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ABSTRACT

0z

Introduction: Coronary heart disease (CHD) due to
atherosclerosis is a multifactorial disease with high morbidity
caused by interaction of various genetic and environmental
factors. Hyperlipidemia which is accepted as the most
important risk factor for atherosclerosis; characterized by high
concentration of low density lipoprotein (LDL) -cholesterol
(LDL-C) and low concentration of high density lipoprotein (HDL)-
cholesterol (HDL-C). Epidemiological studies prove the inverse
relationship between HDL-C levels and CHD. Apolipoprotein
A1, the major protein of HDL, is secreted as proprotein and
then cleaved by C-terminal procollagen endoproteinase/bone
morphogenetic protein-1 (BMP-1). Reporting of the role of BMP
receptors in lipoprotein metabolism indicates that variations
in these genes may be important. However, there are no
studies in the literature about the variations in type | receptors
for activin receptor-like kinase (ALK) 1 and ALK2 and its effects
on lipid profile. In this study, it was aimed to determine the
role of the gene variants of ALK1 (Q292P ve S333G) and ALK2
(R206H) receptors in the development of CHD and their effects
on serum lipoprotein levels.

Methods: This study was carried out using a sample of 131
patients with CHD and 51 controls. ALK1 and ALK2 genotypes
were determined by real-time polymerase chain reaction and
technique.

Results: Genotype distributions of ALK1 and ALK2 were the
same between the study groups (p>0.05). Mutations in ALK1
and ALK2 were observed only in the patient group. ALK1 Q292P
mutation and ALK2 R206H mutation exerted positive effects on
the serum lipid profile.

Conclusion: The findings of our study suggested that mutations
of ALKT and ALK2 genes may contribute to antiatherogenic
lipid profile and may protect against the development of CHD.
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Amag: Aterosklerozdan kaynaklanan koroner kalp hastaligi
(KKH) cesitli genetik ve cevresel etmenlerin etkilesimden
kaynaklanan morbimortalitesi yiiksek multifaktoriyel bir
hastaliktir. Ateroskleroz icin en 6nemli risk faktori kabul edilen
hiperlipidemi; diistik yogunluklu lipoprotein (LDL)-kolesteroliin
(LDL-K) ytiksek konsantrasyonu ve vyiiksek yogunluklu
lipoprotein (HDL)-kolesteroliin (HDL-K) distik konsantrasyonu
ile karakterizedir. Epidemiyolojik calismalar HDL-K seviyeleri
ve KKH arasindaki ters iliskiyi kanitlamaktadir. HDL’nin baslica
proteini olan Apolipoprotein A1, proprotein olarak sekrete
edilir ve sonra C-terminal prokollajen endoproteinaz/kemik
morfogenezi ile iliskili protein-1 (BMP-1) tarafindan kesilir. BMP
reseptorlerinin lipoprotein metabolizmasindaki gorevlerinin
bildirilmesi bu genlerdeki varyasyonlarin 6nemli olabilecegine
isaret etmektedir. Ancak tipl reseptor aktivin reseptori benzeri
kinaz (ALK) 1 ve ALK2'ye ait varyasyonlar ve lipid profil'ine
olan etkileri ile ilgili literattirde calisma bulunmamaktadir. Biz
calismamizda ALK2'ye ait R206H, ALK1 Q292P ve S333G gen
varyantlarinin KKH ile iliskini ve lipoprotein metabolizmasi
lizerine olan etkilerinin incelenmesini amacladik.

Yontemler: Calisma gruplarimiz 131 KKH ve 51 erkek
kontrolden olusmustur. ALK1 ve ALK2 genotipleri gercek
zamanl polimeraz zincir reaksiyonu ile belirlenmistir.

Bulgular: ALK1 ve ALK2 genotip dagilimlari calisma gruplarinda
benzer gozlenmistir. Ancak ALK ve ALK2 mutasyonlari sadece
hasta grubunda bulunmustur. ALK1 Q292P mutasyonu ile ALK2
R206H mutasyonunun serum lipid profiline olumlu katkisini
gozlemledik.

Sonug: Calismamizin bulgularni ALKT ve ALK2 genlerine
ait mutasyonlarin  antiaterojenik lipid profiline katki
saglayabilecegi ve bu sekilde KKH gelisiminde koruyucu
olabilecekleri izlenimini vermistir.

Anahtar Kelimeler: Mutasyon, koroner kalp hastaligi, ALK1,
ALK2
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Introduction

Atherosclerosis is a progressive and degenerative disease, usually
beginning in childhood, showing clinical symptoms in middle age,
caused by genetic and environmental factors, normal and modified
lipoproteins, monocytes, macrophage foam cells, T lymphocytes,
endothelial cells (ECs), smooth muscle cells and fibroblasts complex
interactions (1). Coronary heart disease (CHD), which develops as a result
of atherosclerosis, still remains a serious cause of death in the world, is
responsible for about 50% of deaths in the United States and Europe and
34% in Turkey.

Bone morphogenetic protein (BMP) is a metalloproteinase belonging to
the growth factor transducer beta (TGF-B) superfamily. They were first
identified as factors that caused the formation of bone and cartilage.
However, it was later determined that they also showed broad spectrum
biological activities in different tissues including blood vessels, heart,
kidney, neurons, liver and lung. Studies have shown that BMPs can
also form osteal tissue in “extraosteal” organs, making this protein
a candidate for atherosclerosis. Indeed, recent research has shown
that BMP ligands increase in vascular calcific lesions associated with
atherosclerosis, diabetes and chronic renal failure (2-9). BMPs transmit
their signals through two types of receptors, type | and type II. Type |
receptors are essential for signaling. Type Il receptors are responsible for
binding to ligands and expression of type | receptors. Type Il receptors
phosphorylate type | receptors in the stable complex formed by type |
and type Il receptors following ligand binding.

»

The type | receptor “activin receptor-like kinase (ALK1)” plays an
active role in EC biology. ALK1 has often been studied in relation to
angiogenesis. However, the demonstration that ALK1 is expressed in
atherosclerotic lesions suggests that it also plays a role in atherogenesis
(10). In addition, Kraehling and colleagues reported in their study
that ALK1 is a new low-affinity, high-capacity receptor for low density
lipoprotein (LDL) in ECs that functions during hypercholesterolemia
and supports LDL transcytosis. The determination of direct binding
of ALKT to LDL, unlike lipoprotein receptor (LDLR), and the lack of
down-regulation of this binding by sterols and Proprotein convertase
subtilisin/kexin type 9 have made ALK1 a new beacon of hope for the
treatment of atherosclerosis (11).

The type I activin A receptor, also known as ALK2, is a transmembrane
serine/threonine kinase receptor and following BMP binding activates
intracellular signaling pathways via Smad1/5, Erk1/2 and p38. The ALK2
receptor, showing more limited signal specificity, is sensitive to BMP-5-
6-7 signals. ALK2 gene mutations cause the activation of BMP-specific
intracellular signals without ligand binding to the receptor. In addition,
the reporting that ALK1 expression is dependent on high density
lipoprotein (HDL) induction to ALK2 indicates that variations in this gene
may be important (12). Recent studies have shown evidence of the role
of BMPs and their receptors in atherosclerosis (8,10,12,13).

Considering this information, it is worth studying the variations of
BMP receptors as new biological markers that may cause individual
differences in the treatment of atherosclerosis, which is a very serious
health problem.
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In our study, we aimed to investigate the effects of R206h, ALK-1
Q292P and s333g missense mutations of ALK2 induced by HDL with
antiatherogenic properties due to its role in reverse cholesterol transport
on CHD development and lipoprotein metabolism.

Methods

For the analysis of the mutations identified in our study, the cases were
included in the study based on the clinical criteria determined below,
DNA belonging to these samples was prepared and purity determination
was made and DNA levels were calculated and stored at +4°C until the
time of the study. In addition, after all individuals in the study groups
were informed, informed consent form was obtained and they were
included in the study. Our study was carried out by the ethics committee
decision numbered 2010/702-194 taken from istanbul University Faculty
of Medicine Clinical Research Ethics Committee and was supported by
istanbul University Scientific Research Projects Unit (no: 11304).

R206H (rs number: 121912678) ALK-1 q292p and s333g of ALK2 were
studied using real - time polymerase chain reaction method and
enzyme-linked immunosorbent assay technique to determine serum
apoprotein A1 level in the obtained DNA samples. The distribution of
genotypes and alleles in patient and control groups was analyzed by
statistical analysis and it was attempted to determine whether they
posed a risk in disease development. In addition, as related to CHD
risk factors, body mass index (BMI) (kg/m?), arterial hypertension (>140
mmHg systolic blood pressure of >90 mmHg diastolic blood pressure),
hyperlipidemia (total cholesterol >240 mg/dL and cholesterol >250 mg/
dL) were evaluated.

Two sample groups were used in this study.

In the first group, 138 angiography (-) male individuals were enrolled
in the control group. Participants in the control group were not taking
drugs with known effects on serum lipid levels during sample extraction
(lipid-lowering drugs such as statins or fibrates, beta-blockers, diuretics
or hormones).

The second group was made up of 131 male patients with angiography
(+) diagnosed with CHD by coronary angiography method followed
by the istanbul University Department of Cardiology of the Faculty
of Medicine. Six of the patients were on no medication, 1 was using
phenofibrate and 124 were receiving statin treatment. And all but one
of them were receiving antihypertensive treatment.

Statistical Analysis

Statistical analysis of this study was conducted using SPSS 20 package
program. The statistical significance limit was taken as p<0.05.

Whether the data belonging to the patient and control groups comply
with the normal distribution was analyzed with the Kolmogorov-
Smirnov test. Student’s t-test was used to determine body mass indexes,
and chi-square (x?) and Fisher’s exact tests were used to evaluate the
differences between groups in the frequency of genotype and alleles.
The Kruskal-Wallis method was used for comparing clinical and non-
clinical parameters with alleles between the patient and control groups,



and ANOVA and Student’s t-test was used to examine the genotype. Gene
counting method was used in calculations of allele frequency.

Results

Our study consisted of 131 CHD and 138 volunteer healthy controls
followed at the istanbul University Faculty of Medicine Department
of Cardiology. The properties for the groups are given in Table 1.
Accordingly, there were no statistically significant differences between
the patient and the control group in terms of age, serum apoprotein
A1, triglycerides, very-low-density lipoprotein (VLDL)-C, HDL-C and
BMI values and alcohol consumption (p>0.05). Cigarette consumption
was high in the patient group compared to the control group (63.8%
in the patient group; 47% in the control group; p=0.006). Also in
the patient group, systolic blood pressure (p<0.001),diastolic blood
pressure (p=0.008), total cholesterol (p <0.001), LDL-C (p<0.001) of total
cholesterol/HDL-C (p<0.001),HDL-CI/LDL-C (p=0.008) compared to the
control group values were found to be low and statistically significant.

94.6% of the individuals in our patient group use statins, 0.76% use
fenofibrate type drugs, and 4.5% do not receive antihyperlipidemic
treatment. In addition, all but one of our patients have hypertension
and use antihypertensive drugs. We attribute the lower serum lipid/
lipoprotein and blood pressure values observed in the patient group
compared to our control group to the use of medication.

Table 1. Characteristics of the groups

Control (n=138)

Age (year) 50.91+7.46
Age of the first MI (year)

SBP (mmHg) 132.82420.75
DBP (mmHg) 78.94+15.75
BMI (kg/m?) 26.29+3.55
Apoprotein A-1 1.34+0.24
Total-C (mmol/ L) 5.16+1.27
Triglyceride (mmol/L) 1.68+0.87
LDL-C (mmol/L) 3.24+0.84
HDL-C (mmol/L) 1.05+0.29
VLDL-C (mmol/L) 0.77+0.37
Total-C/HDL C 5.28£1.96
HDL-C/LDL-C 0.37£0.12
Smoking 47%

Alcohol use 39.9%

Presence of type-2 diabetes (%)
Presence of hypertension (%)
Stent presence /absence(%)

A vein (%)

Two veins (%)

Three veins (%)

Akadam Teker et al. Effect of ALK1-2 on Lipid Profile

The genotype and allele distributions of ALK7 and ALK2 gene mutations
studied in patient and control groups are shown in Table 2. When
ALK1 Q292P and $333G and ALK2 r206h genotype distributions were
examined in study groups, no statistically significant differences were
observed. However, mutant genotypes of ALKT and ALK2 genes were
observed only in the patient group and no mutations were found in the
control group (Table 2).

When the effect of ALK1 Q292P mutations on serum Apoprotein A1,
lipoprotein levels, BMI and blood pressures were examined, serum
triglycerides (p=0.020), LDL-C (p=0.045) and VLDL-C (p=0.022) levels
were significantly lower in the patients with mutant genotypes compared
to those with no mutations. The effect of ALK1 $333g mutation on serum
lipids, blood pressures and body mass index values was not observed
(p>0.05) (Table 3).

When the effect of ALK2 r206h mutation on serum Apoprotein A1,
lipoprotein levels, BMI and blood pressures were examined in the
patient group, serum LDL-K (p=0.017) levels were significantly lower in
individuals with mutant genotypes compared to non-mutant individuals
(Table 4).

Since ALKT and ALK2 variants were not found in the control group, we
were unable to evaluate their effect on lipid profile, BMI and blood

pressures.

Groups
Patient (n=131) P
50.25%4.65 0.393
50.60+6.24
124.19+12.88 <0.001
74.801+8.53 0.008
25.62+3.61 0.134
1.27£0.21 0.136
4.45£1.10 <0.001
1.66£0.75 0.876
2.72+0.90 <0.001
1.06£0.25 0.808
0.71£0.26 0.151
4.39%£1.35 <0.001
0.43%£0.17 0.008
63.8% 0.006
45% 0.390
22.5%
99.2%
14.13/85.87
82.27%
15.18%
2.53%

The values of age, serum lipid, BMI and blood pressures in the table were given as X + Standard deviation, and other values as %. The degree of intergroup significance was examined by
the student t-test, CHD: Coronary heart patients, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, N: sample number, LDL: low density lipoprotein,

VLDL: very-low-density lipoprotein, HDL: high density lipoprotein, MI: myocardial infarction
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Table 2. Distribution of ALK1 and ALK2 genotypes in the groups
ALK1 and ALK2 mutations

Control (n=138)
ALK1 Q292P genotypes
Normal 138 (100%)
Mutant -
ALK1 S333G genotypes
Normal 138 (100%)
Mutant -
ALK2 R206H genotypes

Normal 138 (100%)

Groups p
CHD patients (n=131)

127 (96.9%)

FE =0.055
4 (3.1%)
127 (96.9%)

FE =0.055
4 (3.1%)
128 (97.7%) FE=0.114

The values in the table are given as sample number and percentage. The degree of intergroup significance was examined by the Student’s t-test. CHD: Coronary heart disease, BMI: body
mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, n: number of samples, FE: Fisher’s exact test, ALK: activin receptor-like kinase

Table 3. Effect of ALK1 Q292P and $333S mutations on serum lipid profile, blood pressures and body mass index in patient group

Normal
Apoprotein-A1 1.2840.21
Total-C (mmol/L) 4.48+1.11
Triglyceride (mmol/L) 1.68£0.76
HDL-C (mmol/L) 1.0620.25
LDL-C (mmol/L) 2.74+0.90
VLDL-C (mmol/L) 0.72£0.26
BMI (kg/m?) 25.60+3.65
SBP (mmHg) 124.25+12.94
DBP (mmHg) 74.88+8.62

ALK1 S333G mutation

Normal
Apoprotein-A1 1.26+0.21
Total-cholesterol (mmol/L) 4.44+1.10
Triglyceride (mmol/L) 1.66+0.75
HDL-C(mmol/L) 1.06+0.25
LDL-C (mmol/L) 2.70+0.89
VLDL-C (mmol/L) 0.71+0.26
BMI (kg/m?) 25.56+3.56
SBP (mmHg) 124.25%£12.88
DBP(mmHg) 74.80+8.53

ALK1 Q292p mutation

Mutant p

1.10+1.17 0.165
3.76%0.77 0.160
1.15%0.27 0.020
1.17+0.40 0.622
2.14%0.38 0.045
0.52£0.10 0.022
26.24+1.99 0.581
122.50£12.58 0.790
72.50+5.00 0.419
Mutant p

1.37+0.21 0.322
5.03+1.29 0.290
1.66£0.75 0.999
1.06+0.23 0.983
3.20£1.08 0.281
0.68+0.14 0.790
28.13%5.39 0.225
122.50£15.00 0.790
75.00+10.0 0.964

The values in the table are given as X + standard deviation. The degree of intergroup significance was examined by the student t-test. BMI: Body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, LDL: low density lipoprotein, VLDL: very-low-density lipoprotein, HDL: high density lipoprotein, ALK: activin receptor-like kinase

Discussion

Atherosclerotic CHD is one of the greatest threats to Global Health (14).
Atherosclerosis isa complex disease influenced by various environmental
factors and accompanied by many genetic variations with low
penetration (15). For CHD with high morbimortality (16) endothelial
dysfunction, inflammation, abnormal lipoprotein and homocysteine
metabolism are very important risk factors (17).

In recent studies, the presentation of evidence that BMPs and their
receptors play a role in atherosclerosis has caused researchers to turn
to these proteins. The results of our study published in 2018 show
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that the BMP1 5’'UTR + 104 (T/C) variation may affect serum Apo A1
and lipoprotein levels due to statin therapy and thus contribute to
the development of CHD (13). Studies of BMPs remain current and
are continuing rapidly, but studies of BMP receptors that enable BMP
signaling and their effects on atherosclerosis are limited. The variations
in these proteins appear to be a very current and important issue, as
they can affect the progressive aspect of atherosclerosis.

In our study, we studied the frequency of ALK1 type I receptors Q292p
and S333G and ALK2 R206h mutations in CHD and their effects on
lipoproteins. The relationship between ALK1 and ALK2 and CHD and
the effect of these variants on lipoproteins has not been found in
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Table 4. Effect of ALK2 R206H mutation on serum lipid profile, blood pressures and body mass index in CHD patient group

cC

Apoprotein-A1 1.2840.21
Total-C (mmol/L) 4.48+1.10
Triglyceride (mmol/L) 1.67£0.76
HDL-C (mmol/L) 1.06£0.25
LDL-C (mmol/L) 2.74%0.90
VLDL-C (mmol/L) 0.71+0.26
BMI (kg/m?) 25.6613.63
SBP (mmHg) 124.14%12.51
DBP (mmHg) 74.92+8.51

ALK2 R206H mutation

T p

1.11£1.16 0.201
3.43+0.53 0.066
1.56+1.16 0.408
0.85£0.12 0.074
1.97£0.26 0.017
0.69+0.08 0.751
23.96%1.56 0.190
126.66+28.86 0.894
70.00£10.00 0.325

The values in the table are given as X + standard deviation. The degree of intergroup significance was examined by the student t-test. BMI: Body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, LDL: low density lipoprotein, VLDL: very-low-density lipoprotein, HDL: high density lipoprotein, ALK: activin receptor-like kinase

CHD: coronary heart disease

the literature. For this reason, we could not find the opportunity
to compare our results. In general, mutations on ALK1 have been
associated with the development of direct connections between arteries
and vessels, or with hereditary hemorrhagic telangiectasia (HHT 2),
which is autosomal dominant inheritance and systemic fibrovascular
dysplasia, characterized by arteriovenous malformations (18-21). There
are publications reporting that ALK-1 mutations are associated with
pulmonary hypertension in HHT patients (22,23).

Studies pointingout the role of ALKT in atherosclerosis have mainly drawn
attention to TGF-family signaling, and according to independent study
data, inhibition of BMP signal reduces the formation of atherosclerotic
plaques (24,25). Although until recently there was little evidence of a
link between ALK1 and atherosclerosis, an increase in ALK1 expression
was also observed in atherosclerotic lesions, based on data from two
studies in mice (26) and humans (10).

ALK1 has two independent roles in atherosclerosis through direct
binding of LDL to extracellular domein to mediate LDL uptake and
provide BMP signaling. In addition, Kraehling and colleagues (11)
reported that ALK1 facilitates LDL uptake but does not target LDL for
impairment, while LDLR and ALK1 overexpression increase fluorescence
labeled LDL [dioctadecylindocarbocyanine (Dil)-LDL] uptake, they did
not observe the effect of ALK2 overexpression on Dil-LDL uptake.

According to the results of our study, serum triglycerides, LDL-C and
VLDL-C levels were statistically significantly lower in individuals with
ALK1Q292P mutant genotype than in non-mutant individuals. According
to this data, it may be possible to say that ALK1 Q292P mutation shows
antiatherogenic properties when its positive effect on lipid profile is
evaluated.

ALK2 enables the rearrangement of ALK1. However, gene deletion
experiments produce different phenotypes, indicating that the
respective target genes of ALK1 and ALK2 are different. ALK1 deficiency is
associated with HHT and the formation of arteriovenous malformations,
while ALK2 affects the development of cardiac output pathway and
aortic derivatives. A high level of ALK2 relative to ALK3 and ALK6 may
alter the inflammatory effects of BMP-2/4 in the endothelium (12).

Yao et al. (24) showed that HDL promotes ALK2 expression in ECs,
which allows induction of ALK-1, vascular endothelial growth factor
(VEGF) and matrix Gla protein (MGP). These investigators showed that
the HDL induction of ALK2 is dependent on the BMP signal and also
affects the correlation of a repressive homeodomain protein (Msh
homeobox2) MSX2 and the activating homeodomain proteins DLX3 and
DLX5 (homeobox protein) with the ALK2 gene. The significance of these
findings is confirmed in apoA1 transgenic mice with high HDL levels
and resistant to atherogenesis. Mice mentioned show similar changes in
aortic gene expression as seen in in vitro ECs. In this way, HDL protects
the arterial wall by increasing the BMP response system, which allows
the increase of VEGF, essential for endothelial survival, and the increase
of MGP, which prevents excessive BMP activity and vascular calcification.

According to the results of our study, LDL-C levels were statistically
significantly lower in individuals with ALK2 R206h mutant genotype than
in non-mutant individuals. According to this data, it may be possible to
say that ALK2 R206h mutation shows antiatherogenic properties when
its positive effect on lipid profile is evaluated.

Conclusion

We observed ALK1 Q292P and S333G and ALK2 R206h mutations in our
study, albeit with a low frequency, only in the patient group. We didn’t
find any mutations in the control group. Therefore, we were unable to
assess the effect of these mutations on control group characteristics.
However, we observed the positive contribution of the ALK1 Q292P
mutation and the ALK2 R206H mutation to the serum lipid profile in the
patient group. The findings of our study suggest that mutations in the
ALKT and ALK2 genes, which are BMP receptors, may contribute to the
antiatherogenic lipid profile and thus be protective in the development
of CHD. We believe that the interaction of BMP protein and signaling
pathway variants with serum lipids deserves a better understanding by
continuing our study in the study group with a larger sample.
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