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ABSTRACT

Cardiovascular Diseases (CVDs) is one of the most common causes of mortality and
morbidity in world as well as in Bangladesh. Dyslipidemia or abnormal lipid level
leads to atherosclerosis which is one of the major risk factors for developing CVD.
The ultimate consequences of CVD include myocardial infarction, heart failure and
stroke. Low-density lipoprotein cholesterol levels in the blood are significantly
correlated with atherosclerosis progression or continuously building up plaques in
inner wall of cardiac artery. The abnormality of HDL and LDL level is greatly
influenced by genetic factors. PCSK9 is an endogenous inhibitor of the low-density
lipoprotein receptor and plays a significant role in the metabolism of cholesterol.
The current study aims to identify the PCSK9 gene mutations as well as to carry out
a gross assessment of secondary causes to reveal the actual magnitude of risk for
future generation of Bangladeshi population. Blood samples were collected from
100 subjects for lipid profiling and DNA was extracted from the blood of the patients
with abnormal lipid profile. Socio-demographic analyses were carried out to assess
the magnitude of the risk factors associated with CVD. For mutation analysis of the
PCSK9 gene, genomic DNA was extracted from the blood. Exon 1 and 2 were selected
for segmental amplification and subsequent genetic analysis. Mutations in the
amplified sequences were identified by multiple sequence alignment.
Bioinformatics analysis revealed seven-point mutations in exon-1- and three-point
mutations in exon-2 of PCSK9 gene of some of the CVD patients. This study will be
helpful to evaluate the possibility of using PCSK9 as genetic markers for prognosis
of dyslipidemia and CVD.

Keywords: CVD, Dyslipidemia, Lipid profiling, PCSK9 gene, Mutations.

INTRODUCTION
Cardiovascular Diseases (CVDs) are considered as an exceedingly influential cause of mortality
and morbidity in Bangladesh [1]. CVD is most often manifested either in the form of stroke or
coronary artery disease (CAD) such as angina and myocardial infarction. These two are the
major cause of death in Bangladesh contributing 16.27% and 14.31% of total death
respectively [2]. The main pathological feature of CVD is atherosclerosis which is secondary to
accumulation of Low Density Lipoprotein (LDL) in the wall of artery resulting plaque formation
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along with narrowing and hardening of the artery that can reduce or completely stop blood
circulation [3]. Low level of High Density Lipoprotein (HDL) which scavenges and removes LDL
from the body is strongly associated with atherosclerosis which also caused by elevated level
of LDL [4], [5]. The excess burden of CAD among South Asians appears to be primarily due to
dyslipidemia that is characterized by high levels of LDL, triglycerides (TG), and total cholesterol
and low levels of HDL and apoAl.

The abnormality of HDL and LDL level is greatly influenced by genetic factors ranges from 40-
60% [6]. Though secondary causes such as diet, gender, age, obesity, smoking, alcohol, exercise,
drugs or metabolic disorders have been also reported in numerous studies. About 20 genes
have been identified as monogenic causes of Dyslipidemia. However, mutation of the gene
namely PCSK9 has been identified as one of the most responsible factors for autosomal-
dominant hypercholesterolemia as well as Tangier disease[7], [8]. The liver secretes PCSK9,
which functions as an endogenous inhibitor of the low-density lipoprotein receptor and plays
a significant role in the metabolism of cholesterol [9]. With the progress in molecular biology,
polymorphisms and genetic changes in the genes potentially associated with plasma HDL and
LDL metabolism is being investigated all over the world. Many countries have conducted
population-based study to find out genetic risk factors and to overcome CVD related
complications and thus they have complete database for the CVD related genetic mutations for
their population, which they utilize for prognosis and risk factor calculation of individuals [10]-
[12]. However, although a good number of population and clinical research have been
conducted on CVD patients in Bangladesh, but no study has been carried out on the genetic
factors which are also associated with CVD. Here, we report the first genetic study showing
mutation in PCSK9 gene in the patients with dyslipidemia leading to CVD. Therefore, the current
study aims to identify the genetic factors as well as to carry out a gross assessment of secondary
causes to reveal the actual magnitude of risk of CVD for future generation of Bangladeshi
population.

MATERIALS AND METHODS

Sample and Data Collection

A total 100 subjects were selected including 75 CVD patients and 25 healthy controls with no
prior family history of CVDs for this study. A questioner was prepared and used for collecting
socio-demographic data from the participants. Each participant signed a consent form to take
part in the study. Blood samples were drawn from participants. Approximately 2.5 ml blood
was collected from each individual for Genomic DNA extraction and serum isolation. The
experiments were carried following the protocol approved by the Institutional Ethics
Committee for Experimentations on animal, human, microbes and living natural sources,
Institute of Biological Sciences, University of Rajshahi, Bangladesh (Memo No.:
110/320/IAMEBBC/IBSC).

Lipid Profiling

The blood samples for serum preparation were kept in small glass tube and incubated for half
an hour at 25°C for clotting. Subsequently, they were centrifuged at 4,000 rpm for 12 minutes.
The serum was transferred into fresh tubes. Lipid profiling was conducted using the kits of
Human (Wiesbaden, Hessen, Germany) in Microlab-300 clinical chemistry analyzer (ELITech
Group, Puteaux, France).
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Genomic DNA Extraction and Polymerase Chain Reaction (PCR)

Patient and control DNA was isolated from the blood by following manufacturer’s guideline of
the TIANamp blood DNA kit, China (Tiangen Biotech Company Ltd., Beijing, China). DNA was
visualized by run on 1% agarose gel electrophoresis. PCSK9 gene reference sequence was
retrieved from the NCBI database (Accession number: NG_009061.1) and two pairs of primers,
one pair each for exon 1 and exon 2 were designed (table 1). GoTaq® G2 Hot Start Green Master
Mix (Promega, USA) was used for PCR amplification. GoTag® G2 Hot Start Green Master Mix
possesses 5’ > 3’ exonuclease activity and hence reduces the chance of PCR errors or mis-
incorporation of wrong bases. After PCR amplification, PCR product was cleaned up using
Wizard® SV Gel and PCR Clean-Up System kit (Promega, USA) according to the manufacturer’s
protocol.

Table 1. Primer properties of PCSK9 gene

Primer Sequence Base pairs | Tm GC content
PCSK9 Ex1 Fwd | 5-GATGGGCTGGTGGCGTGATCTGCG-3’ 27 68.2°C | 68.2
PCSK9 Ex1 Rev | 5'-GCGGTGGAAGGTGGCTGTGGTTC-3’ 20 64.8°C | 65.2
PCSK9 Ex2 Fwd | 5'-CTCTTTTGTAATTTGTAAGTAGGGGTGAG-3’ 32 57.4°C | 57.4
PCSK9 Ex2 Rev | 5'-GCTCCAGCAGGTCGCCACTCATCTTC-3 26 64.9°C | 61.5

DNA Sequencing

Sanger dideoxy DNA sequencing method was used for DNA sequencing. In the current study,
the cycle sequencing PCR was conducted using a BigDye Chain Terminator version 3.1 Cycle
Sequencing Kit (Applied Biosystems, USA) according to manufacturer’s instructions.
Purification of the product was performed using a BigDye X Terminator® Purification Kit.
Finally, sequencing was performed on the ABI PRISM 3100 automated DNA sequencer (Applied
Biosystems, USA).

Mutation Screening

Identity of the obtained sequence was first verified using NCBI Nucleotide BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi), BLASTN. Multiple sequence alignment was
performed using DNAMAN software version 4.1 (Lynnon Biosoft, CA, USA) to identify the
mutation present in the obtained sequences, comparing with the NCBI reference sequence.
Mutations were identified and translated into corresponding amino acid sequence by online
Swiss Bioinformatics Resources Portal-ExPasy translation tool
(https://web.expasy.org/translate/). The change of specific amino acid was recorded.

Bioinformatics Analysis

Prediction of Damaging or Disease-Causing Mutations:

In this study various bioinformatics tools were utilized to determine the disease-causing
mutations among the detected mutations in exon 1 and 2 of PCSK9 gene such as, PolyPhen-2:
Polymorphism Phenotyping v2, PANTHER: Protein Analysis Through Evolutionary
Relationships, PhD-SNP: Predictor of human Deleterious Single Nucleotide Polymorphisms and
SNPs&GO. Polyphen-2 is a widely used bioinformatics tools to predict pathogenic mutations.
Each substitution's potential impact on a protein's structural and functional characteristics is
predicted by Polyphen-2. The examination of structural and evolutionary conservation yields

Services for Science and Education - United Kingdom 488



Rahman, M., Shovon, T. I, Maruf, M. H., Khatun, R., Alam, J., Shariar, R., Sayeed, Z., Ferdousi, Z., Hoque, K. F., Ferdaus, K. K., & Reza, A. (2023).
Identification of PCSK9 Gene Mutation in Bangladeshi Population for Prognosis of Cardiovascular Disease. European Journal of Applied Sciences, Vol
- 11(3). 485-502.

this prediction. Three categories of predictions are typically made by polyphen-2: "Probably
Damaging,” "Possibly Damaging,” and "Benign."

The score range for Polyphen-2 ranges from 0 to 1 [13]. Whether a specific substitution is
pathogenic or not is predicted by PANTHER. It is measured by the evolutionary conservation
process. Here, the protein's functional outcome is determined by how long the protein has been
conserved [14]. On the basis of the reliability index (RI) score, PhD-SNP forecasts results.
'Neutral' and 'disease' results are the two possible outcomes [15]. SNPs&GO uses a system
called a support vector machine (SVM) to predict results and determine if a certain protein
substitution site is linked to a disease or not. With a probability score of >0.5 and an accuracy
of close to 82%, it is likely that the underlying protein structure has been altered [16].

Prediction of Protein Stability Change:

To determine the changes in protein stability, MUpro computational tool was utilized. The
MUpro (http://mupro.proteomics.ics.uci.edu/) server is commonly used to assess the stability
of protein. This web server was built using Support Vector Machines (SVM) and neural
networks, two machine learning techniques. With these techniques, the effect of single-site
amino acid changes on protein stability is estimated, and the results are reported as an increase
or decrease based on a positive or negative score [17].

Comparative 3D Protein Modeling:

We used the Robetta server (http://robetta.bakerlab.org/) to build the 3D structure of the
native and mutated structure of exon 1 and 2 of PCSK9 gene. When the known structure is
accessible, the Robetta server employs a comparison modeling strategy. Robetta, on the other
hand, employs the de novo strategy in the absence of the established structures [18]. For
validation, Robetta generated model 1 for every mutated protein was selected. Validation was
carried out by using the SAVES v6.0 server (https://saves.mbi.ucla.edu/). SAVES v6.0 server
use five different validation tools. In this study we utilized ERRAT [19] and PROCHECK [20] to
validate the modelled protein structure. After that, structural analysis between the native
protein and mutant protein models was performed by ChimeraX software [21].

RESULTS

Analysis of Serum Lipid Profile and Demographic Parameters

As expected, serum lipid profile was positively correlated to CVD among the current study
subjects compared to that of healthy controls. The result of lipid profile for the selected CVD
subjects for molecular study has been pointed out. The mean of serum cholesterol (mg/dl,
mean*SD) was 191.96£76.96 in CVD patients and 164.94+21.88 in control; triglycerides level
was found to be 205.79+89.74 in patients and 150.58+47.52 in control; serum Low Density
Lipoprotein Cholesterol 120.32+65.06 in patients and 95.68+27.34 in controls. High Density
Lipoprotein Cholesterol was 35.20£24.94 in patients and 47.36x15.78 in control. Other
relevant socio-demographic risk factors associated with the prevalence of CVD calculated in the
current study is shown in figure 1. Our results suggests that family history, hypertension,
diabetes, smoking, statins and chronic kidney disorders (CKD) contributes 25%, 36%, 28%,
20%, 11% and 2% respectively for manifestation of CVD among the study subjects.
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Prevalence of Risk Factorsin CVD
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Figure 1. Socio-demographic risk factors associated with the prevalence of CVD, percentage of
Family History, Hypertension, Diabetes, Smoking, Statins and Chronic Kidney Disorders.

Extraction of Genomic DNA from Blood and Quality Assessment

The blood samples were collected from the patients and the controls. The blood genomic DNA
was extracted from each sample. The yielded DNA products were visualized by agarose gel
electrophoresis (1% w/v) to assess the quality of DNA (Figure 2). All the extracted DNA showed
bright high molecular weight bands (above 10kb) without much of smearing which indicates
the quality of DNA was good. Optical density of extracted DNA was also checked at 260 and 280
nanometer wavelengths. Concentration of extracted was found to be between 120pg/ml to 346
pg/ml) and 260/280 ratio of all the extracted DNA ranged between 1.78 to 1.97, which indicates
the purity of DNA was good enough to carry out downstream experimentations.

S1 52 S3 S4 S5 S6 S7 S8 S9 S10 S11 M

DL2,000
DNAMarker

— 2000 bp

— 1000 bp
- 750 bp

- 500 bp

- 250 bp

- 100 bp

Figure 2. Visualization of extracted genomic DNA on 1% agarose gel electrophoresis. M
represents DL 2,000 DNA marker ranging from 100bp to 2000bp. S1 to S11 denotes Genomic
DNA from representative sample 1 to sample 11.
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PCR amplification of PCSK9 Gene

For amplification of target regions of PCSK9 gene, PCR was carried out. To ensure the
assessment of accurate size of PCR product, amplified product was visualized on 1% agarose
gel under UV trans-illuminator. PCR amplifications using primer PCSK9 Ex1 Fwd and PCSK9
Ex1 rev yielded ~550 bp PCR product (Figure 3a) whereas primer PCSK9 Ex2 Fwd and PCSK9
Ex2 rev generated product with ~275 bp size (Figure 3b).

b DL2,000 M S1 52 S3 s4
a DL 2,000 L] DNAMarker
. DNA Marker
— ~200059
- ~1000bp ™
- 1000bp -750 bp
- 750 bp

- 500

~ 500 bp w— 556 bp ».
4= 278hp

—— - 250 bp -1
T -100 bp 4

2% agarose

20

Figure 3. PCR amplification of PCSK9 gene segments. a) Amplification of exon 1 and b)
Amplification of exon 2. PCSK9 EX-1. M represents DL 2,000 DNA marker ranging from 100bp to
2,000 bp. S1, S2, S3 and S4 denotes representative sample 1, 2, 3, 4 respectively. 3 pul of PCR
products were run on the gel at 80V for 45 minutes.

BLAST Search, Mutation Screening

Amplified PCR products of each sample, both CVD patients and controls were subjected to PCR
purification and sequenced using Sanger sequencing. All the PCR products showed 99-100%
identity with human PCSK9 gene fragments. Subsequently, obtained sequences were subjected
to multiple sequence alignment was performed separately for exon 1 and exon 2 fragments
using DNAMAN to identified mutations. Interestingly we found seven mutations (A118G,
T300C, GC447-448CG, GCC519-521CTG) in exon 1 of PCSK9 gene of CVD patients with abnormal
lipid profile (Figure 4).
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Figure 4. Multiple Sequence Alignment of exon 1 of PCSK9 gene with the reference exon
sequence from NCBI (NG_009061.1). Mutations are seen in position: A118G, T300C, GC447-
448CG, GCC519-521CTG. Pink color shows the variable region and black color shows the
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On the other hand, Exon 2 showed (Figure 5) three-point mutations (C590T, G632T, C748T).
As these mutations are in the exons of the gene, these brings change in the amino acid sequence
in the PCSK9 protein resulting in abnormal structure and altered or reduced functions causing
dyslipidemia and ultimately manifest CVD.
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Figure 5. Multiple Sequence Alignment of exon 2 of PCSK9 gene with the reference exon
sequence from NCBI (NG_009061.1). Mutations are seen in position: C590T, G632T, C748T.
Pink color shows the variable region and black color shows the conserved regions.

Bioinformatics Analysis

Prediction of Damaging or Disease-Causing Mutations:

In our study, for exon 1 all the mutation gives Benign for both HumDiv and HumVar prediction
by Polyphen-2 Server. In case of exon 2, Q20H substitution gives probably damaging and
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L63Qgives possibly damaging results in both HumDiv and HumVar analysis in Polyphen 2
computational tool (Table 2).

Table 2. Results of Polyphen-2 computational tool

Exon 1

Mutation HumDiv HumVar

R29A BENIGN 0.002 | BENIGN 0.001
A53L BENIGN 0.054 | BENIGN 0.006
Exon 2

Mutation HumDiv HumVar

Q20H PROBABLY DAMAGING 0.995 | PROBABLY DAMAGING 0.922
L63Q POSSIBLY DAMAGING 0.829 | POSSIBLY DAMAGING 0.541

Other three computational tools namely PhD-SNP, PANTHER and SNPs&Go give neutral results
for Both mutation R29A and A53L in exon 1 of PCSKO. In case of exon 2, these three tools give

the prediction as disease for both mutations (Table 3).

Table 3. Results of PhD-SNP, PANTHER and SNPs&Go computational tools

PhD-SNP
Exon 1

Mutation Prediction RI Probability
R29A Neutral 3 0.349
A53L Neutral 3 0.344
Exon 2
Mutation Prediction RI Probability
Q20H Disease 7 0.836
L63Q Disease 5 0.746
PANTHER
Exon 1
Mutation Prediction RI Probability
R29A Neutral 7 0.147
A53L Neutral 6 0.189
Exon 2
Mutation Prediction RI Probability
Q20H Disease 7 0.847
L63Q Disease 10 0.993
SNPs&Go
Exon 1
Mutation Prediction RI Probability
R29A Neutral 8 0.079
A53L Neutral 9 0.053
Exon 2
Mutation Prediction RI Probability
Q20H Disease 7 0.862
L63Q Disease 7 0.839
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Prediction of Protein Stability Change:

For predicting the protein stability changes, MUpro computational tool was utilized. R29A
substitution in exon 1 and both mutation such as L63Q and Q20H in exon 2 decrease the
stability of the proteins. On the other hand, only A53L mutation in exon 1 increase the stability
of the protein (Table 4).

Table 4. MUpro results which indicates the stability of the proteins

Exon 1
Substitution Prediction SVM Score
R29A DECREASE stability -0.41416769
A53L INCREASE stability 0.21662801
Exon 2
Substitution Prediction SVM Score
L63Q DECREASE stability -2.1408564
Q20H DECREASE stability -0.74680409

Comparative 3D Protein Modeling:

Native and Mutant protein structures of Exon 1 and 2 of PCSK9 were modelled by using Robetta
web server. Later, the structures were validated by ERRAT and PROCHECK validation tools. In
ERRAT validation, all the protein structures show overall quality factor more than 80%.
Validation results are shown in Table 5.

Table 5. Results of ERRAT validation tool of the modelled protein structure
Protein Models Overall Quality Factor

PCSK9 Exon1 Ref 98.3607
PCSK9 Exonl R29A A53L 100

PCSK9 Exon2 Ref 88.2353
PCSK9 Exon2 Q20H 92.8571

PCSK9 Exon2 L63Q 92
PCSK9 Exon2 Q20H L63Q 85.7143
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Figure 6. Ramachandran plot of native and mutated PCSK9 protein structure (a) PCSK9 Exon 1
Native Protein, (b) PCSK9 Exon 1 Mutated Protein with R29A and A53L Mutations, (c) PCSK9
Exon 2 Native Protein, (d) PCSK9 Exon 2 Mutated Protein with Q20H Mutation, (e) PCSK9 Exon
2 Mutated Protein with L63Q Mutation, (f) PCSK9 Exon 2 Mutated Protein with Q20H and L63Q
Mutations.

In PROCHECK, all the models give more than 80% residues in most favored regions (Figure 6).

To compare the mutated proteins with the wild one, each mutated protein structure was
superimposed on the native one (Figure 7 and 8). For each superimposition, Root Mean Square
Deviation (RMSD) data was generated. RMSD values of the mutated models by comparing with
the native one is given in Table 6.

@® Native Residue
® \lutant Residue

Figure 7. Comparison between native PCSK9 gene Exon 1 and it's mutated forms. (a) R29A:
native Arginine substituted by Alanine at position 29, (b) A53L: native Alanine substituted
by Leucine at position 53.
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@ Native Residue
@® Mutant Residue

(b)

Figure 8. Comparison between native PCSK9 Exon 2 and its mutated forms, (a) Q20H: native
Glutamine substituted by Histidine at position 20, (b) L63Q: native Leucine substituted by
Glutamine at position 63.

Table 6. RMSD values from the superimposition of mutant protein structure with native

protein
Exon No Sample No Substitutions RMSD
Exon 1 11, 35, 39, 43, 45 R29A, A53L 1.35
4 Q20H 1.208
Exon 2 2,20 L63Q 1.276
14, 15, 34, 35 Q20H, L63Q 1.351
DISCUSSION

CVD is a major health concern around the world including Bangladesh. The excess burden of
CAD among South Asians appears to be primarily due to dyslipidemia that is characterized by
high levels of LDL, triglycerides (TG), and total cholesterol and low levels of HDL and apoA1l
[22]. Excessive use of fats, deep frying, reuse of cooking oil, and overcooking leading to
destruction of folates may all contribute to dyslipidemia in this population [2]. However,
genetic factors may also contribute in developing dyslipidemia leading to CVD which we
studied in the current article for the first time in Bangladesh. As a matter of fact, CVD is a
complex disease and life style, food habit, genetic trait along with environmental components
and different physical and physiological conditions of an individual contributes for
development of this diseases. Some forms of CVD exhibit a simple pattern of inheritance
suggestive of a single causal gene that confers a large effect on phenotype. In 1985, Lehrman
and colleagues directly sequenced the low-density lipoprotein receptor (LDLR) gene in a
patient with homozygous familial hypercholesterolemia and uncovered 5 kilo base deletion
that eliminated several exons, representing the first demonstration of a mutation for Mendelian
CVD [23].

Since then, population-based study for identifying mutations in respective gene for determining
the genetic risk for a country or ethnicity is of immense interest of research [24]. The present
study recruited a total of 100 subjects including 75 CVD patients with abnormal HDL and LDL
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level and 25 healthy individuals with no formal family history of CVD. Abnormal lipid profile
was confirmed according to a set of guidelines provided by The American Heart Association,
NIH and NCEP for fasting LDL and HDL levels. CVD patients with dyslipidemia were considered
for PCSK9 gene mutation study. Statistical analysis of the biochemical parameters of the current
study subjects showed that total cholesterol, LDL and TG level are comparatively higher in CVD
patients than the healthy control groups as anticipated. However, in some patients with severe
CDV, the level of HDL was found to be significantly lower. These findings are consistent with
the other study studies related to lipid profile abnormality conducted on Bangladeshi
population [25].

Hypertension, a major component of lipitension, damages the endothelium through altered
shear stress and oxidative stress, resulting in increased endothelial cell synthesis of collagen
and fibronectin, reduced nitric oxide-dependent vascular relaxation, and increased
permeability to lipoproteins. Hypertension is also associated with an up-regulation of lipid
oxidation enzymes [26]. LDL, especially oxidized LDL, is a major cause of endothelial
dysfunction. Thus, lipitension contributes to atherosclerosis and the resultant vascular risk,
through its effects on the level of the endothelium. In our study, the association of hypertension
with CVD was 36% cases. The results reflect the fact that that hypertension might complicate
and increase the fatality risk among those patients with CVD which is in accordance with results
of previous studies related to Bangladeshi population.

Diabetes has been better studied in Bangladesh compared to the other immediate CVD risk
factors. The pooled prevalence from these studies is significantly lower than the recent
nationwide survey in adults (10%). Multiple factors, such as method of blood sugar
measurement for diabetes and diagnostic criteria used for T2DM, are likely to explain this
variation. We found that the prevalence of T2DM ranges from 5%-7% in rural areas whereas,
10%-17% in urban areas. The rural prevalence is slightly higher than that in South India and
Pakistan (less than 5%), but it is considerably higher than China (3%) [27]. The present study
showed the 28% prevalence of Diabetes in CVD patients which is compatible to the other study
[28].

Smoking is considered to be a significant risk factor for the development of atherosclerosis. The
atherosclerotic effects of cigarette smoke are due to a substantial degree to thrombosis-related
events [23]. Nicotine is considered to be responsible for an increase in blood viscosity and
platelet aggregation, since it prevents the production of prostacyclin that would limit platelet
aggregation. The increase in platelet aggregation, the effect of nicotine on blood coagulation
time, and the increase in blood viscosity, in combination with the increase in levels of LDL and
VLDL, the reduction in HDL, and inflammatory processes, promote the creation of atherogenic
plaque and the development of atherosclerosis [29]. The prevalence of smoking in Bangladesh
is well established. While only 5%-7% females (both in rural and urban areas) are smokers,
the proportion among males is high (37%-63%). The proportions do not differ markedly
between urban and rural areas (29%-49% vs 26%-37%) [30] and our study showed the
prevalence of smoking is 28% in CVD patients which is compatible to previous study but the
studies on the strength of the association of tobacco consumption, particularly smokeless
tobacco, with CVDs, however, are not yet available.
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However, although there are several reports of unique mutations in the respective genes
related to CVD, there were no such study reported in Bangladesh before this one. Along with
the socio-demographic parameter analysis for CVD patient, dyslipidemia is another major risk
factor which is largely contributed by the mutation in the proprotein convertase
subtilisin/kexin 9 (PCSK9) gene. PCSK9 gene yields a 72-kDa protein molecule which contains
692 amino acids. Main function of PCSK9 protein is to bind to particular cell surface receptors
to lead them toward intracellular degradation compartments, causing degradation of cell
surface low-density lipoprotein receptors (LDLRs). Mutations in the gene alter PCSK9 protein's
ability to function normally. In the current study, we have PCR amplified exon-1 and exon-2 of
PCSK9 gene and sequenced them in order to identify mutations that might be related to CVD in
Bangladeshi population. In the current study, we could detect seven mutations in exon-1 and
three mutations in exon-2 of PCSK9 of some CVD patients. This is the first report of identifying
mutation in PCSK9 gene in Bangladesh which might be used in future (through studying larger
population size studies) as genetic marker or genetic risk factor for Bangladeshi population.

In computational analysis of the detected mutations in the exon 1 and exon 2 of PCSK9 gene
reveals that, R29A and A53L alteration in exon 1 shows benign in Polyphen 2 tool, whether for
exon 2, one alteration L63Q shows Possibly Damaging and another mutation in exon 2 Q20H
shows Probably Damaging in Polyphen 2 tool (Table 2). This indicate that mutation in the exon
2 has the capability to cause the disease.

Other computational analysis by using PhD-SNP, PANTHER and SNPs&Go computational
analysis also supports the results of Polyphen 2 tool. The results of these three tools are shown
in Table 3.

In terms of protein stability analysis, MUpro webserver shows some interesting data (Table 4).
In MUpro analysis R29A alteration shows the decrease of the protein stability where another
mutation in exon 1 A53L shows increase stability. In exon 2 both mutations Q20H and L63Q
shows decrease stability of the mutated proteins.

After that for structural comparison modelling of the native and the mutated protein structure
was carried out by Robetta. All the modelled structure was validated using ERRAT and
PROCHECK servers. All the models show more than 85% overall quality factor in ERRAT
validation which indicated these models’ quality is good (Table 5). In PROCHECK validation a
Ramachandran Plot was given which shows the percentage of residues in most favoured
regions. If more than 80-90% residues are in most favoured regions, the quality of the structure
can be considered as good quality models [20]. In our study, all the modelled structures show
more than 80% residues are in most favoured regions (Figure 6), which indicate the good
quality of our modelled structures. Native structure of the exon 1 shows 91.2% residues are in
most favoured regions and the mutated protein which contains both R29A and A53L mutations
shows 98.0% residues are in most favoured regions. In exon 2, the native protein shows 85.2%,
mutated protein that contain Q20H mutation shows 84.9%, protein with L63Q shows 88.9%
and mutated protein which contains the both Q20H and L63Q alterations shows 92.6% residues
in most favoured regions.
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After modelling of all the native and mutated structure for both exon 1 and exon 2, each mutated
protein structure was superimposed on native protein structure (Figure 7 and 8). By
superimposing two models the root-mean-square deviation (RMSD) can be obtained which
indicates the deviation of the two compared models. A more significant deviation is indicated
by a greater RMSD value. At the times of Exon 1, mutated structure with R29A and AS53L
mutations give higher RMSD value than others mutated structure. In the exon 2 the mutated
structure with double mutations Q20H and L63Q also give more RMSD value than the single
mutated structure. RMSD values of the mutated proteins comparing with the native protein
structure are given in table 6.

CONCLUSION

Mutation in PCSK9 gene is strongly associated with lipid profile alteration and atherosclerosis.
We conducted mutation screening for 75 patients and 25 control through molecular analysis
such as DNA extraction, PCR amplification and at last step we conduct sequencing of the PCSK9
gene specifically for exon 1 and 2. In this current study, two mutation R29A and A53L was found
in exon 1 of PCSK9 protein. These two mutations in exon 1 shows benign in most of the
computational analysis, though R29A mutation can decrease the stability of protein structure.
In exon 2, mutation found in two positions such as, Q20H and L63Q.

Both mutations in exon 2 shows damaging characteristics in all computational analysis and
both have the capability of decreasing the stability of the protein structure. These Q20H and
L63Q mutation also shows structural changes when comparing with the native protein
structure. The findings of this study can aid in develop prognosis tools for early detection of the
cardiovascular disease specifically in Bangladeshi population which can reduce the risk of the
CVD by aware people for future CVD.
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