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ABSTRACT

Objectives: The proprotein convertase subtilisin/kexin type 7 (PCSK7) enzyme is
encoded by the PCSK7 gene and is involved in the processing and activation of latent
precursor proteins. Previous studies have reported that some PCSK?7 variants are
associated with markers of body iron stores and lipid profiles, as well as obesity and
insulin resistance. The aim of this study was to investigate the association of the rs236918
variant of PCSK7 with metabolic syndrome (MetS) and its related components.

Methods: In this cross-sectional study, 325 participants in the age group of 25 to 86
years were examined. Standard protocols were employed to measure body mass index,
blood pressure, fasting blood glucose, total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), and triglycerides (TG). Individuals with metabolic syndrome
(MetS) were identified in accordance with the guidelines set by the National Cholesterol
Education Program. Genotype was determined using the PCR-RFLP method.

Results: The findings revealed that there was no association between the rs236918
variant and increased risk of MetS or its components and also plasma lipid profile.

Conclusion: Overall, the findings exhibit no significant association between the PCSK7
rs236918 polymorphism and MetS in this population. Although these results may be
due to sample size and power issues, the role of lifestyle factors and other genes in the
development of MetS appears to be more important in this population. Therefore, further
research is required to validate these results.
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Introduction
etabolic  syndrome (MetS) is
defined by a combination of

metabolic risk factors that increase

the risk of developing diabetes

and cardiovascular diseases (1).
These factors include low high-density lipoprotein
cholesterol (HDL-C), hypertriglyceridemia, abdominal
obesity or high body mass index (BMI), glucose
intolerance or insulin resistance, high blood pressure,
and microalbuminuria (2). Global data show that MetS
prevalence is increasing in Asian and European nations.
According to reports, the prevalence of MetS in Iran is
thought to be between 21.9% and 31.1% (3, 4). It is now
well known that MetS mostly affects populations with
high caloric intake and low levels of physical activity,
even though the exact pathophysiology of the condition
is still unknown. Its development is also significantly
influenced by genetic predisposition (5, 6). However,
many MetS-related genes are still unknown.

The proprotein convertase subtilisin—kexin type 7
(PCSK?7) is a member of the PCSK family that have 9
calcium-dependent serine proteases. These proproteins
are involved in the activation/inactivation of various
proteins and peptides by breaking the peptide bond (7,
8). These proteins include receptors, ligands, enzymes,
viral glycoproteins, or growth factors (7). Several studies
have reported various functions for PCSK7, including
the regulation of Apo-AS, iron homeostasis, adipocyte
differentiation, obesity, insulin resistance, and lipid
metabolism (7, 9, 10). In addition, some single nucleotide
polymorphisms (SNPs) of the PCSK7 gene affect HDL-C
and/or triglyceride (TG) levels and are associated with
hypertriglyceridemia (7). Recent studies have reported
that SNP 5236918 C/G PCSK7 is associated with the risk
of atherosclerosis and liver disease, however, whether
PCSK7 genotype is related to MetS risk, remains unclear.
Considering that the early identification and appropriate
treatment can be effective in managing the complications
of MetS (11), this study was conducted with the aim of
determining the relationship between PCSK7 rs236918
variant and the prevalence of MetS and its related
components in the Ahvaz cohort population.

Materials and methods
Study design and participant characteristics
The data utilized in this study were acquired from a

five-year follow-up cohort of adults ranging from 25 to
86 years old in Ahvaz. The research included 142 male

and 183 female participants. Approval for the study
protocol was granted by the Research Ethics Committee
of Ahvaz Jundishapur University of Medical Sciences
(HLRC-9505), and informed consent was obtained from
all participants. The identification of MetS adhered to
the Adult Treatment Panel I1I (ATP III) criteria, requiring
at least three of the following five criteria: abdominal
obesity (waist circumference > 102 ¢cm in men and > 88
cm in women), TG > 150 mg/dl or the use of medications
for triglyceride management, HDL < 40 mg/dl in men
and < 50 mg/dl in women, systolic blood pressure (SBP)
> 130 mmHg or diastolic blood pressure (DBP) > 85
mmHg or the use of antihypertensive medication, and
fasting blood glucose (FBS) > 100 mg/dl or the use of
blood sugar-lowering drugs (12-14).

Clinical Analysis

Anthropometric and biochemical information
was extracted from the five-year follow-up cohort of
the adult population in Ahvaz. The details regarding
the measurement of anthropometric and biochemical
parameters have been previously presented by
Shahbazian et al. in 2013 (11).

DNA Isolation and Genotyping

Sure, here’s the edited text:

The rs236918 variant was identified through
genotyping using the PCR-RFLP method. Genomic DNA
was isolated from leukocytes in EDTA blood samples
utilizing the QIAamp DNA Mini Kit (Qiagen, Germany),
following the instructions provided by the manufacturer.
The integrity and purity of the extracted DNA were
assessed through 1% agarose gel electrophoresis and
NanoDrop (Thermo Scientific, USA) at wavelengths
of 260 and 280 nm, respectively. The PCR reaction
proceeded as follows: Step one involved a S-minute
incubation at 95°C for enzyme activation; Step two
comprised 35 cycles, including denaturation at 95°C for
45 s, annealing at 60°C for 30 s, and extension at 72°C for
30 s; and a final extension step at 72°C for 5 minutes. The
primer sequences used for PCR are detailed in Table 1.

After PCR amplification, a 490-bp fragment was
obtained. Subsequent digestion of the PCR product
with the Rsal enzyme resulted in specific fragments
corresponding to different genotypes. Specifically,
the GG genotype (does not break) produced a 490-
bp fragment, the CC genotype resulted in 320-bp and
188-bp fragments, and the GC heterozygous genotype
produced all three fragments (490-bp, 302-bp, and 188-
bp). Electrophoresis on a 2.5% agarose gel was used to

Table 1: The sequences of the primers used in the study.

Forward sequences: 5'-CAACGATCCAAGTGCCATAGAG-3'

Reverse sequences: 5-TATCCCAACTCCCAACTCCAAA-3'
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Table 2: Clinical Characteristics of the study participants according to PCSK7 rs236918 genotype
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Mean/percent data level by genotype

Clinical Data GG GC CC p value *

Number of participants (%) 59.38% 36.92% 3.69%

Age (years) 422 +13.7 41.0+12.1 45.16 £ 14.3 0.55
Sex (Male/female) 106/87 73/47 4/8 0.15
BMI (kg/m?) 27.6+4.6 28.0+5.0 26.5+3.7 0.69
Waist circumference(cm) 88.5+12.3 88.0+11.4 85.0+9.7 0.73
Systolic blood pressure (mmHg) 114.6£17.6 116.0£16.0 113.7+18.7 0.74
Diastolic blood pressure (mmHg) 70.0£13.0 70.4+.13.2 66.0+12.4 0.99
Fasting plasma glucose (mg/dL) 104.5+38.0 109.1+46.7 107.£52.7 0.44
Triacylglycerol (mg/dL) 161.0+ 104.0 162.1+£108.0 139.6+49.0 0.17
HDL-cholesterol (mg/dL) 59.0+ 14.6 57.5¢13.4 53.3+10.3 0.11
Smoking (%) 10.9% 6.7% 25.0% 0.09
Abdominal Obesity (%) 26.9% 30.0% 8.3% 0.44
Hypertriglyceridemia (%) 38.9% 38.3% 33.3% 0.36
Low HDL- cholesterol (%) 13.5% 14.2% 16.7% 0.45
Hypertension (%) 18.7% 17.5% 25.0% 0.65
Hyperglycemia (%) 40.4% 40.0% 33.3% 0.78
Metabolic syndrome, NCEP-ATPIII 16.1% 20.0% 8.3% 0.62

* All p values are for univariate logistic regression model and P < 0.05 indicate significant differences.
® The comparison between groups was based on the means + standard deviation.

BMI: body mass index

separate the digestion products, and visualization was
achieved using a safe stain (Yektatajhiz Inc., Iran) under
a UV transilluminator (Quantum ST4, France).

Statistical analysis

SPSS version 23.0 (IBM Corporation) was utilized for
statistical analysis. The Hardy-Weinberg equilibrium was
evaluated through a simple chi-square test. Comparisons
of anthropometric and biochemical characteristics among
genotypic groups involved chi-square tests for categorical
variables and one-way analysis of variance (ANOVA)
for continuous variables. To determine the independent
association of various genotypes and alleles of rs236918
with the prevalence of MetS, multivariable binary logistic
regression, adjusted for age and gender, was conducted.
The associations were expressed as odds ratios (ORs) with
corresponding 95% confidence intervals (Cls). Statistical
significance was set at P < 0.05. The comparison focused
on the GG genotype (as the dominant model) versus
carriers of the minor alleles (GC and CC) in the analysis.

Results

Characteristics of the study participants based on
PCSK7 rs236918 genotype

At the initiation of the study, the anthropometric and

clinical characteristics of the study participants were
examined according to their PCSK7 rs236918 genotype.
The distribution of genotypes was consistent with Hardy-
Weinberg equilibrium (p>0.05). However, no significant
difference was observed in the examined variables based
on genotype (Table 2).

Association between PCSK7 rs236918 and MetS

Logistic regression analysis (Table 3) showed that
individuals with the GG, GC, and CC genotypes had no
significant difference in the prevalence of MetS and its
components (P>0.05).

Association between PCSK7 rs236918 and MetS
components

As shown in Table 4, individuals with the GG, CG,
and CC genotypes exhibited no significant difference
in the prevalence of MetS components, including high
blood pressure, low HDL cholesterol, abdominal obesity,
high triglycerides, and hyperglycemia.

Discussion
MetS is characterized by a combination of metabolic

abnormalities including insulin resistance, abnormal
lipid profile, and high blood pressure (12, 15-17).
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Table 3: Association between PCSK7 rs236918 polymorphism and MetS based on logistic regression analysis

Crude model Adjusted model
Rs236918 OR (95% CD p-value OR (95%CI) p-value
GG reference 00000 - reference 0 -
CG 1.06(0.61-1.82) 0.82 1.09(0.63-1.90) 0.73
CcC 1.16(0.30-4.40) 0.82 1.13(0.28-4.47) 0.85
GC+CC vs. GG(D) 1.07(0.63-1.81) 080
CC vs. GG+GC(R) 1.13(0.30-4.30) 08 e e

b Adjusted model: adjusted for age, gender.
Abbreviations: D, dominant; R, recessive; OR, Odds Ratios; CI, confidence interval.

Table 4: The association between PCSK7 rs236918 polymorphism and MetS components.

abdominal obesity Low HDL High blood pressure
(W.C>102 cm in cholesterol (systolic BP >130
High triglycerides Hyperglycemia
men HDL <40 mg/dl in) mmHg and or
(TG =150 mg/dl) (FBS >100 mg/dl)
PCSK7 >88 cm in men, <50 mg/dl in diastolic BP
rs236918 women) (women >85mmHg)
OR p- OR p- OR p- OR OR p-
p- value
95%CI)  value  (95%CI)  value (95% CI) value  (95% CI) (95% CI)  value
GG reference - reference - reference - reference ~ ----- reference  -----
CG 0.98(0.60-  0.88"  1.18(0.59- 0.64" 1.15(0.71- 0.55"  0.88(0.48- 0.69" 0.0 0.99"
CcC 1.10(0.31- 095" 1.63(0.33- 0.54"  2.09(0.64-  0.22* 1.46(0.36- 0.59" 1.17(0.63-  0.60"
GC+CC vs. 1.0(0.63- 097  1.22(0.63- 0.54 1.24(0.78- 035  0.90(0.51- 0.73 1.05(0.56-  0.87
CCvs. 1.0(0.29- 0.99  1.44(0.30- 0.64 1.78(0.56- 032  1.43(0.37- 0.59 0.0 0.99

*Data are adjusted according to age and sex.

Several studies have shown that genetic variants play an
important role in the prevalence of these risk factors and
indicated significant associations between single SNPs
in genes such as FTO, TCF7L2, APOAS, APOC3, and
PCSK7 and MetS risk factors (7, 12, 18-20).

PCSK7 variants have been reported to be associated
with dyslipidemia, which is one of the risk factors of MetS
(8). PCSK7 also affects obesity and insulin resistance by
regulating adipocyte differentiation (9, 21). However,
in this study, no association was found between the
rs236918 variant of PCSK7 and the prevalence of the
MetS and its related components in a population from the
Ahvaz cohort study. Our findings are consistent with the
study conducted by Eshraghian A et al., which indicated
that there is no association between PCSK7 rs2277287
genotype and hepatic steatosis in liver transplant
recipients (22). In contrast, studies conducted by
Furuhashi M et al., showed that the PCSK7 variant was
associated with an elevated TG level and obesity in the
Japanese general population without taking medication
(8). Vargas-Alarcon G et al., have also indicated that the
rs236918 variant was associated with a lower plasma
HDL-C level (7). In addition, Zheng X et al. reported
the association of PCSK2 and type 2 diabetes in the

Han Chinese population (23). However, it is important
to note that the effects of some genetic variants can be
effectively reduced by lifestyle intervention (24), and it
should be noted that MetS is a multifactorial condition
caused by several factors, while our study focused on
the role of PCSK7 rs236918 polymorphism alone.
Therefore, further studies are necessary to evaluate other
related genes and to consider lifestyle, diet, and nutrition
factors in the study population.

In conclusion, our study indicated no association
between PCSK7 rs236918 polymorphism and the MetS
or its related components. Therefore, further research is
necessary to find the effective genes or polymorphisms
in the study population.

Conflict of Interest
The authors have nothing to declare.

References

1. Saberi H, Mohammadtaghvaei N, Gulkho S, Bakhtiyari
S, Mohammadi M, Hanachi P, et al. The ENPP1 K121Q
polymorphism is not associated with type 2 diabetes and

Acta Biochimica Iranica 1(4): 196-200




N dinarvand et al.

13.

related metabolic traits in an Iranian population. Mol Cell
Biochem. 2011;350:113-8. https://doi.org/10.1007/s11010-
010-0687-z

Yeh WT, Weng LC. Epidemiology of metabolic syndrome in
Asia. Asia Pac J Clin Nutr. 2008;17:37-42.

Payab M, Hasani-Ranjbar S, Merati Y, Esteghamati A,
Qorbani M, Hematabadi M, et al. The prevalence of metabolic
syndrome and different obesity phenotype in Iranian male
military personnel. Am J Mens Health. 2017;11(2):404-13.
https://doi.org/10.1177/1557988316683120

Dalvand S, Niksima SH, Meshkani R, Gheshlagh RG,
Sadegh-Nejadi S, Kooti W, et al. Prevalence of metabolic
syndrome among Iranian population: a systematic review and
meta-analysis. Iran J Public Health. 2017;46(4):456.

Grundy SM. Metabolic syndrome update. Trends Cardiovasc
Med. 2016;26(4):364-73. https://doi.org/10.1016/j.
tcm.2015.10.004

Gorgani-Firuzjaee S, Meshkani R. Resveratrol reduces high
glucose-induced de-novo lipogenesis through mTOR mediated
induction of autophagy in HepG2 cells. Acta Biochim Iran.
2023;1(1):32-9. https://doi.org/10.18502/abi.v1i1.14063
Vargas-Alarcon G, Pérez-Méndez O, Gonzalez-Pacheco H,
Ramirez-Bello J, Posadas-Sanchez R, Escobedo G, et al.
The 1508487, rs236911, and rs236918 Genetic Variants of
the Proprotein Convertase Subtilisin-Kexin Type 7 (PCSK7)
Gene Are Associated with Acute Coronary Syndrome
and with Plasma Concentrations of HDL-Cholesterol
and Triglycerides. Cells. 2021;10(6):1444. https://doi.
org/10.3390/cells 10061444

Furuhashi M, Kataoka Y, Nishikawa R, Koyama M, Sakai A,
Higashiura Y, et al. Circulating PCSK7 Level is Independently
Associated with Obesity, Triglycerides Level and Fatty
Liver Index in a General Population without Medication.
J Atheroscler Thromb. 2022;29(9):1275-84. https://doi.
org/10.5551/jat.63159

Huang T, Huang J, Qi Q, Li Y, Bray GA, Rood J, et al. PCSK7
genotype modifies effect of a weight-loss diet on 2-year
changes of insulin resistance: the POUNDS LOST trial.
Diabetes Care. 2015;38(3):439-44. https://doi.org/10.2337/
dc14-0473

. Nikooei Sh AE, Alipoor B. The emerging role of MALAT1

IncRNA in diabetic nephropathy: based on the review of
the literature and bioinformatic analysis. Acta Biochim Iran.
2023;1(3):105-11.

. Shahbazian H, Latifi SM, Jalali MT, Shahbazian H, Amani R,

Nikhoo A, et al. Metabolic syndrome and its correlated factors
in an urban population in South West of Iran. J Diabetes Metab
Disord. 2013;12:1-6. https://doi.org/10.1186/2251-6581-12-11

. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel

RH, Franklin BA, et al. Diagnosis and management of
the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute scientific statement.
Circulation. 2005;112(17):2735-52. https://doi.org/10.1161/
CIRCULATIONAHA.105.169404

Ghaedrahmat Z, Cheraghian B, Jaafarzadeh N, Takdastan A,

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Acta Biochimica Iranica

Shahbazian HB, Ahmadi M. Relationship between urinary
heavy metals with metabolic syndrome and its components in
population from Hoveyzeh cohort study: A case-control study
in Iran. J Trace Elem Med Biol. 2021;66:126757. https://doi.
org/10.1016/j.jtemb.2021.126757

Meshkani R, Zargari M, Larijani B. The relationship
between uric acid and metabolic syndrome in normal glucose
tolerance and normal fasting glucose subjects. Acta Diabetol.
2011;48:79-88. https://doi.org/10.1007/s00592-010-0231-3
Vykoukal D, Davies MG. Vascular biology of metabolic
syndrome. J Vasc Surg. 2011;54(3):819-31. https://doi.
org/10.1016/j.jvs.2011.01.003

Chahkandi S, Dabiri R, Mirmohammadkhani M, Amiri-
Dashatan N, Koushki M. The effect of silymarin on liver
enzymes and serum lipid profiles in Iranian patients with
non-alcoholic fatty liver disease: A double-blind randomized
controlled trial. Acta Biochim Iran. 2023. https://doi.
org/10.18502/abi.v1i2.14105

Emamgholipour S, Maghbooli Z, Talebpour M, Gorgani-
Firuzjaee S, Shirvani A. Homeostatic model assessment
of B-cell function may be an emerging predictor of bone
resorption in metabolically unhealthy obesity. Acta Biochim
Iran. 2023. https://doi.org/10.18502/abi.v1i2.14104

Povel C, Boer J, Reiling E, Feskens E. Genetic variants
and the metabolic syndrome: a systematic review. Obes
Rev. 2011;12(11):952-67.  https://doi.org/10.1111/j.1467-
789X.2011.00907.x

Meshkani R, Saberi H, MohammadTaghvaei N, Tabatabaiefar
MA. Estrogen receptor alpha gene polymorphisms are
associated with type 2 diabetes and fasting glucose in male
subjects. Mol Cell Biochem. 2012;359:225-33.https://doi.
org/10.1007/s11010-011-1017-9

Mazloomi S, Goodarzi MT. The relationship between
chemerin gene polymorphism and the incidence of various
diseases. Acta Biochim Iran. 2023;1(2):65-70. https://doi.
org/10.18502/abi.v1i2.14102

Fadaei R. Adipokines as a link between adipose tissue with
inflammation and insulin resistance in cardiometabolic
diseases. Acta Biochim Iran. 2023;1(3):112-8.

Guan H, Zhang J, Luan J, Xu H, Huang Z, Yu Q, et al. Secreted
frizzled related proteins in cardiovascular and metabolic
diseases. Front Endocrinol (Lausanne). 2021;12:712217.
https://doi.org/10.3389/fendo.2021.712217

Zheng X, Ren W, Zhang S, Liu J, Li S, Li J, et al. Association
of type 2 diabetes susceptibility genes (TCF7L2, SLC30AS,
PCSK1 and PCSK2) and proinsulin conversion in a Chinese
population. Mol Biol Rep. 2012;39:17-23. https://doi.
org/10.1007/s11033-011-0705-6

Saadi H, Nagelkerke N, Carruthers SG, Benedict S,
Abdulkhalek S, Reed R, et al. Association of TCF7L2
polymorphism with diabetes mellitus, metabolic syndrome,
and markers of beta cell function and insulin resistance in
a population-based sample of Emirati subjects. Diabetes
Res Clin Pract. 2008;80(3):392-8. https://doi.org/10.1016/j.
diabres.2008.01.008

Acta Biochimica Iranica 1(4): 196-200


https://doi.org/10.1007/s11010-010-0687-z
https://doi.org/10.1007/s11010-010-0687-z
https://doi.org/10.1177/1557988316683120
https://doi.org/10.1016/j.tcm.2015.10.004
https://doi.org/10.1016/j.tcm.2015.10.004
https://doi.org/10.18502/abi.v1i1.14063
https://doi.org/10.3390/cells10061444
https://doi.org/10.3390/cells10061444
https://doi.org/10.5551/jat.63159
https://doi.org/10.5551/jat.63159
https://doi.org/10.2337/dc14-0473
https://doi.org/10.2337/dc14-0473
https://doi.org/10.1186/2251-6581-12-11
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1016/j.jtemb.2021.126757
https://doi.org/10.1016/j.jtemb.2021.126757
https://doi.org/10.1007/s00592-010-0231-3
https://doi.org/10.1016/j.jvs.2011.01.003
https://doi.org/10.1016/j.jvs.2011.01.003
https://doi.org/10.18502/abi.v1i2.14105
https://doi.org/10.18502/abi.v1i2.14105
https://doi.org/10.18502/abi.v1i2.14104
https://doi.org/10.1111/j.1467-789X.2011.00907.x
https://doi.org/10.1111/j.1467-789X.2011.00907.x
https://doi.org/10.1007/s11010-011-1017-9
https://doi.org/10.1007/s11010-011-1017-9
https://doi.org/10.18502/abi.v1i2.14102
https://doi.org/10.18502/abi.v1i2.14102
https://doi.org/10.3389/fendo.2021.712217
https://doi.org/10.1007/s11033-011-0705-6
https://doi.org/10.1007/s11033-011-0705-6
https://doi.org/10.1016/j.diabres.2008.01.008
https://doi.org/10.1016/j.diabres.2008.01.008

	Association of the rs236918 variant of PCSK7 with the prevalence of the metabolic syndrome and its c
	A B S T R A C T 
	Keywords
	Introduction
	Materials and methods 
	Study design and participant characteristics  
	Clinical Analysis 
	DNA Isolation and Genotyping 
	Statistical analysis 

	Results
	Characteristics of the study participants based on PCSK7 rs236918 genotype 
	Association between PCSK7 rs236918 and MetS 
	Association between PCSK7 rs236918 and MetS components 

	Discussion 
	Conflict of Interest 
	References 


