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Introduction

Dyslipidemia is defined as a functional disorder resulting 
in increased or decreased levels of lipoproteins (1). Primary 
dyslipidemias are lipid metabolism disorders caused by muta-
tions in genes encoding proteins that play an important role in 
lipoprotein metabolism (2). Clinically, the most common dyslip-
idemias are characterized by elevated beta-lipoproteins [very 
low-density lipoproteins (VLDL) and low-density lipoproteins 
(LDL)], with or without hypertriglyceridemia. Increased serum 
concentrations of LDL and other lipoproteins and lipid fractions 
are directly associated with the development of atherosclerosis 
and cardiovascular disease (CVD) (1). LDL cholesterol (LDL-C) 
that accumulates in the vascular wall and triggers immunological 
and oxidative processes plays an important role in the pathology 
of atherosclerosis (3-7).

Studies have shown that genetic factors are responsible for 
a significant proportion of the variations in lipid profiles and that 

changes in LDL-C, high-density lipoprotein cholesterol (HDL-C), 
and triglyceride concentrations may be the result of mutations 
in genes encoding the proteins involved in lipid metabolism (4, 
5, 8-11). Plasma levels of LDL-C, the main cholesterol-carrying 
lipoprotein in humans, are determined by the relative rates of 
LDL production and clearance. Prior to 2003, mutations in the 
genes coding the LDL receptor (LDLR) and apolipoprotein (ApoB) 
ApoB-100 (APOB) had been identified as causes of primary dys-
lipidemia. Mutations in both of these genes impair LDLR-mediat-
ed endocytosis in the liver, which is the main pathway for clear-
ing circulating LDL (12). In 2003, two GOF missense mutations 
(S127R and F216L) in the gene encoding proprotein convertase 
subtilisin/kexin type 9 (PCSK9) were identified in families with a 
clinical phenotype similar to familial hypercholesterolemia (10). 
PCSK9, a glycoprotein, regulates the plasma level of LDL-C by 
increasing the degradation of LDLR (12). To date, the most widely 
recognized role of PCSK9 is its impact on LDLR; however, recent 
studies have shown that PCSK9 may also have other effects on 
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lipoprotein metabolism (triglyceride-rich lipoproteins, chylomi-
crons, and VLDL) (13).

The aim of this study was to determine the prevalence of 
F216L (rs28942112), R496W (rs374603772), S127R (rs28942111), 
and D374Y (rs137852912) PCSK9 GOF mutations in patients with 
primary dyslipidemia and to investigate the relationship between 
these mutations and primary dyslipidemia and serum lipid pro-
files.

Methods

Patients
This observational case-control cross-sectional study in-

cluded 200 consecutive patients (105 females and 95 males) with 
primary dyslipidemia who were being followed in the Cardiology 
Lipid Clinic of Ege University Medical School in İzmir, Turkey, as 
well as 201 healthy individuals (118 females and 83 males) age- 
and gender-matched to the study group whose routine health 
checkups were within normal limits. Patients with secondary 
causes of hypercholesterolemia (such as hypothyroidism, ne-
phrotic syndrome, diabetes, chronic renal failure, and alcohol 
consumption) were excluded. Clinical and laboratory data were 
obtained from the lipid clinic patient files. Family and personal 
medical histories, such as regarding CV disease, hypercho-
lesterolemia, ischemic stroke, and diabetes mellitus, were ob-
tained. CV risk factors include diabetes mellitus, hypertension, 
body mass index, and smoking. For the LDL-C, triglycerides, to-
tal cholesterol, and HDL-C levels, the maximal values measured 
before treatment were recorded. The diagnosis of primer dys-
lipidemia was based on the presence of total cholesterol levels 
of >200 mg/dL, triglyceride levels of >200 mg/dL, and/or LDL-C 
levels of >130. The presence of diabetes mellitus was defined 
as either fasting blood glucose levels of >126 mg/dL or receiv-
ing anti-diabetic agent. CVD was identified as the presence of 
coronary artery disease, aortic aneurysms, dissections or aortic 
atherosclerotic diseases, ischemic stroke, or peripheral arterial 
disease; ischemic stroke was defined as a proven cerebral in-
farct on computed tomography. Therefore, the study population 
comprised 401 subjects (200 patients with primary dyslipidemia 
and 201 healthy individuals).

The study protocol was approved by the Institutional Clini-
cal Investigation Ethics Committee (2013, 13-11/92), and all par-
ticipants gave written informed consent for genetic analysis. The 

study was supported financially by the Institutional Scientific 
Research Project Committee (14-TIP-072).

Two 3-mL blood samples were collected from each of the 
participants into separate EDTA tubes. Detailed personal medi-
cal history including the presence of CVD and treatments was 
received from each participant. In addition, fasting levels of 
LDL-C, HDL-C, triglyceride, total cholesterol, and fasting glucose 
were recorded.

Genotyping
Genomic DNA extraction was performed from peripheral 

blood leukocytes using MagNA Pure LC instrument according 
to the MagNA Pure LC DNA Isolation Kit I procedure (Roche 
Applied Science, Mannheim, Germany). Specific primers were 
designed for the detection of the PCSK9 S127R (rs28942111; 381 
T>A), D374Y (rs137852912; 1120 G>A), F216L (rs28942112; 646 
T>C), and R496W (rs374603772; 1486 C>T) gene mutations (TIB 
MOLBIOL, Berlin, Germany) (Table 1). These specific primers 
and High-Resolution Melting Master (HRM) kit (Roche Applied 
Science, Berlin, Germany) were used to identify PCSK9 S127R, 
D374Y, F216L, and R496W mutations. PCR master mix and ther-
mal profiles for these mutations were optimized according to the 
HRM kit protocol. All experiments were performed in the Light-
Cycler® 480 Instrument II by real-time online PCR (Roche Ap-
plied Science). Polymorphic alleles were identified as wild type, 
heterozygote, and mutant by the specific melting temperatures 
(Tm) of the resulting amplicons. The genotype and allele fre-
quencies were evaluated using Hardy–Weinberg Equation. Chi-
square test p-values were 0.0012 and 0.0203 for PCSK9 R496W 
(rs374603772) and D374Y (rs137852912) mutations, respectively.

Statistical analysis
All statistical analyses were performed using SPSS for Win-

dows version 18.0 (SPSS, Chicago, IL, USA). Data are presented 
as percentages for discrete variables and as mean±standard 
deviation for continuous variables. The groups were compared 
using Student’s t-test, and discrete variables were compared 
using chi-square analysis. P-value of <0.05 (two-sided) was con-
sidered to be statistically significant.

Results

Table 2 demonstrates the clinical characteristics and fasting 
lipid and glucose levels of the study groups. As expected, there 

Table 1. PCSK9 S127R (rs28942111), D374Y (rs137852912), F216L (rs28942112), and R496W (rs374603772) primer sequences

Mutation Forward primer  Reverse primer

S127R 5’-TCACCAAGATCCTGCATGTCT- -3’ 5’-TTCAGCAATGGGCCTACTAA-3’

D374Y 5’-TTTGGCCGCTGTGTGGA-3’ 5’-GGCTGTTAGCATCACGGTG-3’

F216L 5’-GTATCTCCTAGACACCAGCATACAG-3’ 5’-GGAGTACAGCTGCAACGCTCT-3’

R496W 5’-CTGCAGGCCTTGAAGTTGC-3’ 5’-GAGCAAATGGATTCAGCTCA-3’
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were significant differences between the groups with regard to 
the presence of elevated total cholesterol, triglycerides, LDL-C 
levels, and decreased HDL-C levels.

Table 3 shows the summary of the genetic analysis of the 
4 PCSK9 GOF mutations in the study groups. In both S127R 
(rs28942111) and F216L (rs28942112) groups, mutations were not 
detected. Mutation analysis of the 200 patients with primary dys-
lipidemia showed that 93.5% were wild type (CC), 6% were het-
erozygous (CT), and only 0.5% was homozygous (TT); meanwhile, 

of the 201 control subjects, 99.5% were wild type (CC), 0.5% was 
heterozygote (CT), and none were homozygous (TT) for PCSK9 
R496W (rs374603772) mutation. This difference in the genotype of 
PCSK9 R496W (rs374603772) mutations was statistically signifi-
cant between the patient and control groups (χ2=10.742; p=0.005). 
Similarly, there was a significant difference between the patient 
group and controls for the D374Y (rs137852912) mutation rates 
(χ2=6.078; p=0.048). Analysis of dyslipidemia group revealed that 
93% were wild type (GG), 6.5% were heterozygous (GA), and 

Table 2. Clinical characteristics and fasting lipid and glucose levels of the study groups

 Primary dyslipidemia group Control group P-value

 n=200 (100%) n=201 (100%)

Age, years 50.21±13.2 50.21±13.2 -

Gender

Male 95 (47.5%) 83 (41.3%) -

Female 105 (52.5%) 118 (58.7%) -

Total cholesterol, mg/dL, (min-max) 317.92±105.92 176.15±18.89 <0.001

 (200-892) (111-200)

Triglyceride, mg/dL (min-max) 169.66±87.17 109.28±26.13 <0.001

 (38-618) (60-186)

HDL-C, mg/dL (min-max) 50.08±12.93 63.14±8.99 <0.001

 (25-96) (37-78)

LDL-C, mg/dL (min-max) 237.32±96.86 115.26±17.96 <0.001

 (71-639) (65-162)

Fasting glucose, g/dL (min-max) 95.80±14.89 92.49±12.36 0.82

 (62-207) (66-186)

CVD (+) 60 (30%) - -

Diabetes mellitus (+) 18 (9%) 6 (3%) -

CVD - cardiovascular disease, HDL-C - high-density lipoprotein cholesterol, LDL-C - low-density lipoprotein cholesterol

Table 3. Genotype distributions and allele frequencies of PCSK9 R496W (rs374603772) and D374Y (rs137852912) in the study 
groups

PCSK9 gene mutation Genotype/haplotype Patient group Control group P-value

  n=200 (100%) n=201 (100%)

PCSK9 R496W (rs374603772) Wild type (CC) 187 (93.5%) 200 (99.5%) 0.005

 Heterozygous (CT) 12 (6%) 1 (0.5%)

 Mutant (TT) 1 (0.5%) 0 (0%)

 C 386 401

 T 14 1

PCSK9 D374Y (rs137852912) Wild type (GG) 186 (93%) 197 (99.5%) 0.048

 Heterozygous (GA) 13 (6.5%) 4 (2%)

 Mutant (AA) 1 (0.5%) 0 (0%)

 G 385 398

 A 15 4
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0.5% was homozygous (AA) (Table 3). However, in the control 
group, 98% were wild type (GG) and 2% were heterozygote (GT).

Comparison of total cholesterol, triglyceride, HDL-C, and LDL-
C levels according to the PCSK9 R496W (rs374603772) and D374Y 
(rs137852912) genotypes between patients with primary dyslipid-
emia and healthy controls showed that the triglyceride values of 

patients with heterozygous for R496W (rs374603772) and D374Y 
(rs137852912) mutations were 12.8-fold and 3.4-fold higher, re-
spectively, than those in healthy controls with normal and mu-
tant genotypes (p=0.015 and p=0.03) (Table 4). In addition, when 
we compared total cholesterol, triglyceride, HDL-C, and LDL-C 
levels in PCSK9 R496W (rs374603772) and D374Y (rs137852912) 
mutation carriers and noncarriers, our results revealed that mu-
tations carriers had higher triglyceride values than noncarriers 
(p=0.007) (Table 5). But when we compared the PCSK9 R496W 
(rs374603772) and D374Y (rs137852912) mutation carriers and 
noncarriers in the whole study group (n=401) in terms of lipid 
parameters, significant increase were observed in total choles-
terol (p=0. 021), triglycerides (p=0.0001), HDL-C (p=0.028), LDL-C 
(p=0.028) levels in mutation carriers (Table 6).

Discussion

According to our findings, the prevalence of heterozygote 
and mutant genotypes in patients with primary dyslipidemic was 
6% and 0.5% for R496W (1486 C>T) and 6.5% and 0.5% for D374Y 
(1120 G>A), respectively.

The reported PCSK9 GOF mutation frequencies vary in dif-
ferent populations around the world. A 29.7% prevalence was 
reported among Lebanese patients with familial hypercholester-
olemia; a 5.9% PCSK9 E32K prevalence was reported in Japa-
nese patients with heterozygous familial hypercholesterolemia; 
and 1% and 0.9% PCSK9 mutation prevalence was reported in 
Portuguese and French patients with familial hypercholesterol-
emia, respectively (14-17). Moreover, in 2012, Palacios et al. (17) 
detected PCSK9 mutation in only 1 of 7,000 Spanish patients, and 
a public health screening program in Scotland revealed PCSK9 
mutation in only 1 (0.2%) of 425 patients with hypercholesterol-
emia (18, 19). In the Netherlands, Sjouke et al. (19) reported no 
PCSK9 mutations in a genetic analysis of 104,000 patients with 
hypercholesterolemia, including 49 patients with homozygous 
familial hypercholesterolemia (20). Similarly, no PCSK9 mutations 
were detected in a study conducted in 109 patients with famil-
ial hypercholesterolemia in Russia (21). As seen above, there is 
growing evidence that PCSK9 mutations play a role in the de-
velopment of familial hypercholesterolemia. However, its preva-
lence in primary dyslipidemias is unknown. To the best of our 
knowledge, our study is first to show the prevalence of PCSK9 
D374Y and R496W mutations in patients with either high LDL-C 
and/or high triglycerides. Our results showed a higher preva-

Table 4. Triglyceride values of patients with heterozygous for R496W (rs374603772) and D374Y (rs137852912) mutations

Mutation Genotype Variables in the equation                                            95% CI EXP  P-value

   Lower Upper 

R496W Heterozygous 12.834 1.653 99.66 0.015

D374Y Heterozygous 3.442 1.103 10.746 0.33

Table 5. Clinical characteristics and fasting lipid and 
glucose levels of the of the PCSK9 mutation carriers and 
noncarriers in the primary dyslipidemia group

Clinical data PCSK9 (+) PCSK9 (–) P-value

 n=25 n=175

Age, years 52.6±12.9 49.8±13.2 -

Female, n, % 10 (40.0%) 95 (54.3% ) -

Male, n, % 15 (60.0%) 80 (45.7%) -

CVD, n, % 10 (33.3%) 52 (30.6%) 0.125

Total cholesterol 312.6±92.4 318.67±107.9 0.791

Triglycerides 213.4±110.1 163.4±81.8 0.007

HDL cholesterol 48.5±11.4 50.2±13.1 0.532

LDL cholesterol 228.8±78 238.5±99.3 0.643

Fasting glucose 95.4±13.4 95.8±15.1 0.886

CVD - cardiovascular disease, HDL-C - high-density lipoprotein cholesterol, LDL-C - 
low-density lipoprotein cholesterol

Table 6. Clinical characteristics and fasting lipid and 
glucose levels of the PCSK9 mutation carriers and 
noncarriers in the whole study group

Clinical data PCSK9 (+) n=30 PCSK9 (–) n=371 P-value

Age, years 54.4±13.3 51.1±11.2 -

Female, n, % 13 (43.4%) 210 (56.6% ) -

Male, n, % 17 (56.6%) 161 (43.4%) -

Total cholesterol 289±99.8 243.45±103.6 0.021

Triglycerides 196.9±107.2 134.7±65.1 0.000

HDL cholesterol 51.6±12.8 57±12.8 0.028

LDL cholesterol 211.8±80 173.2±92.9 0.028

Fasting glucose 94.2±13.1 94.1±19.4 0.986

HDL-C - high-density lipoprotein cholesterol, LDL-C - low-density lipoprotein 
cholesterol
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lence of PCSK9 D374Y and R496W mutations in our Turkish pri-
mary dyslipidemia patient group than in the general population. 
Similarly, we previously reported a 13.8% prevalence of PCSK9 
D374Y and/or R496W GOF mutations in a Turkish familial hyper-
cholesterolemia cohort and have suggested that frequencies of 
PCSK9 GOF mutations could be substantially higher in Turkey 
than other countries (22).

D374Y mutation was first described in 2004 in a Norwegian 
familial hypercholesterolemia patient group; it was reported 
to have a prevalence of 4% and be responsible for autosomal 
dominant hypercholesterolemia (23). In a family genetic study 
conducted by Timms et al. (23) in Utah, USA, on patients with 
autosomal dominant hypercholesterolemia, the D374Y mutation 
was also detected in the three other siblings of an individual with 
D374Y mutation (24). In a study designed to investigate the ef-
fects of LDLR, APOB, and PCSK9 mutations on the development 
of CVD in a group of 253 familial hypercholesterolemia patients 
in the UK, LDLR mutation was detected in 236 (57.7%), APOB 
p.Q3500 mutation in 10 (2.4%), and PCSK9 D374Y mutations in 7 
(1.7%) patients (25). Cameron et al. (25) investigated the effects 
of the GOF S127R and D374Y mutations on the autocatalytic ac-
tivity of PCSK9 in HepG2 cells transfected with LDL in proportion 
to the amount of LDLR on the cell surface. Their study showed 
that these mutations did not affect PCSK9 autocatalytic activity 
but caused changes in cell-surface LDLR and LDL levels. Cells 
with the mutant S127R and D374Y genotype showed 23% reduc-
tion in cell-surface LDLR levels and 38% reduction in LDL inter-
nalization when compared to cells with wild-type PCSK9. The 
authors reported that the S127R and D374Y mutations increased 
the amount of cell-surface LDLR, thereby leading to an increase 
in the amount of LDL (26). Of the 200 patients with primary dys-
lipidemia in our study, there were 13 patients with heterozygote 
(GA) and 1 patient with homozygous (AA) genotype for the D374Y 
mutation (χ2=6.078; p=0.048). The frequency of the A allele was 
higher in the patient group than in the control group. Compari-
son of our results with previous studies suggests that the PCSK9 
D374Y (rs137852912) mutation has a role in disease development 
in Turkish patients with primary dyslipidemia.

Pisciotta et al. (26) compared heterozygous patients with fa-
milial hypercholesterolemia with a control group and detected 
R496W mutation in only one 35-year-old patient who had a se-
rum LDL level of 518 mg/dL. When plasma LDL-C levels in the 
proband’s mother, who was also heterozygous for R496W muta-
tion, were compared with those of other heterozygous familial 
hypercholesterolemia patients, they reported that the LDL-C lev-
els were similar and that this rarely observed mutation may have 
pathogenic effect. The authors also reported that PCSK9 R496W 
gene mutation had a negative impact on clinical phenotype in 
patients with homozygous or heterozygous LDLR E228K muta-
tion genotype (27). Of the primary dyslipidemia patients in our 
study, 12 were heterozygous (CT) and 1 was homozygous (TT) 
for R496W mutation. We also found that heterozygous primary 
dyslipidemia patients had comparable LDL-C levels and that mu-

tant genotype carriers had a higher LDL-C value than the het-
erozygous patients. These findings suggest that the CT and TT 
genotypes of the PCSK9 R496W gene mutation can be used as 
biomarkers for primary dyslipidemia.

PCSK9 mutations were first described by Abifadel et al. (13) 
in patients with autosomal dominant hypercholesterolemia. 
They found that the S127R mutation was associated with disease 
progression in a study of autosomal dominant hypercholester-
olemia patients from two French families with different ethnic 
backgrounds. Their analysis of a 49-year-old patient with total 
cholesterol of 441 mg/dL and LDL-C of 356 mg/dL, who died of a 
heart attack, and the patient’s family revealed F216L mutation in 
the proband and the proband’s two children (13). Other studies 
regarding S127F and F216L mutations in familial hypercholester-
olemia have reported a prevalence of 1.4% in New Zealand and 
Southern Africa and 2.6% in France (10, 28). In an animal model 
study, it was also shown that the PCSK9 S127R and F216R mutant 
genotypes caused overexpression in the mouse liver, resulting 
in a dramatic decrease in hepatic LDLR levels because of post 
transcriptional mechanisms, thereby leading to hypercholes-
terolemia. In addition, it was determined that overexpression 
of wild-type PCSK9 in mice caused plasma levels of total cho-
lesterol to double and non-HDL-C levels to increase 5 fold (29). 
In an in vivo study evaluating the effects of the S127R, F216L, 
and R218S mutant genotypes on the PCSK9-dependent LDLR 
mechanism, Nassoury et al. (29) demonstrated that LDLR was a 
dominant partner in regulating the cellular trafficking of PCSK9 
and that LDLR deficiency resulted in the localization of PCSK9 
in the endoplasmic reticulum (ER). They reported that in cells 
expressing LDLR, PCSK9 was localized with LDLR in post-ER 
compartments. Furthermore, when human wild-type and mutant 
S127R, F216L, and R218S genotypes were compared in human 
hepatic HuH7 cells, mutant genotypes were associated with hy-
percholesterolemia, and PCSK9 was arrested in the endosome/
lysosomes and unable to reach the cell surface. Therefore, they 
demonstrated that the distribution of PCSK9 on the cell surface 
and endosome is necessary for PCSK9 to completely regulate 
LDLR degradation and that this retention in the ER causes a 
reduction in PCSK9 maturation and inhibits LDLR degradation. 
For this reason, they emphasized the causative role of S127R, 
F216L, and R218S PCSK9 mutations in hypercholesterolemia 
(30). These studies are the extent of the research conducted to 
date regarding PCSK9 S127R and F216R mutations. In our study, 
all individuals in the primary dyslipidemic patient group and the 
control group carried the wild-type genotype for PCSK9 S127R 
and F216R mutations. These data show that the S127R and F216R 
PCSK9 mutations do not constitute a risk factor for disease de-
velopment in Turkish patients with primary dyslipidemia. We 
believe that the discrepancies in the results obtained may have 
been caused by the selected patient group, genetic heterogene-
ity, and ethnic differences.

The most widely recognized role of PCSK9 to date has been 
its impact on LDLR, but recent studies suggest that PCSK9 may 
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have other effects on lipoprotein metabolism (triglyceride-rich li-
poproteins, chylomicrons, and VLDL) as well. Recently, an impor-
tant study evaluating the relationships between plasma PCSK9 
and the VLDL and LDL subfractions showed that plasma PCSK9 
was strongly associated with IDL, a triglyceride-rich subfrac-
tion that represents VLDL remnants. This finding indicates that 
PCSK9 exerts its effect on plasma triglycerides by modulating 
VLDL and VLDL remnant metabolism (31). As further evidence 
of the link between PCSK9 and triglycerides, it was reported 
that members of four British families who had familial hyper-
choesterolemia and carried GOF D374Y PCSK9 mutations had 
triglyceride levels that were higher than that in a control group 
but still within reference ranges (32). This suggests that PCSK9 
perturbation may affect triglyceride metabolism (12). In the pres-
ent study, we also found that triglyceride levels increased by 12.8 
fold (p=0.015) and 3.4 fold (p=0.03) in patients with heterozygous 
R496W (1486 C>T) and D374Y (1120 G>A) mutations, respectively. 
Because the studies conducted to date have yielded contro-
versial results, the effect of PCSK9 on triglyceride metabolism 
is still not fully understood. However, Stein et al. (32) reported 
in 2014 that 1,359 patients receiving PCSK9 inhibitor treatment 
showed a significant decrease in triglyceride levels at the end 
of treatment, regardless of PCSK9 mutation analysis. This find-
ing illustrates a general connection between PCSK9 and triglyc-
eride metabolism and suggests the possibility of a new therapy 
for hypertriglyceridemia (32). In our study, we also evaluated the 
whole study group (n=401) for lipid parameters according to mu-
tation carriers and noncarriers; we found that mutation carriers 
had higher total cholesterol (p=0. 021), triglycerides (p=0.0001), 
HDL-C (p=0.028), LDL-C (p=0.028) levels than noncarriers. These 
results indicate that GOF R496W (rs374603772) and D374Y PCSK9 
mutations could have a significant impact on lipid metabolism in 
general population. However, there are different regions in Tur-
key, so there may be dominance of different/same PCSK9 muta-
tions in other regions of our country. To show the reflection of 
R496W (rs374603772) and D374Y (rs137852912) PCSK9 mutations 
in Turkish population, more comprehensive studies need to be 
conducted from other regions of Turkey.

There is a much lower rate of PCSK9 mutation in autosomal 
dominant hypercholesterolemia than that of LDLR and APOB 
mutations. However, probands who are heterozygous for both 
LDLR and PCSK9 mutations have 50% higher plasma LDL levels 
than relatives with only one mutation (12). PCSK9 gene consti-
tutes the basis of a new mechanism contributing to dyslipidemia, 
and determining the effects of the PCSK9 substrate and PCSK9 
gene mutations on function is important in terms of early diagno-
sis and treatment. A better understanding of the physiology and 
genetics of lipoprotein metabolism should facilitate earlier diag-
nosis and development of effective therapeutic interventions for 
patients with lipid disorders. As research aimed at using anti-
bodies against PCSK9 in the treatment of lipid disorders gains 
momentum, it is anticipated that these agents will soon become 
available for clinical use.

Study limitations
The first limitation of the study is the lack of whole-gene se-

quencing analysis for PCSK9 gene. The second limitation is ho-
mogeneity of the study population that was enrolled from a single 
experienced lipid specialized center from Aegean region in Turkey, 
so the results do not reflect the whole Turkish population.

Conclusion

The present study demonstrates the association between 
the R496W (rs374603772) and D374Y (rs137852912) PCSK9 muta-
tions and primary dyslipidemia in Aegeon region. To date, more 
than 30 GOF mutations have been identified in the PCSK9 gene. 
We believe that this study will also lead to other genomic re-
search in this area.

Funding: The study was supported financially by the Institutional 
Scientific Research Project Committee (14-TIP-072).

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept – Z.E., A.T.V., M.K.; Design – 
A.T.V.; Supervision – A.T.V., M.K.; Fundings – A.T.V.; Materials – Z.E., 
A.T.V., M.K.; Data collection &/or processing – A.T.V., M.K.; Analysis &/
or interpretation – Z.D., C.G., M.K.; Literature search – V.B.Ç., M.K.; Writ-
ing – A.T.V., M.K.; Critical review – A.T.V., M.K.

References

1. Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fon-
seca VA, Garber AJ, et al. American Association of Clinical Endo-
crinologists and American College of Endocrinology Guidelines for 
Management of Dyslipidemia and Prevention of Cardiovascular 
Disease. Endocr Pract 2017; 23(Suppl 2): 1-87. [CrossRef]

2. García-Giustiniani D, Stein R. Genetics of Dyslipidemia. Arq Bras 
Cardiol 2016; 106: 434-8. [CrossRef]

3. Roberts R. PCSK9 inhibition--a new thrust in the prevention of heart 
disease: genetics does it again. Can J Cardiol 2013; 29: 899-901.

4. Willer CJ, Sanna S, Jackson AU, Scuteri A, Bonnycastle LL, Clarke 
R, et al. Newly identified loci that influence lipid concentrations 
and risk of coronary artery disease. Nat Genet 2008; 40: 161-9.

5. Jelassi A, Slimani A, Jguirim I, Najah M, Abid A, Boughamoura L, 
et al. Moderate phenotypic expression of familial hypercholester-
olemia in Tunisia. Clin Chim Acta 2010; 411: 735-8. [CrossRef]

6. Zhang PY. PCSK9 as a therapeutic target for cardiovascular dis-
ease. Exp Ther Med 2017;13:810-4. [CrossRef]

7. Wadhera RK, Steen DL, Khan I, Giugliano RP, Foody JM. A review 
of low-density lipoprotein cholesterol, treatment strategies, and its 
impact on cardiovascular disease morbidity and mortality. J Clin 
Lipidol 2016; 10: 472-89. [CrossRef]

8. Austin MA, King MC, Bawol RD, Hulley SB, Friedman GD. Risk fac-
tors for coronary heart disease in adult female twins. Genetic heri-

https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.5935/abc.20160074
https://doi.org/10.1016/j.cjca.2013.04.014
https://doi.org/10.1038/ng.76
https://doi.org/10.1016/j.cca.2010.02.008
https://doi.org/10.3892/etm.2017.4055
https://doi.org/10.1016/j.jacl.2015.11.010


Eroğlu et al.
Effects of PCSK9 R496W and D374Y mutations

Anatol J Cardiol 2018; 19: 334-40
DOI:10.14744/AnatolJCardiol.2018.86648340

tability and shared environmental influences. Am J Epidemiol 1987; 
125: 308-18. [CrossRef]

9. Ahmed W, Whittall R, Riaz M, Ajmal M, Sadeque A, Ayub H, et al. 
The genetic spectrum of familial hypercholesterolemia in Pakistan. 
Clin Chim Acta 2013; 421: 219-25. [CrossRef]

10. Abifadel M, Varret M, Rabès JP, Allard D, Ouguerram K, Devillers M, 
et al. Mutations in PCSK9 cause autosomal dominant hypercholes-
terolemia. Nat Genet 2003; 34: 154-6. [CrossRef]

11. Horton JD, Cohen JC, Hobbs HH. Molecular biology of PCSK9: its 
role in LDL metabolism. Trends Biochem Sci 2007; 32: 71-7. [CrossRef]

12. Druce I, Abujrad H, Ooi TC. PCSK9 and triglyceride-rich lipoprotein 
metabolism. J Biomed Res 2015; 29.

13. Abifadel M, Rabès JP, Devillers M, Munnich A, Erlich D, Junien C, et 
al. Mutations and polymorphisms in the proprotein convertase sub-
tilisin kexin 9 (PCSK9) gene in cholesterol metabolism and disease. 
Hum Mutat 2009; 30: 520-9. [CrossRef]

14. Mabuchi H, Nohara A, Noguchi T, Kobayashi J, Kawashiri M, Inoue 
T, et al. Genotypic and phenotypic features in homozygous familial 
hypercholesterolemia caused by proprotein convertase subtilisin/
kexin type 9 (PCSK9) gain-of-function mutation. Atherosclerosis 
2014; 236: 54-61.

15. Medeiros AM, Alves AC, Francisco V, Bourbon M; investigators of 
the Portuguese FH Study. Update of the Portuguese Familial Hyper-
cholesterolaemia Study. Atherosclerosis 2010; 212: 553-8. [CrossRef]

16. Marduel M, Carrié A, Sassolas A, Devillers M, Carreau V, Di Filippo 
M, et al. Molecular Spectrum of Autosomal Dominant Hypercholes-
terolemia in France. Hum Mutat 2010; 31: E1811-24. [CrossRef]

17. Palacios L, Grandoso L, Cuevas N, Olano-Martín E, Martinez A, Teje-
dor D, et al. Molecular characterization of familial hypercholesterol-
emia in Spain. Atherosclerosis 2012; 221: 137-42. [CrossRef]

18. Norsworthy PJ, Vandrovcova J, Thomas ER, Campbell A, Kerr SM, 
Biggs J, et al. Targeted genetic testing for familial hypercholesterol-
aemia using next generation sequencing: a population-based study. 
BMC Med Genet 2014; 15: 70. [CrossRef]

19. Sjouke B, Kusters DM, Kindt I, Besseling J, Defesche JC, Sijbrands 
EJ, et al. Homozygous autosomal dominant hypercholesterolaemia 
in the Netherlands: prevalence, genotype–phenotype relationship, 
and clinical outcome. Eur Heart J 2015; 36: 560-5. [CrossRef]

20. Korneva VA, Bogoslovskaia TI, Kuznetsova TI, Mandel’shtam MI, 
Vasil’ev VB. [Familial hypercholesterolemia due to a new mutation 
in the low density lipoprotein receptor gene]. Klin Med (Mosk) 2014; 
92: 49-53.

21. Kaya E, Kayıkçıoğlu M, Tetik Vardarlı A, Eroğlu Z, Payzın S, Can L. 
PCSK 9 gain-of-function mutations (R496W and D374Y) and clinical 
cardiovascular characteristics in a cohort of Turkish patients with 
familial hypercholesterolemia. Anatol J Cardiol 2017; 18: 266-72.

22. Leren T. Mutations in the PCSK9 gene in Norwegian subjects with 
autosomal dominant hypercholesterolemia. Clin Genet 2004; 65: 
419-22. [CrossRef]

23. Timms KM, Wagner S, Samuels ME, Forbey K, Goldfine H, Jammu-
lapati S, et al. A mutation in PCSK9 causing autosomal-dominant 
hypercholesterolemia in a Utah pedigree. Hum Genet 2004; 114: 349-
53. [CrossRef]

24. Humphries SE, Whittall RA, Hubbart CS, Maplebeck S, Cooper JA, 
Soutar AK, et al.; Simon Broome Familial Hyperlipidaemia Register 
Group and Scientific Steering Committee. Genetic causes of famil-
ial hypercholesterolaemia in patients in the UK: relation to plasma 
lipid levels and coronary heart disease risk. J Med Genet 2006; 43: 
943-9. [CrossRef]

25. Cameron J, Holla ØL, Ranheim T, Kulseth MA, Berge KE, Leren TP. 
Effect of mutations in the PCSK9 gene on the cell surface LDL re-
ceptors. Hum Mol Genet 2006; 15: 1551-8. [CrossRef]

26. Pisciotta L, Oliva CP, Cefalù AB, Noto D, Bellocchio A, Fresa R, et 
al. Additive effect of mutations in LDLR and PCSK9 genes on the 
phenotype of familial hypercholesterolemia. Atherosclerosis 2006; 
186: 433-40. [CrossRef]

27. Homer VM, Marais AD, Charlton F, Laurie AD, Hurndell N, Scott R, et 
al. Identification and characterization of two non-secreted PCSK9 
mutants associated with familial hypercholesterolemia in cohorts 
from New Zealand and South Africa. Atherosclerosis 2008; 196: 659-
66. [CrossRef]

28. Maxwell KN, Breslow JL. Adenoviral-mediated expression of Pcsk9 
in mice results in a low-density lipoprotein receptor knockout phe-
notype. Proc Natl Acad Sci U S A 2004; 101: 7100-5. [CrossRef]

29. Nassoury N, Blasiole DA, Tebon Oler A, Benjannet S, Hamelin J, 
Poupon V, et al. The cellular trafficking of the secretory proprotein 
convertase PCSK9 and its dependence on the LDLR. Traffic 2007; 8: 
718-32. [CrossRef]

30. Kwakernaak AJ, Lambert G, Dullaart RP. Plasma proprotein conver-
tase subtilisin–kexin type 9 is predominantly related to intermediate 
density lipoproteins. Clin Biochem 2014; 47: 679-82. [CrossRef]

31. Naoumova RP, Tosi I, Patel D, Neuwirth C, Horswell SD, Marais AD, 
et al. Severe Hypercholesterolemia in Four British Families With 
the D374Y Mutation in the PCSK9 Gene: Long-Term Follow-Up and 
Treatment Response. Arterioscler Thromb Vasc Biol 2005; 25: 2654-
60. [CrossRef]

32. Stein EA, Giugliano RP, Koren MJ, Raal FJ, Roth EM, Weiss R, et al. 
Efficacy and safety of evolocumab (AMG 145), a fully human mono-
clonal antibody to PCSK9, in hyperlipidaemic patients on various 
background lipid therapies: pooled analysis of 1359 patients in four 
phase 2 trials. Eur Heart J 2014; 35: 2249-59. [CrossRef]

https://doi.org/10.1093/oxfordjournals.aje.a114531
https://doi.org/10.1016/j.cca.2013.03.017
https://doi.org/10.1038/ng1161
https://doi.org/10.1016/j.tibs.2006.12.008
https://doi.org/10.1002/humu.20882
https://doi.org/10.1016/j.atherosclerosis.2014.06.005
https://doi.org/10.1016/j.atherosclerosis.2010.07.012
https://doi.org/10.1002/humu.21348
https://doi.org/10.1016/j.atherosclerosis.2011.12.021
https://doi.org/10.1186/1471-2350-15-70
https://doi.org/10.1093/eurheartj/ehu058
https://doi.org/10.14744/AnatolJCardiol.2017.7654
https://doi.org/10.1111/j.0009-9163.2004.0238.x
https://doi.org/10.1007/s00439-003-1071-9
https://doi.org/10.1136/jmg.2006.038356
https://doi.org/10.1093/hmg/ddl077
https://doi.org/10.1016/j.atherosclerosis.2005.08.015
https://doi.org/10.1016/j.atherosclerosis.2007.07.022
https://doi.org/10.1073/pnas.0402133101
https://doi.org/10.1111/j.1600-0854.2007.00604.x
https://doi.org/10.1016/j.clinbiochem.2014.03.008
https://doi.org/10.1161/01.ATV.0000190668.94752.ab
https://doi.org/10.1093/eurheartj/ehu085



