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Abstract

The Obstructive Sleep Apnea (OSA) disorder may lead to serious complications. The development of
OSA is influenced in general by combination of both genetic and environmental factors. In particular,
Single Nucleotide Polymorphisms (SNPs) were suggested to contribute to the development of OSA and
its severity. The current project focused on the SNP on rs198389 site of the Brain natriuretic peptide
(BNP) gene, hypothesizing its association with OSA. BNP produces both BNP hormone and N-terminal
prohormone of brain natriuretic peptide (NT-proBNP). It has been previously found that SNP on the
rs198389 site of the BNP gene affects the cardiovascular health and blood circulating levels of BNP and
NT-proBNP.

This project is the novel study to investigate the associations of rs198389 SNP of the BNP gene in the
Swedish Randomized Intervention with Constant positive airway pressure treatment in Coronary Artery
Disorder and Sleep Apnea (RICCADSA) cohort. The cohort represents patients with both Sleep Apnea
(SA) and Coronary Artery Disorder (CAD). Genotypes for rs198389 SNP were identified for 157 DNA
samples from RICCADSA cohort by using the PCR and Restriction Fragment Length Polymorphism
(RFLP) analysis. Statistical analysis was performed to find the associations between rs198389
genotypes and OSA severity, its comorbidities, as well as circulating levels of NT-proBNP.

An association between BNP rs198389 polymorphism and the proportion of Acute Myocardial
Infarction (AMI) baseline cases was detected for OSA patients. No other statistically significant
associations were found. Further studies are suggested with larger cohort, including healthy control
population, to validate the produced results.



Popular scientific summary

The most common sleep disorder known for almost everyone is probably insomnia. However, there is
also another common sleep disorder called Sleep Apnea (SA). People, suffering from it, stop breathing
for short periods while asleep. According to recent studies, untreated SA is associated with serious
complications such as hypertension, neurocognitive problems, insulin-resistant diabetes, and even
alcohol-independent liver disease. It can also decrease life expectancy. There are different types of SA
related to also different causes of this disorder. The most common cause is the obstruction of airways
due to certain anatomical feature of the upper respiratory tract that does not support sufficient air
passage during sleeping. This type of SA is called Obstructive Sleep Apnea (OSA). Risk of developing
OSA and its severity is linked to combination of environment, lifestyle, and genetics. It is estimated
that from 3 % to 9 % of global population have OSA.

A single gene can have multiple forms, which is called genetic polymorphism. Such different forms of
the same gene can result in different physiological impacts. There are studies suggesting the
association of certain genetic polymorphisms with the risk of developing OSA. However, no thorough
scientific evidence exists to confirm this suggestion and it is therefore crucial to investigate more the
genetics behind OSA.

The current project studied the so called rs198389 Single Nucleotide Polymorphism (SNP) of the Brain
natriuretic peptide (BNP) gene in association with OSA. There are three different forms or genotypes
of rs198389 polymorphism of the BNP gene. Every single person can carry only one of these three
forms. BNP gene produces molecules that regulate the cardiovascular system. In recent studies, it has
been found that this rs198389 polymorphism of the BNP gene affects the cardiovascular health. We
have hypothesized that this polymorphism is one of the risk factors for developing OSA, since
cardiovascular problems are common for people with OSA. To validate this hypothesis, the
associations of rs198389 polymorphism of the BNP gene were investigated for the patients with both
SA and Coronary Artery Disorder (CAD) from the particular Swedish study trial group. This is the first
time such associations have been studied for this study trial group.

We have determined the genotypes of rs198389 polymorphism for 157 DNA samples from this study
trial group. After that statistical analysis was performed in order to find significant associations
between the genotypes of rs198389 polymorphism and chances of developing OSA, its complications,
as well as amount of molecules produced by BNP gene.

As a result of this project, it was found out that one of the three genotypes of rs198389 polymorphism
is possibly associated with the lower risk of Acute Myocardial infarction (AMI). The same so-called
CC/GG- genotype was also the least frequently seen in the analyzed study trial group, suggesting its
possible protective function against cardiovascular and/or OSA disorders.

For the future, it is important to continue studies of rs198389 polymorphism with larger population
groups, including also healthy population. Extended studies could help the society to understand
better the genetic risk factors of OSA and the role of the rs198389 polymorphism.
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NT-proBNP
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RFLP
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SA

SNP

TNF
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Apnea-Hypopnea index

Acute myocardial infarction
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Oxygen Desaturation index
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Polymerase Chain Reaction

Randomized intervention with CPAP in CAD and OSA
Restriction Fragment Length Polymorphism
Relative Fluorescence Unit

Sleep apnea

Single Nucleotide Polymorphism

Tumor Necrosis Factor

Waist-to-Hip Ratio



1. Introduction

Sleep apnea is a disorder in which breathing during periods of sleep is irregular. The severity of the
disorder is explained by its high number of possible serious complications and responsibility for
reduction of the life quality (Bjornsdottir, 2015). The list of associated complications is long, and the
most severe and reported ones are to be hypertension, neurocognitive problems, insulin-resistant
diabetes, and even alcohol-independent liver disease (Bjornsdottir, 2015; Petta et al, 2015). The global
prevalence of Sleep apnea is unknown, but, according to several epidemiological studies, it is
estimated to be from 3 % to 9 % for the most common type of apnea, Obstructive Sleep Apnea (OSA)
(Punjabi, 2008). Additionally, many people live with untreated, less severe apnea conditions, which
makes it very prevalent disease with serious comorbidities (Punjabi, 2008).

Sleep apnea has a cyclic character with multiple events of sudden stops and starts of breathing during
night sleep. These sudden breathing stops are defined as apneas. The so-called Apnea-Hypopnea Index
(AHI) is measured for the Sleep apnea diagnosis and its severity analysis. This index is related to the
number of apnea events per hour (Dempsey et al., 2010; Peker et al., 2009). There are two main
pathophysiological causes of apneas. The first and the most common one is the obstruction of airways.
This is characterized as a certain anatomical feature of the upper respiratory tract that does not
support sufficient air passage during sleeping in the laying position, combined with impaired
neuromuscular reflex mechanisms for controlling the upper respiratory dilator muscle function. This
type of the apneas is the most severe and prevalent and is named OSA. Another pathophysiological
cause of apneas is characterized by insufficient signal transmission from respiratory centers of the
central nervous system to the breathing muscles, and by that the breathing does not occur for some
periods at all. Therefore, this type of apnea is called as Central Sleep Apnea (CSA), and is much less
prevalent. There is the third type of the apneas known as Mixed Sleep Apnea that shares
pathophysiological traits of both CSA and OSA (Dempsey et al., 2010).

Recent scientific findings have shown that the severity and the risk for development of the Sleep apnea
are influenced by both genetics and environmental factors (Sleiman & Hakonarson, 2011). For
example, genetic interactions resulting in obesity have been identified as a risk factor for developing
OSA (Mukherjee et al., 2018). More specifically, genetic polymorphisms or variations of the genetic
data in a specific locus, have been suggested to be associated with the Sleep apnea (Mukherjee et al.,
2018). These polymorphic types in genetic sequence composition of the same genes is called Single
Nucleotide Polymorphism (SNP). There are several observations where SNPs in the genes affected the
level of expression of their product, suggesting their physiological role (Mukherjee et al., 2018).
Therefore, studies related to SNPs in Sleep apnea patients should be continued.

Several recent studies for this type of factors in Sleep apnea have been done for the Tumor Necrosis
Factor alfa/TNF-alfa -308 G/A SNP. TNF-alfa gene encodes the TNF-alfa cytokine that regulates the
inflammatory reactions (Parameswaran & Patial, 2010). Increased levels of TNF-alfa cytokine were
found to be associated with excessive daytime sleepiness (Ryan et al., 2006), which is common feature
of OSA (Dempsey et al., 2010). In recent studies, it was suggested that the TNF-alfa -308 G/A SNP is
associated with the severity of the Sleep apnea (Mukherjee et al., 2018) as well as with oxygen
deprivation/hypoxia in OSA due to their differences in produced levels of TNF-alfa cytokine (Mukherjee
et al,, 2018; Bhushan et al., 2008). However, there was not enough evidence if the TNF-alfa -308 G/A
polymorphism is strongly related to OSA (Mukherjee et al., 2018).



BNP/NT-proBNP

Another open topic in Sleep apnea is related to the CC/GG-, TT/AA-, and TC/AG- genotypes of the
rs198389 SNP of the Brain natriuretic peptide (BNP) gene. BNP gene encodes both BNP hormone and
N-terminal prohormone of brain natriuretic peptide (NT-proBNP) prohormone. Both BNP and NT-
proBNP are secreted by cardiomyocytes in heart ventricles. BNP regulates the blood pressure and
maintains the blood flow passage (Seidelmann et al.,, 2017). Its secretion occurs in response to
increased ventricular blood volume, so this peptide decreases systemic blood resistance and as a
result, decreases blood pressure. Additionally, this hormone increases natrium excretion from the
bloodstream by regulation of the angiotensin-renin system (Seidelmann et al., 2017). Circulating levels
of BNP/NT-proBNP in the blood are found to be effective measurements in detecting the
cardiovascular disorders such as heart failure (Cao et al., 2019) and in determining severity of Coronary
Artery Disorder (CAD) (Shabadi et al., 2011).

The rs198389 SNP of the BNP gene was genotyped for the general US adult population in (Costello-
Boerrigter et al., 2011); association with the circulating levels of BNP was found, but no links with
cardiovascular health or survival were identified. In other studies, it was found that the rs198389 SNP
is associated with both circulating levels of BNP/NT-proBNP and cardiovascular health (Seidelmann et
al., 2017; Al-lbrahimi et al., 2016; Ellis et al., 2011). For example, a study performed in the United States
(Seidelmann et al., 2017) showed that CC/GG- genotype of the rs198389 polymorphism in the
promoter region of the BNP gene is associated with higher circulating levels of NT-proBNP, reduced
risk of hypertension as well as with the lower cardiovascular related mortality. The same study also
suggested that CC/GG- polymorphic variant was associated with the increased lifespan compared to
TT/AA -polymorphic variant (Seidelmann et al., 2017). These results were explained by the influence
of the CC/GG- genotype on the increased circulating levels of BNP and NT-proBNP in the bloodstream
(Seidelmann et al., 2017; Al-lbrahimi et al., 2016; Ellis et al., 2011).

The association between OSA and circulating levels of BNP/NT-proBNP was identified in the following
studies (Ljunggren et al., 2012; Tasci et al., 2006). During this project preparation, there were no
studies found, where the association between OSA and rs198389 SNP of the BNP gene was
investigated. However, since there were studies suggesting association between OSA and CAD (Peker
et al., 2006) as well as between CAD and rs198389 SNP (Li et al., 2017), it makes sense to hypothesize
an association between OSA and rs198389 SNP.

RICCADSA cohort

One of the largest sample panels that has been collected for Sleep apnea patients is the Swedish
Randomized Intervention with Constant positive airway pressure treatment in Coronary Artery Disorder
and Sleep Apnea (RICCADSA) cohort. This cohort was collected as a result of the study trial on Swedish
population in Skaraborg Hospital in the city of Skovde (Peker et al., 2009). The aim of the study trial
was to analyze the clinical features of the patients suffering from both Sleep apnea and CAD. Patients
in this cohort had different types of Sleep apnea, including OSA (Peker et al., 2009). Effectiveness of
the Continuous Positive Airway Pressure (CPAP) treatment for OSA and CAD patients was also a part of
this study trial. Patients within OSA subgroup of the RICCADSA cohort have taken Epworth Sleepiness
Scale (ESS) questionnaire. The treatment with CPAP was performed for all the patients with ESS score



>10 and for the randomly selected patients with ESS score <10 (Figure 1; Peker et al., 2009). The cohort
provides a unique sample panel for gene polymorphism analysis in OSA and CAD patients.

In the current project, DNA samples collected from this RICCADSA cohort were genotyped for rs198389
SNP of the BNP gene and their association with OSA was studied. Figure 1 illustrates the general
methodology for RICCADSA cohort design as well as how the DNA samples were chosen to be analyzed
in this thesis project.

1291 revascularized CAD patients were assessed for eligibility
between 2005 /2010

629 were excluded:
32 had known OSA
597 were not interested in the study

662 underwent home sleep apnea testing and
answered the ESS questionnaire

151 were excluded:
101 had borderline OSA (AHI 5.0-14 9 h'l)
21 had predominant CSA/CSR
29 declined further investigations

h

511 met the inclusion criteria for the main RICCADSA trial

(]
244
Non-sleepy OSA
(ESS score <10)
randomized
¥ ) 3 hd
155 sleepy OSA 122 were 122 were 112 had
(ESS score 210) assigned to assigned to no-OSA
received CPAP CPAP 1no-CPAP (AHI<5 brl)
! v v ¥

384 blood samples were collected for DNA isolation
at the last follow-up visit in 2012/2013

v
157 DNA samples were genotyped for rs198389 SNP of BNP gene

Figure 1. General design of the RICCADSA cohort (Peker et al., 2009) and DNA collection for the
current project.

Aim of the study

This study was designed to investigate potential association of rs198389 SNP genotypes of the BNP
gene and prevalence of its two C/G and T/A alleles with the Sleep apnea and its clinical outcomes in
the Swedish RICCADSA cohort. It is the first time that one such study is performed in the RICCADSA
cohort. The main scientific goals were:

e To analyse distributions of rs198389 SNP genotypes/alleles in the RICCADSA cohort, including
OSA subgroup within this cohort.



e To investigate potential association between rs198389 SNP genotypes/alleles and the level of
NT-proBNP in the blood in the RICCADSA cohort, including OSA subgroup within this cohort.

e Toinvestigate potential association between rs198389 SNP genotypes/alleles with the severity
of OSA in the RICCADSA cohort.

e Toinvestigate potential association between rs198389 SNP genotypes/alleles and Sleep apnea
comorbidities in the RICCADSA cohort, including OSA subgroup within this cohort.

The starting hypothesis was that the CC/GG- polymorphic variant of the rs198389 SNP of the BNP
genotypes could be associated with more less severe outcomes in Sleep apnea, and its comorbidities.
Additionally, based on previously studies, it was hypothesized that the CC/GG- genotype would be
associated with higher circulating levels of NT-proBNP (Seidelmann et al., 2017; Al-lbrahimi et al., 2016;
Ellis et al., 2011).

2. Materials and methods

Material

166 already extracted DNA samples were obtained from the RICCADSA sample cohort (Figure 1.). A
comprehensive set of laboratory measurements equipment such as Thermo Hybaid PxE 0.2 and MJ
Research PTC 200 thermal cyclers, 5200 Fragment Analyzer fragment analyzer and the Gel Doc EZ
Imaging system software were used. Lifestyle and clinical data for all patients were collected and
available for further association analysis.

Due to the ongoing COVID-19 pandemic, laboratory access was minimized, and therefore, our
laboratory work was shortened reducing the size of DNA samples from 384 to 166 samples from
RICCADSA sample panel.

Ethical approval

Genetical and clinical data were collected from the participants of RICCADSA study trial. RICCADSA trial
has been approved by the Ethics Committee of the Medical faculty of the University of Gothenburg
(approval No0.207-05; 09.13.2005; amendment T744-10;11.26.2010; amendment T512-
11;06.16.2011), and formal written consent was provided by all the participants. The study trial is
officially registered in Swedish National database: (nr VGSKAS-4731; 04.29.2005) and in
ClinicalTrial.gov: (NCT00519597 (Peker et al., 2009) (Peker et al., 2016) (Glantz et al., 2013). The study
about polymorphism of biomarkers in Sleep apnea is a sub-study of RICCADA project, and this sub-
study was approved by the Central Ethical Review Board of Gothenburg in 2017.

Methods

This project investigated the rs198389 SNP in BNP gene that was chosen based on the published data
as the candidate SNP for association with OSA (Seidelmann et al., 2017; Costello-Boerrigter et al., 2011;
Al-lbrahimi et al., 2016; Ellis et al., 2011). There are two alleles C/G- and T/A-, constituting three
different genotypes CC/GG-, TT/AA-, and TC/AG of rs198389 SNP (Costello-Boerrigter et al., 2011).



For identifying the genotypes of rs198389 SNP, the laboratory tests included the Polymerase Chain
Reaction (PCR) amplification of a DNA fragment harbouring the rs198389 SNP site, followed by
Restriction fragment length polymorphism (RFLP) analysis. This technique required digestion of the
PCR product at the polymorphic nucleotide by a specific restriction enzyme (Ota et al., 2007). Mspl-
enzyme was used to cut the amplified fragment of the rs198389 SNP. Mspl- enzyme cut T/A- allele into
two 138bp and 48bp fragments and C/G- allele into three 48bp, 67bp and 71bp fragments (Costello-
Boerrigter et al., 2011).

Before working on clinical RICCADSA DNA samples, all the necessary optimizations were performed on
test-DNA samples in order to ensure the correct rs198389 BNP amplicon production and successful
digestion of the amplicon is achieved. The key steps in the laboratory study are shown below.

PCR amplification

Based on the published data, the forward 5-CTGTGAGTCACCCCGTGCTC-3" and the reverse 5’'-
GGCAGGAACGCGCTGGAGAC- 3" primers with expected PCR product size of 186 bp were ordered
(ThermoFisher Scientific) (Costello-Boerrigter et al., 2011). Using PCR Master Mix 2X #KO0171
(ThermoFisher Scientific) and primers, 50 pul reactions mixes for PCR were set up according to the
manufacturer protocol and optimized.

Because the study was focused on identifying and distinguishing very similar nucleotide sequences,
the accuracy of the amplification and genotyping procedures was critical. DNA polymerases should
have a high proofreading and fidelity values (High fidelity DNA polymerases) to ensure detection of
potential incorrectly incorporated nucleotides and replacing them with the correct ones, enabling the
accuracy of the further fragment analysis by the RFLP. PCR master mix kit for amplification was
therefore chosen accordingly (Biocompare, 2013).

After completed optimizations, volume of 25 ul for PCR reaction mix / sample was chosen for the PCR
amplification of clinical samples. The PCR mix included: 12,5 pl of PCR Master Mix (2X), 0,2 uM of each
primer, and 1 ul of clinical DNA sample, and Nuclease- free water up to total volume of 25 pl. PCR
amplification protocol was set up for 38 cycles:

1.) Initial denaturation for 2 min at 95 °C (1 cycle)
2.) 38 cycles of:
a. DNA denaturation for 45 seconds at 95°C,
b. Annealing for 45 seconds at 60°C,
c. Template elongation for 1 min at 72°C, and
3.) Final elongation for 7 min at 72°C (1 cycle).

PCR amplification was performed in Thermo Hybaid PxE 0.2 and MJ Research PTC 200 thermal cyclers
with heated lid function.

Restriction enzyme digestion of the PCR products

The PCR product / amplicon was digested with the Restriction enzyme, which cuts the DNA fragment
at the polymorphism site. The Mspl restriction enzyme was chosen for the digestion according to the
published data (Costello-Boerrigter et al., 2011; Al-lbrahimi et al., 2016;).



The restriction enzyme Mspl (Hpall) #ER0541 (ThermoFisher Scientific, 2012) was used in the digestion
with the concentration of 2 Units / sample, and digestion incubation was performed for 2 hours at
37°Cfollowed by inactivation step for 20 min at 80°C as stated in the protocol (#ER0541, ThermoFisher
Scientific, 2012). Digestion mixes of 31 pl /sample were prepared according to “Directly after
amplification digestions” recommendation in the protocol (10 ul of PCR product, 2 pl of 10X Buffer
Tango, 1 ul of Mspl (diluted until 2U), and 18 ul Nuclease-free water). MJ Research PTC 200 thermal
cycler without heated lid function was used for the digestion.

Visualization of fragments on gel electrophoresis

Gel electrophoresis method was performed as the check-point to validate if the PCR and the digestion
by Mspl- enzyme were successful. For the visualization of the amplicons and fragments, 4% agarose
gel was used, where different allelic variants were separated based on their corresponding bands after
digestion. 4 % agarose gel concentration was chosen as it was experimentally found to be the optimal
for detecting the 186bp amplicon and the Mspl- digested fragments.

DNA samples were stained with 3X diluted Gel Red Nucleic Acid Gel Stain 10 000X solution (Item No.
41003, Biotium), and visualized using the Gel Doc EZ Imaging system. Also, 1X of TAE buffer were added
on the gel tray and the gel was run at 70 V for approximately 45 minutes.

Visualization of the fragments using fragment analysis

In order to allow both visualization and quantification of bands in more accurate way, the more
advanced instrument Fragment analyzer was used for the amplified fragments (Agilent, 2020). In this
study we used 5200 Fragment Analyzer machine with 12- capillary function from Agilent, as well as
dsDNA 905 Reagent Kit (1-500 bp). Reaction plate was prepared and fragment analysis was performed
according to 12- capillary systems protocol (Agilent, 2018).

Large scale PCR amplification, enzymatic digestion and fragment analysis of clinical samples

After all optimizations were completed, the laboratory tests were performed on 166 clinical DNA
samples. Each step of PCR-RFPL method was performed on a separate 96-well format PCR plate as
follows:

1. DNA plate with RICCADSA samples for PCR reaction
2. Enzymatic digestions plate with PCR products;
3. Fragment analysis plate with digestion products.

Association analysis and statistical validation

Statistical calculations and analyses were performed with the help of IBM SPSS Statistics for Windows,
version 26 software (IBM Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armondk,
NY: IBM Corp.). The produced genotype data was subjected to association analysis against different
clinical outcomes and personal information as well as the lifestyle of the study participants.
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3. Results

A total of 166 extracted DNA samples from RICCADSA cohort were genotyped for rs198389 SNP of the
BNP gene. Genotyping was successful for 159 samples. Genotyping for 7 DNA samples failed due to
either insufficient amount of extracted DNA material or due to errors in fragment analysis. 157 out of
159 successfully genotyped samples were taken further to the statistical analysis. Two samples were
excluded due to late withdrawal from the RICCADSA study trial.

Genotyping results from the PCR-RFPL

Examples of genotype test results are presented in Figures 2-5. In particular, they describe the
visualized digested fragments by Fragment analyzer for genotype-identification. The following
fragments were expected:

- 186bp fragment, representing undigested PCR product

- 138bp + 48bp fragments, representing the T/A- allele.

- 48bp + 67bp + 71bp fragments, representing the C/G- allele

- 54bp fragment, representing the primer-dimer (seen in all Figures 2-5)

It should be noted that the inaccuracy of measurements by the Fragment Analyzer is expected to be
up to 2,5 %, therefore the observed 190bp band was most probably referring to the 186bp amplicon
(0,025 x 186 = 4,65) (Agilent, 2018).

Figure 2 shows a 138bp fragment that is exclusive for the T/A- allele; the second shorter 48bp fragment
of the T/A- allele could not be distinctly visualized by the instrument for this sample. 54bp fragment
corresponds to primer-dimer. Since 67bp and 71bp fragments correlated to the C/G- allele were
absent, the sample shown in Figure 2 was identified as homozygous TT/AA- genotype. Figure 3 also
presents another example of a TT/AA- homozygous genotype, but this time the shorter 48bp fragment
is successfully visualized. 54bp fragment corresponds to primer-dimer. The weak 190bp fragment was
corresponding to undigested PCR amplicon of the rs198389 site.

Figure 4 shows an example of CC/GG- homozygous genotype, since 67bp and 71bp fragments are
visible that are only relevant for C/G- allele. 54bp fragment corresponds to primer-dimer. However,
48bp fragment, relevant for both T/A- and C/G- allele, was absent again in this result.

Figure 5 is a typical example of TC/AG- heterozygous genotype with the distinctive 67bp, 71bp, 138bp
fragments relevant for T/A- and C/G- alleles. 54bp fragment corresponds to primer-dimer. Common
48bp fragment for both alleles was absent in the Figure 5, and it is worth to mention that this fragment
appeared very rarely in the fragment analysis results.
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Figure 2. Example of fragment analysis result of TT/AA- homozygous genotype of the clinical sample with 138bp
fragment. Y-axis corresponds to Relative Fluorescence Units (RFU) measurement in relative units. X-axis
corresponds to the fragment size in bp.
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Figure 3. Example result of TT/AA- homozygous genotype of the clinical sample with complete set of 138bp and
48bp fragments. Y-axis corresponds to RFU measurement in relative units. X-axis corresponds to the fragment
size in bp.
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Figure 5. Example result of TC/AG- heterozygous genotype of the clinical sample with 138bp, 67bp, 71bp
fragments relevant for both T/A- and C/G- alleles. Y-axis corresponds to RFU measurement in relative units. X-
axis corresponds to the fragment size in bp.

Distribution of BNP rs198389 genotypes and alleles in the sample panel

A total of 159 clinical DNA samples were successfully genotyped and data from 157 samples were
included in the analysis. Chi-square test and logistic regression (for alleles) were performed in SPSS to
analyze the association between BNP rs198389 genotypes/allele frequencies and OSA, based on the
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parameter OSA severity (sleepy and non-sleepy OSA). No statistically significant associations were
found (p-value 0.05). Table 1 summarizes the obtained results for OSA. Table 2 describes the results
within the OSA subgroup for OSA severity.

Table 1. BNP rs198389 genotypes/allele frequencies in association with OSA.

Subjects in Subjects with Subject without p-value
Variable RICCADSA cohort  OSA n (%) OSA n (%)
n (%)
Genotypes n 157 (100) 122 (78) 35(22) 0.682
TT/AA- 58(37) 47 (39) 11 (31)
TC/AG- 85 (54) 65 (53) 20 (57)
CC/GG- 14 (9) 10 (8) 4(11)
Alleles n 314 244 70 0.4302
T/A- 201 (64) 159 (65) 42 (60)
C/G- 113 (36) 85 (35) 28 (40)

n - Number of subjects; Y'Chi-square Test; ? Logistic regression

Table 2. BNP rs198389 genotypes/allele frequencies within the OSA sub-group (n=122) in association with OSA
severity (sleepy and non-sleepy OSA).
Subjects with Sleepy  Subject with Non-sleepy p-value

Variable OSA n (%) OSA n (%)

Genotypes n 44 (36) 78 (64) 0.2201
TT/AA- 21(48) 26(33)
TC/AG- 21(48) 44(56)
CC/GG- 2(5) 8(10)

Alleles n 88 156 0.111@
T/A- 63(72) 96(62)
C/G- 25(28) 60(38)

n - Number of subjects; (Chi-square Test; ? Logistic regression
Circulating NT-proBNP values and quantitative traits

Non-parametric Kruskal-Wallis test, and logistic regression for alleles were performed in SPSS to
analyze potential association between BNP rs198389 allele frequencies and circulating NT-proBNP
levels, along with several other quantitative traits for all samples. No statistically significant
associations were found (p-value >0.05). Table 3 summarizes the obtained results from the performed
rs198389 polymorphism association analyses.
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Table 3. Quantitative characteristics in the whole sample panel in association with the BNP rs198389 genotypes,
reported as median (IQR).

TT/AA-, TC/IAG-, CCIGG-, p-value®

Characteristics n=58 n=85 n=14

Age (years) 64.5(13.1) 65.5(10.7) 65.4(19.1) 0.616
Apnea-hypopnea index (AHI) 22.9(20.4) 22.4(22.5) 20.3(23.9) 0.754
ODI 12.5(18.0) 11.1(19.1) 10.1(14.2) 0.815
LnNTproBNP value® 5.06(1.55) 5.60(1.22) 5.25(1.30) 0.093
ESS 7.5(6.0) 7.0(6.0) 7.0(5.8) 0.481
LVEF 60.0(10.0) 60.0(10.0) 60.0(11.3) 0.664
Body mass index (BMI) (kg/m?) 28.1(5.0) 27.4(4.9) 28.7(4.0) 0.386
Waist-to-Hip Ratio (WHR) 0.95(0.09) 0.96(0.11) 0.95(0.15) 0.410

n - Number of subjects; Y Non-parametric Kruskal-Wallis Test; ¥ Calculated as natural logarithm of NT-proBNP
value

A similar analysis was performed but only for the OSA subgroup (n=122). No statistically significant
associations were found within OSA subgroup (p-value >0.05). Table 4 summarizes the obtained results
from the performed analysis of rs198389 polymorphism associations within the OSA subgroup.

Table 4. Quantitative characteristics within the OSA subgroup (n=122), in association with the BNP rs198389
genotypes, reported as median (IQR).

TT/AA-, TC/IAG-, CC/GG-, p-value®

n=47 n=65 n=10
Characteristics
Age (years) 64.6(12.1) 65.2(9.1) 67.5(10.7) 0.461
Apnea-hypopnea index (AHI) 25.4(24.4) 30.0(24.2) 23.0(19.4) 0.707
oDl 17.3(18.1) 17.9(17.1) 13.3(20.4) 0.868
LnNTproBNP value®? 5.06(1.87) 5.43(1.26) 5.31(1.18) 0.263
ESS 9.0(7.0) 7.0(6.0) 7.0(6.3) 0.391
LVEF 60.0(10.0) 60.0(10.0) 57.5(11.3) 0.611
Body mass index (BMI) (kg/m?) 28.7(6.1) 27.8(4.6) 29.5(4.4) 0.573
Waist-to-Hip Ratio (WHR) 0.95(0.10) 0.97(0.09) 0.96(0.07) 0.847

n - Number of subjects; Y Non-parametric Kruskal-Wallis Test; ¥ Calculated as natural logarithm of NT-proBNP
value

Comorbidities of the whole sample set

Association between comorbidities and BNP rs198389 genotypes were next examined in SPSS by
executing Chi-square Test as well as logistic regression (for alleles). No statistically significant
associations between comorbidities and the genotypes were found in the whole sample panel (p-value
>0.05; Table 5).

However, when the analysis was repeated, but only for the OSA subgroup (n=122), a statistically
significant association between BNP rs198389 genotypes and Acute Myocardial Infarction (AMI)
baseline was identified (p-value 0.025; Table 6).
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Table 5. Comorbidities in association with BNP rs198389 genotypes in the whole sample panel, reported as
absolute frequencies.

Characteristics TT/IAA-, TCIAG-, CCIGG-, p-value®
n=58 n=85 n=14
Sex (Males/Females) 47/11 69/16 11/3 0.973
Obesity, BMI>=30 (Yes/No) 17/41 23/62 3/11 0.834
Abdominal obesity® (Yes/No) 52/3 70/13 11/2 0.179
Diabetes (Yes/No) 11/47 21/64 2/12 0.559
Treated Hypertension (Yes/No) 29/29 53/32 7/7 0.298
LUNGDIS (Yes/No) 6/52 3/82 1/13 0.259
AMI baseline (Yes/No) 34/24 53/32 6/8 0.385
ATRIALFI (Yes/No) 12/46 16/69 4/10 0.701
STROKE (Yes/No) 2/56 8/77 2/11 0.234
INTERV (PCl/Bypass) 47/11 68/17 10/4 0.720
FINTERV® (Yes/No) 11/47 10/75 1/13 0.352
DEPRESSION (Yes/No) 1/56 2/81 0/14 0.826

n - Number of subjects; (Y Chi-square Test; @ If WHR>=0.9 for men and WHR >=0.8 for women; @ Yes if fpci
and/or fbypass

Table 6. Comorbidities in association with BNP rs198389 genotypes in the OSA subgroup of samples, reported
as absolute frequencies.

Characteristics TT/AA-, TCIAG-, CCIGG-, p-value®
n=47 n=65 n=10

Sex (Males/Females) 39/8 55/10 9/1 0.885
Obesity, BMI>=30 (Yes/No) 31/16 44/21 7/3 0.963
Abdominal obesity® (Yes/No) 43/1 57/7 9/0 0.150
Diabetes (Yes/No) 11/36 16/49 1/9 0.590
Treated Hypertension (Yes/No) 25/22 42/23 6/4 0.477
LUNGDIS (Yes/No) 4/43 1/64 1/9 0.179

AMI baseline (Yes/No) 25/22 42/23 2/8 0,025
ATRIALFI (Yes/No) 11/36 12/53 3/7 0.642
STROKE (Yes/No) 2/45 6/59 2/7 0.184
INTERV (PCl/Bypass) 36/11 54/11 6/4 0.229
FINTERV® (Yes/No) 10/37 10/55 1/9 0.588
DEPRESSION (Yes/No) 0/46 0/63 0/10 not computed

n - Number of subjects; (Y Chi-square Test; @ If WHR>=0.9 for men and WHR >=0.8 for women; @ Yes if fpci
and/or fbypass
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4. Discussion

This project is the new work to study the BNP rs198389 SNP from the Swedish RICCADSA cohort,
including genotyping for BNP rs198389 SNP and statistical analysis.

Genotyping procedure for the analysis of 166 clinical DNA samples was performed. Reliable BNP
rs198389 SNP genotypes were identified for 159 samples. 7 samples were excluded due to either
insufficient volume of extracted DNA for conducting the successful genotyping in the lab or due to
unclear results from the fragment analysis procedure. As it was previously mentioned, two samples
had to be excluded from further statistical analysis due to their late withdrawal from the RICCADSA
study trial.

In successfully genotyped samples, the relevant 48bp fragment was often unseen in the fragment
analysis results. The reason why the fragment analysis failed to detect this fragment is unclear. It could
be due incomplete 186bp amplicon digestion that appeared in several samples. No published articles
were found where BNP rs198389 SNP genotyping was performed by using Fragment analyzer. Previous
studies on BNP rs198389 SNP used PCR-RFPL method with gel electrophoresis without Fragment
analyzer (Costello-Boerrigter et al., 2011; Al-lbrahimi et al., 2016). These studies have not reported any
similar problems with rare presence of 48bp fragment in the results. Regardless of the problem with
48bp fragment, it can be concluded that the genotyping was successful because the distinct 138bp
fragment of T/A — allele and the distinct 67bp and 71bp fragments of C/G- allele were still successfully
visualized in the results, as show in the examples in Figures 2-5.

Based on the previous studies discussed in Introduction (Costello-Boerrigter et al., 2011; Seidelmann
et al., 2017; Al-lbrahimi et al., 2016; Ellis et al., 2011), the working hypothesis in the current project
was that the CC/GG- genotype of rs19389 SNP is associated with less severe OSA and/or cardiovascular
disorders as well as with higher circulating levels of NT-proBNP in the RICCADSA cohort. Higher
circulating levels of NT-proBNP were found to be associated with lower systolic and diastolic blood
pressure, lowering risks for hypertension and other cardiovascular disorders (Seidelmann et al., 2017,
Al-lbrahimi et al., 2016; Ellis et al., 2011). BNP rs198389 SNP is in the promoter region of the gene
(Poreba et al., 2009). This means that this polymorphism can influence the BNP gene expression by
affecting the start of the transcription reaction of the gene (Buckland, 2005). This, in turn, this may
lead to differences in the levels of encoded products NT-proBNP/BNP for three different genotypes of
the BNP rs198389 SNP (Costello-Boerrigter et al., 2011). The association between OSA and CAD (Peker
et al., 2009) as well as between CAD and BNP rs198389 SNP (Li et al., 2017) were already mentioned
above.

As a result of this project, no statistically significant evidence to confirm the above hypothesis was
produced. In particular, based on the statistical analysis (Tables 1-6), no associations were found
between BNP rs198389 SNP genotypes/alleles and severity of Sleep apnea and circulating levels of NT-
proBNP.

However, there were also noticeable findings. An association between BNP rs198389 polymorphism
and the proportion of AMI baseline cases was detected for patients within OSA subgroup of the
RICCADSA cohort. We identified an association between lower incidence of AMI with CC/GG- genotype
of the BNP rs198389 SNP in the OSA-subgroup (n=122) in their first checkup visit (Table 6). This finding
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suggests that OSA patients with CAD who have CC/GG- genotype of the BNP rs198389 SNP, showed
lower incidence of AMI at the time of their first visit at the hospital. For other groups of patients with
TT/AA- and TC/AG- genotypes, much more cases of AMI were reported in their first checkups (25 out
of 47 and 42 out of 64, respectively, as compared to 2 out of 10 for those with CC/GG- genotype). This
finding is in line with the recent BNP rs198389 polymorphism studies in relation to cardiovascular
disorders (Seidelmann et al., 2017; Al-lbrahimi et al., 2016; Ellis et al., 2011) that suggested there
should exist a protective element related to the CC/GG- genotype in terms of cardiovascular mortality.
It is important to note that only very few CC/GG-genotypes were identified in the whole analysed
cohort in the present work (14 out of 157) that could be the reason for the lack of significant
association between this genotype and other important recorded cardiovascular disease-related
comorbidities.

AMl is potentially lethal condition that commonly related to ischemia of coronary vessels in CAD (Burke
& Virmani, 2007) The association between BNP rs198389 SNP and proportion of AMI cases was an
unexpected finding. A particular French study suggested the link between higher NT-proBNP
circulating levels and worse cardiovascular prognosis after experienced AMI for patients with Type 2
diabetes (Verges et al., 2008). However, no studies suggesting the link between BNP rs198389
polymorphism and AMI were found. The fact that the statistical analysis of the current project detected
an association between BNP rs198389 SNP and AMI only for OSA patients, could suggest no direct
association between BNP rs198389 SNP and OSA or other cardiovascular disorders in RICCADSA cohort.
BNP rs198389 SNP can influence the comorbidities of OSA and CAD, rather than affects the risk for
developing these disorders.

It is important to mention the limitations of the current project. The number of samples in the
statistical analysis was limited. For example, out of total of 157 DNA samples, only 14 samples had the
CC/GG-genotype. This low prevalence of the CC/GG- genotype could be the reason behind the lack of
supporting evidence for the proposed hypothesis due to low statistical power. In addition to RICCADSA
cohort, it is worth studying healthy Swedish population for BNP rs198389 polymorphism, which was
out of scope of the current work. Therefore, we do not know the actual prevalence of the rs198389
genotypes in the general Swedish population. The lower proportion of the CC/GG- genotype in the
current project could not only be due to suggested protective function against OSA and cardiovascular
disorders. It could also be that in the general Swedish population the CC/GG — genotype is the rarest
variant among all genotypes of the BNP rs198389 polymorphism. However, the previously performed
study on BNP rs198389 SNP in the general US population did not detect any significant differences in
distribution of the genotypes in the analyzed US population (Costello-Boerrigter et al., 2011).

Another limitation of this project was the methodology for collecting the samples in the used
RICCADSA cohort. In particular, the combination of sleep and cardiovascular disorders such as CAD and
Sleep apnea (Figure 1) resulted in more specialized study but less representative for these disorders
separately. Additionally, due to low number of samples within each of the rs198389 genotypes, the
patients with hazardous lifestyles such as smoking, were not excluded from the statistical analysis.
Finally, it is worth to remind that the COVID-19 pandemic restricted the laboratory access for this
project work and as a result, the number of analyzed DNA samples from the RICCADSA cohort was
lowered from 384 to 166 samples.
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Conclusion

For the first time, DNA samples from the Swedish RICCADSA cohort were genotyped for BNP rs198389
polymorphism. Statistical analysis was performed to find associations between BNP rs198389 SNP
alleles/genotypes, circulating levels of NT-proBNP, severity of OSA, and other clinical data in this
cohort.

No statistically significant evidence was obtained whether or not any specific allele/genotype of BNP
rs198389 SNP is associated with the severity of OSA and the circulating levels of NT-proBNP. After
analysing other data for the patients from RICCADSA cohort in relation to BNP rs198389
polymorphism, a significant association between genotypes and proportion of AMI baseline in the OSA
subgroup was detected. The least number of AMI was seen for CC/GG- genotype, which is in
corroboration with one publican suggesting an association between CC/GG- genotype of the BNP
rs198389 with lower risk of cardiovascular health in the United States (Seidelmann et al., 2017).
However, the proportion of cases with AMI baseline was the largest for the heterozygote TC/AG-
genotype and not for the TT/AA- genotype, which contradicts the above finding for CC/GG- genotype.
This fact requires further studies with lager sample sizes.

Apart of the above finding for AMI, there were no other findings in this project that support the results
presented in (Seidelmann et al., 2017) for the found association between BNP rs198389 and
cardiovascular health. Rather, the results of this project, are more in line with another US study
performed on general population which did not indicate an association of BNP rs198389 with
cardiovascular health (Costello-Boerrigter et al., 2011). Additionally, an association of BNP rs198389
SNP with circulating levels of NT-proBNP found in previous studies (Costello-Boerrigter et al., 2011;
Seidelmann et al., 2017; Al-Ibrahimi et al., 2016; Ellis et al., 2011) could not be confirmed in this project.

It is important to note that, in the current project, the proportion of CC/GG- genotype in the analysed
Swedish population was rather small (14 out of the total 157 samples). The limited size of analysed
samples as well as the fact that RICCADSA cohort includes only people with Sleep apnea and CAD,
perhaps affected the outcome of the performed statistical analyses.

Although this project produced some preliminary valuable data, it makes sense to extend the studies
by increasing the sample size, including also control subjects and general Swedish population, which
will provide more representative view for the BNP rs198389 SNP genotypes distribution and will allow
to validate and extend the produced results.

Ethical and social considerations

Clinical trial results of the RICCADSA study trial were officially registered in the open databases and
their clinical and genotypic data was annotated to each coding ID-number (Peker et al, 2009) (Peker et
al, 2016) (Glantz et al., 2013). This was used to distinguish and separate data by participant, and also
secure the personal identity behind each sample. DNA samples were handled according to good
laboratory practice. As aresult, it can be concluded that the study design and sample cohort is ethically
acceptable (Codex, 2018) (Codex, 2020) (EMA, 2014)
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Association of the BNP rs198389 SNP variants with clinical outcomes of obstructive and non-
obstructive sleep apneas have not been studied on the RICCADSA cohort before. Previous studies on
another cohorts have suggested that BNP rs198389 SNP variants are associated with the health and
life expectancy of cardiovascular patients, potentially through affecting the circulating levels of
BNP/NT-proBNP in the bloodstream (Al-lbrahimi et al., 2016; Seidelmann et al., 2017; Ellis et al., 2011).
Given the fact that cardiovascular diseases are strongly correlated with Sleep apnea, it is important to
investigate whether and how the BNP gene rs198389 polymorphism is correlated to Sleep apnea
severity and/or its clinical outcomes and also to NT-proBNP/BNP circulating levels in these patients.
Such studies may provide the foreground for the use of the BNP rs198389 genotypes as a prognostic
marker to predict the clinical outcomes of the disease, hence to suggest for the most appropriate
treatment strategies for sleep apnea and CAD patients. Our findings from the project suggested the
possible association of the rs198389 polymorphism with OSA and AMI. Therefore, further studies on
this BNP rs198389 SNP as well as other genetic polymorphisms should be performed to get better
understanding of the genetic background of the Sleep apnea and OSA. Taken together, the impact of
the present study and similar studies on the society and the health care system is expected to be
significant (NIH, 2020).
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