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Annotation

Potentially sharing a similar genetic architecture, coronary artery disease (CAD), diabetes
mellitus and pituitary adenomas (PA) are multifactorial diseases contributing significantly to
increased mortality and morbidity throughout the world. Decades of studies have discovered
numerous genetic susceptibility factors for these diseases and high inter-population
variability. The aim of this doctoral thesis was to investigate the roles and associated
complications of adenosine A3 receptor (ADORA3) and glyoxalase 1 (GLO1) polymorphisms
in the susceptibility of CAD and diabetes, respectively, as well as to examine the genetic
basis of pituitary adenoma (PA) in Latvian population.

The CAD study included in the thesis found a protective missense polymorphism rs35511654
in ADORA3, which possibly modulates the damage caused by ischemia, or offers protection
by reducing inflammation caused by arterial plagues. The second study uncovered the role
of three GLO1 polymorphisms in the activity of Glol. Both the rs1130534 and rs1049346
polymorphisms were associated with a decreased activity or concentration of the Glol
enzyme in the blood, but they were not associated with the presence of complications due
to diabetes. Genetic studies on PA found that the SSTR5 polymorphisms rs34037914 and
rs642249 are associated with the presence of somatotropinomas, earlier onset of disease,
and worse clinical outcomes in carriers. The rare MEN1 polymorphism rs2959656 showed a
strong association with clinically significant PA, regardless of the type of adenoma present.
Two DRD2 polymorphisms (rs7131056 and rs4938025) are associated with presence of
extrasellar growth of tumor in hormones secreting PA. This suggests a deeper involvement
of these variants in PA pathogenesis and possibly shows opportunities for drug therapy
modulation which currently targets DRD2. The novel findings of these PA studies are
particularly interesting since the genetic aspects of the common forms of PA are still under-
investigated in European populations. The information from these four published studies
provides additional insight into the genetic mechanisms contributing towards CAD, diabetes
complications, and PA in Latvian population and could become a part of improved diagnostic

systems and targeted medicine.



Anotacija
Koronara sirds slimiba (KSS), cukura diabéts un hipofizes adenoma (HA) ir multifaktorialas
slimibas ar Iidzigu genétisko arhitektlru un aizvien pieaugosu saslimstibu un mirstibu visa
pasaulé. Pétijumi, kas ilgusi gadu desmitus, atklajusi lielu skaitu So slimibu genétiskos riska
faktorus un daudz at$kiribu starp dazadam populacijam. Si doktora darba mérkis ir izpétit
adenozina A3 receptora (ADORA3) polimorfismu lomu KSS riska paaugstinasana, glioksilazes
1 (GLO1) polimorfismu ietekmi uz diabetu un ta komplikacijam un HA genétiskos célonus,
visos pétijumos fokuséjoties uz Latvijas iedzivotaju populaciju.
Viens no pétijumiem, kas veikts doktora darba ietvaros ir atklajis pret KSS aizsargajosu
nesinonimu polimorfismu rs35511654 ADORA3, kas, iespéjams, modulé iSémijas izraisito
bojajumu pakapi vai art novéers KSS, samazinot iekaisuma reakciju arterialajas pangas. Otrs
pétijums noskaidroja tris GLO1 polimorfismu lomu Glo1 aktivitate, konstatéjot, ka rs1130534
un rs1049346 ir asociéti ar samazinatu enzima aktivitati vai ta daudzumu asinis, bet ne tiesi
ar diabéta komplikaciju klatbdtni. HA pétijumi noskaidroja, ka SSTR5 polimorfismi
rs34037914 un rs642249 ir asociéti ar augSanas hormonu (GH) sekretéjosas HA klatbatni,
agraku slimibas iestasanos un smagaku klinisko slimibas norisi riska variantu nesgjiem.
Plasaka pétijuma art rets nesinonims MEN1 polimorfisms rs2959656 uzradija buatisku
asociaciju ar kliniski nozimigu HA.
Tika atklats, ka divi DRD2 polimorfismi (rs7131056 un rs4938025) ir asociéti ar HA, kam ir
ekstrasellara aug$ana hormonus sekretéjosas HA, liecinot par DRD2 plasaku iesaistibu HA
potogenézé un paradot iespéju medikamentu terapijas, kura mérkéta uz DRD2 modulacijai.
Sie &etri publicétie pétijumi papildina informaciju par KSS, diabéta komplikaciju un HA
genétiskajiem mehanismiem Latvijas populacija un $1 informacija var dot pienesumu

uzlabota diagnosticéSana un personalizétas medicinas attistiba.
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Abbreviations

A1R, A2AR, A2BR, A3R, AR —adenosine Al, A2A, A2B, A3 receptor, adenosine receptor
ACTH — adrenocorticotropic hormone

ADHs — aldehyde dehydrogenases

AGEs — advanced glycation end products

AKRs — aldoketo reductases

AP-2a — activating enhancer-binding protein 2a
ATP — adenosine triphosphate

AUC — area under curve

BMI — body mass index

CAD — coronary artery disease

Chr — chromosome

CNC - Carney complex

CREB — cAMP response element-binding protein
CST — cortystatin

CVD - cardiovascular disease

DNA — deoxyribonucleic acid

dNTP — deoxynucleotide

ddNTP - dideoxynucleotide

E2F4 — early gene 2 factor isoform 4

EGF — epithelial growth factor

FHS — Framingham Heart Study

FIPA — familial isolated pituitary adenoma

GH — growth hormone

GSH — glutathione

GWAS — genome wide association studies
ICD-10 — International Classification of Diseases
IGF-I —insulin-like growth factor 1

Indiv — individuals

INFy —interferon gamma

IRE — insulin-response element

kb — kilobases

LDL — low-density lipoprotein

LGDB — Latvian Genome Database

MAF —minor allele frequency

MALDI-TOF —matrix-assisted laser desorption/ionization time of flight
MEN — multiple endocrine neoplasia

MG — methylglyoxal

MI — myocardial infarction

mmol/L — millimoles per liter

mPTP — mitochondrial permeability transition pore
MRE — metal-response element

MRI — magnetic resonance imaging

MRNA — messenger ribonucleic acid

N — number

NFPA — non-functional pituitary adenoma

Nrf2 — erythroid 2-related factor 2

OR — odds ratio



PA — pituitary adenoma

PCR — polymerase chain reaction

PIT1 — pituitary-specific positive transcription factor 1
PKA — protein kinase A

PRL — prolactin

st — reference SNP ####

SAP — shrimp alkaline phosphatase

SNP —single nucleotide polymorphism

SST — somatostatin

T2D, T1D —type 2 diabetes, type 1 diabetes
TSH — thyroid-stimulating hormone

X-LAG — Xq26.3 duplication acrogigantism

Genes and proteins

AIP - aryl hydrocarbon receptor interacting protein

AKT - Protein kinase B

ALOX5AP - Arachidonate 5-Lipoxygenase Activating Protein

ANGPTL4 - Angiopoietin Like 4

ANRIL - CDKN2B Antisense RNA 1

APOE, APOAS5, APOC3 - Apolipoprotein E, Apolipoprotein A-V, Apolipoprotein C-llI
ARHGEF6 - Rac/Cdc42 Guanine Nucleotide Exchange Factor 6

CD40LG - CD40 Ligand

CDH23- cadherin-related 23

CDKN2B, CDKN2A - Cyclin Dependent Kinase Inhibitor 2B, 2A

CREB - cAMP response element-binding protein

DRD2 — Dopamine Receptor D2

EBF1 - Early B-Cell Factor 1

Exol — Exonuclease | E. coli

G i/o — G protein with inhibitory alpha subunit

GLO1 - Glyoxalase |

GNAS - (guanine nucleotide binding protein, alpha stimulating) complex locus
GPR101 - G Protein-Coupled Receptor 101

GRB10 - Growth Factor Receptor Bound Protein 10

Gs/olf — G protein with activating of adenylate cyclase alpha subunit/in olfactory receptors
GTP-ase - guanosine triphosphate hydrolyze

HAGH - Hydroxyacylglutathione Hydrolase

HMG-CoA - 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase, HMGCR
IARS - Isoleucyl-TRNA Synthetase

KIF5A - Kinesin Family Member 5A

LDLR - Low Density Lipoprotein Receptor

LOC400684 - Uncharacterized LOC400684

LPL - Lipoprotein lipase

LTA - Lymphotoxin Alpha

LTA4H - Leukotriene A4 Hydrolase

MEF2 - Myocyte Enhancer Factor 2

MEN1 - Menin 1

MGMT - 0-6-Methylguanine-DNA Methyltransferase

MKI67 — Antigen KI-67



MTAP - Methylthioadenosine Phosphorylase

MTOR — FK506-binding protein 12-rapamycin-associated protein 1

NR3C1 - Nuclear Receptor Subfamily 3 Group C Member 1

PCSK9 - Proprotein Convertase Subtilisin/Kexin Type 9

PI3K Phosphatidylinositol-4,5-bisphosphate 3-kinase

PI3KCA - Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha
PIT1 - Pituitary-specific positive transcription factor 1

PKA — Protein Kinase A

PRKAR1A - Protein Kinase CAMP-Dependent Type | Regulatory Subunit Alpha
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SST5TDM5, SST5TDM4 — Somatostatin Receptor 55 consisting of five or four transmembrane
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SSTR1, SSTR2, SSTR3, SSTR4 and SSTR5 - Somatostatin Receptor 1; 2; 3; 4 and 5
THBS1, THBS2, THBS4 - Thrombospondin 1, 2, 4
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Introduction

Coronary artery disease (CAD), diabetes mellitus and pituitary adenoma (PA) are
multifactorial diseases of similar genetic architecture that are contributing to increased
mortality and morbidity rates throughout the world. They are caused by an interaction
between numerous environmental and genetic risk factors. Most of the associated
environmental risk factors were discovered and intensely studied in the second half of the
20™ century. With the advancement of technology, multiple studies have searched for
genetic susceptibility factors for these diseases. This has led to tens to hundreds of genes
being identified and implicated in CAD, diabetes and PA. Their intermediate risk factors,
complications and phenotypic modifications have also been described. Lately, this genetic
research has started to impact decision-making in clinical settings since more and more
evidence points towards the value of genetic information in improving prognoses,
performing risk assessments and even informing treatment strategies or drug doses.
However, not all genetic risk factors are known, while even less is known about their
interaction with other genetic and environmental risk factors. Since huge inter-population
variation exists, a large area for research studies is provided. It is also clear that less
attention has been paid to the investigation of the genetics of numerous clinical phenotypes
and the outcomes associated with each of the large multifactorial disease groups. Similarly,
despite the advancements in GWAS technology, the number of genetic studies conducted on
rare multifactorial diseases like PA is limited. In order to increase the general knowledge of
genetic risk factors underlying these conditions and by paying special attention to the
specific clinical characteristics and sub-phenotypes, the aim of the research was to study the
genetic causes and aspects of multifactorial diseases (CAD, diabetes complications and PA) in
Latvian population. To achieve the proposed aim of the study, the following tasks were
established:

1. To investigate the role of ADORA3 variations in CAD susceptibility in Latvian population;

2. To study GLO1 polymorphisms and assess the associated functional Glol activity in
connection with common type 1 and type 2 diabetes complications;

3. To identify SSTR5 mutations in pituitary adenoma patients and to study their impact on

the clinical characteristics of somatotropinomas;



4. To scan the tag-SNPs of seven candidate genes (SSTR5, SSTR2, DRD2, GNAS, MEN1, AlP,
PRKAR1A) in search of common mutations causing pituitary adenomas and to understand

how they influence phenotypic characteristics in Latvian population.
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1. Literature review

1.1 Multifactorial diseases

Most human diseases and disorders result from a complex interplay between multiple
genetic and environmental factors (Lander and Schork 1994). These conditions are
commonly called multifactorial diseases or disorders. Multifactorial diseases occur when
combination of genetic and environmental factors (often not completely known) interact,
but these interactions are not yet identified or not known in details. Due to these unknown
facts multifactorial diseases are difficult to study, prevent and treat. Uncovering genetic
factors underlying mechanisms of multifactorial diseases can lead to better diagnosis, risk
prediction, management of healthcare funds, discovery of new drug targets, and
understanding of disease prevention as well as improved general and precision treatment of
the disease (Vieira 2014).

In multifactorial diseases there is no clear gradation of phenotype. Number of characteristics
of multifactorial diseases distinguishes them from Mendelian or sex-dependent disorders
(Lobo 2008). The multifactorial disease can be sporadic, with affected offspring born to
unaffected parents and when there is aggregation of disease cases in the family, no
Mendelian pattern of inheritance can be observed (Mossey 2002). The risk of the disease is
modified by environmental factors such as pollution, lifestyle, viral infections and others
(Ralston 2008). The disease is more frequent in one sex than in other but is not sex
dependent (Lobo 2008). The percentage of twin pairs in which both twins are affected by
disease does not follow Mendelian proportions in both monozygotic and dizygotic twins
(Mossey 2002). And the disease is more frequent in a specific population (Clark and Emerole
1995).

A classic example of this is coronary artery disease (CAD) with many factors increasing the
risk like diabetes, elevated blood pressure and increased LDL cholesterol concentration. CAD
does not show Mendelian inheritance although having family member with CAD is one of
risk factors. Up to 90% of CAD risk is preventable by modifying environment (food, exercise
and pollution) and it is more common in men than women as well as in Africans than Asians
or Europeans. All of these characteristics are consistent with the definition of multifactorial
disease (Castelli et al. 1986, Doyle et al. 1962, Yusuf et al. 2004, Kannel et al. 1961, Kannel et
al. 1971, Kannel and McGee 1979, Keys et al. 1963, Keys 1980).

Several problems of studying multifactorial diseases are highlighted in table 1.
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Table 1. Challenges in multifactorial disease research (Kullo and Ding 2007)

Issue

Description

Heterogenity

of phenotype

Multifactorial diseases clinical manifestations are diverse, for example CAD
can present itself as stable angina, myocardial infarction, acute coronary
syndrome and sudden cardiac death. Also classification can be dichotomous
(presence or absence) or continuous (measurements of coronary artery

calcification).

Heterogenity

of genotype

Genetic heterogeneity is very likely due to different pathways that can lead
to multifactorial disease. In case of pituitary adenomas (PA) several
monogenic forms are known, somatic mutations in GNAS are common in
somatotropic PA and several genetic variants are associated with
development and characteristics of human PA. Even more genetic
heterogeneity is pronounced in CAD, where several CAD risk factors (low-
density lipoprotein (LDL) cholesterol, triglycerides) are themselves

influenced by genetic variants.

Low
influence of
individual

gene

Single genetic variant usually contributes only tiny proportion towards
multifactorial disease phenotype. Low odds ratio (OR) 1.1-1.5 is common
contribution of individual genetic variant. To discover such influence large
cohorts of cases and controls are necessary which in turn have provided
incentive to establish and develop population based genome biobanks in

many countries.

Gene-gene
and gene-
environment

interaction

To establish contribution of gene-gene and gene-environment interactions
towards risk and pathophysiology of multifactorial disease with sufficient
even larger sample sizes are necessary or new methods of quantifying
interaction must be developed. Nevertheless it could be important part of

“mission heritability” in multifactorial diseases.

Rare causal
variants  of
multifactorial

diseases

Majority of genome wide association studies (GWAS) assumed that
multifactorial diseases are caused by common genetic variations. Most
likely both common and rare variants are involved in development of
multifactorial diseases. To discover rare variants ever larger sample size is

needed and combination with functional research is necessary.
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Another aspect of genetic research of multifactorial diseases is possible use of genetic
markers to improve risk prediction and reclassification of patients. Currently multiple studies
have focused on use of GWAS data in cardiovascular disorders and diabetes, including
complications (meta-analysis (Muller et al. 2016)).

The main recommendations as of 2017 of using genetic markers in risk prediction and
studies of risk prediction in multifactorial diseases are:

e Evaluation of the baseline model predicting the risk of disease. As baseline model
becomes better the harder it is to improve it. This evaluation helps to understand
how much improvement of risk assessment can be expected from addition of genetic
information(Muller et al. 2016).

e Bias avoidance is necessary. ldentification of potential sources of bias and negation
of its effects must be included in risk prediction study design. The best strategy
would be to select and evaluate model in separate, independent training and testing
cohorts. Also resampling methods could be used as less powerful substitute
(Steyerberg et al. 2001).

e Genetic variants included in the risk assessment must be well validated, preferably in
several studies across different populations. Information about the effects should be
updated regularly as new studies are published modifying current knowledge.

e More studies are necessary to unravel molecular basis of intermediate phenotypes of
the multifactorial disease and how these variations relate to the disease in question.

e Models of risk prediction are more likely to be more powerful when weighted risk of
the alleles is used than simple counts of risk alleles.

e Evaluation and reporting of more than one quality measure that complement each
other should be encouraged. Area under curve (AUC), reclassification measures,
recalibration and measures of clinical relevance (humber needed to screen) helps to
compare various studies, interpret relevance and make decision about potential use
of genetic markers (Muller et al. 2016).

Meanwhile research of PA also have identified multiple causes of PA and multiple modifiers,
that can lead to enhancement of precision treatment strategies of PA not only by stratifying
into currently used broad PA type groups but also peering into subdivisions of the disorder
(Syro et al. 2015).

Research into multifactorial diseases is expected to spark new and advanced possibilities in

precision medicine - prevention and treatment of disease that is tailored to individual
13



variability. This concept is not new, because blood typing to guide blood transfusion is in use
for more than century and use of CYP2C19 genotyping is recommended in prescription of
anticoagulant clopidogrel ((FDA) 2010). But there is also emerging evidence of precision
medicine in its broader scope to provide great results in multifactorial diseases such as
cancer (de Bono and Ashworth 2010).

Several hurdles exist for precision medicine, but by discovering how can patient benefit and
how much does it cost to healthcare will help to overstep these limitations (Collins and
Varmus 2015).

Summary of four peer reviewed publications of genetic research of multifactorial diseases in

Latvian population are presented in this work.
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1.2 Overview of CAD and its genetics

1.2.1. Anatomy and physiology of cardiovascular system

The cardiovascular system is part of a circulatory system in the humans and other animals
with closed (blood never leaves network of blood vessels) cardiovascular system. It consists
of heart, three main types of blood vessels (arteries, veins and capillaries) and blood itself.
Cardiovascular system has range of functions with most obvious being transport of nutrients
(carbohydrates, amino acids, fatty acids, ions and vitamins), oxygen, carbon dioxide, heat,
hormones and other signaling molecules as well as cells throughout the body. It is an integral
part of immunity necessary for fighting infections. Transport functions also helps to regulate
and maintain optimal conditions for cells of the body by stabilizing temperature and pH level
(Graaff 2001).

Heart is the central unit of the cardiovascular system by moving blood throughout the body.
Arteries and arterioles are muscular and elastic blood vessels that carry blood leaving heart.
Their anatomy reflects need to resist pulsating pressure of the blood and deliver it to the
organs and tissues of the body Figure 1. It is the arteries that are damaged in case of CAD

and their dysfunction leads to pathophysiology of CAD.

Tunica media

Tunica externa Tunica intima

Smooth muscle T RTI { Endothelium

External elastic

membrane Internal elastic

membrane

Figure 1. Anatomy of the arterial wall (Blausen 2014).
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Capillaries create microvasculature and ensure that every cell of the organism receives
nutrients and oxygen, stays connected to the rest of the body and removes waste products
of cellular metabolism.

Although heart is filled with blood, oxygen and nutrients cannot be used by heart muscle
(myocardium) directly. Coronary circulation delivers these essentials to the myocardium and
other components of the heart via coronary arteries. This is an “end circulation” system
meaning that there is almost no redundancy and reason why blockage of one vessel is so
critically dangerous for whole organism.

Coronary arteries begin at left side of the heart at the base (root) of the aorta. Three aortic
sinuses are located in the aortic wall superior to the aortic semilunar valve. Two of these
sinuses are beginning of the left and right coronary arteries. Branches of coronary arteries
that remain on the surface of the heart are called epicardial coronary arteries, but branches
that are inside myocardium are referred as subendocardial coronary arteries. Coronary
arteries are self-regulating to maintain optimal blood flow required by the myocardium. If
there is lack of oxygen in the myocardium due to decrease of blood flow tissue ischemia
occurs. Short term ischemia causes intense chest pain (angina). Prolonged and severe
ischemia may result in death of heart or part of myocardium (event known as myocardial
infarction) (Graaff 2001). Sudden restoration of blood flow is also dangerous to the cells of
myocardium due to creation of reactive oxygen radicals from the anaerobic metabolites
(process described as ischemia-reperfusion injury) (Yellon and Hausenloy 2007).

Chronic moderate ischemia leads to myocardial hibernation — condition with weakened
heart contractions.

Coronary circulation has unique characteristics in response to different stresses, drugs and
hormones. For example, in adrenergic stimulation most blood vessels constrict in response
to norepinephrine and blood pressure is increased, but due to relatively higher amount of
beta-adrenergic receptors in coronary circulation, coronary arteries dilate and increase
blood flow in order to supply heart with nutrients and oxygen in higher workload

environment (Graaff 2001).

1.2.2. Coronary artery disease

Coronary artery disease (CAD) (also known as coronary heart disease, acute coronary
syndrome, ischemic heart disease) is the most common of cardiovascular diseases (CVD).

CAD is usually defined with well-established clinical manifestations such as stable and

16



unstable angina, nonfatal myocardial infarction (Ml), and coronary death. Also CAD can be
defined by healthcare procedures such as Coronary artery bypass grafting and percutaneous
coronary intervention (including stenting and angioplasty) performed to the patient (Wong

2014).

1.2.3. Mechanisms of CAD

The basis of CAD pathology is atherosclerosis in coronary heart arteries which is
characterized with endothelial dysfunction and narrowing of arterial lumen increasing over
time. Atherosclerosis itself is mainly driven by inflammation processes at the sites of
damaged endothelium (Libby 2002). In this process fatty atheromatous plaques are
developing under the endothelium in the arterial tunica intima (located between

endothelium and tunica media in the wall of artery) Figure 2.

NOMANCLATURE AND SEQUENCES IN PROGRESSION  pup EstT  mANGROWTH  GLINICAL
MAIN HISTOLOGY OF ATHEROSCLEROSIS ONSET MECHANISM COLLERLATION
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Figure 2. Phases and progression of the atherosclerosis (Anonymous 2006).
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Plague formation is slow, usually continuing over several decades. Interaction between risk
factors, cellular events and response to these in arterial wall is the cause of plaques (Libby
and Theroux 2005). “Response to the injury” is the main theory currently accepted among
scientists and medical scholars about development of atherosclerosis. Plaque formation is
triggered by physical and chemical injuries to the endothelial cell layer of arteries (Libby
2002). Main factors causing this injury are physical damage (as a result of direct trauma or
hypertension), turbulent blood flow (branching areas of the arteries), circulating reactive
oxygen species and pollutant particles (from smoking or air pollution), hyperlipidemia (high
blood concentrations of LDL and very low-density lipoprotein), chronically elevated blood
glucose and other (Castelli et al. 1986, Doyle et al. 1962, Kannel et al. 1961, Kannel et al.
1971, Kannel and McGee 1979, Keys et al. 1963, Keys 1980). These factors also predispose
plaque formation in certain areas of the arteries (Samady et al. 2011).

Endothelial cells in the blood vessel provide semi-permeable barrier between the liquid
blood and wall of the blood vessel which is actively involved in several critical roles for the
organism. The main function is to regulate exchange of nutrients, gases, water and waste
between the blood and tissues. Endothelial cells also regulate diameter of the blood vessels
by synthesizing and releasing nitric oxide and prostacyclin (PGl;) to relax blood vessels and
endothelin and angiotensin-Il to constrict them. These molecules also help to maintain blood
pressure (Lerman and Zeiher 2005).

Endothelium also provides surface that allows blood to flow without sticking to blood vessel
walls. When there is an injury to the endothelium inflammatory response is triggered by
secretion of cytokines. Also endothelium cells start producing molecules that ensure surface
adhesion which causes monocytes and T-lymphocytes to migrate under the endothelium.
Endothelial cells near the injured site also change shape and loosen gaps between cells so
that monocytes and T-lymphocytes can cross the endothelium. This causes lipoprotein and
especially low-density lipoprotein (LDL) particles to enter arterial wall and oxidize due to
presence of vasodilator molecule NO, macrophages and lipoxygenase. Additional circulating
monocytes are invading injury because of released chemokines (such as IL-8 (Novo et al.
2015)), they differentiate into macrophages and start to uptake oxidized LDL. This in turn
changes their morphology and in time they are so full of lipids that change appearance to
“foam” cells. “Foam” cell phase will trigger apoptosis and it will die, but lipids and debris
from all the apoptotic cells will cause inflammation to increase beginning self-driven process

of plague growth in the wall of the artery (Libby 2002).
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Meanwhile T lymphocytes secrete cytokines inviting smooth muscle cells to cross internal
elastic membrane of the artery wall. These smooth muscle cells start to proliferate due to
influence of growth factors. Together with accumulation of lipids, cell debris and calcium
deposits smooth muscle cells contribute towards growth of plagues and remodeling of
arterial walls. Two types of plaques are found in the wall of arteries: “stable” plagques with
relatively small lipid pool and thick fibrous cap, usually preserving lumen of artery, and
“vulnerable” plaques characterized with large pool of lipids, partially obstructed lumen, thin
fibrous cap and large number of inflammatory cells. Former usually lead to stable
atherosclerosis and few clinical CAD signs. Latter type of plaques are more prone to rupture
and thrombosis which is especially dangerous in coronary arteries of the heart (Libby 2002).

Stenosis or blockade of blood vessel is event of advanced atherosclerosis, but may never
occur to the individual. Complete blockage or 100% stenosis is common cause of the most

dangerous CAD endpoints, especially miocardial infarction (Davies 1996).

1.2.4. Risk factors of CAD

The main risk factors of CAD are described as modifiable such as type 2 diabetes,
hyperlipidemia, smoking, hypertension and increased C-reactive protein level in the blood.
Non-modifiable CAD risk factors are age (above 45 for men and above 55 for women),
genetic predisposition and male sex. Low impact risk factors are adiposity, sedentary
lifestyle, elevated triglyceride levlel and increased serum homocysteine (Berenson et al.
2016, Castelli et al. 1986, Doyle et al. 1962, Kannel et al. 1961, Kannel et al. 1971, Kannel and
McGee 1979, Keys et al. 1963, Keys 1980, Wilcken and Wilcken 1976).

1.2.5. Diagnosis

Two to three decades ago the main focus for diagnosis of advanced CAD was detection of

|ll

narrowing of arterial lumen using angiography and sometimes physical “stress testing”. But
human clinical studies have shown that plaque rich sites with no to low lumen narrowing are
the most prone to rupture and cause the occlusion of artery (and life threatening CAD
endpoint) within minutes. This is supported by the findings that only about 14% of clinically
relevant CAD events are at sites with lumen stenosis over 75%(Maseri and Fuster 2003).
Majority are caused by sudden plaque rupture. Therefore currently main emphasis is

detection of aterial wall remodelling. Anatomical methods are more precise and allow to

monitor disease progression, but require more resources and sometimes are invasive.
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Coronary calcium scoring by computer tomography, carotid intimal media thickness
measurement by ultrasound, and intravascular ultrasound are anatomical methods that
attempt to detect and quantify vulnerable plaques and with subsequent visits monitor CAD
progression. Circulating biomarker measurement methods use lipoprotein subclass analysis,
glycated hemoglobin or HbA1lc, high-sensitivity C-reactive protein, and homocysteine to
detect CAD before clinically relevant symptoms are visible. Recent additions of diagnostic
techniques are positron-emission tomography and single-photon emission computed

tomography imaging to investigate and quantify plaques (Beller and Heede 2011).

1.2.6. Epidemiology

CAD is the most prevalent of CVD and is cause 46% of cardiovascular deaths for men and
38% for women (Wong 2014). And for up to third of the cases the cardiovascular death is the
first manifestation of CAD. It is a multifactorial disease which is caused by combination of
genetic, environmental and lifestyle factors.

Studies have shown that CAD causative atherosclerosis initiates before age of 20, but usually
clinical manifestations appear after several decades. Atherosclerosis increases more rapidly
after age of 30 in some cases but more typical age of notable plaques is beyond 50 or 60
years.

The incidence of CAD and the prevalence of important risk factors vary greatly according to

geographical region, sex, and ethnic background (Wong 2014).

1.2.7. Historical CAD studies

Already in 1880s there was notion that there is lack of data about heart disease (Hirsch
1883). The first prospective study of heart disease was started in 1946 in Minnesota, USA
involving men as the study subjects (Keys et al. 1963). Experience and knowledge obtained
from the Minnesota studies of CVD in men led to development of The Seven Countries Study
and the era of modern CVD epidemiology (Keys 1980). It was proposed that serum
cholesterol is cause of CAD and that there is difference in CAD frequency between countries
in 1953 (Keys et al. after (Wong 2014)). The Seven Countries Study established basis of the
current understanding in CVD (including CAD) risk factors deriving from diet and lifestyle by
analyzing data of 12763 men aged 40-69 across multiple geographic regions. The main
discovery of the study was that blood cholesterol was directly associated with CVD across all

populations involved in the study (Keys 1980).
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By this time Framingham Heart Study (FHS) had given its first report that CVD is age and sex
related as well that elevated blood pressure, cholesterol levels and obesity are strong
predictors of CVD (Dawber et al. 1957). Further role of CVD risk factors was elaborated in
series of representative publications describing role of cholesterol (Kannel et al. 1971),
smoking (Doyle et al. 1962) and high blood pressure (van den Hoogen et al. 2000). FHS also
identified negative correlation between high-density lipoprotein and CVD independent of
total cholesterol level in the blood (Castelli et al. 1986) as well as important link between
CVD and diabetes (Kannel and McGee 1979). It demonstrated that several risk factors can be
combined further elevating the risk and was the first that developed and introduced CVD risk
assessment for the individual (Framingham Risk Score) still in use in clinical cardiology,
where it is used as reference in many modern cardiovascular research proposals and

comparisons (Wilson et al. 1998)

1.2.8. Genetic architecture of CAD

CAD is multifactorial disease therefore risk for each individual is composed of genetic,
environmental and lifestyle factors as well as their combination and interaction (Khera et al.
2016) CAD heritability was supported by clinical observations in the middle of 20t century
(Gertler et al. 1951) and further confirmed by study of 20000 Swedish twins which estimated
heritability for fatal CAD of ~50% (Marenberg et al. 1994, Zdravkovic et al. 2002). Using
current genome wide data and updated methods CAD heritability was estimated 40-50%
(Won et al. 2015) which is similar to the Swedish twin study. FHS also found that family
history of cardiovascular disease in a parent or sibling was severely increasing risk of CAD
incidence (Lloyd-Jones et al. 2004, Murabito et al. 2005).

These were the pioneering studies that started research in genetics of CAD, understanding
molecular mechanisms of the disease and how to translate them into clinical practice (Khera
and Kathiresan 2017).

Historically three types of research methods mostly have been used to unravel details about
genetic details underlying CAD in humans. Family linkage studies, where relatives with and
without CAD across several generations had their genome mapped and causative locus
(preferably) identified. Candidate gene studies did research of one to several genes or
genetic variations (based on hypothesis about plausible involvement of gene or variant in
CAD) using groups of unrelated individuals (cases and controls). Latest research focuses on

whole genome approach investigating either hundreds of thousands of genetic variants
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across genome or sequencing whole or large parts (usually exome) of the genome. Latter is
hypothesis free approach with aim to find all genetic risk factors and estimate their
contribution towards development of CAD (Franchini et al. 2008)

Information from genotyping is used to investigate association between phenotype and
genotype. Association basis is difference of observed allele frequency between case and
control groups. Results usually are reported as odds ratio (OR) with confidence interval
(industry standard is 95%). Control group is reference, therefore OR above one describes
genetic variant with increased relative risk, but less than one — decreased relative risk
(Franchini et al. 2008).

CAD end and intermediate phenotype is multifactorial and many genetic variants can lead to
similar clinical endpoints. Wide range of genetic variants is responsible for increased risk and
susceptibility of CAD. Some are located in genes of receptors, structural proteins and
enzymes of metabolic pathways (regulating blood pressure, lipid metabolism, coagulation,
growth and inflammation), while most of the Ilatest studies have found strongest

associations in intergenic regions (Nikpay et al. 2015).

1.2.9. Candidate gene studies

Hundreds if not thousands of candidate gene studies have been performed in search of
genetic risk factors of CAD across many populations and racial backgrounds.

Initially candidate gene studies were using relatively low number of cases and controls and
those were predominantly of European descent. Results were rarely replicated and many
studies attempting to replicate previous findings were prone to lack of power themselves
(Morgan et al. 2007).

The first attempt to replicate large amount of previous discoveries of associations of
candidate genes with CAD were published in 2007. It was focusing on studies published
before March 10, 2005. This study tested 85 variants in 70 genes in 811 cases and 650 age-
and sex-matched controls. Study group was European descent. Results revealed that only
one out of 85 genetic variants show significant association before correction for multiple
testing. Moreover just 41 (48.2%) of designated risk alleles were more frequent in cases than
in controls while one was completely identical (Morgan et al. 2007).

But some controversy remains as this study failed to validate variants that were replicated in
other studies. APOEe4 allele was replicated as increasing risk of CAD (Song et al. 2004). Also
THBS1, THBS2 and THBS4 were associated with CAD in publication of Topol et al. (Topol et al.
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2001) and THBSI1 replicated by (Zwicker et al. 2006) as risk factor with early (before age 45)
myocardial infarction. While other studies especially GWAS have failed to demonstrate
association (Morgan et al. 2007, Nikpay et al. 2015) or showed trend of association with
early CAD in case of THBS2 and THBS4 (McCarthy et al. 2004).

Recently there have been upsurge of large, well designed candidate gene studies in CAD in
populations (East Asian in particular) that are not European descent which were dominating
CAD candidate gene studies in late 20th and first decade of 21st centuries (Jin et al. 2014,

Zhang et al. 2013, Zhang et al. 2017).

1.2.10. Family Inkage studies

Family linkage studies are very successful in discovery of basis of monogenic diseases and it
was hypothesized that they will be as insightful for CAD. Family linkage studies use
knowledge of Mendel’s laws of inheritance that propose equal distribution of genetic
markers within family. It investigates whole genome for markers that are associated with
presence of disease. Then fine mapping is performed with expectation to find causal gene.
Main family linkage study results in CAD studies are shown in table 2. Yet like candidate gen
studies replication of results proved difficult despite high quality design of the studies. Also
fine mapping of the locus often were not enough to narrow down causal genetic variation or
even gene (Franchini et al. 2008).

Table 2. Main familial linkage studies of CAD (based on (Franchini et al. 2008)).

Study Population Clinical LOD Gene
author Year screened Study sample event Chrlocus score identified
. . - .. Early 2q21-22 3,7
Pajukanta 2000 Finland 156 families (344 indiv) CAD Xq23-26 3.5 -
Francke 2001 Mauritius 99 families (525 indiv) CAD 16pl3 3,06 -
.. . Early
Broeckel 2002 Germany 513 families (1406 indiv) CAD 14 3.9 -
Harrap 2002 Australia 61 families (161 indiv) CAD 2q36 2,6 -
Wang 2003 USA 1 family (25 indiv) C/?\/[DI or 15q26 419  MEF?
Helgadottir 2004 Iceland 296 families (2454 indiv) MI 13q12-13  2.86 ALOPX5A
. I Early
Hauser 2004 USA 238 families (1168 indiv) CAD 3ql3 3,3 -
. United . L
Samani 2005 . 1933 families (4175 indiv) CAD/MI  2ql4-21 1,15 -
Kingdom
Helgadottir 2006 Iceland 296 families (2454 indiv) MI 12q22 Nz LTA4H
Farral 2006 Europe 2036 families (2658 indiv)  CAD /MI 17921 2,68 -
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1.2.11. GWAS

Research of CAD genetics using GWAS approach started in the early 21 century and the first

results were published in 2002 by Ozaki et al. showing association of five LTA single

nucleotide polymorphisms (SNPs) with Ml in Japanese population. Genotyping “only” 93000

SNP it was a frontrunner of a modern GWAS era. Functional research of missense SNP

(Thr26Asn) in LTA revealed doubling of synthesis of adhesion molecules in smooth muscle

cells of the blood vessels including coronary heart arteries. Another SNP in the first intron of

the LTA increased its transcription (Ozaki et al. 2002). Yet this and some other early GWAs

discoveries were not replicated later in larger and more powerful studies (Table 3).

As of 2017 about 100 loci across human genome have been associated with CAD (MacArthur

et al. 2017) (Table 3).

Table 3. Main GWAS studies of CAD (MacArthur et al. 2017).

New

Author Year Population Sample Validation CAD Repll.cated
cases/controls sample loci previously
Samani 2008 European 1926/2938 875/1644 7 o0*
WTCCC 2008 European 1926/2938 875/1644 5 o*
Helgadottir 2008 European 1607/6728 2980/6309 1 o*
ErdmannJ 2009 European 1222/1298 18.2k/20.0k 2 0
Kathiresan 2009 European 2967/3075 9746/9746 5 4
Tregouet 2009 European 1926/2938 7073/7325 1 0
Reilly 2011 European 1808/915 10585/6468 2 2
Lettre 2011  African American 260/5053 621/1629 3 0
ErdmannJ 2011 European 1157/1748 7887/8244 1 0
Aoki 2011 East Asian 194/1539 5177/6220 1 0
Schunkert 2011 European 22.2k/64.8k 56.7k/56.7k 18 13
European/ 8424/7268 18.0k/16.4k33
c4b 2011 South Asian 6996/7794 59/2828 d 10
Wild 2011 European 2078/2953 19.4k/35.4k 1 4
Slavin 2011 European 2000/3000 - 4 1
Mehta 2011 i;’;:npea”/ South 15.4k/15.0k 21.4k/19.1k 0 2
Takeuchi 2011 East Asian 806/1337 3593/6335 1 2
Dawies 2012  European 7123/6826 5211/5821 5 0
Hager 2012 Middle Eastern 1949 2547 0 1
Lu 2012 East Asian 1515/5019 15,5k/11.5k 4 4
Lee 2013  East Asian 2123/3591 3052/4976 1 4
Hirokawa 2014 East Asian 1666/3198 11.4k/28,4k 2 2
Nikpay (CAD)~ 2015 Mixed (European) 61.3k/126.3k - 15 30
Nikpay (M)~ 2015 Mixed (European) 38.1k/126.3k - 8 30
Dehghan (CAD)~ 2016 European 2406/21.6k 3059/28.1k 1 1
Dehghan (MI)~ 2016  Mixed (European) 1570/21.6k 2874/4.9k 3 1
Wakil 2016  Middle Eastern 2563/2266 503/371 7 11

CAD - coronary artery disease, WTCCC — Wellcome Trust Case Control Consortium, k —
thousands, C4D — Coronary Artery Disease Genetics Consortium, Ml — myocardial infarction,
* three initial CAD GWAS studies reported 9p21.3 locus at the same time. ~reported CAD
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and MI as separate endpoints. Comprehensive CAD GWAS summary can be found in
Supplementary 5.

One of the earliest and most consistently replicated across multiple populations is 9p21
locus, associated with CAD or Ml in more than ten populations and counting (Supplementary
5). Latest CAD GWAS are focused on meta-analysis of many studies and therefore have
increased in size significantly. If sample size in 2005-2008 were 1000 to about 4500 for cases,
then latest meta-analyses are using over 60 000 cases and 120 000 controls (Table 3)
(MacArthur et al. 2017, Nikpay et al. 2015). That has had great effect on study power and
ability to discover ever smaller effects on development of CAD. Early associations had OR
range about 1.20-2.10 per SNP. One of latest studies are reporting ten novel variants
associated with CAD with OR ranging from 1.06 to 1.20 under additive model (Nikpay et al.
2015). Same authors report interesting and by nowadays standards strong association (OR
1.5) of SNP rs12976411 located in chr19 non-coding RNA (LOC400684) protecting from CAD
under recessive model, but no association under additive model (Nikpay et al. 2015). This
way of testing CAD risk is certainly underreported and hard to estimate what % of studies
have performed such tests and not reported insignificant associations.

Variants associated with increased CAD risk can be divided into groups based on their
mechanism of action which contributes to development of CAD. These groups describe
known conventional risk factors. They are LDL cholesterol, triglycerides, blood pressure,
inflammation, plaque formation/vascular remodeling, nitric oxide/cyclic guanosine
monophosphate signaling and large group of “others” where possible involvement in CAD
risk increase is still unclear.

One of prominent groups of increased genetic and also conventional risk factors of CAD is
linked with non-optimal LDL regulation. Increased blood LDL level (above 1.8 mmol/L) is
known CAD risk factor and lipid-lowering therapy (by using class of drugs called statins or
HMG-CoA reductase inhibitors) is employed to prevent and or delay CAD symptomatic
onset. LDL receptor (LDLR), encoded by LDLR found in humans at chr19p13.2 locus, is
important regulator of LDL metabolism (Cyrus et al. 2002). LDLR in liver cells uptakes
circulating LDL for internal use and lowers its level in the blood (Zhang et al. 2013). Also LDLR
can recognize apoE protein from chylomicrons and very low-density lipoprotein particles
(Schmidt et al. 2008). Dysfunctional LDLR or its regulation is often causing of familial
hypercholesterolemia (Benlian et al. 1990, Soutar and Naoumova 2007). GWAS have
identified LDLR variations with increased CAD risk (Bis et al. 2011, Myocardial Infarction
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Genetics et al. 2009) and pro-atherosclerotic lipid profile (Myocardial Infarction Genetics et
al. 2009, Sarwar et al. 2007). The T allele of rs2228671 is associated with decreased LDL
concentration and with decreased CAD risk, while T allele of rs688 is associated with
increased LDL concentration and mRNA splicing efficiency (Jamaldini et al. 2014). Also a
separate study has found that rs688 is important for proper endosomal recycling of LDLR
(Gao et al. 2013). CAD risk is also increased in carriers of rs1122608 G (more common) allele
(Kullo and Cooper 2010, Myocardial Infarction Genetics et al. 2009, Zhang et al. 2013) OR
2.09 (Cl1 0.95 1.48-2.97) ranging from OR 1.82 in combined East Asian populations to OR 2.31
in Europeans to 3.37 in East Asian males (Liu et al. 2016). This variant is located at 58.7
kilobases (kb) upstream of the LDLR gene. It has been associated with CAD risk under
dominant model in European populations, but studies in East Asian populations show mixed
results (Yang et al. 2010, Wang et al. 2014, Zhang et al. 2013) which meta-analysis attributed
to gender difference (G allele is a risk factor for East Asian men, but not women) (Liu et al.
2016). At least two studies have reported LDLR association with CAD independently from
lipid profile of the patients (Jamaldini et al. 2014, Martinelli et al. 2010).

One of the mechanisms of variations associated with CAD risk involves triglycerides and
multiple variations in different genes and is centered around enzyme lipoprotein lipase (LPL).
LPL reduces triglyceride level in the blood by hydrolyzing lipoprotein-bound triglycerides. Its
activity is upregulated by apolipoprotein A-V (APOAS5), but reduced by apolipoprotein C-llI
(APOC3) and angiopoietin-like 4 (ANGPTL4). Variants in genes of these proteins have been
associated with CAD in GWAS. Missense variant (p.D36N; minor-allele frequency, 1.9%) in
LPL leads to 20% reduced enzyme activity and is associated with increased CAD risk
(Myocardial Infarction et al. 2016). ANGPTL4 missense variation p.E40K leads to inactive
ANGPTL4 (negative LPL regulator) and is cardio-protective due to significantly reduced
triglyceride levels while not influencing LDL or high-density lipoprotein (Myocardial
Infarction et al. 2016). At the same time mutations in positive LPL regulator APOAS increases
plasma triglycerides and risk of CAD (Do et al. 2015). And in line with ANGPTL4 negative LPL
regulator’s APOC3 loss of function variants also are cardio protective (Tg et al. 2014). This

detailed knowledge (Figure 3) of inner regulation of LPL system has led to the identification
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of novel drug targets and APOC3 inhibitors are already in development and clinical trials (see

chapter 1.6).

Antisense therapy l_{l

APOC3  ANGPTL4 ,Iy

| ]
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<—  APOAS

Triglycerides

Figure 3. Regulation of blood triglyceride level by LPL and its regulators (Kessler et al. 2016).

9p21 deserves special mention due to world-wide reproduction of association results and
puzzling role of this locus how DNA variations are translated into pathophysiology.
Association of 9p21 with CAD and MI was discovered in 2007 by four independent research
groups (Helgadottir et al. 2007, McPherson et al. 2007, Samani et al. 2007, Wellcome Trust
Case Control et al. 2007). Risk allele homozygotes had observed CAD OR from 1.20 to 1.37
(Cl 0.95 1.02-1.58) in three studies (McPherson et al. 2007, Samani et al. 2007, Wellcome
Trust Case Control et al. 2007) and MI OR 2.02 (Cl 0.95 1.72-2.36) in the fourth (Helgadottir
et al. 2007). The locus is 58kb in size and multiple strong association signals have been
observed (Helgadottir et al. 2007, McPherson et al. 2007, Samani et al. 2007, Wellcome
Trust Case Control et al. 2007). Follow up studies and meta analyses confirmed the
association in various populations (Cakmak et al. 2015, Chan et al. 2011, Cheng et al. 2011,
Foroughmand et al. 2015, Kumar et al. 2011, Meng et al. 2008, Nawaz et al. 2015). Also
associations with various other cardiovascular conditions (Yamagishi et al. 2009, Niemiec et
al. 2017, van 't Hof et al. 2016) as well as diabetes (Cheng et al. 2011, Cugino et al. 2012) and
cancers have been reported (Li et al. 2014, Merlo et al. 1994). Fine mapping of the region
was unable to pinpoint causal mutation (Congrains et al. 2012). Nearest genes are at least

90kb away and are known tumor suppressors CDKN2B and CDKNZ2A (Cunnington and
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Keavney 2011). Also main association cluster is next to long non-coding RNA, ANRIL, which
has multiple transcripts and CAD associated variants could alter its expression. For some
time ANRIL was the main suspect of CAD causality (Congrains et al. 2013, Pasmant et al.
2011)until allelic imbalance and expression quantitative trait loci studies showed that 9p21
contains enhancers which are the main regulators of CDNK2B, CDNK2A and MTAP
expression. That would mean that all genes in this locus contribute to CAD susceptibility
(Cunnington et al. 2010, Liu et al. 2009, Motterle et al. 2012), but several studies have failed
to replicate finding and leaving question open to debate and new research (Congrains et al.
2012, Holdt et al. 2011, Jarinova et al. 2009, Pilbrow et al. 2012). ANRIL is conserved among
primates, but not in mice hampering to understand its role in CAD (Jarinova et al. 2009) but
when 9p21 homology locus were deleted in inducible knockout mice model, expression of
both Cdkn2a and Cdkn2b were decreased supporting hypothesis of enhancer region at 9p21
(Visel et al. 2010).

GWAS discoveries have led to expansion of computational genomic methods in order to
untangle complexity of CAD risk factors. Gene-gene, gene-environment interactions as well
as epistasis between multiple alleles may be responsible for non-linear increase in CAD risk
allowing for “missing heritability” to exist even within already discovered susceptibility
variations (Nikpay et al. 2015, Zuk et al. 2012). Also integration of disease-related data from
functional genomics allows to reduce complexity of finding “true” causal variant (Kichaev et
al. 2014, Trynka et al. 2015). Bayesian networks can be used in key driver analysis to find
driver genes in CAD (Makinen et al. 2014) and together with protein-protein interaction and
co-expression data Bayesian networks have identified TNFRSF13C and EBF1 as CAD
susceptibility genes (Huan et al. 2013). Also, in case of 9p21, chromosome conformation
capture method was used to investigate pairwise interactions between CDKN2B, CDKN2A,
MTAP and INF2A and it was discovered that interactions were modulated by INFy
(Harismendy et al. 2011).

Additionally, whole exome sequencing in high risk individuals and confirmed healthy
controls have shown possibility to identify rare variants protecting coronary arteries from
formation of plaques (Abramowitz et al. 2016).

These examples demonstrate that integration of data from various biological levels (genetic
from GWAS or whole exome sequencing or whole genome sequencing, epigenetic,
transcriptomic and proteomic) can lead to more complete picture of a complex system

(Hawkins et al. 2010, Kwon et al. 2012).
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1.2.12. CAD genetic risk and its use in clinical setting

Latest trend in GWAS data use is increasing precision of risk scoring for patients. After initial
excitement “GWAS: key to personalized medicine” ended, several studies were negative
about possibility to use such data to increase resolution of patient classification (de Haan et
al. 2012, Ripatti et al. 2010). Nevertheless, seven out of 17 studies using genetic variants
associated with CAD, found statistically significant increase in risk prediction (AUC increase
when including genetic information). Nine studies observed non-significant AUC increase in
their analysis (Muller et al. 2016). Amount of AUC increase can be called modest at best
ranging from 0.001 (Tikkanen et al. 2013) to 0.07 (Bolton et al. 2013). Yet for global
healthcare that would mean thousands of people saved because of improved risk prediction
and improved targeted treatment (Tikkanen et al. 2013). Since nowadays the whole genome
genotyping cost is getting comparable to some biochemical analyses of the blood, it offers
good cost-benefit ratio to be performed.

For some groups of patients’ inclusion information of genetic variations in risk calculation is
more beneficial than for others. For example, in group of middle aged men have shown
greatest risk prediction improvement in at least two studies (de Vries et al. 2015, Hughes et
al. 2012). Also it seems that calculating weight for each variation is important as studies
performing such calculation have higher improvements in patient discrimination and
reclassification (Ganna et al. 2013). Also using genetic variations that are not associated with
intermediate phenotypes of traditional risk factors but directly to CAD increase clinical value
of risk prediction especially for individuals with intermediate risk (Lluis-Ganella et al. 2012).
Inclusion of genetic information in primary CAD prevention in patients at medium risk would
avert one CAD event for every 300-400 participants of the screening. That translates to 3.15
(Cl 0.95 -1.30-7.60) CAD event free years per 1000 people of general population (Ganna et
al. 2013). But study involving South Asian population failed to find link between genetic risk
score and CAD events and reclassification. Although study design and sample size issues
were mentioned main suggestion were that different set of CAD risk variations may be
required for accurate risk prediction in the South Asian population (Beaney et al. 2015).
Probably genetic risk factors should be determined using population of similar ancestry, but
most of current genetic CAD risk factors are discovered in studies using populations of

European descent (Supplementary 5).
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1.2.13. Drug targets trials due to CAD genetics studies

Inhibition of APOC3 by RNA interference-mediated knockdown is currently being
investigated in clinical trials. In a dose-ranging phase Il study, ISIS 304801, an antisense
APOC3 inhibitor, led to a dose-dependent 31-71% reduction in triglycerides (Gaudet et al.
2015).

Currently investigated PCSK9 inhibitors exploit monoclonal antibodies to inhibit the

effect of PCSK9 in the circulation. Also RNA interference- and small molecule-based
approaches are in the development and evaluation (Fitzgerald et al. 2014, Robinson et al.
2015).

The development of so-called precision medicine is a major goal of current CAD funding
concepts (Jameson and Longo 2015). Unfortunately, there is currently only limited evidence
to suggest that genetic testing of individual common risk variants allows for stratification
into different treatment modalities. Exception however are individuals with a high genetic
risk score who appear to have a larger benefit from statin treatment than those with low

genetic risk (Hughes et al. 2012, Mega et al. 2015, Schunkert and Samani 2015).

1.2.14. Adenosine system and CAD

Adenosine receptors (AR) are a group of four known G protein-coupled receptors enabling
adenosine signaling within an organism. Their molecular structure is similar to other G
protein-coupled receptors with seven a-helical transmembrane domains and an extracellular
amino-terminus and an intracellular carboxyl-terminus (Fredholm et al. 2011).

Adenosine is purine nucleoside primarily used in modified form to store genetic information
and as energy exchange molecule in all living cells. Additional important role of adenosine is
signaling and coordination of processes within body. It is produced from metabolism of
adenosine triphosphate (ATP) (Okada et al. 2006, Picher et al. 2003, Robson et al. 2005) and
have range of functions carried out via four types of adenosine receptors (A1R, A2AR, A2BR
and A3R) (Fredholm et al. 2011).

Functions of ARs are: modulation of neurotransmitter release (Sebastiao and Ribeiro 2000),
synaptic plasticity (Costenla et al. 2001) and neuroprotection in ischemic, hypoxic and
oxidative stress events (Cunha 2001, Ferreira and Paes-de-Carvalho 2001).

Adenosine produces either vasoconstriction or vasodilation of veins and arteries (Li et al.
1998). Adenosine regulates T cell proliferation and cytokine production (Hasko and Pacher
2008). The nucleoside also inhibits lipolysis and stimulates bronchoconstriction (Van der
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Graaf et al. 1999). Reports in 2016 also highlight its role as non-narcotic analgesic agent
(Janes et al. 2016).

ARs are classified based on their interaction with adenylyl cyclase to regulate cyclic
adenosine monophosphate production. The A1IR and A3R are coupled to Gj, protein and
reduce activity of adenylyl cyclase (Cunha 2001, Fredholm et al. 2011, Paes-De-Carvalho
2002), but A2AR and A2BR are coupled to G/l (Fredholm et al. 2011) and enhance cyclic
adenosine monophosphate production.

A3R is located on chromosome 1 at p13.2 locus. It spans 4.33kb and most transcripts contain
one intron (Yates et al. 2016).

A3R is mostly studied due to its protective action in cardiac ischemia. Several studies have
shown that the A3R is important mediator of cardioprotection during and following
ischemia-reperfusion (Headrick and Peart 2005).

There is no agreement how exactly A3AR cardioprotection timing works. A number of
studies have indicated that pre ischemic activation of A3R is necessary or crucial (Black et al.
2002), but others have argued that main protection is post ischemia (Jordan et al. 1999,
Maddock et al. 2002, Suleiman et al. 2001), and also there is articles stating that A3R
agonism is cardioprotective with either pre- or post-ischemic treatment (Headrick and Peart
2005). In animal models suggested injury inducers are neutrophils, whose activation is
reduced upon A3R agonist administration (Jordan et al. 1999). Molecular mechanism also is
suggested as A3R induced blockade of mitochondrial permeability transition pore (mPTP)
opening, because studies state that mPTP opening is crucial for the ischemia-reperfusion
injury to develop (Suleiman et al. 2001, Weiss et al. 2003). Also a study has reported A3AR
activation causes activation of PI3K/Akt pathway which in turn inhibits glycogen synthase
with following blockage of mPTP opening (Park et al. 2006).

In line with cardiovascular epidemiology and cardioprotection by A3R Ashton et al. has
reported decreased mRNA of A3R and increased mRNA of A2BR when aging (Ashton et al.
2003). Also decreased amount of A1R has been observed in aged hearts during ischemia
which leads to hypothesis that both decreased A1R and A3AR expression is responsible for
different results in cardioprotection timing (Borea et al. 2009). This hypothesis is expanded
in a review that all AR subtypes are involved in cardioprotection, but with different types of
cordioprotective modulation and differently during aging and with interplay between each

of them (Nishat et al. 2016, Philipp et al. 2006, Solenkova et al. 2006).
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1.3 Glyoxalase system in Diabetes mellitus complications

1.3.1. Glycation, methylglyoxal and glyoxalase system

The glyoxalase system with its rate limiting enzyme glyoxalase 1 (GLO1, Enzyme Commission
4.4.1.5.) protects living cells from production and accumulation of advanced glycation end
products (AGEs) which are damaging to life-enabling metabolic processes.

GLO1 was discovered in 1913 (Dakin 1913) and more than 100 years of research has
provided insight about its critical role in almost all life forms.

The main contributor towards creation of AGEs is a byproduct of glycolysis and other
metabolic reactions a toxic compound called methylglyoxal (MG). Other reactive molecules
such as glyoxal and 3-deoxyglucosone are minor contributors.

Glucose is main source of energy for the cells. But not all glucose molecules can successfully
finish energy production process and some of them forms MG (Phillips and Thornalley 1993).
Because glycolysis is occurring in all cells, MG is created in both normal and pathological
conditions.

Both enzymatic and non-enzymatic reactions produce MG and it forms at various speeds in
various organisms, tissues, cells under different physiological conditions (Thornalley 1996).
MG formation via the fragmentation of the triosephosphates glyceraldehyde-3-phosphate
and dihydroxyacetone phosphate was discovered in 1993 (Richard 1993).

Up to 0.4% of glycosis molecules in energy metabolism result in MG production (Kalapos
2008). And is elevated when concentrations of precursors of MG are high, as in
hyperglycemia, impaired glucose utilization and triosephosphate isomerase deficiency
(Ahmed et al. 2003). Half-life of MG is short in a biological environment (Kalapos 2008) and it
readily reacts with lipids, nucleic acids and with lysine and arginine residues of proteins to
form AGEs (Rabbani and Thornalley 2012, Thornalley 2005, Thornalley 2007).

GLO1 of glyoxalase system is the main enzymatic metabolizer of MG and glyoxal (Thornalley
1993). Glyoxalase system together with aldoketo reductases (AKRs) and aldehyde
dehydrogenases (ADHs) metabolizes more than 99% of MG providing efficient defense
mechanism against formation of AGEs. With the exception of renal medulla GLO1 is more
than 30 fold more active than AKRs and ADH (Rabbani et al. 2016). GLO1 is both efficient and
abundant enzyme in the human cells amounting up to 0.02% of the total protein (Larsen et
al. 1985). It is known that GLO1 does not metabolize 3DG and its removal is mostly carried

out by AKRs and ADHs (Collard et al. 2007).
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Detoxification of MG is a three step process. At first reduced glutathione (GSH) reacts with
MG in non-enzymatic reaction forming hemithioacetal which is further converted by GLO1 to
S-D-lactoylglutathione. Hydroxyacylglutathione hydrolase converts this compound to D-

lactate and recycles GSH (Figure 4) (Thornalley 1993).

Methylglyoxal

Glyoxalase | \\

S-D-
Glutathione lactoylgluta-
thione

Hydroxyacylglutathione
hydrolase

H*&—.

D-lactate H,0

Figure 4. Methylglyoxal detoxification pathway by glyoxalase | and hydroxyacylglutathione
hydrolase.

S-D-lactoylglutathione is nontoxic therefore its creation by GLO1 is crucial step for MG
detoxification. It can be concluded that GLO1 activity indirectly determines MG toxicity to
the cell and amount of AGEs formed. It must be noted that GSH recycling occurs in the last
reaction and high amount of MG or low activity of hydroxyacylglutathione hydrolase can
lead to GSH deficiency for other cell processes (Dringen 2000).

Glyoxalase system is ubiquitous to almost all organisms (except certain protozoa (Sousa Silva
et al. 2012)). It is located in cytosol and mitochondria (Thornalley 1990).

Toxicity of MG can be understood and importance of GLO1 can be appreciated when looking
on effects of AGEs within cell and whole organism. AGEs are implicated in wide range of
pathophysiological processes like ageing (Ahmed et al. 2003, Morcos et al. 2008), vascular
remodeling (Hanssen et al. 2014), Alzheimer’s disease (Angeloni et al. 2014), autism (Maher
2012), hyperalgesia (Koivisto et al. 2014), inflammation (Tikellis et al. 2014) and most

notably diabetes and its complications (nephropathy (Rabbani et al. 2007), neuropathy
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(Bierhaus et al. 2012, Skapare et al. 2013) and retinopathy (Berner et al. 2012, Miller et al.
2010)). Mechanism how these pathological phenotypes arise from changes in molecules is
not always clear although molecular workings and reaction chains within cells are well
described.

MG induced glycation often forms complex and stable adducts (Lo et al. 1994). These are
known as Maillard reactions and start with formation of Shiff’s base adduct when MG reacts
with lysine and arginine side chains of the protein (Padayatti et al. 2001). Typical AGE that
forms this way is argpyrimidine, compound with a suspected role in apoptosis (Antognelli et
al. 2014, Sakamoto et al. 2002). Common occurrence is modification of blood serum proteins
under normal physiological MG concentrations, but chronically elevated MG levels leads to
irreversible change in protein structure. Long lived proteins are at the most risk to form
AGEs. MG readily glycates albumin, hemoglobin, mitochondrial proteins and transcription
factors (Lo et al. 1994, Rabbani and Thornalley 2012). Accumulation of AGEs increases with
age resulting in widespread protein damage. MG not only directly influence protein function
by amino acid modifications but also these modified proteins interact with AGE receptors
(Grillo and Colombatto 2008). Such interaction switches on inflammatory response adding to
damage done by MG. It has been shown that MG increase levels of free radicals in dose
dependent manner and initiates production of pro-inflammatory factors (TNFa, IL-6 and IL-8)
(Desai et al. 2010).

Glycation of DNA by MG also has been observed especially for adenine and guanine bases
(Thornalley 1996). Not only nucleotide AGE formation causes multibase deletions and
substitutions (Murata-Kamiya et al. 2000) but also multipolymer crosslinking (DNA-DNA,
DNA-protein, protein protein)(Murata-Kamiya and Kamiya 2001, Tu et al. 2013) which could
be mechanism behind DNA replication inhibition by MG (Kalapos 1994).

Similar to many proteins, GLO1 activity is regulated both by expression and by modification
after translation. The first exon of GLO1 contains antioxidant-response element (ARE) (Xue
et al. 2012) which negatively affects GLO1 expression when hypoxia inducible factor la
HIF1a binds to it (under hypoxia) (Zhang et al. 2012). Also erythroid 2-related factor 2 (Nrf2)
decreases GLO1 expression as a stress response (Xue et al. 2012). Nrf2 itself is suppressed by
nuclear factor kappa-light-chain-enhancer of activated B cells in diabetes, metabolic
syndrome and obesity due to chronic hyperglycaemia and inflammation (Bierhaus et al.

2001, Liu et al. 2008). Other regulatory elements in GLO1 are MRE (metal-response
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element), IRE (insulin-response element), E2F4 (early gene 2 factor isoform 4), and AP-2a

(activating enhancer-binding protein 2a) (Rabbani et al. 2014).

1.3.2. Glyoxalase system in diabetes complications

Hampered GLO1 activity in diabetic conditions (Bierhaus et al. 2001, Liu et al. 2008)is part of
the reason why microvascular complications (nephropathy, retinopathy and neuropathy) are
developing in most of the diabetic individuals (Feldman 2003) (McLellan et al. 1994, Ratliff et
al. 1996, Thornalley et al. 1989). It has been shown that GLO1 activity is decreased and
protein derived AGEs concentration is increased in renal, retinal and neural models of blood
vessel complications (Barati et al. 2007, Bierhaus et al. 2012, Karachalias et al. 2010, Miller et
al. 2010, Palsamy and Subramanian 2011). Cell cultures of vascular endothelial cells in high
glucose environment show elevated dicarbonyl stress from increased MG concentration
(Dobler et al. 2006).

Diabetic retinopathy is mostly caused by damages to blood vessels of the retina and is the
main cause of adult blindness in the US. Nine out of ten diabetics have some form of
retinopathy within 15 years after diagnosis. Diabetes causes 25 000 cases of blindness a year
in the US (Fong et al. 2003, Gardner et al. 2002). MG increase has been detected in diabetic
kidney (Geoffrion et al. 2014). Diabetic nephropathy accounts for 40% of new kidney failure
diagnoses (Skyler 2001). Neuropathy and painful neuropathy are common long term diabetic
complications with critical impact on quality of life of the patient. Painful neuropathy occurs
around 10% of cases and pathophysiology is unclear and symptoms often cannot be treated
with nonsteroidal anti-inflammatory drugs or opiates (Calcutt 2002). MG concentration in
plasma is increased in type 2 diabetes (T2D) patients with painful neuropathy. These findings
were strengthened by results in animal model that MG can induce primary hyperalgesia
showing potential reason of painful diabetic neuropathy (Bierhaus et al. 2012). Activity of
GLO1 was significantly negatively correlated (r = - 0.261, p = 0.007) with duration of T1D and
was reduced in patients of both types of diabetes with severe painful neuropathy compared
to individuals with mild or moderate symptoms (Skapare et al. 2013). Most of non-traumatic
amputations are caused by diabetic neuropathy. (Feldman 2003)and lifetime risk of
amputation for diabetic is around 15% (Feldman 2001). Diminished MG detoxification and
following oxidative stress in the microvasculature is significant factor leading to

complications in diabetes (Obrosova 2003).
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Blood MG concentration was increased up to 5-6 fold in case of diabetes patients (McLellan
et al. 1994). Elevated concentration of AGEs in plasma proteins and skin collagen in diabetics
was associated with higher risk of vascular complications (Ahmed et al. 2005, Hanssen et al.
2015) including CAD in diabetes (Hanssen et al. 2015, Nin et al. 2011).

A study suggests role of MG and AGEs (therefore weaker GLO1) in development of T1D by
poor protection of beta cells (Kim et al. 2013). Another studies point towards dicarbonyl
stress as promoter of insulin resistance leading to T2D (Maessen 2014, Nigro et al. 2014).
Together with the fact that GLO1 activity is decreased in hyperglycemia these observations
and knowledge about GLOI1 regulation have led to idea to treat diabetes with GLO1
expression inducers activating Nrf2 (Xue et al. 2012). One such activator currently is in phase
2 clinical trial to assess its potential in treating diabetic nephropathy as well as other

microvascular complications of diabetes and cardiovascular disease (Xue et al. 2016).

1.3.3. Genetics of glyoxalase system in diabetes and other conditions

Gene encoding GLO1 is located in human 6th chromosome at p21.2 locus, spans 27.22kb
and has only two transcripts. Other member of glyoxalase system HAGH
(hydroxyacylglutathione hydrolase) is located at 16p13.3 and spans 31.57 kb on the reverses
strand of DNA (Yates et al. 2016).

Genomic polymorphisms in HAGH are rare. Six SNP with global minor allele frequency (MAF)
above 1% are known (as of April 2017). Five of them are synonymous and one missense
without known phenotype alteration. Only two are present in population with European
descent where also population of Latvia belongs (Yates et al. 2016).

Two relatively common (global MAF above 20%) GLO1 SNP are known and present in human
populations worldwide. There are also studies published about these associating GLO1 SNP
with increased prevalence of diabetic neuropathy (Groener et al. 2013), cardiovascular
complications (Rabbani and Thornalley 2011) and autism (Barua et al. 2011). The most
studied is adenosine to cytosine exchange in base 419 in exon 4 of GLO1 (rs4746 also known
as rs2736654). It is missense SNP where Alal11 is substituted with glutamic acid. Proteomic
study discovered that GLO1 with glutamic acid has lower activity and higher acidity than wild
type protein (Junaid et al. 2004). This was confirmed in a study by Barua et al. who found
reduced activity of enzyme, elevation of MG and RAGE in patients with autism (Barua et al.
2011) and a study which found significantly higher rate of cardiovascular disease and

peripheral vascular disease in patients requiring hemodialysis (Kalousova et al. 2008) .
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Meanwhile, Dutch study found no association of rs4746 and other eight GLO1
polymorphisms with vascular complications in T2D patients (Engelen et al. 2009).

It was found that rs4746 allele frequency is not in Hardy-Weinberg equilibrium in patients
with Alzheimer’s disease, but no significant association was found (Chen et al. 2004).
Investigation into whether rs4746 carriers have increased enzyme activity in T1D patients
with normal renal activity lead to conclusions that there is no significant association as well
as no association with serum glucose, glycated hemoglobin and AGEs levels (Sakhi et al.
2013).

Literature is sparse about other GLO1 polymorphisms. SNP rs1049346 in GLO1 promoter
(but not rs4746) was associated with diabetic retinopathy and nephropathy in Chinese T2D
patients (Wu et al. 2011).

It is known that GLO1 is located in region with copy number variation in approximately 2% of
humans. This causes 2-4-fold increase in GLO1 expression, but there is no study published
with assessment if these individuals are more protected from formation of AGEs and/or

diabetic complications (Cahan et al. 2009, Redon et al. 2006).
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1.4 Pituitary adenomas

1.4.1. Pituitary location, anatomy and functions, embryonal development

Pituitary is an endocrine gland located in human head at the base of brain. Superior to
sphenoid bone in a cavity called sella turcica and below chiasma and hypothalamus. Pituitary
is connected to hypothalamus via pituitary stalk through which blood supply is organized
and control from hypothalamus is executed. Pituitary consists of three lobes
adenohypophysis (pars anterior, anterior lobe), neurohyphophysis (pars posterior, posterior
lobe) and pars intermedia (intermediate lobe) which is rudimentary in adult humans. Each of
the lobes has separate development and functions (Graaff 2001).

Organogenesis of pituitary begins at 4™ week of embryogenesis and can be described as
three stage process. First initiation of organogenesis and Ratke’s pouch occurs, after which
evagination of Rathke’s pouch and cell proliferation follows and the last stage of pituitary
organogenesis is cell lineage determination and cellular differentiation. Briefly at closer look
pituitary develops from fusion of two types of ectoderm. Adenohypophysis starts from a
thickening of cells in the oral ectoderm (which is of epithelial origin and forms early roof of
the mouth) and formation of hypophyseal placode which grows towards neural ectoderm to
become Rathke’s pouch. At the same time ventral diencephalon (ectoderm of neural origin)
forms extension growing downwards toward Rathke’s pouch, connecting with it and forming
pituitary. Rathke’s pouch separates from oral ectoderm at week six to eight. Then cells of
anterior wall of Rathke’s pouch proliferates and develops adenohypophysis, posterior wall
divides slowly and give rise to pars intermedia. Cells from ventral diencephalon form
neurohyphophysis. Final patterning and differentiation of adenohypophysis cells forms the
five main specialized cell types of the pituitary. Given the nature of pituitary organogenesis,
precise coordination and regulation at both locations is crucial for formation of pituitary and
correct differentiation of hormone-producing cell types (Larkin and Ansorge 2000) Mutations
in key developmental genes can lead to various developmental disorders (Davis et al. 2010,
Kelberman et al. 2009, Zhu et al. 2007).

Hormones produced and secreted by adenohypophysis are: human growth hormone (GH or
growth hormone), regulated by growth hormone-releasing hormone and somatostatin,
thyroid-stimulating hormone (TSH) regulated by thyrotropin-releasing hormone and
somatostatin, luteinizing hormone and follicle-stimulating hormone regulated by

gonadotropin-releasing hormone, corticotropins — peptide hormones (adrenocorticotropic
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hormone (ACTH), melanocyte stimulating hormone and B-endorphin) produced after
processing precursor proopiomelanocortin and are regulated by corticotropin-releasing
hormone and prolactin (PRL) which is released after signal from several factors (including
thyrotropin-releasing hormone, oxytocin, vasopressin, vasoactive intestinal peptide,
angiotensin Il, neuropeptide Y, galanin and neurotensin) depending on situation. PRL release
is downregulated by dopamine. Adenohypophysis is regulated by hypothalamus via
previously mentioned release hormones that are secreted in adenohypophysis and delivered
there by capillaries forming hypothalamic-hypophysial portal system (Institute for Quality
and Efficiency in Health Care 2015).

Intermediate lobe produces and secretes melanocytes stimulating hormone. Posterior lobe
of pituitary does not produce hormones, but stores and releases hormones (antidiuretic
hormone (vasopressin) and oxytocin) produced by magnocellular neurosecretory cells of

hypothalamus into the bloodstream (Institute for Quality and Efficiency in Health Care 2015).

1.4.2. Incidence of pituitary adenomas

PA are neoplasms (new and abnormal growth of tissues) of the pituitary with benign
characteristics. Up to 15% of clinically active intracranial neoplasms are PA (Jagannathan et
al. 2005). Prevalence of PA are high with different samples showing range from 1.5% up to
27% in general population (Molitch 2009) with meta-analysis estimation of prevalence
standing at 16.7% (Ezzat et al. 2004). Clinically significant adenomas are much rarer ocasion
one in 1000 to 1300 individuals (Daly et al. 2006, Fernandez et al. 2010) although there are
reports of prevalence up to one PA in 200 individuals (Rosario 2011). Incidence of PA stands
between 0.22 to 8.2 new PA cases per 100,000 per year ((Monson 2000) after Gold 1981). PA
is age related with significant increase of cases and incidence after age of 45 ((Monson 2000)
after Gold 1981). PA is associated with female sex, epidemiological data show that
approximately 2/3 of PA occur in females (Gruppetta et al. 2013, Monson 2000) (prevalence
males 46/100,000 and females 105/100,000 (Gruppetta et al. 2013).

1.4.3. Types of pituitary adenoma

PA are usually classified either by size, extension or function according to the aim of the
classification. Hardy classification use four grades to describe PA by their size <10mm (grade
1), >10mm within sella (grade Il), >10mm outside sella (grade IIl) and large adenomas with

invasion in surrounding tissue, including but not limited bone, brain, compression of optical

39



nerve (grade IV) (Hardy 1969). Also PA are more informally categorised by their size into two
groups: microadenomas (less than 10mm in diameter) and macroadenomas (more than
10mm). This classification seems to originate from requirements of surgery and origin is lost
in time.

Classification by extension focuses on invasive PA which is described in details at Micko et al
and in brief, uses intracavernous and supracavernous internal carotid arteries as a reference
(Micko et al. 2015).

Functional classification uses disruptions in patients hormonal profile to classify PA. Between
35-40% of PA are non-functional (NFPA, does not secrete hormones, to cause detectable
hormonal change) and other 60-65% are hormones secreting PA. Most common functional
adenoamas are prolactinomas (accounting for around 40% of all PA), followed by growth
hormone (GH) secreting PA (~13%)(often leading to acromegaly), ACTH secreting PA
(~8,5%)(causing Kushing’s disease) and TSH secreting and others, including mixed PA
(~1%)(Famini et al. 2011). Table 4. Also morphological classification is used for some
secretory types of adenomas (Syro et al. 2015), especially detailed it is developed in
somatotropinomas leading to acromegaly.(Cuevas-Ramos et al. 2015).

Upcoming PA classification by World Health Organisation is set to be published in 2017
based on subclassification with pituitary transcription factors (Shaid and Korbonits 2017).

Table 4. Frequency of PA types among all patients, sex and ages. (Famini et al. 2011).

. N Age range (average)
Diagnose TotalN

Males Females Males Females
Prolactinoma 395 90 305 17-81 (46) 15-89 (36)
NFPA 364 162 202 18-85 (54) 17-87 (47)
GH adenoma 127 59 68 19-84 (49) 18-82 (45)
ACTH adenoma 84 18 66 19-77 (43) 10-66 (38)
GH/PRL mixed 4 3 1 24-42 (32) 15
Nelson’s syndrome 2 0 2 - 44-66 (50)
Pituitary carcinoma 2 2 0 45-75 (60) -
Ll,!teln|2|.ng hormone/follicle- 1 1 0 59 i
stimulating hormone adenoma
GH/TSH mixed adenoma 1 0 1 - 31
TSH adenoma 1 0 1 - 55

N — number of patients, NFPA - non-functional pituitary adenoma, GH — growth hormone, ACTH -
adrenocorticotropic hormone, PRL - prolactin, TSH - thyroid-stimulating hormone.

1.4.4. Genetics of pituitary adenomas

Both genetic and epigenetic factors are involved in development of PA (Peltomaki 2012). Yet
majority of PA genetic background remains undiscovered. PA are thought to be of

monoclonal origin (Jacoby et al. 1990). Current literature suggest that up to 95% of PA are
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sporadic where somatic mutations, mosaic mutations, and familial low penetrance
mutations are the cause of neoplasm (Shaid and Korbonits 2017). Another studies show that
clinically significant adenomas tend to occur in families (Couldwell and Cannon-Albright
2010) and syndromic disease, positive family history, childhood-onset adenomas are the

most important risk factors for prediction of PA (Shaid and Korbonits 2017).

1.4.5. Genetics of sporadic pituitary adenoma

Sporadic PA account for about 95% of pa cases. Over time mutations in several genes have
been found to contribute towards PA in specific or broader range of cases. Heterogeneity of
causes is the reason why PA can be considered fully multifactorial disease (Zhou et al. 2014).
GNAS is located at chr20 g13.32 locus on the forward strand. It spans 71,47kb and at least 58
transcripts have been detected (Yates et al. 2016). This gene encodes G protein a subunit
and mutation can nullify or greatly diminish GTP-ase activity of the a subunit and it becomes
constitutively active (permanently switched on). Then, through increased production of
cyclic adenosine monophosphate and its dependent PKA, which ensures binding of CREB to
the PIT1 promoter regions, GH synthesis increases and cell proliferation follows (Shaid and
Korbonits 2017). Two common GNAS mutations are p.R201C/S/H and p.Q227L/R (Freda et
al. 2007, Landis et al. 1989, Patten et al. 1990). Former accounting for majority of cases —
89% (N=8) (Taboada et al. 2009) and 95% (N=21)(Shi et al. 1998) while latter was found in
one case in each of these studies. GNAS mutation p.R201C has been reported in one
corticotropinoma (Riminucci et al. 2002) and one NFPA (Taboada et al. 2009).

Some studies report that 40% of somatotropinomas harbor somatic mutations in GNAS
(Freda et al. 2007, Landis et al. 1989). Other studies in different population put this number
at around 15% (Ronchi et al. 2016, Taboada et al. 2009).

USP8 (ubiquitin specific peptidase 8) is located at 15921.2 on forward strand spanning
90.04kb (Yates et al. 2016). Nineteen transcripts encode at least seven proteins ranging from
62 to 1118 amino acids. USP8 encodes enzyme ubiquitin carboxyl-terminal hydrolase 8
which removes ubiquitin from other proteins, yet is also capable of promoting receptor
degradation and is involved in protein “sorting machinery” within a cell (Berlin et al. 2010).
Mutations in USP8 were identified in four out of ten corticotroph adenomas during exome
sequencing. Mutations increase activity of the enzyme and increased amounts of various
proteins, especially epithelial growth factor (EGF) receptor (Reincke et al. 2015). Increased

EGF signaling leads to increased cell proliferation (Normanno et al. 2006). Initial discovery
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that USP8 mutations cause corticotroph PA has been replicated at least twice (Ma et al.
2015, Perez-Rivas et al. 2015)and in one of replications involve East Asian population (Ma et
al. 2015). In the first validation study 134 functioning and 11 silent corticotroph PA were
investigated and 48 of functioning PA harbored USP8 mutations, while none of silent PA did
(Perez-Rivas et al. 2015). The second study found 67 out of 107 PA to have USP8 mutations
therefore suggesting higher share related to USP8 somatic mutations (Ma et al. 2015).
Interestingly PA with USP8 mutations had higher expressions of pro-opiomelanocortin,
SSTR5, and MGMT and were more responsive to the somatostatin analog pasireotide
(Hayashi et al. 2016). This discovery of USP8 variations as cause of functional corticotroph PA
have helped to identify prime target for drug therapy.

PI3KCA is located at 3926.32 on forward strand, spans 91.98 kb and encodes at least four
transcripts (Yates et al. 2016). Gene encodes alpha subunit of PI3K (phosphoinositide 3-
kinase), which is integral part of the PI3K signaling pathway and important interacting factor
with the AKT and mTOR pathway (Robbins and Hague 2015). It has been described as
oncogene for a long time and is the most frequent oncogenic pathway in breast cancer and
in ~30% of cases PI3KCA mutations are found (Mukohara 2015). The first study to investigate
PI3KCA mutations in PA were published in 2009 and it was found that 8/91 invasive PA
(8,8%) had PI3KCA mutations, while none of 262 noninvasive PA did. Similar to cancers,
mutations were found in exons 9 and 20 of the PI3KCA gene (Lin et al. 2009). Another study
in Brazil investigated PI3KCA mutations in 33 PA. previously reported mutations were found
in 20t exon. Three tumors were NFPA and invasive while fourth was corticotroph
microadenoma (Murat et al. 2012). Although size of studies is not directly comparable,
results indicate that PI3KCA mutations might contribute to development of PA.

Recently, several studies using whole exome and genome sequencing have been performed
to search for novel PA causing mutations in genomic and tumor DNA pairs. Newey et al. in
2013 sequenced exome of seven PA and blood derived DNA pairs. They found low levels of
somatic mutations, which relates to benign nature of PA. The average mutation rate was 3.5
per adenoma (range 1-7) and no recurrent mutated genes were found even with 24 PA
follow-up group (Newey et al. 2013). Finnish study focused on GH secreting PA. Analysis of
twelve adenoma and corresponding blood DNA revealed on average 129 somatic mutations
per genome and 2.3 single nucleotide variation per exome. Only recurrent mutations were
previously reported GNAS (at codon 201) in three cases. Several chromosome loses (in

chromosomes 1, 6, 13, 14, 15, 16, 18, 22) were detected and one patient had complex
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chromosome rearrangement. Five tumors had somatic mutations in genes of the Ca2+ and
ATP pathways (Valimaki et al. 2015). A study of east Asian population took systematic
approach of sequencing seven types of PA: 20 NFPA, 20 PRL secreting PA, 20 GH secreting
PA, 20 ACTH secreting PA, 20 gonadotropins (including follicle stimulating hormone and
luteinizing hormone) secreting PA, 10 TSH secreting PA, and 15 mixed PA secreting at least
two hormones. Besides USP8 (in ACTH secreting PA), GNAS (in GH secreting and mixed
secreting GH and other hormone) and MEN1 (in mixed PA), six other genes showed somatic
mutations in at least two tumors (KIF5A, GRB10, NR3C1, TRIP12, SP100, IARS) providing
insight into potential drivers of PA development in some cases. Authors also report median
somatic mutation rate per adenoma exome which is 3.3 (range 0-13) (Song et al. 2016). Also
a study identified heterozygous missense mutation c.4136G>T (p. Argl379Leu) in cadherin-
related 23 (CDH23) in a family with inherited PA, gene was later screened in familial PA,
sporadic PA and healthy controls. Results revealed that 4/12 families (33%) and 15/125
(12%) sporadic PA patients had variants in CDH23 providing yet another candidate to
understand PA genetics (Zhang et al. 2017).

1.4.6. Genetics of familial pituitary adenoma

Familial PA are described as rare and encompass about 5% of all clinically significant PA
(Shaid and Korbonits 2017). Multiple endocrine neoplasia (MEN) type 1 is an autosomal
dominant disease caused by mutation/s in MEN1 gene. Approximately 20-50% MEN cases
develop PA and also adenomas in other endocrine glands (Schernthaner-Reiter et al. 2016).
MEN1 is located at 11g13.1 on reverse strand and spanning about 7.79kb. Ten exons give
rise to at least 16 transcripts of which 14 have been found as proteins (Yates et al. 2016).
Most transcripts encode either 610 or 615 amino acid protein MENIN which is tumor
suppressor which regulates promoter activity of genes controlling cell cycle and proliferation
via interaction with histone methyltransferase complex. Which in turn changes epigenetic
modification of histones by transfer of methyl groups to lysine and arginine residues (Hughes
et al. 2004) PA caused by MEN can be described according to Knudson two hit hypothesis of
tumorigenesis (Knudson 1993). The first mutation is inherited and the second is somatic
often resulting in loss of heterozygosity of the MEN1 locus or disrupting MEN1 microRNA
mediated expression. Almost half of cases have large deletion as a second hit, 25% have
nonsense mutation, 15% insertion, 10% have missense mutation and few percent have splice

site mutations (Lemos and Thakker 2008). Patients with PA caused by MEN usually have
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more aggressive tumors, with larger size and more pronounced symptoms (Syro et al. 2012,
Verges et al. 2002).

Next to the MEN1 at locus 11g13.2 on the same reverse strand is located aryl hydrocarbon
receptor interacting protein (AIP) gene (Yates et al. 2016). Heterozygous mutations in AIP
cause autosomal dominant disorder familial isolated pituitary adenoma (FIPA) with ~20% -
60% penetrance (Igreja et al. 2010). This is an early onset disorder (before age of 30) and
mostly presenting as GH secreting adenoma with increased invasiveness and reduced
response to drug treatment (Shaid and Korbonits 2017, Vierimaa et al. 2006). Mutations that
cause only partial protein product are the most common in A/P related FIPA. AIP mutations
have been found only in 20% of FIPA patients (Leontiou et al. 2008) and other known gene
associated with FIPA is duplicated GPR101 (Beckers et al. 2015). Rest of FIPA cases have
unknown genetic cause. AIP R304Stop mutation have been found in Italy (Ferrau et al. 2016),
United Kingdom (Chahal et al. 2011) and Mexico (Ramirez-Renteria et al. 2016). Expression
of AIP has been shown to be better marker of invasiveness than widely used MKI67 (Kasuki
Jomori de Pinho et al. 2011) and predicts response to octreotide therapy independent of
SSTR2 expression (Kasuki et al. 2012).

MEN type 4 is a MEN like disorder but without mutations in MEN1. About 33% of MEN type
4 patients develop PA of all types. Using information from rat studies causal gene was
identified CDKN1B (Pellegata et al. 2006). But it is not found in all patients (Thakker 2014).
Mutations in CDKN1B leads to disrupted cell cycle arrest (Moller 2000).

Carney complex (CNC) can be described as a type of MEN (Stratakis and Ball 2000). Around
10% of patients have PA secreting either GH or PRL. The causative gene has been identified
as PRKARIA (by two research group independently (Casey et al. 1998, Casey et al. 2000,
Kirschner et al. 2000)), which in case of CNC functions as classic tumor suppressor -
mutations are associated with loss of wild-type allele in CNC tumors (loss of heterozygosity
occurs) (Kirschner et al. 2000). Around 70% of CNC cases are familial, with rest being
sporadic. Penetrance of PRKAR1A cause CNC is close to 100% (Stratakis et al. 2001). Early in
the research of CNC linkage studies suggested 2p16 locus as the cause of CNC, but no
causative gene has yet (as of 2017) been identified in this region (Stratakis et al. 1996).
Xg26.3 duplication acrogigantism (X-LAG) was discovered in a study of early childhood
gigantism. Thirteen patients were identified with microduplication and ten of them were
carriers of pituitary macroadenoma with median maximum diameter 16mm. Other three

had pituitary hyperplasia. Drug therapy was not sufficient in any of patients to achieve
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hormonal control. The duplicated genomic segment on X chromosome was about 500 kb
long, starting at 135,627,637 and spanning to 136,118,269 (GRCh37/hg19). Yet each patient
had unique start and end positions of the duplication, but smallest regions of overlap for all
patients were two and encompassed four genes CD40LG, ARHGEF6, RBMX and GPR101
(Trivellin et al. 2014). Functional investigation of these for genes revealed that GPR101 was
expressed up to 1000 times more in pituitaries of Xq26.3 duplication carriers compared to
non-carriers. Other three genes were either normally expressed or not expressed at pituitary
at all. Same study also tested 248 patients with sporadic PA and no Xq26.3 duplication was
found, but 11 patients had a ¢.924G->C (p.E308D) substitution in GPR101, which was not
found in 7600 controls (Trivellin et al. 2014). GPR101 is coding orphan G-protein—coupled
receptor with high expression in rodent hypothalamus (Bates et al. 2006). Previously
p.A397K mutation has been described and patented as constitutive activator of receptor in
mice (Lowell 2011). Mutation p.E308D is physically close to p.A397K in GPR101 model.
Overexpression of p.E308D and p.A397K GPR101 mutants in rat GH3 cells, but not wild type
receptor lead to significant increase of cell proliferation and secretion of growth hormone

(Trivellin et al. 2014).

1.4.7. Somatostatin system

Somatostatin (SST, also known as growth hormone—inhibiting hormone or growth hormone
release—inhibiting hormone or somatotropin release—inhibiting factor somatotropin release—
inhibiting hormone) is a peptide hormone regulating endocrine system (Brazeau et al. 1973)
and influencin neurotransmission (Epelbaum et al. 1994, Patel et al. 1995) and cell
proliferation (Stewart and James 1999) via interaction of five somatostatin receptors which
belong to G-protein coupled receptor family (Gahete et al. 2010). Somatostatin inhibits
secretion of insulin, glucagon (Krantic 2000) and growth hormone (Brazeau et al. 1973,
Panetta et al. 1994). There are five somatostatin receptors discovered in humans to date
(SSTR1, SSTR2, SSTR3, SSTR4 and SSTR5 (Reisine and Bell 1995)) and also three natural
antagonists are known cortystatin (Dalm et al. 2003, de Lecea et al. 1996) and two types of
SST — somatostatin-14 and somatin-28 (Krantic 2000).

Human genes for somatostatin receptors SSTR1 (located at chr14q13), SSTR2 (17g24), SSTR3
(22913.1), SSTR4 (20p11.2) un SSTR5 (16p13.3) do not contain introns (Yates et al. 2016,
Krantic 2000). Functional receptors of all five types have been identified in central nervous

system and endocrine glands. SSTR1 and SSTR2 are widely expressed throughout the body in
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various tissues, while SSTR3, SSTR4 un SSTR5 expression is more localised. Meanwhile SSTR4
MRNA have not been found in human pituitary (Dalm et al. 2003).

SSTRs inhibit adenocyclasis (Ga 1-3) while selectively activating other transducers, such as
phospholipase-Cp as well as activating internally regulating K* ion channel and current
dependent Ca?* ion channel (Patel 1999).

The hypothesis stands that specific response to SSTR activation is dependent on co-
expression of SSTRs within the cell and interaction between functioning types of SSTR and
their quantity (Cakir et al. 2010). SSTRs also can be constitutive activated (Ben-Shlomo et al.
2013) and are regulated by endocytosis, internal trafficking and arrestin-mediated

desensitization (Hofland and Lamberts 2003, Tulipano et al. 2004).

1.4.8. Natural ligands of somatostatin receptors

There are two naturally active forms of somatostatin (somatostatin-14 and somatin-28) and
they have similar affinity to SSTR1-4 and in case of somatostatin-14 also to SSTR5, but
somatostatin-28 has higher affinity to SSTR5 (Bruns et al. 2002).

Cortystatin (CST) is cyclic neuropeptide consisting of eleven amino-acids which are similar to
those of somatostatin (de Lecea et al. 1996). CST has affinity to all five SSTRs and is
influencing neuronal activity and cell proliferation. CST is also involved in sleep pattern
regulation and reduction of locomotor activity (Spier and de Lecea 2000) CST not only binds
to SSTRs but also GH receptor (Deghenghi et al. 2001). CST and SST have similar effect on
secretion of GH, PRL and insulin in patients with acromegaly or prolactinoma (Grottoli et al.

2006).

1.4.9. SSTR5 and pituitary adenomas

Somatotatin receptor 5 (SSTR5) was discovered in 1993 (Sandford et al. 1996). SSTR5 is
expressed in human brain and also in pituitary in adults and both pituitary and
hypothalamus during human embryonic development (Patel 1999). There are two isoforms
of mature SSTR5 consisting of five or four transmembrane domains and these isoforms are
called SSTSTDM5 and SST5TDMA4, respectively. Both isoforms are functionally active but with
different ligand binding properties. SSTSTDMS5 is preferably binding somatostatin (60%) and
not more so CST (12%), meanwhile SSTSTDM4 binds CST (43%) and only minute quantities of
somatostatin (4%). Expression is differentiated between the two isoforms as well. SSTSTDM5

is expressed in tissues throughout the body and in a study was detected in seven out of 34

46



NFPA. SST5TDM4 isoform was rarely detected in normal tissues but found in 95% of PAs
including somatotropinomas, corticotropinomas, NFPAs (Duran-Prado et al. 2009). A study in
2000 discovered that SSTR5 together with dopamine D2 receptor (DRD2) is involved in
formation of hetero-oligomers. This complex has elevated functional activity and leads to
synergic reactions. Complexes with DRD2 could mean that SSTR5 in involved in psychiatric
disorders and also suggest a role of DRD2 in pituitary (Rocheville et al. 2000). Clinical
importance of SSTR5 is huge in case of GH secreting PAs. SSTR5 inhibits secretion of GH in
somatotropinomas, leading to successful drug use in therapy of acromegaly and GH
oversecretion (Saveanu et al. 2001).

Literature mentions two polymorphisms that are clinically relevant: T461C and C1004T are

associated with level of GH and IGF-1 in patients with acromegaly (Filopanti et al. 2005).
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2. Materials and Methods

2.1 LGDB DNA samples and phenotypic information

All four studies were performed using genomic DNA samples acquired from the Latvian
Genome Database (LGDB) biobank, which is funded by the Ministry of Health, Republic of
Latvia. Participants are recruited and health status recorded by medical personal in
hospitals and general practitioners located in Latvia. Individuals have to be at least 18
years old. Diagnoses are based on approved criteria according to International
Classification of Diseases (ICD-10) codes. Anthropometric measurements (including
weight and height) are acquired during a questionnaire-based interview. Ethnic, social,
lifestyle and environmental information, as well as familial health status are self-reported
and isn’t crosschecked. Recruitment was population based; a specific health condition
was not required for involvement. The studies were carried out in accordance with the
Declaration of Helsinki. The protocols for each individual study was approved by Central
Medical Ethics Committee of Latvia. Written informed consent was obtained from all
participants in all studies.

DNA is extracted from the whole-blood leukocytes by phenol—chloroform method.

DNA samples for the studies were provided by LGDB and aliquoted into 96 well PCR plates
or PCR tubes by Tecan Freedom Evo robotic pipette (Tecan, Mannedorf, Switzerland).

Final DNA amount was 28ng per well.

2.2 Study group description criteria

We followed the Strengthening the Reporting of Genetic Association guidelines to

describe selection of the study group and association analyses (Little et al. 2009).

2.3 Study population

2.3.1. Coronary artery disease study

Study groups were selected from all 7936 participants recruited for the LGDB project from
2003 to 2008. We initially excluded patients with cancer, renal diseases, variant angina
(ICD-10 120.1), cardiomyopathy (ICD-10 142 and 143), and rare diseases (a complete list is
available upon request). Participants with missing phenotypic data analyzed in this study
were also excluded. After these exclusions were carried out, patients with CAD

manifestations including angina (ICD-10: 120) and MI (ICD-10: 121 and 125.2) were selected
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for the case group. The final number of patients was 685. To avoid selection bias based on
the hospital or a specific disease group, controls were randomly selected only from LGDB
participants recruited by general practitioners. Patients with type-2 diabetes (ICD-10: E11)
were not excluded from either case or control group. A total of 830 controls without
cancer, CAD and its manifestations, renal or hepatic conditions, or thyroid disease were
used in the present study. Information about smoking status, alcohol intake, and physical
activity were self-reported. Individuals were designated “smokers’ if they have smoked >
5 cigarettes a day for = 12 months. Former smokers and current smokers were classified
according to these criteria. Physical activity was classified according to self-reporting of
previous physical activity. The non-consumers group comprised individuals who had the
following behaviors: not consuming alcohol; consuming alcohol less than once a week; or
drinking less than 1.5 units of alcohol per week. The remainder of the group was
designated “alcohol consumers.” The study was approved by the Central Medical Ethics

Committee of Latvia (Resolution A-5, March 22, 2007).

2.3.2. GLO1 activity study

In total, 326 participants were recruited for case-control study: 101 patients with T1D,
100 patients with type 2 diabetes T2D, and 125 non-diabetic individuals. All control
participants and patients were of European descent. Exclusion criteria were chronic renal
failure (glomerular filtration rate less than 60 ml/min), chronic liver disease, an active
inflammatory disorder (white blood cell count > 8.5 x 103/mm3), an erythrocyte
sedimentation rate > 20 mm/h, or high-sensitivity C-reactive protein > 15 mg/| (because
high levels may indicate a latent chronic inflammatory condition), anemia, current
evidence or a history of malignancy in the last 5 years, a history of drug or alcohol abuse,
and causes of neuropathy other than diabetes. The study was approved by the Central

Medical Ethics Committee of Latvia (Resolution A-9, May 29, 2006).

2.3.3. Pituitary Adenoma study 2009

The acromegaly patients (total N=48) used in this study were enrolled to the LGDB from
2004 and 2008 from two main hospitals, Pauls Stradins Clinical University Hospital (N=41)
and Riga Eastern Clinical University Hospital (N=7) and they represented approximately
80% of all the acromegaly patients registered in Latvia as of October 2008 (diagnosed

with acromegaly from 1985 to 2007). Additional data were collected based on hospital

49



records and interviews for all the patients selected for this study (ICD-10 code E22.0). 45
patients received the somatostatin analogs octreotide (Sandostatin®LAR) at dose 10-30
mg in every 28 days and lanreotide (Somatuline®Autogel®) at dose 60-90 mg every 28
days. Tumor size was measured as the maximum diameter obtained from magnetic
resonance imaging data and tumors were classified accordingly as microadenomas
(<10mm) or macroadenomas (>=10mm). The effect of somatostatin analogs on tumor
proliferation and insulin-like growth factor 1 (IGF-1) level normalization was estimated by
comparing the tumor sizes and serum IGF-I (uk/ml) measurements during the course of
therapy. In order to estimate the dynamics of adenoma size, the data from last follow-up
was compared with the first available measurement with at least 12-month period in
between. We excluded all cases where the therapy was interrupted or adenoma
resections were performed during this period of time. Two groups were defined:
“reduced” with observable tumor shrinkage (N=11) and “unchanged” with no observable
tumor shrinkage (N=22) together with the cases that showed prolonged expansion (N=2).
Only a limited number of cases had IGF-I measurements available before the therapy. For
the IGF-I response, only the data at least 6 months after the start of the SA therapy were
considered for analysis and only if the therapy was not interrupted. In those cases, where
several IGF-I measurements were available, the mean IFG-l was calculated, excluding the
outliers when that was possible. Non-responsiveness was defined as the mean IFG-I| value
above the upper limit of the normal value at the corresponding age. Due to the lack of
uniformity in the GH measurements, we did not include the GH levels in this analysis.

Two independent control samples were used in this study in order to minimize the risk of
false association.

Control | was 96 samples randomly chosen for sequencing from total of 2203 LGDB
participants recruited from 2003 to 2005 excluding patients with metabolic and endocrine
diseases. Control Il group was sex and age matched to cases and consisted of 475 LGDB
participants. This group was selected from all of the 7935 LGDB participants recruited
from 2003 to 2008 applying the following selection criteria. First we excluded subjects
having any chronic disease including metabolic, endocrine, coronary heart, cancer and
renal conditions. Similarly, we excluded all participants with missing the relevant
phenotypic data. After this selection 1225 healthy adults were considered for further use.
Matching by age was performed in ten-year age groups randomly choosing ten sex

matched controls for each acromegaly patient from the corresponding age group. Five
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samples were omitted due to the practical reasons (96 plate format). Under these criteria
63 participants from the Control | were also included in the Control Il group. Study
protocol was approved by Central Medical Ethics Committee of Latvia (Protocols No A-33,

2005 and A-3, 2008).

2.3.4. Pituitary adenoma study 2016

The case group (165 participants) was enrolled for this study from the LGDB between
2004 and November 2011. Two university hospitals involved in the treatment of PA in
Latvia participated in the enrollment of study cases. One hundred and fifty-eight patients
were recruited from Pauls Stradins Clinical University Hospital and seven patients were
from Riga Eastern Clinical University Hospital. Hormonal profiles (typically levels of GH,
prolactin, IGF-I, ACTH, and others, depending on the presence of clinical indications) from
the blood were determined at an independent commercial laboratory (E. Gulbis
Laboratory, Riga, Latvia) and used for the diagnosis. Prolactin was detected by
electrochemical luminescence with Cobas 6000 (Roche, Basel, Switzerland), while GH,
IGF-I, and ACTH levels were measured with Imulite 2000 (Siemens AG, Berlin, Germany).
In cases with elevated levels of these hormones, magnetic resonance imaging (MRI) was
performed. The presence of a pituitary tumor was determined using high-definition MRI
data from a 1 mm slice series of the pituitary gland without contrasting agent with a
Siemens Magneton 1.5T (Siemens AG, Berlin, Germany). During the first visit to the
endocrinologist, phenotypic features (primary diabetes, primary hypertension, heart
dysfunction, carpal bone syndrome, sleep apnea, macrognathia, and morphology of the
nose and frontal bone) were also considered in the diagnosis, and further blood serum
hormone testing was performed. Data used in this study include sex, age, age at tumor
diagnosis, PA size, presence of extrasellar growth, and hormone-secreting type,
treatment type, drug prescription information, and the occurrence of other tumors. PA
was designated as a “macroadenoma” if its diameter according to the MRI data was
larger than 10 mm. It must be noted that age at diagnosis does not correspond to the age
of tumor incidence or age when clinical symptoms attributed to PA occurred. Phenotypic
data were collected based on hospital records and interviews for all the patients selected
for the study. Samples were excluded from the study due to missing phenotype data (age
or sex; N=9), misdiagnosed as having PA in the primary examination (N=5), inadequate

DNA sample quality (N=2), or re-diagnosis as a pituitary carcinoma (N=1). Due to the low
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number of cases, we also excluded patients with Cushing’s disease (N 4). This left 144
cases eligible for genotyping. Age- and sex-matched controls were selected from LGDB
participants without endocrine or metabolic diseases or other chronic disease. Matching
of samples was performed by dividing the case sample into groups based on sex, then
further dividing subjects into age bins by decade of age. The sample of suitable controls
(N=738) was divided in a similar manner. Controls were picked randomly from each
subgroup according to a number based on each respective case group. Samples with
phenotypic information missing (e.g., sex, age, or BMI) were excluded from random
matching. It should be noted that sex and age matching was performed before
genotyping, and thus, it was influenced by exclusion of some samples as a result of
genotyping quality check. However, the medians of age and interquartile range remained
similar for all respective case—control groups, and in case of linear and logistic regression,
sex was used as a covariate controlling for this issue. A total of 365 controls and one inter-
plate positive control were used in this study. The case-to-control ratio was 1:2.5. The
study protocol was approved by the Central Medical Ethics Committee of Latvia (protocol

no. 01.29.1/28, December 14 2011).

2.4 Target selection of genetic variants

2.4.1. Coronary artery disease study

The aim of the study was to evaluate the role of non- synonymous SNPs in ADORA3 with
respect to susceptibility to CHD. Four nonsynonymous SNPs have been detected in
ADORA3 and are listed in the SNP database of the National Center for Biotechnology
Information (dbSNP, build 131): rs55653224, rs35986308, rs35511654, and rs2800889.
We considered only SNPs that were present in a population of European descent with a
minor allele frequency (MAF) of 20.01. Only rs35511654 corresponded to the

aforementioned criteria and was therefore selected for analyses.

2.4.2. Glyoxalase 1 study

We selected three SNPs (rs2736654, rs1130534, rs1049346) in the GLO1 gene using the
following selection criteria: SNPs located inside the coding region or in close proximity
(within 0.1 kb) of GLO1, and SNPs with MAF 20.1 in the European population, based on

information in the NCBI SNP database (Yates et al. 2016).
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2.4.3. Pituitary adenoma study 2009

Somatostatin acting through the somatostatin receptors is regulating GH secretion and
regulation of tumor proliferation. SSTR2 and SSTR5 are found in high levels in
somatotropinomas of pituitary. Also somatostatin analogues octreotide and lanreotide
that have the highest affinity to SSTR2 and SSTR5 are used to repress GH synthesis and
tumor proliferation in acromegaly patients. Direct sequencing of the SSTR5 gene were

chosen to gain comprehensive view of SSTR5 mutations in patients with acromegaly.

2.4.4. Pituitary adenoma study 2016

Seven candidate genes were selected based on an extensive literature search about
known and probable PA genetics in February 2011. The genes chosen were AIP, MEN1,
GNAS, SSTR2, SSTR5, PRKAR1A, and DRD2. Tag SNPs were selected within these genes
and in the upstream and downstream regions in strong linkage disequilibrium (r2 > 0.8)
with markers within each gene using Haploview v4.2 software (Barrett et al. 2005) and
HapMap release #28 (NCBI build 36, dbSNP b126, CEU analysis panel) (International
HapMap 2003) project information available in February 2011. Nonsynonymous SNPs in
these genes were also included, and the remaining two slots in the 96-SNP assay were
filled with the most informative tag SNPs from PRKAR1A. Detailed information about the
regions chosen and linkage disequilibrium plots are available at supplementary 1. The SNP
list generated by Haploview v.4.2 (Broad Institute, Cambridge, USA) was analyzed by the
llumina Assay Design Tool (lllumina, San Diego, USA). SNPs with low predicted
genotyping success rates were removed and each gene was reanalyzed in Haploview
using the “force exclude” option for the marked polymorphisms. The designated
genotyping success rate of 0.5 was deemed acceptable in cases where no other SNP was
present to capture the marker or important nonsynonymous variant selected. Otherwise,
a “Designability Rank = 1” was required. The final number of SNPs corresponded to the
requirements of the Custom VeraCode GoldenGate Genotyping platform, offering
discrimination of 96 SNPs in a single well of a 96-well microplate as one of the standard

options. A full list of SNPs is located at supplementary 2.
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2.5 DNA analysis

2.5.1. PCR, SSTRS amplification

The SSTR5 gene containing genomic DNA region including 5’ and entire coding region
(from —2239 to +1294 respective to start codon) were amplified in six PCR reactions. PCR
primers for DNA amplification were designed using Primer3 software (primer sequences
can be found in Supplementary 3A). Following PCR reaction setup was used: 1mM BD
buffer, 2,5mM MgCl,, 0,5 units Hot FirePolymerase, 0,2mM dNTP mix (SolisBioDyne,
Tartu, Estonia), 0,3mM primers and 28ng template DNA. PCR temperatures were 95°C —
5min, 40 cycles — 95°C — 30s, 55°C — 30s, 72°C — 1min, and 5min at 72°C for final extension
and the PCRs were carried out on Veriti96Therma Cycler (Applied Biosystems, Foster City,
USA).

2.5.2. PCR, MEN1 validation

Polymerase chain reaction primers were 5- CAGAAGGTGCGCATAGTGAG-3' and 5'-
GGTCCGAAGTCCCCAGTAGT-3'. Following PCR reaction setup was used: 1mM BD buffer,
2,5mM MgCly, 0,5 units Hot FirePolymerase, 0,2mM dNTP mix (SolisBioDyne, Tartu,
Estonia), 0,3mM primers and 28ng template DNA. PCR temperatures were 95°C — 5min,
40 cycles — 95°C — 30s, 60°C — 30s, 72°C — 30s, and 7min at 72°C for final extension and
the PCRs were carried out on Veriti96Therma Cycler (Applied Biosystems, Foster City,
USA).

2.5.3. Agarose gel electrophoresis

The presence of PCR products were confirmed by 0,8% agarose gel electrophoresis.

2.5.4. Purification of PCR products

Dephosphorylation of remaining dNTPs was done with shrimp alkaline phosphatase
(Fermentas, Vilnius, Lithuania/ Thermo Fisher Scientific, Waltham, USA) according to
manufacturer’s protocol. Restriction endonuclease Exol (Fermentas, Vilnius, Lithuania/
Thermo Fisher Scientific, Waltham, USA) was used to remove leftover primers. This

cleanup ensures the best results for Sanger sequencing.
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2.5.5. Sanger sequencing

SSTR5 gene amplification products had both strands directly sequenced using a set of 14
primers that were designed on Primer3 Software v.2.2.0 (Universitdt Heidelberg,
Heidelberg, Germany) (Untergasser et al. 2012) (Supplementary 3B).

Sanger sequencing was performed to confirm MEN1 rs2959656 heterozygous state in
seven carriers discovered by Illlumina BeadXpress genotyping. Sequencing primers were
5'- CAGAAGGTGCGCATAGTGAG -3’ and 5'- GGTCCGAAGTCCCCAGTAGT -3".

Following sequencing reaction setup were used: 1ul BigDye, 2ul 5x BigDye sequencing
buffer, 0,5mM corresponding primer, 150-250ng of template DNA (from the previously
described PCR reactions) and 5.5ul distilled H.O. Reaction conditions were set: 96°C —
1min, 25 cycles - 96°C — 10s, 50°C — 5s, and 60°C — 4min. PCR was carried out on Veriti96
Thermal Cycler (Applied Biosystems, Foster City, USA).

The products were purified using Sephadex G50 (Sigma-Aldrich, St. Louis, USA) and
sequenced with ABI Prism 3100 (AME Bioscience, Torod, Norway) capillary
electrophoresis sequencer. All chromatograms were manually inspected using Contig
Express software of Vector NTI Advance 9.0 package (InforMax Inc, North Bethesda, USA)
or in case of MEN1 sequencing — FinchTV v.1.4.0 (Perkin Elmer, Waltham, USA). Presence

of polymorphisms was also confirmed by opposite strand analysis.

2.5.6. MALDI-TOF genotyping

Genotyping were carried out using mini-sequencing and subsequent MALDI-TOF mass
spectrometry analysis. Special primers for mini-sequencing were designed using the
program CalcDalton (Kirsten et al. 2006)(University of Leipzig, Leipzig, Germany). These
primers (Supplementary 4) contained biotin cap on 5 end and photosensitive linker
cleavage site. Mini-sequencing reaction setup: 0,5mM 10xC buffer, 1,25mM MgCl,, 1 unit
TermiPoIDNAPol (Solis BioDyne, Tartu, Estonia), 0,2mM ddNTPs (Fermentas, Vilnius,
Lithuania), ImM primers mentioned above and 5ul of PCR product.

Mini-sequencing conditions were 95°C — 2min, 99 cycles — 95°C — 10s, 55°C — 10s, 72°C —
10s, and finishing 72°C — 5min. After mini-sequencing products were precipitated on
streptavidin coated 384-well plates (Biotez, Berlin, Germany) and subjected for ultraviolet
exposure for 15 min. After purification 1ul of DNA mini-sequencing sample where diluted
in 1ul of 3 —hydroxypicolinic acid matrix (70mM and 40mM di-ammonium hydrogen
citrate), spotted on MTP AnchorChip 400/384TF (Bruker Daltonics, Billerica, USA) and air
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dried. MALDI-TOF MS analyses were carried out on MALDI-TOF mass spectrometer
(Bruker Daltonics, Billerica, USA) using maximum 40 nitrogen laser shots with frequency
16,7 Hz on each sample spot. Oligo calibration standard LMW (Bruker Daltonics, Billerica,
USA) were used for mass calibration in interval 1000 - 4000 Da. We used the following
mass intervals for the genotyping; rs34037914 intervals 3500 — 4500 Da, for rs169068 —
3000 — 4000 Da, for rs642249 — 4000 — 5000 Da.

Results were analyzed using Genotools SNP Manager software v2.2 (Bruker Daltonics,

Billerica, USA) and manually verified.

2.5.7. TagMan genotyping

DNA samples were aliquoted from storage tubes into 96- well PCR plates using a Tecan
Freedom Evo system (Tecan, Mannedorf, Switzerland) with disposable filter tips. DNA
concentration was normalized to 7 ng/ml. Genotyping was carried out using an Applied
Biosystems TagMan SNP Genotyping Assay with a modified protocol using 4.75 ml
TagMan Genotyping Mix (Applied Biosystems, Foster City, USA), 0.25 ml SNP genotyping
assay ID C_25626674_20 (Applied Biosystems, Foster City, USA) and 5 ml Millipore H,O
(Millipore, Bedford, USA) on a 7500 Real-Time PCR system (Applied Biosystems).
AutoCaller 1.1 (Applied Biosystems, Foster City, USA) software was used to
simultaneously assign genotype calls for all samples. Samples with unsuccessful

genotyping were removed.

2.5.8. Illumina BeadXpress genotyping

All 96 SNPs were genotyped using the lllumina BeadXpress system (lllumina, San Diego,
USA) with Illumina GoldenGate genotyping assay (lllumina, San Diego, USA) (Lin et al.
2009). Genotyping was carried out according to the manufacturer’s instructions. In order
to ensure quality control and a high intra-subject concordance rate, 46 or 9.3% DNA
samples were randomly chosen and distributed to other plates for repeated genotyping.
All quality control steps in the manufacturer’s instructions were implemented. One
sample was used as a positive control across all plates. There was >99.98% observed
genotype concordance; with one mismatched allele call in 46 repeat pairs (one out of
5796 alleles obtained), excluding uncalled alleles. Additionally, one mismatched allele call
was observed among seven inter-plate controls; therefore, no assay plates were removed

from the study due to excessive genotype mismatch. Primary genotyping data analysis
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was performed by Illumina GenomeStudio V2010.3 Genotyping module V1.8.4. software
(Hlumina, San Diego, USA). The Gene Call threshold was set to 0.25. The cluster images of

the signal intensity were manually reviewed.

2.5.9. Glol enzyme assay

Glo1 activity was determined in whole blood samples on the day of the blood collection,

according to a method described in (Skapare et al. 2011).

2.5.10. Statistical analysis

Statistical analyses were undertaken with the PLINK 1.06 and v1.07 software (Purcell et al.
2007). Deviation from the Hardy—Weinberg equilibrium was assessed by the exact test
described by (Wigginton et al. 2005) which is more accurate for rare genotypes. The
Cochran—Armitage trend test was used for unadjusted association analysis. Logistic
regression assuming an additive, dominant, or recessive mode of inheritance was
employed to adjust the analysis for other non-genetic factors. Sex, age, body mass index
(BMI), diabetes, smoking, alcohol consumption, and physical activity were included in the
logistic regression models as covariates. Linear regression was used to determine
relationships between genotypes and quantitative variables with and without covariates
(sex, age, BMI, smoking, alcohol consumption, history of statin and ACE inhibitor/ARB
therapies).

Haplotype association was performed as implemented in PLINK.

Normal distribution was determined using the Kolmogorov—Smirnov test.

To minimize the false-positive results, given the relatively small sample size, we carried
out a permutation test with a ‘label swapping’ method using identical parameters;
100,000 permutations were used including the correction for multiple testing (EMP2
value).

The Chi-square test and Student’s t-test were used to compare characteristics between
case and control groups. Mann—Whitney rank sum test was used to compare quantitative
variables that are not normally distributed.

P values <0.05 after adjustment for Bonferroni multiple testing correction were
considered to indicate statistical significance. P values lower than 0.05 before multiple
testing correction were deemed noteworthy and their biological relevance was examined

closer.

57



In the 2009 study of PA the IGF-I data were transformed as a normalized percentage of
upper limit of normal (ULN) of appropriate age according to formula (CIGF-I — ULNIGF-
1)/ULNIGF-I x 100). Normalized IGF and all other continuous variable displayed normal
distribution and were further used in linear regression analysis. Two sided Fisher exact
test was used to test the allelic distribution in case of categorical clinical variables, except
the analysis of number of adenoma resections where Pearson Chi-Square was calculated
from 3x3 table.

Statistical power was calculated using Quanto software v1.2.4 (Natara Software,
Naperville, USA) (Gauderman 2002) for SNP with frequencies of 1, 5, 10, and 50% using
the assumptions of gene-only hypothesis, log-additive inheritance, and a population risk

from 0.001 to 0.01 by 0.05 in a two-tailed test using our sample.
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3. Results

3.1 A Nonsynonymous Variant 1248L of the Adenosine A3 Receptor Is Associated

with Coronary Heart Disease in a Latvian Population
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Adenosine plays an important part in the cardiac response to ischemia and reperfusion. The human adenosine
receptor A3 (A3R), along with other adenosine receptors, is involved in mediation of those effects. The aim of the
study was to ascertain whether the nonsynonymous single-nucleotide polymorphism (SNP) 1248L (reference
SNP ID: rs35511654) located in the A3R gene is associated with coronary heart disease (CHD). DNA samples
from 683 individuals with CHD and from 826 control subjects selected from the Latvian Genome Database were
successfully screened for rs35511654 using the TagMan SNP Genotyping Assay. We observed a significantly
decreased frequency of the rs35511654 C allele in a group of CHD patients compared with that in controls
(p=0.009). The association remained significant after adjustment for age, sex, and other nongenetic factors
(p=0.02). These results suggest that A allele of rs35511654 may predispose to CHD.

Introduction

HE ROLE OF ADENOSINE IN cardioprotection against

damage induced by ischemia-reperfusion has been in-
tensively studied over the past two decades (Liu ef al., 1991;
Maldonado ef al., 1997; Tracey et al., 1997; Thourani et al.,
1999; Xu et al., 2006). The cardioprotective effect of adenosine
is mediated via four adenosine receptors (A1R, AzaR, AR,
A3R) that belong to the G-protein—coupled receptor family
(Tucker and Linden, 1993). Adenosine receptors are ex-
pressed in a wide range of tissues, including within the
cardiovascular system (Su et al., 2004).

The main role of cardioprotection has been allocated to the
most-studied adenosine receptor: AqR (Ely and Berne 1992;
Mentzer et al.,, 1993; Sommerschild and Kirkeboen, 2000;
Headrick et al., 2003). A,AR and A;gR are involved in car-
dioprotection in the heart against ischemic damage as co-
factors of an A;R-mediated pathway (Urmaliya et al., 2009).

The least known of the four adenosine receptors is A3R. It is
thought that As;R signaling protects cardiomyocytes against
damage caused by ischemia via short-term preservation by
adenosine triphosphate as well as protection from contractile
dysfunction and energy depletion due to normalization of in-
tracellular Ca®*. This protective effect has been observed after
induced ischemia in the hearts of mice and rabbits (Liu ef al.,
1991; Maldonado et al., 1997; Tracey ¢t al., 1997; Thourani ef al.,

1999; Xu et al., 2006) and administration of doxorubicin in rats
(Shneyvays et al., 2001). However, the reasons for the possible
action of A3R in other tissues are controversial. Experiments
have shown that administration of an A;R-selective agonist
20 min before cerebral ischemia extends the area of damaged
brain, but that administration of the same agonist 20 min after
ischemia results in decreased damage (Von Lubitz et al., 2001).
One report stated that AsR signaling suppresses the release of
tumor necrosis factor alpha (TNF-») from human monocytes
(Le Vraux et al., 1993), but a more recent study showed com-
pletely opposite results (Zhang et al., 2005). The A3R receptor is
expressed in the heart at a very low level. Hence, either this
receptor is very efficiently coupled to the signaling pathways
protecting the heart or the cardioprotective effects are also
induced by activation of the A3R in cells outside cardiac tissues
(Jacobson and Gao, 2006).

The human A3R gene (ADORA3) is located on chromo-
some 1p13.2 (HapMap build 37.1) and consists of two exons
separated by a 2.2-kb intron (Murrison ef al., 1996). One
study focusing on the role of adenosine receptors in myo-
cardial infarction (MI) has shown that a nonsynonymous
single-nucleotide polymorphism (SNP) rs35511654 located in
ADORAS3 is associated with an increased size of the infarct.
Single-proton emission computed tomography (SPECT)
showed an increase of ~33% in infarct size per C (minor)
allele (Tang et al., 2007). No other studies have been published
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on the impact of ADORAS3 variants on coronary heart disease
(CHD) and its clinical manifestations.

In the present study, we demonstrated the association of
the rs35511654 A allele with CHD in a cohort of patients
from the Latvian Genome Database (LGDB).

Materials and Methods
Study population

We followed the Strengthening the Reporting of Genetic
Association guidelines to describe selection of the study
group and association analyses (Little et al., 2009). Subjects
for this case-control study were acquired from the LGDB
biobank, which is funded by the Latvian government. Par-
ticipants were recruited by medical personal in hospitals and
general practitioners located in Latvia.

Individuals had to be >18 years of age. Health status was
recorded by physicians. Diagnoses were based on approved
criteria according to International Classification of Diseases
(ICD-10) codes. Anthropometric measurements (including
weight and height), ethnic, social, and environmental informa-
tion, as well as familial health status were acquired in a ques-
tionnaire-based interview. Recruitment was population based; a
specific health condition was not required for involvement.

Study groups were selected from all 7936 participants re-
cruited for the LGDB project from 2003 to 2008. We initially
excluded patients with cancer, renal diseases, variant angina
(ICD-10 120.1), cardiomyopathy (ICD-10 142 and I43), and
rare diseases (a complete list is available upon request).
Participants with missing phenotypic data analyzed in this
study were also excluded.

After these exclusions were carried out, patients with
CHD manifestations including angina (ICD-10: 120) and MI
(ICD-10: 121 and 125.2) were selected for the case group. The
final number of patients was 685. To avoid selection bias
based on the hospital or a specific disease group, controls
were randomly selected only from LGDB participants re-
cruited by general practitioners. Patients with type-2 diabe-
tes (ICD-10:E11) were not excluded from either case or
control group. A total of 830 controls without cancer, CHD
and its manifestations, renal or hepatic conditions, or thyroid
disease were used in the present study.

Information about smoking status, alcohol intake, and
physical activity were self-reported. Individuals were des-
ignated “smokers” if they have smoked =5 cigarettes a day
for 212 months. Former smokers and current smokers were
classified according to these criteria. Physical activity was
classified according to self-reporting of previous physical
activity. The nonconsumers group comprised individuals
who had the following behaviors: not consuming alcohol;
consuming alcohol less than once a week; or drinking <1.5
units of alcohol per week. The remainder of the group was
termed “alcohol consumers.”

The study protocol was approved by Central Medical
Ethics Committee of Latvia. Written informed consent was
obtained from all participants.

SNP selection and genotyping

The aim of the study was to evaluate the role of non-
synonymous SNPs in ADORA3 with respect to susceptibility
to CHD. Four nonsynonymous SNPs have been detected in
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ADORAS3 and are listed in the SNP database of the National
Center for Biotechnology Information (dbSNP, build 131):
rsb5653224, rs35986308, rs35511654, and rs2800889. We
considered only SNPs that were present in a Caucasian
population with a minor allele frequency (MAF) of >0.01.
Only rs35511654 corresponded to the aforementioned criteria
and was therefore selected for analyses.

DNA samples were aliquoted from storage tubes into 96-
well polymerase chain reaction (PCR) plates using a Tecan
Freedom Evo system (Tecan, Mdnnedorf, Switzerland) with
disposable filter tips. DNA concentration was normalized to
7ng/uL. Genotyping was carried out using an Applied
Biosystems TagMan SNP Genotyping Assay with a modified
protocol using 4.75puL TagMan Genotyping Mix (Applied
Biosystems, Foster City, CA), 0.25uL SNP genotyping assay
1D C_25626674_20 (Applied Biosystems) and 5puL Millipore
H,O (Millipore, Bedford, MA) on a 7500 Real-Time PCR
system (Applied Biosystems). AutoCaller 1.1 (Applied Bio-
systems) software was used to simultaneously assign geno-
type calls for all samples. Samples with unsuccessful
genotyping were removed. A total of 683 cases and 826
controls were included in the statistical analyses of the study.

Statistical analyses

Statistical analyses were undertaken with the PLINK 1.06
software (http: //pngu.mgh.harvard.edu/purcell / plink /)
(Purcell et al., 2007). Deviation from the Hardy-Weinberg
equilibrium was assessed by the exact test described by
Wigginton et al. (2005), which is more accurate for rare ge-
notypes. The Cochran-Armitage trend test was used for
unadjusted association analysis. Logistic regression assum-
ing an additive, dominant, or recessive mode of inheritance
was employed to adjust the analysis for other nongenetic
factors. Sex, age, body mass index (BMI), diabetes, smoking,
alcohol consumption, and physical activity were included in
the logistic regression models as cofactors. The permutation
test was carried out using label-swapping between the SNP
and trait condition but leaving intact correlation with other
covariates; 100,000 permutations were undertaken for each
analysis. The chi-square test and Student’s f-test were used to
compare characteristics between case and control groups.
Statistical power was calculated using Quanto software
(Natara Software, Naperville, IL) (Gauderman and Morrison,
2006). Our sample size provided 80% power (at «=0.05) to
detect an odds ratio (OR) of 1.56 (0.64), assuming an MAF of
0.093 (based on controls).

Results

The general characteristics of the study population are
shown in Table 1. Smoking was positively correlated with
CHD status (p<0.0001), whereas regular consumption of
alcohol showed a negative correlation (p<0.0001). A statis-
tically significant difference in physical activity (p=0.12)
between the case and control groups was not observed.

From all exonic SNPs reported from the available data-
bases, 1535511654 was the only nonsynonymous SNP in the
AsR with an MAF >0.01 and was therefore included in the
study.

The prevalence of genotyping success was 99.6%. Genotyp-
ing was unsuccessful for two CHD patients and four controls.
There were no significant deviations from Hardy-Weinberg
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TasLe 1. CHARACTERISTICS OF PATIENTS WITH CORONARY
HEeART DisEASE COMPARED WITH CONTROLS

Controls Cases
Characteristic (n=2826) Mm=683) P
Men, 1 (%) 429 (51.9%) 420 (61.5%) 0.05
Mean age (+5D), 523187 59.3+93 <0.0001
ears
Mean BMI (£SD), 26.83+4.95 28.88+4.97 <0.0001
kg/ m>
Presence of type-2 91 (11.0%) 62 (9.1%) 0.30

diabetes, 1 (%)
Smoking n (%)
Regular alcohol

consumption, n (%)

440 (53.3%)
190 (23.0%)

487 (71.3%) <0.0001
63 (9.2%) <0.0001

Physically active, nn (%) 156 (18.9%) 107 (15.7%) 0.12

Presence of angina, — 601 (88%) —
1 (%)

Presence of M1, n (%) — 418 (61.2%) —

Presence of heart — 443 (64.9%) —
failure, n (%)

1s35511654 CC/CA/ 5/144/677  3/86/594 —
AA,n

Minor allele 9.3 6.7 0.009
frequency (%)

HWE test p-value 0.55 0.53 —

Smoker: current or former smoker who smoked regularly for =12
months. Regular consumer of alcohol: individuals consuming
alcohol more than once every week and people consuming =1.5
units of alcohol every week. Physically active: individuals carrying
out a sporting activity >4 times a week; physically demanding daily
job; sports professional.

MI, myocardial infarction; CHD, coronary heart disease; BMI,
body mass index; SD, standard deviation; HWE, Hardy-Weinberg
equilibrium.

equilibrium either in cases or controls or in the subgroups of any
condition analyzed (Table 1).

The MAF of rs35511654 observed in our study (0.093) was
lower than that reported in the HapMap project for this SNP
in a population with Northern and Western European an-
cestry (0.167).

We observed a significantly decreased frequency of the
rs35511654 C allele in the group of CHD patients compared
with controls (Table 1). The calculated OR for allele number
indicated a protective effect of the C allele against CHD
events: OR=0.70 (95% confidence interval: 0.54-0.91).
1535511654 was significantly associated with the presence of
CHD in our study group under the unadjusted Cochran—
Armitage test (p=0.009). To remove bias from the con-
founding factors, we adjusted the association of rs35511654
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with CHD by including sex, age, BMI, diabetes, smoking,
alcohol consumption, and physical activity in a logistic re-
gression model. A significant difference in genotype distri-
butions between cases and controls was found under the
additive and dominant models (Table 2). To minimize the
false-positive results, given the relatively small sample size,
we repeated the aforementioned analyses carrving out a
permutation test with a label swapping method for both
analyses using identical parameters. Corrected empirical
p-values generated by the permutation test remained sig-
nificant in both models (Table 2).

Discussion

In the present study, we showed the association of a
nonsynonymous SNP in ADORA3 with CHD in a Latvian
population. Qur results suggested that the minor allele C of
1535511654 is protective for CHD. To increase the power of
the study, we included all available participants that mat-
ched selected phenotypic criteria, resulting in significant
differences between cases and controls with respect to sex
and age. We therefore adjusted all statistical analyses using
sex and age as covariates in logistic regression models. In-
terestingly, type-2 diabetes in controls was present at a
slightly higher frequency (0.11) compared with cases (0.09).
This frequency was not significantly different from the gen-
eral prevalence in the Latvian population (0.099; unpub-
lished results from the Latvian Society of Endocrinology).

The MAF observed in controls (0.093), when compared
with published results, was similar to that of the Finnish
population (0.094), but considerably lower than that in the
populations of Denmark (0.144) and France (0.158) (Tregouet
et al., 2008).

1535511654 changes isoleucine at position 248 of the re-
ceptor to leucine. This amino acid is located in the sixth
transmembrane domain of the receptor. It has been shown
that nearby amino acids are involved in the recognition of
agonists and antagonists (positions 250 N and 247 S, re-
spectively) as well as signal transduction and receptor acti-
vation (positions 243 W and 239 E, respectively) (Gao et al.,
2002). Changes in amino acids at position 248 may therefore
lead to internal structural changes that could affect ligand
binding and/or signal transduction properties of the A;R.
Although uncommon, such changes could lead to enhanced
ligand-mediated activity or partial constitutive activity of the
receptor, thereby enhancing the cardioprotective properties
of the AsR.

The protective properties of minor variants could be due
to direct (adenosine A3R in the heart), indirect (adenosine
AzR in other parts of cardiovascular system or cells of the

TABLE 2. AssocIATION OF CORONARY HEART DiISEASE WITH Rs35511654

Number

Genetic model Cases (n=683)

Controls (n=2826) pP

p® (100,000

permutations) OR (CI 95%)

CHD versus  Additive (CC/CA/AA) 3/86/594
controls Dominant (CC+CA/AA) 89/594
Recessive (CC/AC+AA) 3/680

5/144/677 0.025 0.025 0.71 (0.53-0.96)
149/677 0.022 0.022 0.70 (0.51-0.95)
5/821 0.75 0.77 0.76 (0.15-3.97)

“Adjusted for sex, age, BMI, type-2 diabetes, smoking, alcohol consumption, and physical activity.

OR, odds ratio; CI, confidence interval.
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immune system), as well as combined action. The relatively
high frequency of nonsynonymous SNP may support the
protective nature of this polymorphism. CHD manifestations
usually occur in later life (usually postreproductive) and
positive evolutionary pressure in a population would be
rather weak. Studies in murine models revealed that slight
overexpression of adenosine AzR enhances cardioprotection
with no adverse effect, but sixfold overexpression in mice
resulted in dilated cardiomyopathy (Black et al., 2002). We did
not observe a different allele dosage effect in our study group.
The presence of a minor allele could also indirectly influence
protection of the myocardium via an AzR-mediated role in the
inflammation process. Conflicting information exists regard-
ing the role of the AR in the release of inflammatory factors
from monocytes (Le Vraux et al., 1993; Zhang et al., 2005).
However, it has been shown that adenosine acting through
the A;R inhibits the release of TNF-a from monocytes that
propagate formation of plaque lesions in artery walls after
differentiating into macrophages. Inhibition of TNF-o release
may therefore reduce the rate of growth and the number of
plaques. In this way, the variant receptor may contribute to
cardioprotection against CHD by reducing the severity of
atherosclerosis and slowing its progression.

QOur results showed opposite effects compared with those
of Tang et al. (2007), in which the presence of the C allele was
associated with an increased size of infarct. However, there
were significant differences with respect to study design and
patients groups used between their study and the present
study. Our study was population based and represented
CHD events without specific selection, whereas they studied
a group of patients who had MI only in the left ventricle
detected by SPECT. Therefore, the results of these two
studies are not directly comparable. One may speculate that
the presence of the C allele does not directly contribute to the
severity of MI but instead provides better survival in cases of
increased infarct size, thus explaining the increased fre-
quency of this allele in patients with more severe forms of
CHD. A cohort study with registered fatal events would be
needed to test this hypothesis.

In summary, our results showed an association of a non-
synonymous SNP in ADORA3 that may affect the progres-
sion of CHD in a Latvian population.
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The glyoxalase system and its main enzyme, glyoxalase 1 (GLO1), protect cells from advanced glycation end
products (AGEs), such as methylglyoxal (MG) and other reactive dicarbonyls, the formation of which is
increased in diabetes patients as a result of excessive glycolysis. MG is partly responsible for harmful protein
alterations in living cells, notably in neurons, leading to their dysfunction, and recent studies have shown a

g?y;:coarliss:el negative correlation between GLO1 expression and tissue damage. Neuronal dysfunction is a common
Sl\?}) diabetes complication due to elevated blood sugar levels, leading to high levels of AGEs. The aim of our
Diabetes study was to determine whether single nucleotide polymorphisms (SNPs) in the GLOT gene influence activity

of the enzyme. In total, 125 healthy controls, 101 type 1 diabetes, and 100 type 2 diabetes patients were
genotyped for three common SNPs, rs2736654 (A111E), rs1130534 (G124G), and rs1049346 (5'-UTR), in
GLO1. GLO1 activity was determined in whole blood lysates for all participants of the study.
Our results showed a significant association between the minor alleles rs1130534 and rs1049346 and
decreased enzyme activity (P=0.001 and P=2.61x10"7, respectively). Increased allelic counts of the risk
alleles were strongly associated with decreased GLO1 activity (standardised 3= —0.24, P=2.15x10"7), in-
dicating independent actions of these variants on GLO1 activity, as supported by the haplotype analysis. We
showed for the first time an association between genetic variants with GLO1 enzyme activity in humans.
SNPs in GLOT can be used to predict enzyme activity and detoxifying capabilities, but further studies are
needed to link these SNPs with common complications in diabetes.

© 2012 Elsevier B.V. All rights reserved.

products (AGEs). GLO1 is the main enzyme in this system, being
responsible for converting reactive dicarbonyls into non-toxic inter-
mediates (Thornalley, 1990). The importance of GLO1 is supported
by phylogenetic conservation in various taxa, such as protozoa, fungi,
bacteria, plants, and mammals, including humans (Thornalley, 2003).
The glyoxalase system classically has been studied in context of diabe-
tes, characterised by elevated glucose levels. Today, there is over-
whelming evidence for an association between AGEs and highly

1. Introduction
The glyoxalase system, including the enzymes glyoxalase 1 (EC

4.4.1.5, GLO1) and glyoxalase 2 (EC 3.1.2.6, GLO2), protects living
cells from producing and accumulating advanced glycation end

Abbreviations: 5'-UTR, 5 prime untranslated region; ACE inhibitor/ARB, angiotensin

converting enzyme inhibitors and angiotensin receptor blocker; AGE, advanced
glycation end product; BMI, body mass index; EMP2, corrected empirical p-value;
GABA, gamma-aminobutyric acid; GLO1, glyoxalase 1; GLO2, glyoxalase 2; Hap, haplo-
type; HbAlc, glycated hemoglobin; HDL, high-density lipoprotein; hs-CRP,
high-sensitivity C-reactive protein; LD, linkage disequilibrium; LDL, low-density lipo-
protein; MAF, minor allele frequencies; MALDI-TOF, matrix-assisted laser desorption/
ionization time-of-flight mass spectrometer; MG, methylglyoxal; SD, standard devia-
tion; SNP, single nucleotide polymorphism; T1D, type 1 diabetes; T2D, type 2 diabetes;
U/g Hb, units per gram hemoglobin.

* Corresponding author at: Biomedical Research and Study Centre, Ratsupites 1,
LV1067, Riga, Latvia. Tel.: 4371 67808003; fax: +371 67442407.
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reactive dicarbonyl metabolite methylglyoxal (MG) and increased
diabetes complications in humans and diabetic mice/rat models,
including neuropathy, endothelial damage of blood vessels, reti-
nopathy, nephropathy, and premature ageing (Berner et al., 2012;
Jack et al., 2012; Morcos et al., 2008; Wautier and Schmidt, 2004).
It has recently been shown that MG induces primary hyperalgesia
in animals and could be a cause of pain in patients with diabetes,
by post-translationally modifying the nociceptor-specific sodium
channel Na, 1.8 (Bierhaus et al., 2012). GLO1 has also been investi-
gated in anxiety, including a murine model showing that gene
overexpression increases anxiety-related behaviour Hovatta et al.
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(2005) by reducing the GABA4 receptor agonist MG (Distler et al.,
2012). An association analysis in a human population with anxiety
disorder subtypes suggested a role (0.01<P<0.05) for GLO1 in-
volvement in this phenotype (Donner et al., 2008). GLO1 appears
to have an important role in tumour growth and partly in chemo-
therapy survival. A number of studies suggests that some tumours
rely on GLO1 to increase their viability and resistance to multiple
drugs (Thornalley and Rabbani, 2011).

Several publications have studied the association of single nucleo-
tide polymorphism (SNP) rs2736654 (also known as rs4746) (A111E),
in GLOT and autism with inconclusive results in different populations
(Junaid et al., 2004; Rehnstrom et al., 2008). Glutamic acid at the 111
position of GLO1 reduces the activity of the enzyme in immortalized
lymphoblastoid cells (Barua et al, 2011). However, the A allele of
rs2736654 was not associated with nephropathy, retinopathy, or an
altered albumin/creatinine ratio in a Chinese population (Wu et al,
2011). 151049346, located in the 5’-UTR of GLO1, was associated with
type 2 diabetes complications: namely, retinopathy and nephropathy
(Wu et al,, 2011). Although AGEs are known to damage blood vessels,
no link between polymorphisms in GLOI and vascular complications
was found in a cohort of European patients (Engelen et al,, 2009). In
this study, we estimated the influence of three GLO1 polymorphisms
on enzyme activity.

2. Methods

In total, 326 participants were recruited by the Latvian Genome
Database (LGDB), a government funded biobank (shortly described
in Ignatovica et al. (2012)) from a recent study of GLO1's association
with painful neuropathy (Skapare et al, in press). This case-control
study included 101 patients with type 1 diabetes (T1D), 100 patients
with type 2 diabetes (T2D), and 125 non-diabetic individuals. All control
participants and patients were of European descent.

Exclusion criteria were chronic renal failure (glomerular filtra-
tion rate<60 ml/min), chronic liver disease, an active inflammatory
disorder (white blood cell count>8.5x10%>/mm?), an erythrocyte
sedimentation rate>20 mm/h, or high-sensitivity C-reactive protein
(hs-CRP) > 15 mg/l (because high levels may indicate a latent chronic
inflammatory condition), anaemia, current evidence or a history of
malignancy in the last 5 years, a history of drug or alcohol abuse, and
causes of neuropathy other than diabetes. Data collected at study entry
included age, medical history, age at diagnosis, medication, smoking his-
tory, and alcohol intake.

The study was carried out in accordance with the Declaration of
Helsinki and was approved by the Central Medical Ethics Committee
of Latvia (Resolution A-9, May 29, 2006). Written informed consent
was obtained from all participants.

We selected three SNPs (rs2736654, rs1130534, rs1049346) in the
GLO1 gene using the following selection criteria: SNPs located inside
the coding region or in close proximity (within 0.1 kb) of GLO1, and
SNPs with minor allele frequencies (MAF) above 0.1 in the Caucasian
population, based on information in the NCBI SNP database.

Genotyping was performed by minisequencing and subsequent
MALDI-TOF mass spectrometry, as described previously (Ignatovica
et al, 2012). Primer sequences are available on request.

Analysis of results was performed using the Genotools SNP Manager
Software (Bruker Daltonics, Germany) and verified manually after-
wards. GLO1 activity was determined in whole blood samples on the
day of the blood collection, according to a method described previously
(Skapare et al, 2011). Statistical analyses were performed using
the PLINK 1.07 software (http://pngu.mgh.harvard.edu/purcell/plink/)
(Purcell et al, 2007). Deviation from Hardy-Weinberg equilibrium
was assessed using the exact test. Blood GLO1 activity values were dis-
tributed normally, as determined using the Kolmogorov-Smirnov test.
Linear regression was used to determine relationships between geno-
types and GLO1 enzyme activity with and without covariates (gender,
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age, BMI, smoking, alcohol consumption, history of statin and ACE in-
hibitor/ARB therapies). To minimize the false-positive results, given
the relatively small sample size, we carried out a permutation test
with a ‘label swapping’ method using identical parameters; 100,000
permutations were used including the correction for multiple testing
(EMP2). The t-test was used to compare means between genotypes
and weighted averages are reported. Haplotype association was
performed as implemented in PLINK. P values<0.05 after adjustments
were considered to indicate statistical significance.

3. Results

General characteristics of the study population are shown in
Table 1. The mean age of the study group was 46.3 +5.3 years. Total
genotyping success was 99.7%. rs1130534 and rs2736654 were suc-
cessfully genotyped in all study subjects, while three genotypes for
151049346 were not acquired. No deviation from Hardy-Weinberg
equilibrium was observed for any of the SNPs (P> 0.05). We observed
significantly decreased blood GLO1 activity associated with the pres-
ence of rs1130534 AT and TT and rs1049346 TT and CT genotypes
(Table 2). For each T allele of rs1130534 there was a decrease of
blood GLOT1 activity of an average of 3.1 U/g Hb, while a decrease in
activity of an average of 2.8 U/g Hb was observed for each T allele of
rs1049346. The results remained significant after a permutation test
and correction for multiple testing. Linkage disequilibrium (LD) cal-
culations revealed strong linkage disequilibrium between the two
SNP pairs (Fig. 1). Haplotype reconstruction analysis identified five
common haplotypes with minor haplotype frequencies>0.01 when
all three SNPs were included. A summary of haplotype-based assaci-
ation results with regard to GLO1 activity is presented in Fig. 1.
Haplotype analysis results showed the significant impact of two
SNPs, 11130534 and rs1049346, on GLO1 activity with probable ac-
tion of rs2736654 as a modulator. Individuals carrying minor alleles
in both rs1130534 and rs1049346 loci (Hap2) had significantly lower
GLO1 activity (21.84+4.3 U/g Hb) than individuals with both major
alleles in the same positions (33.0+7.0 U/g; Hap4). At the same
time, the presence of the rs2736654 C allele lowered the GLO1 activity
by 0.8 U/g Hb (Hap1, Hap4), compared with the respective haplotypes
containing the A allele (Hap3 and Hap5, respectively). When analysed
independently, an increased number of risk alleles was associated sig-
nificantly (standardized = —024; P=2.15x10"") with decreased
GLOT1 activity (Fig. 2). No association was cbserved for any of these

Table 1

Description of 326 study participants.
Characteristic, unit Value
Age, years + 5D 463+15.3
Male sex, n (%) 139 (43%)
Type 1 diabetes, n (%) 100 (31%)
Type 2 diabetes, n (%) 101 (31%)
Fasting plasma glucose, mmol/l 7.414+3.10
HbAc, % (N=230) 8.23+227
BMI, kg/m? 276+59
hs-CRP, mg/l (N=257) 2224216
Total cholesterol, mmol/l 558£1.16
Triacylglycerol, mmol/l 1.87+1.65
HDL-cholesterol, mmol/l (N=165) 1.45+0.45
LDL-cholesterol, mmol/l (N=172) 3.51+1.02
C-peptide, ng/ml (N=260) 1.90+1.72
Blood GLO-1 activity, U/g Hb 31.39+8.00
Current smoker, n (%) 95 (29%)
Alcohol intake (=1 consumptions/week) (%) 33 (10%)
Statin therapy, n (%) 94 (29%)
ACE-inhibitor/ARB therapy, n (%) 144 (44%)
rs1130534 MAF (T) 0.15
152736654 (rs4746) MAF (C) 0.42
rs1049346 MAF (T) 0.49
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Table 2
GLO1 polymorphisms associated with GLO1 activity.

Genotype n (%) Blood GLO1 activity, U/g Hb P 35 P 100,000 permutations®
rs1130534 AA 234 (72) 31.6+85

AT 86 (29) 286483 0.001 0.004 0.01

T 6(2) 2524100
152736654 (rs4746) AA 105 (32) 31.1+88

AC 168 (52) 309+9.2 030 0.47 0.83

cc 53 (16) 2941454
rs1049346 1T 80 (25) 27.2+80

CT 158 (49) 314491 261x10 ° 0.0001 0.0003

cc 85 (26) 328+71

# Pvalue adjusted using covariates sex, age, BMI, smoking, alcohol consumption, statin and ACE inhibitor/ARB therapies. Pvalues <0.05 after 100,000 permutations were considered

to indicate statistical significance.

SNPs with presence of diabetes (T1D or T2D, or both together) in our
sample group (data not shown).

4. Discussion

The connection between reactive dicarbonyls, such as MG, AGEs,
the glyoxalase system, and complications of diabetes has been the
subject of intensive research (Thornalley, 1990, 2003; Wautier and
Schmidt, 2004; Wu et al., 2011). Our results suggest for the first time
an association between the T allele of rs1049346, located in the 5'-UTR,
and the T allele of synonymous SNP 151130534 with decreased activity
of GLO1 measured in whole blood samples. The association between ge-
netic variations in GLOT with altered enzyme activity was more pro-
nounced with haplotypes consisting of minor alleles of two SNPs,
51130534 and rs1049346.

The main strengths of our study are the well-characterized study
group, established GLO1 enzyme activity assay, and recognized
genotyping method. Due to the small sample size, which is the main
limitation of the study, we focused our research on detecting the
influence of a few frequent SNPs directly on enzyme activity rather

than trying to link SNPs and/or haplotypes with phenotypes that could
arise due to altered GLO1 activity. Historically, one of the first SNPs to
be described in GLOT was rs4746 (re-named as 1s2736654) that changes
alanine to glutamic acid at amino acid position 111 (Kompf et al., 1975).
It has been shown that glutamic acid in 111 position of GLOT reduces
the activity of enzyme in immortalized lymphoblastoid cell lines Barua
et al. (2011), while our study results revealed that it had the opposite -
although not statistically significant — effect on GLO1 activity estimated
from whole blood lysate. This difference may be explained by the
differing experimental designs. One may expect a more pronounced
effect of a non-synonymous change when cultured lymphoblastoid cells
are used instead of whole blood lysate. On the other hand, two other
SNPs (rs1130534 and rs1049346) were not analysed in the study of
Barua et al. (2011) and it would be interesting to observe the effect of
these SNPs on GLO1 activity. Another difference is that our study was
performed using a relatively large group of unrelated individuals, com-
pared with five cell lines per genotype originating from an autism study
including some families. It may be that the observed effect could be
explained by the presence of two other common SNPs (rs1130534 and
rs1049346) that are in linkage disequilibrium with rs2736654 and

GLO1
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- N -
w 9 @
# Haplotype Frequency Beta P
Hap1 A-C-T 25.4% -1.87 0.0200
Hap2 T-A-T 14.6% -3.55 0.0002
Hap3 A-A-T 9.2% 0.57 0.66
Hap4 A-CC 16.5% 1.25 0.22
Hap5 A-A-C 34.0% 247 0.0006

Fig. 1. Haplotype association results. A schematic representation of a GLO1 gene and a pairwise LD plot with D' values. Table lists results of a haplotype association with GLO1 ac-
tivity. Haplotypes exceeding 1% frequency are shown.
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Fig. 2. Risk allele count effect on GLO1 activity showing an association between increased
number of risk alleles per individual and decreased GLO1 activity. Two statistically
significantly associated SNPs (rs1130534 and rs1049346) presented.

are, in fact, associated with GLO1 activity. An independent effect of
152736654 also cannot be ruled out, because our haplotype analysis
showed that the presence of a C allele decreased the mean GLO1 activity
of these haplotypes (Fig. 1). An independent effect of each of the variants
studied is further supported by linear regression analysis showing a re-
markable decrease in GLO1 activity with increase in number of risk alleles
per individual (Figs. 1, 2). Similarly, epistasis may possibly occur, where
the effect of enzyme isoforms may be enhanced or silenced by the pres-
ence of variation that affects the expression of the protein. Regarding
the functionality of variants analysed, it should be noted that two of the
SNPs tested do not change the amino acid sequence of GLO1. rs1049346
is located in the 5 -UTR and may be involved in disrupting the regulation
of expression, resulting in a decrease in enzyme activity. The possible
functional involvement of rs1130534 in relation to decreased GLO1 activ-
ity is unclear; however, there are convincing results on the role of other
synonymous SNPs in altered phenotypes due to disrupted gene regula-
tion (Brest et al,, 2011). Further functional studies including estimation
of mRNA and/or protein levels are needed to confirm the functionality
of the polymorphisms studied. It should be also noted that effects of
GLO1 activity changes observed in blood cannot be directly extrapolated
to other organs where specific factors may modulate the enzymatic activ-
ity versus blood cells.

We did not observe an association between the SNPs and the pres-
ence of diabetes corresponding to data from various genome-wide as-
sociation studies of diabetes (Saxena et al., 2007). In a mouse model,
overexpression of GLO1 may protect from peripheral sensory neuron
damage Jack et al. (2012), but whether the same is true in humans
and whether polymorphisms in GLOT pose a risk to peripheral neurons
remain unclear. Thus, no association between GLO1 non-synonymous
polymorphism 152736654 and diabetic complications was observed
by Wu and colleagues while a positive association was found with
rs1049346 and retinopathy and nephropathy. Further studies with
detailed information on the presence of diabetic complications and
increased numbers of subjects are necessary to investigate the role of
these variations in increasing vascular complications in diabetic pa-
tients. Our study provides key insights into common genetic factors
that influence GLO1 activity, but not the presence of diabetes in our
study group.
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Abstract

Objective: Although pituitary adenomas (PAs) affect a significant proportion of the population, only a fraction

have the potential to become clinically relevant during an individual’s lifetime, causing hormonal imbalance or
complications due to mass effect. The overwhelming majority of cases are sporadic and without a clear familial
history, and the genotype-phenotype correlation in PA patients is poorly understood. Qur aim was to investigate

the involvement of genes known for their role in familial cases on drug response and tumor suppression in the
development and pathology of PAs in a patient group from Latvia.

Design: The study included 143 cases and 354 controls, we investigated the role of single-nucleotide polymorphisms
(SNPs) in seven genes (SSTR2, SSTR5, DRD2, MEN1, AIP, GNAS, and PRKAR1A) associated with pituitary tumor
occurrence, phenotype, and clinical symptoms.

Methods: Genotyping of 96 tag and nonsynonymous SNPs was performed in the genomic regions of interest.

Results: We discovered a significant association (OR=17.8, Cl1 0.95=2.18-145.5, P=0.0002) between a rare MEN1
mutation (rs2959656) and clinically active adenoma in our patients. Additionally, rs7131056 at DRD2 was associated
with a higher occurrence of extrasellar growth in patients with prolactinoma and somatotropinoma (OR=2.79, CI
0.95=1.58-4.95, P=0.0004).

Conclusions: rs2959656, a nonsynonymous variant in MENT1, is associated with the development of clinically active PA.
Furthermore, rs7131056 in DRD2 contributes to either faster growth of the adenoma or

reduced symptomatic presentation, allowing PAs to become larger before detection. European Journal of
Endocrinology
(2016) 175, 145-153

Introduction

Upto 15% of clinically active primary intracranial neoplasms ~ PAs (NFPAs) (37%) and growth hormone (GH)-secreting
are pituitary adenomas (PAs) (1). Clinically significant PAs (somatotroph) adenomas (13%) (6). It was formerly thought
affect one individual out of approximately 1000-1300  that PA-caused acromegaly had a prevalence of 40-60 (7, 8)
people in the general population (2, 3). Silent adenomas are ~ patients per million people, but more recent findings show
more common and are found in 1.5-27.0% (mean 10.7%) that clinically relevant somatotroph adenomas present a
of people examined (4). Meta-analysis estimation shows a rate of 124/1000000 (9) people in Europe and 480/1 000000
prevalence of 16.7% in the general population (5). PAs are (10) in Brazil. More than 70% of GH-secreting adenomas
categorized by their size and type of hormone secreted. The  are larger than 10mm in diameter (macroadenomas) at the
most common type of clinically significant PAs is prolactin-  time of diagnosis (11), probably because tumor formation
secreting (40% of all PAs), followed by nonfunctioning  can start as many as 10 years before diagnosis (7).

www.eje-online.org © 2016 European Society of Endocrinology Published by Bioscientifica Ltd.
DOI: 10.1530/EJE-15-0879 Printed in Great Britain
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There is evidence that both genetic and epigenetic
factors are important for the development of human
neoplasms (12). It has been shown that PAs are tumors
of monoclonal origin (13). At least three separate clinical
syndromes have been associated with hereditary PAs,
including multiple endocrine neoplasia type 1 (MEN1),
Carney complex, and familial isolated PA, caused by
mutations in MENI, PRKARIA, and AIP, respectively
(14, 15, 16). About 5% of PAs can be attributed to
these familial syndromes, while others are considered
as sporadic cases thought to be caused by mutations
in various genes including tumor suppressors in the
retinoblastoma tumor suppressor and p53 pathways (17).
Research shows that a wider range of clinically significant
adenomas tend to aggregate in families (18). The genetic
mechanisms underlying common forms of adenoma are
less clear, with multiple genes potentially involved in the
pathogenicity of PA. A recent genome-wide association
study identified two markers on chromosome 10 and
one on chromosome 13 to the presence of sporadic
mutations in the Han Chinese population (19). A novel
finding suggests Xq26.3 microduplication responsible for
sizeable proportion of the infantile pituitary gigantism
cases, and further examination of the genes in this
region in sporadic acromegaly cases suggests GPRIOI
as a cause (20). A MENI1-like syndrome (MEN4) has
been described more recently in rats and humans and
relates to mutations in the CDKNI1B gene, which may
be considered as a rare cause of pituitary adenomas (21).
AIP mutations, normally associated with familial isolated
PA, have also been shown to be rarely involved in the
occurrence of sporadic cases (22, 23) and lack of response
to somatostatin analogs (SA) in acromegaly (18, 23, 24).
Somatostatin acting through somatostatin receptors
(SSTRs) is an important mediator of GH secretion and
regulation of tumor proliferation; therefore, this system
has been extensively studied in acromegaly (25, 26, 27),
and our previous study identified an association between
polymorphisms in SSTR5 with acromegaly and number
of disease parameters (28). Similarly, the involvement
of the dopamine system in clinically significant PA
has been suggested, since dopamine agonists inhibit
production of prolactin from the pituitary gland (29).
The targeting of DRD2 with dopamine agonists has been
used successfully in patients with elevated hormone
levels in prolactin-secreting and/or mixed GH/prolactin
adenomas (30). Somatic mutations in the Gsa gene
(GNAS) are found in 40% of GH-secreting PAs, resulting
in increased sensitivity to the inhibitory action of
somatostatin (31).

MENT and DRD2 impact
pituitary adenomas

175:2 146

In this research article, we present results from
genotyping of tag single-nucleotide polymorphisms
(SNPs) for seven candidate genes (AIP, SSTR2, SSTRS,
DRD2, GNAS, MEN1, and PRKAR1A) and their neighboring
regions (in strong linkage disequilibrium (LD) with markers
within the gene) in samples from 143 sporadic PA patients
and 354 age- and sex-matched controls (at a 1:2.5 ratio
of cases to controls) in order to investigate the potential
involvement of these genes in nonfamilial PA cases.

Methods

Study population and diagnosis

This study was carried out using DNA samples from the
Latvian Genome Database (LGDB) (briefly described
previously) (32). DNA was extracted from the whole-
blood leukocytes by phenol-chloroform method.
Written informed consent was acquired from all LGDB
participants. The study protocol was approved by the
Central Medical Ethics Committee of Latvia (protocol
no. 01.29.1/28, 14 December 2011). The case group
(165 participants) was enrolled for this study from
the LGDB between 2004 and November 2011. Two
university hospitals involved in the treatment of PA in
Latvia participated in the enrollment of study cases. One
hundred and fifty-eight patients were recruited from Pauls
Stradin$ Clinical University Hospital and seven patients
were from Riga Eastern Clinical University Hospital.
Hormonal profiles (typically levels of GH, prolactin,
insulin-like growth factor 1 (IGF1), adrenocorticotropic
hormone (ACTH), and others, depending on the presence
of clinical indications) from the blood were determined
at an independent commercial laboratory (E. Gulbis
Laboratory, Riga, Latvia). Prolactin was detected by
electrochemical luminescence (Cobas 6000, Roche),
while GH, IGF1, and ACTH levels were measured with
Imulite 2000 (Siemens AG, Berlin, Germany). In cases
with elevated levels of these hormones, magnetic
resonance imaging (MRI) was performed. The presence of
a pituitary tumor was determined using high-definition
MRI data from a 1 mm slice series of the pituitary gland
without contrasting agent with a Siemens Magneton 1.5T
(Siemens AG, Berlin, Germany). During the first visit to the
endocrinologist, phenotypic features (primary diabetes,
primary hypertension, heart dysfunction, carpal bone
syndrome, sleep apnea, macrognathia, and morphology
of the nose and frontal bone) were also considered
in the diagnosis, and further blood serum hormone
testing was performed. Anthropometric and social data,
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health records, and family histories were obtained when
including the patient in the study. Data used in this study
include sex, age, age at tumor diagnosis, PA size, extrasellar
growth, and hormone-secreting type, treatment type,
drug prescription information, and the occurrence of
other tumors. PA was designated as a “macroadenoma”
if its diameter according to the MRI data was larger
than 10mm. It must be noted that age at diagnosis
does not correspond to the age of tumor incidence or

Arertieeadd

ndtmilaibnd +o =y
11‘\ UL uULITu,

attrioutea 1o

niral D

1PLOULLLS
Phenotypic data were collected based on hospital records

and interviews for all the patients selected for the study.
Samples were excluded from the study due to missing
phenotype data (age or sex; N=9), misdiagnosed as
having PA in the primary examination (N=35), inadequate
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DNA sample quality (N=2), or rediagnosis as a pituitary
carcinoma (N=1). Due to the low number of cases, we
also excluded patients with Cushing’s disease (N=4),
leaving 144 cases eligible for genotyping.

Age- and sex-matched controls were selected from
LGDB participants without endocrine or metabolic
diseases or other chronic disease. Matching of samples
was performed by dividing the case sample into groups
based on sex, then further dividing subjects into age
bins by decade. The sample of suitable controls (N=738)
was divided in a similar manner. Controls were picked
randomly from each subgroup according to a number
based on each respective case group. Samples with
phenotypic information missing (e.g., sex, age, or BMI)
were excluded from random matching. It should be
noted that sex and age matching was performed before
genotyping, and thus, it was influenced by exclusion of
some samples as a result of genotyping quality check.
However, the medians of age and interquartile range
remained similar for all respective case—control groups,
and in case of linear and logistic regression, sex was used
as a covariate controlling for this issue. A total of 365
controls and one interplate positive control were used in
this study. The case-to-control ratio was 1:2.5.

Candidate gene and SNP selection

Seven candidate genes were selected based on an extensive
literature search about known and probable PA genetics
in February 2011. The genes chosen were AIP, MENI,
GNAS, SSTR2, SSTRS5, PRKARIA, and DRD2. Tag SNPs
were selected within these genes and in the upstream
and downstream regions in strong linkage disequilibrium
(LD) (r*>0.8) with markers within each gene using
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Haploview v4.2 software (33) and HapMap release
#28 (NCBI build 36, dbSNP b126, CEU analysis panel)
(34) project information available in February 2011.
Nonsynonymous SNPs in these genes were also included,
and the remaining two slots in the 96-SNP assay were
filled with the most informative tag SNPs from PRKARIA.
Detailed information about the regions chosen and LD
plots are available upon request. The SNP list generated by
Haploview was analyzed by the Illumina Assay Design Tool
(Illumina, San Diego, CA, USA). SNPs with low predicted
genotyping success rates were removed and each gene
was reanalyzed in Haploview using the “force exclude”
option for the marked polymorphisms. The designated
genotyping success rate of 0.5 was deemed acceptable
in cases where no other SNP was present to capture the
marker or important nonsynonymous variant selected.
Otherwise, a “Designability Rank=1" was required. The
final number of SNPs corresponded to the requirements of
the Custom VeraCode GoldenGate Genotyping platform,
offering discrimination of 96 SNPs in a single well of a
96-well microplate as one of the standard options. A full
list of all SNPs and respective information about each is
available upon request.

Genotyping and quality control

All 96 SNPs were genotyped using the Illumina
BeadXpress system (Illumina GoldenGate genotyping
assay) (35). Genotyping was carried out according to the
manufacturer’s instructions. In order to ensure quality
control (QC) and a high intrasubject concordance rate,
9.3% or 46 DNA samples were randomly chosen and
distributed to other plates for repeated genotyping.
All QC steps in the manufacturer’s instructions were
meticulously implemented. One positive sample was used
in all plates. There was >99.98% observed concordance;
there was one mismatched allele call in 46 repeat pairs
(one out of 5796), excluding uncalled SNPs and alleles.
Additionally, only one mismatched allele call was observed
among seven positive controls; therefore, no assay plates
were removed from the study. Primary genotyping data
analysis was performed by Illumina GenomeStudio
V2010.3 Genotyping module V1.8.4. software. The Gene
Call threshold was set to 0.25. The cluster images of the
signal intensity were manually reviewed.
Sangersequencingwasperformedtoconfirmrs2959656
heterozygous state in seven carriers. Polymerase chain
reaction primers were 5-AGCCAGCACTGGACAAGG-3’
and  5-CCTTCATGCCCTTCATCTTC-3'.  Sequencing
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primers were 5-GGAAGCCTCCTGGGACTGT-3' and
5 -TCTGGAAAGTGAGCACTGGA-3".

Statistical analysis

PLINK v1.07 (36) was used for statistical analyses. A basic
association test was used to test the difference between
cases and controls. Logistic regression was used to test for a
difference between cases and controls, adjusting the results
for smoking status and sex. Linear regression was used to
test the association with quantitative variables. P-values
lower than 0.00081 to account for Bonferroni multiple
testing correction for 62 SNPs tested were considered
significant. Initial P-values lower than 0.05 were deemed
noteworthy and such results were examined closer.

Statistical power was calculated using Quanto v1.2.4
for SNP with frequencies of 1, 5, 10, and 50% using
the assumptions of gene-only hypothesis, log-additive
inheritance, and a population risk of 0.001 in a two-tailed
test using our sample (Fig. 1).

Age was not normally distributed in the whole case
or control groups due to the fact that PAs are age-related
and controls were age-matched to cases. However, the
quantitative variable ‘age at diagnosis’ was normally
distributed in PA patients and subgroups of different
adenoma types according to a chi-square goodness-of-fit
test (P>0.05). Normally distributed quantitative variables
are presented as mean+s.n. Quantitative variables that do
not follow normal distribution are presented as medians
and interquartile range (Table 1).

Mann-Whitney rank sum test was used to compare
quantitative variables that are not normally distributed.

3 — 0.01
§0'6 — 005

3= — 0.10
— 0.50

1 2 3 4 5
QOdds ratio

Figure 1

Statistical power calculated for samples in this study (143 cases
and 355 controls) at single-nuclectide polymorphism frequencies
of 0.01, 0.05, 0.1, and 0.5.
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Results

The aim of this study was to genotype a set of 96 SNPs
from seven candidate genes, which according to available
literature data could be potentially involved in PA in 144
cases and 366 controls. Thirty-three SNPs were excluded
from further analysis, with 11 SNDPs excluded due to
undistinguishable clusters and 22 excluded for being
monomorphic (having a single cluster). Twelve samples
(11 controls and one case) were excluded due to call rates
of less than 90%. One SNP (rs4938025) did not pass the
Hardy-Weinberg equilibrium test (P<0.01) according
to PLINK and was excluded. After QC, 497 individuals
genotyped for 62 SNPs remained eligible for further
statistical analysis. Detailed characteristics of the study
subjects are given in Table 1.

The strongest association signal was observed
in MENI1. Carriers of the rare nonsynonymous SNP
152959656 had a significantly increased risk for
developing a pituitary tumor (OR=17.8, P=0.0002)
(Table 2). Seven heterozygous carriers of this SNP were
observed in the case group, while only one 26-year-old
individual from the control group had the same variant.
The presence of this SNP was not associated with the
specific hormonal profile of adenoma. Five of the seven

Table 1 Characteristics of study population.

Variable Cases Controls

n 143 354

SNPs analyzed 62 62

PA (overall) male-to-female 1:1.86 -
ratio

PA (overall) mean age at 44.3+£15.9 -

diagnosis+s.p.
GH-secreting adenomas (n) 66 -

GH-secreting adenomas 1:2.14 -
male-to-female ratio

GH-secreting adenomas mean  44.7+14.0 -
age at diagnosis+s.D.

Prolactinomas (n) 46 -

Prolacinomas male-to-female 1:1.56 -
ratio

Prolacinomas mean age at 38.9+15.6 -

diagnosis+s.p.
NFPA (n) 31 -
NFPA male-to-female ratio 1:1.82 -
NFPA mean age at 51.0£17.6 -
diagnosis+s.p.
PAs with extrasellar extension
(n, %)
Median age, years (Q1-Q3)
Male sex (n, %)
Smoking history (n, %)

77 (53.8%) -

50 (35.5-60.5) 51 (39.75-62.0)
50 (35.0%) 96 (27.1%)
87 (60.8%) 227 (64.1%)

GH, growth hormone; NFPA, nonfunctioning pituitary adenoma; PA,
pituitary adenoma; Q1-Q3, interquartile range; s.o., standard deviation.
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Table 2 Association results of SNPs with categorical variables (condition vs control group) (not corrected for multiple testing).

Condition Gene SNP F PA F C OR (Cl 95%) P p*
PA MENT rs2959656  0.024 0.001 17.8(2.18-145.5) 0.0002 0.005
GH-secreting PA SSTRS rs34037914 0.113 0.046 2.63(1.36-5.08) 0.003 0.006
SSTRS rs2076421  0.262 0.363  0.62 (0.41-0.95) 0.03 0.04
SSTRS rs169068 0.554 0.456 1.48(1.01-2.16) 0.04 0.04
Prolactinoma MENT rs624975 0.228 0.141 1.80(1.06-3.06) 0.03 0.05
NFPA DRD2 rs7125415 0.194 0.105 2.06 (1.05-4.04) 0.03 0.05
GH- or prolactin-secreting PA with extrasellar growth DRD2 rs7131056  0.587 0.337 2.79(1.58-4.95) 0.0004 0.0002
DRD2 rs4938025 0.585 0.326 2.92(1.60-5.30) 0.0004 0.002

Cl, confidence interval; F_C, SNP frequency in controls; F_PA, SNP frequency in cases; OR, odds ratio; PA, pituitary adenoma; *, adjusted for covariates:

sex, BMI, and smoking history.

carriers had clinically significant microadenoma and two
others had macroadenomas.

However, several other SNP-phenotype associations
with certain types of adenoma or specific disease
phenotypes were noted and examined closer. None of
these, however, remained statistically significant after
Bonferroni correction for multiple testing (correcting
for 62 SNPs genotyped). The strongest association trend
with acromegaly was rs34037914 at SSTR5. A number of
disease phenotypes in our study were adenoma-specific
or were not equally distributed among different types
of tumors. Thus, extrasellar growth of adenomas was
more frequently observed in NFPA (77%) compared
with both hormone-secreting adenoma groups (46%)
(P=0.004). Therefore, we assessed the association with
this phenotype in these subgroups. While none of the
SNPs were associated with extrasellar growth in the NFPA
group, two DRD2 SNPs (rs7131056 and rs4938025) were
associated with extrasellar growth in the joint analysis
of GH- and prolactin-secreting adenomas. Association
results of categorical parameters are given in Table 2.

More closely investigated association results with
age at diagnosis are given in Table 3. Four SNPs show
association trend with a difference in the age at diagnosis
of PA. The minor alleles of three SNPs decreased the age
at PA diagnosis by 5-17 years, while the minor allele of

DRD2 variant 152734849 increased the age at diagnosis by
almost 6 years. In the subgroup of cases with acromegaly,
two other SNPs show trend of association with decreased
age at diagnosis (rs624975 in MENI and 151800497 in
DRD2) (Table 3).

Haplotype reconstruction using our genotyping
data did not reveal strong LD between the chosen tag
SNPs in the Latvian population. Ditferences in the
allele frequencies of SNPs between the Latvian and CEU
populations are available upon request.

Discussion

In this study, multiple tag SNPs were genotyped in seven
candidate genes in order to investigate their influence on
the development of PAs and specific disease phenotypes.
Due to the limited sample size, our primary aim was to
detect clinically relevant genetic changes with large effects
in relation to observed phenotypes (OR>3; —5>f>+5).
Only recently, the first genome-wide association study
on PA has been published. In that study, two markers on
chromosome 10 and one on chromosome 13 were associated
with elevated PA risk in the Han Chinese population. With
ORs ranging from 1.28 to 1.44, these SNPs have modest
influence on increased risk for PA development (19). Even

Table 3 Top association results of SNPs with quantitative variables (not corrected for multiple testing).

Condition Gene SNP Nc Nwt Beta P P*

Age at PA diagnosis DRD2 rs2734849 103 40 5.84 0.002 0.001
DRD2 rs2002453 69 72 -5.06 0.02 0.01
MEN1 rs607969 4 137 -17.6 0.03 0.03
SSTR5 rs34037914 18 113 -7.07 0.04 0.04

Age at GH-secreting PA diagnosis MEN1 rs607969 4 62 -19.07 0.007 0.006
SSTR5 rs34037914 12 50 -9.21 0.009 0.02
MENT1 rs624975 18 48 -9.12 0.009 0.01
DRD2 rs1800497 19 27 -8.62 0.013 0.007

Beta, regression coefficient; GH, growth hormone; Nc, number of minor allele carriers; Nwt, number of wild-type carriers; PA, pituitary adenoma;

*, adjusted for covariates: sex, smoking history.
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if this data were available at the design stage of our study,
the chance of detecting effects at these ORs in our limited
population size would be low (Fig. 1).

Few candidate gene studies have suggested potential
contributors to PA development. For example, LRRC4 has
been shown to have a protective effect for the T allele
at 1s6944446 (OR=0.44, P=0.036) (37). Another study
found that two CYP2D6 alleles increased susceptibility to
pituitary tumors (38).

Recently, there is more attention on research of
genetic changes in tumor samples that give insights into
mutation rate and mechanisms in formation of PA and
their clinical phenotypes (20, 39, 40). Main conclusion
from these studies is that mutations detectable with current
sequencing technologies in the exome of the somatic cells
are zero (40) to seven (41) per tumor and that corresponds
to generally slow proliferation of benign pituitary
adenomas. However, no recurrent somatic mutations were
detected in the exomes of seven NFPAs and 24 controls
(41) or 12 genomes of prolactin and GH-secreting Pas
(40). The heterogeneity of genetical causes of PA seems
to be a major hurdle in understanding the PA formation
in greater detail. This issue has been overcome in the
study of early-onset pituitary gigantism where the impact
of microduplication of Xq26.3 encompassing GPR101
(gene was also found to harbor mutation in 11 sporadic
acromegaly patients in the same study) was detected
in 14 of 43 study participants demonstrating value of
using phenotypic group as uniform as possible (20).
Same conclusion can be made to discover that somatic
mutations in USP8 cause corticotroph Pas (42, 43).

The main discovery in our study is the association
between the nonsynonymous MEN1 SNP 152959656
and the development of PA. Mutations in this tumor-
suppressor gene are known to cause sporadic PA and
familial MEN1 syndrome (17, 44, 45); however, this
particular SNP has not been described previously as a
PA marker in the literature. According to the NCBI SNP
database, rs2959656 is rare among the CEU population
from the HapMap project (34), but the global minor
allele frequency is 0.261. It is unlikely that this SNP is
the causal variant itself, given the high minor allele
frequency in non-European populations. Most likely,
this variant is in strong LD with the true causal variant,
unique to Europeans or rare in other populations. These
assumptions derive from previously published studies,
indicating that none of the handful of known MENI]
mutations is predominantly the cause of neuroendocrine
tumors. To date, more than 1300 mutations are known,
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although there are no mutation hotspots, and functional
regions of MENI have not been deduced from these
genotype alterations (46, 47).

There were seven 152959656 in MEN1 carriers among
143 PA cases and only one carrier in the 354 age- and sex-
matched controls. All carriers were heterozygous and all
were women. No distinct hormone-secreting profile was
observed for carriers. The only minor allele carrier in
controls was a 26-year-old female without a pituitary MRI.
Her age (26 years) is well below mean age at PA diagnosis
(44.3 years) in our sample. Literature data also suggest
that pituitary tumors are more likely to affect females and
with significantly higher tumor lifetime risk when MEN1
is mutated (starting from 6.7% at the age of 20-53.4%
at the age of 60) (48). This gender discrepancy has been
attributed to a difference in the transcriptional regulation
of the estrogen and androgen receptors (49). Often, LOH
has been observed in patients with MEN1 syndrome (50).
LOH in this locus can atfect both MEN1 and AIP or either
one of them, and such situations have also been associated
with Pas (51). Same could be true with inherited large
deletion in this region, but not in this case, where all eight
carriers were confirmed to be heterozygous for this SNP.

Several associations between SNPs and different
PA types, depending on the hormone secretion profile,
were observed. The strongest was a previously reported
association (28) of rs34037914 in SSTRS with acromegaly.
A similar association was observed for rs169068 (SSTRS),
which is in LD with rs34037914. The OR in this study is
within the 95% CI range of the previous study (2.63 (1.36-
5.08) vs 4.51 (1.76-11.6)) (28). Nevertheless, in this study,
we used a larger number of genotype markers resulting
in a nonsignificant P-value after correction for 62 SNPs
tested. Association of 1s34037914 with age at diagnosis
of acromegaly in patients with somatotroph adenoma
also remained consistent with previous report. Two other
markers, 15624975 in MENI and 151800497 in DRD2,
showed similar effects as 1s34037914 on younger age of
the patient at acromegaly diagnosis, while the previously
discussed rare rs607969 variant in MEN1 had a more than
two times higher impact on the age at diagnosis. Patients
carrying this variant were younger at the time of diagnosis.

Extrasellar growth of adenomas refers to the state
when the tumor enlarges to the degree that it extends
outside the bony cavity (sella turcica) where the pituitary
normally resides. Extrasellar growth may be infrasellar
(into the bone), suprasellar (toward the optical chiasma
and hypothalamus), or into the cavernous sinus. Not
surprisingly, most (77% in our sample) of the NFPA cases
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exhibited extrasellar growth at the time of diagnosis,
because the physical tumor size that usually causes health
issues leads to the detection of the disease. Meanwhile, in
both hormonally active adenoma groups, where seeking
medical help is primarily initiated due to issues linked
with hormone oversecretion, the extrasellar growth rate
was 46% and was identical in both groups. Due to this
heterogeneity, association of extrasellar growth with
genotype was carried out only in hormonally active PAs.
It is still unclear why several DRD2 and GNAS SNPs might
be associated with extrasellar growth of adenomas. First,
it is possible that these SNPs increase the aggressiveness
of the tumor due to decreased DRD2 or G content,
leading to either less-efficient receptor signaling or
signal transduction, resulting in reduced suppression of
PA proliferation. In order to test this hypothesis, several
consecutive MRI measurements would be needed to assess
adenoma dynamics. A second possibility is that these
SNPs in DRD2 and GNAS lead to lower hormone secretion;
therefore, the adenoma has more time to grow before a
person seeks medical help. Third, a completely different
mechanism may involve changes in social behavior
in the case of DRD2. Altered DRD2 signaling may lead
to higher anxiety against visiting a medical center and
undergoing tests, thus giving more time for tumor growth
before its detection. From eight initial associations with
the extrasellar growth of PAs, rs7131056, located in
the first intron of the DRD2, remained significant after
correction for covariates and multiple testing for 62
SNPs. According to previous studies, this SNP is weakly
associated with migraine (52, 53), nicotine dependence
(54), and social phobia (55). The latter association could
support the hypothesis that people are more likely to
postpone medical examination, allowing their adenoma
excess time to grow.

An important limitation of this study is that patient
recruitment for the study of acromegaly from two
hospitals started earlier than for the rest of the PA cases,
leading to overrepresentation of somatotroph adenomas
in our sample, which does not reflect the typical
proportion of adenoma types in the general population.
Other research has shown that the most common type of
adenomas is prolactin-secreting (40%), NFPAs (37%), and
somatotropinomas (13%) (6). One of the main limitations
of this research, and of rare disease genetics in general, is
a small sample size that only allows reliable identification
of genetic effects with large impacts (OR>3.6 when the
allele frequency is 1%). Another limitation of our study
is that the control sample had not undergone MRI
diagnostics for the pituitary and therefore might contain
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undiagnosed PAs, especially ones with clinically silent
NEPAs. However, cases with silent adenomas that become
clinically relevant are generally rare and thus would not
affect the analysis significantly. Finally, it should be noted
that candidate genes were selected on the basis of their
ability to initiate the development of clinically significant
tumors rather than tumorigenesis of PA in general.

In conclusion, we have, for the first time, shown an
association between rs2959656, a nonsynonymous MEN1
SNP, with increased risk for PA development. We have
also identified several other SNPs in SSTR5, DRD2, and
GNAS that show an association trend with the occurrence
of PA and their clinical characteristics, but the effects are
too small to be reliably proven with our sample set. This
study remains one of the few genetic studies using the
representative selection of tag SNPs from several candidate
genes in order to identify genetic causes of PA.
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Introduction

Abstract

Objective: The aim of this study was to characterize the genetic variance of somatostatin receptor 5
(SSTRS) and investigate the possible correlation of such variants with acromegaly risk and different
disease characteristics.

Design and methods: The SSTRS5 gene coding region and 2000 bp upstream region was sequenced in
48 patients with acromegaly and 96 control subjects. Further, three single nucleotide poly-
morphisms (SNPs) were analyzed in the same group of acromegaly patients and in an additional group
of 475 age- and sex-matched controls.

Results: In total, 19 SNPs were identified in the SSTRS gene locus by direct sequencing. Three SNPs
(rs34037914, rs169068, and rs642249) were significantly associated with the presence of
acromegaly using the initial controls. The allele frequencies were significantly (P<0.01) different
between the acromegaly patients and the additional large control group. rs34037914 and rs642249
remained significantly associated with acromegaly after Bonferroni correction and permutation tests
(odds ratio (OR)=3.38; 95% confidence interval (CI), 1.78-6.42; P=0.00016 and OR=2.41; 95%
Cl, 1.41-4.13; P=0.0014 respectively). Haplotype reconstruction revealed two possible risk
haplotypes determined by rs34037914 (633T) and rs642249 (1044A) alleles. Both haplotypes
were found in significantly higher frequency in acromegaly patients compared with controls
(P<0.001). In addition, the 663T allele was significantly associated with a younger age of acromegaly
diagnosis (unstandardized regression coefficient §= —10.4; P=0.002), increased body mass index
(6=4.1; P=0.004), higher number of adenoma resection (P<0.001) and lack of observable tumor
shrinkage after somatostatin analog treatment (P=0.014).

Conclusions: Our results demonstrate a previously undetected strong association of two SSTR5 SNPs
with acromegaly. The data also suggest a possible involvement of SSTRS5 variants in decreased
suppression of GH production and increased tumor proliferation.

European Journal of Endocrinology 165 517-525

somatotropinomas (5), which is in contrast to other
SSTR subtypes. Accordingly, somatostatin analogs (SA)

Acromegaly is a rare chronic disease mainly caused by
pituitary GH overexpressing adenomas (1). The general
characteristics of acromegaly are elevated levels of GH
and insulin-like growth factor 1 (IGF1). Disease incites
high morbidity and increased risk of mortality if it is not
properly treated (2). One of the main physiological
mediators of GH secretion and regulation of tumor
proliferation is somatostatin acting through the
somatostatin receptors (SSTRs), a family of G protein-
coupled receptors (GPCRs) including five subtypes
(SSTR1-5) (3, 4). Two of these receptor subtypes
SSTR2 and SSTRS5 are found in high levels in pituitary

© 2011 European Society of Endocrinclogy

such as octreotide and lanreotide, that have the highest
affinity to SSTR2 and SSTR5, are used to repress GH
secretion in acromegaly patients (6, 7). Although the
introduction of these drugs has greatly improved
therapy for the disease, a significant proportion of the
patients do not adequately respond to treatment
resulting in incomplete reduction in GH and IGF1 levels
(8, 9). Moreover, 10% of the acromegaly patients show
no changes in GH levels upon the SA treatment (10).
The genetic basis of acromegaly and drug resistance
remains largely unclear (reviewed in (11)). It has been
shown that somatic mutations in the Gsa gene (GNAS)
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are associated with constitutive activity of adenylyl
cyclase and that these mutations are found in roughly
40% of somatotropinomas resulting in increased
sensitivity to the inhibitory action of somatostatin
(12). Very few germline mutations are known that are
implicated in inherited pituitary tumor risk. Recently, it
was shown that pituitary adenoma predisposition in
familial cases are due to mutations in the aryl
hydrocarbon receptor-interacting protein (AIP) gene
(13) and may also play a role in aggressive disease
development in sporadic cases of somatotropinomas
(14, 15). As far as the acromegaly and SSTRs are
concerned, only a few genetic association studies have
been conducted. Filopanti et al. (16) identified that the
rs3751830 and rs169068 alleles are weakly associated
with altered GH and IGF1 levels in patients with
acromegaly. To date, the only non-synonymous SSTR
mutation that may be associated with drug resistance in
acromegaly treatment is a germline R240W mutation
in the SSTR5 that was found in one patient resistant to
octreotide (17). Since almost no genetic mutations of
SSTR2 and SSTR5 have been found in resistant patients
(18, 19), the resistance has been attributed to impaired
SSTR2 and SSTR5 expression in tumor tissues (10, 20).
In this study, we performed sequencing of the SSTR5
gene in 144 subjects and investigated potential corre-
lations between SSTRS5 gene variants and disease
outcome as well as the clinical and hormonal charac-
teristics in 48 acromegaly patients and 475 controls.

Materials and methods

Study group

We followed the STREGA guidelines (21) to describe the
study group selection and association analysis. Case—
control study groups were selected from the Latvian
Genome Database (LGDB), a government funded
biobank. All participants of LGDB were over 18-years
of age, and information about their health status was
affirmed by physicians using International Classification
of Diseases (ICD)-10 codes. Anthropometric measure-
ments (including weight and stature) were obtained
by direct measurement; ethnic, social, environmental
information, and familial health status were obtained
using a questionnaire-based interview. Participants
of the LGDB were recruited by medical personnel
in hospitals or general practices. Recruitment was
population based (a specific health condition was not
the obligatory requirement for involvement). Signed
consent forms were acquired from all participants. The
Biobank protocol was approved by the Central Medical
Ethics Committee of Latvia (protocols no. A-30, 2005
and A-7, 2007).

Forty-eight acromegaly patients recruited for this
study were enrolled on to the LGDB between 2004 and
2008 from two main hospitals: Pauls Stradins Clinical

www.eje-online.org
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University Hospital (41 patients) and Riga Eastern
Clinical University Hospital (seven patients) represent-
ing ~80% of all the acromegaly patients registered in
Latvia as recorded in October 2008 (diagnosed with
acromegaly from 1985 to 2007). Additional data were
collected based on hospital records and interviews for all
the patients selected for the study (ICD-10 code E22.0).
Forty-five patients received the SA octreotide (Sandos-
tatin LAR) at dose 10-30 mg in every 28 days or
lanreotide (Somatuline Autogel) at dose 60-90 mg in
every 28 days. Tumor size was measured as the
maximum diameter obtained from magnetic resonance
imaging data and tumors were classified accordingly
as microadenomas (<10 mm) or macroadenomas
(=10 mm). The effect of SA on tumor proliferation
and IGF1 level normalization was estimated by
comparing the tumor sizes and serum IGF1 (pg/ml)
measurements during the course of therapy. To estimate
the dynamics of adenoma size, the data from last follow-
up was compared with the first available measurement
with at least a 12-month period in between. We
excluded all cases where the therapy was interrupted
or adenoma resections were performed during this
period. Two groups were defined: ‘reduced’ with
observable tumor shrinkage (n=11) and ‘unchanged’
with no observable tumor shrinkage (n=22) together
with the cases that showed prolonged expansion (n=2).
Only a limited number of cases had IGF1 measurements
available before the therapy. For the IGF1 response,
only the data at least 6 months after the start of the SA
therapy were considered for analysis and only if the
therapy was not interrupted. In those cases where
several IGF1 measurements were available, the mean
IGF1 was calculated, excluding the outliers where
possible. Non-responsiveness was defined as the mean
[FG1 value above the upper limit of normal (ULN) value
at the corresponding age. Owing to the lack of
uniformity in the GH measurements, we did not include
the GH levels in this analysis.

As controls (control I), 96 samples were randomly
chosen for sequencing from LGDB participants excluding
patients with metabolic and endocrine diseases. To
minimize the risk of false positivity, we selected an
additional control group (control II) who were sex- and
age-matched consisting of 475 LGDB participants. As per
the selection criteria, we used 63 participants from the
control I who were also included in the control IT group.
Detailed sample selection procedure is described in
Supplementary Material, see section on supplementary
data given at the end of this article. Study protocol was
approved by Central Medical Ethics Committee of Latvia
(protocols no. A-33, 2005 and A-3, 2008).

DNA analysis

DNA samples were provided by LGDB and aliquoted into
96-well PCR plates or PCR tubes by Tecan Freedom Evo
robotic pipette. The final DNA amount was 28 ng/well.
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The SSTR5 gene containing genomic DNA region
including 5’ and entire coding region (from —2239 to
+ 1294 respective to start codon) were amplified in six
PCR reactions and sequenced using BigDye chemistry
and ABI Prism 3100 (AME Bioscience, Toroed, Norway)
capillary electrophoresis sequencer. All chromatograms
were manually inspected using Contig Express Software
of Vector NTI Advance 9.0 package (Invitrogen).
Presence of polymorphisms was confirmed by opposite
strand analysis. Genotyping was carried out using
minisequencing and subsequent MALDI-TOF mass
spectrometry analysis. Primers were designed on
Primer3 Software (source code available at http://fokker.
wi.mit.edu/primer3/) and using the program CalcDalton
(www.uni-leipzig.de/~ahnert/calcdalton.htm). Detailed
experimental procedures can be found in Supplementary
Material and primer sequences can be found in
Supplementary Table 1, see section on supplementary
data given at the end of this article.

Statistical analysis

Statistical analysis was performed by the PLINK 1.07 (22)
and SPSS (standard version 13; SPSS, Chicago, IL, USA)
software. Deviation from Hardy—Weinberg equilibrium
was assessed by the exact test described by Wigginton
et al. (23) which is considered more accurate for rare
genotypes. The Cochran—Armitage trend test was used
for association analysis in the case—control group and
Bonferroni correction was applied. Haplotype association
was performed as implemented in PLINK. For the
quantitative analyses, the IGF1 data were transformed
as a normalized percentage of ULN of appropriate age
according to formula (C](‘,F] _ULN[(;F])/ULN[(;F] X 100).
Normalized IGF and all other continuous variables
displayed normal distribution and were further used in
linear regression analysis. Two-sided Fisher exact test
was used to test the allelic distribution in the case of
categorical clinical variables, except the analysis of
number of adenoma resections where Pearson xz was
calculated from 33 table. Permutation tests with
100 000 permutations were performed for each analysis
and we used corrected (EMP2) P values. These values are
corrected based on calculation of the proportion of
permutations in which any of the test statistics exceeds
the particular observed statistic and are more stringent
than uncorrected P values.

Results

DNA samples of all 48 available acromegaly patients
and 96 control individuals were subjected to direct
sequencing of the SSTRS5 gene including both the
coding and the flanking regions (—2239 to 1294
respective to start codon). Baseline demographic and
clinical characteristics are given in Table 1. In total, 19
polymorphisms were identified (relative positions,
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Table 1 Characteristics of the study population. Data are presented
as mean (s.n.) or n (%).

Acromegaly
patients Control | Control Il

Variables (n=48) (n=96) (n=475)
Sex

Female 32 (67%) 67 (70%) 324 (68%)

Male 16 (33%) 29 (30%) 151 (32%)
Age (years) 55.8 (12.8) 53.2(17.4) 54.3(13.4)
BMI (kg/m?) 29.9 (5.5) 25.4(44) 276(5.2)
Waist (cm) 91.0 (13.7) = -
Age at diagnosis (years) 47.4 (13.1) - -
Tumour size

Macroadenoma 31 (64%) - -

Microadenoma 17 (36%)

Effect of SA on tumor size (n=235)

Reduced 11 (31.5%) - —
Unchanged 24 (68.5%)
Expanded

Adenoma resections per patient
1 23 (47.9%) - =
2 2 (4.1%)
3 2 (4.1%)

IGF1 norm

% ULN before treatment (n=20) 178.8 (87.9) - -

% ULN after treatment (n=39)  50.8 (77.8)
IGF1 responsiveness (n=239)

<ULN 12 (30%)

>ULN 27 (70%)

BMI, body mass index; IGF1, insulin-like growth factor 1; ULN, upper limit of
normal at corresponding age group; IGF1 norm, % ULN, normalized
percentage of ULN ((Cigr1 —ULNgr1)/ULNgry X 100)).

sequencing success rate and Hardy—Weinberg test
results are shown in Supplementary Table 2, see section
on supplementary data given at the end of this article).
All single nucleotide polymorphisms (SNPs) were in
Hardy—Weinberg equilibrium. Fourteen SNPs passed
the quality and minimal minor allele frequency (MAF)
criteria and were included in the subsequent analysis.
Three SNPs were excluded due to low sequencing
success rate (<95%) and two SNPs were excluded due
to low MAF (<0.01).

The minor alleles of three SNPs were independently
associated with the presence of acromegaly (Table 2)
using Cochran—Armitage trend test. T and A alleles of
rs34037914 and rs642249, respectively, remained
associated with acromegaly after adjusting for multiple
comparisons using both Bonferroni correction and
adjusted permutation test. The first control group
(control I) contained some individuals with malignant
and benign neoplasms (23%). To avoid the influence of
age, gender, or medical conditions on the association
results, as well as to minimize type I error, we selected
an additional age- and gender-matched control group
representing 475 healthy individuals. Genotyping of the
three SNPs (rs34037914, rs169068, and rs642249)
associated with acromegaly was performed in this study
group. Genotyping results for these individuals corre-
sponded to the genotypes previously obtained from the
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Table 2 Single nucleotide polymorphism (SNP) association analysis in acromegaly patients and controls.

Alleles/ MAF Allelic OR

SNP codes position® AA change  MAF case controls (95% CI) P trend® P perm®

Acromegaly patients (n=48) versus control | sample (n=96)
rs550713 T-2190G 0.078 0.036 2.23 (0.76-6.56) 0.16 0.84
NA T-2138delT 0.427 0.479 0.81 (0.49-1.34) 0.43 1
rs535338 A-1670G 0.202 0.266 0.7 (0.38-1.27) 0.24 0.97
NA C-805G 0.043 0.044 0.97 (0.28-3.3) 0.96 1
rs4988479 G27A 0.021 0.031 0.67 (0.13-3.4) 0.63 1
rs4988483 C142A P335L 0.021 0.016 1.34 (0.22-8.16) 0.75 1
rs4988484 C155T A52V 0.021 0.042 0.49 (0.1-2.35) 0.40 1
rs4988487 C325T P109S 0.021 0.042 0.49 (0.1-2.35) 0.40 1
rs35072648 G516A 0.031 0.047 0.66 (0.17-2.48) 0.56 1
1534947461 G573A 0.021 0.031 0.66 (0.13-3.33) 0.65 1
rs34037914 C633T 0.146 0.036 4.51 (1.76-11.6)  0.0015* 0.019
NA G693A 0.021 0.016 1.34 (0.22-8.16) 0.75 1
rs169068 T1004C P335L 0.594 0.429 1.94 (1.18-3.21)  0.013 0.11
rs642249 G1044A 0.208 0.073 3.35(1.61-6.97)  0.0016* 0.020

Acromegaly patients (n=48) versus Control Il sample (n=475)
rs34037914 C633T 0.146 0.048 3.38 (1.78-6.42)  0.00016* 0.0012
rs169068 T1004C P335L 0.594 0.434 1.91 (1.25-2.93)  0.0029 0.0089
rs642249 G1044A 0.208 0.098 2.41 (1.41-4.13)  0.0014* 0.0064

AA, amino acid; MAF, minor allele frequency; OR, odds ratio; Cl, confidence interval; NA, not acquired; association results for SNPs with P<0.05 are marked

with bold. *Significant after Bonferroni correction (significances level 0.0029).

*Nucleotide position relative to the SSTR5 start codons, major allele is shown before and minor allele after the number indicating the nucleotide position.

P value from Cochran-Armitage trend test.

°P value obtained from 100 000 permutation and corrected for multiple testing (EMP2).

sequencing reactions. All three SNPs were significantly
associated with the presence of acromegaly (Table 2).
Six haplotypes were derived from the three candidate
SNPs in acromegaly patients and control II group
(Table 3). Four haplotypes (frequency > 1% in control
group) were subjected to the haplotype-based associ-
ation analysis. The overall joint test of the SSTR5
haplotypes on presence of acromegaly (comparing
acromegaly patients and control II group) was highly
significant (P= 3.4 X 10~ °). For haplotype-specific tests
the most common haplotype (56%) that contains only
the common alleles of the three included SNPs (C-T-G)
was chosen as a reference haplotype (Hapl). Hap3
(C-C-A) and Hap4 (T-C-G) contained the independently
associated alleles of rs642249 and rs34037914,
respectively, and were found with significantly higher
frequency in acromegaly patients than in controls. Both

these haplotypes also contain the C allele of rs169068
that was independently associated with acromegaly.
On the contrary, Hap2 (C-C-G), which in addition to
common rs642249 and rs34037914 alleles contains
the rs169068 C allele, was not associated with
acromegaly indicating that the association of this allele
with the acromegaly is due to linkage disequilibrium
(LD) with the minor alleles of both other SNPs.

We also tested the association of rs642249 and
rs34037914 with different disease characteristics and
phenotypes affected by acromegaly (Tables 4 and 5).
The following categorical variables in the group of
acromegaly patients were tested: size of adenoma
(microadenoma versus macroadenoma), change in the
size of adenoma as a result of use of medication (reduced
versus unchanged and increased); number of adenoma
resections per patient (0 vs 1 vs 2-3); and IGF1 levels

Table 3 Haplotype based association in acromegaly patients and control Il sample.

Haplotype frequency (number)

Names Haplotypes® Cases Control Il OR (95% Cl) P values®
Hap1 C-T-G 0.385 (37) 0.562 (534) Ref Ref
Hap2 C-C-G 0.260 (25) 0.293 (279) 1.3 (0.76-2.2) 0.3358
Hap3 C-C-A 0.188 (18) 0.096 (91) 2.85 (1.56-5.22) 0.0016
Hap4 T-C-G 0.146 (14) 0.045 (43) 4.69 (2.35-9.34) 0.000053
Hap5 C-T-A 0.021 (2) 0.002 (2) NC NC
Hap6 T-T-G 0 (0) 0.001 (1) NC NC

OR, odds ratio; Cl, confidence interval; Ref, reference group; NC, not calculated; association results for haplotypes with P<0.05 are

marked with bold.
ASNP order=rs34037914 — rs169068 — rs642249.
BP value from Fisher exact test.
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Table 4 Categorical analysis of SNP association with different phenotypes in acromegaly patients.

Genotype Allelic OR
Phenotype distribution MAF (0.95% Cl) P value® P perm®
SNP: rs34037914
TT/TC/CC
Size of adenoma 1.44 (0.42-5.00) 0.56 0.62
Micro 0/4/13 0.1
Macro 2/6/23 0.16
Effect of SA on tumor size NA 0.014 0.02
Reduced 0/0/11 0
Enlarged 2/715 0.22
IGF1 after treatment 3.27 (0.64-16.54) 0.13 0.17
Below ULN 0/2/11 0.07
Above ULN 2/5/14 0.21
Number of adenoma resections NC NA 0.0001° NC
0 0/4/16
1 0/5/18
2-3 2111
SNP: rs642249
AA/AG/GG
Size of adenoma 1.03 (0.28-3.82) 0.63 0.68
Micro 2/4/11 0.19
Macro 2/8/21 0.24
Effect of SA on tumor size 0.78 (0.28-2.15) 0.96 0.96
Reduced 1/2/8
Enlarged 2/5117
IGF1 after treatment 1.04 (0.33-3.31) 0.94 0.95
Below ULN 2/2/9
Above ULN 1/8/12 0.24
Number of adenoma resections NC NC 0.5° NC
0 2/6/12
1 2/6/15
2-3 0/0/4

OR, odds ratio; Cl, confidence interval; MAF, minor allele frequency; NA, not applicable; NC, not calculated. Association results with

P<0.05 are marked in bold.
2P value from Fisher exact test.
bP value obtained from 100 000 permutation.

°P value from Pearson y? calculation using 3X 3 table (4 degrees of freedom).

after medical treatment (normal versus increased). Body
mass index (BMI), age at acromegaly diagnosis and age-
adjusted normalized IGF1 levels were used as continu-
ous variables in the linear regression analysis (Table 5).
rs642249 had no association with any of these
phenotypes. However, rs34037914 was significantly
associated with the number of these phenotypes
(summarized in Supplementary Figure 1, see section
on supplementary data given at the end of this article).
Carriers of the rs34037914 T allele were characterized
by significantly lower mean age at diagnosis (P value=
0.002) and increased BMI value (P value=0.004).
Association of the T allele with these variables
corresponded best to the additive genetic model (Tables 4
and 5, Supplementary Figure 1, see section on
supplementary data given at the end of this article).
No association (P=0.56) was observed between
rs34037914 and increased waist circumference (this
measurement was only available for 23 patients)
indicating that association of rs34037914 with
increased BMI in this group is due to an increase in
muscle and bone mass caused by acromegaly rather
than to an increase in fat mass. In addition, we tested

whether the rs34037914 allele is associated with BMI
and stature in the healthy individuals, but we found
no differences between the genotype groups (data not
shown) for any of the genetic models. Interestingly, the
rs34037914 risk (T) allele was absent in the group of
patients with observable tumor shrinkage as a result of
octreotide or lanreotide treatment, resulting in associ-
ation between this parameter and presence of the
rs34037914 T allele (P value=0.014). Even more
intriguing, the presence of the same allele was positively
correlated with the number of adenoma resections per
patient (P value=0.0001). Among the four patients
in the entire study group who had more than one
adenoma resection, two were homozygotes for the
rs34037914 T allele and one was a carrier of the same
allele in the heterozygous state. We also observed an
increased rs34037914 T allele frequency in patients who
failed to normalize their IGF1 levels compared with those
who reached normal IGF1 levels after the SA treatment.
Similarly, the mean normalized IGF1 levels were increased
in patients with rs34037914 CT and TT genotypes in an
additive manner (Table 5). None of these differences,
however, reached a statistical significance.
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Table 5 Qualitative analysis of SNP association with different
phenotypes in acromegaly patients.

Phenotypes (mean +s.e.M.)

Age at
Genotype BMI (kg/m?) diagnosis (y) IGF1 % ULN
SNP: rs34037914
CcC 28.87+0.80 50.431+2.03 45.40+14.61
CcT 31.35+2.00 40.60+3.90 63.23+30.03
T 40.48+1.03  28.50+7.50 80.23+32.28
P value® 0.004 0.002 0.41
P perm® 0.012 0.006 0.81
SNP: rs642248
31.04+1.06 27.19+1.29 28.33+0.98
GA 48.25+2.33  46.00+£3.68 44.50+8.85
AA 40.72+16.08 88.52+19.92 19.93+23.53
P value® 0.09 0.51 0.23
P perm® 0.23 0.87 0.97

IGF1 % ULN, normalized percentage of ULN ((Ciar1 —ULNigr1)/ULN|gr1 X
100). Association results with P<0.05 are marked in bold.

2P value from linear regression.

P value obtained from 100 000 permutation.

Discussion

In this study, we present a novel and highly significant
association of two SNPs, rs34037914 and rs642249,
in the SSTR5 gene with acromegaly. This association
remains significant after both Bonferroni correction and
adjusted permutation tests. Both SSTR2 and SSTRS
are potential candidate genes for an increased risk to
develop acromegaly and poor response to SA, due to
their important role in controlling GH secretion and
somatotroph growth. However, until now there has
been a lack of convincing association between genetic
variants of any of the SSTRs and acromegaly or
resistance to the action of somatostatin or SA (reviewed
in (11)). This can be explained in part by the
observation that rare SNPs are often not included in
genotyping due to low power in studies with a limited
number of patients. Thus, to avoid a selection bias, an
important issue in genetic studies of rare disease, we
performed sequencing of the SSTR5 gene in all available
patients and substantial number of controls. We
identified four novel polymorphisms (one single nucleo-
tide deletion and three SNPs) that were not previously
reported to the SNP databases among the total of 19
polymorphisms (Supplementary Table 2, see section on
supplementary data given at the end of this article). The
allele frequencies of the previously known SNPs showed
a variable prevalence, which was comparable to the
allele frequencies reported in databases or previously
published reports (http://www.genecards.org/cgi-bin/
carddisp.pl?gene=SSTR5&snp=207&search=sstr%
205&rf=/home/genecards/current/website/carddisp.
pl#snp). The prevalence of three SNPs was significantly
different in acromegaly patients compared individually
with a sex- and age-matched control group. Our
haplotype analysis suggests that the non-synonymous
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polymorphism rs169068 (Pro335Leu) is not associated
with acromegaly. The difference in allele frequencies
between cases and controls for this SNP can be
explained by strong LD between rs169068 C allele
(Pro) and both associated alleles of rs642249 and
rs34037914. Interestingly, the C allele of rs169068 has
been previously associated with decreased IGF1 (16) in
acromegaly patients. Our results may rather suggest an
opposite effect due to LD between the C allele and
rs34037914 T allele, as the latter has a non-significant
tendency toward increased IGF1 levels. Unfortunately,
the rs34037914 and rs642249 were not genotyped in
a study performed Filopanty et al. (16) The C allele of the
rs169068 was associated with the presence of bipolar
affective disorder in a British but not in a Danish
population (24), while there was a lack of association
with autism in both Danish and French populations
(25). No association was found between this SNP and
risk or survival of pancreatic cancer (26). To our best
knowledge, the rs34037914 and rs642249 have not
been tested previously with respect to acromegaly. The
presence of the A allele of rs642249 was associated
with increased mean IGF1 levels, but not with risk of
breast cancer in the international EPIC study (27).
Neither rs34037914 nor rs642249 has shown associ-
ations with bipolar affective disorder (24).

The importance of the four SNPs from the SSTRS
gene locus on regulation of IGF1 levels has recently
been demonstrated in a large multinational study on
samples from the Breast and Prostate Cancer Cohort
Consortium (28). One of these SNPs, the rs3751830,
was also found in our study, but was not included in
the final analysis due to low genotype call rate
(Supplementary Table 2, see section on supplementary
data given at the end of this article). However, no
significant differences were found between the allele
frequencies of this SNP and any of the phenotypes
studied (data not shown). Data on LD between
associated SNPs rs34037914 or rs642249 and other
SNPs from the above mentioned study are not available
and it is difficult to assess if these SNP may be part of the
same haplotype or if they could represent functional
SNPs. It is also clear that physiological consequences of
the same genetic SSTR5 variants may be very different
when a normal pituitary gland is considered compared
with pituitary tumors. Unfortunately, the IGF1 levels for
the control group were not available in our study, and
this would help to assess the effects of these SNPs in on
IGF1 regulation in healthy individuals.

rs34037914 shows the strongest association
with acromegaly (odds ratio=3.38, 95% confidence
interval=1.78-6.42) assuming an additive mode of
inheritance. We strongly suggest that this is not a false-
positive finding since the same rs34037914 allele is
associated with a number of independent clinical
characteristics in our group of acromegaly patients.
This is the first study that reports such a pronounced
effect of genetic variants on body mass in the case of
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somatotropinomas. The median BMI was 12 kg/m>
larger in the T allele homozygotes compared with wild-
type (wt) homozygotes. Similarly, the median age at
diagnosis was 22 years earlier considering the same
group of patients. This is in line with previous data
obtained in a large international collaborative study
showing earlier onset age when investigating germ line
mutations in the AIP (15) a gene that initially was
associated with familial pituitary adenoma cases (13).
According to our data, the T allele of rs34037914
predisposes to increased aggressiveness and post-
surgical reoccurrence of pituitary tumors as well as
non-responsiveness to antiproliferative effects of SA. The
increased BMI in carriers of the T allele, however,
indicates that the effect of this polymorphism is not
limited to the regulation of tumor cell proliferation, but
also affects the systemic GH levels. We did not observe
the same effects of rs642249, the other acromegaly
associated SNP, on the clinical or hormonal charac-
teristics in our patient group. If not false positive, this
may be explained by the smaller effect size of this SNP
and a larger cohort of acromegaly patients would be
needed to provide conclusive results. Alternatively, the
disease predisposing effect linked to rs642249 may not
be associated with characteristics available in our study.

It is not clear how the synonymous rs34037914 is
connected with functional effects. First, other functional
mutations in LD with rs34037914 may exist outside
the regions we sequenced. It is plausible that such
mutations, or rs34037914, are influencing the
expression of SSTR5. Although the unresponsiveness
to SA has been clearly associated with low expression of
SSTR2 (29-31), the SSTR5 is the most abundantly
expressed receptor in somatotropinomas (18, 32, 33)
and it plays an important role in mediating the effect of
somatostatin. The relative contribution of each of those
receptors in the control of GH secretion is still unclear.
It is established that both receptors are needed for
hormonal regulation since the activation of SSTR2 and
SSTRS5 results in a synergistic effect on GH release (34—
36). Thus, if the rs34037914 or rs642249 is linked to
the changes in SSTRS5 expression, they may signi-
ficantly influence the responsiveness of the pituitary
tumor cells to somatostatin and its analogs. Genotyping
the rs34037914 and rs642249 in patients with known
SSTR5 and SSTR2 expression profiles from pituitary
tumors would help to test this hypothesis. Another
possibility is that the particular sequence variations
may induce alternative/de novo splicing creating a non-
functional receptor protein or receptor with altered
functions. It has indeed been shown that SSTR5 is found
in two isoforms in pituitary tumors and that these
are presumably generated by a splicing of the SSTR5
involving the presence of a cryptic donor and acceptor
splice site (37). One of these variants, named
SST5TMD4, has been found to be abundantly present
in octreotide-resistant somatotropinomas and could
interfere with the normal inhibitory response of
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adenomas to somatostatin (38). rs34037914 is actually
located close to the splice site of the other variant
SST5TMDS5, and it is possible that this polymorphism
may be important for this donor splice site formation.
Functional consequences of the truncated receptor
protein could involve its ability to interact with
SSTR5 or SSTR2 leading to non-functional hetero-
dimers. It has been shown previously that SSTR5 can
form heterodimers with different GPCRs (reviewed in
(39)), including SSTR2 and dopamine D2 receptors
heterodimers with enhanced functionality (40, 41).

It is unlikely that changes in the amino acid sequence
are responsible for the effects found in our study
considering the functional importance of these SNPs.
The non-synonymous substitution rs169068 is located
in the C-terminal intracellular tail of the receptor
causing a proline to leucine change. It has been
shown by mutational analysis that the C-terminal
domain is involved in the interaction with adenylate
cyclase and is important for desensitization and
internalization of this receptor (42). A recent study
has shown that SSTR5 with leucine at position 335
loses its inhibitory effect on cell proliferation compared
with the proline variant (43). However, It is unlikely
that this substitution has a major impact on tumor
development or drug resistance in our study group, as
the proline was actually more frequent among the
acromegaly patients (59.4% C allele frequency) while a
majority of the general population carry SSTR5 with
leucine in this position (56.6% T allele frequency).
According to the SNP NCBI database and the HapMap
data on European, African, and Asiatic populations
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_rel.
cgi’rs=169068), the distribution of this variant differs
significantly among the ethnic groups. The frequency
of the T allele, as far as the HapMap data is considered,
varies from 27% in the African American population
and 52% in the Caucasian population to 85% in the
Japanese and Chinese populations.

The major limitation of this study is the lack of
standardized GH and IGF1 measurements for all
acromegaly patients that did not allow a full estimation
of the influence of these polymorphisms on hormonal
regulation and drug responsiveness. Similarly, it was
not possible to test the eventual effect of polymorphisms
on the level of SSTR5 expression due to the unavail-
ability of the tumor tissue samples. Replication studies
with a larger patient size and other ethnic groups would
provide additional insight into the associations that we
have identified.

In conclusion, we have identified genetic variations
in SSTRS5 that are strongly associated with acromegaly
and several of the clinical characteristics related to this
discase. If tested functionally and proven clinically
rs34037914 has a potential to become a diagnostic
marker of non-invasive tests to determine the prognosis
and aggressiveness of somatotropinomas.
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This is linked to the online version of the paper at http://dx.doi.org/10.
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4. Discussion

Multifactorial or non-communicable diseases, which are contributing to a severe increase in
human morbidity and mortality, are on the rise throughout the world and they are
burdensome to national healthcare systems.

Uncovering the genetics of multifactorial diseases may help to understand their molecular
mechanisms which can lead to a targeted search for therapies, precision medicine
approaches tailored to the individual, and more effective use of (always) limited healthcare
funding.

Three broad classes of multifactorial diseases, which include cardiovascular diseases
(especially CAD), diabetes and tumors; most of which are malignant, are the main cause of
disability adjusted life years lost worldwide (Murray et al. 2012).

These conditions are being observed more frequently due to population aging trends,
human population expansion, a greater awareness of these diseases, improved diagnostic
capacity, and their share in total disease burden is increasing (Das and Samarasekera 2012,
Murray et al. 2012).

CAD, diabetes and pituitary adenomas are connected at a physiological level since hormonal
imbalances caused by pituitary adenoma can lead to diabetes insipidus. An increase in
glucose levels due to diabetes is a stress factor for endothelium cells and is therefore
associated with atherosclerosis; an underlying process in CAD. PA includes various
cardiovascular conditions. These conditions seem to share the same genetic architecture
from a causal perspective and are a heterogeneous group of diseases with shared symptoms
and endpoints from a molecular perspective. This makes these disorders prime targets for
theranostics (Choi et al. 2015, Patel and Janjic 2015). CAD, diabetes and pituitary adenomas
are each associated with multiple genetic variations, intermediate phenotypes, and
complications. Novel genetic markers are still being found after decades of scientific
research (Nikpay et al. 2015). Missing heritability and disease mechanisms from established
genetic risk factors and associated phenotypes is still not understood in detail. The vast
majority of studies on multifactorial diseases have been conducted in Western European or
American populations. This has led to many important discoveries but has also introduced

population biases. Much information that could consequently have been acquired due to the
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scale by which research efforts were launched and financial resources that were invested,

has been missed (Kessler et al. 2016).

4.1 Adenosine receptor gene variants as possible minor modulators of CAD

Adenosine and its four receptors (A1, A2A, A2B and A3) play a role in cardio protection in
ischemia cases. This is achieved by limiting the damage caused by a decrease in, or complete
lack of, oxygen due to obstructed blood flow in the coronary arteries of the heart. A large
meta-analysis of GWAS studies for the imputation of genetic variants was based on
information obtained from the 1000 Genomes Project. The meta-analysis identified variation
near the A2A receptor where the common allele G is significantly associated with an
increased risk of CAD (OR=1.20, C1 0.95=1.13-1.27, P=1.60x10%) (Nikpay et al. 2015).

The lead SNP rs180803 (Chr22q11.23 POM121L9P — ADORAZ2A) is located in the non-coding
RNA POM121 transmembrane nucleoporin-like 9 pseudogene (POM121L9P) locus (Yates et
al. 2016).

A genome-wide significant association (P<5x10-8) was observed for 21 variants in a 1.2Mb
region. The majority of these variants are located in introns of A2A and SPECCI1L genes. They
are also in high LD (R*>0.6) with the rs180803 lead variant (Nikpay et al. 2015). This adds to
the evidence that genetic variations in the adenosine system are involved with cardio
protection. Our study published in 2011 was focused on the adenosine A3 receptor located
on chromosome 1p13.2, and its associated variant (dbSNP ID rs35511654). Modest
protective action of the minor allele C was observed (OR=0.71, Cl 0.95=0.53-0.96) (or
increased OR for the common allele to 1,41). The variation causes a missense mutation
which changes the amino acid of the A3 receptor in 248" position from isoleucine to leucine.
Chemically, these amino acids are closely related; the only difference is the branching point
of the side chain. Nevertheless, in the case of the A3 receptor and the rs35511654 variant,
the position of the variant could crucially influence the binding capacity of the agonist.
Functional studies have reported that nearby amino acid positions are important for the
recognition of agonists and antagonists (p.250 N, two amino acid residues away and p.247 S,
one amino acid residue away). Moreover, the W243 amino acid, which is five positions away
from altered position by rs35511654, is implicated in signal transduction while the E239
amino acid (nine positions away from p.248 1) is associated with receptor activation (Gao et
al. 2002). The various three-dimensional space requirements of different side chains, as

coded by rs35511654, could lead to modified spatial distances. This subsequently could lead
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to either enhanced recognition of agonists, signal transduction or receptor activation, or
decreased recognition of antagonists. This would be in line with the protective nature of the
minor allele, as shown in our study. Usually, depending on the cell type and tissue in which it
is located, one component in human cells has various roles. This could be the same in the
case of A3R in that it could be utilized in protecting the heart and its blood vessels.
Alternatively, it could act as a protector from reperfusion injury in a way that is different in
immune cells since A3R inhibits the release of TNF-alpha from monocytes; the main drivers
of plague formation in the coronary arteries (Zhang et al. 2005). Due to the different
regulation in different cell types, the impact of the rs35511654 polymorphism could vary
depending on the tissue it is located in.

Nevertheless, our observation has not been confirmed in candidate gene studies or GWAS
analyses in any other population. A prominent hotspot for CAD-associated variants was
found to be 2.22Mb away in a GWAS study. The rs646776, rs599839, rs12740374, and
rs629301 polymorphisms are located in a noncoding DNA region between the CELSR2 and
PSRC1 genes (Musunuru et al. 2010). It was found that this locus is associated with increased
LDL cholesterol levels as well as an increased risk of Ml and that the risk allele is common
one (Samani et al. 2007). According to Musunuru et al. the mechanism of the lead
rs12740374 SNP is an increase in PSRC1 and SORT1 expression in the liver and a resulting
increase in very small dense LDL particle levels in the blood (Musunuru et al. 2010).
According to literature, these very small dense LDL particles are more important in
promoting atherogenesis than LDL in larger aggregations (Berneis and Krauss 2002). The
most interesting finding from our study is that the common allele predisposes individuals to
an increased risk of developing CAD. It is possible that the rs35511654 variant from our
study serves as a weak proxy to the PSRC1/SORTI1 risk-associated variants. This observation
could become more succinct through the genotyping of the 1p13.2 locus to establish if there
is linkage disequilibrium between the variants in the Latvian population. The second
interesting point is that an additional member of the adenosine receptors, A2A, is situated at
a locus where the common allele increases CAD risk (Nikpay et al. 2015). These facts allow us
to formulate the hypothesis that evolution is selecting for cardio-protecting variants and
that their frequency is on the rise in the general population.

The majority of large scale CAD studies have been performed using populations of Western
Europe descent (Table 2, Table 3). This choice was logical because of the advancement in

science and economic situations in the countries where the studies were conducted. Despite
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this, these studies have probably only captured a small part of the genetic variation
contributing towards human CAD. Indeed, while trying to narrow down the variation
responsible for the increased CAD risk, a study has used African American samples in order
to single out the most likely candidate (Musunuru et al. 2010). The same approach is
possible between populations from Latvia and other Western European nations where
unigue environmental settings, distinct histories and relative isolation has led to the
emergence of different genetic patterns within individual populations. The genetic patterns
may have arisen so as to cope with the various socio-economic factors, pollution levels and
lifestyle choices. The effect and contribution of each factor involved, whether genetic,

lifestyle, or environmental, could therefore lead towards changes in CAD risk.

4.2 GLO1 variants are strong determinants of glyoxalase activity

GLO1 is the frontline cellular defense against damage induced by AGEs. This protection is
especially important in environments with elevated blood sugar levels such as that observed
with diabetes and cells which use glucose as the main source of energy, such as neurons
(Howarth et al. 2012). It has been shown that human neurons consume disproportionately
large amounts of glucose relative to their mass (Mergenthaler et al. 2013). It is thus
unsurprising that the main diabetes complications start with neuronal dysfunction such as
neuropathic pain and diabetic retinopathy (Chilelli et al. 2013). The former condition affects
the peripheral nerves in diabetic patients over time leading to pain, tingling, or numbness in
the hands, arms, feet, and legs. The latter condition is the foremost cause of vision loss in
diabetic individuals of all ages, and top cause of vision impairment and blindness among
adults in the working-age group (The 2015). Yet, not all diabetes patients have these
complications and those that do may manifest symptoms at different time points following
the onset of diabetes. Disease progression rates may also vary between patients. A number
of studies have been performed trying to link the genetics of GLO1 with diabetes
complications since GLO1 is the main detoxification enzyme in the human body and diabetes
complications are thought to be caused by AGEs. Given the amount of disorders where
enzyme disruption is the leading cause of pathology, this is not surprising (National
Organization for Rare Disorders 2006, The Genetic and Rare Diseases Information Center
2002). Results can however be inconsistent. For example the same, single study found that
the rs2736654 A allele was not associated with nephropathy or retinopathy in an East Asian

population, while rs1049346 was associated with both complications in patients with type 2

93



diabetes in the same population (Wu et al. 2011). Similarly, no associations were found
between nine tag-SNPs in the GLO1 gene and vascular complications in diabetes patients of
European ancestry (Engelen et al. 2009). Results of our study did not show a direct
association between the studied GLO1 polymorphisms and diabetic neuropathy,
nephropathy and retinopathy in either type 1 or type 2 diabetes patients. This leads to the
obvious conclusion that the glyoxalase system is not the only factor influencing the
development of diabetic complications, but add to the risks associated with this
multifactorial disorder. Interestingly, the only SNP in our study that was not significantly
associated with changes in enzymatic activity was found to change the qualitative
composition of the enzyme. Although haplotype analysis data allows to hypothesize that it
still modifies the effect of the both SNPs significantly associated to GLO1 activity. Several
studies have shown how intronic SNPs and SNPs present near genes can influence properties
of the associated gene, and often properties of distant genes (Cooper 2010). Actually,
instead of the more easily understandable changes in amino acid sequence of a
protein/enzyme, SNPs found outside of gene coding regions are most commonly associated
with a wide range of multifactorial disorders (Muller et al. 2016). Alternative splicing is a
common mechanism by which noncoding SNPs could influence the amount or type of gene
product made. In the case of GLO1, only one type of enzyme protein had been discovered in
humans by 2017. Another transcript, which encompasses exons 4-6 and also includes
rs1130534 (minor T allele associated with decreased GLO1 activity) and rs2736654 (missense
SNP), constitutes a 7.27kb GLO1 fragment. Another possibility is that one or both minor
alleles of these SNPs disrupt the expression of GLO1 leading to lower concentrations and
activity of the enzyme.

Overall, it is likely that a lower activity of GLO1 in carriers of each of the minor alleles of the
associated SNPs contributes towards the development of diabetic complications, but only in
interaction with other environmental and genetic factors that modify the severity, timing
and type of developing complication. Weaker enzyme action, together with other
unbalanced elements, is likely to lead to more pronounced or earlier complications. To fully
understand the involvement of GLO1 and its interactions with the causes and complications
of diabetes, considerable additional research and innovation is required to elucidate the

molecular basis and modifying factors of diabetes.
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Also it would be interesting to, in a prospective study, investigate if the alleles that
contribute to the development of diabetic complications are significant determinants in the

cause of death of T2D patients.

4.3 SSTR5, MEN1 and DRD2 contribute to pituitary adenoma development and

associated clinical characteristics

Pituitary adenomas are benign tumors of the pituitary gland. The genetic cause of PA is
heterogeneous and similar to that observed in most of the recognized multifactorial
diseases. Classical subdivision of PA is based on the type of hormone/s secreted by the
tumor. Functional PAs include prolactinomas, somatotropinomas, gonadotropinomas, TSH-
secreting PAs, ACTH-secreting PAs, and PAs that secrete at least two hormones (mixed PAs).
The remaining PAs are categorized as non-functional. This classification makes sense from a
clinical point of view since hormonal imbalances lead to different clinical symptoms which
require different treatment strategies. It becomes clear during the course of treatment that
these broader categories encompass different types of PAs as the response to treatments
and progression of neoplasms are often patient-specific. Also, when treating NFPAs, some
patients occasionally respond to the treatment that is supposed to work on a functional PA
type. This has led to the proposal that a molecular classification system of PA could help to
improve the treatment and subsequently, the outcome of the disease. Under closer
investigating of NFPA tissue samples through immunohistochemistry, some neoplasms
showed that although hormones are produced, they are retained within cells and not
secreted. In Latvia, patients are not always examined for the presence of gonadotropins due
to limited funding for diagnostic tests. Therefore, these patients are usually classified
alongside the NFPA group.

Monoclonality of PA was described during the 1990’s; a fact that went unchecked with
despite the availability of more modern genetic analysis methods (Jacoby et al. 1990).

While some genes causative of PA have been known for years (Pellegata et al. 2006,
Stratakis and Ball 2000), genetic causes for different types of PA have only recently been
discovered and reported (Beckers et al. 2015, Ma et al. 2015, Perez-Rivas et al. 2015,
Reincke et al. 2015, Trivellin et al. 2014).

Studies performed by us have provided insight into several interesting genetic aspects of PA.
The rationale behind the SSTR5 studies was that SSTR5 is expressed in somatotropinomas

and, together with SSTR2, controls GH secretion and body growth (Panetta et al. 1994). At
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the time the research was conducted, no studies had performed a comprehensive genetic
investigation of SSTR5 in cases of somatotropinomas.

In this first study, two variations in SSTR5 (rs34037914 and rs642249) were associated with
acromegaly-causing somatotropinomas.

The synonymous rs34037914 polymorphism was also associated with several independent
characteristics that, when taken together, could clinically be described as more severe
acromegaly. This was based on the finding that patients had a lower response to SA analogs,
higher IGF-1 levels, and were more likely to have tumor surgery and recurrent PA surgery.

In the second study, six candidate genes (SSTR2, DRD2, AIP, MEN1, GNAS, PRKAR1A) were
added in addition to the previously investigated SSTR5 gene in studying the three most
common types of PA (prolactinomas, NFPA and somatotropinomas).

When researching the genetic causes of PA, we favored an approach similar to that used in
studies focused on other multifactorial diseases. This approach is justifiable since PA is
common in the general population (Ezzat et al. 2004). However, only a small percentage of
PA cases become clinically significant during the lifetime of the patients. This leads to the
main problem associated with PA genetic studies which is the relative rarity of the clinically
significant condition. Also, the availability of verified PA-free controls is a problem, as quick,
cheap and patient-friendly tests do not exist. The best candidates for control samples would
probably be patients with brain scans performed for other reasons (like stroke etc.).

The main discovery in the second study was the presence of rare, non-synonymous variation
in the well-known PA gene — MEN1. The rs2959656 variant was found in seven PA cases and
in only one control sample. While there was no predominant PA type associated with
rs2959656, five of the carriers had clinically significant microadenomas. This suggests that PA
is associated with this variant which either leads to an earlier presentation of PA symptoms
or slow growing tumors. Although it is a missense variant, it is unlikely that rs2959656 alone
is the cause of PA. It is a rare variant in populations of European descent, while it is fairly
common in East Asian, American and African populations where it can reach a MAF of up to
0.40. We therefore propose that this variant is a marker for PA only in European
populations, and further suggest that rs2959656 is either in LD with a causal variant, or
works in synergy with additional variants in MEN1 or genes in other locations. Alternatively,
this variant may signal LOH in this region, which is a known cause of PA (Thakker 2014). LOH
in this locus affects MEN1 and AIP (Georgitsi et al. 2008).
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Another interesting discovery was the association between two variants (rs7131056 and
rs4938025) in the DRD2 gene and the extrasellar growth of neoplasms in hormone-secreting
PAs. Extrasellar growth is usually observed in macroadenomas and tumors that have faster
expansion rates and more severe clinical symptoms (as classified under the Hardy PA
classification system as grade Ill or IV). Extrasellar growth is the primary reason why the
majority of NFPAs are discovered since the mass of the expanding tumor compresses the
optical nerve, internal carotid arteries or other surrounding tissue. This may result in visual
field or color vision disturbances, or more unspecific symptoms such as vertigo, nausea and
headaches (Powell 2003). In our study, 77% of our NFPA samples consisted of tumors with
extrasellar growth. In functional PAs, such as prolactinomas and somatotropinomas, the
primary cause of pathology is the overproduction of hormones while the tumor itself is a
rarer cause of complications. Regardless, 46% of functional PAs were placed in the
extrasellar growth category. This could be due to a number of reasons. It could be because,
by the time the patient undergoes pituitary imaging, there has been such an increase in the
adenoma cell proliferation rate that the tumor has already attained the size used in the
classification system. It could also be that a particular PA secretes lower amounts of
hormones and therefore causes milder symptoms, subsequently delaying the diagnosis.
Similarly, it could be that a cell in NFPA gives rise to a new secretory lineage and that
symptoms of hormonal imbalance thus only start when the tumor is already large. Lastly, it
is also possible that some of the patients delay seeking medical help after the onset of early
symptoms. DRD2 rs7131056, according to one report, was associated with social phobia
(Sipila et al. 2010) giving some credence to the hypothesis of delayed visits to healthcare
professionals. Other internal cellular mechanisms could also be involved. One example of
this is when DRD2 physically forms heterodimers with SSTRs (Rocheville et al. 2000). As in
most cases, the mechanism by which an intronic variant affects disease phenotype remains
unclear (Cooper 2010). Seven variants of DRD2 protein have been found in humans and
three more transcripts are made, two of them with retained intron where rs7131056 is
located (Yates et al. 2016) providing range of possible mechanisms of action for the variant.

Direct comparison of both PA studies must be performed carefully due to the different
scopes of the studies. The initial study was focused on identifying potential drivers of
somatotropinoma in a subgroup of a well-characterized patient group. Various biochemical
analyses and patient history details were available in this study. The second study in which

seven candidate genes in three types of pituitary adenomas was the focus, common variants
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predisposing patients to PA and its three predominant subtypes was searched for. A limited
amount of additional phenotypic data was collected due to incomplete patient records. This
design was taken in order to obtain larger sample sizes since this would increase the power
of the study in detecting more modest associations, and increase the chances of capturing
PA subgroups with a common driver or variant/mutation.

In the second study, the SSTR5 rs34037914 variant remained statistically significant in the
expanded study group (P=0,003 before correcting for multiple testing). Compared to the OR
of 3.38 from the initial study (Cl 0.95=1.78-6.42), the OR remained similar at 2.63 in the
second study (Cl 0.95=1.36-5.38). The association of rs34037914 with PA was not statistically
significant after correcting for the 62 independent tests that were made during the study.
However, the decrease in rs34037914 minor allele frequency in the expanded
somatotropinoma patient group confirmed that this variant contributes towards clinically
more severe acromegaly with a pronounced phenotype and more complications during the
course of therapy. These patients were therefore recognized earlier and thus more likely to
be included in the initial discovery study.

There were two more variants associated with the presence of acromegaly in the initial
study. In the second study the rs642249 probe design was not working in the Illumina
GoldenGate multiplex assay and no data was acquired. The SSTR5 rs169068 variant was not
statistically significant in the second study, thus providing further evidence that its
association in the initial study was due to high LD with the two lead SNPs.

The initial somatotropinoma study raised awareness of PA and increased efforts were
applied to contact endocrinologists outside of the Riga. This led to increased diagnosis rates
of clinically milder forms of acromegaly and PA in general. This was probably also
strengthened due to the relative depletion of obvious PA cases in the population as the

study sample size increased.

4.4 Research strategies of molecular basis in multifactorial diseases

Understanding the molecular basis of multifactorial diseases and their complications will
without a doubt lead to improved medical care. This may come in the form of novel drugs
targeting newly discovered molecular pathways, an increase in treatments relating to gene
expression, and possibly even gene editing therapies. In cases where the molecular basis of
the disease is known, the main benefit for the patient would be precision medicine tailored

to prevent the onset of the disease in the patient. Under such a model, the best available
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therapy could be selected in order to manage disease prognosis and the likelihood of
disease-associated complications.

The initial excitement about the use of genetic information to estimate the risk of
developing multifactorial diseases receded after the first set of negative results. However,
the most recent research showed that, if applied correctly together with conventional
knowledge, the use of a patient’s genetic information is possible and potentially beneficial.
Together with the falling cost of genetic analysis it is also becoming a cost effective
diagnostic option. The main advantage of genetic information is its relative stability and
minimal changes throughout a person’s lifetime, unlike blood biomarkers. It can also be used
to assess multiple multifactorial diseases, drug responses and disease phenotypes thus
increasing the cost-to-benefit ratio. Once new discoveries are made and verified, their
information can be added to the known genetic data of a person without the need for the
individual to visit a medical facility for check-ups or additional laboratory testing. Although it
has been suggested that the strength of genotype—phenotype associations is modified by
age (Genin et al. 2011), genetic markers are likely to be predictive throughout an individual’s
lifetime. This allows risk prediction to be performed much earlier in life, thus facilitating
earlier primary prevention strategies in high-risk individuals.

Current research strategies investigating the molecular basis of multifactorial diseases
consist of multiple complementary tiers. Traditionally, GWAS with large case and control
groups are used to identify possible disease-associated markers. In order to validate findings,
a second GWAS is preferably performed and, in an ideal scenario, it is performed in a
different population thereby facilitating the reduction in the number of variants of interest.
This is typically followed by a period where smaller studies from all over the world target
candidate genes and try to replicate the association in separate populations. Compared to
initial discovery studies, candidate gene studies usually use more phenotypic information to
understand the finer details of the association in the samples. Candidate gene studies are
interesting since significant precision medicine aspects can emerge. This is because authors
frame the aims of the studies differently and stratify the samples using phenotypic
combinations in order to uncover finer details about the associations. It is important to
obtain sufficient statistical power in these follow-up studies in order to obtain conclusive
results and preferably report on the negative associations too. Then, of course, there are

functional studies that investigate mechanisms by which molecular variation is translated
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into different processes within cells, organs and the whole organism, as well as how they
interact with and respond to an environment.

Nowadays with the rapid advancement of DNA sequencing and editing technologies, the
search for the molecular basis of multifactorial diseases has gained next level of momentum
and the precision medicine is gaining an ever increasing importance in the modern

biomedicine.

100



5. Conclusions

1. Minor allele of the adenosine A3 receptor polymorphism rs35511654 is protective against
CAD in Latvian population under additive and dominant models.

2. Minor alleles of rs1130534 and rs1049346 in GLO1 are associated with decreased Glo1l
activity in Latvian population.

3. Minor allele of rs2736654 in GLO1 is modulating observable GLO1 activity.

4. There is no association between type 1 or type 2 diabetes and their respective
complications and the three GLO1 polymorphisms that were studied in Latvian population.

5. SSTR5 polymorphisms rs34037914 and rs642249 are associated with the presence of
acromegaly in Latvian population.

6. MEN1 polymorphism rs2959656 is associated with the presence of clinically significant
pituitary adenoma in Latvian population.

7. DRD2 polymorphisms rs7131056 and rs4938025 are associated with the extrasellar
growth of hormones secreting pituitary adenomas.

8. Germline polymorphisms of SSTR2, AIP, GNAS and PRAKR1A do not contribute to the
development of PA in a significant proportion of patients in Latvian population.
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6. Thesis for defense

1. Polymorphisms in the adenosine A3 receptor are minor contributors and modulators of
disease and disease outcome, and are involved in the pathophysiology of CAD.

2. GLO1 genetic variants are strong determinants of glyoxalase activity, but are not
associated with diabetes complications in Latvian population.

3. SSTR5 polymorphism rs34037914 determines the severity of GH-secreting adenoma cases
diagnosed with acromegaly.

4. The MEN1 polymorphism rs2959656 is a strong predictor of the clinically significant
presence of pituitary adenoma in Latvian population.

5. Distinguishing between multifactorial disease sub-phenotypes improves the capacity to
uncover new genetic factors.

102



List of Original Publications

Ciganoka, D., I. Balcere, I. Kapa, R. Peculis, A. Valtere, L. Nikitina-Zake, I. Lase, H. B.
Schioth, V. Pirags and J. Klovins (2011). "ldentification of somatostatin receptor type 5
gene polymorphisms associated with acromegaly." Eur J Endocrinol 165(4): 517-525.
Peculis, R., |. Balcere, V. Rovite, K. Megnis, A. Valtere, J. Stukens, L. Arnicane, L. Nikitina-
Zake, A. Lejnieks, V. Pirags and J. Klovins (2016). "Polymorphisms in MEN1 and DRD2
genes are associated with the occurrence and characteristics of pituitary adenomas." Eur
J Endocrinol 175(2): 145-153.

Peculis, R., I. Konrade, E. Skapare, D. Fridmanis, L. Nikitina-Zake, A. Lejnieks, V. Pirags, M.
Dambrova and J. Klovins (2013). "ldentification of glyoxalase 1 polymorphisms associated
with enzyme activity." Gene 515(1): 140-143.

Peculis, R., G. Latkovskis, L. Tarasova, V. Pirags, A. Erglis and J. Klovins (2011). "A
nonsynonymous variant 1248L of the adenosine A3 receptor is associated with coronary
heart disease in a Latvian population." DNA Cell Biol 30(11): 907-911.

HFE-related hemochromatosis risk mutations in Latvian population. Peculis R, Lace B,
Putnina A, Nikitina-Zake L, Klovins J. Ann Hematol. 2015 Feb;94(2):343-4. No abstract
available. PMID: 25015053 https://www.ncbi.nlm.nih.gov/pubmed/25015053
Association of F11 polymorphism rs2289252 with deep vein thrombosis and related
phenotypes in population of Latvia. Rovite V, Maurins U, Megnis K, Vaivade |, Peculis R,
Rits J, Prave S, Klovins J. Thromb Res. 2014 Sep;134(3):659-63. doi:
10.1016/j.thromres.2014.07.011. Epub 2014 Jul 18.

BRCA1 gene-related hereditary susceptibility to breast and ovarian cancer in Latvia.
Tihomirova L, Vaivade |, Fokina O, Peculis R, Mandrika I, Sinicka O, Stengrevics A, Krilova
A, Keire G, Petrevics J, Eglitis J, Timofejevs M, Leja M. Adv Med Sci. 2014 Mar;59(1):114-9.
doi: 10.1016/j.advms.2013.09.002. Epub 2014 Mar 20.

The role of common and rare MC4R variants and FTO polymorphisms in extreme form of
obesity. Rovite V, Petrovska R, Vaivade |, Kalnina |, Fridmanis D, Zaharenko L, Peculis R,
Pirags V, Schioth HB, Klovins J. Mol Biol Rep. 2014 Mar;41(3):1491-500. doi:
10.1007/s11033-013-2994-4. Epub 2014 Jan 3.

Role of genetic factors on the effect of additional loading doses and two maintenance

doses used to overcome clopidogrel hyporesponsiveness. Latkovskis G, Urtane |, Knipse A,

103



10.

11.

12.

Peculis R, Cakstina I, Klovins J, Erglis A. Medicina (Kaunas). 2014;50(1):19-27. doi:
10.1016/j.medici.2014.05.004. Epub 2014 Jun 6.

Polymorphisms in FTO and near TMEM18 associate with type 2 diabetes and predispose
to younger age at diagnosis of diabetes. Kalnina |, Zaharenko L, Vaivade I, Rovite V,
Nikitina-Zake L, Peculis R, Fridmanis D, Geldnere K, Jacobsson JA, Almen MS, Pirags V,
Schioth HB, Klovins J. Gene. 2013 Sep 25;527(2):462-8. doi: 10.1016/j.gene.2013.06.079.
Epub 2013 Jul 13.

Stronger association of common variants in TCF7L2 gene with nonobese type 2 diabetes
in the Latvian population. Kalnina |, Geldnere K, Tarasova L, Nikitina-Zake L, Peculis R,
Fridmanis D, Pirags V, Klovins J.Exp Clin Endocrinol Diabetes. 2012 Sep;120(8):466-8. doi:
10.1055/5-0032-1306298. Epub 2012 Mar 22.

Single nucleotide polymorphisms of the purinergic 1 receptor are not associated with
myocardial infarction in a Latvian population.lgnatovica V, Latkovskis G, Peculis R, Megnis
K, Schioth HB, Vaivade |, Fridmanis D, Pirags V, Erglis A, Klovins J. Mol Biol Rep. 2012
Feb;39(2):1917-25. doi: 10.1007/s11033-011-0938-4. Epub 2011 Jun 4.

Approbation of the Research, Published Thesis

24.02.2017. 75th Scientific Conference of the University of Latvia International Medical

Section, Significant association of four SNPs with lower age at diagnosis in patients with GH

secreting pituitary adenoma, Raitis Peculis, Inga Balcere, Andra Valtere, llze Konrade, Olivija

Caune, Valdis Pirags, Janis Klovins

25.09.2016. — 28.09.2016. 14th International Workshop on Multiple Endocrine Neoplasia

and other rare neuroendocrine tumors. R. Peculis.

12.04.2015. — 16.04.2015. 2" Molecular Diagnostics Europe. Modeling fetal DNA fraction

requirements for chr21, chrl8 and chrl3 trisomy detection using semiconductor sequencing.

Raitis Peculis, Vita Rovite, llze Radovica, Davids Fridmanis, leva Grinfelde, Natalija

Vedmedovska, Pavels Domasevs, Dace Rezeberga, Janis Klovins.

30.01.2015. 73rd LU conference, Neinvazivas prenatalas testéSanas metodes izstrade

aneiploidiju detektesanai ar MPS, Raitis Peculis, Vita Rovite, llze Radovica, Davids Fridmanis,

leva Grinfelde, Natalija Vedmedovska, Pavels Domasevs, Dace Rezeberga, Janis Klovins

26.06.2014. —28.06.2014. 9th Congress of Central European Diabetes Association.

Decreased glyoxalase 1 activity caused by polymorphisms in GLO1 is gender dependent,

104



Raitis Peculis, llze Konrade, Elina Skapare, Davids Fridmanis, Liene Nikitina-Zake, Aivars
Lejnieks, Valdis Pirags, Maija Dambrova, Janis Klovins

31.05.2014. — 03.06.2014. ESHG 2014.Rare germline MEN1 mutation increases susceptibility
to pituitary adenoma, R. Peculis, |. Balcere, V. Pirags, J. Klovins

17.06.2012. — 22.06.2012. ICQG 2012. Decreased glyoxalase 1 activity caused by
polymorphisms in GLO1 is gender dependent, Raitis Peculis, llze Konrade, Elina Skapare,
Davids Fridmanis, Liene Nikitina-Zake, Aivars Lejnieks, Valdis Pirags, Maija Dambrova, Janis
Klovins.

23.08.2011. —26.08.2011. OPEN Gene 2011, Risk polymorphism at 9p21.3 predicts severity
of coronary artery disease in Caucasian men, Raitis Peculis, Gustavs Latkovskis, Andrejs
Erglis, Janis Klovins.

23.06.2011 — 29.06.2011. 36" FEBS Congress, 11™" Young Scientist Forum, Risk polymorphism
at 9p21.3 predicts severity of coronary artery disease in Caucasian men, Raitis Peculis,

Gustavs Latkovskis, Andrejs Erglis, Janis Klovins.

Awards and scholarships

31.05.2014. — 03.06.2014. ESHG 2014 attendance fellowship by Latvian Association of
Human Genetics

10.2011. — 09.2012. Fellowship within the framework of the ESF project "Support for
doctoral studies in University of Latvia"

23.06.2011 — 29.06.2011. 36" FEBS Congress & 11t Young Scientist Forum Travel Grant
23.08.2010. — 27.08.2010. Wellcome Trust Advanced Courses Design and Analysis of

Genetic-Based Association Studies Bursary

105



Acknowledgements

The study titled “ldentification of Somatostatin Receptor Type 5 (SSTR5) gene
polymorphisms associated with acromegaly” was supported by the Latvian Council of
Science Grant 10.0010.04, Latvian State Research Program 4.2. Raitis Peculis were supported
by ESF grant 1DP/1.1.1.2.0/09/APIA/VIAA/150.

The study titled “A Nonsynonymous Variant 1248L of the Adenosine A3 Receptor Is
Associated with Coronary Heart Disease in a Latvian Population” was supported by the
Latvian Council of Science (grant number: 10.0010.04; Latvian State Research Program 4.2).
Raitis Peculis was supported by ESF grant 1DP/1.1.1.2.0/09/APIA/VIAA/150. Publication
expenses were covered by ERDF grant 2DP/2.1.1.2.0/10/APIA/VIAA/00A4.

The study titled “Identification of glyoxalase 1 polymorphisms associated with enzyme
activity” was supported by the Latvian Council of Science (grant 10.0010.04), Latvian State
Research Program in Biomedicine 4.2, and the European Foundation for the Study of
Diabetes (EFSD) grant program of the New Horizons Collaborative Research Initiative. Raitis
Peculis was supported by ESF grant 1DP/1.1.1.2.0/09/APIA/VIAA/150. Publication expenses
were covered by ERDF grant 2DP/2.1.1.2.0/10/APIA/VIAA/004.

The study titled “Polymorphisms in MEN1 and DRD2 genes are associated with the
occurrence and characteristics of pituitary adenomas” was supported by the European
Regional Development Fund within the project “Development of novel in vitro tests for
diagnostics and prognostics of individualized therapies of tumors and mitochondrial disease
treatment” (project no. 2014/0021/2DP/2.1.1.1.0/14/APIA/VIAA/058).

The author kindly thank LGDB for providing data and DNA samples for all of the studies.
Special thanks to my supervisor PhD Janis Klovins for advice, suppervision and support in my
research work. Thanks to our research team and co-authors of all my publications for great
work and collaboration.

Finally, | thank my family for moral support and understanding.

106



10.

11.

12.

13.

14.

15.

References

(FDA), F.a.D.A. Reduced effectiveness of Plavix (clopidogrel) in patients who are poor
metabolizers of the drug. Drug Safety Communication 2010 March 13, 2010].

Abramowitz, Y., A. Roth, G. Keren, O. Isakov, N. Shomron, Y. Laitman, D. Weissglas-Volkov, Y.
Arbel, S. Banai, A. Finkelstein, and E. Friedman, Whole-exome sequencing in individuals with
multiple cardiovascular risk factors and normal coronary arteries. Coron Artery Dis, 2016.
27(4): p. 257-66.

Ahmed, N., S. Battah, N. Karachalias, R. Babaei-Jadidi, M. Horanyi, K. Baroti, S. Hollan, and
P.J. Thornalley, Increased formation of methylglyoxal and protein glycation, oxidation and
nitrosation in triosephosphate isomerase deficiency. Biochim Biophys Acta, 2003. 1639(2): p.
121-32.

Ahmed, N., P.J. Thornalley, J. Dawczynski, S. Franke, J. Strobel, G. Stein, and G.M. Haik,
Methylglyoxal-derived hydroimidazolone advanced glycation end-products of human lens
proteins. Invest Ophthalmol Vis Sci, 2003. 44(12): p. 5287-92.

Ahmed, N., R. Babaei-Jadidi, S.K. Howell, P.J. Beisswenger, and P.J. Thornalley, Degradation
products of proteins damaged by glycation, oxidation and nitration in clinical type 1 diabetes.
Diabetologia, 2005. 48(8): p. 1590-603.

Angeloni, C., L. Zambonin, and S. Hrelia, Role of Methylglyoxal in Alzheimer's Disease. Biomed
Research International, 2014.

Anonymous. 2006 [cited 2017 2017.09.01]; Available from:
https://en.wikipedia.org/w/index.php?title=File:Endo_dysfunction_Athero.PNG.

Antognelli, C., I. Palumbo, C. Aristei, and V.N. Talesa, Glyoxalase | inhibition induces apoptosis
inirradiated MCF-7 cells via a novel mechanism involving Hsp27, p53 and NF-kappaB. Br J
Cancer, 2014. 111(2): p. 395-406.

Ashton, K.J., U. Nilsson, L. Willems, K. Holmgren, and J.P. Headrick, Effects of aging and
ischemia on adenosine receptor transcription in mouse myocardium. Biochem Biophys Res
Commun, 2003. 312(2): p. 367-72.

Barati, M.T., M.L. Merchant, A.B. Kain, A.W. Jevans, K.R. McLeish, and J.B. Klein, Proteomic
analysis defines altered cellular redox pathways and advanced glycation end-product
metabolism in glomeruli of db/db diabetic mice. Am J Physiol Renal Physiol, 2007. 293(4): p.
F1157-65.

Barrett, J.C., B. Fry, J. Maller, and M.J. Daly, Haploview: analysis and visualization of LD and
haplotype maps. Bioinformatics, 2005. 21(2): p. 263-5.

Barua, M., E.C. Jenkins, W. Chen, S. Kuizon, R.K. Pullarkat, and M.A. Junaid, Glyoxalase |
polymorphism rs2736654 causing the Ala111Glu substitution modulates enzyme activity--
implications for autism. Autism Res, 2011. 4(4): p. 262-70.

Bates, B., L. Zhang, S. Nawoschik, S. Kodangattil, E. Tseng, D. Kopsco, A. Kramer, Q. Shan, N.
Taylor, J. Johnson, Y. Sun, H.M. Chen, M. Blatcher, J.E. Paulsen, and M.H. Pausch,
Characterization of Gpr101 expression and G-protein coupling selectivity. Brain Res, 2006.
1087(1): p. 1-14.

Beaney, K.E., J.A. Cooper, S. Ullah Shahid, W. Ahmed, R. Qamar, F. Drenos, M.A. Crockard,
and S.E. Humphries, Clinical Utility of a Coronary Heart Disease Risk Prediction Gene Score in
UK Healthy Middle Aged Men and in the Pakistani Population. PLoS One, 2015. 10(7): p.
e0130754.

Beckers, A., M.B. Lodish, G. Trivellin, L. Rostomyan, M. Lee, F.R. Faucz, B. Yuan, C.S. Choong,
J.H. Caberg, E. Verrua, L.A. Naves, T.D. Cheetham, J. Young, P.A. Lysy, P. Petrossians, A.
Cotterill, N.S. Shah, D. Metzger, E. Castermans, M.R. Ambrosio, C. Villa, N. Strebkova, N.
Mazerkina, S. Gaillard, G.B. Barra, L.A. Casulari, S.J. Neggers, R. Salvatori, M.L. Jaffrain-Rea,
M. Zacharin, B.L. Santamaria, S. Zacharieva, E.M. Lim, G. Mantovani, M.C. Zatelli, M.T. Collins,
J.F. Bonneville, M. Quezado, P. Chittiboina, E.H. Oldfield, V. Bours, P. Liu, W.d.H. W, N.

107



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Pellegata, J.R. Lupski, A.F. Daly, and C.A. Stratakis, X-linked acrogigantism syndrome: clinical
profile and therapeutic responses. Endocr Relat Cancer, 2015. 22(3): p. 353-67.

Beller, G.A. and R.C. Heede, SPECT imaging for detecting coronary artery disease and
determining prognosis by noninvasive assessment of myocardial perfusion and myocardial
viability. ) Cardiovasc Transl Res, 2011. 4(4): p. 416-24.

Ben-Shlomo, A., O. Pichurin, R. Khalafi, C. Zhou, V. Chesnokova, S.G. Ren, N.A. Liu, and S.
Melmed, Constitutive somatostatin receptor subtype 2 activity attenuates GH synthesis.
Endocrinology, 2013. 154(7): p. 2399-409.

Benlian, P., S. Amselem, N. Loux, D. Pastier, G. Giraud, J.L. de Gennes, G. Turpin, L. Monnier,
D. Rieu, P. Douste-Blazy, and et al., A LDL receptor gene homozygous mutation: PCR
amplification, direct genomic sequencing, associated haplotype, rapid screening for
frequency. Ann Genet, 1990. 33(2): p. 65-9.

Berenson, G.S., S.R. Srinivasan, J.H. Xu, and W. Chen, Adiposity and Cardiovascular Risk
Factor Variables in Childhood Are Associated With Premature Death From Coronary Heart
Disease in Adults: The Bogalusa Heart Study. Am J Med Sci, 2016. 352(5): p. 448-454.

Berlin, I., K.M. Higginbotham, R.S. Dise, M.1. Sierra, and P.D. Nash, The deubiquitinating
enzyme USP8 promotes trafficking and degradation of the chemokine receptor 4 at the
sorting endosome. J Biol Chem, 2010. 285(48): p. 37895-908.

Berneis, K.K. and R.M. Krauss, Metabolic origins and clinical significance of LDL heterogeneity.
J Lipid Res, 2002. 43(9): p. 1363-79.

Berner, A.K., O. Brouwers, R. Pringle, |. Klaassen, L. Colhoun, C. McVicar, S. Brockbank, J.W.
Curry, T. Miyata, M. Brownlee, R.O. Schlingemann, C. Schalkwijk, and A.W. Stitt, Protection
against methylglyoxal-derived AGEs by regulation of glyoxalase 1 prevents retinal neuroglial
and vasodegenerative pathology. Diabetologia, 2012. 55(3): p. 845-54.

Bierhaus, A., S. Schiekofer, M. Schwaninger, M. Andrassy, P.M. Humpert, J. Chen, M. Hong, T.
Luther, T. Henle, I. Kloting, M. Morcos, M. Hofmann, H. Tritschler, B. Weigle, M. Kasper, M.
Smith, G. Perry, A.M. Schmidt, D.M. Stern, H.U. Haring, E. Schleicher, and P.P. Nawroth,
Diabetes-associated sustained activation of the transcription factor nuclear factor-kappaB.
Diabetes, 2001. 50(12): p. 2792-808.

Bierhaus, A., T. Fleming, S. Stoyanov, A. Leffler, A. Babes, C. Neacsu, S.K. Sauer, M. Eberhardt,
M. Schnolzer, F. Lasitschka, W.L. Neuhuber, T.I. Kichko, |. Konrade, R. Elvert, W. Mier, V.
Pirags, |.K. Lukic, M. Morcos, T. Dehmer, N. Rabbani, P.J. Thornalley, D. Edelstein, C. Nau, J.
Forbes, P.M. Humpert, M. Schwaninger, D. Ziegler, D.M. Stern, M.E. Cooper, U. Haberkorn,
M. Brownlee, P.W. Reeh, and P.P. Nawroth, Methylglyoxal modification of Nav1.8 facilitates
nociceptive neuron firing and causes hyperalgesia in diabetic neuropathy. Nat Med, 2012.
18(6): p. 926-33.

Bis, J.C., M. Kavousi, N. Franceschini, A. Isaacs, G.R. Abecasis, U. Schminke, W.S. Post, A.V.
Smith, L.A. Cupples, H.S. Markus, R. Schmidt, J.E. Huffman, T. Lehtimaki, J. Baumert, T.
Munzel, S.R. Heckbert, A. Dehghan, K. North, B. Oostra, S. Bevan, E.M. Stoegerer, C.
Hayward, O. Raitakari, C. Meisinger, A. Schillert, S. Sanna, H. Volzke, Y.C. Cheng, B. Thorsson,
C.S. Fox, K. Rice, F. Rivadeneira, V. Nambi, E. Halperin, K.E. Petrovic, L. Peltonen, H.E.
Wichmann, R.B. Schnabel, M. Dorr, A. Parsa, T. Aspelund, S. Demissie, S. Kathiresan, M.P.
Reilly, K. Taylor, A. Uitterlinden, D.J. Couper, M. Sitzer, M. Kahonen, T. lllig, P.S. Wild, M.
Orru, J. Ludemann, A.R. Shuldiner, G. Eiriksdottir, C.C. White, J.I. Rotter, A. Hofman, J.
Seissler, T. Zeller, G. Usala, F. Ernst, L.J. Launer, R.B. D'Agostino, Sr., D.H. O'Leary, C.
Ballantyne, J. Thiery, A. Ziegler, E.G. Lakatta, R.K. Chilukoti, T.B. Harris, P.A. Wolf, B.M. Psaty,
J.F. Polak, X. Li, W. Rathmann, M. Uda, E. Boerwinkle, N. Klopp, H. Schmidt, J.F. Wilson, J.
Viikari, W. Koenig, S. Blankenberg, A.B. Newman, J. Witteman, G. Heiss, C. Duijn, A. Scuteri,
G. Homuth, B.D. Mitchell, V. Gudnason, C.J. O'Donnell, and C.A. Consortium, Meta-analysis of
genome-wide association studies from the CHARGE consortium identifies common variants
associated with carotid intima media thickness and plaque. Nat Genet, 2011. 43(10): p. 940-
7.

108



26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Black, R.G., Jr., Y. Guo, Z.D. Ge, S.S. Murphree, S.D. Prabhu, W.K. Jones, R. Bolli, and J.A.
Auchampach, Gene dosage-dependent effects of cardiac-specific overexpression of the A3
adenosine receptor. Circ Res, 2002. 91(2): p. 165-72.

Blausen. Medical gallery of Blausen Medical 2014. WikiJournal of Medicine 2014.

Bolton, J.L., M.C. Stewart, J.F. Wilson, N. Anderson, and J.F. Price, Improvement in prediction
of coronary heart disease risk over conventional risk factors using SNPs identified in genome-
wide association studies. PLoS One, 2013. 8(2): p. e57310.

Borea, P.A,, S. Gessi, S. Bar-Yehuda, and P. Fishman, A3 adenosine receptor: pharmacology
and role in disease. Handb Exp Pharmacol, 2009(193): p. 297-327.

Brazeau, P., W. Vale, R. Burgus, N. Ling, M. Butcher, J. Rivier, and R. Guillemin, Hypothalamic
polypeptide that inhibits the secretion of immunoreactive pituitary growth hormone. Science,
1973. 179(4068): p. 77-9.

Bruns, C,, |. Lewis, U. Briner, G. Meno-Tetang, and G. Weckbecker, SOM230: a novel
somatostatin peptidomimetic with broad somatotropin release inhibiting factor (SRIF)
receptor binding and a unique antisecretory profile. Eur J Endocrinol, 2002. 146(5): p. 707-16.
Cahan, P., Y. Li, M. Izumi, and T.A. Graubert, The impact of copy number variation on local
gene expression in mouse hematopoietic stem and progenitor cells. Nat Genet, 2009. 41(4):
p. 430-7.

Cakir, M., D. Dworakowska, and A. Grossman, Somatostatin receptor biology in
neuroendocrine and pituitary tumours: part 1--molecular pathways. J Cell Mol Med, 2010.
14(11): p. 2570-84.

Cakmak, H.A., B. Bayoglu, E. Durmaz, G. Can, B. Karadag, M. Cengiz, V.A. Vural, and H. Yuksel,
Evaluation of association between common genetic variants on chromosome 9p21 and
coronary artery disease in Turkish population. Anatol J Cardiol, 2015. 15(3): p. 196-203.
Calcutt, N.A., Potential mechanisms of neuropathic pain in diabetes. Int Rev Neurobiol, 2002.
50: p. 205-28.

Casey, M., C. Mah, A.D. Merliss, L.S. Kirschner, S.E. Taymans, A.E. Denio, B. Korf, A.D. Irvine,
A. Hughes, J.A. Carney, C.A. Stratakis, and C.T. Basson, Identification of a novel genetic locus
for familial cardiac myxomas and Carney complex. Circulation, 1998. 98(23): p. 2560-6.
Casey, M., C.J. Vaughan, J. He, C.J. Hatcher, J.M. Winter, S. Weremowicz, K. Montgomery, R.
Kucherlapati, C.C. Morton, and C.T. Basson, Mutations in the protein kinase A R1alpha
regulatory subunit cause familial cardiac myxomas and Carney complex. J Clin Invest, 2000.
106(5): p. R31-8.

Castelli, W.P., R.J. Garrison, P.W. Wilson, R.D. Abbott, S. Kalousdian, and W.B. Kannel,
Incidence of coronary heart disease and lipoprotein cholesterol levels. The Framingham
Study. JAMA, 1986. 256(20): p. 2835-8.

Chahal, H.S., K. Stals, M. Unterlander, D.J. Balding, M.G. Thomas, A.V. Kumar, G.M. Besser,
A.B. Atkinson, P.J. Morrison, T.A. Howlett, M.J. Levy, S.M. Orme, S.A. Akker, R.L. Abel, A.B.
Grossman, J. Burger, S. Ellard, and M. Korbonits, AIP mutation in pituitary adenomas in the
18th century and today. N Engl J Med, 2011. 364(1): p. 43-50.

Chan, K., A. Motterle, R.C. Laxton, and S. Ye, Common variant on chromosome 9p21 predicts
severity of coronary artery disease. J Am Coll Cardiol, 2011. 57(13): p. 1497-8; author reply
1498-9.

Chen, F., M.A. Wollmer, F. Hoerndli, G. Munch, B. Kuhla, E.I. Rogaev, M. Tsolaki, A.
Papassotiropoulos, and J. Gotz, Role for glyoxalase I in Alzheimer's disease. Proc Natl Acad Sci
USA, 2004. 101(20): p. 7687-92.

Cheng, X., L. Shi, S. Nie, F. Wang, X. Li, C. Xu, P. Wang, B. Yang, Q. Li, Z. Pan, Y. Li, H. Xia, C.
Zheng, Y. Ke, Y. Wu, T. Tang, X. Yan, Y. Yang, N. Xia, R. Yao, B. Wang, X. Ma, Q. Zeng, X. Tu, Y.
Liao, and Q.K. Wang, The same chromosome 9p21.3 locus is associated with type 2 diabetes
and coronary artery disease in a Chinese Han population. Diabetes, 2011. 60(2): p. 680-4.
Chilelli, N.C., S. Burlina, and A. Lapolla, AGEs, rather than hyperglycemia, are responsible for
microvascular complications in diabetes: a "glycoxidation-centric" point of view. Nutr Metab
Cardiovasc Dis, 2013. 23(10): p. 913-9.

109



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Choi, J.W., P. Kim, J.K. Kim, Y.R. Kim, D. Fukumura, and S.H. Yun, Longitudinal Tracing of
Spontaneous Regression and Anti-angiogenic Response of Individual Microadenomas during
Colon Tumorigenesis. Theranostics, 2015. 5(7): p. 724-32.

Cyrus, T., S. Sung, L. Zhao, C.D. Funk, S. Tang, and D. Pratico, Effect of low-dose aspirin on
vascular inflammation, plaque stability, and atherogenesis in low-density lipoprotein
receptor-deficient mice. Circulation, 2002. 106(10): p. 1282-7.

Clark, L.T. and O. Emerole, Coronary heart disease in African Americans: primary and
secondary prevention. Cleve Clin J Med, 1995. 62(5): p. 285-92.

Collard, F., D. Vertommen, J. Fortpied, G. Duester, and E. Van Schaftingen, Identification of 3-
deoxyglucosone dehydrogenase as aldehyde dehydrogenase 1A1 (retinaldehyde
dehydrogenase 1). Biochimie, 2007. 89(3): p. 369-73.

Collins, F.S. and H. Varmus, A new initiative on precision medicine. N Engl ] Med, 2015.
372(9): p. 793-5.

Congrains, A., K. Kamide, R. Oguro, O. Yasuda, K. Miyata, E. Yamamoto, T. Kawai, H.
Kusunoki, H. Yamamoto, Y. Takeya, K. Yamamoto, M. Onishi, K. Sugimoto, T. Katsuya, N.
Awata, K. Ikebe, Y. Gondo, Y. Oike, M. Ohishi, and H. Rakugi, Genetic variants at the 9p21
locus contribute to atherosclerosis through modulation of ANRIL and CDKN2A/B.
Atherosclerosis, 2012. 220(2): p. 449-55.

Congrains, A., K. Kamide, M. Ohishi, and H. Rakugi, ANRIL: molecular mechanisms and
implications in human health. Int J Mol Sci, 2013. 14(1): p. 1278-92.

Cooper, D.N., Functional intronic polymorphisms: Buried treasure awaiting discovery within
our genes. Hum Genomics, 2010. 4(5): p. 284-8.

Costenla, A.R,, L.V. Lopes, A. de Mendonca, and J.A. Ribeiro, A functional role for adenosine
A3 receptors: modulation of synaptic plasticity in the rat hippocampus. Neurosci Lett, 2001.
302(1): p. 53-7.

Cuevas-Ramos, D., J.D. Carmichael, O. Cooper, V.S. Bonert, A. Gertych, A.N. Mamelak, and S.
Melmed, A structural and functional acromegaly classification. J Clin Endocrinol Metab, 2015.
100(1): p. 122-31.

Cugino, D., F. Gianfagna, |. Santimone, G. de Gaetano, M.B. Donati, L. lacoviello, and A. Di
Castelnuovo, Type 2 diabetes and polymorphisms on chromosome 9p21: a meta-analysis.
Nutr Metab Cardiovasc Dis, 2012. 22(8): p. 619-25.

Cunha, R.A,, Adenosine as a neuromodulator and as a homeostatic regulator in the nervous
system: different roles, different sources and different receptors. Neurochem Int, 2001. 38(2):
p. 107-25.

Cunnington, M.S., M. Santibanez Koref, B.M. Mayosi, J. Burn, and B. Keavney, Chromosome
9p21 SNPs Associated with Multiple Disease Phenotypes Correlate with ANRIL Expression.
PLoS Genet, 2010. 6(4): p. e1000899.

Cunnington, M.S. and B. Keavney, Genetic mechanisms mediating atherosclerosis
susceptibility at the chromosome 9p21 locus. Curr Atheroscler Rep, 2011. 13(3): p. 193-201.
Dakin, H.D.a.D., H. W, J. Biol. Chem., 1913. 14(155).

Daly, A.F., M. Rixhon, C. Adam, A. Dempegioti, M.A. Tichomirowa, and A. Beckers, High
prevalence of pituitary adenomas: a cross-sectional study in the province of Liege, Belgium. )
Clin Endocrinol Metab, 2006. 91(12): p. 4769-75.

Dalm, V.A., L.J. Hofland, D. Ferone, R. Croxen, S.W. Lamberts, and P.M. van Hagen, The role of
somatostatin and somatostatin analogs in the pathophysiology of the human immune
system. ) Endocrinol Invest, 2003. 26(8 Suppl): p. 94-102.

Das, P. and U. Samarasekera, The story of GBD 2010: a "super-human" effort. Lancet, 2012.
380(9859): p. 2067-70.

Davies, M.J., Stability and instability: Two faces of coronary atherosclerosis - The Paul Dudley
White Lecture 1995. Circulation, 1996. 94(8): p. 2013-2020.

Davis, S.W., F. Castinetti, L.R. Carvalho, B.S. Ellsworth, M.A. Potok, R.H. Lyons, M.L.
Brinkmeier, L.T. Raetzman, P. Carninci, A.H. Mortensen, Y. Hayashizaki, I.J. Arnhold, B.B.

110



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Mendonca, T. Brue, and S.A. Camper, Molecular mechanisms of pituitary organogenesis: In
search of novel regulatory genes. Mol Cell Endocrinol, 2010. 323(1): p. 4-19.

Dawber, T.R., F.E. Moore, and G.V. Mann, Coronary heart disease in the Framingham study.
Am J Public Health Nations Health, 1957. 47(4 Pt 2): p. 4-24.

de Bono, J.S. and A. Ashworth, Translating cancer research into targeted therapeutics.
Nature, 2010. 467(7315): p. 543-9.

de Haan, H.G,, |I.D. Bezemer, C.J. Doggen, S. Le Cessie, P.H. Reitsma, A.R. Arellano, C.H. Tong,
J.J. Devlin, L.A. Bare, F.R. Rosendaal, and C.Y. Vossen, Multiple SNP testing improves risk
prediction of first venous thrombosis. Blood, 2012. 120(3): p. 656-63.

de Lecea, L., J.R. Criado, O. Prospero-Garcia, K.M. Gautvik, P. Schweitzer, P.E. Danielson, C.L.
Dunlop, G.R. Siggins, S.J. Henriksen, and J.G. Sutcliffe, A cortical neuropeptide with neuronal
depressant and sleep-modulating properties. Nature, 1996. 381(6579): p. 242-5.

de Vries, P.S., M. Kavousi, S. Ligthart, A.G. Uitterlinden, A. Hofman, O.H. Franco, and A.
Dehghan, Incremental predictive value of 152 single nucleotide polymorphisms in the 10-year
risk prediction of incident coronary heart disease: the Rotterdam Study. Int J Epidemiol, 2015.
44(2): p. 682-8.

Deghenghi, R., R. Avallone, A. Torsello, G. Muccioli, E. Ghigo, and V. Locatelli, Growth
hormone-inhibiting activity of cortistatin in the rat. ) Endocrinol Invest, 2001. 24(11): p. RC31-
3.

Desai, K.M., T. Chang, H. Wang, A. Banigesh, A. Dhar, J. Liu, A. Untereiner, and L. Wu,
Oxidative stress and aging: is methylglyoxal the hidden enemy? Can J Physiol Pharmacol,
2010. 88(3): p. 273-84.

Do, R., N.O. Stitziel, H.H. Won, A.B. Jorgensen, S. Duga, P. Angelica Merlini, A. Kiezun, M.
Farrall, A. Goel, O. Zuk, I. Guella, R. Asselta, L.A. Lange, G.M. Peloso, P.L. Auer, N.E.S. Project,
D. Girelli, N. Martinelli, D.N. Farlow, M.A. DePristo, R. Roberts, A.F. Stewart, D. Saleheen, J.
Danesh, S.E. Epstein, S. Sivapalaratnam, G.K. Hovingh, J.J. Kastelein, N.J. Samani, H.
Schunkert, J. Erdmann, S.H. Shah, W.E. Kraus, R. Davies, M. Nikpay, C.T. Johansen, J. Wang,
R.A. Hegele, E. Hechter, W. Marz, M.E. Kleber, J. Huang, A.D. Johnson, M. Li, G.L. Burke, M.
Gross, Y. Liu, T.L. Assimes, G. Heiss, E.M. Lange, A.R. Folsom, H.A. Taylor, O. Olivieri, A.
Hamsten, R. Clarke, D.F. Reilly, W. Yin, M.A. Rivas, P. Donnelly, J.E. Rossouw, B.M. Psaty, D.M.
Herrington, J.G. Wilson, S.S. Rich, M.J. Bamshad, R.P. Tracy, L.A. Cupples, D.J. Rader, M.P.
Reilly, J.A. Spertus, S. Cresci, J. Hartiala, W.H. Tang, S.L. Hazen, H. Allayee, A.P. Reiner, C.S.
Carlson, C. Kooperberg, R.D. Jackson, E. Boerwinkle, E.S. Lander, S.M. Schwartz, D.S.
Siscovick, R. McPherson, A. Tybjaerg-Hansen, G.R. Abecasis, H. Watkins, D.A. Nickerson, D.
Ardissino, S.R. Sunyaev, C.J. O'Donnell, D. Altshuler, S. Gabriel, and S. Kathiresan, Exome
sequencing identifies rare LDLR and APOAS5 alleles conferring risk for myocardial infarction.
Nature, 2015. 518(7537): p. 102-6.

Dobler, D., N. Ahmed, L. Song, K.E. Eboigbodin, and P.J. Thornalley, Increased dicarbonyl!
metabolism in endothelial cells in hyperglycemia induces anoikis and impairs angiogenesis by
RGD and GFOGER motif modification. Diabetes, 2006. 55(7): p. 1961-9.

Doyle, J.T., T.R. Dawber, W.B. Kannel, A.S. Heslin, and H.A. Kahn, Cigarette smoking and
coronary heart disease. Combined experience of the Albany and Framingham studies. N Engl J
Med, 1962. 266: p. 796-801.

Dringen, R., Metabolism and functions of glutathione in brain. Prog Neurobiol, 2000. 62(6): p.
649-71.

Duran-Prado, M., M.D. Gahete, A.J. Martinez-Fuentes, R.M. Luque, A. Quintero, S.M. Webb,
P. Benito-Lopez, A. Leal, S. Schulz, F. Gracia-Navarro, M.M. Malagon, and J.P. Castano,
Identification and characterization of two novel truncated but functional isoforms of the
somatostatin receptor subtype 5 differentially present in pituitary tumors. ) Clin Endocrinol
Metab, 2009. 94(7): p. 2634-43.

Engelen, L., I. Ferreira, O. Brouwers, R.M. Henry, J.M. Dekker, G. Nijpels, R.J. Heine, M.M. van
Greevenbroek, C.J. van der Kallen, E.E. Blaak, E.J. Feskens, H. ten Cate, C.D. Stehouwer, and

111



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

C.G. Schalkwijk, Polymorphisms in glyoxalase 1 gene are not associated with vascular
complications: the Hoorn and CoDAM studies. ) Hypertens, 2009. 27(7): p. 1399-403.
Epelbaum, J., P. Dournaud, M. Fodor, and C. Viollet, The neurobiology of somatostatin. Crit
Rev Neurobiol, 1994. 8(1-2): p. 25-44.

Ezzat, S., S.L. Asa, W.T. Couldwell, C.E. Barr, W.E. Dodge, M.L. Vance, and |.E. McCutcheon,
The prevalence of pituitary adenomas: a systematic review. Cancer, 2004. 101(3): p. 613-9.
Famini, P., M.M. Maya, and S. Melmed, Pituitary magnetic resonance imaging for sellar and
parasellar masses: ten-year experience in 2598 patients. J Clin Endocrinol Metab, 2011. 96(6):
p. 1633-41.

Feldman, E.L., Oxidative stress and diabetic neuropathy: a new understanding of an old
problem. J Clin Invest, 2003. 111(4): p. 431-3.

Feldman, E.L.S., M. J,; Russell, J. W.; Greene, D. A., Diabetic neuropathy. Principles and
practice of endocrinology and metabolism, ed. K.L. Becker. 2001, Philadelphia: Lippincott
Williams & Wilkins.

Fernandez, A., N. Karavitaki, and J.A. Wass, Prevalence of pituitary adenomas: a community-
based, cross-sectional study in Banbury (Oxfordshire, UK). Clin Endocrinol (Oxf), 2010. 72(3):
p.377-82.

Ferrau, F., P.D. Romeo, S. Puglisi, M. Ragonese, M.L. Torre, C. Scaroni, G. Occhi, E. De Menis,
G. Arnaldi, F. Trimarchi, and S. Cannavo, Analysis of GPR101 and AIP genes mutations in
acromegaly: a multicentric study. Endocrine, 2016. 54(3): p. 762-767.

Ferreira, J.M. and R. Paes-de-Carvalho, Long-term activation of adenosine A(2a) receptors
blocks glutamate excitotoxicity in cultures of avian retinal neurons. Brain Res, 2001. 900(2): p.
169-76.

Filopanti, M., C. Ronchi, E. Ballare, S. Bondioni, A.G. Lania, M. Losa, S. Gelmini, A. Peri, C.
Orlando, P. Beck-Peccoz, and A. Spada, Analysis of somatostatin receptors 2 and 5
polymorphisms in patients with acromegaly. J Clin Endocrinol Metab, 2005. 90(8): p. 4824-8.
Fitzgerald, K., M. Frank-Kamenetsky, S. Shulga-Morskaya, A. Liebow, B.R. Bettencourt, J.E.
Sutherland, R.M. Hutabarat, V.A. Clausen, V. Karsten, J. Cehelsky, S.V. Nochur, V. Kotelianski,
J. Horton, T. Mant, J. Chiesa, J. Ritter, M. Munisamy, A.K. Vaishnaw, J.A. Gollob, and A. Simon,
Effect of an RNA interference drug on the synthesis of proprotein convertase subtilisin/kexin
type 9 (PCSK9) and the concentration of serum LDL cholesterol in healthy volunteers: a
randomised, single-blind, placebo-controlled, phase 1 trial. Lancet, 2014. 383(9911): p. 60-68.
Fong, D.S,, L. Aiello, T.W. Gardner, G.L. King, G. Blankenship, J.D. Cavallerano, F.L. Ferris, 3rd,
R. Klein, and A. American Diabetes, Diabetic retinopathy. Diabetes Care, 2003. 26(1): p. 226-
9.

Foroughmand, A.M., E. Nikkhah, H. Galehdari, and M.H. Jadbabaee, Association Study
between Coronary Artery Disease and rs1333049 and rs10757274 Polymorphisms at 9p21
Locus in South-West Iran. Cell J, 2015. 17(1): p. 89-98.

Franchini, M., F. Peyvandi, and P.M. Mannucci, The genetic basis of coronary artery disease:
from candidate genes to whole genome analysis. Trends Cardiovasc Med, 2008. 18(5): p. 157-
62.

Freda, P.U., W.K. Chung, N. Matsuoka, J.E. Walsh, M.N. Kanibir, G. Kleinman, Y. Wang, J.N.
Bruce, and K.D. Post, Analysis of GNAS mutations in 60 growth hormone secreting pituitary
tumors: correlation with clinical and pathological characteristics and surgical outcome based
on highly sensitive GH and IGF-I criteria for remission. Pituitary, 2007. 10(3): p. 275-82.
Fredholm, B.B., I.J. AP, K.A. Jacobson, J. Linden, and C.E. Muller, International Union of Basic
and Clinical Pharmacology. LXXXI. Nomenclature and classification of adenosine receptors--
an update. Pharmacol Rev, 2011. 63(1): p. 1-34.

Gahete, M.D., J. Cordoba-Chacon, M. Duran-Prado, M.M. Malagon, A.J. Martinez-Fuentes, F.
Gracia-Navarro, R.M. Luque, and J.P. Castano, Somatostatin and its receptors from fish to
mammals. Ann N'Y Acad Sci, 2010. 1200: p. 43-52.

112



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Ganna, A., P.K. Magnusson, N.L. Pedersen, U. de Faire, M. Reilly, J. Arnlov, J. Sundstrom, A.
Hamsten, and E. Ingelsson, Multilocus genetic risk scores for coronary heart disease
prediction. Arterioscler Thromb Vasc Biol, 2013. 33(9): p. 2267-72.

Gao, F., H.E. Ihn, M.W. Medina, and R.M. Krauss, A common polymorphism in the LDL
receptor gene has multiple effects on LDL receptor function. Hum Mol Genet, 2013. 22(7): p.
1424-31.

Gao, Z.G., A. Chen, D. Barak, S.K. Kim, C.E. Muller, and K.A. Jacobson, Identification by site-
directed mutagenesis of residues involved in ligand recognition and activation of the human
A3 adenosine receptor. ) Biol Chem, 2002. 277(21): p. 19056-63.

Gardner, T.W., D.A. Antonetti, A.J. Barber, K.F. LaNoue, and S.W. Levison, Diabetic
retinopathy: more than meets the eye. Surv Ophthalmol, 2002. 47 Suppl 2: p. S253-62.
Gauderman, W.J., Sample size requirements for matched case-control studies of gene-
environment interaction. Stat Med, 2002. 21(1): p. 35-50.

Gaudet, D., V.J. Alexander, B.F. Baker, D. Brisson, K. Tremblay, W. Singleton, R.S. Geary, S.G.
Hughes, N.J. Viney, M.J. Graham, R.M. Crooke, J.L. Witztum, J.D. Brunzell, and J.J. Kastelein,
Antisense Inhibition of Apolipoprotein C-ll in Patients with Hypertriglyceridemia. N Engl J
Med, 2015. 373(5): p. 438-47.

Genin, E., D. Hannequin, D. Wallon, K. Sleegers, M. Hiltunen, O. Combarros, M.J. Bullido, S.
Engelborghs, P. De Deyn, C. Berr, F. Pasquier, B. Dubois, G. Tognoni, N. Fievet, N. Brouwers,
K. Bettens, B. Arosio, E. Coto, M. Del Zompo, |. Mateo, J. Epelbaum, A. Frank-Garcia, S.
Helisalmi, E. Porcellini, A. Pilotto, P. Forti, R. Ferri, E. Scarpini, G. Siciliano, V. Solfrizzi, S. Sorbi,
G. Spalletta, F. Valdivieso, S. Vepsalainen, V. Alvarez, P. Bosco, M. Mancuso, F. Panza, B.
Nacmias, P. Bossu, O. Hanon, P. Piccardi, G. Annoni, D. Seripa, D. Galimberti, F. Licastro, H.
Soininen, J.F. Dartigues, M.l. Kamboh, C. Van Broeckhoven, J.C. Lambert, P. Amouyel, and D.
Campion, APOE and Alzheimer disease: a major gene with semi-dominant inheritance. Mol
Psychiatry, 2011. 16(9): p. 903-7.

Geoffrion, M., X. Du, Z. Irshad, B.C. Vanderhyden, K. Courville, G. Sui, V.D. D'Agati, S. Ott-
Braschi, N. Rabbani, P.J. Thornalley, M. Brownlee, and R.W. Milne, Differential effects of
glyoxalase 1 overexpression on diabetic atherosclerosis and renal dysfunction in
streptozotocin-treated, apolipoprotein E-deficient mice. Physiol Rep, 2014. 2(6).

Georgitsi, M., E. Heliovaara, R. Paschke, A.V. Kumar, M. Tischkowitz, O. Vierimaa, P. Salmela,
T. Sane, E. De Menis, S. Cannavo, S. Gundogdu, A. Lucassen, L. lzatt, S. Aylwin, G. Bano, S.
Hodgson, C.A. Koch, A. Karhu, and L.A. Aaltonen, Large genomic deletions in AIP in pituitary
adenoma predisposition. J Clin Endocrinol Metab, 2008. 93(10): p. 4146-51.

Gertler, M.M., S.M. Garn, and P.D. White, Young candidates for coronary heart disease. } Am
Med Assoc, 1951. 147(7): p. 621-5.

Graaff, V.D., Human Anatomy, Sixth Edition. 2001: The McGraw-Hill

Companies.

104.

105.

106.

107.

108.

Grillo, M.A. and S. Colombatto, Advanced glycation end-products (AGEs): involvement in
aging and in neurodegenerative diseases. Amino Acids, 2008. 35(1): p. 29-36.

Groener, J.B., P. Reismann, T. Fleming, H. Kalscheuer, D. Lehnhoff, A. Hamann, P. Roser, A.
Bierhaus, P.P. Nawroth, and G. Rudofsky, C332C genotype of glyoxalase 1 and its association
with late diabetic complications. Exp Clin Endocrinol Diabetes, 2013. 121(7): p. 436-9.
Grottoli, S., V. Gasco, F. Broglio, R. Baldelli, F. Ragazzoni, F. Gallenca, A. Mainolfi, F. Prodam,
G. Muccioli, and E. Ghigo, Cortistatin-17 and somatostatin-14 display the same effects on
growth hormone, prolactin, and insulin secretion in patients with acromegaly or
prolactinoma. J Clin Endocrinol Metab, 2006. 91(4): p. 1595-9.

Gruppetta, M., C. Mercieca, and J. Vassallo, Prevalence and incidence of pituitary adenomas:
a population based study in Malta. Pituitary, 2013. 16(4): p. 545-53.

Hayashi, K., N. Inoshita, K. Kawaguchi, A. Ibrahim Ardisasmita, H. Suzuki, N. Fukuhara, M.
Okada, H. Nishioka, Y. Takeuchi, M. Komada, A. Takeshita, and S. Yamada, The USP8
mutational status may predict drug susceptibility in corticotroph adenomas of Cushing's
disease. Eur J Endocrinol, 2016. 174(2): p. 213-26.

113



100.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Hanssen, N.M., K. Wouters, M.S. Huijberts, M.J. Gijbels, J.C. Sluimer, J.L. Scheijen, S.
Heeneman, E.A. Biessen, M.J. Daemen, M. Brownlee, D.P. de Kleijn, C.D. Stehouwer, G.
Pasterkamp, and C.G. Schalkwijk, Higher levels of advanced glycation endproducts in human
carotid atherosclerotic plaques are associated with a rupture-prone phenotype. Eur Heart J,
2014.35(17): p. 1137-46.

Hanssen, N.M., J.W. Beulens, S. van Dieren, J.L. Scheijen, A.D. van der, A.M. Spijkerman, Y.T.
van der Schouw, C.D. Stehouwer, and C.G. Schalkwijk, Plasma advanced glycation end
products are associated with incident cardiovascular events in individuals with type 2
diabetes: a case-cohort study with a median follow-up of 10 years (EPIC-NL). Diabetes, 2015.
64(1): p. 257-65.

Hardy, J., Transphenoidal microsurgery of the normal and pathological pituitary. Clin
Neurosurg, 1969. 16: p. 185-217.

Harismendy, O., D. Notani, X. Song, N.G. Rahim, B. Tanasa, N. Heintzman, B. Ren, X.D. Fu, E.J.
Topol, M.G. Rosenfeld, and K.A. Frazer, 9p21 DNA variants associated with coronary artery
disease impair interferon-gamma signalling response. Nature, 2011. 470(7333): p. 264-8.
Hasko, G. and P. Pacher, A2A receptors in inflammation and injury: lessons learned from
transgenic animals. ) Leukoc Biol, 2008. 83(3): p. 447-55.

Hawkins, R.D., G.C. Hon, and B. Ren, Next-generation genomics: an integrative approach. Nat
Rev Genet, 2010. 11(7): p. 476-86.

Headrick, J.P. and J. Peart, A3 adenosine receptor-mediated protection of the ischemic heart.
Vascul Pharmacol, 2005. 42(5-6): p. 271-9.

Helgadottir, A., G. Thorleifsson, A. Manolescu, S. Gretarsdottir, T. Blondal, A. Jonasdottir, A.
Jonasdottir, A. Sigurdsson, A. Baker, A. Palsson, G. Masson, D.F. Gudbjartsson, K.P.
Magnusson, K. Andersen, A.l. Levey, V.M. Backman, S. Matthiasdottir, T. Jonsdottir, S.
Palsson, H. Einarsdottir, S. Gunnarsdottir, A. Gylfason, V. Vaccarino, W.C. Hooper, M.P. Reilly,
C.B. Granger, H. Austin, D.J. Rader, S.H. Shah, A.A. Quyyumi, J.R. Gulcher, G. Thorgeirsson, U.
Thorsteinsdottir, A. Kong, and K. Stefansson, A common variant on chromosome 9p21 affects
the risk of myocardial infarction. Science, 2007. 316(5830): p. 1491-3.

Hirsch, A., Handbook of geographical and historical pathology. New Sydenham Society
London Publications. 1883, London,: New Sydenham Society.

Hofland, L.J. and S.W. Lamberts, The pathophysiological consequences of somatostatin
receptor internalization and resistance. Endocr Rev, 2003. 24(1): p. 28-47.

Holdt, L.M., K. Sass, G. Gabel, H. Bergert, J. Thiery, and D. Teupser, Expression of Chr9p21
genes CDKN2B (p15(INK4b)), CDKN2A (p16(INK4a), p14(ARF)) and MTAP in human
atherosclerotic plaque. Atherosclerosis, 2011. 214(2): p. 264-70.

Howarth, C., P. Gleeson, and D. Attwell, Updated energy budgets for neural computation in
the neocortex and cerebellum. ) Cereb Blood Flow Metab, 2012. 32(7): p. 1222-32.

Huan, T., B. Zhang, Z. Wang, R. Joehanes, J. Zhu, A.D. Johnson, S. Ying, P.J. Munson, N.
Raghavachari, R. Wang, P. Liu, P. Courchesne, S.J. Hwang, T.L. Assimes, R. McPherson, N.J.
Samani, H. Schunkert, A.G.w.R. Coronary, I.C.f.B.P.G. Meta-analysis Consortium, Q. Meng, C.
Suver, C.J. O'Donnell, J. Derry, X. Yang, and D. Levy, A systems biology framework identifies
molecular underpinnings of coronary heart disease. Arterioscler Thromb Vasc Biol, 2013.
33(6): p. 1427-34.

Hughes, C.M., O. Rozenblatt-Rosen, T.A. Milne, T.D. Copeland, S.S. Levine, J.C. Lee, D.N.
Hayes, K.S. Shanmugam, A. Bhattacharjee, C.A. Biondi, G.F. Kay, N.K. Hayward, J.L. Hess, and
M. Meyerson, Menin associates with a trithorax family histone methyltransferase complex
and with the hoxc8 locus. Mol Cell, 2004. 13(4): p. 587-97.

Hughes, M.F., O. Saarela, J. Stritzke, F. Kee, K. Silander, N. Klopp, J. Kontto, J. Karvanen, C.
Willenborg, V. Salomaa, J. Virtamo, P. Amouyel, D. Arveiler, J. Ferrieres, P.G. Wiklund, J.
Baumert, B. Thorand, P. Diemert, D.A. Tregouet, C. Hengstenberg, A. Peters, A. Evans, W.
Koenig, J. Erdmann, N.J. Samani, K. Kuulasmaa, and H. Schunkert, Genetic markers enhance
coronary risk prediction in men: the MORGAM prospective cohorts. PLoS One, 2012. 7(7): p.
e40922.

114



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

lgreja, S., H.S. Chahal, P. King, G.B. Bolger, U. Srirangalingam, L. Guasti, J.P. Chapple, G.
Trivellin, M. Gueorguiev, K. Guegan, K. Stals, B. Khoo, A.V. Kumar, S. Ellard, A.B. Grossman,
M. Korbonits, and F.C. International, Characterization of aryl hydrocarbon receptor
interacting protein (AIP) mutations in familial isolated pituitary adenoma families. Hum
Mutat, 2010. 31(8): p. 950-60.

Institute for Quality and Efficiency in Health Care, |. How does the pituitary gland work? 2015
september 1, 2017]; Available from:
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0072573/.

International HapMap, C., The International HapMap Project. Nature, 2003. 426(6968): p.
789-96.

Yamagishi, K., A.R. Folsom, W.D. Rosamond, E. Boerwinkle, and A. Investigators, A genetic
variant on chromosome 9p21 and incident heart failure in the ARIC study. Eur Heart J, 2009.
30(10): p. 1222-8.

Yang, X.C., Q. Zhang, S.J. Li, X.H. Wan, G.Z. Zhong, W.L. Hu, L. Li, S.Z. Yu, L. Jin, and X.F. Wang,
Association study between three polymorphisms and myocardial infarction and ischemic
stroke in Chinese Han population. Thromb Res, 2010. 126(4): p. 292-4.

Yates, A., W. Akanni, M.R. Amode, D. Barrell, K. Billis, D. Carvalho-Silva, C. Cummins, P.
Clapham, S. Fitzgerald, L. Gil, C.G. Giron, L. Gordon, T. Hourlier, S.E. Hunt, S.H. Janacek, N.
Johnson, T. Juettemann, S. Keenan, |. Lavidas, F.J. Martin, T. Maurel, W. McLaren, D.N.
Murphy, R. Nag, M. Nuhn, A. Parker, M. Patricio, M. Pignatelli, M. Rahtz, H.S. Riat, D.
Sheppard, K. Taylor, A. Thormann, A. Vullo, S.P. Wilder, A. Zadissa, E. Birney, J. Harrow, M.
Muffato, E. Perry, M. Ruffier, G. Spudich, S.J. Trevanion, F. Cunningham, B.L. Aken, D.R.
Zerbino, and P. Flicek, Ensembl 2016. Nucleic Acids Res, 2016. 44(D1): p. D710-6.

Yellon, D.M. and D.J. Hausenloy, Myocardial reperfusion injury. N Engl J Med, 2007. 357(11):
p. 1121-35.

Yusuf, S., S. Hawken, S. Ounpuu, T. Dans, A. Avezum, F. Lanas, M. McQueen, A. Budaj, P. Pais,
J. Varigos, L. Lisheng, and LS. Investigators, Effect of potentially modifiable risk factors
associated with myocardial infarction in 52 countries (the INTERHEART study): case-control
study. Lancet, 2004. 364(9438): p. 937-52.

Jacoby, L.B., E.T. Hedley-Whyte, K. Pulaski, B.R. Seizinger, and R.L. Martuza, Clonal origin of
pituitary adenomas. J Neurosurg, 1990. 73(5): p. 731-5.

Jagannathan, J., A.S. Dumont, D.M. Prevedello, B. Lopes, R.J. Oskouian, J.A. Jane, Jr., and E.R.
Laws, Jr., Genetics of pituitary adenomas: current theories and future implications. Neurosurg
Focus, 2005. 19(5): p. E4.

Jamaldini, S.H., M. Babanejad, R. Mozaffari, N. Nikzat, K. Jalalvand, A. Badiei, H. Sanati, F.
Shakerian, M. Afshari, K. Kahrizi, and H. Najmabadi, Association of polymorphisms at LDLR
locus with coronary artery disease independently from lipid profile. Acta Med Iran, 2014.
52(5): p. 352-9.

Jameson, J.L. and D.L. Longo, Precision medicine--personalized, problematic, and promising. N
EnglJ Med, 2015. 372(23): p. 2229-34.

Janes, K., A.M. Symons-Liguori, K.A. Jacobson, and D. Salvemini, Identification of A3
adenosine receptor agonists as novel non-narcotic analgesics. Br J Pharmacol, 2016. 173(8):
p. 1253-67.

Jarinova, O., A.F. Stewart, R. Roberts, G. Wells, P. Lau, T. Naing, C. Buerki, B.W. McLean, R.C.
Cook, J.S. Parker, and R. McPherson, Functional analysis of the chromosome 9p21.3 coronary
artery disease risk locus. Arterioscler Thromb Vasc Biol, 2009. 29(10): p. 1671-7.

Jin, Z., L. Pu, L. Sun, W. Chen, N. Nan, H. Li, H. Zhu, X. Yang, N. Wang, J. Hui, Y. Zhang, Q. Zhou,
F. Zhao, F. Yang, X. Shi, X. Zhu, Y. Yang, W. Zhang, C. Zheng, X. Li, D. Yang, R. Jia, S. Meng, and
Z. Yang, Identification of susceptibility variants in ADIPOR1 gene associated with type 2
diabetes, coronary artery disease and the comorbidity of type 2 diabetes and coronary artery
disease. PLoS One, 2014. 9(6): p. e100339.

115



1309.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Jordan, J.E., V.H. Thourani, J.A. Auchampach, J.A. Robinson, N.P. Wang, and J. Vinten-
Johansen, A(3) adenosine receptor activation attenuates neutrophil function and neutrophil-
mediated reperfusion injury. Am J Physiol, 1999. 277(5 Pt 2): p. H1895-905.

Junaid, M.A., D. Kowal, M. Barua, P.S. Pullarkat, S. Sklower Brooks, and R.K. Pullarkat,
Proteomic studies identified a single nucleotide polymorphism in glyoxalase | as autism
susceptibility factor. Am J Med Genet A, 2004. 131(1): p. 11-7.

Kalapos, M.P., Methylglyoxal toxicity in mammals. Toxicol Lett, 1994. 73(1): p. 3-24.
Kalapos, M.P., The tandem of free radicals and methylglyoxal. Chem Biol Interact, 2008.
171(3): p. 251-71.

Kalapos, M.P., Methylglyoxal and glucose metabolism: a historical perspective and future
avenues for research. Drug Metabol Drug Interact, 2008. 23(1-2): p. 69-91.

Kalousova, M., A. Germanova, M. Jachymova, O. Mestek, V. Tesar, and T. Zima, A419C
(E111A) polymorphism of the glyoxalase | gene and vascular complications in chronic
hemodialysis patients. Ann N 'Y Acad Sci, 2008. 1126: p. 268-71.

Kannel, W.B., T.R. Dawber, A. Kagan, N. Revotskie, and J. Stokes, 3rd, Factors of risk in the
development of coronary heart disease--six year follow-up experience. The Framingham
Study. Ann Intern Med, 1961. 55: p. 33-50.

Kannel, W.B., W.P. Castelli, T. Gordon, and P.M. McNamara, Serum cholesterol, lipoproteins,
and the risk of coronary heart disease. The Framingham study. Ann Intern Med, 1971. 74(1):
p. 1-12.

Kannel, W.B. and D.L. McGee, Diabetes and cardiovascular disease. The Framingham study.
JAMA, 1979. 241(19): p. 2035-8.

Karachalias, N., R. Babaei-Jadidi, N. Rabbani, and P.J. Thornalley, Increased protein damage in
renal glomeruli, retina, nerve, plasma and urine and its prevention by thiamine and
benfotiamine therapy in a rat model of diabetes. Diabetologia, 2010. 53(7): p. 1506-16.
Kasuki Jomori de Pinho, L., L. Vieira Neto, L.E. Armondi Wildemberg, E.L. Gasparetto, J.
Marcondes, B. de Almeida Nunes, C.M. Takiya, and M.R. Gadelha, Low aryl hydrocarbon
receptor-interacting protein expression is a better marker of invasiveness in
somatotropinomas than Ki-67 and p53. Neuroendocrinology, 2011. 94(1): p. 39-48.

Kasuki, L., L. Vieira Neto, L.E. Wildemberg, L.M. Colli, M. de Castro, C.M. Takiya, and M.R.
Gadelha, AIP expression in sporadic somatotropinomas is a predictor of the response to
octreotide LAR therapy independent of SSTR2 expression. Endocr Relat Cancer, 2012. 19(3): p.
L25-9.

Keys, A., H.L. Taylor, H. Blackburn, J. Brozek, J.T. Anderson, and E. Simonson, Coronary Heart
Disease among Minnesota Business and Professional Men Followed Fifteen Years. Circulation,
1963. 28: p. 381-95.

Keys, A.B., Seven countries : a multivariate analysis of death and coronary heart disease.
1980, Cambridge, Mass.: Harvard University Press. xi, 381 p.

Kelberman, D., K. Rizzoti, R. Lovell-Badge, I.C. Robinson, and M.T. Dattani, Genetic regulation
of pituitary gland development in human and mouse. Endocr Rev, 2009. 30(7): p. 790-829.
Kessler, M.D., L. Yerges-Armstrong, M.A. Taub, A.C. Shetty, K. Maloney, L.J. Jeng, I. Ruczinski,
A.M. Levin, L.K. Williams, T.H. Beaty, R.A. Mathias, K.C. Barnes, A. Consortium on Asthma
among African-ancestry Populations in the, and T.D. O'Connor, Challenges and disparities in
the application of personalized genomic medicine to populations with African ancestry. Nat
Commun, 2016. 7: p. 12521.

Kessler, T., B. Vilne, and H. Schunkert, The impact of genome-wide association studies on the
pathophysiology and therapy of cardiovascular disease. EMBO Mol Med, 2016. 8(7): p. 688-
701.

Khera, A.V., C.A. Emdin, |. Drake, P. Natarajan, A.G. Bick, N.R. Cook, D.l. Chasman, U. Baber,
R. Mehran, D.J. Rader, V. Fuster, E. Boerwinkle, O. Melander, M. Orho-Melander, P.M.
Ridker, and S. Kathiresan, Genetic Risk, Adherence to a Healthy Lifestyle, and Coronary
Disease. N Engl J Med, 2016. 375(24): p. 2349-2358.

116



157. Khera, A.V. and S. Kathiresan, Genetics of coronary artery disease: discovery, biology and
clinical translation. Nat Rev Genet, 2017. 18(6): p. 331-344.

158. Kichaev, G., W.Y. Yang, S. Lindstrom, F. Hormozdiari, E. Eskin, A.L. Price, P. Kraft, and B.
Pasaniuc, Integrating functional data to prioritize causal variants in statistical fine-mapping
studies. PLoS Genet, 2014. 10(10): p. e1004722.

159. Kim, M.J., D.W. Kim, B.R. Lee, M.J. Shin, Y.N. Kim, S.A. Eom, B.J. Park, Y.S. Cho, K.H. Han, J.
Park, H.S. Hwang, W.S. Eum, and S.Y. Choi, Transduced Tat-glyoxalase protein attenuates
streptozotocin-induced diabetes in a mouse model. Biochem Biophys Res Commun, 2013.
430(1): p. 294-300.

160. Kirschner, L.S., J.A. Carney, S.D. Pack, S.E. Taymans, C. Giatzakis, Y.S. Cho, Y.S. Cho-Chung,
and C.A. Stratakis, Mutations of the gene encoding the protein kinase A type I-alpha
regulatory subunit in patients with the Carney complex. Nat Genet, 2000. 26(1): p. 89-92.

161.  Kirsten, H., S. Dienst, F. Emmrich, and P. Ahnert, CalcDalton: a tool for multiplex genotyping
primer design for single-base extension reactions using cleavable primers. Biotechniques,
2006. 40(2): p. 158, 160, 162.

162. Knudson, A.G., Antioncogenes and human cancer. Proc Natl Acad Sci U S A, 1993. 90(23): p.
10914-21.

163.  Koivisto, A., H. Chapman, N. Jalava, T. Korjamo, M. Saarnilehto, K. Lindstedt, and A.
Pertovaara, TRPA1: a transducer and amplifier of pain and inflammation. Basic Clin
Pharmacol Toxicol, 2014. 114(1): p. 50-5.

164. Krantic, S., Peptides as regulators of the immune system: emphasis on somatostatin.
Peptides, 2000. 21(12): p. 1941-64.

165.  Kullo, I.J. and K. Ding, Mechanisms of disease: The genetic basis of coronary heart disease.
Nat Clin Pract Cardiovasc Med, 2007. 4(10): p. 558-69.

166. Kullo, I.J. and L.T. Cooper, Early identification of cardiovascular risk using genomics and
proteomics. Nat Rev Cardiol, 2010. 7(6): p. 309-17.

167. Kumar,J., S. Yumnam, T. Basu, A. Ghosh, G. Garg, G. Karthikeyan, and S. Sengupta,
Association of polymorphisms in 9p21 region with CAD in North Indian population: replication
of SNPs identified through GWAS. Clin Genet, 2011. 79(6): p. 588-93.

168. Kwon, S.M., H. Cho, J.H. Choi, B.A. Jee, Y. Jo, and H.G. Woo, Perspectives of integrative cancer
genomics in next generation sequencing era. Genomics Inform, 2012. 10(2): p. 69-73.

169. Landis, C.A., S.B. Masters, A. Spada, A.M. Pace, H.R. Bourne, and L. Vallar, GTPase inhibiting
mutations activate the alpha chain of Gs and stimulate adenylyl cyclase in human pituitary
tumours. Nature, 1989. 340(6236): p. 692-6.

170. Larkin, S. and O. Ansorge, Development and Microscopic Anatomy of the Pituitary Gland, in
Endotext, L.J. De Groot, et al., Editors. 2000: South Dartmouth (MA).

171.  Larsen, K., A.C. Aronsson, E. Marmstal, and B. Mannervik, Immunological comparison of
glyoxalase | from yeast and mammals and quantitative determination of the enzyme in
human tissues by radioimmunoassay. Comp Biochem Physiol B, 1985. 82(4): p. 625-38.

172.  Lemos, M.C. and R.V. Thakker, Multiple endocrine neoplasia type 1 (MEN1): analysis of 1336
mutations reported in the first decade following identification of the gene. Hum Mutat, 2008.
29(1): p. 22-32.

173.  Leontiou, C.A., M. Gueorguiev, J. van der Spuy, R. Quinton, F. Lolli, S. Hassan, H.S. Chahal, S.C.
Igreja, S. Jordan, J. Rowe, M. Stolbrink, H.C. Christian, J. Wray, D. Bishop-Bailey, D.M. Berney,
J.LA. Wass, V. Popovic, A. Ribeiro-Oliveira, Jr., M.R. Gadelha, J.P. Monson, S.A. Akker, J.R.
Davis, R.N. Clayton, K. Yoshimoto, T. lwata, A. Matsuno, K. Eguchi, M. Musat, D. Flanagan, G.
Peters, G.B. Bolger, J.P. Chapple, L.A. Frohman, A.B. Grossman, and M. Korbonits, The role of
the aryl hydrocarbon receptor-interacting protein gene in familial and sporadic pituitary
adenomas. ) Clin Endocrinol Metab, 2008. 93(6): p. 2390-401.

174. Lerman, A. and A.M. Zeiher, Endothelial function: cardiac events. Circulation, 2005. 111(3): p.
363-8.

117



175.

176.

177.
178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

1809.

190.

Li, J., R.A. Fenton, H.B. Wheeler, C.C. Powell, B.D. Peyton, B.S. Cutler, and J.G. Dobson, Jr.,
Adenosine A2a receptors increase arterial endothelial cell nitric oxide. J Surg Res, 1998. 80(2):
p. 357-64.

Li, W.Q., R.M. Pfeiffer, P.L. Hyland, J. Shi, F. Gu, Z. Wang, S. Bhattacharjee, J. Luo, X. Xiong, M.
Yeager, X. Deng, N. Hu, P.R. Taylor, D. Albanes, N.E. Caporaso, S.M. Gapstur, L.
Amundadottir, S.J. Chanock, N. Chatterjee, M.T. Landi, M.A. Tucker, A.M. Goldstein, and X.R.
Yang, Genetic polymorphisms in the 9p21 region associated with risk of multiple cancers.
Carcinogenesis, 2014. 35(12): p. 2698-705.

Libby, P., Inflammation in atherosclerosis. Nature, 2002. 420(6917): p. 868-74.

Libby, P. and P. Theroux, Pathophysiology of coronary artery disease. Circulation, 2005.
111(25): p. 3481-8.

Lin, C.H., J.M. Yeakley, T.K. McDaniel, and R. Shen, Medium- to high-throughput SNP
genotyping using VeraCode microbeads. Methods Mol Biol, 2009. 496: p. 129-42.

Lin, Y., X. Jiang, Y. Shen, M. Li, H. Ma, M. Xing, and Y. Lu, Frequent mutations and
amplifications of the PIK3CA gene in pituitary tumors. Endocr Relat Cancer, 2009. 16(1): p.
301-10.

Little, J., J.P. Higgins, J.P. loannidis, D. Moher, F. Gagnon, E. von EIm, M.J. Khoury, B. Cohen,
G. Davey-Smith, J. Grimshaw, P. Scheet, M. Gwinn, R.E. Williamson, G.Y. Zou, K. Hutchings,
C.Y.Johnson, V. Tait, M. Wiens, J. Golding, C. van Duijn, J. McLaughlin, A. Paterson, G. Wells,
I. Fortier, M. Freedman, M. Zecevic, R. King, C. Infante-Rivard, A. Stewart, and N. Birkett,
STrengthening the REporting of Genetic Association studies (STREGA)--an extension of the
STROBE statement. Eur J Clin Invest, 2009. 39(4): p. 247-66.

Liu, G.H., J. Qu, and X. Shen, NF-kappaB/p65 antagonizes Nrf2-ARE pathway by depriving CBP
from Nrf2 and facilitating recruitment of HDAC3 to MafK. Biochim Biophys Acta, 2008.
1783(5): p. 713-27.

Liu, Y., H.K. Sanoff, H. Cho, C.E. Burd, C. Torrice, K.L. Mohlke, J.G. Ibrahim, N.E. Thomas, and
N.E. Sharpless, INK4/ARF transcript expression is associated with chromosome 9p21 variants
linked to atherosclerosis. PLoS One, 2009. 4(4): p. e5027.

Liu, S., B. Xiu, J. Liu, A. Xue, Q. Tang, Y. Shen, and J. Xie, Association of rs1122608 with
Coronary Artery Disease and Lipid Profile: A Meta-analysis. Arch Med Res, 2016. 47(4): p.
315-20.

Lloyd-Jones, D.M., B.H. Nam, R.B. D'Agostino, Sr., D. Levy, J.M. Murabito, T.J. Wang, P.W.
Wilson, and C.J. O'Donnell, Parental cardiovascular disease as a risk factor for cardiovascular
disease in middle-aged adults: a prospective study of parents and offspring. JAMA, 2004.
291(18): p. 2204-11.

Lluis-Ganella, C., I. Subirana, G. Lucas, M. Tomas, D. Munoz, M. Senti, E. Salas, J. Sala, R.
Ramos, J.M. Ordovas, J. Marrugat, and R. Elosua, Assessment of the value of a genetic risk
score in improving the estimation of coronary risk. Atherosclerosis, 2012. 222(2): p. 456-63.
Lo, T.W.,, T. Selwood, and P.J. Thornalley, The reaction of methylglyoxal with aminoguanidine
under physiological conditions and prevention of methylglyoxal binding to plasma proteins.
Biochem Pharmacol, 1994. 48(10): p. 1865-70.

Lobo, I. Multifactorial inheritance and genetic disease. Nature Education 2008;
1(1):5:[Available from: https://www.nature.com/scitable/topicpage/multifactorial-
inheritance-and-genetic-disease-919.

Lowell, B.D., H, Novel gpr101 transgenic mice and methods of use thereof. 2011: united
States of America.

Ma, Z.Y., Z.J. Song, J.H. Chen, Y.F. Wang, S.Q. Li, L.F. Zhou, Y. Mao, Y.M. Li, R.G. Hu, Z.Y.
Zhang, H.Y. Ye, M. Shen, X.F. Shou, Z.Q. Li, H. Peng, Q.Z. Wang, D.Z. Zhou, X.L. Qin, J. Ji, J.
Zheng, H. Chen, Y. Wang, D.Y. Geng, W.J. Tang, C.W. Fu, Z.F. Shi, Y.C. Zhang, Z. Ye, W.Q. He,
Q.L. Zhang, Q.S. Tang, R. Xie, J.W. Shen, Z.J. Wen, J. Zhou, T. Wang, S. Huang, H.J. Qiu, N.D.
Qiao, Y. Zhang, L. Pan, W.M. Bao, Y.C. Liu, C.X. Huang, Y.Y. Shi, and Y. Zhao, Recurrent gain-
of-function USP8 mutations in Cushing's disease. Cell Res, 2015. 25(3): p. 306-17.

118



191.

192.

193.

194.

195.

196.

197.

198.
199.

200.

201.

202.

203.

204.

205.

MacArthur, J., E. Bowler, M. Cerezo, L. Gil, P. Hall, E. Hastings, H. Junkins, A. McMahon, A.
Milano, J. Morales, Z.M. Pendlington, D. Welter, T. Burdett, L. Hindorff, P. Flicek, F.
Cunningham, and H. Parkinson, The new NHGRI-EBI Catalog of published genome-wide
association studies (GWAS Catalog). Nucleic Acids Res, 2017. 45(D1): p. D896-D901.
Maddock, H.L., M.M. Mocanu, and D.M. Yellon, Adenosine A(3) receptor activation protects
the myocardium from reperfusion/reoxygenation injury. Am J Physiol Heart Circ Physiol,
2002. 283(4): p. H1307-13.

Maessen, D.B., O.; Miyata, T.; Stehouwer, C.; Schalkwijk, C., Glyoxalase-1 overexpression
reduces body weight and adipokine expression, and improves insulin sensitivity in high-fat
diet-induced obese mice. Diabetologia, 2014. 57( Supplement 1): p. 713.

Maher, P., Methylglyoxal, advanced glycation end products and autism: is there a
connection? Med Hypotheses, 2012. 78(4): p. 548-52.

Makinen, V.P., M. Civelek, Q. Meng, B. Zhang, J. Zhu, C. Levian, T. Huan, A.V. Segre, S. Ghosh,
J. Vivar, M. Nikpay, A.F. Stewart, C.P. Nelson, C. Willenborg, J. Erdmann, S. Blakenberg, C.J.
O'Donnell, W. Marz, R. Laaksonen, S.E. Epstein, S. Kathiresan, S.H. Shah, S.L. Hazen, M.P.
Reilly, A.D.G.-W.R. Coronary, C. Meta-Analysis, A.J. Lusis, N.J. Samani, H. Schunkert, T.
Quertermous, R. McPherson, X. Yang, and T.L. Assimes, Integrative genomics reveals novel
molecular pathways and gene networks for coronary artery disease. PLoS Genet, 2014. 10(7):
p. €1004502.

Marenberg, M.E., N. Risch, L.F. Berkman, B. Floderus, and U. de Faire, Genetic susceptibility
to death from coronary heart disease in a study of twins. N Engl J Med, 1994. 330(15): p.
1041-6.

Martinelli, N., D. Girelli, B. Lunghi, M. Pinotti, G. Marchetti, G. Malerba, P.F. Pignatti, R.
Corrocher, O. Olivieri, and F. Bernardi, Polymorphisms at LDLR locus may be associated with
coronary artery disease through modulation of coagulation factor VIII activity and
independently from lipid profile. Blood, 2010. 116(25): p. 5688-97.

Maseri, A. and V. Fuster, Is there a vulnerable plaque? Circulation, 2003. 107(16): p. 2068-71.
McCarthy, J.J., A. Parker, R. Salem, D.J. Moliterno, Q. Wang, E.F. Plow, S. Rao, G. Shen, W.J.
Rogers, L.K. Newby, R. Cannata, K. Glatt, E.J. Topol, and I. GeneQuest, Large scale association
analysis for identification of genes underlying premature coronary heart disease: cumulative
perspective from analysis of 111 candidate genes. J Med Genet, 2004. 41(5): p. 334-41.
McLellan, A.C., P.J. Thornalley, J. Benn, and P.H. Sonksen, Glyoxalase system in clinical
diabetes mellitus and correlation with diabetic complications. Clin Sci (Lond), 1994. 87(1): p.
21-9.

McPherson, R., A. Pertsemlidis, N. Kavaslar, A. Stewart, R. Roberts, D.R. Cox, D.A. Hinds, L.A.
Pennacchio, A. Tybjaerg-Hansen, A.R. Folsom, E. Boerwinkle, H.H. Hobbs, and J.C. Cohen, A
common allele on chromosome 9 associated with coronary heart disease. Science, 2007.
316(5830): p. 1488-91.

Mega, J.L., N.O. Stitziel, J.G. Smith, D.I. Chasman, M. Caulfield, J.J. Devlin, F. Nordio, C. Hyde,
C.P. Cannon, F. Sacks, N. Poulter, P. Sever, P.M. Ridker, E. Braunwald, O. Melander, S.
Kathiresan, and M.S. Sabatine, Genetic risk, coronary heart disease events, and the clinical
benefit of statin therapy: an analysis of primary and secondary prevention trials. Lancet,
2015. 385(9984): p. 2264-2271.

Meng, W., A.E. Hughes, C.C. Patterson, C. Belton, F. Kee, and P.P. McKeown, Chromosome
9p21.3 is associated with early-onset coronary heart disease in the Irish population. Dis
Markers, 2008. 25(2): p. 81-5.

Mergenthaler, P., U. Lindauer, G.A. Dienel, and A. Meisel, Sugar for the brain: the role of
glucose in physiological and pathological brain function. Trends Neurosci, 2013. 36(10): p.
587-97.

Merlo, A., E. Gabrielson, F. Askin, and D. Sidransky, Frequent loss of chromosome 9 in human
primary non-small cell lung cancer. Cancer Res, 1994. 54(3): p. 640-2.

119



206.

207.

208.

209.

Micko, A.S., A. Wohrer, S. Wolfsberger, and E. Knosp, Invasion of the cavernous sinus space in
pituitary adenomas: endoscopic verification and its correlation with an MRI-based
classification. ) Neurosurg, 2015. 122(4): p. 803-11.

Miller, A.G., G. Tan, K.J. Binger, R.J. Pickering, M.C. Thomas, R.H. Nagaraj, M.E. Cooper, and
J.L. Wilkinson-Berka, Candesartan attenuates diabetic retinal vascular pathology by restoring
glyoxalase-I function. Diabetes, 2010. 59(12): p. 3208-15.

Myocardial Infarction, G., C.A.E.C. Investigators, N.O. Stitziel, K.E. Stirrups, N.G. Masca, J.
Erdmann, P.G. Ferrario, |.R. Konig, P.E. Weeke, T.R. Webb, P.L. Auer, U.M. Schick, Y. Lu, H.
Zhang, M.P. Dube, A. Goel, M. Farrall, G.M. Peloso, H.H. Won, R. Do, E. van Iperen, S. Kanoni,
J. Kruppa, A. Mahajan, R.A. Scott, C. Willenberg, P.S. Braund, J.C. van Capelleveen, A.S.
Doney, L.A. Donnelly, R. Asselta, P.A. Merlini, S. Duga, N. Marziliano, J.C. Denny, C.M. Shaffer,
N.E. EI-Mokhtari, A. Franke, O. Gottesman, S. Heilmann, C. Hengstenberg, P. Hoffman, O.L.
Holmen, K. Hveem, J.H. Jansson, K.H. Jockel, T. Kessler, J. Kriebel, K.L. Laugwitz, E. Marouli, N.
Martinelli, M.I. McCarthy, N.R. Van Zuydam, C. Meisinger, T. Esko, E. Mihailov, S.A. Escher,
M. Alver, S. Moebus, A.D. Morris, M. Muller-Nurasyid, M. Nikpay, O. Olivieri, L.P. Lemieux
Perreault, A. AlQarawi, N.R. Robertson, K.O. Akinsanya, D.F. Reilly, T.F. Vogt, W. Yin, F.W.
Asselbergs, C. Kooperberg, R.D. Jackson, E. Stahl, K. Strauch, T.V. Varga, M. Waldenberger, L.
Zeng, A.T. Kraja, C. Liu, G.B. Ehret, C. Newton-Cheh, D.l. Chasman, R. Chowdhury, M. Ferrario,
I. Ford, J.W. Jukema, F. Kee, K. Kuulasmaa, B.G. Nordestgaard, M. Perola, D. Saleheen, N.
Sattar, P. Surendran, D. Tregouet, R. Young, J.M. Howson, A.S. Butterworth, J. Danesh, D.
Ardissino, E.P. Bottinger, R. Erbel, P.W. Franks, D. Girelli, A.S. Hall, G.K. Hovingh, A. Kastrati,
W. Lieb, T. Meitinger, W.E. Kraus, S.H. Shah, R. McPherson, M. Orho-Melander, O. Melander,
A. Metspalu, C.N. Palmer, A. Peters, D. Rader, M.P. Reilly, R.J. Loos, A.P. Reiner, D.M. Roden,
J.C. Tardif, J.R. Thompson, N.J. Wareham, H. Watkins, C.J. Willer, S. Kathiresan, P. Deloukas,
N.J. Samani and H. Schunkert, Coding Variation in ANGPTL4, LPL, and SVEP1 and the Risk of
Coronary Disease. N Engl J Med, 2016. 374(12): p. 1134-44.

Myocardial Infarction Genetics, C., S. Kathiresan, B.F. Voight, S. Purcell, K. Musunuru, D.
Ardissino, P.M. Mannucci, S. Anand, J.C. Engert, N.J. Samani, H. Schunkert, J. Erdmann, M.P.
Reilly, D.J. Rader, T. Morgan, J.A. Spertus, M. Stoll, D. Girelli, P.P. McKeown, C.C. Patterson,
D.S. Siscovick, C.J. O'Donnell, R. Elosua, L. Peltonen, V. Salomaa, S.M. Schwartz, O. Melander,
D. Altshuler, D. Ardissino, P.A. Merlini, C. Berzuini, L. Bernardinelli, F. Peyvandi, M. Tubaro, P.
Celli, M. Ferrario, R. Fetiveau, N. Marziliano, G. Casari, M. Galli, F. Ribichini, M. Rossi, F.
Bernardi, P. Zonzin, A. Piazza, P.M. Mannucci, S.M. Schwartz, D.S. Siscovick, J. Yee, Y.
Friedlander, R. Elosua, J. Marrugat, G. Lucas, I. Subirana, J. Sala, R. Ramos, S. Kathiresan, J.B.
Meigs, G. Williams, D.M. Nathan, C.A. MacRae, C.J. O'Donnell, V. Salomaa, A.S. Havulinna, L.
Peltonen, O. Melander, G. Berglund, B.F. Voight, S. Kathiresan, J.N. Hirschhorn, R. Asselta, S.
Duga, M. Spreafico, K. Musunuru, M.J. Daly, S. Purcell, B.F. Voight, S. Purcell, J. Nemesh, J.M.
Korn, S.A. McCarroll, S.M. Schwartz, J. Yee, S. Kathiresan, G. Lucas, |. Subirana, R. Elosua, A.
Surti, C. Guiducci, L. Gianniny, D. Mirel, M. Parkin, N. Burtt, S.B. Gabriel, N.J. Samani, J.R.
Thompson, P.S. Braund, B.J. Wright, A.J. Balmforth, S.G. Ball, A. Hall, C. Wellcome Trust Case
Control, H. Schunkert, J. Erdmann, P. Linsel-Nitschke, W. Lieb, A. Ziegler, |. Konig, C.
Hengstenberg, M. Fischer, K. Stark, A. Grosshennig, M. Preuss, H.E. Wichmann, S. Schreiber,
H. Schunkert, N.J. Samani, J. Erdmann, W. Ouwehand, C. Hengstenberg, P. Deloukas, M.
Scholz, F. Cambien, M.P. Reilly, M. Li, Z. Chen, R. Wilensky, W. Matthai, A. Qasim, H.H.
Hakonarson, J. Devaney, M.S. Burnett, A.D. Pichard, K.M. Kent, L. Satler, J.M. Lindsay, R.
Waksman, C.W. Knouff, D.M. Waterworth, M.C. Walker, V. Mooser, S.E. Epstein, D.J. Rader,
T. Scheffold, K. Berger, M. Stoll, A. Huge, D. Girelli, N. Martinelli, O. Olivieri, R. Corrocher, T.
Morgan, J.A. Spertus, P. McKeown, C.C. Patterson, H. Schunkert, E. Erdmann, P. Linsel-
Nitschke, W. Lieb, A. Ziegler, I.R. Konig, C. Hengstenberg, M. Fischer, K. Stark, A. Grosshennig,
M. Preuss, H.E. Wichmann, S. Schreiber, H. Holm, G. Thorleifsson, U. Thorsteinsdottir, K.
Stefansson, J.C. Engert, R. Do, C. Xie, S. Anand, S. Kathiresan, D. Ardissino, P.M. Mannucci, D.
Siscovick, C.J. O'Donnell, N.J. Samani, O. Melander, R. Elosua, L. Peltonen, V. Salomaa, S.M.
Schwartz and D. Altshuler, Genome-wide association of early-onset myocardial infarction

120



210.

211.
212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222.

223.

with single nucleotide polymorphisms and copy number variants. Nat Genet, 2009. 41(3): p.
334-41.

Molitch, M.E., Pituitary tumours: pituitary incidentalomas. Best Pract Res Clin Endocrinol
Metab, 2009. 23(5): p. 667-75.

Moller, M.B., P27 in cell cycle control and cancer. Leuk Lymphoma, 2000. 39(1-2): p. 19-27.
Monson, J.P., The epidemiology of endocrine tumours. Endocr Relat Cancer, 2000. 7(1): p. 29-
36.

Morcos, M., X. Du, F. Pfisterer, H. Hutter, A.A. Sayed, P. Thornalley, N. Ahmed, J. Baynes, S.
Thorpe, G. Kukudov, A. Schlotterer, F. Bozorgmehr, R.A. El Baki, D. Stern, F. Moehrlen, Y.
Ibrahim, D. Oikonomou, A. Hamann, C. Becker, M. Zeier, V. Schwenger, N. Miftari, P.
Humpert, H.P. Hammes, M. Buechler, A. Bierhaus, M. Brownlee, and P.P. Nawroth,
Glyoxalase-1 prevents mitochondrial protein modification and enhances lifespan in
Caenorhabditis elegans. Aging Cell, 2008. 7(2): p. 260-9.

Morgan, T.M., H.M. Krumholz, R.P. Lifton, and J.A. Spertus, Nonvalidation of reported genetic
risk factors for acute coronary syndrome in a large-scale replication study. JAMA, 2007.
297(14): p. 1551-61.

Mossey, P.A., & Little, J., In Cleft Lip and Palate: From Origin to Treatment,. Epidemiology of
oral clefts: An international perspective., ed. D.F. Wyszynski. 2002, Oxford: Oxford University
Press.

Motterle, A., X. Pu, H. Wood, Q. Xiao, S. Gor, F.L. Ng, K. Chan, F. Cross, B. Shohreh, R.N.
Poston, A.T. Tucker, M.J. Caulfield, and S. Ye, Functional analyses of coronary artery disease
associated variation on chromosome 9p21 in vascular smooth muscle cells. Hum Mol Genet,
2012. 21(18): p. 4021-9.

Mukohara, T., PI3K mutations in breast cancer: prognostic and therapeutic implications.
Breast Cancer (Dove Med Press), 2015. 7: p. 111-23.

Muller, B., A. Wilcke, A.L. Boulesteix, J. Brauer, E. Passarge, J. Boltze, and H. Kirsten,
Improved prediction of complex diseases by common genetic markers: state of the art and
further perspectives. Hum Genet, 2016. 135(3): p. 259-72.

Murabito, J.M., M.J. Pencina, B.H. Nam, R.B. D'Agostino, Sr., T.J. Wang, D. Lloyd-Jones, P.W.
Wilson, and C.J. O'Donnell, Sibling cardiovascular disease as a risk factor for cardiovascular
disease in middle-aged adults. JAMA, 2005. 294(24): p. 3117-23.

Murat, C.B., P.B. Braga, M.A. Fortes, M.D. Bronstein, M.L. Correa-Giannella, and R.R. Giorgi,
Mutation and genomic amplification of the PIK3CA proto-oncogene in pituitary adenomas.
Braz J Med Biol Res, 2012. 45(9): p. 851-5.

Murata-Kamiya, N., H. Kamiya, H. Kaji, and H. Kasai, Methylglyoxal induces G:C to C:G and G:C
to T:A transversions in the supF gene on a shuttle vector plasmid replicated in mammalian
cells. Mutat Res, 2000. 468(2): p. 173-82.

Murata-Kamiya, N. and H. Kamiya, Methylglyoxal, an endogenous aldehyde, crosslinks DNA
polymerase and the substrate DNA. Nucleic Acids Res, 2001. 29(16): p. 3433-8.

Murray, C.J.,, T. Vos, R. Lozano, M. Naghavi, A.D. Flaxman, C. Michaud, M. Ezzati, K. Shibuya,
J.A. Salomon, S. Abdalla, V. Aboyans, J. Abraham, |. Ackerman, R. Aggarwal, S.Y. Ahn, M.K. Ali,
M. Alvarado, H.R. Anderson, L.M. Anderson, K.G. Andrews, C. Atkinson, L.M. Baddour, A.N.
Bahalim, S. Barker-Collo, L.H. Barrero, D.H. Bartels, M.G. Basanez, A. Baxter, M.L. Bell, E.J.
Benjamin, D. Bennett, E. Bernabe, K. Bhalla, B. Bhandari, B. Bikbov, A. Bin Abdulhak, G.
Birbeck, J.A. Black, H. Blencowe, J.D. Blore, F. Blyth, I. Bolliger, A. Bonaventure, S. Boufous, R.
Bourne, M. Boussinesq, T. Braithwaite, C. Brayne, L. Bridgett, S. Brooker, P. Brooks, T.S.
Brugha, C. Bryan-Hancock, C. Bucello, R. Buchbinder, G. Buckle, C.M. Budke, M. Burch, P.
Burney, R. Burstein, B. Calabria, B. Campbell, C.E. Canter, H. Carabin, J. Carapetis, L. Carmona,
C. Cella, F. Charlson, H. Chen, A.T. Cheng, D. Chou, S.S. Chugh, L.E. Coffeng, S.D. Colan, S.
Colquhoun, K.E. Colson, J. Condon, M.D. Connor, L.T. Cooper, M. Corriere, M. Cortinovis, K.C.
de Vaccaro, W. Couser, B.C. Cowie, M.H. Criqui, M. Cross, K.C. Dabhadkar, M. Dahiya, N.
Dahodwala, J. Damsere-Derry, G. Danaei, A. Davis, D. De Leo, L. Degenhardt, R. Dellavalle, A.
Delossantos, J. Denenberg, S. Derrett, D.C. Des Jarlais, S.D. Dharmaratne, M. Dherani, C. Diaz-

121



224,

225.

226.

227.

Torne, H. Dolk, E.R. Dorsey, T. Driscoll, H. Duber, B. Ebel, K. Edmond, A. Elbaz, S.E. Ali, H.
Erskine, P.J. Erwin, P. Espindola, S.E. Ewoigbokhan, F. Farzadfar, V. Feigin, D.T. Felson, A.
Ferrari, C.P. Ferri, E.M. Fevre, M.M. Finucane, S. Flaxman, L. Flood, K. Foreman, M.H.
Forouzanfar, F.G. Fowkes, M. Fransen, M.K. Freeman, B.J. Gabbe, S.E. Gabriel, E. Gakidou,
H.A. Ganatra, B. Garcia, F. Gaspari, R.F. Gillum, G. Gmel, D. Gonzalez-Medina, R. Gosselin, R.
Grainger, B. Grant, J. Groeger, F. Guillemin, D. Gunnell, R. Gupta, J. Haagsma, H. Hagan, Y.A.
Halasa, W. Hall, D. Haring, J.M. Haro, J.E. Harrison, R. Havmoeller, R.J. Hay, H. Higashi, C. Hill,
B. Hoen, H. Hoffman, P.J. Hotez, D. Hoy, J.J. Huang, S.E. Ibeanusi, K.H. Jacobsen, S.L. James, D.
Jarvis, R. Jasrasaria, S. Jayaraman, N. Johns, J.B. Jonas, G. Karthikeyan, N. Kassebaum, N.
Kawakami, A. Keren, J.P. Khoo, C.H. King, L.M. Knowlton, O. Kobusingye, A. Koranteng, R.
Krishnamurthi, F. Laden, R. Lalloo, L.L. Laslett, T. Lathlean, J.L. Leasher, Y.Y. Lee, J. Leigh, D.
Levinson, S.S. Lim, E. Limb, J.K. Lin, M. Lipnick, S.E. Lipshultz, W. Liu, M. Loane, S.L. Ohno, R.
Lyons, J. Mabweijano, M.F. MaclIntyre, R. Malekzadeh, L. Mallinger, S. Manivannan, W.
Marcenes, L. March, D.J. Margolis, G.B. Marks, R. Marks, A. Matsumori, R. Matzopoulos, B.M.
Mayosi, J.H. McAnulty, M.M. McDermott, N. McGill, J. McGrath, M.E. Medina-Mora, M.
Meltzer, G.A. Mensah, T.R. Merriman, A.C. Meyer, V. Miglioli, M. Miller, T.R. Miller, P.B.
Mitchell, C. Mock, A.O. Mocumbi, T.E. Moffitt, A.A. Mokdad, L. Monasta, M. Montico, M.
Moradi-Lakeh, A. Moran, L. Morawska, R. Mori, M.E. Murdoch, M.K. Mwaniki, K. Naidoo,
M.N. Nair, L. Naldi, K.M. Narayan, P.K. Nelson, R.G. Nelson, M.C. Nevitt, C.R. Newton, S.
Nolte, P. Norman, R. Norman, M. O'Donnell, S. O'Hanlon, C. Olives, S.B. Omer, K. Ortblad, R.
Osborne, D. Ozgediz, A. Page, B. Pahari, J.D. Pandian, A.P. Rivero, S.B. Patten, N. Pearce, R.P.
Padilla, F. Perez-Ruiz, N. Perico, K. Pesudovs, D. Phillips, M.R. Phillips, K. Pierce, S. Pion, G.V.
Polanczyk, S. Polinder, C.A. Pope, 3rd, S. Popova, E. Porrini, F. Pourmalek, M. Prince, R.L.
Pullan, K.D. Ramaiah, D. Ranganathan, H. Razavi, M. Regan, J.T. Rehm, D.B. Rein, G. Remuzzi,
K. Richardson, F.P. Rivara, T. Roberts, C. Robinson, F.R. De Leon, L. Ronfani, R. Room, L.C.
Rosenfeld, L. Rushton, R.L. Sacco, S. Saha, U. Sampson, L. Sanchez-Riera, E. Sanman, D.C.
Schwebel, J.G. Scott, M. Segui-Gomez, S. Shahraz, D.S. Shepard, H. Shin, R. Shivakoti, D.
Singh, G.M. Singh, J.A. Singh, J. Singleton, D.A. Sleet, K. Sliwa, E. Smith, J.L. Smith, N.J.
Stapelberg, A. Steer, T. Steiner, W.A. Stolk, L.J. Stovner, C. Sudfeld, S. Syed, G. Tamburlini, M.
Tavakkoli, H.R. Taylor, J.A. Taylor, W.J. Taylor, B. Thomas, W.M. Thomson, G.D. Thurston, .M.
Tleyjeh, M. Tonelli, J.A. Towbin, T. Truelsen, M.K. Tsilimbaris, C. Ubeda, E.A. Undurraga, M.J.
van der Werf, J. van Os, M.S. Vavilala, N. Venketasubramanian, M. Wang, W. Wang, K. Watt,
D.J. Weatherall, M.A. Weinstock, R. Weintraub, M.G. Weisskopf, M.M. Weissman, R.A.
White, H. Whiteford, N. Wiebe, S.T. Wiersma, J.D. Wilkinson, H.C. Williams, S.R. Williams, E.
Witt, F. Wolfe, A.D. Woolf, S. Wulf, P.H. Yeh, A.K. Zaidi, Z.J. Zheng, D. Zonies, A.D. Lopez, M.A.
AlMazroa and Z.A. Memish, Disability-adjusted life years (DALYs) for 291 diseases and injuries
in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease Study 2010.
Lancet, 2012. 380(9859): p. 2197-223.

Musunuru, K., A. Strong, M. Frank-Kamenetsky, N.E. Lee, T. Ahfeldt, K.V. Sachs, X. Li, H. Li, N.
Kuperwasser, V.M. Ruda, J.P. Pirruccello, B. Muchmore, L. Prokunina-Olsson, J.L. Hall, E.E.
Schadt, C.R. Morales, S. Lund-Katz, M.C. Phillips, J. Wong, W. Cantley, T. Racie, K.G. Ejebe, M.
Orho-Melander, O. Melander, V. Koteliansky, K. Fitzgerald, R.M. Krauss, C.A. Cowan, S.
Kathiresan, and D.J. Rader, From noncoding variant to phenotype via SORT1 at the 1p13
cholesterol locus. Nature, 2010. 466(7307): p. 714-9.

National Organization for Rare Disorders. 2006 [cited 2017 2017.09.01]; Available from:
https://rarediseases.org/for-patients-and-families/information-resources/rare-disease-
information/.

Nawaz, S.K., A. Noreen, A. Rani, M. Yousaf, and M. Arshad, Association of the rs10757274
SNP with coronary artery disease in a small group of a Pakistani population. Anatol J Cardiol,
2015. 15(9): p. 709-15.

Newey, P.J., M.A. Nesbit, A.J. Rimmer, R.A. Head, C.M. Gorvin, M. Attar, L. Gregory, J.A.
Wass, D. Buck, N. Karavitaki, A.B. Grossman, G. McVean, O. Ansorge, and R.V. Thakker,

122



228.

229.

230.

231.

232.

233.

234.

235.

236.

Whole-exome sequencing studies of nonfunctioning pituitary adenomas. J Clin Endocrinol
Metab, 2013. 98(4): p. E796-800.

Niemiec, P., A. Balcerzyk, T. Iwanicki, E. Emich-Widera, |. Kopyta, T. Nowak, E. Pilarska, K.
Pienczk-Reclawowicz, M. Kacinski, J. Wendorff, S. Gorczynska-Kosiorz, W. Trautsolt, W.
Grzeszczak, and I. Zak, The rs10757278 Polymorphism of the 9p21.3 Locus in Children with
Arterial Ischemic Stroke: A Family-Based and Case-Control Study. ) Stroke Cerebrovasc Dis,
2017.

Nigro, C., G.A. Raciti, A. Leone, T.H. Fleming, M. Longo, |. Prevenzano, F. Fiory, P. Mirra, V.
D'Esposito, L. Ulianich, P.P. Nawroth, P. Formisano, F. Beguinot, and C. Miele, Methylglyoxal
impairs endothelial insulin sensitivity both in vitro and in vivo. Diabetologia, 2014. 57(7): p.
1485-94.

Nikpay, M., A. Goel, H.H. Won, L.M. Hall, C. Willenborg, S. Kanoni, D. Saleheen, T. Kyriakou,
C.P. Nelson, J.C. Hopewell, T.R. Webb, L. Zeng, A. Dehghan, M. Alver, S.M. Armasu, K. Auro,
A. Bjonnes, D.I. Chasman, S. Chen, I. Ford, N. Franceschini, C. Gieger, C. Grace, S. Gustafsson,
J. Huang, S.J. Hwang, Y.K. Kim, M.E. Kleber, K.W. Lau, X. Lu, Y. Lu, L.P. Lyytikainen, E. Mihailov,
A.C. Morrison, N. Pervjakova, L. Qu, L.M. Rose, E. Salfati, R. Saxena, M. Scholz, A.V. Smith, E.
Tikkanen, A. Uitterlinden, X. Yang, W. Zhang, W. Zhao, M. de Andrade, P.S. de Vries, N.R. van
Zuydam, S.S. Anand, L. Bertram, F. Beutner, G. Dedoussis, P. Frossard, D. Gauguier, A.H.
Goodall, 0. Gottesman, M. Haber, B.G. Han, J. Huang, S. Jalilzadeh, T. Kessler, I.R. Konig, L.
Lannfelt, W. Lieb, L. Lind, C.M. Lindgren, M.L. Lokki, P.K. Magnusson, N.H. Mallick, N. Mehra,
T. Meitinger, F.U. Memon, A.P. Morris, M.S. Nieminen, N.L. Pedersen, A. Peters, L.S. Rallidis,
A. Rasheed, M. Samuel, S.H. Shah, J. Sinisalo, K.E. Stirrups, S. Trompet, L. Wang, K.S. Zaman,
D. Ardissino, E. Boerwinkle, I.B. Borecki, E.P. Bottinger, J.E. Buring, J.C. Chambers, R. Collins,
L.A. Cupples, J. Danesh, I. Demuth, R. Elosua, S.E. Epstein, T. Esko, M.F. Feitosa, O.H. Franco,
M.G. Franzosi, C.B. Granger, D. Gu, V. Gudnason, A.S. Hall, A. Hamsten, T.B. Harris, S.L.
Hazen, C. Hengstenberg, A. Hofman, E. Ingelsson, C. Iribarren, J.W. Jukema, P.J. Karhunen,
B.J. Kim, J.S. Kooner, I.J. Kullo, T. Lehtimaki, R.J.F. Loos, O. Melander, A. Metspalu, W. Marz,
C.N. Palmer, M. Perola, T. Quertermous, D.J. Rader, P.M. Ridker, S. Ripatti, R. Roberts, V.
Salomaa, D.K. Sanghera, S.M. Schwartz, U. Seedorf, A.F. Stewart, D.J. Stott, J. Thiery, P.A.
Zalloua, C.J. O'Donnell, M.P. Reilly, T.L. Assimes, J.R. Thompson, J. Erdmann, R. Clarke, H.
Watkins, S. Kathiresan, R. McPherson, P. Deloukas, H. Schunkert, N.J. Samani and M. Farrall,
A comprehensive 1,000 Genomes-based genome-wide association meta-analysis of coronary
artery disease. Nat Genet, 2015. 47(10): p. 1121-1130.

Nin, J.W., A. Jorsal, |. Ferreira, C.G. Schalkwijk, M.H. Prins, H.H. Parving, L. Tarnow, P. Rossing,
and C.D. Stehouwer, Higher plasma levels of advanced glycation end products are associated
with incident cardiovascular disease and all-cause mortality in type 1 diabetes: a 12-year
follow-up study. Diabetes Care, 2011. 34(2): p. 442-7.

Nishat, S., L.A. Khan, Z.M. Ansari, and S.F. Basir, Adenosine A3 Receptor: A promising
therapeutic target in cardiovascular disease. Curr Cardiol Rev, 2016. 12(1): p. 18-26.
Normanno, N., A. De Luca, C. Bianco, L. Strizzi, M. Mancino, M.R. Maiello, A. Carotenuto, G.
De Feo, F. Caponigro, and D.S. Salomon, Epidermal growth factor receptor (EGFR) signaling in
cancer. Gene, 2006. 366(1): p. 2-16.

Novo, G., C. Bellia, M. Fiore, V. Bonomo, M. Pugliesi, M. Giovino, B.L. Sasso, S. Meraviglia, P.
Assennato, S. Novo, F. Dieli, and M. Ciaccio, A Risk Score Derived from the Analysis of a
Cluster of 27 Serum Inflammatory Cytokines to Predict Long Term Outcome in Patients with
Acute Myocardial Infarction: a Pilot Study. Ann Clin Lab Sci, 2015. 45(4): p. 382-90.
Obrosova, I.G., Update on the pathogenesis of diabetic neuropathy. Curr Diab Rep, 2003.
3(6): p. 439-45.

Okada, S.F., R.A. Nicholas, S.M. Kreda, E.R. Lazarowski, and R.C. Boucher, Physiological
regulation of ATP release at the apical surface of human airway epithelia. J Biol Chem, 2006.
281(32): p. 22992-3002.

123



237.

238.

239.

240.

241.

242,

243,

244,

245.

246.

247.

248.

249,

250.

251.

252.

253.

Ozaki, K., Y. Ohnishi, A. lida, A. Sekine, R. Yamada, T. Tsunoda, H. Sato, H. Sato, M. Hori, Y.
Nakamura, and T. Tanaka, Functional SNPs in the lymphotoxin-alpha gene that are associated
with susceptibility to myocardial infarction. Nat Genet, 2002. 32(4): p. 650-4.

Padayatti, P.S., C. Jiang, M.A. Glomb, K. Uchida, and R.H. Nagaraj, High concentrations of
glucose induce synthesis of argpyrimidine in retinal endothelial cells. Curr Eye Res, 2001.
23(2): p. 106-15.

Paes-De-Carvalho, R., Adenosine as a signaling molecule in the retina: biochemical and
developmental aspects. An Acad Bras Cienc, 2002. 74(3): p. 437-51.

Palsamy, P. and S. Subramanian, Resveratrol protects diabetic kidney by attenuating
hyperglycemia-mediated oxidative stress and renal inflammatory cytokines via Nrf2-Keap1
signaling. Biochim Biophys Acta, 2011. 1812(7): p. 719-31.

Panetta, R., M.T. Greenwood, A. Warszynska, L.L. Demchyshyn, R. Day, H.B. Niznik, C.B.
Srikant, and Y.C. Patel, Molecular cloning, functional characterization, and chromosomal
localization of a human somatostatin receptor (somatostatin receptor type 5) with
preferential affinity for somatostatin-28. Mol Pharmacol, 1994. 45(3): p. 417-27.

Park, S.S., H. Zhao, Y. Jang, R.A. Mueller, and Z. Xu, N6-(3-iodobenzyl)-adenosine-5'-N-
methylcarboxamide confers cardioprotection at reperfusion by inhibiting mitochondrial
permeability transition pore opening via glycogen synthase kinase 3 beta. ) Pharmacol Exp
Ther, 2006. 318(1): p. 124-31.

Pasmant, E., A. Sabbagh, M. Vidaud, and I. Bieche, ANRIL, a long, noncoding RNA, is an
unexpected major hotspot in GWAS. FASEB J, 2011. 25(2): p. 444-8.

Patel, Y.C., M.T. Greenwood, R. Panetta, L. Demchyshyn, H. Niznik, and C.B. Srikant, The
somatostatin receptor family. Life Sci, 1995. 57(13): p. 1249-65.

Patel, Y.C., Somatostatin and its receptor family. Front Neuroendocrinol, 1999. 20(3): p. 157-
98.

Patel, S.K. and J.M. Janjic, Macrophage targeted theranostics as personalized nanomedicine
strategies for inflammatory diseases. Theranostics, 2015. 5(2): p. 150-72.

Patten, J.L., D.R. Johns, D. Valle, C. Eil, P.A. Gruppuso, G. Steele, P.M. Smallwood, and M.A.
Levine, Mutation in the gene encoding the stimulatory G protein of adenylate cyclase in
Albright's hereditary osteodystrophy. N Engl J Med, 1990. 322(20): p. 1412-9.

Pellegata, N.S., L. Quintanilla-Martinez, H. Siggelkow, E. Samson, K. Bink, H. Hofler, F. Fend, J.
Graw, and M.J. Atkinson, Germ-line mutations in p27Kip1 cause a multiple endocrine
neoplasia syndrome in rats and humans. Proc Natl Acad Sci U S A, 2006. 103(42): p. 15558-
63.

Perez-Rivas, L.G., M. Theodoropoulou, F. Ferrau, C. Nusser, K. Kawaguchi, C.A. Stratakis, F.R.
Faucz, L.E. Wildemberg, G. Assie, R. Beschorner, C. Dimopoulou, M. Buchfelder, V. Popovic,
C.M. Berr, M. Toth, A.l. Ardisasmita, J. Honegger, J. Bertherat, M.R. Gadelha, F. Beuschlein, G.
Stalla, M. Komada, M. Korbonits, and M. Reincke, The Gene of the Ubiquitin-Specific Protease
8 Is Frequently Mutated in Adenomas Causing Cushing's Disease. ) Clin Endocrinol Metab,
2015.100(7): p. E997-1004.

Philipp, S., X.M. Yang, L. Cui, A.M. Davis, J.M. Downey, and M.V. Cohen, Postconditioning
protects rabbit hearts through a protein kinase C-adenosine A2b receptor cascade.
Cardiovasc Res, 2006. 70(2): p. 308-14.

Phillips, S.A. and P.J. Thornalley, The formation of methylglyoxal from triose phosphates.
Investigation using a specific assay for methylglyoxal. Eur J Biochem, 1993. 212(1): p. 101-5.
Picher, M., L.H. Burch, A.J. Hirsh, J. Spychala, and R.C. Boucher, Ecto 5'-nucleotidase and
nonspecific alkaline phosphatase. Two AMP-hydrolyzing ectoenzymes with distinct roles in
human airways. J Biol Chem, 2003. 278(15): p. 13468-79.

Pilorow, A.P., L. Folkersen, J.F. Pearson, C.M. Brown, L. McNoe, N.M. Wang, W.E. Sweet,
W.H. Tang, M.A. Black, R.W. Troughton, A.M. Richards, A. Franco-Cereceda, A. Gabrielsen, P.
Eriksson, C.S. Moravec, and V.A. Cameron, The chromosome 9p21.3 coronary heart disease
risk allele is associated with altered gene expression in normal heart and vascular tissues.
PLoS One, 2012. 7(6): p. e39574.

124



254,

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

Powell, M.L., SL; Laws, ER, Management of Pituitary Tumors, The Clinicians Practical Guide.
Second Edition ed. 2003, New York: Springer Science. 317.

Purcell, S., B. Neale, K. Todd-Brown, L. Thomas, M.A. Ferreira, D. Bender, J. Maller, P. Sklar,
P.l. de Bakker, M.J. Daly, and P.C. Sham, PLINK: a tool set for whole-genome association and
population-based linkage analyses. Am J Hum Genet, 2007. 81(3): p. 559-75.

Rabbani, N., K. Sebekova, K. Sebekova, Jr., A. Heidland, and P.J. Thornalley, Accumulation of
free adduct glycation, oxidation, and nitration products follows acute loss of renal function.
Kidney Int, 2007. 72(9): p. 1113-21.

Rabbani, N. and P.J. Thornalley, Glyoxalase in diabetes, obesity and related disorders. Semin
Cell Dev Biol, 2011. 22(3): p. 309-17.

Rabbani, N. and P.J. Thornalley, Methylglyoxal, glyoxalase 1 and the dicarbonyl proteome.
Amino Acids, 2012. 42(4): p. 1133-42.

Rabbani, N., M. Xue, and P.J. Thornalley, Activity, regulation, copy number and function in the
glyoxalase system. Biochem Soc Trans, 2014. 42(2): p. 419-24.

Rabbani, N., M. Xue, and P.J. Thornalley, Dicarbonyls and glyoxalase in disease mechanisms
and clinical therapeutics. Glycoconj J, 2016. 33(4): p. 513-25.

Ralston, A., Hoopes, L. & Shaw, K. Environmental factors like viral infections play a role in the
onset of complex disease. 2008; 1(1):123:[Available from:
https://www.nature.com/scitable/topicpage/Environmental-Factors-Like-Viral-Infections-
Play-a-996.

Ramirez-Renteria, C., L.C. Hernandez-Ramirez, L. Portocarrero-Ortiz, G. Vargas, V. Melgar, E.
Espinosa, A.L. Espinosa-de-Los-Monteros, E. Sosa, B. Gonzalez, S. Zuniga, M. Unterlander, J.
Burger, K. Stals, A.M. Bussell, S. Ellard, M. Dang, D. lacovazzo, S. Kapur, P. Gabrovska, S.
Radian, F. Roncaroli, M. Korbonits, and M. Mercado, AIP mutations in young patients with
acromegaly and the Tampico Giant: the Mexican experience. Endocrine, 2016. 53(2): p. 402-
11.

Ratliff, D.M., D.J. Vander Jagt, R.P. Eaton, and D.L. Vander Jagt, Increased levels of
methylglyoxal-metabolizing enzymes in mononuclear and polymorphonuclear cells from
insulin-dependent diabetic patients with diabetic complications: aldose reductase, glyoxalase
I, and glyoxalase Il--a clinical research center study. J Clin Endocrinol Metab, 1996. 81(2): p.
488-92.

Redon, R., S. Ishikawa, K.R. Fitch, L. Feuk, G.H. Perry, T.D. Andrews, H. Fiegler, M.H. Shapero,
A.R. Carson, W. Chen, E.K. Cho, S. Dallaire, J.L. Freeman, J.R. Gonzalez, M. Gratacos, J. Huang,
D. Kalaitzopoulos, D. Komura, J.R. MacDonald, C.R. Marshall, R. Mei, L. Montgomery, K.
Nishimura, K. Okamura, F. Shen, M.J. Somerville, J. Tchinda, A. Valsesia, C. Woodwark, F.
Yang, J. Zhang, T. Zerjal, J. Zhang, L. Armengol, D.F. Conrad, X. Estivill, C. Tyler-Smith, N.P.
Carter, H. Aburatani, C. Lee, K.W. Jones, S.W. Scherer, and M.E. Hurles, Global variation in
copy number in the human genome. Nature, 2006. 444(7118): p. 444-54.

Reincke, M., S. Shiera, A. Hayakawa, M. Theodoropoulou, A. Osswald, F. Beuschlein, T.
Meitinger, E. Mizuno-Yamasaki, K. Kawaguchi, Y. Saeki, K. Tanaka, T. Wieland, E. Graf, W.
Saeger, C.L. Ronchi, B. Allolio, M. Buchfelder, T.M. Strom, M. Fassnacht, and M. Komada,
Mutations in the deubiquitinase gene USP8 cause Cushing's disease. Nat Genet, 2015. 47(1):
p.31-8.

Reisine, T. and G.l. Bell, Molecular biology of somatostatin receptors. Endocr Rev, 1995.
16(4): p. 427-42.

Richard, J.P., Mechanism for the formation of methylglyoxal from triosephosphates. Biochem
Soc Trans, 1993. 21(2): p. 549-53.

Riminucci, M., M.T. Collins, R. Lala, A. Corsi, P. Matarazzo, P. Gehron Robey, and P. Bianco,
An R201H activating mutation of the GNAS1 (Gsalpha) gene in a corticotroph pituitary
adenoma. Mol Pathol, 2002. 55(1): p. 58-60.

Ripatti, S., E. Tikkanen, M. Orho-Melander, A.S. Havulinna, K. Silander, A. Sharma, C.
Guiducci, M. Perola, A. Jula, J. Sinisalo, M.L. Lokki, M.S. Nieminen, O. Melander, V. Salomaa,

125



270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

L. Peltonen, and S. Kathiresan, A multilocus genetic risk score for coronary heart disease:
case-control and prospective cohort analyses. Lancet, 2010. 376(9750): p. 1393-400.
Robbins, H.L. and A. Hague, The PI3K/Akt Pathway in Tumors of Endocrine Tissues. Front
Endocrinol (Lausanne), 2015. 6: p. 188.

Robinson, J.G., M. Farnier, M. Krempf, J. Bergeron, G. Luc, M. Averna, E.S. Stroes, G. Langslet,
F.J. Raal, M. El Shahawy, M.J. Koren, N.E. Lepor, C. Lorenzato, R. Pordy, U. Chaudhari, J.J.
Kastelein, and O.L.T. Investigators, Efficacy and safety of alirocumab in reducing lipids and
cardiovascular events. N Engl ) Med, 2015. 372(16): p. 1489-99.

Robson, S.C., Y. Wu, X. Sun, C. Knosalla, K. Dwyer, and K. Enjyoji, Ectonucleotidases of CD39
family modulate vascular inflammation and thrombosis in transplantation. Semin Thromb
Hemost, 2005. 31(2): p. 217-33.

Rocheville, M., D.C. Lange, U. Kumar, S.C. Patel, R.C. Patel, and Y.C. Patel, Receptors for
dopamine and somatostatin: formation of hetero-oligomers with enhanced functional
activity. Science, 2000. 288(5463): p. 154-7.

Ronchi, C.L., E. Peverelli, S. Herterich, I. Weigand, G. Mantovani, T. Schwarzmayr, S. Sbhiera, B.
Allolio, J. Honegger, S. Appenzeller, A.G. Lania, M. Reincke, D. Calebiro, A. Spada, M.
Buchfelder, J. Flitsch, T.M. Strom, and M. Fassnacht, Landscape of somatic mutations in
sporadic GH-secreting pituitary adenomas. Eur J Endocrinol, 2016. 174(3): p. 363-72.
Rosario, P.W., Frequency of acromegaly in adults with diabetes or glucose intolerance and
estimated prevalence in the general population. Pituitary, 2011. 14(3): p. 217-21.

Sakamoto, H., T. Mashima, K. Yamamoto, and T. Tsuruo, Modulation of heat-shock protein 27
(Hsp27) anti-apoptotic activity by methylglyoxal modification. ) Biol Chem, 2002. 277(48): p.
45770-5.

Sakhi, A.K., J.P. Berg, and T.J. Berg, Glyoxalase 1 enzyme activity in erythrocytes and
Ala111Glu polymorphism in type 1-diabetes patients. Scand J Clin Lab Invest, 2013. 73(2): p.
175-81.

Samady, H., P. Eshtehardi, M.C. McDaniel, J. Suo, S.S. Dhawan, C. Maynard, L.H. Timmins,
A.A. Quyyumi, and D.P. Giddens, Coronary artery wall shear stress is associated with
progression and transformation of atherosclerotic plaque and arterial remodeling in patients
with coronary artery disease. Circulation, 2011. 124(7): p. 779-88.

Samani, N.J., J. Erdmann, A.S. Hall, C. Hengstenberg, M. Mangino, B. Mayer, R.J. Dixon, T.
Meitinger, P. Braund, H.E. Wichmann, J.H. Barrett, |.R. Konig, S.E. Stevens, S. Szymczak, D.A.
Tregouet, M.M. lles, F. Pahlke, H. Pollard, W. Lieb, F. Cambien, M. Fischer, W. Ouwehand, S.
Blankenberg, A.J. Balmforth, A. Baessler, S.G. Ball, T.M. Strom, I. Braenne, C. Gieger, P.
Deloukas, M.D. Tobin, A. Ziegler, J.R. Thompson, H. Schunkert, Wtccc, and C. the
Cardiogenics, Genomewide association analysis of coronary artery disease. N Engl J Med,
2007. 357(5): p. 443-53.

Sandford, R., B. Sgotto, T. Burn, and S. Brenner, The tuberin (TSC2), autosomal dominant
polycystic kidney disease (PKD1), and somatostatin type V receptor (SSTR5) genes form a
synteny group in the Fugu genome. Genomics, 1996. 38(1): p. 84-6.

Sarwar, N., J. Danesh, G. Eiriksdottir, G. Sigurdsson, N. Wareham, S. Bingham, S.M.
Boekholdt, K.T. Khaw, and V. Gudnason, Triglycerides and the risk of coronary heart disease:
10,158 incident cases among 262,525 participants in 29 Western prospective studies.
Circulation, 2007. 115(4): p. 450-8.

Saveanu, A., G. Gunz, H. Dufour, P. Caron, F. Fina, L. Ouafik, M.D. Culler, J.P. Moreau, A.
Enjalbert, and P. Jaquet, Bim-23244, a somatostatin receptor subtype 2- and 5-selective
analog with enhanced efficacy in suppressing growth hormone (GH) from octreotide-resistant
human GH-secreting adenomas. J Clin Endocrinol Metab, 2001. 86(1): p. 140-5.
Schernthaner-Reiter, M.H., G. Trivellin, and C.A. Stratakis, MEN1, MEN4, and Carney
Complex: Pathology and Molecular Genetics. Neuroendocrinology, 2016. 103(1): p. 18-31.
Schmidt, R.J., T.P. Beyer, W.R. Bensch, Y.W. Qian, A. Lin, M. Kowala, W.E. Alborn, R.J. Konrad,
and G. Cao, Secreted proprotein convertase subtilisin/kexin type 9 reduces both hepatic and

126



285.

286.

287.

288.

289.

290.

291.

292.

293.

294,

295.

296.

297.

298.

299.

300.

301.

302.

303.

extrahepatic low-density lipoprotein receptors in vivo. Biochem Biophys Res Commun, 2008.
370(4): p. 634-40.

Schunkert, H. and N.J. Samani, Statin treatment: can genetics sharpen the focus? Lancet,
2015. 385(9984): p. 2227-9.

Sebastiao, A.M. and J.A. Ribeiro, Fine-tuning neuromodulation by adenosine. Trends
Pharmacol Sci, 2000. 21(9): p. 341-6.

Shaid, M. and M. Korbonits, Genetics of pituitary adenomas. Neurol India, 2017. 65(3): p.
577-587.

Shi, Y., D. Tang, J. Deng, and C. Su, Detection of gsp oncogene in growth hormone-secreting
pituitary adenomas and the study of clinical characteristics of acromegalic patients with gsp-
positive pituitary tumors. Chin Med J (Engl), 1998. 111(10): p. 891-4.

Sipila, T., L. Kananen, D. Greco, J. Donner, K. Silander, J.D. Terwilliger, P. Auvinen, L. Peltonen,
J. Lonnqvist, S. Pirkola, T. Partonen, and I. Hovatta, An association analysis of circadian genes
in anxiety disorders. Biol Psychiatry, 2010. 67(12): p. 1163-70.

Syro, L.V., B.W. Scheithauer, K. Kovacs, R.A. Toledo, F.J. Londono, L.D. Ortiz, F. Rotondo, E.
Horvath, and H. Uribe, Pituitary tumors in patients with MEN1 syndrome. Clinics (Sao Paulo),
2012. 67 Suppl 1: p. 43-8.

Syro, L.V., F. Rotondo, A. Ramirez, A. Di leva, M.A. Sav, L.M. Restrepo, C.A. Serna, and K.
Kovacs, Progress in the Diagnosis and Classification of Pituitary Adenomas. Front Endocrinol
(Lausanne), 2015. 6: p. 97.

Skapare, E., U. Riekstina, E. Liepinsh, I. Konrade, M. Makrecka, B. Maurina, and M. Dambrova,
Flow cytometric analysis of glyoxalase-1 expression in human leukocytes. Cell Biochem Funct,
2011.29(2): p. 171-4.

Skapare, E., I. Konrade, E. Liepinsh, I. Strele, M. Makrecka, A. Bierhaus, A. Lejnieks, V. Pirags,
and M. Dambrova, Association of reduced glyoxalase 1 activity and painful peripheral
diabetic neuropathy in type 1 and 2 diabetes mellitus patients. ) Diabetes Complications,
2013. 27(3): p. 262-7.

Skyler, J.S., Microvascular complications. Retinopathy and nephropathy. Endocrinol Metab
Clin North Am, 2001. 30(4): p. 833-56.

Solenkova, N.V., V. Solodushko, M.V. Cohen, and J.M. Downey, Endogenous adenosine
protects preconditioned heart during early minutes of reperfusion by activating Akt. Am )
Physiol Heart Circ Physiol, 2006. 290(1): p. H441-9.

Song, Y., M.J. Stampfer, and S. Liu, Meta-analysis: apolipoprotein E genotypes and risk for
coronary heart disease. Ann Intern Med, 2004. 141(2): p. 137-47.

Song, Z.J., Z.J. Reitman, Z.Y. Ma, J.H. Chen, Q.L. Zhang, X.F. Shou, C.X. Huang, Y.F. Wang, S.Q.
Li, Y. Mao, L.F. Zhou, B.F. Lian, H. Yan, Y.Y. Shi, and Y. Zhao, The genome-wide mutational
landscape of pituitary adenomas. Cell Res, 2016. 26(11): p. 1255-1259.

Sousa Silva, M., A.E. Ferreira, R. Gomes, A.M. Tomas, A. Ponces Freire, and C. Cordeiro, The
glyoxalase pathway in protozoan parasites. Int J Med Microbiol, 2012. 302(4-5): p. 225-9.
Soutar, A.K. and R.P. Naoumova, Mechanisms of disease: genetic causes of familial
hypercholesterolemia. Nat Clin Pract Cardiovasc Med, 2007. 4(4): p. 214-25.

Spier, A.D. and L. de Lecea, Cortistatin: a member of the somatostatin neuropeptide family
with distinct physiological functions. Brain Res Brain Res Rev, 2000. 33(2-3): p. 228-41.
Steyerberg, E.W., F.E. Harrell, Jr., G.J. Borsboom, M.J. Eijkemans, Y. Vergouwe, and J.D.
Habbema, Internal validation of predictive models: efficiency of some procedures for logistic
regression analysis. J Clin Epidemiol, 2001. 54(8): p. 774-81.

Stewart, P.M. and R.A. James, The future of somatostatin analogue therapy. Baillieres Best
Pract Res Clin Endocrinol Metab, 1999. 13(3): p. 409-18.

Stratakis, C.A., J.A. Carney, J.P. Lin, D.A. Papanicolaou, M. Karl, D.L. Kastner, E. Pras, and G.P.
Chrousos, Carney complex, a familial multiple neoplasia and lentiginosis syndrome. Analysis
of 11 kindreds and linkage to the short arm of chromosome 2. ) Clin Invest, 1996. 97(3): p.
699-705.

127



304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

Stratakis, C.A. and D.W. Ball, A concise genetic and clinical guide to multiple endocrine
neoplasias and related syndromes. Journal of Pediatric Endocrinology & Metabolism, 2000.
13(5): p. 457-465.

Stratakis, C.A., L.S. Kirschner, and J.A. Carney, Clinical and molecular features of the Carney
complex: diagnostic criteria and recommendations for patient evaluation. ) Clin Endocrinol
Metab, 2001. 86(9): p. 4041-6.

Suleiman, M.S., A.P. Halestrap, and E.J. Griffiths, Mitochondria: a target for myocardial
protection. Pharmacol Ther, 2001. 89(1): p. 29-46.

Taboada, G.F., A.L. Tabet, L.A. Naves, D.P. de Carvalho, and M.R. Gadelha, Prevalence of gsp
oncogene in somatotropinomas and clinically non-functioning pituitary adenomas: our
experience. Pituitary, 2009. 12(3): p. 165-9.

Tg, N.H.L. Hdl Working Group of the Exome Sequencing Project, |. Blood, J. Crosby, G.M.
Peloso, P.L. Auer, D.R. Crosslin, N.O. Stitziel, L.A. Lange, Y. Lu, Z.Z. Tang, H. Zhang, G. Hindy,
N. Masca, K. Stirrups, S. Kanoni, R. Do, G. Jun, Y. Hu, H.M. Kang, C. Xue, A. Goel, M. Farrall, S.
Duga, P.A. Merlini, R. Asselta, D. Girelli, O. Olivieri, N. Martinelli, W. Yin, D. Reilly, E. Speliotes,
C.S. Fox, K. Hveem, O.L. Holmen, M. Nikpay, D.N. Farlow, T.L. Assimes, N. Franceschini, J.
Robinson, K.E. North, L.W. Martin, M. DePristo, N. Gupta, S.A. Escher, J.H. Jansson, N. Van
Zuydam, C.N. Palmer, N. Wareham, W. Koch, T. Meitinger, A. Peters, W. Lieb, R. Erbel, |.R.
Konig, J. Kruppa, F. Degenhardt, O. Gottesman, E.P. Bottinger, C.J. O'Donnell, B.M. Psaty,
C.M. Ballantyne, G. Abecasis, J.M. Ordovas, O. Melander, H. Watkins, M. Orho-Melander, D.
Ardissino, R.J. Loos, R. McPherson, C.J. Willer, J. Erdmann, A.S. Hall, N.J. Samani, P. Deloukas,
H. Schunkert, J.G. Wilson, C. Kooperberg, S.S. Rich, R.P. Tracy, D.Y. Lin, D. Altshuler, S.
Gabriel, D.A. Nickerson, G.P. Jarvik, L.A. Cupples, A.P. Reiner, E. Boerwinkle, and S.
Kathiresan, Loss-of-function mutations in APOC3, triglycerides, and coronary disease. N Engl J
Med, 2014. 371(1): p. 22-31.

Thakker, R.V., Multiple endocrine neoplasia type 1 (MEN1) and type 4 (MEN4). Mol Cell
Endocrinol, 2014. 386(1-2): p. 2-15.

The Genetic and Rare Diseases Information Center. 2002 [cited 2017 2017.09.01]; Available
from: https://rarediseases.info.nih.gov/diseases/diseases-by-category/14/metabolic-
disorders.

The, N.E.|. Facts About Diabetic Eye Disease. 2015 [cited 2017 2015.09.01]; Available from:
https://nei.nih.gov/health/diabetic/retinopathy.

Thornalley, P.J., N.I. Hooper, P.E. Jennings, C.M. Florkowski, A.F. Jones, J. Lunec, and A.H.
Barnett, The human red blood cell glyoxalase system in diabetes mellitus. Diabetes Res Clin
Pract, 1989. 7(2): p. 115-20.

Thornalley, P.J., The glyoxalase system: new developments towards functional
characterization of a metabolic pathway fundamental to biological life. Biochem J, 1990.
269(1): p. 1-11.

Thornalley, P.J., The glyoxalase system in health and disease. Mol Aspects Med, 1993. 14(4):
p.287-371.

Thornalley, P.)., Pharmacology of methylglyoxal: formation, modification of proteins and
nucleic acids, and enzymatic detoxification--a role in pathogenesis and antiproliferative
chemotherapy. Gen Pharmacol, 1996. 27(4): p. 565-73.

Thornalley, P.J., Dicarbonyl intermediates in the maillard reaction. Ann N Y Acad Sci, 2005.
1043: p. 111-7.

Thornalley, P.J., Endogenous alpha-oxoaldehydes and formation of protein and nucleotide
advanced glycation endproducts in tissue damage. Novartis Found Symp, 2007. 285: p. 229-
43; discussion 243-6.

Tikellis, C., R.J. Pickering, D. Tsorotes, O. Huet, M.E. Cooper, K. Jandeleit-Dahm, and M.C.
Thomas, Dicarbonyl stress in the absence of hyperglycemia increases endothelial
inflammation and atherogenesis similar to that observed in diabetes. Diabetes, 2014. 63(11):
p. 3915-25.

128



319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

Tikkanen, E., A.S. Havulinna, A. Palotie, V. Salomaa, and S. Ripatti, Genetic risk prediction and
a 2-stage risk screening strategy for coronary heart disease. Arterioscler Thromb Vasc Biol,
2013. 33(9): p. 2261-6.

Topol, E.J., J. McCarthy, S. Gabriel, D.J. Moliterno, W.J. Rogers, L.K. Newby, M. Freedman, J.
Metivier, R. Cannata, C.J. O'Donnell, K. Kottke-Marchant, G. Murugesan, E.F. Plow, O.
Stenina, and G.Q. Daley, Single nucleotide polymorphisms in multiple novel thrombospondin
genes may be associated with familial premature myocardial infarction. Circulation, 2001.
104(22): p. 2641-4.

Trivellin, G., A.F. Daly, F.R. Faucz, B. Yuan, L. Rostomyan, D.O. Larco, M.H. Schernthaner-
Reiter, E. Szarek, L.F. Leal, J.H. Caberg, E. Castermans, C. Villa, A. Dimopoulos, P. Chittiboina,
P. Xekouki, N. Shah, D. Metzger, P.A. Lysy, E. Ferrante, N. Strebkova, N. Mazerkina, M.C.
Zatelli, M. Lodish, A. Horvath, R.B. de Alexandre, A.D. Manning, I. Levy, M.F. Keil, L. Sierra
Mde, L. Palmeira, W. Coppieters, M. Georges, L.A. Naves, M. Jamar, V. Bours, T.J. Wu, C.S.
Choong, J. Bertherat, P. Chanson, P. Kamenicky, W.E. Farrell, A. Barlier, M. Quezado, .
Bjelobaba, S.S. Stojilkovic, J. Wess, S. Costanzi, P. Liu, J.R. Lupski, A. Beckers, and C.A.
Stratakis, Gigantism and acromegaly due to Xq26 microduplications and GPR101 mutation. N
Engl J Med, 2014. 371(25): p. 2363-74.

Trynka, G., H.J. Westra, K. Slowikowski, X. Hu, H. Xu, B.E. Stranger, R.J. Klein, B. Han, and S.
Raychaudhuri, Disentangling the Effects of Colocalizing Genomic Annotations to Functionally
Prioritize Non-coding Variants within Complex-Trait Loci. Am ) Hum Genet, 2015. 97(1): p.
139-52.

Tu, C.Y,, Y.F. Chen, C.K. Lii, and T.S. Wang, Methylglyoxal induces DNA crosslinks in ECV304
cells via a reactive oxygen species-independent protein carbonylation pathway. Toxicol In
Vitro, 2013. 27(4): p. 1211-9.

Tulipano, G., R. Stumm, M. Pfeiffer, H.J. Kreienkamp, V. Hollt, and S. Schulz, Differential beta-
arrestin trafficking and endosomal sorting of somatostatin receptor subtypes. ) Biol Chem,
2004. 279(20): p. 21374-82.

Untergasser, A., |. Cutcutache, T. Koressaar, J. Ye, B.C. Faircloth, M. Remm, and S.G. Rozen,
Primer3--new capabilities and interfaces. Nucleic Acids Res, 2012. 40(15): p. e115.

Valimaki, N., H. Demir, E. Pitkanen, E. Kaasinen, A. Karppinen, L. Kivipelto, C. Schalin-Jantti,
L.A. Aaltonen, and A. Karhu, Whole-Genome Sequencing of Growth Hormone (GH)-Secreting
Pituitary Adenomas. ) Clin Endocrinol Metab, 2015. 100(10): p. 3918-27.

van 't Hof, F.N., Y.M. Ruigrok, C.H. Lee, S. Ripke, G. Anderson, M. de Andrade, A.F. Baas, J.D.
Blankensteijn, E.P. Bottinger, M.J. Bown, J. Broderick, P. Bijlenga, D.S. Carrell, D.C. Crawford,
D.R. Crosslin, C. Ebeling, J.G. Eriksson, M. Fornage, T. Foroud, M. von Und Zu Fraunberg, C.M.
Friedrich, E.l. Gaal, O. Gottesman, D.C. Guo, S.C. Harrison, J. Hernesniemi, A. Hofman, I.
Inoue, J.E. Jaaskelainen, G.T. Jones, L.A. Kiemeney, R. Kivisaari, N. Ko, S. Koskinen, M. Kubo,
I.J. Kullo, H. Kuivaniemi, M.I. Kurki, A. Laakso, D. Lai, S.M. Leal, H. Lehto, S.A. LeMaire, S.K.
Low, J. Malinowski, C.A. McCarty, D.M. Milewicz, T.H. Mosley, Y. Nakamura, H. Nakaoka, M.
Niemela, J. Pacheco, P.L. Peissig, J. Pera, L. Rasmussen-Torvik, M.D. Ritchie, F. Rivadeneira,
A.M. van Rij, R.L. Santos-Cortez, A. Saratzis, A. Slowik, A. Takahashi, G. Tromp, A.G.
Uitterlinden, S.S. Verma, S.H. Vermeulen, G.T. Wang, C. Aneurysm, Z. Vascular Research
Consortium of New, B. Han, G.J. Rinkel, and P.l. de Bakker, Shared Genetic Risk Factors of
Intracranial, Abdominal, and Thoracic Aneurysms. J Am Heart Assoc, 2016. 5(7).

van den Hoogen, P.C,, E.J. Feskens, N.J. Nagelkerke, A. Menotti, A. Nissinen, and D.
Kromhout, The relation between blood pressure and mortality due to coronary heart disease
among men in different parts of the world. Seven Countries Study Research Group. N Engl J
Med, 2000. 342(1): p. 1-8.

Van der Graaf, P.H., E.A. Van Schaick, S.A. Visser, H.J. De Greef, A.P. ljzerman, and M. Danhof,
Mechanism-based pharmacokinetic-pharmacodynamic modeling of antilipolytic effects of
adenosine A(1) receptor agonists in rats: prediction of tissue-dependent efficacy in vivo. )
Pharmacol Exp Ther, 1999. 290(2): p. 702-9.

129



330.

331.

332.

333.

334.

335.

336.

Verges, B., F. Boureille, P. Goudet, A. Murat, A. Beckers, G. Sassolas, P. Cougard, B. Chambe,
C. Montvernay, and A. Calender, Pituitary disease in MEN type 1 (MEN1): data from the
France-Belgium MEN1 multicenter study. ) Clin Endocrinol Metab, 2002. 87(2): p. 457-65.
Vieira, A. Genes and Disease. 2014 [cited 2017 2017.09.01]; Available from:
https://www.nature.com/scitable/topic/genes-and-disease-17.

Vierimaa, O., M. Georgitsi, R. Lehtonen, P. Vahteristo, A. Kokko, A. Raitila, K. Tuppurainen,
T.M. Ebeling, P.l. Salmela, R. Paschke, S. Gundogdu, E. De Menis, M.J. Makinen, V. Launonen,
A. Karhu, and L.A. Aaltonen, Pituitary adenoma predisposition caused by germline mutations
in the AIP gene. Science, 2006. 312(5777): p. 1228-30.

Visel, A., Y. Zhu, D. May, V. Afzal, E. Gong, C. Attanasio, M.J. Blow, J.C. Cohen, E.M. Rubin,
and L.A. Pennacchio, Targeted deletion of the 9p21 non-coding coronary artery disease risk
interval in mice. Nature, 2010. 464(7287): p. 409-12.

Wang, Y., L. Wang, X. Liu, Y. Zhang, L. Yu, F. Zhang, L. Liu, J. Cai, X. Yang, and X. Wang, Genetic
variants associated with myocardial infarction and the risk factors in Chinese population.
PLoS One, 2014. 9(1): p. €e86332.

Weiss, J.N., P. Korge, H.M. Honda, and P. Ping, Role of the mitochondrial permeability
transition in myocardial disease. Circ Res, 2003. 93(4): p. 292-301.

Wellcome Trust Case Control, C., C. Australo-Anglo-American Spondylitis, P.R. Burton, D.G.
Clayton, L.R. Cardon, N. Craddock, P. Deloukas, A. Duncanson, D.P. Kwiatkowski, M.I.
McCarthy, W.H. Ouwehand, N.J. Samani, J.A. Todd, P. Donnelly, J.C. Barrett, D. Davison, D.
Easton, D.M. Evans, H.T. Leung, J.L. Marchini, A.P. Morris, C.C. Spencer, M.D. Tobin, A.P.
Attwood, J.P. Boorman, B. Cant, U. Everson, J.M. Hussey, J.D. Jolley, A.S. Knight, K. Koch, E.
Meech, S. Nutland, C.V. Prowse, H.E. Stevens, N.C. Taylor, G.R. Walters, N.M. Walker, N.A.
Watkins, T. Winzer, R.W. Jones, W.L. McArdle, S.M. Ring, D.P. Strachan, M. Pembrey, G.
Breen, D. St Clair, S. Caesar, K. Gordon-Smith, L. Jones, C. Fraser, E.K. Green, D. Grozeva, M.L.
Hamshere, P.A. Holmans, I.R. Jones, G. Kirov, V. Moskivina, I. Nikolov, M.C. O'Donovan, M.J.
Owen, D.A. Collier, A. Elkin, A. Farmer, R. Williamson, P. McGuffin, A.H. Young, I.N. Ferrier,
S.G. Ball, A.J. Balmforth, J.H. Barrett, T.D. Bishop, M.M. lles, A. Maqgbool, N. Yuldasheva, A.S.
Hall, P.S. Braund, R.J. Dixon, M. Mangino, S. Stevens, J.R. Thompson, F. Bredin, M. Tremelling,
M. Parkes, H. Drummond, C.W. Lees, E.R. Nimmo, J. Satsangi, S.A. Fisher, A. Forbes, C.M.
Lewis, C.M. Onnie, N.J. Prescott, J. Sanderson, C.G. Matthew, J. Barbour, M.K. Mohiuddin,
C.E. Todhunter, J.C. Mansfield, T. Ahmad, F.R. Cummings, D.P. Jewell, J. Webster, M.J. Brown,
M.G. Lathrop, J. Connell, A. Dominiczak, C.A. Marcano, B. Burke, R. Dobson, J. Gungadoo, K.L.
Lee, P.B. Munroe, S.J. Newhouse, A. Onipinla, C. Wallace, M. Xue, M. Caulfield, M. Farrall, A.
Barton, R.A.G. Biologics in, C. Genomics Study Syndicate Steering, I.N. Bruce, H. Donovan, S.
Eyre, P.D. Gilbert, S.L. Hilder, A.M. Hinks, S.L. John, C. Potter, A.J. Silman, D.P. Symmons, W.
Thomson, J. Worthington, D.B. Dunger, B. Widmer, T.M. Frayling, R.M. Freathy, H. Lango, J.R.
Perry, B.M. Shields, M.N. Weedon, A.T. Hattersley, G.A. Hitman, M. Walker, K.S. Elliott, C.J.
Groves, C.M. Lindgren, N.W. Rayner, N.J. Timpson, E. Zeggini, M. Newport, G. Sirugo, E.
Lyons, F. Vannberg, A.V. Hill, L.A. Bradbury, C. Farrar, J.J. Pointon, P. Wordsworth, M.A.
Brown, J.A. Franklyn, J.M. Heward, M.J. Simmonds, S.C. Gough, S. Seal, C. Breast Cancer
Susceptibility, M.R. Stratton, N. Rahman, M. Ban, A. Goris, S.J. Sawcer, A. Compston, D.
Conway, M. Jallow, M. Newport, G. Sirugo, K.A. Rockett, S.J. Bumpstead, A. Chaney, K.
Downes, M.J. Ghori, R. Gwilliam, S.E. Hunt, M. Inouye, A. Keniry, E. King, R. McGinnis, S.
Potter, R. Ravindrarajah, P. Whittaker, C. Widden, D. Withers, N.J. Cardin, D. Davison, T.
Ferreira, J. Pereira-Gale, I.B. Hallgrimsdo'ttir, B.N. Howie, Z. Su, Y.Y. Teo, D. Vukcevic, D.
Bentley, M.A. Brown, A. Compston, M. Farrall, A.S. Hall, A.T. Hattersley, A.V. Hill, M. Parkes,
M. Pembrey, M.R. Stratton, S.L. Mitchell, P.R. Newby, O.J. Brand, J. Carr-Smith, S.H. Pearce,
R. McGinnis, A. Keniry, P. Deloukas, J.D. Reveille, X. Zhou, A.M. Sims, A. Dowling, J. Taylor, T.
Doan, J.C. Davis, L. Savage, M.M. Ward, T.L. Learch, M.H. Weisman and M. Brown,
Association scan of 14,500 nonsynonymous SNPs in four diseases identifies autoimmunity
variants. Nat Genet, 2007. 39(11): p. 1329-37.

130



337.

338.

339.

340.

341.

342.

343,

344,

345.

346.

347.

348.

349,

350.

351.

352.

353.

354.

Wigginton, J.E., D.J. Cutler, and G.R. Abecasis, A note on exact tests of Hardy-Weinberg
equilibrium. Am J Hum Genet, 2005. 76(5): p. 887-93.

Wilcken, D.E. and B. Wilcken, The pathogenesis of coronary artery disease. A possible role for
methionine metabolism. ) Clin Invest, 1976. 57(4): p. 1079-82.

Wilson, P.W., R.B. D'Agostino, D. Levy, A.M. Belanger, H. Silbershatz, and W.B. Kannel,
Prediction of coronary heart disease using risk factor categories. Circulation, 1998. 97(18): p.
1837-47.

Won, H.H., P. Natarajan, A. Dobbyn, D.M. Jordan, P. Roussos, K. Lage, S. Raychaudhuri, E.
Stahl, and R. Do, Disproportionate Contributions of Select Genomic Compartments and Cell
Types to Genetic Risk for Coronary Artery Disease. PLoS Genet, 2015. 11(10): p. e1005622.
Wong, N.D., Epidemiological studies of CHD and the evolution of preventive cardiology. Nat
Rev Cardiol, 2014. 11(5): p. 276-89.

Wu, J.C., X.H. Li, Y.D. Peng, J.B. Wang, J.F. Tang, and Y.F. Wang, Association of two glyoxalase
| gene polymorphisms with nephropathy and retinopathy in Type 2 diabetes. ) Endocrinol
Invest, 2011. 34(10): p. e343-8.

Xue, M., N. Rabbani, H. Momiji, P. Imbasi, M.M. Anwar, N. Kitteringham, B.K. Park, T. Souma,
T. Moriguchi, M. Yamamoto, and P.J. Thornalley, Transcriptional control of glyoxalase 1 by
Nrf2 provides a stress-responsive defence against dicarbonyl glycation. Biochem J, 2012.
443(1): p. 213-22.

Xue, M., M.O. Weickert, S. Qureshi, N.B. Kandala, A. Anwar, M. Waldron, A. Shafie, D.
Messenger, M. Fowler, G. Jenkins, N. Rabbani, and P.J. Thornalley, Improved Glycemic
Control and Vascular Function in Overweight and Obese Subjects by Glyoxalase 1 Inducer
Formulation. Diabetes, 2016. 65(8): p. 2282-94.

Zdravkovic, S., A. Wienke, N.L. Pedersen, M.E. Marenberg, A.l. Yashin, and U. De Faire,
Heritability of death from coronary heart disease: a 36-year follow-up of 20 966 Swedish
twins. J Intern Med, 2002. 252(3): p. 247-54.

Zhang, H., H. Li, H.S. Xi, and S. Li, HIF1alpha is required for survival maintenance of chronic
myeloid leukemia stem cells. Blood, 2012. 119(11): p. 2595-607.

Zhang, J.G., L. Hepburn, G. Cruz, R.A. Borman, and K.L. Clark, The role of adenosine A2A and
A2B receptors in the regulation of TNF-alpha production by human monocytes. Biochem
Pharmacol, 2005. 69(6): p. 883-9.

Zhang, L., F. Yuan, P. Liu, L. Fei, Y. Huang, L. Xu, L. Hao, X. Qiu, Y. Le, X. Yang, W. Xu, X. Huang,
M. Ye, J. Zhou, J. Lian, and S. Duan, Association between PCSK9 and LDLR gene
polymorphisms with coronary heart disease: case-control study and meta-analysis. Clin
Biochem, 2013. 46(9): p. 727-32.

Zhang, Q., C. Peng, J. Song, Y. Zhang, J. Chen, Z. Song, X. Shou, Z. Ma, H. Peng, X. Jian, W. He,
Z.Ye, Z.Li, Y. Wang, H. Ye, Z. Zhang, M. Shen, F. Tang, H. Chen, Z. Shi, C. Chen, Z. Chen, Y.
Shen, Y. Wang, S. Lu, J. Zhang, Y. Li, S. Li, Y. Mao, L. Zhou, H. Yan, Y. Shi, C. Huang, and Y.
Zhao, Germline Mutations in CDH23, Encoding Cadherin-Related 23, Are Associated with Both
Familial and Sporadic Pituitary Adenomas. Am J Hum Genet, 2017. 100(5): p. 817-823.
Zhang, S., X.B. Wang, Y.D. Han, C.L. Xiong, Y. Zhou, C. Wang, Z.J. Liu, N. Yang, and F. Zheng,
Polymorphism in ERCC1 confers susceptibility of coronary artery disease and severity of
coronary artery atherosclerosis in a Chinese Han population. Sci Rep, 2017. 7(1): p. 6407.
Zhou, Y., X. Zhang, and A. Klibanski, Genetic and epigenetic mutations of tumor suppressive
genes in sporadic pituitary adenoma. Mol Cell Endocrinol, 2014. 386(1-2): p. 16-33.

Zhu, X., A.S. Gleiberman, and M.G. Rosenfeld, Molecular physiology of pituitary development:
signaling and transcriptional networks. Physiol Rev, 2007. 87(3): p. 933-63.

Zuk, O., E. Hechter, S.R. Sunyaev, and E.S. Lander, The mystery of missing heritability: Genetic
interactions create phantom heritability. Proc Natl Acad Sci U S A, 2012. 109(4): p. 1193-8.
Zwicker, J.1., F. Peyvandi, R. Palla, R. Lombardi, M.T. Canciani, A. Cairo, D. Ardissino, L.
Bernardinelli, K.A. Bauer, J. Lawler, and P. Mannucci, The thrombospondin-1 N700S
polymorphism is associated with early myocardial infarction without altering von Willebrand
factor multimer size. Blood, 2006. 108(4): p. 1280-3.

131



Supplementary



Supplementary 1.1. Linkage disequilibrium plot of AIP and +/- 70 kb region.




Supplementary 1.2. Linkage disequilibrium plot of DRD2 and +20kb/- 70 kb region.




Supplementary 1.3. Linkage disequilibrium plot of GNAS and +/- 20 kb region.
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Supplementary 1.4. Linkage disequilibrium plot of MEN1 and +/- 20 kb region.
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Supplementary 1.5. Linkage disequilibrium plot of PRKAR1A and +/- 20 kb region.
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Supplementary 1.6. Linkage disequilibrium plot of SSTR2 (above) and SSTR5 (below) and+/- 20 kb
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Supplementary 2. Tag-SNPs used in pituitary adenoma study of 2016.

CHR SNP Gene Gene context

11 rs1620333 AlIP 1intron

11 rs11214606 DRD2 1intron

11 rs12805897 DRD2 1intron

11 rs17529477 DRD2 1intron

11 rs2471857 DRD2 1intron

11 rs4936270 DRD2 1intron

11 rs4938019 DRD2 1intron

11 rs4938021 DRD2 1intron

11 rs7125415 DRD2 1intron

11 rs7131056 DRD2 lintron
11 rs2002453 DRD2 2 intron
11 rs17847841 AIP 3" intergenic
11 rs687376 AIP 3'intergenic

11 rs10891549 DRD2 3' intergenic

11 rs12422191 DRD2 3'intergenic

11 rs2242592 DRD2 3' intergenic

11 rs2734848 DRD2 3'intergenic

11 rs2734849 DRD2 3'intergenic

11 rs7944809 DRD2 3' intergenic

11 rs11604662 AIP 3' nearby gene

11 rs2276020  AIP syn D-D

11 rs2734838 DRD2 3intron

11 rs624975 MEN1 3intron

11 rs2440390 DRD2 4 intron

11 rs11603236 AIP 5'intergenic
11 rs1638558 AIP 5' intergenic
11 rs7114510 AIP 5'intergenic
11 rs7936800 AIP 5' intergenic
11 rs7948158 AP 5'intergenic

11 rs10736466 DRD2 5'intergenic

11 rs10891564 DRD2 5'intergenic

11 rs12292637 DRD2 5'intergenic

11 rs17602285 DRD2 5'intergenic

11 rs4245154 DRD2 5'intergenic

11 rs4938025 DRD2 5' intergenic

11 rs4938026 DRD2 5' intergenic

11 rs6589382 DRD2 5'intergenic

11 rs11601245 AIP 5' nearby gene

11 rs1124492 DRD2 7 intron

11 rs504195 MEN1 7 intron

11 rs2959656 MEN1 missense A-T

11 rs61741147 AIP missense A-V

11 rs1800497 DRD2 missense E-K




CHR SNP Gene Gene context

11 rs607969 MEN1 missense R-Q

11 rs1801028 DRD2 missense S-C

11 rs6274 DRD2 3' UTR variant

11 rs2071313 MEN1 synonymous D-D

11 rs4986918 DRD2 synonymous L-L

16 rs550713 SSTR5 1 intron

16 rs197056 SSTR5 3'intergenic

16 rs2076421  SSTR5 3'mRNS

16 rs3751830 SSTR5 5' non coding transcript SSTR5

16 rs4988484 SSTR5 missense A-V

16 rs169068 SSTR5 missense P-L

16 rs4988487 SSTR5 missense P-S

16 rs34803442 SSTR5 missense V-M

16 rs34037914 SSTR5 synonymous F-F

16 rs642249 SSTRS synonymous P-P

17 rs1466113 SSTR2 1 intron

17 rs714925 SSTR2 1 intron

17 rs2015212 PRKAR1A 3'intergenic

17 rs9925 PRKAR1A 3'mRNS

17 rs11077670 SSTR2 5' intergenic

17 rs2236753  SSTR2 SSTR2 processed transcript

17 rs61743817 SSTR2 missense S-F

17 rs7220818  SSTR2 3' UTR variant

20 rs6026557 GNAS 1 intron

20 rs6026560 GNAS 1 intron

20 rs6026561 GNAS 1 intron

20 rs16982305 GNAS 2 intron

20 rs17804083 GNAS 2 intron

20 rs4810148 GNAS 2 intron

20 rs6026563 GNAS 2 intron

20 rs6026567 GNAS 2 intron

20 rs6026574 GNAS 2 intron

20 rs6070638 GNAS 2 intron

20 rs6100260 GNAS 2 intron

20 rs7271854 GNAS 2 intron

20 rs8125112 GNAS 2 intron

20 rs234627 GNAS 3" intergenic

20 rs6123837 GNAS 3 intron

20 rs9679845 GNAS 3intron

20 rs3730164 GNAS 4 intron

20 rs4812037 GNAS 5'intergenic

20 rs6064714  GNAS 5' intergenic

20 rs965808 GNAS 5'intergenic

20 rs2057291 GNAS 5 intron

20 rs13831 GNAS 6 intron




CHR SNP Gene Gene context
20 rs3730168 GNAS 8 intron
20 7rs3730170 GNAS 8 intron
20 rs6100269 GNAS 8 intron
20 rs919197 GNAS 8 intron
20 rs919196 GNAS 9 intron
20 rs11554273 GNAS missense R-G
20 rs79709641 GNAS missense R-H
20 rs7121 GNAS synonymous I-I




Supplementary 3. Primers of SSTR5 amplification (A) and sequencing (B)

A. PCR

Oligonucleotide ID | Lenght (bp) Sequence

IVK-03-Fw 22 GCATGTGCTGGTTCAGGGACTC
IVK-03-Rs 21 TGTGGCAGACGGTTAGAGGGG
STR5p1Fw 19 CCCTGCTCCAGTGAATCTT
STR5p1Rs 22 CTGAAATCTGGTAGACAAGGAA
STR5p2Fw 21 GGGGATGTTGATTTCTAGGTT
STR5p2Rs 20 GGAGGCTGAGTCAGGAGGAT
STR5p3Fw 20 GGCTGGCGTGCAGTGGTGTA
STR5p4Fw 18 AAGCTCCGATGGGACTGG
STR5p4Rs 18 CACCTGCGTCTCCCTGAA
STR5p5Fw 18 GCCTCGGCTCCTTACCTG
STR5p5Rs 19 CACCAGCGTCCTGTTGTCA

B. Sequencing

Oligonucleotide ID | Lenght (bp) Sequence

IVK-03-Seq1f 20 CACCCTGGCGTCCTCCCTTC
IVK-03-Seq2f 22 ACGGCGTCAACCAGTTCACCAG
IVK-03-Seq3r 23 TGAGCAGGTAGCACAGGCAGATG
IVK-03-Seq4r 20 CACCGCAGTGCAACCTCCGC
STR5p1SFw 18 GTGAATCTTTCAACCCTC
STR5p1SRs 20 GTAGACAAGGAAAGGAGAGC
STR5p2SFw 18 ATTTCTAGGTTTGTTGAGC
STR5p2SRs 19 TCAGGAGGATCATTTGAGC
STR5p3SFw 18 CAGTGGTGTAATCACAGC
STR5p3SRs 18 AGAGGCATAGCGTATGGG
STR5p4SFw 18 GGGACTGGGCAGTGTCAG
STR5p4SRs 19 TCCCTGAAGCCCCTCAGAG
STR5p5SFw 18 CTTACCTGGTAGACGAGG
STR5p5SRs 19 CTGTTGTCACCGCCTCCAG




Supplementary 4. Mini-sequencing primers

Oligonucleotide ID

Lenght (bp)

Sekvence

JAK-28-MS 18 GGCCLTGCTGGGCTTCTT [C/T]
JAK-29.1-MS 19 CCGGATCLTGTCTGGACGC [A/G]
JAK-29.2-MS 19 AGCLGCAGGAGGCCACGCC [A/G]




Supplementary 5. Results of main GWAS of CAD published until 2017. CHR — chromosome, POS — position, SNP — single nucleotide polymorphism, RA — risk allele,
RAF — risk allele frequency, OR — odds ratio, Cl — confidence interval, CAD — coronary artery disease, Ml — myocardial infarction, NR — not reported, UTR —
untranslated region, nc — non-coding.

AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% CI
Samani NJ 2007 CAD 6025.1 150931849 MTHFDI1L rs6922269-A intron 0,25 1,23 [1.15-1.33]
Samani NJ 2007 CAD 2g36.3 226203364 LOC646736 rs2943634-C  intergenic 0,65 1,21 [1.13-1.30]
WTCCC 2007 CAD 9p21.3 22125504 CDKN2B rs1333049-C downstream_gene 0,47 1,47 [1.27-1.70]
WTCCC 2007 CAD 1943 240282296 FMN2 rs17672135-T  intron 0,87 1,43 [1.23-1.64]
WTCCC 2007 CAD 22g12.1 26293669 SEZ6L rs688034-T intron 0,31 1,11 [0.99-1.25]
WTCCC 2007 CAD 16g23.3 83178793 CDH13 rs8055236-G  intron 0,80 1,91 [1.33-2.74]
Samani NJ 2007 CAD 1941 222650187 MIA3 rs17465637-C  intron 0,71 1,2 [1.12-1.30]
Samani NJ 2007 CAD 9p21.3 22125504 CDKN2B rs1333049-C downstream_gene 0,47 1,36 [1.27-1.46]
Samani NJ 2007 CAD 1p13.3 109279544 CELSR2 rs599839-A downstream_gene 0,77 1,29 [1.18-1.40]
Samani NJ 2007 CAD 10g11.21 44258419 LINCO0841 rs501120-T downstream_gene 0,87 1,33 [1.20-1.48]
Samani NJ 2007 CAD 15¢g22.33 67166301 SMAD3 rs17228212-C  intron 0,30 1,21 [1.13-1.30]
Helgadottir 2007 Ml 9p21.3 22124478 CDKN2B rs10757278-G  downstream_gene 0,45 1,28 [1.22-1.35]
Erdmann J 2009 CAD 3g22.3 138403280 MRAS rs9818870-T 3 prime_UTR 0,15 1,15 [1.11-1.19]
Erdmann J 2009 CAD 12¢g24.31 120997784 HNF1A rs2259816-T  synonymous 0,36 1,08 [1.05-1.11]
KathiresanS 2009 Ml 9p21.3 22098575 CDKN2B rs4977574-G intron 0,56 1,29 [1.25-1.34]
KathiresanS 2009 Ml 1p13.3 109275908 CELSR2 rs646776-T downstream_gene 0,81 1,19 [1.13-1.26]
KathiresanS 2009 Ml 1941 222650187 MIA3 rs17465637-C  intron 0,72 1,14 [1.10-1.19]
KathiresanS 2009 Ml 10q11.21 44280376 LINC0O0841 rs1746048-C downstream_gene 0,84 1,17 [1.11-1.24]
KathiresanS 2009 Ml 21g22.11 34226827 LINC0O0310 rs9982601-T  intron 0,13 1,2 [1.14-1.27]
KathiresanS 2009 Ml 6p24.1 12927312 PHACTR1 rs12526453-C intron 0,65 1,12 [1.08-1.17]
KathiresanS 2009 Ml 2g33.2 202881162 WDR12 rs6725887-C  intron 0,14 1,17 [1.11-1.23]
KathiresanS 2009 Ml 19p13.2 11052925 SMARCA4 rs1122608-G  intron 0,75 1,15 [1.10-1.20]
KathiresanS 2009 Ml 1p32.3 55030366 BSND rs11206510-T  intergenic 0,81 1,15 [1.10-1.21]
TregouetD 2009 CAD 6g25.3 160541471 LPA rs7767084-T  intron 0,16 1,2 [1.13-1.28]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
Tregouet 2009 CAD 6g25.3 160442500 SLC22A3 rs2048327-C  intron 0,02 1,82 [1.57-2.12]
Erdmann J 2010 CAD 10p11.23 30027143 KIAA1462 rs3739998-C missense 0,44 1,15 [1.11-1.20]
Aoki A 2010 Ml 5p15.33 4029676  LOC105374626 rs11748327-? downstream_gene NR 1,25 [1.18-1.33]
SchunkertH 2011 CAD 1p32.3 55030366 BSND rs11206510-T intergenic 0,82 1,08 [1.05-1.11]
SchunkertH 2011 CAD 10911.21 44280376 LINC0O0841 rs1746048-C downstream_gene 0,87 1,09 [1.07-1.13]
SchunkertH 2011 CAD 1p32.2 56497149 PPAP2B rs17114036-A  intron 0,91 1,17 [1.13-1.22]
SchunkertH 2011 CAD 6p21.31 35067023 ANKS1A rs17609940-G  intron 0,75 1,07 [1.05-1.10]
SchunkertH 2011 CAD 6g23.2 133893387 TCF21 rs12190287-C  3_prime_UTR 0,62 1,08 [1.06-1.10]
SchunkertH 2011 CAD 7932.2 130023656 ZC3HC1 rs11556924-C  missense 0,62 1,09 [1.07-1.12]
Schunkert H 2011 CAD 9g34.2 133278724 ABO rs579459-C upstream_gene 0,21 1,1 [1.07-1.13]
SchunkertH 2011 CAD 10g24.32 102959339 CNNM2 rs12413409-G  intron 0,89 1,12 [1.08-1.16]
Schunkert H 2011 CAD 11923.3 116778201 ZPR1 rs964184-G 3 prime_UTR 0,13 1,13 [1.10-1.16]
SchunkertH 2011 CAD 13934 110308365 COL4A2 rs4773144-G  intron 0,44 1,07 [1.05-1.09]
SchunkertH 2011 CAD 14932.2 99667605 HHIPL1 rs2895811-C intron 0,43 1,07 [1.05-1.10]
SchunkertH 2011 CAD 15925.1 78796769 ADAMTS7 rs3825807-A missense 0,57 1,08 [1.06-1.10]
SchunkertH 2011 CAD 17p13.3 2223210 SMG6 rs216172-C intron 0,37 1,07 [1.05-1.09]
SchunkertH 2011 CAD 17pl11.2 17640408 PEMT rs12936587-G  intergenic 0,56 1,07 [1.05-1.09]
Schunkert H 2011 CAD 17921.32 48911235 UBE2Z rs46522-T nc_transcript_exon 0,53 1,06 [1.04-1.08]
C4D 2011 CAD 9p21.3 22098575 CDKN2B rs4977574-G  intron NR 1,2 [1.16-1.25]
C4D 2011 CAD 1p13.3 109275908 CELSR2 rs646776-T downstream_gene NR 1,14 [1.09-1.19]
C4D 2011 CAD 6p24.1 12888772 PHACTR1 rs1332844-T  intron NR 1,11 [1.07-1.15]
C4D 2011 CAD 10¢g23.31 89243170 LIPA rs1412444-T  intron 0,42 1,09 [1.07-1.12]
C4D 2011 CAD 119g22.3 103789839 LOC105369463 rs974819-T intron 0,32 1,07 [1.04-1.09]
C4D 2011 CAD 15g25.1 78818751 ADAMTS7 rs4380028-C  intron 0,65 1,07 [1.05-1.10]
C4D 2011 CAD 7g22.3 107604100 BCAP29 rs10953541-C  intron 0,80 1,08 [1.05-1.11]
C4D 2011 CAD 10p11.23 30046193 KIAA1462 rs2505083-C  intron 0,38 1,07 [1.04-1.09]
C4D 2011 CAD 6p24.1 12903725 PHACTR1 rs9349379-? intron NR
C4D 2011 CAD Xqg23 110695977 CHRDL1 rs5943057-? intron NR




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
C4D 2011 CAD 4931.22 147126398 LOC105377476 rs1395821-? intergenic NR
C4D 2011 CAD 15924.1 74741059 CYP1Al rs2472299-? intergenic NR
C4D 2011 CAD 2g32.1 187331742 LOC105373786 rs840616-? intron NR
C4D 2011 CAD 17912 33960430 LOC107985038 rs11650066-? intron NR
C4D 2011 CAD 17923.3 64330939 PECAM1 rs6504218-? intron NR
C4D 2011 CAD 2g32.1 187478770 LOC105373786 rs7586970-? missense NR
C4D 2011 CAD 1p32.2 56500678 PPAP2B rs17114046-?  intron NR
C4D 2011 CAD 9g22.33 97977842 HEMGN rs4743150-? intergenic NR
Schunkert H 2011 CAD 1p13.3 109279544 CELSR2 rs599839-A downstream_gene 0,78 1,11 [1.08-1.15]
SchunkertH 2011 CAD 1941 222650187 MIA3 rs17465637-C  intron 0,74 1,14 [1.09-1.20]
SchunkertH 2011 CAD 2g33.2 202881162 WDR12 rs6725887-C  intron 0,15 1,14 [1.09-1.19]
SchunkertH 2011 CAD 3g22.3 138401110 MRAS rs2306374-C intron 0,18 1,12 [1.07-1.16]
SchunkertH 2011 CAD 6p24.1 12927312 PHACTR1 rs12526453-C  intron 0,67 1,1 [1.06-1.13]
SchunkertH 2011 CAD 6g25.3 160540105 LPA rs3798220-C missense 0,02 1,51 [1.33-1.70]
SchunkertH 2011 CAD 9p21.3 22098575 CDKN2B rs4977574-G intron 0,46 1,29 [1.23-1.36]
SchunkertH 2011 CAD 12¢g24.12 111446804 SH2B3 rs3184504-T  missense 0,44 1,07 [1.04-1.10]
SchunkertH 2011 CAD 19p13.2 11052925 SMARCA4 rs1122608-G intron 0,77 1,14 [1.09-1.18]
SchunkertH 2011 CAD 21g22.11 34226827 LINC0O0310 rs9982601-T  intron 0,15 1,18 [1.12-1.24]
SchunkertH 2011 CAD 29g37.1 233133771 INPP5D rs10933436-A intron 0,49 1,06 [1.04-1.09]
Schunkert H 2011 CAD 3p25.1 15606497 BTD rs7651039-C nc_transcript_exon 0,54 1,06 [1.04-1.09]
SchunkertH 2011 CAD 7931.2 117427768 ASZ1 rs7808424-G  intron 0,12 11 [1.06-1.14]
SchunkertH 2011 CAD 11924.2 126412002 ST3GAL4 rs4937126-G intron 0,69 1,06 [1.04-1.09]
SchunkertH 2011 CAD 17p13.3 2222311  SMG6 rs1231206-A  intron 0,37 1,07 [1.05-1.09]
C4D 2011 CAD 10g24.32 102959339 CNNM2 rs12413409-?  intron NR
Wild PS 2011 CAD 9p21.3 22125504 CDKN2B rs1333049-C  downstream_gene 0,49 1,27 [1.23-1.31]
Wild PS 2011 CAD 9p21.3 22031006 CDKN2B rs7865618-A intron 0,59 1,18 [1.14-1.21]
Wild PS 2011 CAD 10g23.31 89243170 LIPA rs1412444-T intron 032 1,1 [1.07-1.14]
Wild PS 2011 CAD 6g25.3 159225301 FNDC1 rs365302-C intron 0,24 1,11 [1.06-1.15]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% CI
Wild PS 2011 CAD 6q14.1 81805598 LOC105377873  rs16893526-G  intergenic 0,91 1,13 [1.07-1.21]
Slavin TP 2011 CAD 1g21.1 146039391 TRH rs12091564-C  upstream_gene NR
Slavin TP 2011 CAD 3026.1 162443828 LOC107986049 rs11924705-C intergenic NR
Slavin TP 2011 CAD 4pl6.2 5366258  STK32B rs7697839-G  intron NR
Slavin TP 2011 CAD 9p21.3 22125504 CDKN2B rs1333049-G downstream_gene NR
Slavin TP 2011 CAD 12923.3 103924394 GNN rs1165668-G  intron NR
Slavin TP 2011 CAD 1g21.1 146018957 HFE2 rs10218795-C intron NR
Slavin TP 2011 CAD 3926.1 162449608 LOC107986049 rs6789378-A  intergenic NR
Slavin TP 2011 CAD 4pl6.2 5366497  STK32B rs7673097-G  intron NR
Slavin TP 2011 CAD 9p21.3 22125348 CDKN2B rs1333048-G downstream_gene  NR
Slavin TP 2011 CAD 12g23.3 103924218 GNN rs1165668-G  intron NR
Mehta NN 2011 CAD 6p24.1 12903725 PHACTR1 rs9349379-? intron NR
Mehta NN 2011 CAD 1p32.2 56500678 PPAP2B rs17114046-?  intron NR
Takeuchi F 2011 CAD 6p21.32 32701596 HLA rs11752643-T downstream_gene 0,06 1,26 [1.15-1.38]
Takeuchi F 2011 CAD 9p21.3 22115287 CDKN2B rs944797-C intron 0,46 1,25 [1.18-1.31]
Takeuchi F 2011 CAD 12g24.12 111803962 ALDH2 rs671-A missense 0,23 1,43 [1.35-1.51]
Davies RW 2012 CAD 6p21.33 31216419 HCG27 rs3869109-G regulatory_region NR 1,14 [NR]
Davies RW 2012 CAD 1g21.3 154465420 IL6R rs2229238-? 3_prime_UTR NR 1,45 [NR]
Davies RW 2012 CAD 6p21.1 43791136 VEGFA rs6905288-T downstream_gene NR 1,23 [NR]
Davies RW 2012 CAD 6916.1 96632322  FHL5 rs12200560-? intergenic NR 1,11 [NR]
Davies RW 2012 CAD 2935 215420652 FN1 rs17458018-?  intron NR 1,22 [NR]
Hager ) 2012 CAD 6p24.1 12903725 PHACTR1 rs9349379-G intron 0,35 1338 [1.22-1.47]
HagerJ 2012 CAD 6p24.1 12903725 PHACTR1 rs9349379-G  intron 0,35 1187 [1.22-1.44]
Hager ) 2012 CAD 6p24.1 12903725 PHACTR1 rs9349379-G intron 0,35 1,23 [1.14-1.33]
Lu X 2012 CAD 2p24.1 19745816 LOC105373461 rs2123536-T intergenic 0,39 1,12 [1.08-1.16]
Lu X 2012 CAD 4g32.1 155590307 LOC105377504 rs1842896-T  intergenic 0,76 1,14 [1.10-1.19]
Lu X 2012 CAD 6p21.32 32373576 LOC101929163 rs9268402-G upstream_gene 0,59 1,16 [1.12-1.20]
Lu X 2012 CAD 12g21.33 89687411 ATP2B1 rs7136259-T intron 0,39 1,11 [1.08-1.15]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% CI
Lu X 2012 CAD 9p21.3 22096056 CDKN2B rs10757274-G  intron 0,46 1,37 [1.31-1.43]
Lu X 2012 CAD 12924.13 112379979 HECTD4 rs11066280-A intron 0,17 1,19 [1.13-1.25]
Lu X 2012 CAD 6p24.1 12903725 PHACTR1 rs9349379-G intron 0,74 1,15 [1.10-1.21]
Lu X 2012 CAD 6g23.2 133875536 TARID rs12524865-C  intron 0,61 1,11 [1.06-1.16]
Lee JY 2013 CAD 12924.11 111241410 CUX2 rs886126-T intron 0,66 1,14 [1.08-1.20]
Lee JY 2013 CAD 12924.11 110912851 MYL2 rs3782889-C intron 0,21 1,26 [1.19-1.34]
Lee JY 2013 CAD 13q12.3 28409926 FLT1 rs9508025-C intron 0,50 1,14 [1.08-1.20]
Lee JY 2013 CAD 9p21.3 22103814 CDKN2B rs1333042-? intron NR 1,3 [1.19-1.41]
Lee JY 2013 CAD 12924.12 111730205 ACAD10 rs11066015-A intron NR 1,41 [1.27-1.56]
Hirokawa M 2014 Ml 3p24.3 17082892 PLCL2 rs4618210-G intron 044 1,1 [1.06-1.14]
Hirokawa M 2014 Ml 19p13.3 2160530 AP3D1 rs3803915-C intron 0,19 1,12 [1.09-1.16]
Hirokawa M 2014 Ml 9p21.3 22098575 CDKN2B rs4977574-C intron 0,46 1,22 [1.12-1.33]
Hirokawa M 2014 Ml 12924.12 111672685 BRAP rs3782886-A  synonymous 0,26 1,46 [1.33-1.60]
Reilly MP 2011 CAD 15925.1 78787892 ADAMTS?7 rs1994016-C intron 0,60 1,19 [1.13-1.24]

Reilly MP 2011 I\C/IL:; rs514659-C 0,37 1,21 [1.13-1.29]
Reilly MP 2011 CAD 1p13.3 109275908 CELSR2 rs646776-T downstream_gene 0,79 1,33 [1.22-1.44]
Reilly MP 2011 CAD 9p21.3 22098575 CDKN2B rs4977574-G intron 0,53 1,3 [1.22-1.39]
Lettre G 2011 CAD 5931.3 142484039 L0OC101926941 rs17577085-?  intron 0,46 2,63 [1.72-3.85]
Lettre G 2011 CAD 7936.1 151423862 WDRS86 rs13232179-A  upstream_gene 0,11 1,67 [1.36-2.06]
Lettre G 2011 CAD 13g31.1 84480131 LINCO0333 rs9546711-A intergenic 0,42 1,66 [1.35-2.04]
Nikpay M 2015 CAD 4q12 56972417 NOA1l rs17087335-T intron 0,21 1,06 [1.04-1.09]
Nikpay M 2015 CAD 7936.1 150993088 NOS3 rs3918226-T intron 0,06 1,14 [1.09-1.19]
Nikpay M 2015 CAD 15922.33 67163292 SMAD3 rs56062135-C  intron 0,79 1,07 [1.05-1.10]
Nikpay M 2015 CAD 15926.1 89030987 LOC100129942 rs8042271-G intergenic 09 11 [1.06-1.14]
Nikpay M 2015 CAD 17923.2 60936127 BCAS3 rs7212798-C intron 0,15 1,08 [1.05-1.11]
Nikpay M 2015 CAD 18921.32 60171168 RNU4 rs663129-A intergenic 0,26 1,06 [1.04-1.08]
Nikpay M 2015 CAD 22g11.23 24262890 BCRP1 rs180803-G intron 0,97 1,2 [1.13-1.27]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
Nikpay M 2015 CAD 19¢g13.11 32391114 LOC400684 rs12976411-A  intron 0,09 1,49 [1.35-1.67]
Nikpay M 2015 CAD 12¢g24.23 117827636 KSR2 rs11830157-G  intron 0,36 1,12 [1.08-1.16]
Nikpay M 2015 CAD 11p15.4 9729649  SWAP70 rs10840293-A intron 0,55 1,06 [1.04-1.08]
Nikpay M 2015 CAD 9p21.3 22098620 CDKN2B rs2891168-G  intron 0,49 1,21 [1.19- 1.24]
Nikpay M 2015 CAD 6p24.1 12903725 PHACTR1 rs9349379-G  intron 0,43 1,14 [1.12-1.16]
Nikpay M 2015 CAD 6g25.3 160584578 LPA rs55730499-T  intron 0,06 1,37 [1.31- 1.44]
Nikpay M 2015 CAD 6026 160702419 PLG rs4252185-C intron 0,06 1,34 [1.28-1.41]
Nikpay M 2015 CAD 1p13.3 109274570 CELSR2 rs7528419-A  3_prime_UTR 0,79 1,12 [1.10- 1.15]
Nikpay M 2015 CAD 15g25.1 78832133 LOC390614 rs4468572-C  intron 0,59 1,08 [1.06- 1.10]
Nikpay M 2015 CAD 21g22.11 34221526 LINC00310 rs28451064-A  intron 0,12 1,14 [1.10-1.17]
Nikpay M 2015 CAD 19p13.2 11077571 SMARCA4 rs56289821-G  intergenic 0,90 1,14 [1.11-1.18]
Nikpay M 2015 CAD 10911.21 43985363 LINC00841 rs1870634-G intergenic 0,64 1,08 [1.06-1.10]
Nikpay M 2015 CAD 1p32.2 56499992 PPAP2B rs9970807-C  intron 0,92 1,13 [1.10- 1.17]
Nikpay M 2015 CAD 1941 222650401 MIA3 rs67180937-G  intron 0,66 1,08 [1.06-1.11]
Nikpay M 2015 CAD 10g23.31 89243170 LIPA rs1412444-T  intron 0,37 1,07 [1.05- 1.09]
Nikpay M 2015 CAD rs2519093-T 0,19 1,08 [1.06- 1.11]
Nikpay M 2015 CAD 6g23.2 133852013 LINCO1312 rs12202017-A  intron 0,70 1,07 [1.05- 1.09]
Nikpay M 2015 CAD 10p11.23 30034963 KIAA1462 rs2487928-A  intron 0,42 1,06 [1.04- 1.08]
Nikpay M 2015 CAD 7932.2 130023656 ZC3HC1 rs11556924-C  missense 0,69 1,08 [1.05-1.10]
Nikpay M 2015 CAD 12¢g21.33 89615182 ATP2B1 rs2681472-G  intron 0,20 1,08 [1.05- 1.10]
Nikpay M 2015 CAD 11g22.3 103802549 LOC105369463 rs2128739-A  intron 0,32 1,07 [1.05- 1.09]
Nikpay M 2015 CAD 19913.32 44919689 APOC1 rs4420638-G downstream_gene 0,17 1,1 [1.07-1.13]
Nikpay M 2015 CAD 7p21.1 19009765 HDAC9 rs2107595-A  regulatory_region 0,20 1,08 [1.05- 1.10]
Nikpay M 2015 CAD 13934 110388334 COL4A2 rs11838776-A  intron 0,26 1,07 [1.05- 1.09]
Nikpay M 2015 CAD 2pl11.2 85561052 GGCX rs7568458-A  intron 0,45 1,06 [1.04- 1.08]
Nikpay M 2015 CAD 4931.22 147359849 MIR548G rs4593108-C intergenic 0,80 1,07 [1.05-1.10]
Nikpay M 2015 CAD 12924.12 111446804 SH2B3 rs3184504-T missense 0,42 1,07 [1.04- 1.09]
Nikpay M 2015 CAD 1921.3 154423470 IL6R rs6689306-A  intron 0,45 1,06 [1.04- 1.08]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
Nikpay M 2015 CAD 2g22.3 144528992 LINC01412 rs17678683-G  upstream_gene 0,09 1,1 [1.07- 1.14]
Nikpay M 2015 CAD 10g24.32 102845159 PFN1P11 rs11191416-T intron 0,87 1,08 [1.05-1.11]
Nikpay M 2015 CAD 4932.1 155718736 GUCY1A3 rs72689147-G  intron 0,82 1,07 [1.05- 1.10]
Nikpay M 2015 CAD 14932.2 99679373 HHIPL1 rs10139550-G ~ 3_prime_UTR 0,42 1,06 [1.04- 1.08]
Nikpay M 2015 CAD 2p24.1 19742712 LOC105373461 rs16986953-A  intergenic 0,10 1,09 [1.06-1.12]
Nikpay M 2015 CAD 6p21.2 39166323 SAYSD1 rs56336142-T  regulatory_region 0,81 1,07 [1.04- 1.09]
Nikpay M 2015 CAD 1p32.3 55030366 BSND rs11206510-T intergenic 0,85 1,08 [1.05-1.11]
Nikpay M 2015 CAD 15g926.1 90873320 FURIN rs17514846-A  intron 0,44 1,05 [1.03- 1.07]
Nikpay M 2015 CAD 17p13.3 2223210 SMG6 rs216172-C intron 0,35 1,05 [1.03-1.07]
Nikpay M 2015 CAD 8qg24.13 125478730 TRIB1 rs2954029-A  intron 0,55 1,04 [1.03- 1.06]
Nikpay M 2015 Ml 10924.32 102834750 CYP17Al rs1004467-A  nc_transcript_exon 0,87 1,08 [1.05-1.11]
Nikpay M 2015 Ml 14932.2 99679373 HHIPL1 rs10139550-G  3_prime_UTR 0,41 1,05 [1.03-1.07]
Nikpay M 2015 Ml 2pl11.2 85534925 RPSAP22 rs10176176-T  upstream_gene 0,47 1,07 [1.05-1.09]
Nikpay M 2015 Ml 6g25.3 160589086 LPA rs10455872-G  intron 0,05 1,33 [1.27-1.4]
Nikpay M 2015 ™I 1p32.3 55030366 BSND rs11206510-T intergenic 0,85 1,08 [1.05-1.11]
Nikpay M 2015 Ml 7932.2 130023656 ZC3HC1 rs11556924-C  missense 0,70 1,07 [1.05-1.1]
Nikpay M 2015 Ml 13934 110165755 COL4A1l rs11617955-T intron 0,90 1,09 [1.05-1.12]
Nikpay M 2015 Ml 1921.3 154424940 IL6R rs12118721-T intron 0,48 1,06 [1.04-1.08]
Nikpay M 2015 Ml 10923.31 89243662 LIPA rs1332329-C  intron 0,36 1,08 [1.06-1.1]
Nikpay M 2015 Ml 6p21.2 39156672 SAYSD1 rs1544935-T  intergenic 0,81 1,08 [1.05-1.10]
Nikpay M 2015 Ml 2p24.1 19742712 LOC105373461  rs16986953-A intergenic 0,09 1,08 [1.05-1.12]
Nikpay M 2015 ™I 2g22.3 144528992 LINC01412 rs17678683-G  upstream_gene 0,09 1,08 [1.05-1.11]
Nikpay M 2015 Ml 22911.23 24262890 BCRP1 rs180803-G intron 0,97 1,21 [1.14-1.28]
Nikpay M 2015 ™I 10q11.21 43985363 LINC00841 rs1870634-G intergenic 0,62 1,07 [1.05-1.09]
Nikpay M 2015 Ml 8024.13 125466208 TRIB1 rs2001846-T  upstream_gene 0,49 1,05 [1.03-1.07]
Nikpay M 2015 Ml 119g22.3 103798234 LOC105369463 rs2019090-A  intron 0,36 1,07 [1.05-1.09]
Nikpay M 2015 ™I 6026 160687112 LPA rs2315065-A  intergenic 0,06 1,3 [1.24-1.36]
Nikpay M 2015 Ml 10p11.23 30046193 KIAA1462 rs2505083-C  intron 0,39 1,06 [1.04-1.08]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
Nikpay M 2015 Ml 15g26.1 90894158 FES rs2521501-T  intron 0,29 1,07 [1.04-1.09]
Nikpay M 2015 Ml 12921.33 89615182 ATP2B1 rs2681472-G intron 0,19 1,08 [1.05-1.1]
Nikpay M 2015 Ml 21g22.11 34221526 LINC00310 rs28451064-A  intron 0,12 1,13 [1.09-1.17]
Nikpay M 2015 Ml 9p21.3 22098620 CDKN2B rs2891168-G  intron 0,48 1,21 [1.19-1.23]
Nikpay M 2015 Ml 1941 222638065 MIA3 rs35700460-G  intron 0,65 1,09 [1.06-1.11]
Nikpay M 2015 Ml 17921.32 48982960 GIP rs35895680-C intergenic 0,72 1,06 [1.03-1.08]
Nikpay M 2015 ™I 4931.22 147359849 MIR548G rs4593108-C intergenic 0,80 1,07 [1.04-1.09]
Nikpay M 2015 Ml rs532436-A 0,19 1,12 [1.09-1.14]
Nikpay M 2015 Ml 19p13.2 11077477 SMARCA4 rs55791371-A  intergenic 0,90 1,11 [1.07-1.15]
Nikpay M 2015 Ml 13934 110390962 COL4A2 rs55940034-G  intron 0,27 1,07 [1.04-1.09]
Nikpay M 2015 Ml 19913.32 44919589 APOC1 rs56131196-A downstream_gene 0,16 1,09 [1.06-1.12]
Nikpay M 2015 Ml 12g24.12 111569952 ATXN2 rs653178-C intron 0,44 1,08 [1.06-1.1]
Nikpay M 2015 Ml 15g25.1 78830996 ADAMTS7? rs7165042-C  intron 0,56 1,06 [1.04-1.09]
Nikpay M 2015 Ml 17923.2 60936127 BCAS3 rs7212798-C intron 0,15 1,07 [1.04-1.1]
Nikpay M 2015 Ml 4932.1 155718736 GUCY1A3 rs72689147-G  intron 0,82 1,08 [1.05-1.1]
Nikpay M 2015 Ml 15922.33 67149412 SMAD3 rs72743461-C  intron 0,80 1,07 [1.05-1.1]
Nikpay M 2015 Ml 1p13.3 109274570 CELSR2 rs7528419-A  3_prime_UTR 0,80 1,11 [1.08-1.13]
Nikpay M 2015 Ml 6p24.1 12903725 PHACTR1 rs9349379-G  intron 0,41 1,14 [1.12-1.16]
Nikpay M 2015 Ml 17p13.3 2229956 SMG6 rs9914266-C  intron 0,35 1,05 [1.03-1.07]
Nikpay M 2015 Ml 1p32.2 56499992 PPAP2B rs9970807-C  intron 0,92 1,12 [1.08-1.16]
Dehghan A 2016 CAD 13g31.3 91102945 LINCO0380 rs16945184-C  intergenic NR 1,20 [1.11-1.3]
Dehghan A 2016 CAD 6p21.2 40414972 LRFN2 rs2916260-T intron NR 1,15 [1.09-1.22]
Dehghan A 2016 Ml 6026 163609768 QKI rs6941513-G  intergenic NR 1,2 [1.13-1.28]
Dehghan A 2016 Ml 4935.1 182703491 TENM3 rs7692395-G intron NR 1,45 [1.27-1.69]
Dehghan A 2016 Ml 7p21.2 14815437 DGKB rs4721377-T  intron NR 1,26 [1.14-1.38]
Dehghan A 2016 Ml 16g24.1 86651813 FOXL1 rs4843416-G intron NR 1,43 [1.22-1.67]
Wakil SM 2016 CAD 2g33.1 198223806 PLCL1 rs7421388-G  intron 0,79 1,30 [NR]
Wakil SM 2016 CAD 3925.31 156287165 KCNAB1 rs13082914-T  intron 0,22 1,21 [NR]




AUTHOR Year DISEASE REGION CHR_POS MAPPED_GENE SNP-RA CONTEXT RAF OR 95% Cl
Wakil SM 2016 CAD 4931.23 150108918 DCLK2 rs9985766-G  intron 0,16 1,35 [NR]
Wakil SM 2016 CAD 5qg11.2 52889863 ITGAl rs16880442-G  nc_transcript_exon 0,93 1,39 [NR]
Wakil SM 2016 CAD 6025.3 156266980 L0OC101928923 rs17775862-T  intergenic 0,06 1,55 [NR]
Wakil SM 2016 CAD 8g21.11 72230147 LOC392232 rs12541758-T  nc_transcript_exon 0,40 1,25 [NR]
Wakil SM 2016 CAD 9p21.3 22088095 CDKN2B rs10738607-G  intron 0,64 1,28 [NR]
Wakil SM 2016 CAD 9931.3 111690726 C9orf84 rs10981012-A  intron 0,13 1,34 [NR]
Wakil SM 2016 CAD 10911.21 44280862 LINC0O0841 rs1746049-C downstream_gene 0,72 1,25 [NR]
Wakil SM 2016 Ml 3g25.1 149875124 RNF13 rs41411047-A  intron 0,09 1,51 [NR]
Wakil SM 2016 Ml 4g31.23 150108918 DCLK2 rs9985766-G  intron 0,16 1,23 [NR]
Wakil SM 2016 Ml 5p13.3 32073460 PDZD2 rs32793-G intron 0,28 1,25 [NR]
Wakil SM 2016 Ml 5q11.2 52889863 ITGAl rs16880442-G  nc_transcript_exon 0,93 1,41 [NR]
Wakil SM 2016 Ml 8q12.3 63191534 YTHDF3 rs4739066-A  intron 0,86 1,37 [NR]
Wakil SM 2016 Ml 8g21.11 72230147 LOC392232 rs12541758-T  nc_transcript_exon 0,40 1,16 [NR]
Wakil SM 2016 Ml 9p21.3 22088095 CDKN2B-AS1 rs10738607-G  intron 0,63 1,27 [NR]
Wakil SM 2016 Ml 179q25.3 80133738 GAA rs7211079-A downstream_gene 0,77 1,30 [NR]
Wakil SM 2016 Ml 21g22.11 34226827 LINC0O0310 rs9982601-T  intron 0,16 1,38 [NR]




