Received: 31 March 2024 | Revised: 05 June 2024 | Accepted: 11 June 2024
DOI: https://doi.org/10.69547/NS.21.05

N NATURE’S SYMPHONY
e

NATURE’S
SYMPHONY ISSN-E: 3007-2034

...............................
................

g ISSN-P: 3007-2026
k Website link: www.tsfns.com

Polymorphic Assessment of the Proprotein Convertase
Subtilisin/Kexin Type 9 (PCSK9) Variant Rs11591147 in Relation
to Coronary Artery Disease in Pakistani Subjects

Saleem Ullah Shahid, NA Shabana, Sumbal Sarwar, Steve Humphries

/‘ﬂ”\

To cite: Shahid, SU., Shabana, NA., Sarwar, S., and Humphries, S. 2024. Polymorphic
Assessment of the Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9) Variant Rs11591147
in Relation to Coronary Artery Disease in Pakistani Subjects. Nature's Symphony, 2(1):52-61.

Article QR

Published online: 20 June 2024
Submit your article to this journal: https://tsfjb.com/ojs/index.php/tsfns/about/submissions
View archive: https://tsfjb.com/ojs/index.php/tsfns/issue/archive/

O NATURE’S SYMPHONY
%O@ Volume 2 Issue 1, Spring 2024


http://www.tsfns.com/
https://tsfjb.com/ojs/index.php/tsfns/about/submissions
https://tsfjb.com/ojs/index.php/tsfns/issue/archive/
https://doi.org/10.69547/NS.21.05

Research Article

Polymorphic

Assessment of

the Proprotein Convertase

Subtilisin/Kexin Type 9 (PCSK9) Variant Rs11591147 in Relation
to Coronary Artery Disease in Pakistani Subjects

Saleem Ullah Shahid! | NA Shabana'* | Sumbal Sarwar®? | Steve Humphries?

YInstitute of Microbiology
and Molecular Genetics,
University of the Punjab,
Lahore, Pakistan

2Institute  of Cardiovascular
Sciences, University College
London, United Kingdom
3Department of Electrical and
Electronic Engineering,
Imperial  College  London,
United Kingdom

*Correspondence

NA Shabana

Email:
shabana.mmg@pu.edu.pk

Keywords:

Coronary artery disease,
LDL, PCSK9, KASPar
assay, Lipid profile,
SNP

INTRODUCTION

ABSTRACT

Coronary artery disease (CAD) is caused by the narrowing of
coronary arteries because of plaque formation in response to
multiple genetic and environmental factors. Many genetic markers
associated with CAD susceptibility have been identified in extensive
studies over the past few years. The enzyme proprotein convertase
subtilisin/kexin type 9 (PCSK9) targets LDL receptors for
degradation and decreases the clearance from the circulatory
system of LDL cholesterol (LDLC). Loss-of-function mutations in
the PCSK9 gene increase LDLC clearance, however. One such
variant, rs11591147 (also known as G137T or R46L), is protective
and more prevalent in White populations compared to other ethnic
groups. The present study evaluated the allele and genotype
frequencies of rs11591147 and investigated the effect of
rs11591147 on CAD risk as well as its relationship with lipid levels
in a Pakistani population. KASPar allelic discrimination assay was
used to genotype 625 samples (405 CAD cases and 225 controls).
Lipid profiles for the study participants were measured through
spectrophotometric analysis. In CAD cases, the frequency of the risk
allele (G) was slightly higher (0.999) than that in controls (0.995),
albeit without a statistically significant difference (p=0.252). No
association with CAD risk was observed (p=0.29). However, the
SNP showed an impact on lipid levels, with each risk allele
increasing LDLC by 14.81 + 15.8 mg/dL and total cholesterol (TC)
by 9.9 + 30.4 mg/dL (mean £ SE). While this variant did not show
a statistically significant association with CAD risk in the study, its
effect direction aligns with observations in White populations.
Future studies with larger sample sizes from all provinces of
Pakistan and analysis of other PCSK9 variants are recommended to
clarify the role of PCSK9 variants in CAD susceptibility.

of the disease (Shabana et al., 2018b; Shabana
et al., 2020a). The risk factors for CAD are

Coronary artery disease (CAD) remains the
single leading cause of mortality worldwide
despite the implementation of prevention and
management measures. CAD is a multifactorial
disease involving multiple genes that interact
with the environment to affect the progression
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grouped into modifiable and non-modifiable
risk factors. The modifiable risk factors include
dietary habits/lifestyle factors and physical
activity whereas non-modifiable risk factors
include age, male sex, family history of CAD
etc. (Shahid et al., 2017a). In Pakistan, a high
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proportion of blood marriages results in the
concentration of risk alleles/genotypes for
many genetic diseases (Chauhan et al., 2020;
Sarwar et al., 2023). The increased genetic
susceptibility together with reduced physical
activity and a high fat diet results in a
continuous increase in the number of CAD
cases diagnosed per year (Shahzadi et al.,
2016; Shabana et al., 2020b; Shahid et al.,
2020).

Proprotein convertase subtilisin/kexin type 9
(PCSK9, OMIM 607786) consists of 12 exons
and is a highly polymorphic gene (Ezzatet al.,
2021). The gene encodes a polypeptide
consisting of 692 amino acids residues(Cesaro
et al., 2020). It is a member of the subtilisin
family of kexin like proconvertases and
promotes the degradation of low-density
lipoprotein receptors (LDLRs), the primary
sites for low-density lipoprotein cholesterol
(LDLC) clearance from the peripheral
circulation. PCSK9 is a glycoprotein that is
highly expressed in liver, intestine and kidneys
(Seidah et al, 2003). Like other
proconvertases, this protein contains a signal
sequence (amino acids 1 to 30), a pro-domain,
a catalytic domain and a C- terminal domain
that is rich in cysteine residues (Dob¢ et al.,
2022). PCSK9 directs the degradation of
LDLRs by targeting them to lysosomes for
degradation and prevents them from recycling
to the cell surface leading to decreased LDLC
clearance and increased LDLC concentration.
In a mouse model, overexpression of PCSK9
resulted in a reduction in LDLR in liver and a
corresponding increase in circulating LDLC
(Lalanne et al., 2005; Poznyak et al., 2023).
Similarly mice lacking PCSK9 had higher
LDLR and lower circulating LDLC (Rashid et
al., 2005).

Loss-of-function mutations in PCSK9 are
common and result in a decrease in the LDLC
concentration because of increased expression
of LDRs thereby lowering CAD risk (Libby
and Tokgbzoglu, 2022).  Gain-of-function
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mutations are rare and are reported to be
associated with an increase in LDLC levels
(Abifadel et al., 2003). The polymorphism
PCSK9 rs11591147 in exon 1 is a G>T
transversion at position 137 resulting in the
replacement of arginine with leucine at amino
acid 46 (G137T or R46L) (Soko et al., 2016b).
This polymorphism is more common in Whites
(3.2%) than in Black populations (0.6%)
(Kotowski et al., 2006). R46L is a loss-of-
function polymorphism and reduces LDL-C by
0.28 to 0.54 mmol/l (9% to 15%), with a CAD
risk reduction up to 47% in carriers versus
noncarriers (Cohen et al., 2006; Scartezini et
al., 2007). The ancestral allele ‘G’ is risk allele
and mutant allele is protective.

The Pakistani population represents a unique
ancestry from Asia on the basis of distinct
religious, social and cultural practices (Wall et
al., 2023). The increasing prevalence of CAD
in Pakistan in recent decades and unique
genetic architecture of the Pakistani population
necessitate the study of genetic markers to
provide a baseline information for the
implementation of clinical modalities. We
therefore aimed to genotype the rs11591147
SNP of the PCSK9 gene in a cohort of Pakistani
people and determine its interaction with
various lipid parameters.

2. MATERIAL AND METHODS

2.1 Study Participant Recruitment

For the current study 405 CAD patients and
220 healthy controls were included. The
inclusion and exclusion criteria have been
described previously (Shahid et al., 2016;
Shahid et al., 2017a; Shahid et al., 2017b;
Shabana et al., 2018b; Shabana et al., 2020a).
The patients were diagnosed with nonfatal
myocardial infarction by  consultant
cardiologists based on ECG, echocardiogram,
angiography, troponin T/I and clinical history.



Controls consisted of healthy subjects with no
family history of CAD, not on lipid lowering
medication and stayed disease free for long
time (mean age of control group is 56 = 10.5)
Study subjects were of Pakistani origin for up
to three generations. All subjects gave a
written informed consent. The study was
approved by the departmental ethical
committee of University of the Punjab, Lahore,
and all the procedures were in compliance with
the Helsinki declaration.

2.2 Blood Sampling and Biochemical
Analyses

Blood samples were collected after 8-12 hr of
fasting in EDTA and clot-activator gel
vacutainers (2ml each). The samples in EDTA
vials were used for DNA isolation while the gel
clot activator containing vacutainers were
centrifuged and the serum was collected in
sterilized Eppendorf tubes. Infectious agents
(HBV, HCV, HIV) were screened from the
samples; those tested positive for infectious
pathogens were discarded. Serum lipid
profile (TC, TG, HDLC, and LDLC) was
determined calorimetrically using
commercially available kits  (Spectrum
Diagnostics, Egypt). Optical density was
measured using an Epoch Biotek microplate
reader (Biotek instruments, Highland Park).

2.3 Genotyping of rs11591147
2.3.1 DNA Extraction and Quantification

Genomic DNA was extracted from blood
leukocytes using the Wizard® Genomic DNA
Purification Kit (Promega, USA). DNA
quantification was performed with a Nanodrop
ND-8000 spectrophotometer (USA), and all
samples were adjusted to a concentration of 5
ng/uL. The DNA samples were then spotted
onto 384-well MicroAmp plates using a
Biomerk FX robotic liquid handling system
(Beckman Coulter).
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2.3.2 Genotyping Procedure

Genotyping of the PCSK9 rs11591147 variant
was conducted using the KASPar allelic
discrimination technique. The KASPar SNP
assay includes two allele-specific forward
primers (one for each allele) with unique
unlabelled sequences at the 5’ end, a shared
reverse primer, and two fluorophore-labelled
oligonucleotides, labelled with FAM and VIC
at the 5’ end, along with two 3’ quencher-
labelled oligonucleotides complementary to
the fluorophores (Supplementary Table 1). The
KASPar master mix was prepared with a hot-
start DNA polymerase, dNTPs, ROX dye, 100
UM of each allele-specific primer, a common
reverse primer, and 10 mM Tris-HCI. The
master mix and SNP assay were thawed from -
20°C, gently mixed, briefly centrifuged, and
kept on ice. A reaction mix was made by
combining 900 pL of KASPar master mix, 26.4
pL of SNP assay, and 900 pL of Sigma water,
and 4 pL of this mix was added to each well
containing the DNA samples, with non-
template controls (NTCs) included. After
confirming the reaction mixture in all wells, the
plate was sealed, centrifuged, and placed in a
thermal cycler (BioRad™) with a thermal pad
to prevent evaporation. The PCR conditions
involved initial enzyme activation at 94°C for
15 minutes, followed by 10 cycles of 94°C for
20 seconds and annealing/extension from 65°C
to 57°C (decreasing 0.8°C per cycle), and 26
cycles of 94°C for 20 seconds with 57°C for 1
minute. After cooling for 30 minutes, the plate
was read on a FRET-based sequence detection
system (ABI PRISM 7900HT). Genotypes
were confirmed by conventional DNA
sequencing for 10 samples. Known
heterozygous controls were included in each
plate.

2.4 Statistical Analysis

Data analysis was conducted using SPSS
(IBM, version 22). Independent sample t-tests
compared continuous variables (lipid levels)
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Table 1. Anthropometric and biochemical parameters of study subjects

Variables Cases
Number 405
Age (years) 59.1+£12.6

Sex
Males (n) 216
Females (n) 189
BMI (Kg/m?) 22.46+46.75
Diabetes (%) 64.6
Hypertension (%) 62.1
Smoking (%) 29.5
TC 207.5+53.7
TG 212.4+70
LDLC 106+28.9
HDLC 45.2+11.9

Controls p-value
220 -
56 +10.5 0.002
0.27
120
100
21.46+9.11 0.119
13.6 5.1x103
16.4 8.9x1028
10.5 7.3x10°%8
175.4+43 8.8x10°*
188+66.3 2.6x10°
84.7+17 6.3x10%
67.4+16.3 1.8x10°%6

Categorical variables are expressed in number with percentage. Continuous variables are expressed as
mean+SD. TC: total cholesterol (reference value <200mg/dl), TG: triglycerides (reference value <150mg/dl),
LDLC: low density lipoprotein cholesterol (reference value <70mg/dl), HDLC: high density lipoprotein
cholesterol (reference value >60mg/dl), BMI: Body Mass Index. p-value is the level of statistical significance

between CAD cases and controls. Hardy-
Weinberg equilibrium was assessed with a y?
goodness-of-fit test. The association between
the SNP and CAD (a binary outcome) was
analyzed using binary logistic regression, and
the effect of the PCSK9 variant on lipid levels
was assessed by linear regression.

3. RESULTS
3.1 Characteristics of Study Participants

Table 1 provides an overview of the baseline
biochemical and anthropometric data of the
study participants. The case group included a
higher percentage of individuals with diabetes,
hypertension, and a greater prevalence of
smokers compared to the control group. Levels
of total cholesterol (TC), triglycerides (TG),
and LDL cholesterol (LDLC) were
significantly elevated in the case group,
whereas HDL cholesterol (HDLC) was lower
compared to the controls. There was no
significant difference in body mass index
(BMI) between the two groups.
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3.2 Allele and Genotype Frequencies of the
PCSK9 R46L Variant (rs11591147)

Distinct clusters were observed, with only
known heterozygotes clearly separated from
the risk homozygotes (Table 2). Ten samples
across the plates did not align distinctly with
either the homozygote or heterozygote clusters
(see  Supplementary Figure 1). Direct
sequencing confirmed that 3 of these samples
were  heterozygous, as  shown in
Supplementary  Figure 2. The SNP
demonstrated a 98% call rate and was in Hardy-
Weinberg equilibrium for both cases and
controls, as well as the combined sample
group. Although the risk allele (G) frequency
was slightly higher in cases (0.999) compared
to controls (0.995), this difference was not
statistically significant (p=0.252). The variant
showed no significant association with CAD
risk (p=0.29) (Table 3). The average increase
in LDLC per risk allele was 14.81 + 15.8
mg/dL, and the increase in TC per risk allele
was 9.9 + 30.4 mg/dL, though these effects
were not statistically significant, as presented
in Table 3.
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Table 2. Frequency of PCSK9 rs11591147 polymorphism

(HWE) p
Gene SNP RAFs
Cases | Controls | Total | Cases | Controls p
PCSK9 rs11591147 0.98 0.95 0.95 | 0.999 0.995 0.252

HWE p is Hardy Weinberg p-value, RAF is risk allele frequency, p is statistical significance level
Table 3. Association of rs11591147 with CAD, LDL-C and TC

SNP CAD (OR) | C.I. (p value) B LDLC=Se (p B TC+Se (p
value) value)
rs11591147 371 0.34-41.2 (0.29) | 14.81#15.8(0.35) | 9.9+30.4 (0.74)

OR is Odds ratio, C.I. is confidence interval, TC is total cholesterol level, B is the mean increase (standard
error) in LDL-C and TC levels. The association of rs11591147 with CAD is shown as Odds ratio as analysed
by binary logistic regression. Per allele effect size (B) on serum LDLC and TC is shown as mg/dl + Standard

error
4. DISCUSSION

The genetic factors underlying coronary artery
disease (CAD) are complex and not fully
understood, though numerous candidate
markers and findings from genome-wide
association studies (GWAS) have emerged in
recent years. It is crucial to validate these
genetic markers across different ethnic groups
to develop targeted preventive strategies. The
Pakistani population, with distinct cultural
practices such as a high prevalence of
consanguineous marriages, offers a unique
genetic pool where specific alleles and
genotypes are more concentrated, often leading
to increased occurrences of genetic disorders.
Against this backdrop, our study explored the
association between the PCSK9 rs11591147
variant and CAD risk, aiming to identify its
potential influence on lipid profile parameters
within a case-control design. CAD patients
exhibited an altered lipid profile characterized
by elevated levels of total cholesterol (TC),
low-density lipoprotein cholesterol (LDLC),
triglycerides (TG), and reduced high-density
lipoprotein cholesterol (HDLC). Low HDLC, a
key feature of dyslipidemia, is associated with
an increased CAD risk, particularly when TG
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levels are moderately elevated, creating a
classic CAD risk profile. For men, HDLC
levels below 40 mg/dL, and for women below
45 mg/dL, increase CAD risk. Moreover, a
fasting TG level above 150 mg/dL is another
CAD marker. Hypercholesterolemia, whether
genetic or acquired, also poses a significant
risk, with estimates indicating it may contribute
to 56% of heart disease cases (Tsai et al.,
2014).

In multifactorial conditions like CAD, many
SNPs with varying degrees of impact
collectively influence disease risk. The effect
of each variant on CAD outcome can be
modified by environmental factors and other
genetic variations within the same or nearby
genes or pathways. No single variant is
essential or solely sufficient to determine
disease risk. The contribution of each SNP to
CAD is determined by both the frequency of
the variant (minor allele frequency) and the
associated relative risk it confers (Cameron et
al., 2006; Zhao et al., 2006).

In our analysis of the PCSK9 R46L
polymorphism, we found that the 46L allele did
not significantly correlate with CAD in the
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Pakistani cohort, aligning with findings from a
UK study on healthy middle-aged men (Soko
et al., 2016a). However, in the UK study, the
46L allele was linked to increased LDLC and
TC levels, a pattern not observed in our study.
In contrast, research on African American and
Native American populations has shown that
the R46 allele is associated with reduced LDLC
and a marked decrease in CAD risk (Talmud et
al., 2002; Maxwell and Breslow, 2004;
Maxwell et al., 2005). Although the exact
mechanism by which the R46L variant
operates remains unclear, it is hypothesized
that loss-of-function mutations may disrupt the
synthesis or cellular trafficking of PCSKO,
reducing its secretion. The amino acid
substitution from a polar arginine (R46) to a
hydrophobic leucine (46L) could affect the
protein's function by altering the interaction
between the N-terminal pro-domain and the
catalytic C-domain. In one mechanism, PCSK9
binds to LDL receptors in the Golgi and directs
them to lysosomes for degradation, impacting
LDLC levels. Another mechanism suggests
PCSK9 binds surface LDL receptors and
promotes their degradation within lysosomes
(Talmud et al., 2002; Tan et al., 2012).

Pakistan, with a population exceeding 235
million, has a high prevalence of CAD and its
risk factors, which surpasses global rates.
Contributing factors include high rates of
consanguinity, limited health literacy, high-fat
diets, sedentary lifestyles, and low
socioeconomic conditions, particularly in rural
areas, which make up over 70% of the
population. Identifying genetic risk factors is
crucial for developing affordable, preventive
healthcare options for a population with limited
access to healthcare services (Shabana et al.,
2018a; Shabana and Hasnain, 2018).

Several limitations were noted, including a
limited sample size primarily from the Punjab
province and the examination of only one
PCSK9 variant. Although the study’s power
exceeded 90% with 625 samples, larger sample
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sizes are necessary to gain a more
comprehensive understanding of the gene-
disease relationship. Recruitment challenges
persist in Pakistan due to limited immediate
benefits for participants and difficulties in
conveying research significance. Another
limitation is the significant lipid profile
differences between cases and controls,
potentially introducing bias. Prevalent risk
factors like diabetes and hypertension in the
control group may also have influenced the
results, though adjustments were made to
account for these factors. The cross-sectional
design restricts the study to a single-point
analysis, meaning that changes due to lipid-
lowering treatments in cases or disease
progression in controls were not tracked.
Nonetheless, this design provides insight into
the relationship direction between risk factors
and disease outcomes. Increasing the sample
size would further reduce potential false-
positive results. Further research should
investigate gene-environment interactions and
consider samples from other Pakistani
provinces, as well as additional PCSK9
variants, to enhance understanding of CAD
genetics.

5. CONCLUSION

Although the SNP interaction with CAD could
not be clearly established in the current study,
the direction of the effect was similar to that in
White people i.e., the minor allele appeared to
be a protective allele, and the major allele was
the risk allele with a slightly higher frequency
in the cases than in the controls. The effect
appeared to be mediated through a change in
serum TC and LDLC levels. These findings,
however, need to be replicated in larger cohorts
in the future to establish a clear relationship
between PCSK9 variants and CAD.
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