

Table 2: The Percent of Different Genotype in Digestion of Ear I Enzyme
Size
440 bp
150, 290 bp
440, 290 bp
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Genotype
A/A
A/G
G/G

Phenotype
Normal Homozygous
Patient Heterozygous
Patient Homozygous

Percent of Patient
%17.5
%72.5
%10

Page 3585

IAJPS 2017, 4 (10), 3583-3588

Elham Moslemi et al

ISSN 2349-7750

Fig 1: The view of enzymatic digestion on agarose gel 3% for PCSK9 gene. The first well is Fermentase
50 bp size marker and 2-14 wells are some examples of people being studied.

The Polymorphism Of Different Genotypes
Chart 1: Comparison of PCSK9 gene expression with its different polymorphisms.

Chart 2: Association of PCSK9 gene expression with a variety of its polymorphisms
DISCUSSION:
Cardiovascular disease is currently one of the
three contributing factors in mortality rates
and disability of people around the world,
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and is becoming the main cause of death or
disability in most countries. Although the
effects of infectious and contagious diseases,
due to their nature, are fast and progressive,
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consequences and side effects of chronic
diseases such as cardiovascular disease are
persistent, more costly and debilitating but
preventable for patients and the society [16,
17]. Many of the studies reported that
overexpression of PCSK9 can be an
important factor in the progression of
atherosclerosis [14]. Ricardo Jorge and Anna
Roubtsora in 2011 studied PCSK9 cycle.
According to their study, PCSK9 reduces the
LDLR, thus, the role of PCSK9 in the
metabolism of fatty tissue is clear. To study
the genome and detecting of DNA variants in
PCSK9 gene, molecular technical was
applied [18, 19]. Ekaterina Cherhagubova in
2012 explored the common genetic variants
with low frequency and the effects of PCSK9
level in these positions [20]. PCSK9 is a
secreted protein with effects on the plasma
LDL and susceptibility to cardiovascular
disease [21]. Xin - Lin Zhang in 2015 and
others studied the safety and efficacy of
conducted PCSK9 antibodies. During these
studies, cholesterol was introduced as a
major risk factor for cardiovascular disease
[22]. Unlike previous study results which
showed
the
increase
of
PCSK9 gene
expression, the results of current study shows
that except some cases ( which showed
PCSK9 high expression), most of 40 studied
patients samples demonstrated
decreased
PCSK9 level [23]. According to the results
of the upcoming study, people with genotype
G/G and homozygous phenotype are patients
with high expression of the PCSK9 gene. In
these patients the common polymorphism is
E670G.
This
polymorphism
in
other
examples is heterozygote, but overexpression
of
PCSK9
gene
is
associated
with
heterozygous
patient
form
and
low
expression of the gene associated with
heterozygous patient form. In other words,
since the hyper cholesterolemia disease is an
autosomal dominant disease, people with
genotype A/G and G/G are patients.
Homozygous
patients
show
clinical
symptoms of hyper cholesterolemia disease
more extensively. Based on the results, due
to a higher expression of the gene PCSK9 in
homozygous patients; gain of function
mutation is observed in such patients.
Overactivity of PCSK9 gene, leads to further
destruction of liver cell surface receptor and
broadly reveals hyperlipidaemia. The results
of this study showed that nearly 75% of the
samples had genotype A/G and were
heterozygous patients, and only 10% of
patients with genotype G/G phenotype are
homozygous patients. Other samples were
healthy
homozygous
A/A.
Common
mutations in PCSK9 gene can lead to hyper
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cholesterolemia followed by coronary artery
disease.
Moreover,
patients
with
homozygous
mutations
show
hypercholesterolemia
more
extensively,
except that the frequency of homozygote
patient genotype due to autosomal dominant
nature of the disease is less. Due to intensive
manifestation of disease in homozygous
patients from birth, they even die; therefore,
the majority of observed population included
heterozygous patients. In addition, the
overexpression of PCSK9 gene, leads to high
levels of LDL in the blood serum. Thus, it
can be concluded that studied polymorphism
is more heterozygous and leads to high blood
fat. Moreover, overexpression of PCSK9
gene leads to decreased expression of the
LDL, but its low expression does not reduce
plasma LDL because heterozygous patients
with low expression of PCSK9 gene, show
hypercholesterolemia with lower incidence.
People
with
genotype
G/G
increased
expression of the PCSK9 gene. people with
decreased expression of the PCSK9 gene,
have genotype A/G and constant expression
of the gene considered genotype A/A. high
expression of PCSK9 gene in patients with
cardiovascular diseases can lead to high level
of
LDL-C
,
G/G
genotype
and
hyperlipidaemia
and
thus
atherosclerosis
progression in patients.
CONCLUSION:
In this study, the relationship between E670G
polymorphisms in the gene PCSK9 and the
risk of cardiovascular disease were studied.
The amount of PCSK9 gene expression and
its related SNP the E670G (rs505151) in
patients with cardiovascular, can be effective
for early notification in order to reduce
mortality of cardiovascular lesions and
increase life expectancy.
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