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Abstract

Background: Despite the growing knowledge and the advances in the prevention
and treatment of cardiovascular disease (CVD), this pathology is still the leading
cause of morbidity and mortality worldwide. Of note, environmental factors such as
stress, depression, and anxiety, were recently included in the category of risk factors
alongside the canonical ones since their ability to modulate the onset and
progression of CVD and to influence the response to therapies. In this context, the
new field of behavioral cardiology aims to reach a deeper understanding of the
pathophysiology of behavior-related CVDs and the development of effective
interventions both to modify high-risk lifestyles and behaviors and to reduce
psychosocial risk factors for patients. Among the non-pharmacological treatments,
growing amount of literature shows that physical exercise (PE) takes hold as a
clinical management strategy for its positive effect on both psychological
pathologies and CVD. Interestingly, the family of proteins named neurotrophins was
found to be involved in the patho-physiology of both cardiovascular and nervous
system. Among them, the human BDNF Val66Met polymorphism is known to be
associated to neuro-psychiatric disorders, anxiety and to higher susceptibility to
stress, and recently to the individual predisposition to arterial thrombosis related to
acute myocardial infarction (AMI) and to eating disorders and obesity.

Aim of the study: The aim of this study was to highlight the impact of the interplay
between BDNF Met allele and positive (physical exercise) and negative (chronic

stress) environmental factors on the risk of arterial thrombosis.

Results: Taking advantage of a knock-in mouse carrying the human BDNF
Val66Met polymorphism that represents a good model of the pathologies observed
in human, we showed that spontaneous physical exercise is able to induce positive
morphological changes and reduce the inflammatory profile of the adipose tissue in
homozygous BDNF Met/Met mice. These beneficial effects might be at the bases of
the observed reduction in the pro-thrombotic phenotype detected in this animal
model. In addition, our in vitro data well support the role of Pro-BDNFMet in
modulating adipogenesis in line with what observed in the epididymal white adipose
tissue of BDNF Met/Met mice.



In addition, sub-chronic stress is sufficient to unveil the pro-thrombotic phenotype in
heterozygous BDNF Val/Met mice affecting the number and functionality of blood

circulating cells, and the expression of key thrombotic molecules in arterial tissue.

Conclusions: This study supports the important interaction between both positive
and negative environmental factors and Met allele of the BDNF gene in relation to
the modulation of arterial thrombosis. Human studies will be crucial to confirm this
possible gene-environment interaction and to assess the necessity of taking this
interaction into account to deploy better strategies of clinical management of the
arterial thrombosis risk in patients carrying this polymorphism.



Riassunto

Background: Nonostante il progresso nella comprensione dei meccanismi cellulari
e molecolari e gli avanzamenti nel campo della prevenzione e dei trattamenti delle
malattie cardiovascolari, queste rimangono ancora la principale causa di mortalita e
morbidita a livello mondiale. E interessante notare come fattori di rischio ambientale,
quali stress, depressione e ansia, siano stati recentemente inclusi accanto ai
classici fattori di rischio tradizionali data la loro capacita di modulare lI'insorgere e la
progressione delle malattie cardiovascolari ed influenzare la risposta alle terapie. In
guesto contesto si inserisce il nuovo settore della cardiologia comportamentale il cui
obiettivo e quello di arrivare a comprendere e approfondire la conoscenza della
patofisiologia alla base delle malattie cardiovascolari legate alla sfera
comportamentale nonché sviluppare strategie di intervento efficaci al fine di
modificare gli stili di vita e i comportamenti ad alto rischio, riducendone cosi 'impatto
sui pazienti. La letteratura degli ultimi anni ha dimostrato come I'esercizio fisico
risulti una valida strategia di trattamento a livello clinico risultando efficace sia per il
trattamento delle patologie psicosociali che di quelle cardiovascolari. In particolare,
e stato osservato come la famiglia di proteine dette neurotrofine sia coinvolta nei
processi patofisiologici a carico sia del sistema nervoso che di quello
cardiocircolatorio. Tra le neurotrofine, il brain-derived neurotrophic factor (BDNF),
ed in particolare il polimorfismo a singolo nucleotide denominato BDNFVal66Met, si
sa essere associato a malattie neuropsichiatriche, ansia, maggiore suscettibilita allo
stress e recentemente ad una maggior predisposizione alla trombosi arteriosa
associata a infarto acuto del miocardio, nonché con disturbi del comportamento

alimentare e obesita.

Obiettivo dello studio: L’obiettivo del presente studio & stato quello di mettere in
evidenza I'impatto che I'interazione tra la presenza dell’allele Met e fattori ambientali
positivi, come 'esercizio fisico, o negativi, come lo stress cronico, puo avere rispetto

al rischio di sviluppare trombosi arteriosa.

Risultati: 1l modello murino knock-in per il polimorfismo umano BDNFVal66Met
rappresenta un buon modello per lo studio delle patologie che questa mutazione
genera nelluomo.

Topi omozigoti per I'allele Met (BDNFMeUMet) sono stati da noi utilizzato per mostrare

come I'esercizio fisico spontaneo sia in grado di indurre cambiamenti positivi nella



morfologia del tessuto adiposo e ridurre I'inflammazione locale. Questi effetti positivi
potrebbero essere alla base della riduzione del fenotipo pro-trombotico osservato in
questo modello murino. Inoltre, dati in vitro sostengono il ruolo del Pro-BDNFMet
nella capacita di modulare I'adipogenesi in linea con quanto osservato nel tessuto
adiposo epididimale dei topi BDNFMetMet,

In topi eterozigoti per I'allele Met (BDNFVa/™et) |o stress sub-cronico & risultato
sufficiente per smascherare il fenotipo pro-trombotico portando all'innalzamento del
numero e della funzionalita delle cellule del sangue e dell’espressione di fattori

chiave per il processo trombotico a livello arterioso.

Conclusioni: Questo studio dimostra un’importante interazione tra fattori
ambientali positivi o negativi e I'allele Met del BDNF in relazione alla modulazione
della trombosi arteriosa. Studi sul’luomo saranno necessari al fine di confermare
questa interazione gene-ambiente e comprovare la possibilita di prendere in
considerazione l'interazione al fine di mettere in atto migliori strategie di trattamento

clinico del rischio trombotico in pazienti recanti il polimorfismo in oggetto.
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1. INTRODUCTION




Introduction

1 Risk factors in cardiovascular diseases and thrombosis

Cardiovascular diseases (CVDs) are the general and broad term by which a
heterogeneous group of disorders involving the heart and the blood vessels is
identified. This group of pathologies comprehends congenital and acquired
cardiomyopathies, arrhythmias, myocardial infarction, coronaropathy, anginas,
hypertension, peripheral arterial and vascular diseases, stroke and also chronic
kidney disease and tumors.

Despite the introduction of new regimens of pharmacological interventions and the
continuous progression in the development of implant surgery, surgery techniques
and advanced technological devices for diagnosis, CVDs still represent the first
cause of morbidity and mortality worldwide. In 2016 an estimated 17.9 million people
died from CVDs, accounting for 31% of all global deathsa and over three-quarters
of these took place in low- and middle-income countries (WHO 2017, Organization
2019). The Framingham Heart Study represented a milestone in the identification of
independent major risk factors for CVDs (Mahmood et al. 2014). After this, a growing
amount of literature was able to recognize over 300 risk factors that were afterward
categorized into two main groups:

-modifiable factors: like high blood glucose and diabetes mellitus, obesity, high
blood cholesterol, high blood pressure. In this category are also found the so-called
behavioural risk factors such as smoking habit and alcohol consumption.
-non-modifiable factors: like family history, genetic factors, ethnic group, age, and
Sex.

It was believed that acting directly or indirectly on modifiable risk factors could
represent a winning strategy to reduce the impact of CVDs on population but results
were far from what estimated. The following studies tried to comprehend this
controversial founding that the risk factors identified so far were not sufficient to
reach an adequate accuracy for the comprehension of the causes, and
subsequently for the treatment, of CVDs leading to hypothesize that something was
still missing (Brotman et al. 2005). It was reported that conventional risk factors for
CVDs are predictors of the majority, but not the totality, of morbidity and mortality,
raising the awareness on the need to identify new dynamics involved in the onset
and progression of these pathologies (Stamler, Wentworth, and Neaton 1986).
Starting from this, researchers were able to identify new, non-conventional risk

factors that were named “emerging”. Among them, gain or loss of function related
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to mutations and single nucleotide polymorphisms (SNPs) of genes known to be
involved in cholesterol and fatty acid metabolism such as CEPT (Ference et al.
2017), LDL and HDL (Mega et al. 2015) and PCSK9 (El Khoury et al. 2017) were
identified. These studies were subsequently confirmed by Genome-wide
association studies (GWAS) and opened the way to new therapeutically approaches
(Kessler, Vilne, and Schunkert 2016). At the same time, the measurement of carotid
intima-media thickness and blood concentrations of C-reactive protein,
myeloperoxidase and F2-isoprostane, vitamin D and apolipoprotein B and
lipoprotein(a) were correlated to the presence and the evolution through time of
CVDs (Gupta et al. 2013). Interestingly, some researchers suggested that social,
economic and cultural changes occurring in the last two decades might account for
the major incidence of CVDs (Havranek et al. 2015). In particular, it was shown that,
along with the increase in CVDs, there was also a growing trend in the diagnosis of
psychological and psychosocial disorders (Cohen and Janicki-Deverts 2012, Brody
2018). Starting from this evidence, different research groups focused their attention
on the possible relationship between stress or depression and the development of
CVDs, showing. a causal relationship between these two groups of pathologies
(Strike and Steptoe 2004, Steptoe and Kiviméaki 2012, Jiang, Krishnan, and
O'Connor 2002, Cohen, Edmondson, and Kronish 2015). Interestingly, both stress
and depression contribute directly to CVD disease via different mechanisms
inducing endothelial dysfunction, myocardial ischemia, plaque rupture, arrhythmias
and thrombosis (Bairey Merz et al. 2002, Huffman et al. 2013). Moreover, chronic
stress is reported to have a direct causative role in the onset of major depression
(Yang et al. 2015) and CVDs (Joynt, Whellan, and O'Connor 2003).

1.1 Key regulators of thrombosis

Haemostasis and thrombosis are two opposite physiological processes cooperating
in a delicate equilibrium to:

-keep the blood in a fluid state

-prevent abnormal and uncontrolled haemorrhage

-maintain vascular integrity through the correct timing of formation and lysis of blood
clots.

Different cells participate in the balance of these processes such as platelets, red

and white blood cells, and endothelial cells, interacting with different proteins that
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behave as thrombotic and anti-thrombotic factors. However, in pathological
conditions, this delicate balance is disrupted leading to opposite conditions
characterized by excessive bleeding (as happens in hemophilia, anemia, liver
cirrhosis, leukemia, and vitamin K deficiency) or formation of big and stable thrombi
that lead to vessel occlusion. In this case, thrombus formation is the triggering event
of several vascular diseases such as myocardial infarction (Ml), cerebrovascular
thrombosis (often referred to as stroke or cerebral ictus) and venous
thromboembolism (VTE). Even if both characterized by the formation of a blood clot,
venous and arterial thrombosis are two highly distinct pathological conditions.
Venous thromboembolism (VTE) is the general term to indicate in a single word both
deep-vein thrombosis (DVT) and pulmonary embolism (PE). This condition is
prevalent in large and deep veins of the legs. The clots forming in this condition are
referred to as red thrombi since they are primarily composed of red blood cells and
fibrin. In particular, they form due to defects of the proteins involved in the
coagulation and fibrinolysis cascade or secondary hypercoagulable states, involving
abnormalities of blood vessels and blood flow as happens in cancer, obesity or after
major surgery (Cushman 2007, Urbach et al. 2003).

Arterial thrombosis is characterized by the formation of clots called in this case white
thrombi. Arterial thrombi are platelet-rich and their formation reflects vessel wall
defects and its consequence (Freedman 2005). For example, the primary cause of
arterial thrombosis is either instability or rupture of an atherosclerotic plaque
resulting in localized clot formation and blockage of blood flow with subsequent MI
or stroke. Hypertension, hyperlipidemia, smoke habit and diabetes mellitus are well-
known and characterized risk factors for arterial thrombosis (Owens and Mackman
2010). During the onset and progression of these pathological conditions, a series
of interacting processes involving vascular wall, platelets, leukocytes, and
coagulation proteins take place. Haemostasis is driven primarily by the coagulation
system with the expression of tissue factor and besides that by platelet activation,
contributing to the haemostatic plug formation and the reinforcement of the

coagulation system (Versteeg et al. 2013).

1.1.1 Role of platelets and vessel wall
Platelets (PLTs) are the smallest cells in the human body, with a diameter of 2-4um
that are produced daily by fragmentation of their progenitors, the megakaryocytes.

For their origin, platelets lack the nucleus and genomic DNA (ltaliano and
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Shivdasani 2003) but still have mRNA and all the transcription machinery necessary
for the translation process to synthesize proteins (Nieswandt, Varga-Szabo, and
Elvers 2009). Since their first observation, it was understood that PLTs have an
essential role in the thrombotic process and nowadays their importance is well
established also in inflammation, immunity, atherosclerosis (Nording, Seizer, and
Langer 2015) and mental-psychiatric disorders (Ehrlich and Humpel 2012).
Platelets contribute to the thrombotic process through their ability to adhere to the
damaged vessel wall thus becoming in this way activated and able to secrete
several components and to aggregate. Primary hemostasis starts with discoid PLTS
adhering to the sub-endothelial matrix via the interaction between specific adhesive
glycoproteins (GPs) on their surface and extracellular matrix (ECM) proteins.

In particular, the most important interaction between platelets and ECM proteins is
mediated by the multimeric plasma protein von Willebrand factor (VWF). VWF
associated with both the major matrix protein collagen, the substrate of platelet
adhesion predominantly under high shear, and with the GP Ib/IX/V complex
expressed on platelets. Among the collagen types expressed in the ECM, VWF has
a major affinity for type | and Ill. Circulating VWF has a structure that prevents its
interaction with GP complex located on platelets surface; however, after collagen
binding, it undergoes a shape change exposing different sites that are recognized
by the GP Ib/IX/V complex, thus promoting platelets adhesion to ECM.

GPlba is the first one interacting with VWF and it is responsible for platelets
immobilization to the lesion site; after this, other GPs take part in the activation and
stabilization processes (Savage, Almus-Jacobs, and Ruggeri 1998). It was showed
that GP Ib/IX/V complex, after mediating the interaction with vVWF, also binds to
other adhesive proteins such as collagen, thrombospondin-1, a-thrombin, and
coagulation factors (Rivera et al. 2009). Despite the fundamental role of collagen-
VWFE-GPIb/IX/V in the platelet adhesion process, many other interactions play a
crucial role in platelet immobilization and activation in the lesion site. Also, integrin
a2B1 (GPIlallla) is able to bind collagen and this process represents one of the first
steps of PLTS adhesion, even if it is not understood if GPla/lla alone is able to drive
this process (Munnix et al. 2008). Other GPs such as av3, integrin a5B1, and
integrin a6B1, even if not highly expressed on platelets surface, contribute to these
processes, binding other adhesion proteins including fibronectin, vitronectin,

laminin and Thrombospondin-1 (Shattil and Newman 2004). Although the great
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amount of fibronectin is detected in plasma, megakaryocytes, and a-granules of
platelets (Maurer, Tomasini-Johansson, and Mosher 2010), its role in thrombus
formation and stability is limited (Maurer, Tomasini-Johansson, and Mosher 2010,
Ni et al. 2003). Similarly, it is still unclear the role of plasma and endothelial
extracellular matrix (ECM) vitronectin during platelet activation (Preissner and
Reuning 2011). However, it is well known that vitronectin is indirectly involved in the
coagulation stabilizing plasminogen activator inhibitor-1 (PAI-1) and then reducing
the clot lysis (Zhou et al. 2003). Laminin, synthesized by endothelial cells, is present
in the ECM and in the basement membrane, and it is exposed after mild vascular
injury (Hamill et al. 2009), supporting PLTs adhesion to the subendothelium. Finally,
Thrombospondin-1 is released from a-granules of platelets and binds to CD36,
sustaining platelet activation (Jurk et al. 2003).

These protein-protein interactions induce activation of PLTs promoting
morphological changes characterized by shape change with the protrusion of
plasma membrane pseudopodia originating from changes in the cytoskeleton (Fox
1993). During these events, the granules present in the PLTs fuse with the
membrane releasing their content by exocytosis. Among the released factors
adenosine diphosphate (ADP) and serotonin, named secondary agonists, have the
ability to potentiate the stimulation of other platelets, which are attracted to the lesion
site. ADP is an amplifier of platelet activation and two of its receptors can be found
on their surface (Gachet 2001). The P2Y1-receptor is involved in Ca?* mobilization
in the platelet favouring shape change and the transient aggregation (Fabre et al.
1999) while the P2Y12-receptor potentiates platelet secretion activity and it is
involved in sustained irreversible aggregation (Dorsam and Kunapuli 2004).
Serotonin acts as an amplifier of platelet response acting as a mediator for the
retention of procoagulant proteins like fibrinogen and thrombospondin on the platelet
surface (Dale et al. 2002). An important role is also played by thromboxane A2
(TXAz2), which is an agonist released by activated platelets supporting both autocrine
(self) and paracrine (adjacent) platelet activation, and recruiting the surrounding
platelets to the site of the growing thrombus (Riccioni et al. 2007, Roberts, Vaziri,
and Barnard 2002). TXAz in humans stimulates two subtypes of G-proteins couples
named TPa and TP, even if the effects in platelets are mediated predominantly
through the a isoform (Murugappan, Shankar, and Kunapuli 2004) by the activation
of adenyl cyclase activity (Davi et al. 1997).
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Activated platelets start their bridging thanks to the interaction between their surface
receptor GPIIbllla and its ligand fibrinogen starting in this way the aggregation
process. This interaction determines conformational changes in GPlIb/llla
facilitating the stabilization of platelet-platelet aggregates and giving GPIIblIA the
ability to bind other proteins such as VWF, fibronectin, vitronectin, and CD40L thus
maintaining clot firmness. At this point, platelet plug undergoes the formation of
insoluble cross-links mediated by the conversion of fibrinogen to fibrin by the
activated coagulation factor thrombin. This process is called secondary hemostasis
and during this, platelet amplification of the stimulation signal leads to their ability to
bind clotting factors (procoagulant activity) by the interaction with specific high-
affinity binding sites and the formation of a stable platelet-fibrin plague with

subsequent clot retraction (Jurk and Kehrel 2005).

1.1.2 The coagulation cascade
The model of coagulation cascade was developed in the 60s when it was
understood that each clotting factor consists of a pro-enzyme that is converted to its
active enzymatic form by another upstream-activated factor (DAVIE and RATNOFF
1964, MACFARLANE 1964). It is now well understood that there are two different
cascades named intrinsic pathway, called in his way since all the interacting
molecules are present in the blood, and extrinsic pathway, in which tissue factor
(TF) necessary to start the process is coming from extravascular tissue. However,
both pathways converge on the activation of FX. Following vascular damage, sub-
endothelial and smooth muscle cells are exposed to the bloodstream thus showing
TF on their surface. TF interacts with factor VII and upon activation TF/FVlla
complex is able to convert FIX and FX into FIXa and FXa, respectively. This allows
FXa to associate with cofactor FVa to form a prothrombinase complex on TF-
expressing cells. The amplification of the coagulation cascade promotes the
conversion of prothrombin (FII) into thrombin (Monroe, et al., 2006). The slowly
accumulating amounts of thrombin will further activate platelets that adhered to the
site of injury. In parallel, thrombin converts platelet-derived FV into FVa, thus
amplifying prothrombinase activity, and converts FVIII into FVIllla, which acts as a
cofactor to FIXa on the surface of activated platelets to support FXa generation. In
addition, thrombin converts FXI into FXla. Activated FXI converts FIX into FIXa,
which then associates with thrombin-cleaved FVIII. On phosphatidylserine-exposing

cell membranes, the tenase complex of FIXa/FVIlla catalyzes the conversion of FX
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to FXa, after which the FXa/FVa complex produces sufficient amounts of thrombin
to massively form fibrin fibers. As a final step, the thrombin-activated plasma
transglutaminase FXllla catalyses the formation of a covalent crosslink between

adjacent fibrin chains to yield an elastic, polymerized fibrin clot.
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Figure 1. Schematic representation of the model of the coagulation cascade.

Concomitantly with the coagulation cascade, a fundamental role is played by the
negative control of coagulation by which the system controls the spreading of the
clot formation (Broze et al. 1988). Different proteins are involved in this system.
Antithrombin acts inhibiting FIXa, FXa, and thrombin, heparin cofactor Il inhibits Flla,
and TFPI reversibly inhibits coagulation by direct binding to free FXa and by
interaction with the transient TF/FVlla/FXa complex (Girard et al. 1989). The
enzyme-based protein C/protein S pathway acts inactivating FVllla and FVa by
protolithic cleavage, thus suppressing tenase complex and prothrombinase actions

providing another anticoagulant modality.

In particular, Tissue factor (TF), also named CD142 or thromboplastin, is a
transmembrane glycoprotein of about 47kDa and in its mature form, it is constituted
by 219 amino acids in the extracellular region, a transmembrane region and a short
tail (21 amino acids) in the intracellular side. The outside domain is formed by two
fibronectin type 1l domains, each with an extracellular disulphide bond (Versteeg et
al. 2013).
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TF is expressed on the surface of fibroblasts and smooth muscle cells and its
localization is fundamental since it acts as a haemostatic barrier upon vessel injury.
TF is also expressed by circulating monocytes and tumour cells that may initiate
pathological conditions such as disseminated intravascular coagulation (Rickles,
Patierno, and Fernandez 2003). TF may be found also in microparticles released by
the cells (Giesen et al. 1999), representing the so-called blood-born TF. Nowadays
the opinion is that TF expressed by cells in the vessel wall is about 1000-fold the
one circulating in the blood (Butenas et al. 2005) thus making its role in thrombosis
a subject of debate.

It was demonstrated that platelets contain TF pre-mRNA that is converted into
mature mMRNA and might in this way generate a small amount of protein upon
platelets activation (Schwertz et al. 2006, Panes et al. 2007). In addition, it was
observed that Meg-01 megakaryoblastic cell line express TF and that it is
transferred to a subset of shed platelet-like particles (Brambilla et al. 2015).
Moreover, TF was found to be expressed after platelet activation (Camera et al.
2003, Brambilla et al. 2008) and in particular localises on the biggest activated ones
(Camera et al. 2012). In line with these data, also platelets can be a source of active
“blood-borne” TF, which can sustain activation of the blood coagulation on the edge
of a growing thrombus. However, some authors showed that activated PLTS, after
P-selectin exposure, are able to bind TF-bearing microvesicles deriving from
monocytes thus leading to the formation of highly thrombogenic platelet-
microvesicles hybrid. (Del Conde et al. 2005, Falati et al. 2003, Bouchard, Mann,
and Butenas 2010, @sterud 2003, Owens and Mackman 2011).

Alongside its action in thrombosis, TF was found to participate in the migratory and
proliferating ability of smooth muscle cells (Pyo et al. 2004) and to be involved in
cancer-related vascularization and metastasis (Steffel, Lischer, and Tanner 2006).
However, it was also demonstrated that TF is expressed as a response to
inflammatory stimuli as chemokines or cytokines (Erlich et al. 1999).

Among the inflammatory molecules responsible for TF induction there are tumor
necrosis factor-a (TNF-a), interleukin-1 or CD40 ligand (Bavendiek et al. 2002) but
also biogenic amines such as serotonin (Kawano et al. 2001) or histamine (Steffel
et al. 2005), and mediators such as thrombin, oxidized LDL or vascular endothelial
growth factor (Camera et al. 1999).
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1.1.3. Leukocytes
The presence of the leukocyte population participating in the thrombotic process
was observed at the end of the XIX century but their role is still under debate. In
particular, it seems that aside from their canonical inflammatory role, the prevalent
role of leukocytes in thrombus formation is to assign to the interaction with PLTs
thus forming mixed aggregates (Cerletti et al. 2012).
Leukocytes are able to bind either with activated circulating PLTs or with the one's
adherent to the site of vessel wall injury (Gawaz, Langer, and May 2005, Weber and
Springer 1997). Leukocytes initially adhere to PLTs via PSGL-1-P-selectin
interactions (Evangelista et al. 1999, Yang, Furie, and Furie 1999) and this adhesion
is subsequently stabilized by the binding between Mac-1 and GPIba (Simon et al.
2000). These interactions with the receptors PSGL-1 and Mac-1 on the monocyte
surface are able to induce the inflammatory cascade enhancing the secretion of
effector molecules such as CCL5 (Weyrich et al. 1996, Neumann et al. 1997).
Lymphocytes are able to interact with PLTs based on the binding between P-
selectin-, CD154- and allbB3 (Hu et al. 2010). Different studies suggested that
platelets-leukocytes complexes are more prone to interact with endothelial cells thus
enhancing in-site inflammation that can cause an accelerated progression of
atherosclerosis (Huo et al. 2003, Lievens et al. 2010). In addition, high levels of
neutrophil and platelet-monocyte complexes were correlated with acute myocardial
infarction (Furman et al. 2001). Besides their role in forming complexes with PLTSs,
leukocyte can have a direct role in the thrombotic process through the release of
tissue factor (TF), the initiator of blood coagulation. In particular, following
stimulation with lipopolysaccharides (LPS) and C-reactive protein, TF mRNA is
highly translated to the mature protein and exposed to monocyte membrane
(Sovershaev et al. 2007). TF could stimulate differentiation of monocyte to
macrophages thus enabling their migration through the arterial wall and promoting
their accumulation in atherosclerotic plaques, as shown in human and mouse
tissues (Lambert, Sachais, and Kowalska 2007, Muhlfelder et al. 1999).
Monocytes/macrophages, synthetizing interstitial collagenase (MMP-1) and
stromelysin (MMP-3) through CD40 stimulation, participate in plaque destabilization
and rupture key processes the atherothrombotic events (Mach et al. 1997).
Finally, monocytes not only take an active part in the coagulation, but they also

support it reducing the fibrinolysis. Indeed, resting naive monocytes produce
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thrombomodulin (Satta, Freyssinet, and Toti 1997), an essential cofactor of thrombin
in triggering the natural anticoagulant protein C pathway.

1.1.3 Fibrinolytic system and control of thrombosis
The fibrinolytic system represents, along with primary and secondary haemostasis,
the crossroad between haemostasis and thrombosis since its balanced regulation
is fundamental on one side to avoid haemorrhages and on the other one to prevent
thrombus excessive growth. The process is mediated by two plasminogen activators
(PASs), the tissue-type PA (tPA) and the urokinase-type (uPA) acting through a
cellular u-PA receptor (u-PAR). These activators convert plasminogen to plasmin
that degrading fibrin and activating matrix metalloproteinases (MMPs) promote clot
lysis and extracellular matrix degradation (Collen and Lijnen 1991, Birkedal-Hansen
1995). These processes are counteracted by the inhibitors of PAs (PAI-1 and PAI-
2) that prevent plasminogen to plasmin conversion and by a2-antiplasmin that
inhibits directly plasmin. The fibrinolytic system could be impaired by an alternated
t-PA release from the vessel wall or by increased rates of the neutralization system.
Regarding this latter case, it was observed that PAI-1 plasma concentration is
enhanced in different pathological condition including venous thromboembolism,
obesity, sepsis, and CAD. On the other hand, increased levels of tPA or deficiency

of a2-antiplasmin or PAI-1 are associated with a bleeding tendency (Collen 1999).
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2 Psychological stress and CVDs

The term stress was coined by Hans Selye in 1936 to describe “the non-specific
response of the body to any demand for change” (Selye 1936). This definition
resulted from the observation that different acute ambient stimuli (named stressors)
were all able to induce three main pathological conditions: hyperaemia and
enlargement of the adrenals, atrophy of the thymus and lymph nodes as well as
hemorrhagic gastric erosions/ulcers (stress triad). Further studies in the last eighty
years showed that in addition, if these stressors were protracted, they could induce
chronic alterations leading to heart attacks, stroke, kidney disease, and rheumatoid
arthritis (Dimsdale 2008, Bruce, Griffith, and Thorpe 2015, Walker et al. 1999).
However, it must be underlined that stress is a necessary response that the body
puts in place to overcome a new or difficult situation when a higher efficiency and
productivity is needed. For this reason, heart rate and respiratory acts accelerate,
blood pressure increases, sweating intensifies to maintain under control body
temperature and appetite is reduced but energy metabolism becomes more
efficient.

When transient, acute stress, these alterations are easily handled by the body that
immediately after the cessation of the stressor(s) returns quickly to homeostasis. It
is the one resulting from specific events or situations that are perceived by the body
as completely new or dangerous (Bryant 2018).

However, when the stressful events are close to one another or when the stressors
become chronic (chronic stress), then the organism is not able to compensate for
the situation and to return the systems in the homeostatic situation.

A population study showed that, under a chronic stressful condition, patients that
already had a myocardial infarction showed a 2.5x incidence of a second event than
not stressed ones. The same study analysed data regarding 3335 people affected
by coronaropathy, identifying a correlation with stress with a 4.4x risk increase
(Bosworth et al. 2000). A longitudinal study performed on the analysis of data
regarding 7066 women and men from the Copenhagen City Heart Study showed a
causal relationship between stress and cardiovascular diseases mediated through
unfavourable changes in health behaviour and cardiac risk profile (Rod et al. 2009).
Regarding the association between stress and CVDs, it was demonstrated that
there are at least three macro-areas in which we can classify it: the impact of work

stress, marital and domestic stress and social support.
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Regarding work stress, it is estimated that up to 40% of all workers are stressed and
in a third of these, the condition is chronic (Strike and Steptoe 2004, Peter and
Siegrist 2000). An analysis performed among 13 different studies, showed that in
10 of them an association between work stress and CVDs could be found, while in
the other three not significant score was reached (Kuper, Marmot, and Hemingway
2002). Work stress is showed to increase the incidence of coronary artery disease
(CAD) and, in patients already hospitalized for CAD, it increases the risk of new
events (Aboa-Eboulé et al. 2007).

Marital and domestic stress is showed to worsen the prognosis in women with
progress CVDs (Strike and Steptoe 2004) and taking care of the sick husband
independently from other canonical risk factors such as smoke, age, hypertension
and diabetes (Lee et al. 2003). A Swedish study found that, after adjusting for
classic risk factors, a cohort of women having both work and marital-domestic stress
enhances the risk of CVDs up to 5 times versus the control cohort (Orth-Gomér et
al. 2000). Domestic stress has a major impact on people with a low socio-economic
status in a relationship with the level of instruction and work position (Rose and
Marmot 1981). In support of these results, in countries with low social support, there
is an increase in behavioral risk factors such as smoking, unbalanced diet and low
physical activity (Rosengren, Orth-Gomér, and Wilhelmsen 1998), but also stress
levels are higher and associated with enhanced risk of CVDs (Strike and Steptoe
2004).

All these evidences from literature lead to consider the role of lifestyle behaviour on
CVDs and to coin the term “behavioural cardiology” as “an emerging field of clinical
practice based on the recognition that adverse lifestyle behaviours, emotional
factors, and chronic life stress can all promote atherosclerosis and adverse cardiac
events” (Rozanski et al. 2005). In particular, the role of the new discipline would be
a deeper understanding of the pathophysiology of behaviour-related CVDs and the
development of effective therapeutic interventions both for modifying high-risk
lifestyles and behaviours and for reducing psychosocial risk factors for patients.
Unfortunately, until now there have been few large scale trials on the effect of both
classical, as for example antidepressant drug use, and alternative, as physical
exercise training, treatments among patients with distress and CVDs. The main
problem found was the lack of patient's adherence to behavioural interventions and

the difficulty to find standardized parameters to define distress in people already
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suffering from CVDs (Rozanski, Blumenthal, and Kaplan 1999). In addition, the field
of behavioural cardiology requires new figures of physicians that could incorporate

both cardiology and psychological expertise in clinical practice.

2.2. Biological effects of stress
As above-mentioned, stress determines the activation of the HPA-axis and the
release of glucocorticoids (GCs) and catecholamines thus exercising its influence
on different body districts. Of note, hyper-activation of the HPA-axis and the
subsequent pathological alterations were found in about 70% of depressed patients
(Holsboer 2000) suggesting a possible correlation between stress and major
depression (Yang et al. 2015). For example, it was demonstrated that a constant
stimulation by cortisol not only can lead to the impairment of the molecular pathways
above mentioned but can also have a direct role in neuron excitation. Under normal
conditions, GCs contribute to the termination of the stressful reaction via feedback
loops that involve the participation of the hippocampus and paraventricular nucleus
(Berton and Nestler 2006, Pariante and Lightman 2008). However, constant cortisol
and GCs stimulation is able to induce corticosteroid-resistance and decreased
function of the glucocorticoid receptor (GR) (Pariante and Lightman 2008). High
cortisol level was found able to induce excitotoxicity to pyramidal neurons in the
hippocampus leading to spine loss and atrophy of dendrites (Berton and Nestler
2006) and reduced hippocampal volume (Manji, Drevets, and Charney 2001),
conditions that are common also in patients affected by major depressive disorder
(Yang et al. 2015). Furthermore, it was demonstrated that HPA-axis hyperactivation
is directly related to an alteration in the levels of vasopressin (Hodgson et al. 2014),
brain-derived neurotrophic factor (Duman and Monteggia 2006), glial cell-derived
neurotrophic factor (Uchida et al. 2011), and neurotransmitter system such as
glutamate and its receptors (Hashimoto 2011), NMDA, AMPA and metabotropic
glutamate receptors (Berton and Nestler 2006), gamma-aminobutyric acid (Méhler
2012) and serotonin (Berton and Nestler 2006). Of note, all these alterations are
considered molecular signatures related to the development and progression of
major depressive disorder. A recent meta-analysis (Park et al. 2019), showed an
association between psychosocial stress, major depressive disorder, and epigenetic
changes. Interestingly the alterations that were found are relative to the

glucocorticoid signaling (NR3C1 and FKBP5), the serotonergic signaling (SLC6A4),
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and the neurotrophin system (BDNF) clearly showing the tight relationship between
the alterations induced by stress and major depression. In addition, it was observed
that likely in stressed people, also depressed patients present increased levels of
pro-inflammatory cytokines that are known to be involved in the reduction of
monoamine levels and so in the modulation of cognition, sleep and reward
processes (Karrenbauer et al. 2011, Wong and Licinio 2001). Elevated levels of IL-
18 are found in depressed patients and they are able to activate the HPA-axis in the
same way as stress does, suppressing hippocampal long-term potentiation and
down-regulating BDNF expression (Koo and Duman 2009). Mice lacking IL-6 are
protected from depressive symptoms induced by stress (Chourbaji et al. 2006) and
have not an impairment in neuron proliferation (Koo and Duman 2009). Also, tumor
necrosis factor-a (TNF-a) is able to activate HPA axis (Kaster et al. 2012), as well
as interleukin-1p3 (IL-1PB) that is able to promote the serotonin uptake suggesting that
its blockade could be helpful in depression treatment (Zhu, Blakely, and Hewlett
2006). As a proof of concept deletion of either TNF-a receptor 1 (TNFR1) or TNFR2
generates animal models resistant to induced depression (Simen et al. 2006) while
TNF-a injection induced depression-like phenotype which could be prevented by
antidepressant drugs (Kaster et al. 2012). However, it is well known that
psychosocial and psychiatric pathologies are strictly related to the environment and
to the psychological history of each individual and so these parameters, even in
presence of common cellular and molecular features between stress and
depression, must be taken into account before demonstrate the unidirectional
association between these two pathologies. Different studies are available
regarding the dynamic relationships between stress and depression over time,
including for example the effects of childhood and lifetime stress exposure on later
reactivity to stress and development of major depressive disorder. Unfortunately,
the lacking of common evaluation parameters often biases the results that were

obtained leaving uncertainty on the argument (Hammen 2005).

2.1 Biological mechanisms by which psychological stress could
predispose to CVDs

Starting from the association observed between psychosocial stress and CVDs
observed in clinical studies, basic research tried to understand the molecular

mechanism at the crossroad between these pathologies (Strike and Steptoe 2004,
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Dhar and Barton 2016). As already said, a stressful event determines an altered
response in different organs and systems of the organism thus influencing different
biological pathways and leading to pathological alterations (Rosengren et al. 2004,
Huffman et al. 2013). Different systemic alterations have been investigated until
now, showing a clear contribution of:

-hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis

-hypertension

-immunity response

-endothelial dysfunction

-platelet activation

-coagulation factors

-neurotrophin system

2.1.1 The hypothalamic pituitary adrenal (HPA) axis dysfunction

One of the first observations done by Hans Selye regarding the effect of chronic
stress on living beings was the enhanced dimension of the adrenal glands (Selye
1936). After decades of investigations, it is now clear that stress is able to activate
the hypothalamic-pituitary-adrenal (HPA) axis with a consequent stimulation of the
sympathetic nervous system and increased circulating levels of cortisol and
catecholamines (Rozanski, Blumenthal, and Kaplan 1999, Dinan 1994, Banki et al.
1992, Brown, Varghese, and McEwen 2004).

In response to a stressful event, cortical areas of the brain are activated and, through
the limbic system, the signals arrive at the hypothalamus. Under neurotransmitter
stimulation, cells located in the paraventricular nucleus (PVN) are activated to
synthesize and secrete corticotropin-releasing factor (CRF) (Gu, Tang, and Yang
2012). This factor enters the hypothalamic portal venous system and stimulates the
corticotrophs located at the anterior pituitary gland to synthesize
proopiomelanocortin (POMC) (Pariante and Lightman 2008) that is subsequently
cleaved in adrenocorticotropic hormone (ACTH) and alpha-melanocyte-stimulating
hormone (a-MSH). CRF from parvocellular neurons also stimulates the release of
arginine vasopressin (AVP) from PVN, which together with CRF synergistically
stimulates the release of ACTH (Hasan et al. 2012). ACTH stimulates fasciculate
and reticularis zones of the adrenal cortex to produce and release glucocorticoids

(GCs, cortisol, and corticosterone in human and rodent, respectively) (Hasan et al.

16



Introduction

2012), which together with catecholamine released by sympathetic nervous system
(SNS) are the main stress hormones (Gu, Tang, and Yang 2012). GCs exert their
effects on multiple aspects of the brain function, such as survival of neurons,
neurogenesis, hippocampal size and emotional events, and the peripheral functions
including metabolism and immunity (Pariante and Lightman 2008). By binding to
glucocorticoid receptors (GRs) in the hypothalamus, the pituitary and the medial
prefrontal cortex (mMPFC), which will result in a decrease in CRF secretion and
subsequent reduced release of ACTH from the pituitary, these GCs inhibit activity
of HPA axis through negative feedback mechanism to sustain homeostasis
(Pariante and Lightman 2008, Gu, Tang, and Yang 2012).

Salivary cortisol is considered the biomarker of the stressful condition in organisms
(Hellhammer, Wist, and Kudielka 2009, Strike and Steptoe 2004).

Cortisol acts as an anti-inflammatory hormone (Yeager, Pioli, and Guyre 2011),
however, during acute stress, the high concentrations of cortisol stimulate the
hypothalamus, hypophysis (also called pituitary gland) and other non-specific brain
regions mediating its effects and thus acting with a negative feedback loop on the
HPA axis. High levels of the hormone inhibit the synthesis and release of the
corticotropin-releasing hormone (CRH) and of the adrenocorticotropic hormone
(ACTH).

During the chronic stress response, cortisol is secreted continuously thus
determining a cortisol-resistance and a reduction in the negative feedback loop of
the HPA. Cortisol and CRH were found able to induce endothelial dysfunction, thus
participating in the onset and progression of plaque formation/rupture and coronary
artery thrombosis (Wirtz et al. 2006).

Interestingly, patients affected by the Cushing's syndrome that is characterized by
hypercortisolism, frequently show a hypercoagulable and thrombotic condition, thus
confirming the role of cortisol over-stimulation in the onset and progression of
cardiovascular disease (Erem et al. 2009).

If the activation of HPA response is necessary during acute stress (Wirtz et al. 2006),
its hyperactivation (chronic stress response) determine an alteration of the balance
between sympathetic and parasympathetic activity with consequent dysregulation
of blood pressure, inflammation, platelet activation, plaque rupture, coronary artery
spasm and ventricular arrhythmias that could evolve in ventricular fibrillation and

cardiac arrest (Rozanski, Blumenthal, and Kaplan 1999). Interestingly, it was found
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that the hyperactivation of the HPA axis can influence cerebral functionality causing
other hormonal, inflammatory and neurotransmitter alterations that are able on their

own to reinforce HPA axis stimulation (Grippo and Johnson 2002).

2.1.2 Psychosocial stress and hypertension
Different studies suggest that stressful events are related to the development of
hypertension. Acute stress is able to increase blood pressure by enhancing cardiac
output and the heart rate without affecting total peripheral resistance. In addition,
the activation of the HPA-axis not only increases the levels of catecholamines and
cortisol but has an effect also on vasopressin, endorphins, and aldosterone. All
these alterations may in part explain the increase in blood pressure (Zimmerman
and Frohlich 1990). It was demonstrated that people experimenting with work stress
and low socioeconomic levels have enhanced blood pressure, higher heart rate, and
peripheral resistance, especially in the morning (Schnall et al. 1998). Interestingly,
two systematic reviews, one of cohort studies and the other on observational
studies, clearly showed that acute stress is able only to enhance blood pressure
acutely, while several, but not all, the studies included indicate that chronic
psychosocial stress is able to induce hypertension (Sparrenberger et al. 2009,
Gasperin et al. 2009). However, if the association between chronic psychosocial
stress and hypertension is confirmed, no consistent data are available regarding the
molecular mechanisms underlying this interaction. It is hypothesized that the
involvement of the sympathetic nervous system response and the release of
catecholamines leads to increased heart rate, cardiac output, and blood pressure.
If sympathetic responses to acute stress are well studied and demonstrated, the
process by which this system could sustain blood pressure enhancement leading to
hypertension is not well understood. It is supposed that the key could be the
prolonged activation of the system and the failure to return to homeostasis following
multiple stressful events (Spruill 2010). However further studies are necessary to

deepen the understanding of the molecular bases of these processes.

2.1.3 Psychosocial stress and the immune system
It was recently reported that stress can activate the inflammatory response not only
in the brain but also in peripheral tissues (Rohleder 2014, Calcia et al. 2016)
As above-mentioned, the activation of the HPA-axis mediates the release of cortisol

for which an anti-inflammatory action is known. Of note, upon stimulation adrenal
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glands release other hormones that, like cortisol, are part of the class of GCs that
are known for their immunosuppressive and anti-inflammatory activity.

The presence of several inflammatory cytokines such as TNF-a and IL-6 stimulates
the pituitary-adrenal axis to release GCs that in turn enhance the expression of anti-
inflammatory cytokines such as IL-10, TNF-3 (Sorrells et al. 2009). However, it was
discovered that persistent high levels of GCs increase the expression of the
inflammasomes system through the enhanced secretion of IL-1B (Busillo, Azzam,
and Cidlowski 2011), CRP, IL-6, TNFa and the transcription factor of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB) (Miller, Maletic, and Raison
2009). In addition, enhanced release of norepinephrine (NE) could regulate the
immune and inflammatory system through the secretion of inflammatory factors as
transforming growth factor-p (TGF-B) and TNFa as demonstrated in the cell line
RAW264.7 (Zhou, Xu, and Jiang 2008). Intriguingly, the presence of a chronic low-
grade inflammatory could be a possible mechanism linking chronic stress and
CVDs. It was observed that some inflammatory cytokines like CRP, IL-6, TGF- 31
and TNF- a are involved in the onset and progression of thrombotic events and
atherosclerosis. In particular, CRP and IL-6 are considered potentially predictive
markers of atherosclerosis (Nadrowski et al. 2016). NE, through activation of a
adrenoreceptors, could increase the levels of TGF-B1 and TNFa production in
macrophage (Huang et al. 2012) and it is showed that these cytokines are related
to endothelial dysfunction and renin-angiotensin system (Li et al. 2012). In summary,
stress, hyper-activating the HPA-axis induces a constant release of GCs and NE
that are known to promote the release of CRP, IL-6, TGF- 1 and TNF- aq,
inflammatory cytokines well know for their role in the onset and progression of
CVDs.

2.1.4 Psychosocial stress and platelets
A large number of modifiable and not-modifiable risk factors such as age, serum
cholesterol level, diabetes, catecholamine levels, cigarette smoke, obesity, and
alcohol consumption, are well known to be associated with CVDs. A mechanism by
which all these risk factors can lead to CVDs is their ability to enhance platelet
reactivity. It is well documented that patients with CVDs have hyper-reactive
platelets that expose higher levels of P-selectin and GPIlIbllla thus starting the

formation of platelet-leukocyte and platelet-fibrinogen-vWFactor aggregates,
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respectively (Merten et al. 2000, Konstantopoulos et al. 1998). In addition, activated
platelets release more TXA-A2 and other prostaglandin metabolites (Falk 1985,
Fitzgerald et al. 1986) and produce less nitric oxide (Freedman et al. 1998). During
acute coronary syndromes, the thrombus formation is driven by the ability of
platelets to aggregate with neutrophils and leukocytes that in turn can enhance
platelet aggregation (Faraday et al. 2001). Activated platelets produce mediators of
inflammation such as platelet-derived growth factor (Selheim et al. 2000), platelet
factor 4 (Leavitt 2007) and TGF-B (Grainger et al. 1995).

The release of catecholamines due to the activation of the HPA-axis induced by
stress is able to stimulate alpha2-adrenergic receptors (von Kéanel and Dimsdale
2000) and research data suggest that this is sufficient to enhance platelet activity,
reactivity and immune-modulatory capacities (Koudouovoh-Tripp and Sperner-
Unterweger 2012). Stressful mental tasks are able to increase acutely the release
of PF-4 and TGF-B from platelets (Patterson et al. 1995) and also a significant
increase in platelet-leukocyte aggregates formation was observed (Hamer et al.
2006, Steptoe et al. 2003). Three cross-sectional studies reported that stress is able
to increase the percentage of platelet-leukocyte aggregates by 15% and the
percentage of P-selectin by 5-fold (Aschbacher et al. 2008, Aschbacher et al. 2007,
Aschbacher et al. 2009).

2.1.5 Psychosocial stress and coagulation cascade

In the last five decades it was clearly demonstrated that stress is certainly
associated with hypercoagulability through the activation of the coagulation system,
platelets hyper-reactivity and reduced fibrinolysis (von Kanel et al. 2001).

In particular, it was observed that even a single bout of stress is able to enhance the
activity of clotting factor VIII, tissue-type plasminogen activator (t-PA) with a
concomitant increase in D-dimer, indicating enhanced fibrin turnover. Interestingly,
it was found that FVIII:C, as well as fibrinogen and von Willebrand factor (VWF)
levels, are increased between 5% and 10% from baseline in healthy subjects in
response to acute stress, and that after 20-45 minutes their levels return to pre-
stress condition (von Kanel 2012, von Kanel et al. 2001). As for acute stress, also
chronic stress is able to alter many factors involved in the coagulation process. In
particular, it was demonstrated an increase in fibrinogen and coagulation factors VI,
VI, and von Willebrand factor (Austin, Wissmann, and von Kanel 2013). In addition,

other studies found that chronic stress is also able to increase the level of
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Plasminogen-activator inhibitor-1 (PAI-1) and reduce t-PA (von Kanel 2012). As
regards the molecular mechanism by which stress is able to unbalance the
coagulation system, it was found that the activation of the HPA-axis, inducing the
release of catecholamines, stimulates (2-adrenergic receptors, in particular
mediating their effects on endothelial cells. Only few minutes of stimulation are
sufficient to activate the release of FVIII, active VWF and profibrinolytic t-PA from
endothelial storage pools into the bloodstream (von Kanel and Dimsdale 2000), to
increase plasma levels of thrombin (von Kénel et al. 2002) and also to induce the
release of hepatic FVIII and affect the clearance of t-PA and D-dimer in the liver
(Austin, Wissmann, and von Kanel 2013). In addition, it was found that sympathetic
nerves hyper-stimulation in artery walls induced an increase in circulating t-PA (Hao
et al. 2005).

The increased blood pressure induced by stress determines an efflux of plasma in
the interstitial space of vessels thus concentrating non-diffusible large (i.e. >69 kDa)
haemostatic molecules (Austin, Wissmann, and von Kanel 2013) that are in this way
more in contact each other (Austin, Patterson, and von Kanel 2011). Arithmetic
adjustment for stress-haemoconcentration accounts for a portion of stress-induced
haemostasis molecules as fibrinogen and VWF suggests that the intrinsic
coagulation pathway is activated during stress (Austin et al. 2012).

Thrombotic risk after acute stress increases with age (Jern et al. 1989), and it was
found that it is correlated also with a proportional increasing level of D-dimer (Wirtz
et al. 2006). Regarding sex, the risk was found to be higher in men than in women
after an acute event. It was showed that stress enhances the coagulation factor VIII
only in male, while women have an increase in the activation of t-PA which promotes

the fibrinolytic process (Jern et al. 1989).
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Table 1. Changes in the levels of haemostatic factors after stress exposure.

1 = increased level; | = decreased level; - = no change. (Adapted from von Kanel 2015).

Haemostatic factor

Fibrinogen
Factor XIlI

Factor VII
Factor VI

Von Willebrand factor antigen

Thrombin-antithrombin complex
Fibrin D-dimer

Tissue-type activator antigen

Tissue-type plasminogen activator activity

| 2| = o o o 2| 2| 2| —

Percent prothrombin time

Plasminogen activator inhibitor-1

-
—

Activated partial thromboplastin time

«—

2.1.6 Psychosocial stress and endothelial dysfunction
Endothelium represents a fundamental anatomic structure deputed to the control of
vascular tone, angiogenesis, wound healing, smooth muscle cell proliferation,
fibrosis, inflammation, and haemostatic balance. Classic risk factors for CVDs,
altering the molecular pathways necessary to maintain the correct processes
regulating the functions above mentioned, are at the bases of endothelial
dysfunction (Widmer and Lerman 2014).
Of note, recently accumulating evidence showed that stress-related endothelial
dysfunction could be an early risk factor predicting future development of CVDs.
Mental stress is able to directly enhance the release of pro-inflammatory cytokines
and endothelin-1 leading to a lower release of nitric-oxide via the downregulation of
endothelial nitric oxide synthase (eNOS) (Toda and Nakanishi-Toda 2011).
Human studies carried out with different paradigms of acute stress found that
vascular resistance is enhanced and dilatation of the brachial artery is reduced after
30 and 90 minutes after the test (Ghiadoni et al. 2000, Sherwood et al. 1999),

suggesting only a transient endothelial dysfunction. Interestingly it was reported that
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intense emotions such as outbursts of anger and acutely depressed mood could
increase by two times the risk of the acute coronary syndrome within two hours from
the stressful triggering event (Mostofsky, Penner, and Mittleman 2014, Steptoe et
al. 2006). However, it must be underlined that several studies failed to reach similar
results for the heterogenicity of the responses to these paradigms of stress. In
particular, it is hypothesized that this could be due to individual differences in the
neuroendocrine coping mechanisms (Gerra et al. 2001) and the presence of people
hyper-responsive to the stimulation of the sympathetic nervous system induced by
stress (Rozanski, Blumenthal, and Kaplan 1999). Chronic stress disrupting
hormonal homeostasis of glucocorticoids and catecholamines is able to induce not
only metabolic abnormalities and inflammation but also endothelial dysfunction (Das
and O'Keefe 2006). Studies on students with chronic sleep deprivation and under
stress for examinations showed reduced vasodilation (Takase et al. 2004) and this
parameter was even worst when in presence of sedentary lifestyle and smoking
(Mancas et al. 2008). Low socioeconomic levels in relationship with anxiety,
depression, tension, hostility, and fatigue were found to determine impaired flow-
mediated vasodilatation in both women and men and increase in carotid intima-
media thickness only in men (Cooper et al. 2010, Mausbach et al. 2010, Chumaeva
et al. 2010).

2.1.7 Psychosocial stress and the neurotrophin system

As already reported, chronic stress leads to an alteration in the structure of the
central nervous system with a particular impact on the hippocampus region where
it was shown that GCs continuous stimulation is at the basis of dendritic atrophy
(Berton and Nestler 2006). Of note, it was observed that these alterations induced
by stress are able to reduce the level of different neurotrophins in the same brain
region and in the prefrontal cortex (Smith et al. 1995b, L4szl6 et al. 2019).

Among them, the down-regulation of the Brain-Derived Neurotrophic Factor (BDNF)
pathway was found to have an important molecular role in stress response. The
response to stress, however, differs from region to region in the brain as
demonstrated by the fact that its levels are reduced in the hippocampus but
enhanced in the amygdala, suggesting a different involvement of these regions in
neuronal structural plasticity (Lakshminarasimhan and Chattarji 2012). Interestingly,
the administration of anti-depressant not only was able to counteract the effect of

chronic stress but was also able to prevent BDNF reduction in the hippocampus and
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protect neurons from atrophy (Chen et al. 2001). Following these and other results
showing that symptoms of stress and pathologies related to it, such as depression,
have in common a decrease in neurotrophic support and that infusion of these
proteins (Shirayama et al. 2002) or gene overexpression (Govindarajan et al. 2006)
leads to ameliorate pathological conditions, the “neurotrophic hypothesis” was
formulated (Duman and Monteggia 2006). However, since rodent models with
BDNF gene deletion do not show spontaneous depression phenotype, it could be
hypothesized that there are other alternative pathways that working along with the
neurotrophin are causative of the pathology suggesting that possible therapeutic
strategies must take into consideration targets downstream BDNF pathway (Duman
and Voleti 2012).

2.2 Psychosocial stress management

Since all the above describes evidence suggest that stress could be an important
cause of psychological, inflammatory, metabolic and cardiovascular disease,
different techniques for stress management were investigated. Among them, some
techniques are devoted to improving physical health, such as exercise, while others
are psychological interventions such as individual or group counseling or support of
self-care.

2.2.1 Exercise
In the last few years, a growing body of the literature showed that psychological
pathologies such as stress, anxiety, and depression might benefit from physical
activity and exercise. In particular, it was shown that regular activity is associated
with a better level of self-esteem and mood state and lower stress and anxiety levels
(Anderson and Shivakumar 2013, DeBoer et al. 2012). The positive effect of
exercise on mental disorders has been studied in depth founding that it is sustained
by the integrative enhancement of the energetic and neuro-mediate homeostasis,
by the modulation of the immune system, and by psychological improvements
(Mikkelsen et al. 2017). In particular, it was observed that exercise activates
mitochondrial function sustaining neuronal dendrites sprouting and axonal stability
(Bansal and Kuhad 2016) and improving the performances of muscular fibers
(Broskey et al. 2014). In addition, mitochondrial activity is also correlated to

activation of thermogenesis that was found able to reduce the intensity of anxiety
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episodes (Youngstedt et al. 1993). Exercise, stimulating the central nervous system,
is able to enhance the endocannabinoid system (Heyman et al. 2012), to increase
serotoninergic and adrenergic levels in the brain acting in the same way as
antidepressant drugs (Wipfli et al. 2011), and to adjust the hormonal pathway of the
HPA-axis which hyperactivation is known responsible for stress-related impairments
(Salmon 2001). It also increases mMTOR signaling in brain regions involved in
cognition and emotional behavior (Lloyd et al. 2017). Besides this physiological
effects, exercise might help to distract from negative thoughts especially when
combined with music (Barwood et al. 2009) and increase self-esteem by generating
a feeling of mastery which elevates mood (Middelkamp et al. 2017). Exercise affects
inflammation system by reducing the number of total leukocytes (Apostolopoulos et
al. 2016), by stimulating the production of anti-inflammatory cytokines such as TNF-
alpha, IL-1, IL-8 and IL-15 in neurons, muscles and adipose tissue (Apostolopoulos
et al. 2014, Schindler et al. 1990), by decreasing tool-like receptor (TLR) expression
in monocytes (Gleeson 2007), and by enhancing the vagal tone thus having a
positive impact in restraining the inflammatory cascade as well as reducing heart

rate in chronic heart failure (Guiraud et al. 2013).
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Figure 2. Representation of the systems mediating the beneficial effects of exercise on stress,
anxiety, and depression.

TLR, toll-like receptors; mTOR, mammalian target of rapamycin signaling; HPA axis, hypothalamic-
pituitary-adrenal axis (Mikkelsen et al. 2017).
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2.2.2 Cognitive-behavioral therapies
Cognitive-behavioral therapies are based on the evidence that a better
understanding of behaviours, emotions, and ideas could contribute to reducing
distress and consequent anxiety or, in the worst cases, major depression
(Giummarra et al. 2018, Shen et al. 2018). Different kinds of therapies was found to
be effective in reducing psychological alteration. Psychodynamic therapy is based
on the understanding of unconscious internal conflicts, interpersonal therapy is
based on the understanding of the social interactions with family and friends and
cognitive behavioural therapy (CBT) involves the understanding of negative
thoughts and how they can lead to negative emotions. Other therapies combine
relaxation, physical activity, and meditation such as deep breathing, progressive
muscle relaxation, yoga, meditation, and mindfulness-based stress reduction. It
must be underlined that in many cases psychotherapy show the same efficacy as
antidepressant drugs and that these paradigms of interventions might have a
fundamental role in the management of patients with early life stress, anxiety or

depression issues (Farhang et al. 2019, Lloyd et al. 2018).

2.2.3 Pharmacological management
In line with the rules of interventions for psychosocial disorders, primary strategies
for the treatment of stress must be conservative and aimed to promote the
development of a personal strategy of response mechanisms from every patient.
However, when despite this management stress leads to panic attacks traumatic
recall associated with post-traumatic stress disorder (PTSD), and anxiety, drug
therapy must be taken into account. Benzodiazepines, antidepressants, monoamine
oxidase inhibitors (MAOIs), beta-adrenergic blocking agents and antihistamines are
the class of drugs approved for the treatment of stress with different indications and

timing of action (Curtis 2019).

3 The neurotrophin system

Neurotrophins are a protein family essential for the central nervous system
development and maintenance promoting neural differentiation and survival,
regulating axons and dendrites development, synaptogenesis and synaptic
plasticity (McAllister, Katz, and Lo 1999, Huang and Reichardt 2001). Neurotrophin
family includes four highly structurally correlated proteins: nerve growth factor
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(NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-2 (NT-3) and
neurotrophin-4/5 (NT-4/5). NGF was the first member to be identified
(HAMBURGER and LEVI-MONTALCINI 1949). Only about thirty years later BDNF
was isolated from the porcine brain (Barde, Edgar, and Thoenen 1982) and
subsequently, the aminoacidic sequence was determined (Leibrock et al. 1989). The
structural analogy between these proteins helped later to identify the other two
members NT-3 and NT-4/5 in mammal's brains (Park and Poo 2013).

All the neurotrophins are synthesized as precursors proteins constituted by a pre-
prodomain, a prodomain, and a mature domain. The pre-prodomain is cleaved and
degraded after the neurotrophins have reached the Golgi apparatus let
hypothesizing that its role is related to the correct shuttling from the endoplasmic
reticulum. The resulting cleaved proteins are called proneurotrofins and have a
weight of about 30-35kDa. Proneurotrophins then could undergo proteolytic
cleavage or be directly secreted. Proteolytic cleavage determines the release of the
mature domain of about 12-13kDa and the prodomain (often also referred to as
propeptide) structure of about 15-17kDa (Seidah et al. 1996). Proteolytic cleavage
is performed intracellularly by furins or pro-convertases (Seidah et al. 1996,
Edwards et al. 1988), or extracellularly thanks to plasmin or different
metalloproteases (Lee et al. 2001). Prodomain structures are highly conserved
among the neurotrophins and also through the mammals, evolution, and mutation
occurring in these regions are related to neurotrophins trafficking regulation from
endoplasmic reticulum to cellular membrane during the release phase (Lee et al.
2001). Regarding the secretion of proneurotrophins, this process can follow two
distinct pathways: regulated or constitutive. Regulated secretion is typical of the
neurons (Cool et al. 1995) while smooth muscle cells, fibroblasts, and astrocytes

secrete the proteins with constitutive secretion (Nielsen et al. 2001).

3.1 Receptors and signal transduction

The biological actions of neurotrophins described above are supported by the
interaction of these proteins with two distinct classes of transmembrane receptors:
Tyrosine-kinase receptors (Trk), including the forms TrkA, TrkB and TrkC, and
neurotrophin receptor p75(NTR) a member of the superclass of Tumor Necrosis
Factor Receptor (TNFR) (Huang and Reichardt 2003). Every single mature domain
deriving from a different proneurotrophin binds with high affinity a specific receptor.
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NGF binds to TrkA; BDNF and NT-4/5 bind to TrkB, while NT-3 binds preferentially
TrkC but it could also bind TrkA and TrkB in specific cells (Huang and Reichardt
2003, Segal 2003). All neurotrophins are able to bind, even with low specificity,
p75NTR which, in turn, is the specific receptor for every pro-neurotrophin (Lee et al.
2001).
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Figure 3. Receptors for the neurotrophins.

All the pro-neurotrophins bind to the p75NTR but not to Trk receptors. After proteolytic cleavage,
every neurotrophin in its mature form binds with a specific Trk receptor but retains a weak ability to
bind p75NTR (Bucci, Alifano, and Cogli 2014).

Trk receptors are constituted by a binding site containing multiple repetitions of
leucine-rich-regions (LRR1-3), two cysteine clusters (C1 and C2) and two
immunoglobulin-like domains (Igl and Ig2). They have a single conserved
transmembrane domain followed by the tyrosine-kinase domain (Schneider and
Schweiger 1991). The ligand specificity is determined by the structure of the 1g2
domain that couples with specific domains of every mature neurotrophin (Urfer et al.
1995, Urfer et al. 1998). The binding between the mature neurotrophin and Trk
receptor determines the activation of three possible intracellular enzymatic

pathways: phospholipase Cy (PLCy), phosphoinositide 3-kinase (PI3K) and
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Ras/Raf/MEK/MAPK (Kaplan and Miller 2000). The binding of the neurotrophin with
the Trk receptor determines its dimerization and the subsequent trans-
phosphorylation of specific tyrosine residues (Y) at the cytosolic domain. It was
shown that two specific phosphorylated tyrosine residues localized at the
juxtamembrane domain and in the C-terminal (Y490 and Y785) are fundamental for
the anchoring of adaptive molecules starting the different signal-transduction
pathways (Stephens et al. 1994). Y490 phosphorylation determines the binding and
phosphorylation of Shc, responsible for the recruiting of the complex Grb-2/SOS.
This one leads to the activation of Ras, which activates transiently PI3K or the MAPK
pathway. MAPK activation determines the phosphorylation of the transcriptional
factor Camp Responsive Element Binding Protein (CREB). Complex Shc/Grb-
2/Gab-1 or Ras activates PI3K promoting neuronal survival through the activation
of protein kinase B (PKB/AKT) whose role is to inactivate the pro-apoptotic protein
BAD.

Otherwise, the phosphorylation of Y785 determines the activation of PLCy that
hydrolyses phosphatidylinositol 4,5-bisphosphate (PI2P) to generate diacylglycerol
(DAG) and inositol 1,4,5 triphosphate (IP3), thus controlling intracellular Ca?* levels
and the activity of protein kinase C (PKC). This signaling seems important for
maintaining synaptic plasticity (Gottschalk et al. 1999) and has a role in neurotrophin
release from neurons (He, Gong, and Luo 2005). Interestingly, it was discovered
that besides the normal structure of the TrkB receptor (also called full-length TrkB),
there are also two splicing variants named TrkB-T1 (TrkB isoform Truncated-1),
TrkB-T2 (TrkB isoform Truncated-2) and a novel one TrkB-T4 (TrkB isoform 4). All
these three isoforms have the same extracellular and transmembrane domain as
the full-length TrkB but lack the tyrosine-kinase domain which is substituted by
respectively 23, 21 (Klein et al. 1990) and 83 amino acids (Forooghian et al. 2001)
forming a short carboxyl-terminal tail. TrkB-T1 is highly expressed in the mature
brain (Ohira, Shimizu, and Hayashi 1999) where it is known for its action of inhibiting
the signal transduction mediated by full-length TrkB. TrkB-T1 forms and
heterodimers with full-length TrkB preventing its phosphorylation and the
subsequent signal transduction (Eide et al. 1996). It was also found that TrkB-T1
acts independently from full-length TrkB. It can directly bind and so sequestrate
BDNF if the levels of this latter are too abundant in the inter-synaptic space and

release it when they return physiological (Biffo et al. 1995). TrkB-T1 was also found
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to be able to regulate the cytoskeleton structure in cultured astrocytes and glial cells
as well as to control the Rho-GTPase activity (Fenner 2012). Also, TrkB-T2 is able
to form heterodimers with full-length TrkB and blocking its signal transduction (Eide
et al. 1996). However, its distribution in the brain is very poor (Stoilov, Castren, and
Stamm 2002). TrkB-T4 was found for the first time in the kitten visual cortex
(Forooghian et al. 2001) and subsequently, the mRNA was found also in human and
mice brain, even if, as TrkB-T2, only in particular regions (Stoilov, Castren, and
Stamm 2002). However, the lack of specific antibodies for TrkB-T2 and TrkB-T4 is
now the major problem that researchers have to overcome to better understand
these two isoforms.

As stated above, the p75NTR receptor has a high affinity for the proneurotrophins
and mediates signal pathways that are mainly associated with neuronal apoptosis
(Teng et al. 2005). It was found that to activate signal transduction, p75NTR has to
coordinate with another protein called SorCS2 (Nykjaer et al. 2004, Teng et al.
2005). In particular, it was observed that the p75NTR receptor binds to the mature
domain region while SorCS2 binds the prodomain region of the proneurotrophins
(Teng et al. 2005, Anastasia et al. 2013). The ligand of the proneurotrophins with
p75NTR determines the activation of several intracellular pathways such as
stimulation of Jun-kinase and acid-sphingomyelinase, and the suppression of RhoA
activity thus leading to apoptosis. On the other way, the activation of the nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) mediates survival
(Reichardt 2006). It was shown that TrkB activation not only mediates its own
signals transduction but also is able to suppress Jun-Kinase cascade and
sphingomyelinase hydrolysis but has no effect on the activation of the Nf-kB
pathway (Dobrowsky, Jenkins, and Hannun 1995, Yoon et al. 1998). In this way,
upon concomitant TrkB and p75NTR stimulation, the apoptotic signal mediated by
pP75NTR is suppressed while the activated Nf-Kb signal transduction contributes
synergically to neuronal survival (Maggirwar et al. 1998). In these cases, it seems
that the role of p75NTR is both to enhance the affinity of the neurotrophins for the
TrkB receptor and concomitantly increase the pro-survival cascade (Bibel, Hoppe,
and Barde 1999). Since it was observed that p75NTR expression is up-regulated in
the presence of nervous system lesions it was hypothesized that the main role of its

stimulation is to help eliminate damaged cells. (Beattie et al. 2002).
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Figure 4. Signal transduction pathways of the neurotrophins.
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Trk receptors mediate the three signal transduction pathways: phospholipase Cy (PLCy),
phosphoinositide 3-kinase (PI3K) and Ras/Raf/MEK/MAPK. The binding of the neurotrophins to the
p75NTR mediates the activation of the NF-kB and the Jun kinase, and the regulation of Rho activity
(Kashyap et al. 2018).

3.2 Brain-Derived Neurotrophic Factor (BDNF)
3.2.1 BDNF gene

In humans, the BDNF gene is located on chromosome 11, it has a length of about
70kb and is constituted by eleven exons (named I-1X plus the exons Vh and VIiih).
Notably, exon I1X is the only one coding for the pre-proBDNF protein and in this exon
is located the single acceptor site for transcripts splicing (Pruunsild et al. 2007)

It was observed that there are eight distinct classes of transcripts. Transcription can
start from exon I, 11, lll, IV, V, Vh, VI, VIl and the splicing donor site of every one of
these exons are linked at the acceptor site on exon IX. However, recently other
splicing donor sites that lead to the generation of 5’ UTR regions were identified at
exons Il, VI and VII (Pruunsild et al. 2007). Transcription starts from the ATG
seqguence in exon IX, however, this sequence was also identified in exons I, VII and
VIII let hypothesize the possibility to generate different BDNF transcripts with a
longer N-terminal sequence (Pruunsild et al. 2007). The exon IX, coding for the
protein and the 3'UTR region, is subjected to internal splicing and has two

alternative polyadenylation sites leading to two distinct mRNA populations
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characterized by different lengths of the 3’UTR regions (Timmusk et al. 1993, An et
al. 2008).

BDNF Transcripts Variants

Figure 5. Structure of the human BDNF gene.

The human BDNF gene contains 11 exons (I-IX plus Vh and Vllih), leading to the formation of
different transcripts. The coding sequence for the BDNF protein is located at exon IX (Cattaneo et
al. 2016).

3.2.2 BDNF synthesis and secretion
As all the neurotrophins, the BDNF is synthesized in the endoplasmic reticulum as
a pre-proneurotrophin named pre-proBDNF. Pre-proBDNF is constituted by the pre-
domain, the pro-domain and the mature domain. Thanks to the pre-domain signal
sequence, the immature form of the protein are carried to the Golgi apparatus where
the proteolytic cleavage between the pre-domain and the pro-domain takes place,
generating the proBDNF protein (Lu 2003, Foltran and Diaz 2016). This point, two
regions of the prodomain, named box2 and box3, interact with the protein Sortilin,
located intracellularly the Golgi apparatus that helps the correct folding of the
proBDNF (Chen et al. 2005). Subsequently, proBDNF could undergo another
proteolytic cleavage between the pro-domain and the mature domain, either at the
intracellular or extracellular level. However, a certain amount of the protein could be
secreted as proBDNF without undergoing any other proteolytic process (Foltran and
Diaz 2016, Mizui et al. 2016). It was observed that the amount of proBDNF
undergoing proteolytic cleavage or being release as it changes during different
stages of brain maturation. During the post-natal phase, the majority of the protein
is released as proBDNF, while after the complete maturation mature BDNF is the

dominant one (Yang et al. 2014). Intracellular cleavage could take place or in the
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Golgi apparatus thanks to the enzyme Furin or in the secretory vesicles of both the
constitutive or regulated secretion pathway, thanks to different enzymes of the
family of proconvertases (Lu, Pang, and Woo 2005). Extracellularly the proteolytic
cleavage is mediated by Plasmin or different Metalloproteases enzymes (Pang et
al. 2004).
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Figure 6. Schematic representation of the synthesis and maturation of BDNF.
BDNF mRNA is translated in the endoplasmic to its Pre-ProBDNF protein form. Then the protein is
shuttled to the Golgi apparatus and in intracellular vesicles where it is cleaved to its ProBDNF or

mature BDNF isoforms and then addressed to the secretion pathways (Kowianski et al. 2018).

Once the proBDNF protein is correctly folded, it could be addressed either to the
constitutive or to the regulated secretion pathway. In the constitutive secretion
pathway, ProBDNF and cleaved mature BDNF are loaded in small secretory
granules that, fusing with the cellular membrane of the cell, release their content
without any activation mechanism needed. This mechanism is typical of non-

neuronal cells. In neurons and cultured astrocytes, it was observed that proBDNF
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and mature BDNF trafficking is mediated by bigger vehicles that run along the axons
and are released at the dendrites after Ca®* mediated depolarization (Mowla et al.
2001). It was observed that in the mature domain of BDNF there are 4 amino acids,
lle 16, Glu 18, lle 105 and Asp 106, which are fundamental for the regulated
secretion pathway. The substitution of one of them with a different amino acid, for
example, an Alanine, determines a reduction in the regulated secretion and an
increase of uncontrolled constitutive release with a deleterious effect on neuron
network (Lou et al. 2005). The above-mentioned amino acid residues interact in the
vesicles with basic amino acid residues of the protein Carboxypeptidase E (CPE),
the receptor responsible for proBDNF and matureBDNF sorting through the

regulated secretion (Cool et al. 1995).
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Figure 7. Schematic representation of the BDNF secretion via the regulated and constitutive
pathways. In the constitutive secretion pathway, BDNF and ProBDNF are stored in small secretory
granules and are release directly, without any activation mechanism. In the regulated secretion
pathway, the BDNF prodomain binds to the sortilin, which is responsible for its correct folding. The
mature domain of BDNF interacts with the carboxypeptidase E (CPE) and it is subsequently

addressed to the site of release (Lu, Pang, and Woo 2005).

3.2.3 Central and peripheral functions of BDNF
During development, BDNF is fundamental for the differentiation and survival
processes of the central and peripheral nervous system contributing to axons growth
and dendritic morphology. In the terminal phases of development and in the
developed system, BDNF is essential to maintain synaptic plasticity and the correct
neuronal transmission (Bibel and Barde 2000, Binder and Scharfman 2004). BDNF
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is found in all the cerebral areas, in particular, its protein levels are higher in the
hippocampus, amygdala, cerebral cortex and hypothalamus (Katoh-Semba et al.
1997). Several studies showed that alteration in the BDNF level is associated with
the onset and progression of neurodegenerative and neuropsychiatric disorders
such as Parkinson's’, epilepsy, psychosis, anxiety, and depression (Nagahara and
Tuszynski 2011, Lu et al. 2013). Focusing on major depression, it was observed
that in autoptic samples of depressed patients, the protein level in the prefrontal
cortex and hippocampus are reduced if compared to controls (Dwivedi et al. 2003)
and that BDNF level is increased after antidepressant treatment (Chen et al. 2001).
Regarding stress, studies on animal models and patients clearly showed that this
condition is associated with a reduction of BDNF, in particular in the hippocampus
and in the medial prefrontal cortex where BDNF mediates structural and
neurotrophic support to neurons (Duman 2004) (Smith et al. 1995a). Stressful
conditions, hyper activating the HPA-axis and enhancing cortisol release in the brain
can mediate alterations in synaptic plasticity and neurogenesis (Duman and
Monteggia 2006, McEwen 2007) and it was shown that cortisol over-stimulation is
related to a reduction in glucocorticoid receptors and associated with lower BDNF
synthesis and a reduction in the hippocampal volume (Duman 2004, Smith et al.
1995a).

Even if BDNF mRNA and protein level is detected at a high level in the central and
peripheral nervous system, it must be underlined that it could also be found in
peripheral organs such as liver, thymus, heart, lung, and spleen (Ernfors et al. 1990,
Maisonpierre et al. 1990, Maisonpierre et al. 1991, Katoh-Semba et al. 1997). BDNF
plays a role in angiogenesis, both in the early stages of heart development and in
tumor-related one (Pearse et al. 2005, Yang et al. 2006). It was found that BDNF
plays a critical role during cardiovascular system development (Caporali and
Emanueli 2009). The expression of BDNF and its receptor TrkB is detectable from
the first phases of fetal development (Kermani and Hempstead 2007) and it was
observed that lacking BDNF is associated to endothelial cells apoptosis and
reduction of cell-to-cell contact in developing cardiac vessels, leading to reduced
contractility, haemorrhage and perinatal death (Donovan et al. 2000). In addition,
BDNF and TrkB are essential in the adult cardiovascular system and are directly
involved in the neovascularization that is observed after heart ischemia (Kermani et

al. 2005). Angiogenesis could be mediated by two distinct but connected
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mechanism. BDNF can directly stimulate the endothelial cells present in the vessel
and expressing TrkB thus contributing to their survival or, alternatively, can act as a
chemotactic factor enhancing the mobilization and recruitment of myeloid cells
expressing TrkB receptor (Kermani et al. 2005, Kermani and Hempstead 2007).

Of note, blood circulating cells such as lymphocytes and monocytes are able to
produce BDNF (Edling et al. 2004, Kerschensteiner et al. 1999, Schulte-Herbruiggen
et al. 2005) and it is reported that self-produced BDNF is essential for eosinophils
to survive and sustain the allergic response (Nockher and Renz 2005, Raap et al.
2005). BDNF can be detected in both plasma and serum but in different
concentrations. Serum BDNF levels are 20 to 100-fold the ones found in plasma
and this can be explained by the fact that BDNF is released from platelets (Fujimura
et al. 2002) and leukocytes (Tuck et al. 2009) during the clotting process (Amadio,
Sandrini, et al. 2017). BDNF is present in platelets and can be found in two distinct
pools: cytoplasmic and stored in a-granules representing respectively 70 and 30%
of the total content. Of note, it was demonstrated that after platelet activation by
PAR1, only the BDNF contained in a-granules is secreted (Fujimura et al. 2002)
along with other factors contained only in these reservoirs such as VEGF (ltaliano
et al. 2008). Different studies tried to understand the origin of platelet BDNF.
Tamura et al showed that BDNF is expressed in human megakaryoblastic
leukaemia MEG-01 cell line only after stimulation with TPO and cytokines (Tamura
et al. 2012), and one of the most recent publication definitely provide evidence that
BDNF is expressed in human and rat megakaryocytes while it is not in mice ones
(Chacon-Fernandez et al. 2016), supporting the theory that BDNF platelets derived
from their progenitors cells, the megakaryocytes.

However, platelets can also take-up BDNF from the environment through a
mechanism not identified yet (Serra-Millas 2016). Understanding the origin of
platelet BDNF could be important in order to clarify the biological meaning of plasma
and serum BDNF which levels have been often associated with different
pathologies. Low level of plasma BDNF has been correlated with an increased risk
to develop myocardial infarction-(Manni et al. 2005), and represent an independent
predictor of 4-year coronary and all-cause mortality (Jiang et al. 2011). Similarly,
low serum BDNF was been associated with the increased risk of CVD and mortality
(Kaess et al. 2015). Interestingly, a higher level of serum BDNF was found in the

blood samples of patients with unstable angina versus the ones with stable angina
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and this level positively correlates with soluble P-selectin (Lorgis et al. 2009, Ejiri et
al. 2005), supporting the link between circulating BDNF and platelet activation.
Moreover, BDNF regulates many functions of the immunity system both in the
nervous system and in peripheral tissues. It was shown that after physical lesions,
neurodegeneration or infective and autoimmune diseases in the nervous system,
activated T and B lymphocytes as well as oligodendrocytes release an important
amount of BDNF contributing to neuroprotection and reducing neuronal damage
(Kerschensteiner et al. 1999). In peripheral tissues, the BDNF released from the
cells of the immune system was shown to have an immunomodulatory effect (Asami
et al. 2006).

BDNF released from macrophages stimulates in an autocrine way their phagocytic
activity and promoting IL-11B secretion through the activation of full length and
truncated TrkB receptors (Asami et al. 2006). Moreover, it seems that BDNF could
play an important role in the onset and progression of atherosclerotic plaque
vulnerability. In animal models, BDNF and its receptor TrkB were shown to be highly
expressed in atherosclerotic coronaries and this is associated with enhanced
infiltration of mononucleated cells, activation of metalloproteases and stimulation of
PAI-1 production by endothelial cells (Pepper 2001, Sun et al. 2006). In
pathognomonic atherosclerotic coronary arteries, BDNF was found to co-localize
with macrophages and smooth muscle cells and within cells of intima and adventitia
(Ejiri et al. 2005). It seems that high levels of BDNF could contribute to the onset
and progression of the atherosclerotic lesion through a mechanism of oxidative
injury since it was shown that in vitro treatment of smooth muscle cells with BDNF
is able to enhance their oxidative stress (Lorgis et al. 2009).

In addition, BDNF has a role in the regulation of the energetic homeostasis of the
organism and alterations are related to metabolic dysfunction.

It was demonstrated that TrkB receptors are abundantly expressed in the
hypothalamus and in the dorsal vagal complex that are the two main brain areas
associated with the regulation of food intake and energy homeostasis (Conner et al.
1997, Yan et al. 1997). BDNF, stimulating TrkB receptors and acting as an effector
of the melanocortin signal pathway in these areas is able to exert its anorectic
function (Bariohay et al. 2005) (Lebrun et al. 2006). This role of BDNF was
understood thanks to genetically modified animal models in which heterozygous
deletion of the BDNF gene (Kernie, Liebl, and Parada 2000), and reduction of the
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expression of TrkB (Xu, Goulding, et al. 2003) were associated with higher food
intake and obesity. These data were confirmed in humans where 58% of children
carriers deletion of chromosome 11p have heterozygous BDNF deletions and higher
Body Mass Index (BMI). By 10 years of age, 100% of the patients with BDNF
deletion were obese (Han et al. 2008). Moreover, Genome-Wide Association
Studies (GWAS) showed a clear association between variants in genetic loci close
to BDNF gene and obesity, body weight and body mass index (BMI) (Thorleifsson
et al. 2009, Speliotes et al. 2010).

Starting from this evidence, different research groups tried to identify the role of
BDNF in the adipose tissue. Firstly, it was demonstrated that BDNF levels decrease
gradually during adipogenesis (Cheung et al. 2007, Bernhard et al. 2013) and that
it is silencing in pre-adipocytes leads to a reduction in the differentiation ability
(Bernhard et al. 2013). Interestingly, Adipog-BDNF conditional knock-out mice show
no difference in BDNF protein content in the adipose tissue when compared to WT
littermates, suggesting that mature adipocytes do not contribute to BDNF
production. On the contrary, Fabp4-BDNF conditional knock-out, determining a
deletion not only in adipocytes but also in other cell types such as afferent nerve
fibers and macrophages (Fu, Luo, and Lopes-Virella 2000, Martens, Bottelbergs,
and Baes 2010), has low BDNF levels (Nakagomi et al. 2015). These studied
provide evidence that the major sources of BDNF in adipose tissue are represented
by macrophages, pre-adipocytes and other stromal-vascular components (Barouch
et al. 2001, Nakagomi et al. 2015).

Overall, these data clearly show an important role of BDNF in non-neuronal
physiology and pathology, thus making new efforts necessary for the

comprehension of its mechanisms of action.

3.2.4 The BDNF Val66Met polymorphism
BDNF gene is found to be subject to several mutations of its sequence, most of
which are single-nucleotide polymorphisms (SNPs). Among them, the most
characterized is the one known as rs6265, which involves a guanine to adenine
(G>A) substitution at nucleotide 196 (G196A). This single nucleotide substitution
leads, during the translation process, to the insertion of a methionine instead of
valine in position 66 (Val66Met) of the prodomain of BDNF protein (Egan et al.

2003). This polymorphism is present only in humans and its allelic frequency is 20-
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30% among the Caucasian population (Hashimoto, Shimizu, and lyo 2004) and up
to 40-50% among the Asian population (Choi et al. 2006). If the heterozygous form
of the SNP per se is not associated with pathological conditions, the homozygous
one is associated to reduction of hippocampal volume and consequent poor
performance on hippocampal-dependent memory tasks (Egan et al. 2003) and
higher susceptibility to develop neuropsychiatric disorders such as Alzheimer’'s
disease (Ventriglia et al. 2002) Parkinson’s disease (Momose et al. 2002),
schizophrenia (Neves-Pereira et al. 2005, Rosa et al. 2006), schizoaffective disorder
(Lencz et al. 2009), bipolar disorder (Sklar et al. 2002, Miiller et al. 2006), anxiety
and major depression (Hosang et al. 2014, Zhao et al. 2018). The molecular
mechanism(s) by which the mutation leads to this phenotype is not totally clarified
yet. The most accepted hypothesis is that this is the consequence of a reduction in
the regulated secretion of the mature form of the protein due to the fact that the
mutation in the prodomain region alters the interaction with the protein Sortilin
involved in BDNF maturation (Chen et al. 2004, Chen et al. 2005). At the moment,
no crystallized structures of BDNF protein containing the Val66Met mutation and the
surrounding amino acidic residues are available. However, a recent in silico analysis
showed that the mutated protein has no difference in flexibility and surface-to-
volume ratio while it affects essential motions, hydrogen-bonding and secondary
structure particularly at its pre and pro-domain supporting the hypothesis that the
mutation has a role in BDNF folding and maturation (De Oliveira et al. 2019).

Interestingly, it was also observed that the prodomain could be actively secreted by
neurons and that in presence of the Val66Met polymorphism it can act as an
independent ligand for the receptor SorCS2 which, coupling with p75NTR, is able
to inhibit axonal growth (Anastasia et al. 2013). As already reported, BDNF can be
measured in plasma or serum and different studies were carried out to understand
if the Val66Met polymorphism is accompanied by a different level of circulating
BDNF. Interestingly, in healthy subjects, this polymorphism was associated with
higher levels of mature BDNF in serum (Lang et al. 2009), while no differences were
found in plasma BDNF | (Tramontina et al. 2007, Karege et al. 2005, Terracciano et
al. 2010). Reduced BDNF levels were detected in patients with depression
(Bocchio-Chiavetto et al. 2010), while no information is available about the levels of
BDNF in cardiovascular patients carrying Val66Met polymorphism. However, these

results must be analyzed in a critical way since there are no standardized
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procedures accepted overall and that different articles showed how the
measurement of BDNF level in plasma and serum could be subjected to several
biases due to the method of sample collection and manipulation and the time and
temperature of storage (Amadio, Sandrini, et al. 2017, Zuccato et al. 2011).

As well as for other polymorphism correlated with mood disorders (Bondy 2007),
also the Val66Met SNP was found to be associated with cardiovascular disease. In
particular, it was shown that homozygous carriers of the Met with concomitant
history of major depressive disorder have a higher risk to develop coronary artery
disease (Bozzini et al. 2009, Liu et al. 2014). In addition, it was recently
demonstrated that mice carrying the polymorphism in homozygosis present a pro-
thrombotic phenotype related to platelet hyperactivation, altered coagulation system
and enhancement of proteins involved in inflammation and thrombosis (Amadio,
Colombo, et al. 2017). Of note, also in a cohort of patients the presence of the
polymorphism in homozygosis is associated with a higher propensity for arterial
thrombosis related to acute myocardial infarction (Amadio, Colombo, et al. 2017).
On the contrary, Jiang et al. demonstrated that the BDNF Met/Met genotype has a
protective effect on the occurrence of unstable angina pectoris (Jiang et al. 2009).
In line with this data, the CATHGEN study at Duke University Hospital showed that
the Val/Val genotype was associated with a higher risk than Met carriers for clinical
CVD events, with greater odds of having more diseased vessels, and lower left
ventricular ejection fraction (Jiang et al. 2017).

As already reported, the alteration in the BDNF signal pathway is associated with
HPA-axis dysfunctions. In line with this, it was found that an animal model carrying
the Val66Met polymorphism shows a reduction in cortisol response when compared

to wild-type after a standardized stress protocol (Alexander et al. 2010).

40



2. AIM OF THE STUDY




Aim of the study

1 Aim of the study

Despite the huge growth in knowledge and advances in the prevention and
treatment of cardiovascular disease (CVD), this pathology is still the leading cause
of morbidity and mortality in the world, reaching 23.3 million by 2030 (Mathers and
Loncar 2006). It was recently reported that canonical risk factors for CVD are
predictors of about 75% of total morbidity and mortality, raising the awareness on
the need to identify new dynamics involved in the onset and progression of these
pathologies (Strike and Steptoe 2004). Interestingly, environmental factors such as
stress, depression, and anxiety were recently included as new risk factors for CVD.
Indeed, it was demonstrated that they may not only modulate the onset and
progression of CVD but also influence the response to pharmacological treatments
(Cohen, Edmondson, and Kronish 2015). This evidence made necessary to raise
the awareness in clinical practice and to coin the term “behavioral cardiology” in
which importance should be given to ‘the recognition that adverse lifestyle
behaviors, emotional factors, and chronic life stress can all promote atherosclerosis
and adverse cardiac events”(Rozanski et al. 2005). In particular, the role of the new
discipline would be a deeper understanding of the pathophysiology of behavior-
related CVDs and the development of effective therapeutic interventions both for
modifying high-risk lifestyles and behaviors and for reducing psychosocial risk
factors for patients. Besides the canonical pharmacological intervention, a growing
body of literature showed that psychological pathologies might benefit from physical
activity and exercise. In particular, it was shown that regular activity is associated
with a better level of self-esteem and mood state and lower stress and anxiety levels
(Anderson and Shivakumar 2013, DeBoer et al. 2012). In addition, the 2016
European Guidelines on CVD prevention in clinical practice (Piepoli et al. 2016),
strongly recommended regular physical exercise (PE) as management for the
prevention and treatment of CVD both in healthy people and patients with metabolic
disorders. Regular PE was found to be able to reduce systemic inflammation,
improve endothelial function, decrease platelet and leukocyte activation and halt the
progression of coronary stenosis (Bruunsgaard 2005, Ertek and Cicero 2012,
Schuler, Adams, and Goto 2013, Winzer, Woitek, and Linke 2018, You et al. 2013).
In this context, the common human BDNF Val66Met variant through the reduction
of the activity-dependent secretion and signaling of mature BDNF, is associated not

only to neuropsychiatric disorders, anxiety and a higher susceptibility to stress (Tsai
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2018), but was also found to contribute to the individual propensity for arterial
thrombosis related to AMI in a human cohort (Amadio, Colombo, et al. 2017) and to
eating disorders and obesity (Beckers et al. 2008, Wu et al. 2010, Xi et al. 2013,
Zhang et al. 2014, Zhao et al. 2014). Interestingly, a knock-in mouse carrying the
human BDNF Val66Met polymorphism well recapitulate all these disorders
observed in human patients showing a depression-like/anxiety related-behavior and
a significantly higher body weight than wild-type littermates (Chen et al. 2006),
associated with a pro-inflammatory and pro-thrombotic phenotype (Amadio,
Colombo, et al. 2017). Interestingly, stressful conditions unveil the
anxious/depressive-like behavioral phenotype in heterozygous BDNFVal66Met
(BDNFVaMety mjce, In addition, it was found that in homozygous Met mice the
beneficial effect of exercise on neurobiological changes is impaired. These data
suggest an important involvement of Met allelic mutation in terms of gene-
environment interaction (GxE) regarding the behavioral profile. However, no data
are available regarding these GXxE interactions in terms of cardiovascular risk.
Starting from this evidence, the aim of this study was to highlight the impact of the
interplay between Met allele environmental factors on the risk of arterial thrombosis.
To reach this goal, homozygous (BDNFMe'Mety and heterozygous (BDNFVa/Met)
mutant mice carrying the BDNFVal66Met mutation underwent spontaneous physical
exercise or restraint stress protocols respectively as means to evaluate positive or
negative environmental factors.
Homozygous BDNFMet/Met mice were used to evaluate the possible positive effect
of physical exercise in relationship to Met allele since it is demonstrated that this
animal model per se displays a higher body weight and a pro-thrombotic phenotype.
Heterozygous BDNFVal/Met mice were used to evaluate the possible negative
effect of chronic stress in relation to the presence of the Met allele since it is
demonstrated that this model does not show per se a pro-thrombotic phenotype.
Attention was given to understand the cellular mechanism(s) at the bases of the
changes observed.
In particular:
1) to investigated the positive effect of life-style in preventing the propensity of
thrombosis, homozygous BDNFMeUMet mice were exposed for four weeks to
voluntary physical exercise and adipose tissue profile and pro-thrombotic

phenotype has been evaluated
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2) to assess whether stressful conditions unveil the prothrombotic phenotype in
heterozygous BDNFVa/Met mice were exposed for seven days to sub-chronic
stress and platelet activation, bone-marrow megakaryocyte profile, as well as

gene expression of the arterial vessel wall, was analysed .
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1 Characterization of the white adipose tissue depots in

BDNFMetMet mice,
As previously reported in the literature, we observed that BDNFMeUMet mice have a
significantly higher body weight when compared to BDNFVa@/Val (34,75 + 2.56 ¢. vs
31.25+1.15 g, p < 0.01) (Figure 1A). Of note, the percentage of both inguinal white
adipose tissue (ingWAT) and epididymal white adipose tissue (epiWAT) on total
body weight were significantly greater in BDNFMeUMet mice compared to BDNFVa/va
(Figure 1B and 1C).
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Figure 1. Weight of white adipose tissue depots in BDNFY3Va and BDNFMe'™Met mijce, (A)
Bodyweight, percentage of (B) inguinal (ingWAT) and (C) epidydimal (epiWAT) white adipose tissue
on total mouse body weight. (i) Data are expressed as mean £ SEM. n = 6 mice/group. Student’s t-

test. * p < 0.01.

Adipose tissue depots were analysed by histological examination, showing no
difference in the frequency distribution of adipocyte sizes in ingWAT, while in the
epiWAT the BDNFMe"Met mice showed enrichment in small-size and a reduction in

middle-size adipocytes when compared to BDNFVa/Va (Figure 2).
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Figure 2. Representative images and adipocytes size distribution of white adipose tissue
depots in BDNFY3"Va and BDNFMetMet mice. Representative hematoxylin and eosin (H&E) staining
images and analysis of the frequency distribution of adipocyte sizes in ingWAT and epiWAT. Size
bar: 100 um. Black arrow: large adipocytes, green arrow: medium adipocytes and red arrow: small
adipocytes. Data are expressed as mean + SEM. n = 6 mice/group. Student’s t-test. * p < 0.05,

Then the molecular signature underlying the distinct morphological feature of the
epiWAT has been investigated. The expression of Ppary, C/ebp-a and C/ebp-
genes, key regulators of the adipogenic program, along with Adipoq are reduced in
BDNFMetMet than BDNFVaVa mice, while no differences were found regarding the
expression of Fabp4 (Figure 3A). BDNF Val66Met polymorphism was also
associated with an increase in the mRNA level of Adra2a, Sirtl, and Sorll, genes
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known to regulate energy balance and adipocyte morphology (Figure 3A, 3B and
30).

The epiWAT of BDNFMetMet mice displayed a pro-inflammatory profile with increased
expression levels of II-6, Tnf-a, Tgf-B, Mcp-1, and Pai-1 when compared to
BDNFVaVa glthough a similar mRNA level of TF was found (Figure 3B).
Concomitantly with the enhanced inflammatory profile, epiWAT of BDNFMevMet \ygg
accompanied by greater expression of CD80, an M1 inflammatory macrophage
marker, and with a reduction of CD163, an alternatively activated M2 macrophage
marker (Figure 3B).

Of note, BDNFMe"Met mice have a higher BDNF mRNA level in epiWAT. Interestingly,
epiWAT expresses the TrkB-full length and the TrkB-T1 of the BDNF receptors while
no mRNA for the Trk-T2 truncated isoform was detected. no differences were found
between the genotypes. The expression of TrkB-full length and the TrkB-T1 did not
differ between the two genotypes (Figure 3C)
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Figure 3. Gene expression profile of epidydimal white adipose tissue (epiWAT) in BDNFVa/va
and BDNFVe"™et mice. mRNA levels of genes related to (A) adipogenesis, (B) inflammation and (C)
BDNF/TrkB pathway in epidydimal white adipose tissue (epiWAT) of BDNFVa/Val gnd BDNFMetMet
mice. Data are expressed as mean + SEM. n = 6 mice/group. Student’s t-test. * p < 0.05, ** p < 0.01,
*k 1y < 0.005.
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2 Evaluation of the role of mutant BDNFVal66Met protein on
adipogenesis.

To understand the impact of the mutated BDNF Val66Met protein on adipogenesis,
in vitro studies were performed. Pre-confluent C3H10Ts1/2 murine mesenchymal
stem cells were stimulated with ProBDNFVal or ProBDNFMet synthetic peptides
and then the adipogenic program was induced.

Flow cytometry analysis revealed that ProBDNFMet treatment is able to decrease
the percentage of cells with low granularity (non-induced; R1) and increased those
with high granularity (R4) both at 3 and 9 days post-induction (Figure 4A). In
addition, similar levels of lipid accumulation, evaluated with Oil-Red-O staining, were
found on day 9 when comparing the cells treated with the two peptides (Figure 4B).
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Figure 4. Effect of proBDNFMet on adipogenic differentiation of C3H10T1/2 cells. (A)
Percentage of different cells population based on their granularity profile analyzed by flow cytometry
(R1: noninduced, R2-R3: growing granularity, R4: high granularity) on day 3 (D3), day 5 (D5) and
day 9 (D9) of differentiation. (B) Representative images of Oil-Red-O staining and absorbance
measurement in C3H10T1/2 cells. Data are expressed as mean + SEM. n = 5 independent

experiments/group. Student’s t-test. * p < 0.05, ** p < 0.01, and *** p < 0.005.
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Interestingly, the analysis of the expression profile of the genes Ppary, C/ebp-a, and
Clebp-B, which are involved in adipogenesis, showed a reduction in their level in
fully differentiated cells (day 9) after treatment with ProBDNFMet.

In this experimental condition, among the genes that were previously modulated in
epiWAT of BDNFMe'Met mijce, only Sorll was enhanced by the ProBDNFMet
treatment at late stages of differentiation (day 9) (Figure 3A and Figure S1).

Ppary Clebp-a Clebp-p
54 kkkdk 31 sk 31 whx
E 4 ok Fo K ek 5 ke - g ok ke
= 4 -] 5 hd
=] *% Q ok Q
3 =1 3 ke
i 24
2 3 xx 22 o E =
2 o z
& 24 £ 2
14 < 1
S ! s
e 14 o 14
E [ E
0- 04 04
D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9
ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet
Adipoq Adra2a Sorl1
34 25- . 50 ik
é g ok . 5 a0l *kkk
o "320- *kK ° KKKk
'g 24 3 _g —_
= 215 230 ek
3 T z *k
o ° °
- w10+ W 204
< 1 < g
E = E
£ nE: 5 E-]o-
0- 04
D5 D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9
ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet
. . TrkB-T1
Pai-1 Tissue Factor
1.5- 8- ek 81 E=0.06
5 . 5 ax § .
"3 ‘g 6 * T 6 *%
%1-0' T *%k 'g
c £ £
k) 2 4 T 44
8 & 8
«0.57 P b
2 £ 21 Z 21
14
£ £ E
0.0- 0- 0-
D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9 D3 D5 D9
ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet ProBDNFVal ProBDNFMet

Figure 5. Effect of proBDNFMet on adipogenic differentiation of C3H10T1/2 cells. Analysis of
the transcript levels of genes involved in adipogenesis. Data are expressed as mean + SEM. n =5
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0.05, ** p < 0.01, *** p < 0.005, **** p < 0.001.

50



Results |

3 Effect of physical exercise on adipose tissue phenotype of
BDNFVal66Met mice

According to International cardiovascular guidelines that recommend regular PE as
management for the prevention and treatment of CVD, we evaluated the potential
beneficial effect of PE on adipose tissue and on the pro-thrombotic phenotype in
BDNF Val66Met knock-in mice.

BDNFVaVa and BDNFMetMet mice underwent 4 weeks of free voluntary exercise in
cages equipped with a running wheel. As previously reported, no difference in the
daily running distance was found between BDNFYaVal and BDNFMeUMet mice
(BDNFVaNal: 6 676 + 0.720 Km and BDNFMe'Met 6 657 + 0.602 Km; p = 0.9837). In
addition, we showed that PE did not affect the percentage of ingWAT and epiWAT
on the total body weight in both BDNFVaVa and BDNFMeMet mice, compared to

sedentary mice (Figure 6).
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Figure 6. Impact of free voluntary exercise on the mass of adipose tissue depots. (A) Inguinal
(ingWAT) and (B) epidydimal (epiWAT) white adipose tissue mass on total mouse body weight. Data
are expressed as mean + SEM. n = 6 mice/group. Two-way ANOVA followed by Bonferroni post hoc
analysis. * p < 0.05, ** p < 0.01, and **** p < 0.001.

PE-induced a change in the profile of the frequency distribution of adipocyte sizes
in the ingWAT of both genotype. However, this effect was more evident in
BDNFVaVa than in BDNFMetMet mice (Figure 7A). Interestingly, in the epiWAT,
BDNFVa@Val running mice displayed a significant enrichment in small-size adipocytes
and a reduction in medium-size ones compared to sedentary mice, whereas

BDNFMeUMet mice showed an opposite trend, even if less marked (Figure 7B).
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Figure 7. Impact of free voluntary exercise on epiWAT morphology. Representative hematoxylin
and eosin (H&E) staining images and analysis of the frequency distribution of adipocyte sizes in (A)
ingWAT and (B) epiWAT. Data are expressed as mean + SEM. n = 6 mice/group. Student’s t-test. *
p <0.05, * p <0.01, *** p <0.001.
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Notably, PE strongly influenced the gene expression profile of epiWAT. In particular,
in BDNFVaVal " 4 weeks of PE enhanced the mRNA level of Adipoq, whereas it did
not modify the expression of genes involved in the adipogenic program (Figure 8A)
and into inflammation compared to the sedentary ones. In BDNFMeUMet mice, PE was
not sufficient to affect the expression of adipogenic genes, but it was sufficient to
improve the inflammatory profile, decreasing the expression of 1l-6, Tnf-a, Tgf-,
Mcp-1 and Pai-1 (Figure 8B), and to switch the M1/M2 macrophage polarization,
reducing the expression of CD80 and increasing the expression of CD163, (Figure
8C).

In addition, the expression of Sorll was markedly reduced by PE in both BDNFVa/va
and BDNFMeUMet mice, whereas Adra2a and Sirtl were only slightly but not
significantly decreased in BDNFMe™et rynning mice (Figure 8A and 8B). PE
modulated conversely the BDNF expression in the two groups of mice. In particular,
BDNF mRNA levels increased in BDNFV@Val running mice and reduced in
BDNFMetMet rynning when compared to their respective sedentary controls. Of note,
the expression of both TrkB-full length and TrkB-T1 isoform was slightly but not

significantly increased in both groups of mice after exercise (Figure 8C).
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Figure 8. Impact of free voluntary exercise on the gene expression profile of adipose tissue

isolated from BDNFYaVa and BDNFMe'Met mice. (A) Adipogenesis, (B) inflammation and (C)

BDNF/TrkB pathway-related mRNA levels in epiWAT of sedentary and running BDNFVa/Val gnd

BDNFVMetMet mice, Data are expressed as mean + SEM. n = 6 mice/group. Two-way ANOVA followed

by Bonferroni post hoc analysis. * p < 0.05, ** p < 0.01, *** p < 0.005, **** p < 0.001.
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4 Effect of physical exercise on pro-thrombotic phenotype in
BDNFMetMet mice

Finally, we investigated the ability of 4 weeks of PE to improve the pro-thrombotic
phenotype already observed in BDNFMeYMet [23] in terms of platelet and leukocyte
aggregates and arterial thrombosis FeCI3-induced.

As previously shown, in the BDNFMe"Met mice there was a higher number of
circulating blood cells, platelet activation state and enhanced arterial thrombosis
[23]. PE restored the physiological number of platelets and leukocytes, and the
natural percentage of platelet/leukocyte aggregates in response to ADP in
BDNFMeYMet mice, without affecting significantly these parameters in BDNFVa/va
mice (Figure 9).
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Figure 9. Effect of voluntary physical exercise (PE) on the prothrombotic phenotype of
BDNFVaVal and BDNFMet™et mice, Number of circulating platelets, leukocytes and percentage of
platelet/leukocytes in whole blood analyzed by flow cytometry measured in sedentary and running
BDNFVaval and BDNFMetMet mice. n = 6 mice/group. Two-way ANOVA followed by Bonferroni post
hoc analysis. ** p < 0.01, *** p < 0.005.

FeCls application to carotid artery reduced the blood flow in all BDNFMet/Met
sedentary mice, leading to a stable occlusion in 100% of mice, whereas only a slight
reduction was observed in BNDFVaVa mice. Of note, PE ameliorated arterial
thrombosis, preventing completely the occlusion of the carotid artery in BDNFMetMet
mouse group (Figure 10A and 10B).

Overall, these data show that a paradigm of 4 weeks of free voluntary exercise is

able to prevent the pro-thrombotic phenotype of BDNFMeMet mjce,
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Figure 10. Effect of free voluntary exercise on the pro-thrombotic phenotype of BDNFVa/va

and BDNFMet™et mijce, (A) Arterial thrombosis induced by topical application of FeCI3 to the carotid

artery and blood flow monitored in sedentary and running BDNFVa/Val and BDNFMeYMet mice. (B) Time

to thrombotic occlusion. Data are expressed as mean £ SEM. n = 6 mice/group. Two-way ANOVA

and Three-way ANOVA with repeated measures followed by Bonferroni post hoc analysis. ** p <

0.01, *** p < 0.00
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1 Discussion |

Although mutations, as well as genetic variants of BDNF have been associated with
increased in body weight and eating disorders in both human and animal models
(Chen et al. 2006, leraci et al. 2016, Kernie, Liebl, and Parada 2000, Lebrun et al.
2006, Lyons et al. 1999, Monteleone and Maj 2013, Nakazato et al. 2012, Noble et
al. 2011, Rosas-Vargas, Martinez-Ezquerro, and Bienvenu 2011, Speliotes et al.
2010, Thorleifsson et al. 2009), the factors and mechanisms involved still remain to
be elucidated. Nowadays, it is known that BDNF-TrkB signaling is an important
downstream target of melanocortin 4 receptor (MC4R) pathway involved in the
regulation of energy balance and food intake (Rosas-Vargas, Martinez-Ezquerro,
and Bienvenu 2011, Xu, Barnes, et al. 2003, Yeo et al. 2004). After confirming
literature data showing a higher bodyweight of BDNFMe"Met mice compared to
BDNFVaVa e found that this difference is mainly determined by an increase in the
mass of epiIWAT and ingWAT. Histological analyses clearly showed a substantial
difference in adipocytes size distribution in the epiWAT, with enrichment in small-
size cells in BDNFMetMet mice, The higher epiWAT mass associated with a higher
number of small adipocytes, might trace back to hyperplasia, a well-known
mechanisms of defense that the adipose tissue can undergo in obesity after a
threshold of hypertrophy is reached (Choe et al. 2016, Heilbronn, Smith, and
Ravussin 2004, Jernas et al. 2006).

In support of this statement, we observed a higher expression of Adra2a and Sorll
in the epiWAT of mutant mice. In particular, besides the known anti-lipolytic effect
exercised by Adra2a activation, it was demonstrated that Adra2a overexpression is
associated with adipose tissue hyperplasia in animal models (Valet et al. 2000). This
data was confirmed by human studies were the increased in alpha-/beta-
adrenoreceptor ratio, as well as gain-of-function mutations of the Adra2, are
associated with obesity (Lafontan et al. 2002, Langberg et al. 2013, Moro et al.
2005). In addition, the alteration in Sorll expression suggests the role of this gene
in metabolic disease. In particular, the upregulation of the expression of Sorl1, gene
coding for the protein Sorla, has been related to reduced lipolytic activity in
adipocytes (Schmidt et al. 2016) and GWAS analyses have associated Sorll with
obesity in humans and in mouse models (Smith et al. 2010, Thorleifsson et al. 2009).
The paradigm that overweight and obesity are related to adipose tissue

inflammation, that is partially responsible for the systemic low-grade inflammation
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found in people affected by these conditions is well established (Ellulu et al. 2017).
Of note, we found that the accumulation of epiWAT in BDNFMeUMet mice was
accompanied by a higher expression of the M1 pro-inflammatory marker CD80, of
the monocyte chemoattractant protein-1 (Mcp-1) and of the mediators of
inflammation such as Pai-1, Tnf-alpha, and II-6.

The connection between adipose tissue inflammation and thrombosis may be well
explained by the relationship between the higher levels of inflammatory transcripts
and the great number and activation state of circulating leukocytes and platelets.

It is demonstrated that the onset and progression of thrombosis is strictly linked to
the presence of inflammatory proteins in the circulation (Berg and Scherer 2005,
Bodary 2007, Odrowaz-Sypniewska 2007) that are able to directly enhance platelets
activation and leukocytes ability to produce in turn inflammatory factors such as II-
6, Tnf and Cox-2 (Berg and Scherer 2005, Davi et al. 2002, Freedman et al. 2010,
Furuncuoglu et al. 2016, Santilli et al. 2012, Vilahur, Ben-Aicha, and Badimon 2017).
The inflammatory profile observed in BDNFMeMet mice could also be related to the
reduced levels of Ppary found in BDNF mutant mice. PPARYy, alongside the role of
master regulator of adipogenesis, is also involved in the regulation of adipose tissue
inflammation being able to down-regulate inflammatory adipokines. Specifically,
PPARYy activation down-regulates the expression of inflammatory markers such as
MCP-1 and TNFa and thus reduces inflammation in activated macrophages (Li et
al. 2004, Okuno et al. 1998, Ricote et al. 1998, Xu, Barnes, et al. 2003). Moreover,
PPARYy activation induces adiponectin expression thus further contributing to
reducing chronic inflammation (Yamauchi et al. 2001).

Here we showed for the first time that BDNF expression is enhanced in the epiWAT
of mutant mice, supporting the hypothesis that BDNF Val66Met polymorphism could
contribute to adipose tissue pathophysiology. Previous studies performed using
BDNF-(si)RNA-mediated knockdown in the 3T3 cell line showed a reduced
adipogenic differentiation ability, supporting the hypothesis that BDNF expression is
of functional relevance for the adipogenic commitment. Indeed, after a first phase,
BDNF expression is dramatically downregulated during adipocyte differentiation and
mature adipocyte was found to contribute only marginally to the neurotrophin

production in the adipose tissue (Bernhard et al. 2013).
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Interestingly, we showed that the treatment of C3H10T1/2 cells with Pro-BDNFMet
before the induction of cell commitment is able to well recapitulate the expression
profile of genes found to be altered in the epiWAT of BDNFMetMet mjce,

The reduction of Ppary and the up-regulation of Sorll expression induced by Pro-
BDNFMet went along with the increased percentage of mature adipocytes evaluated
by flow cytometry, suggesting a clear role of the BDNF polymorphism in
adipogenesis. However, Pro-BDNFMet was not able to affect Adipog and Adra2a
as well as Pai-1 expression, let us hypothesize that the entire process of
adipogenesis may involve factors deriving from the stromal vascular cells fraction.
Indeed, it is suggested that mesenchymal progenitor/stem cells, preadipocytes,
endothelial cells, pericytes, T cells, and macrophages and not mature adipocytes
are the main source of adipokines and PAI-1 in adipose tissue, and that the stromal
vascular fraction in the adipose tissue increases with increasing degree of obesity
(Cancello and Clément 2006). Adipose tissue accumulation represents an
independent and modifiable risk factor for CVD (Ortega, Lavie, and Blair 2016), and
recently the European Guidelines of cardiology strongly recommended regular PE
as a valuable management strategy for the prevention and treatment of CVD and
metabolic disorders (Lee, Jackson, and Blair 1998, Piepoli et al. 2016).

In the present study, we demonstrated that in mice carrying the BDNF Val66Met
human polymorphism, four weeks of PE were sufficient to positively modulate
epiWAT morphology and inflammatory profile with an associated reversion of the
pro-thrombotic phenotype. Of note, PE was demonstrated to have an important role
in the morphological changes observed in the adipose tissue, that can be ascribed
to the improvement of the metabolic profile and lipolysis exerted by exercise through
the reduction of the expression of Sorll and Adra2a (Polak et al. 2005, Schmidt et
al. 2016, Stanford and Goodyear 2016).

PE was demonstrated to have a positive effect not only by reducing adipose tissue
accumulation (Woods, Vieira, and Keylock 2009, You et al. 2013), especially the
visceral one (Bruun et al. 2006, Vieira et al. 2009), but also reducing chronic
inflammation associated with different diseases (Goh, Goh, and Abbasi 2016).

The beneficial effect of PE was found to be mediated by its ability to decrease
mitochondrial dysfunction and to reduce oxidative stress through AMPK and PGC-
1a pathway (Kjgbsted et al. 2018, Lira et al. 2010), with a direct reduction of
adipokines released from the adipose tissue. This reduction goes alongside with a
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decrease of macrophage infiltration through the reduction of Toll-like receptors on
monocytes and macrophages, that is able to limit macrophage M1 polarization (Goh,
Goh, and Abbasi 2016). PE action is also mediated by the induced release of anti-
inflammatory molecules from skeletal muscle and leukocytes (Leal, Lopes, and
Batista 2018).

We showed that PE in BDNFMeUMet mice is able to decrease the transcript levels of
inflammation mediators, to reduce classical activation (M1) of macrophages, and
negatively affect the number of circulating leukocytes and platelets. These
modifications are able to ameliorate the pro-thrombotic phenotype observed in
mutant mice. Interestingly, the expression of Bdnf was found to be differently
modulated by PE in the two genotypes, with an increase in its levels in BDNFVa/va
mice and a decrease in mutant mice. These results may be related to the different
adipose tissue morphology found in the two genotypes, suggesting an important
correlation between adipocyte dimension and BDNF levels. In fact, a higher
percentage of small adipocytes was associated with high levels of Bdnf (e.g.
sedentary BDNFMetMet and running BDNFVa/Va)) “and vice versa, since low levels of
the transcript were measured when the mean adipocyte dimension was higher (e.qg.
sedentary BDNFV@Val and running BDNFMetMet),

The difference observed might be due to the different impact of the stromal vascular
cell fraction involved during adipocytes turnover and also to the different contribution
of the peripheral nervous system (Kim et al. 2014, Rigamonti et al. 2011, White and
Ravussin 2019). In line with this hypothesis, it must be underlined that PE failed to
enhance the mRNA of Bdnf in the central nervous system of BDNFMe"Met mice (leraci
et al. 2016) with possible consequences also on the levels of BDNF transcript in the
peripheral nervous system. Along with this, it is worth to be mentioned that, in
opposite to data presented here regarding the beneficial effect of PE on adipose
tissue inflammation and thrombosis, the same BDNFMe"Met myurine model did not

show beneficial neurobiological changes induced by exercise (leraci et al. 2016).
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1 Sub-Chronic Restraint Stress (RS) induced activation of the

hypothalamic-pituitary-adrenal axis and altered body weight
To evaluate the possible impact of the BDNFVal66Met polymorphism on the
response of the hypothalamic-pituitary—adrenal (HPA) axis during chronic stress,
BDNFVaVal and BDNFVa@/Met mice underwent 7 days of sub-chronic restraint stress
(RS). Both BDNFVaVa and BDNFVa/Met stressed mice displayed a higher adrenal
glands/body weight ratio, parameter that was used as a proxy of HPA axis activation
and stress response. When compared to controls no differences were found
between the genotypes, suggesting an equivalent response to stress (Figure 1A).
Of note, 7 days of RS induced a progressive reduction in the bodyweight of
BDNFVa/Va mice, while in BDNFVa@/™Met mice, after a reduction during the first 4 days

of stress, the weight returned to basal levels during the following days (Figure 1B)
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Figure 1. Evaluation of stress response in BDNFVaVa and BDNFY3/Met mice. Mice underwent
Sub-chronic stress (RS) treatment for 7 days, 2 h/day. (A) Adrenal gland weight to bodyweight ratio.
(B) Delta (A) body weight of stressed (RS) and not stressed (CTRL) BDNFVa/Val gnd BDNFVa/Met mice
at day 4 and day 8. Data are expressed as mean + SEM. n = 8 mice/group. Two-way ANOVA and
three-way ANOVA with repeated measures followed by Bonferroni post hoc analysis, p values were
obtained by using log-transformed variables. * p < 0.05, ** p < 0.01, **** p < 0.005 BDNFVaVa (CTR)
vs. BDNFVaiva stressed (RS) mice, °°° p < 0.005 BDNFVaMet (CTR) vs. BDNFVa/Met stressed (RS)
mice and §888 p < 0.00015 BDNFVa/Va siressed (RS) vs. BDNFVa/Met siressed (RS) mice.
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2 RS predisposed BDNFV@Met mice to thrombosis

It was previously shown that chronic stress is able to increased depressive-like and
anxiety-like behaviours and to impair working memory in BDNFVa@/Met mice through
the hyperactivation of the HPA axis. Since the continuous stimulation of the HPA
axis is known to be a potential mechanism by which stress may increase the risk of
arterial thrombosis, we wanted to evaluate the possible interaction between stress
and BDNF polymorphism regarding the thrombotic profile. To do this, we evaluated
arterial thrombus formation in vivo after the topical application of FeCls to the
exposed carotid artery. BDNFVa@/Met stressed mice displayed a significant reduction
in the blood flow soon after the starting of the measurements, while only a slight
effect was observed in BDNFVa/Va stressed mice (Figure 2A). In line with this, a total
occlusion (flow reduction >90%) was reached only in stressed BDNFVa'™Met mice after
an average time of 20 min (Figure 2B).

Overall, these data show that sub-chronic stress is able to elicit the pro-thrombotic
phenotype of BDNFVa@Met mice, while heterozygous Met allele per se is not sufficient

to predispose to this condition.
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Figure 2. Effect of restraint stress on arterial thrombosis in BDNFY2Va and BDNFY3/Met mice.
Arterial thrombosis was induced by the topical application of FeClI3 to the carotid artery in mice. (A)
Blood flow in the carotid arteries of stressed (RS) and not stressed (CTRL) BDNFVaval and
BDNFVa/™Met mice groups. (B) Time to thrombotic occlusion. Data are expressed as mean £ SEM. n =
6 mice/group. Two-way ANOVA and Three-way ANOVA with repeated measures followed by
Bonferroni post hoc analysis, p values were obtained by using log-transformed variables. **p < 0.01
and **** p < 0.001.

3 RS increased circulating blood cell number and platelet
activation state

The analyses of circulating blood cells and platelet function in our experimental
protocol showed the main genotype effect between BDNFVaVa and BDNFVa@/Met mjce
regarding those parameters.

RS increased the number of leukocytes (Figure 3A) and platelets (Figure 3B), as
well as the percentage of reticulated platelets (Figure 3C) in both BDNFVa/Va and
BDNFVa/Met mice when compared to the control littermates (CTR). Remarkably, the
effect of RS was more pronounced in BDNFVa/Met platelets than in BDNFVa/va
(Figure 3B, C).
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Figure 3. Effect of restraint stress on circulating blood cell number. Numbers of circulating (A)
leukocytes and (B) platelets. (C) Percentage of reticulated platelets analysed by flow cytometry in
stressed (RS) and not stressed (CTRL) BDNFVaVal agnd BDNFVa/Met mice. Data are expressed as
mean = SEM. n = 6 mice/group. Two-way ANOVA followed by Bonferroni post hoc analysis, p values
were obtained by using log-transformed variables. * p < 0.05, ** p < 0.01, ** p < 0.0land **** p <
0.001.
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In addition, while in platelets the activation of integrin allbB3 (GPlIbllla) (Figure 4A)
and the expression of P-selectin (Figure 4B) in response to thrombin (THR) and
ADP of BDNFVa@/Va stressed mice was comparable to mice not exposed to RS,

platelets from BDNFVa@/Met stressed mice displayed a significant hyper-reactivity.
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Figure 4. Effect of restraint stress on platelet activation in BDNFY@Va and BDNFV@Met mice. (A)
GPllIbllla activation (JON/A-PE antibody) and (B) P-selectin expression was evaluated by flow
cytometry analyses in washed platelets at basal condition or after exposure to ADP (5 uM) or
thrombin (THR 0.05 U/mL) from stressed (RS) and not stressed (CTRL) BDNFVa/Val gnd BDNFVal/Met
mice. Data are expressed as mean + SEM. n = 6 mice/group. Two-way ANOVA followed by
Bonferroni post hoc analysis, p values were obtained by using log-transformed variables. * p < 0.05
and ** p < 0.01.

In addition, the percentage of platelet/leukocyte aggregates in response to ADP was
enhanced in both BDNFVa@/Val and BDNFVa@/Met mice after RS when compared to their
control littermates. However, this parameter was more markedly increased in
stressed BDNFVa@Met mice compared to both BDNFVa/Met mice after RS and

BDNFVaMet control mice (Figure 5).
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Figure 5. Effect of restraint stress on platelet/leukocyte aggregates in BDNFYaVa and
BDNFY@™et mice. Percentage of platelet/leukocytes in whole blood isolated from stressed (RS) and
not stressed (CTRL) BDNFVaVal and BDNFVaMet mice. Data are expressed as mean + SEM. n = 6
mice/group. Two-way ANOVA followed by Bonferroni post hoc analysis, p values were obtained by

using log-transformed variables. * p < 0.05, ** p < 0.01 and *** p < 0.005.

4 RS increased bone-marrow megakaryocytes number without

affecting their maturation state

To understand if the change in the number of platelets observed after RS derived
from an alteration of the megakaryopoiesis, we performed immunocytochemistry
analysis on the femur bone marrow.

Analysis of the sections of femur bone marrow showed that the number of
megakaryocytes (MKs) is enhanced in both stressed BDNFYaVal and BDNFVa/Met
mice (Figure 6 A and B). Nonetheless, MKs had similar dimensions (Figure 6C) and
nuclear complexity (Figure 6D) and the analysis of size distribution showed a similar
distribution in the mononucleated, binucleated, or polynucleated cell subpopulations

among all the analyzed groups.
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Figure 6. Effect of restraint stress on bone-marrow megakaryocytes. (A) Hematoxylin and Eosin
(H&E) staining of bone marrow. Asterisks indicate MKs; (B) quantification of panel (A) expressed as
megakaryocytes per field (40x magnification). Analysis of (C) area and of (D) nuclear complexity in
megakaryocytes.from stressed (RS) and not stressed (CTRL) BDNFVa/Val and BDNFVa/Met mice, Data
are expressed as mean + SEM. n = 8 mice/group. Two-way ANOVA followed by Bonferroni post hoc

analysis, p values were obtained by using log-transformed variables. * p < 0.05 and **** p < 0.001.

5 RS altered the expression of Tissue Factor and BDNF but not
the expression of Sirtl

Since tissue factor (TF) activity is known to be modulated by stress (Stampfli et al.
2014), we decided to examine its expression and activity in carotid artery tissue.
Interestingly, while TF activity was enhanced in both BDNFVa/Va and BDNFVa/Met
stressed mice in carotid tissue (Figure 7A), RS induced TF mRNA expression only
in BDNFVa/Met mice (Figure 7B). The analysis of Sirtl mRNA expression, known to
be an important modulator of TF and arterial thrombosis [29,30] did not find
significant changes among all the groups analyzed (Figure 7C).
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Interestingly, we found that BDNF expression was comparable between BDNFVa/Met
and BDNFVaVa mice, and RS reduced its expression in both genotypes but this

decrease was greater in BDNFVa@Val mice (Figure 7D).
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Figure 7. Impact of restraint stress on Tissue Factor, BDNF and Sirtl expression in arterial
tissue. (A) Tissue Factor (TF) activity and (B) TF, (C) Sirtl, (D) BDNF mRNA levels in arterial tissue
of stressed (RS) and not stressed (CTRL) BDNFVa/Val gnd BDNFVa/Met mice. Data are expressed as
mean = SEM. n = 8 mice/group. Two-way ANOVA followed by Bonferroni post hoc analysis, p values

were obtained by using log-transformed variables. * p < 0.05, ** p < 0.01, and *** p < 0.005.
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1 Discussion ll

The interaction between genes and environmental (GxE) factors were widely
studied in the last few years, discovering that many multifactorial diseases, including
CVD, may result from these relations (Svensson et al. 2017, Bondy 2007, Elosua
2018).

Of note, genetic variants of some neurotrophins, including the BDNF Val66Met,
were found to make the carriers more susceptible to stressors (Hashimoto, Shimizu,
and lyo 2004). In line with this, a recent meta-analysis of gene-environment
interaction showed an interaction between life stress and BDNFVal66Met
polymorphism in relation to depression (Zhao et al. 2018). Here, we provide
evidence that seven days of RS, already reported to promote anxiety/depressive-
like phenotype in heterozygous BDNF Val66Met (BDNFVa/Mety mice (Yu et al. 2012),
are sufficient to unveil arterial thrombosis in BDNFVa@/Met mice through the enhanced
platelet activation and coagulation pathway.

It has been hypothesized that the higher propensity to anxiety and depressive
related disorder (Yu et al. 2012) observed in Met carriers may be due to dysfunctions
in adrenergic and HPA axis (Alexander et al. 2010) and recently it was demonstrated
that Met polymorphism has an influence on the cortisol responsivity to stress,
thereby implying a Met-allele role in BDNF and cortisol integrative system (de Assis
and Gasanov 2019). Indeed, a significant reduction in hippocampal volume (Frodl
et al. 2007) and the hyperactivation of the amygdala (Montag et al. 2008) are
observed in both Met allele carriers and in subjects under stressful conditions
(Geuze, Vermetten, and Bremner 2005, Ressler 2010). In particular, hippocampal
neurons are known to exert an inhibitory effect on the activation of the HPA axis,
whereas the activity of the amygdala exerts a significant excitatory effect on the axis
let hypothesizing common mechanism at the bases of these pathologies. A recent
meta-analysis demonstrated that BDNF and cortisol systems are integrated by the
glucocorticoid receptors dynamics and that BDNF and cortisol undoubtedly play
distinct and complementary roles in the physiology of the nervous system in which
cortisol proves to be the regulator of positive as well as negative effects (de Assis
and Gasanov 2019). It is well known that the activation of HPA axis under stressful
condition promotes dysregulation of both norepinephrine (McEwen 2007) and
coagulation system (e.g., tissue factor and the plasminogen activation inhibitor-1)
(Uchida et al. 2012, Yamamoto et al. 2002), and affects platelet number (Chen et
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al. 2016, Sandrini et al. 2017) and functionality (Stampfli et al. 2014, Dong et al.
2015, Heidt et al. 2014), thus enhancing the risk of arterial thrombosis.
Interestingly, the increased activity of the amygdala has been recently associated
with increased risk of CVD events and with increased activity of the bone marrow
(Tawakol et al. 2017).

Here we observed that, according to previous data obtained from both human and
animal models, sub-chronic stress is sufficient to enhance the number of bone
marrow MKs, circulating leukocytes and platelets and to induce platelet activation
(Chen et al. 2016, Sandrini et al. 2017, Heidt et al. 2014).

All these alterations are strongly and significantly increased in stressed
BDNFVa/Met mice and, surprisingly, well recapitulate the phenotype observed in non-
stressed BDNFMeYMet homozygous mice (Amadio, Colombo, et al. 2017).

Recently, Stampfli et al. showed that acute RS is able to induce arterial thrombosis
in mice without affecting the activity and the expression of TF in the vessel wall
(Stampfli et al. 2014). Of note, we observed that in BDNFV2Va mice sub-chronic RS
increases TF activity without modifying mRNA, suggesting that protracted stress
may able to modulate TF in a post-transcriptional manner. Remarkably, both TF
expression and activity were positively modulated in BDNFV@/Met mice under sub-
chronic stress. However, if it was demonstrated that in BDNFMe'Met mice TF
expression was positively modulated following a reduction of Sirtl activity (Amadio,
Colombo, et al. 2017), no effect was observed on this gene after sub-chronic stress
in all experimental groups considered. In line with this evidence, experiments will be
performed to understand which pathways are involved in the modulation of TF
induced by protracted stress in order to unveil new possible targets.

It is well known that both BDNF Met allele variant and stressful conditions are
associated with lower expression of BDNF in the central nervous system (Yu et al.
2012, Chao 2003). However, no data are available about the impact of this
polymorphism and/or stress in other tissues. We show that BDNF mRNA levels are
only slightly but not significantly reduced in the arterial tissue of BDNFVa/Met mice
compared to BDNFVava,

In addition, sub-chronic RS induced a reduction in BDNF expression in both
BDNFVa/Met gnd BDNFVaVal  even if it was significant only in BDNFVa/Val  This
suggests that a certain basal level of expression in arterial tissue is necessary,

supporting previous data showing the fundamental role of this neurotrophin in the
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development and maintenance of the vasculature (Caporali and Emanueli 2009,
Donovan et al. 2000, Kermani and Hempstead 2007).

Finally, in line with a previous study of chronic RS (Jeong, Lee, and Kang 2013), our
data showed a weight reduction in stressed BDNFVa@Val mice along the experimental
time. As previously found, the weight loss observed during the stress can be
explained by an early decrease in food intake and subsequently to an increased in
energy expenditure and in body temperature (Jeong, Lee, and Kang 2013). In
contrast, in BDNFV@/Met mice we observed a weight loss only in the first few days of
RS, followed by a weight gain, with a return to basal levels on the eighth day.

This trend might be explained by the critical role of BDNF in the regulation of food
intake and body weight control (Lebrun et al. 2006) since BDNF is an anorexigenic
factor (Lebrun et al. 2006). Low levels of BDNF in the hippocampus and dorsal-
vagal complex (Rios 2011), as well as mutation in the BDNF gene (Lyons et al.
1999, Coppola and Tessarollo 2004, Gray et al. 2006), are associated with
hyperphagia, weight gain, and obesity. On these premises, we hypothesize that sub-
chronic stress may unmask the hyperphagic phenotype in BDNFYaMet mice

reversing the initial weight loss by enhancing food intake.
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Conclusions

1 Conclusions

Despite the advances in prevention and treatment strategies, cardiovascular
diseases (CVDs) still remain the leading cause of morbidity and mortality worldwide.
It was recently reported that conventional risk factors for CVDs are predictors of the
majority, but not the totality, of morbidity and mortality, raising the awareness on the
need to identify new dynamics involved in the development of onset and progression
of these pathologies (Stamler, Wentworth, and Neaton 1986). Interestingly,
environmental factors such as stress, depression, and anxiety were recently
included as new risk factors for CVDs for their ability to modulate not only the onset
and progression of CVDs but also the response to therapies (Cohen, Edmondson, and
Kronish 2015). The emerging role of the impact of lifestyle behavior on CVDs lead to
coin the term “behavioral cardiology” as “an emerging field of clinical practice based
on the recognition that adverse lifestyle behaviors, emotional factors, and chronic
life stress can all promote atherosclerosis and adverse cardiac events” (Rozanski et
al. 2005) . In particular, the role of the new discipline would be a deeper
understanding of the pathophysiology of behavior-related CVDs and the
development of effective therapeutic interventions both to modify high-risk lifestyles
and behaviors and to reduce psychosocial risk factors for patients. In the last years,
a growing body of the literature showed that psychosocial pathologies benefit from
non-pharmacological interventions such as physical exercise. In particular, it has
been shown that regular activity is associated with a better level of self-esteem and
mood state and lower stress and anxiety levels. In addition, the 2016 European
Guidelines on CVD prevention in clinical practice, strongly recommended regular
physical exercise (PE) as management for the prevention and treatment of CVD
both in healthy people and patients with metabolic disorders (Piepoli et al. 2016).

Brain-derived neurotrophic factor (BDNF), a protein member of the neurotrophin
family, has been considered a suitable candidate to study the cellular and molecular
mechanism at the bases of CVDs related to psychosocial disorders. BDNF is highly
expressed in the brain and it can be detected also in macrophages, endothelial cells,
megakaryocytes, and platelets. Besides its neuropoietic action, BDNF modulates
cell survival and differentiation, vascular development and heart function (Donovan
etal. 2000). Intriguingly, expression and release of BDNF might be altered by genetic
and/or epigenetic modifications which, in turn, may affect BDNF availability and
function. In this context, the human BDNFVal66Met variant is known to determine a
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reduction of the activity-dependent secretion and signaling of mature BDNF, to
associate with neuropsychiatric disorders, anxiety and a higher susceptibility to
stress (Tsai 2018), and to contribute to the individual propensity for arterial
thrombosis related to AMI (Amadio, Colombo, et al. 2017) and to eating disorders and
obesity in humans (Beckers et al. 2008, Zhao et al. 2014). Interestingly, a knock-in
mouse carrying the human BDNFVal66Met polymorphism represents a good model
of all these pathologies observed in human patients showing a depression-
like/anxiety-related behavior and a significantly higher body weight than wild-type
littermates (Chen et al. 2006), associated with a pro-inflammatory and pro-thrombotic
phenotype (Amadio, Colombo, et al. 2017).

Interestingly, stressful conditions unveil the anxious/depressive-like behavioral
phenotype in heterozygous BDNFVal66Met (BDNFVa@/Met) mice, suggesting an
important involvement of Met allele in terms of gene-environment interaction (GxE)
regarding the behavioral profile. However, the interplay between Met allele and
stress in relation to CVD, and in particular to arterial thrombosis, is completely
unknown. With this study, we demonstrated that sub-chronic stress is sufficient to
unveil also the prothrombotic phenotype in BDNFVal/Met mice affecting the number
and functionality of blood circulating cells, and the expression of key thrombotic
molecules in arterial tissue. Moreover, it is known that the homozygous Met mice
have an impairment in the beneficial neurobiological changes observed with
exercise. However, no data are available regarding the effect of physical exercise
on the thrombotic risk (Sandrini et al. 2018).

In vitro data showed in this study support the role of Pro-BDNFMet in adipogenesis
in line with data obtained in the white adipose tissue of BDNFMetMet mjce,
Spontaneous physical exercise is able to induce positive morphological changes
and reduce the inflammatory profile of the adipose tissue. These beneficial effects
might be at the bases of the observed reduction in the pro-thrombotic phenotype
detected in this animal model.

This study supports the important interaction between both positive and negative
environmental factors and the Met allele of the BDNF gene in relationship to arterial
thrombosis showing a new possible gene-environment interaction (GxE). Human
studies will be crucial to confirm this possible gene-environment interaction and to
assess if it needs to be taken into account to deploy better strategies of clinical

management of the arterial thrombosis risk in patients carrying this polymorphism.
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Materials and methods

1 Animal models and in vivo procedures

BDNF Val66Met mice were kindly provided by Francis S. Lee from the Weill Cornell
Medicine University (NY). They were generated introducing the human Val66Met
mutation in an ApalApal fragment containing the BDNF prodomain and put into a
targeting vector. To verify protein expression a carboxyl-terminal His tag was inserted
using the PCR mutagenesis strategy. The loxP-Neo cassette was introduced into an
Eagl site as a positive marker of selection. A pGK-thymidine kinase cassette was used
as a negative selectable marker. The targeting vector was comprised of a 1.5 kb short
arm, a 4.8 kb long arm, a 1.5 kb targeted sequence carrying the Val66Met mutation,
and the Neo cassette that was flanked by two loxP sites. Linearized targeting vectors
were inserted into 129 mouse strain embryonic stem (ES) cells by electroporation.
DNA derived by G418/FIAU-resistant ES clones were screened using a diagnostic
Bglll + BamHI restriction enzyme digestion using the 5' probes external to the targeting
vector sequence. Four positive ES clones were injected into C57BL/6 blastocysts,
which were then introduced into pseudo-pregnant females. Chimeric animals were
mated with C57BL/6 to produce heterozygous animals, and these mice were
subsequently crossed with mice expressing Cre-Recombinase in germ cells to excise
the neo cassette. BDNF VaVa mice, heterozygous (BDNFV@/Met) and homozygous
(BDNFMetMety  mice for Met/Met mutation were generated by interbreeding
heterozygotes.

All animals were housed in a temperature-controlled, 12 h light/dark cycle environment
with ad libitum access to water and fed on a standard pellet diet. All experiments were
approved by the National Ministry of Health-University of Milan Committee and of
DGSA (N° 12/2012, 12/2015 and 349/2015). All surgical procedures were performed
in mice anesthetized with ketamine chlorhydrate (75mg/kg; Intervet) and

medetomidine (1 mg/kg; Virbac).

1.1 Genotyping
Offsprings were genotyped by PCR analysis of ear punch-derived genomic DNA using

the following primers:

Val R (Val) 5-CTCTTCGATGACGTGCTCAA-3
Primer S (Val/Met) 5-TCATACTTCGGTTGCATGAAGG-3’
His R (Met) 5-ATAAATCCACTAGTGGTGGTGG-3’
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1.2 Restraint Stress procedure

Sub-chronic stress was induced by restraint stress (RS) test performed as previously
described (Yu et al. 2012). Briefly, BDNFV@Va and BDNFVa@/Met mice were divided
randomly into stressed (RS) and control (CTRL) groups. RS was performed daily for 2
h for 7 consecutive days, in well-ventilated polypropylene restrainers. At the end of the
stress session, mice were returned to their home cage. CTRL mice were handled for
2 minutes and then returned to the home cage. All mice had free access to food and
water during the study. Mice were weighed and sacrificed 24 h after the last session

of restraint stress.

1.3 Free Voluntary exercise protocol

Mice underwent a free voluntary exercise protocol as already described (leraci et al.
2016). Briefly, BDNFVa@Va and BDNFMe'Met mice were allocated randomly into running
and control groups in cages equipped with or without running wheels, respectively, for

4 weeks with free access to food and water.

2 Arterial Thrombosis Model

For the experimental arterial thrombosis model, the left carotid artery of anesthetized
mice was dissected free and placed in the probe (model 0.7V, Transonic System)
connected to a transonic flow meter (Transonic T106). After blood flow was stabilized
(baseline flow constant for 7 min at least 0.8 ml/sec), a 1 x 1 mm strip of filter paper
(Whatman N°1) soaked with FeCls (10% solution; Sigma-Aldrich) was applied over the
carotid artery. After 3 min, the filter paper was removed, the carotid artery was washed
with PBS, and the flow was recorded for 30 min. An occlusion was considered to be
total and stable when the flow was reduced by >90% from baseline until the 30-minute
observation time, with the flow during this period not changing by more than 1% from

baseline per second.

3 Blood Analyses
3.1 Whole Blood Counts

Blood was collected into 3.8% sodium citrate (1:10 vol: vol) from anesthetized mice by
cardiac venipuncture, and the differential white blood cell and platelet count were

performed on a Beckman Coulter AU480.
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3.2 Platelet-Leukocyte Aggregate Analysis

Platelet/monocyte and platelet/neutrophil aggregates were analysed as previously
described (Amadio, Tarantino, et al. 2017). Briefly, citrated blood was stimulated where
indicated with ADP for 5 minutes and red blood cells were lysed by FACS Lysing
solution (BD Biosciences); samples were stained with the anti-CD45, anti-CD41, and
anti-CD14 or anti-Lys6G (eBiolegend, Cat. 103101, 133901, 150101, and 127601,
resp.) and analysed by flow FACS “Novocyte 3000.” A minimum of 5000 events was
collected in the CD14+ or Lys6G+ gate.

3.3 Platelet Studies

Washed platelets (WPs) were obtained from platelet-rich plasma (PRP), isolated
following centrifugation at 100 for 10 min of citrated blood as previously described
(Barbieri et al. 2015), with serial centrifugation and addition of 0.2mM PGI2 and
0.01 mg/l apyrase. Platelet pellets were resuspended in HEPES-Tyrode’s buffer
(137 mM NaCl, 20 mM HEPES, 5.6 mM glucose, 0.35% bovine serum, 1 mM MgClz,
2.7mM KCI, and 3.3 mM NaH2PO4).

25 ul of WPs (5 x 10%/ul in HEPES-Tyrode’s buffer supplemented with 1 mM CaCl.)
was mixed with a saturating concentration of PE-conjugated JON/A (Emfret Analytic,
Cat. M023-2) antibody, raised against the activated form of GPlIbllla (allplll integrin),
or with anti-CD62P and FITC-conjugated antibody (P-selectin; BD Biosciences, Cat.
553744), and the mixture reacted with different concentrations of ADP or thrombin for
15 minutes at room temperature. The reaction was stopped by 400 ul ice-cold PBS,
and samples were analysed within 30 minutes. Platelets were identified by forward and
side scatter distribution and by anti-CD41 positivity.

Reticulated platelets (RP) were identified by the thiazole orange method (Barbieri et
al. 2015): 10 pl of PRP was incubated with 390 pl of thiazole orange (Retic-Count; BD
Biosciences) or PBS as control and anti-CD41 at room temperature for 10 minutes, in
the dark. Immediately after incubation, samples were analysed by flow cytometry
collecting 10000 CD41-positive events; the percentage of RP was recorded, and the

absolute number of RP was calculated by multiplying by the platelet count.
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4 Bone marrow Analyses

4.1 Megakaryocyte histology

Immunohistochemistry was performed on BM and adipose tissue. Tissues were fixed
overnight in 4% formalin, embedded in paraffin, cut at 3 um, and mounted on polarized
slides. Before paraffin embedding, BM samples were decalcified in 10% EDTA, pH 8
for 10 days. BM and adipose tissue sections were stained in Hematoxylin and Eosin
(H&E). The number and area of megakaryocytes were evaluated in hematoxylin and
eosin-stained sections by counting 5—7 40x microscopic fields for each tissue sample
(Trakala et al. 2015). The number and size of adipocytes were evaluated in
hematoxylin and eosin-stained sections by counting five 5x microscopic fields for each
tissue sample using the ImageJ-Macro Adipocytes Tool.

All images were digitalized by a Zeiss Axioskop (Carl Zeiss) equipped with an

intensified charge-coupled device (CCD) camera system (Photometrics).

5 Measurement of TF Activity in Aortic Tissue

Aorta samples were lysed with 15 mM n-Octyl-B-d-glucopyranoside lysis buffer at 37
°C for 10 min, sonicated at 20 kHz for 20 s and diluted with 25 mM HEPES saline. The
total protein concentrations of the homogenates were determined using the Bradford
method. 40 yL of carotid artery homogenate (1.25 ug/uL), or vehicle were mixed with
40 pL citrated pooled wild-type mouse plasma and 40 pL CaCl: (final concentration 5
mM), and procoagulant activity was quantified by a one-stage plasma recalcification
time assay (Chlopicki et al. 2004). Clotting times were expressed in relative units/pg
protein based on a standard curve of serially diluted human thromboplastin
preparation. Plasma deficient of Factor Vlla as well as preincubation with specific TF-
neutralizing antibody was used to demonstrate TF dependence of procoagulant

activity.

6 Cell culture, treatment, and differentiation

C3H10T1/2 were cultured in DMEM medium supplemented with 100 U/mL penicillin
(Gibco, Rodano, Milan, Italy), 100 ug/mL streptomycin (Gibco, Rodano, Milan, Italy)
and 10% FBS, at 37°C in 5% CO2/95% air atmosphere. Cells were plated in 6 well
plates at a concentration of 3.5x10* cells/ml, and when reached the 80% of confluence
(day -2) were treated with 10 ng/ml of ProBDNFVal or ProBDNFMet synthetic peptide
(Alomone Labs, Jerusalem, Israel). Forty-eight hours later (day 0), cells were treated

81



Materials and methods

with adipogenic commitment mix (5 pg/ml Insulin, 2 pg/ml Dexamethasone, 0.5 mM
IBMX and 5 pM Rosiglitazone; all from Cayman Chemical, Arcore, Italy). Insulin (5
pg/ml) was added at day 3, 5 and 7 until day 9 when the complete differentiation of the

cells was reached.

7 Adipogenesis evaluation by flow cytometry and Oil-Red-O

After ProBDNFVal or ProBDNFMet treatment, C3H10T1/2 cells were analyzed during
adipogenesis by flow cytometry as previously described (Lee et al. 2004). Briefly, at
day 3, 5 and 9 cells were harvested in ice-cold PBS and analyzed by flow cytometry
and according to granularity (SSC-H) divided into four categories that correlate with
the increased level of cell lipids accumulation after adipogenic commitment. In
particular, non-induced cells were detected into the R1 gate, while cells with increasing
granularity were identified in the regions from R2 to R4.

Oil-Red-O staining was performed as already described (Kraus et al. 2016) on day 9.
Lipid content was quantified as absorbance at a wavelength of 518 nm using a Tecan

Infinite M1000 plate reader spectrophotometer (TECAN, Mannedorf, Switzerland).

8 Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR)
Total RNA was isolated from adipose tissue or C3H10T1/2 cells with TRIzol Reagent
(Sigma-Aldrich, Saint Louis, MO, USA) and Direct-zol RNA extraction kit (Zymo
Research, Irvine, CA, USA) according to the manufacturer’s instructions. One ug of
RNA was reverse-transcribed using iScript Advanced cDNA Synthesis Kit (Bio-Rad
Laboratories, Segrate, Milan, Italy). qPCR was then carried out using the primer
sequences shown in the table.
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Table 1. Primers sequences of the analysed genes.

Gene Sequence Gene Sequence
Gapdh |fwd CGTGCCGCCTGGAGAAACC Tgf-p | fwd TACTATGCTAAAGAGGTCACCC

rev TGGAAGAGTGGGAGTTGCTGTTG rev CTTCCCGAATGTCTGACGTATTG
Ppary fwd GCCCTTTGGTGACTTTATGGA Pai-1  fwd GTCTTTCCGACCAAGAGCAG

rev GCAGCAGGTTGTCTTGGATG rev ATCACTTGGCCCATGAAGAG
C/ebp-a fwd AGAGCCGAGATAAAGCCAAAC T fwd CCCAAACCCGTCAATCAAGTC

rev TCATTGTCACTGGTCAACTCC rev CCAAGTACGTCTGCTTCACAT
C/ebp-p fwd CCCCGCGTTCATGCA CD163 fwd GGGTCATTCAGAGGCACACTG

rev CAGTCGGGCTCGTAGT rev CTGGCTGTCCTGTCAAGGCT
Adipoq | fwd AGGCATCCCAGGACATC CD80  fwd CTGGGAAAAACCCCCAGAAG

rev CCTGTCATTCCAACATCTCC rev TGACAACGATGACGACGACTG
Fabp4  fwd GGCGTGGAATTCGATGAA Sorll  fwd GTGTGAGGACGGCGAGGCAT

rev GCTTGTCACCATCTCGTT rev GGTGGACTGCTGCCTCTGGTCA
Adraza | fwd AAAACCTCTTCCTGGTGTCC Sintl  fwd AGCAGGTTGCAGGAATCCAA

rev CGCTTCAGGTTGTACTCGAT rev CACGAACAGCTTCACAATCAACTT
-6 fwd AAGACAAAGCCAGAGTCCTTCAGAG Bdnf  fwd TCGTTCCTTTCGAGTTAGCC

rev GTCTTGGTCCTTAGCCACTCCTTC rev TTGGTAAACGGCACAAAAC
Mcp-1  fwd CTTCTGGGCCTGCTGTTCA Trk Full ' fwd CTCAAGTTGGCGAGACATTCCAAG

rev CCAGCCTACTCATTGGGATCA rev GGGGGTTTTCAATAACAGGAATCT
Tnf-a fwd TGCCTATGTCTCAGCCTCTTC TrkB-T1 fwd TGGTGATGTTGCTCCTGCTC

rev GAGGCCATTTGGGAACTTCT rev CCCATCCAGTGGGATCTTATGA

Samples of cDNA were incubated in 15 pL Luna® Universal gPCR mix containing the
specific primers and fluorescent dye SYBR Green (New England Biolabs, Pero, Milan,
Italy). RT-gPCR was carried out in triplicate for each sample on the CFX Connect real-
time System (Bio-Rad Laboratories, Segrate, Milan, Italy) as previously described
(Sandrini et al. 2018). Gene expression was analyzed using parameters available in

CFX Manager Software 3.1 (Bio-Rad Laboratories, Segrate, Milan, Italy).

9 Adipose Tissue Histology and Quantification of Adipocyte Size

and Number

Immunocytochemistry and analysis of adipocytes were performed in inguinal (ingWAT)
and epididymal (epiWAT) white adipose tissue. Tissues were fixed overnight in 4%
formalin, embedded in paraffin, cut at 5um, and mounted on polarized slides. The
number and size of adipocytes were evaluated in hematoxylin and eosin-stained
sections by counting five 5x microscopic fields for each tissue sample using the
ImageJ-Macro Adipocytes Tool. Images were taken with a Zeiss Axioskop (Carl Zeiss,
Milan, Italy) equipped with an intensified charge-coupled device (CCD) camera system
(Photometrics, Tucson, AZ, USA).
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10 Statistical Analyses

Statistical analyses were performed with GraphPad Prism 6.0 and SAS versus 9.4
software (SASA Institute). Data were analyzed by Student’s t-test, one, two or three-
way ANOVA with repeated measures for main effects of treatment and time or stimuli
when necessary, followed by a Bonferroni post hoc analysis as appropriate. Values of

<0.05 were considered statistically significant. Data are expressed as mean + SEM.

84



9. BIBLIOGRAPHY




Bibliography

1 Bibliography

Aboa-Eboulé, C., C. Brisson, E. Maunsell, B. Masse, R. Bourbonnais, M. Vézina, A.
Milot, P. Théroux, and G. R. Dagenais. 2007. "Job strain and risk of acute
recurrent coronary heart disease events." JAMA 298 (14):1652-60. doi:
10.1001/jama.298.14.1652.

Alexander, N., R. Osinsky, A. Schmitz, E. Mueller, Y. Kuepper, and J. Hennig. 2010.
"The BDNF Val66Met polymorphism affects HPA-axis reactivity to acute stress."
Psychoneuroendocrinology 35 (6):949-53. doi: 10.1016/j.psyneuen.2009.12.008.

Amadio, P., G. I. Colombo, E. Tarantino, S. Gianellini, A. leraci, M. Brioschi, C.
Banfi, J. P. Werba, A. Parolari, F. S. Lee, E. Tremoli, and S. S. Barbieri. 2017.
"BDNFVal6émet polymorphism: a potential bridge between depression and
thrombosis." Eur Heart J 38 (18):1426-1435. doi: 10.1093/eurheartj/ehv655.

Amadio, P., L. Sandrini, A. leraci, E. Tremoli, and S. S. Barbieri. 2017. "Effect of
Clotting Duration and Temperature on BDNF Measurement in Human Serum."
Int J Mol Sci 18 (9). doi: 10.3390/ijms18091987.

Amadio, P., E. Tarantino, L. Sandrini, E. Tremoli, and S. S. Barbieri. 2017.
"Prostaglandin-Endoperoxide Synthase-2 deletion affects the natural trafficking
of annexin A2 in monocytes and favours venous thrombosis in mice."
Thrombosis and Haemostasis 117 (8):1486-1497. doi: 10.1160/TH16-12-0968.

An, J. J., K. Gharami, G. Y. Liao, N. H. Woo, A. G. Lau, F. Vanevski, E. R. Torre, K.
R. Jones, Y. Feng, B. Lu, and B. Xu. 2008. "Distinct role of long 3' UTR BDNF
MRNA in spine morphology and synaptic plasticity in hippocampal neurons.” Cell
134 (1):175-87. doi: 10.1016/j.cell.2008.05.045.

Anastasia, A., K. Deinhardt, M. V. Chao, N. E. Will, K. Irmady, F. S. Lee, B. L.
Hempstead, and C. Bracken. 2013. "Val66Met polymorphism of BDNF alters
prodomain structure to induce neuronal growth cone retraction.” Nat Commun
4:2490. doi: 10.1038/ncomms3490.

Anderson, E., and G. Shivakumar. 2013. "Effects of exercise and physical activity
on anxiety." Front Psychiatry 4:27. doi: 10.3389/fpsyt.2013.00027.

Apostolopoulos, V., E. Borkoles, R. Polman, and L. Stojanovska. 2014. "Physical
and immunological aspects of exercise in chronic diseases." Immunotherapy 6
(10):1145-57. doi: 10.2217/imt.14.76.

Apostolopoulos, V., M. P. de Courten, L. Stojanovska, G. L. Blatch, K. Tangalakis,
and B. de Courten. 2016. "The complex immunological and inflammatory network
of adipose tissue in obesity." Mol Nutr Food Res 60 (1):43-57. doi:
10.1002/mnfr.201500272.

Asami, T., T. Ito, H. Fukumitsu, H. Nomoto, Y. Furukawa, and S. Furukawa. 2006.
"Autocrine activation of cultured macrophages by brain-derived neurotrophic
factor.” Biochem Biophys Res Commun 344 (3):941-7. doi:
10.1016/j.bbrc.2006.03.228.

Aschbacher, K., P. J. Mills, R. von Kéanel, S. Hong, B. T. Mausbach, S. K. Roepke,
J. E. Dimsdale, T. L. Patterson, M. G. Ziegler, S. Ancoli-Israel, and I. Grant. 2008.
"Effects of depressive and anxious symptoms on norepinephrine and platelet P-
selectin responses to acute psychological stress among elderly caregivers.”
Brain Behav Immun 22 (4):493-502. doi: 10.1016/}.bbi.2007.10.002.

Aschbacher, K., R. von Kénel, P. J. Mills, S. Hong, S. K. Roepke, B. T. Mausbach,
T. L. Patterson, M. G. Ziegler, J. E. Dimsdale, S. Ancoli-Israel, and I. Grant. 2007.
"Combination of caregiving stress and hormone replacement therapy is
associated with prolonged platelet activation to acute stress among
postmenopausal women." Psychosom Med 69 (9):910-7. doi:
10.1097/PSY.0b013e31815a8ba8.

86



Bibliography

Aschbacher, K., R. von Kanel, P. J. Mills, S. K. Roepke, S. Hong, J. E. Dimsdale, B.
T. Mausbach, T. L. Patterson, M. G. Ziegler, S. Ancoli-Israel, and I. Grant. 2009.
"Longitudinal platelet reactivity to acute psychological stress among older men
and women." Stress 12 (5):426-33. doi: 10.1080/10253890802574993.

Austin, A. W., S. M. Patterson, and R. von Kanel. 2011. "Hemoconcentration and
hemostasis during acute stress: interacting and independent effects.” Ann Behav
Med 42 (2):153-73. doi: 10.1007/s12160-011-9274-0.

Austin, A. W., P. H. Wirtz, S. M. Patterson, M. Stutz, and R. von Kéanel. 2012.
"Stress-induced alterations in coagulation: assessment of a new
hemoconcentration correction technique." Psychosom Med 74 (3):288-95. doi:
10.1097/PSY.0b013e318245d950.

Austin, A. W., T. Wissmann, and R. von Kanel. 2013. "Stress and hemostasis: an
update.” Semin Thromb Hemost 39 (8):902-12. doi: 10.1055/s-0033-1357487.
Bairey Merz, C. N., J. Dwyer, C. K. Nordstrom, K. G. Walton, J. W. Salerno, and R.
H. Schneider. 2002. "Psychosocial stress and cardiovascular disease:
pathophysiological links." Behav  Med 27 (4):141-7. doi:

10.1080/08964280209596039.

Banki, C. M., L. Karmacsi, G. Bissette, and C. B. Nemeroff. 1992. "CSF
corticotropin-releasing hormone and somatostatin in major depression: response
to antidepressant treatment and relapse.” Eur Neuropsychopharmacol 2 (2):107-
13.

Bansal, Y., and A. Kuhad. 2016. "Mitochondrial Dysfunction in Depression." Curr
Neuropharmacol 14 (6):610-8.

Barbieri, S. S., G. Petrucci, E. Tarantino, P. Amadio, B. Rocca, M. Pesce, K. R.
Machlus, F. O. Ranelletti, S. Gianellini, B. Weksler, J. E. Italiano, and E. Tremoli.
2015. "Abnormal megakaryopoiesis and platelet function in cyclooxygenase-2-
deficient mice." Thromb Haemost 114 (6):1218-29. doi: 10.1160/TH14-10-0872.

Barde, Y. A., D. Edgar, and H. Thoenen. 1982. "Purification of a new neurotrophic
factor from mammalian brain." EMBO J 1 (5):549-53.

Bariohay, B., B. Lebrun, E. Moyse, and A. Jean. 2005. "Brain-derived neurotrophic
factor plays a role as an anorexigenic factor in the dorsal vagal complex.”
Endocrinology 146 (12):5612-20. doi: 10.1210/en.2005-0419.

Barouch, R., E. Appel, G. Kazimirsky, and C. Brodie. 2001. "Macrophages express
neurotrophins and neurotrophin receptors. Regulation of nitric oxide production
by NT-3." J Neuroimmunol 112 (1-2):72-7.

Barwood, M. J., N. J. Weston, R. Thelwell, and J. Page. 2009. "A motivational music
and video intervention improves high-intensity exercise performance.”" J Sports
Sci Med 8 (3):435-42.

Bavendiek, U., P. Libby, M. Kilbride, R. Reynolds, N. Mackman, and U. Schénbeck.
2002. "Induction of tissue factor expression in human endothelial cells by CD40
ligand is mediated via activator protein 1, nuclear factor kappa B, and Egr-1." J
Biol Chem 277 (28):25032-9. doi: 10.1074/jbc.M204003200.

Beattie, M. S., A. W. Harrington, R. Lee, J. Y. Kim, S. L. Boyce, F. M. Longo, J. C.
Bresnahan, B. L. Hempstead, and S. O. Yoon. 2002. "ProNGF induces p75-
mediated death of oligodendrocytes following spinal cord injury." Neuron 36
(3):375-86.

Beckers, S., A. Peeters, D. Zegers, |. Mertens, L. Van Gaal, and W. Van Hul. 2008.
"Association of the BDNF Val66Met variation with obesity in women." Mol Genet
Metab 95 (1-2):110-2. doi: 10.1016/j.ymgme.2008.06.008.

87



Bibliography

Berg, A. H.,, and P. E. Scherer. 2005. "Adipose tissue, inflammation, and
cardiovascular disease." Circ Res 96 (9):939-49. doi:
10.1161/01.res.0000163635.62927.34.

Bernhard, F., K. Landgraf, N. KlIéting, A. Berthold, P. Bittner, D. Friebe, W. Kiess,
P. Kovacs, M. Bluher, and A. Kérner. 2013. "Functional relevance of genes
implicated by obesity genome-wide association study signals for human
adipocyte biology." Diabetologia 56 (2):311-22. doi: 10.1007/s00125-012-2773-
0.

Berton, O., and E. J. Nestler. 2006. "New approaches to antidepressant drug
discovery: beyond monoamines." Nat Rev Neurosci 7 (2):137-51. doi:
10.1038/nrn1846.

Bibel, M., and Y. A. Barde. 2000. "Neurotrophins: key regulators of cell fate and cell
shape in the vertebrate nervous system.” Genes Dev 14 (23):2919-37.

Bibel, M., E. Hoppe, and Y. A. Barde. 1999. "Biochemical and functional interactions
between the neurotrophin receptors trk and p75NTR." EMBO J 18 (3):616-22.
doi: 10.1093/emb0j/18.3.616.

Biffo, S., N. Offenh&auser, B. D. Carter, and Y. A. Barde. 1995. "Selective binding
and internalisation by truncated receptors restrict the availability of BDNF during
development.” Development 121 (8):2461-70.

Binder, D. K., and H. E. Scharfman. 2004. "Brain-derived neurotrophic factor."
Growth Factors 22 (3):123-31.

Birkedal-Hansen, H. 1995. "Proteolytic remodeling of extracellular matrix." Curr
Opin Cell Biol 7 (5):728-35.

Bocchio-Chiavetto, L., V. Bagnardi, R. Zanardini, R. Molteni, M. G. Nielsen, A.
Placentino, C. Giovannini, L. Rillosi, M. Ventriglia, M. A. Riva, and M. Gennarelli.
2010. "Serum and plasma BDNF levels in major depression: a replication study
and meta-analyses." World J Biol Psychiatry 11 (6):763-73. doi:
10.3109/15622971003611319.

Bodary, P. F. 2007. "Links between adipose tissue and thrombosis in the mouse."
Arterioscler Thromb Vasc Biol 27 (11):2284-91. doi:
10.1161/atvbaha.107.148221.

Bondy, B. 2007. "Common genetic factors for depression and cardiovascular
disease." Dialogues Clin Neurosci 9 (1):19-28.

Bosworth, H. B., R. D. Horner, L. J. Edwards, and D. B. Matchar. 2000. "Depression
and other determinants of values placed on current health state by stroke
patients: evidence from the VA Acute Stroke (VASt) study." Stroke 31 (11):2603-
9.

Bouchard, B. A., K. G. Mann, and S. Butenas. 2010. "No evidence for tissue factor
on platelets.” Blood 116 (5):854-5. doi: 10.1182/blood-2010-05-285627.

Bozzini, S., P. Gambelli, C. Boiocchi, S. Schirinzi, R. Falcone, P. Buzzi, C. Storti,
and C. Falcone. 2009. "Coronary artery disease and depression: possible role of
brain-derived  neurotrophic  factor and serotonin transporter gene
polymorphisms.” Int J Mol Med 24 (6):813-8.

Brambilla, M., M. Camera, D. Colnago, G. Marenzi, M. De Metrio, P. L. Giesen, A.
Balduini, F. Veglia, K. Gertow, P. Biglioli, and E. Tremoli. 2008. "Tissue factor in
patients with acute coronary syndromes: expression in platelets, leukocytes, and
platelet-leukocyte aggregates.” Arterioscler Thromb Vasc Biol 28 (5):947-53. doi:
10.1161/ATVBAHA.107.161471.

Brambilla, M., L. Facchinetti, P. Canzano, L. Rossetti, N. Ferri, A. Balduini, V.
Abbonante, D. Boselli, L. De Marco, M. N. Di Minno, V. Toschi, A. Corsini, E.
Tremoli, and M. Camera. 2015. "Human megakaryocytes confer tissue factor to

88



Bibliography

a subset of shed platelets to stimulate thrombin generation.” Thromb Haemost
114 (3):579-92. doi: 10.1160/TH14-10-0830.

Brody. 2018. Prevalence of depression among adults aged 20 and over: United
States, 2013-2016. edited by Hughes J. Pratt LA. National Center for Health
Statistics: NCHS Data Brief.

Broskey, N. T., C. Greggio, A. Boss, M. Boutant, A. Dwyer, L. Schlueter, D. Hans,
G. Gremion, R. Kreis, C. Boesch, C. Canto, and F. Amati. 2014. "Skeletal muscle
mitochondria in the elderly: effects of physical fithess and exercise training." J
Clin Endocrinol Metab 99 (5):1852-61. doi: 10.1210/jc.2013-3983.

Brotman, D. J., E. Walker, M. S. Lauer, and R. G. O'Brien. 2005. "In search of fewer
independent risk factors." Arch Intern Med 165 (2):138-45. doi:
10.1001/archinte.165.2.138.

Brown, E. S., F. P. Varghese, and B. S. McEwen. 2004. "Association of depression
with medical illness: does cortisol play a role?" Biol Psychiatry 55 (1):1-9.

Broze, G. J., L. A. Warren, W. F. Novotny, D. A. Higuchi, J. J. Girard, and J. P.
Miletich. 1988. "The lipoprotein-associated coagulation inhibitor that inhibits the
factor VII-tissue factor complex also inhibits factor Xa: insight into its possible
mechanism of action." Blood 71 (2):335-43.

Bruce, M. A., D. M. Griffith, and R. J. Thorpe. 2015. "Stress and the kidney." Adv
Chronic Kidney Dis 22 (1):46-53. doi: 10.1053/j.ackd.2014.06.008.

Bruun, J. M., J. W. Helge, B. Richelsen, and B. Stallknecht. 2006. "Diet and exercise
reduce low-grade inflammation and macrophage infiltration in adipose tissue but
not in skeletal muscle in severely obese subjects." Am J Physiol Endocrinol
Metab 290 (5):E961-7. doi: 10.1152/ajpendo.00506.2005.

Bruunsgaard, H. 2005. "Physical activity and modulation of systemic low-level
inflammation.” J Leukoc Biol 78 (4):819-35. doi: 10.1189/jIb.0505247.

Bryant, R. A. 2018. "The Current Evidence for Acute Stress Disorder.” Curr
Psychiatry Rep 20 (12):111. doi: 10.1007/s11920-018-0976-x.

Bucci, C., P. Alifano, and L. Cogli. 2014. "The role of rab proteins in neuronal cells
and in the trafficking of neurotrophin receptors." Membranes (Basel) 4 (4):642-
77. doi: 10.3390/membranes4040642.

Busillo, J. M., K. M. Azzam, and J. A. Cidlowski. 2011. "Glucocorticoids sensitize
the innate immune system through regulation of the NLRP3 inflammasome." J
Biol Chem 286 (44):38703-13. doi: 10.1074/jbc.M111.275370.

Butenas, S., B. A. Bouchard, K. E. Brummel-Ziedins, B. Parhami-Seren, and K. G.
Mann. 2005. "Tissue factor activity in whole blood." Blood 105 (7):2764-70. doi:
10.1182/blood-2004-09-3567.

Calcia, M. A., D. R. Bonsall, P. S. Bloomfield, S. Selvaraj, T. Barichello, and O. D.
Howes. 2016. "Stress and neuroinflammation: a systematic review of the effects
of stress on microglia and the implications for mental illness."
Psychopharmacology (Berl) 233 (9):1637-50. doi: 10.1007/s00213-016-4218-9.

Camera, M., M. Frigerio, V. Toschi, M. Brambilla, F. Rossi, D. C. Cottell, P. Maderna,
A. Parolari, R. Bonzi, O. De Vincenti, and E. Tremoli. 2003. "Platelet activation
induces cell-surface immunoreactive tissue factor expression, which is
modulated differently by antiplatelet drugs.” Arterioscler Thromb Vasc Biol 23
(9):1690-6. doi: 10.1161/01.ATV.0000085629.23209.AA.

Camera, M., P. L. Giesen, J. Fallon, B. M. Aufiero, M. Taubman, E. Tremoli, and Y.
Nemerson. 1999. "Cooperation between VEGF and TNF-alpha is necessary for
exposure of active tissue factor on the surface of human endothelial cells."
Arterioscler Thromb Vasc Biol 19 (3):531-7.

89



Bibliography

Camera, Marina, Marta Brambilla, Daniela Boselli, Laura Facchinetti, Paola
Canzano, Laura Rossetti, Vincenzo Toschi, and Elena Tremoli. 2012. "Response:
functionally active platelets do express tissue factor.” Blood 119 (18):4339-4341.
doi: 10.1182/blood-2012-02-410043.

Cancello, R., and K. Clément. 2006. "Is obesity an inflammatory illness? Role of
low-grade inflammation and macrophage infiltration in human white adipose
tissue." BJOG 113 (10):1141-7. doi: 10.1111/1.1471-0528.2006.01004..x.

Caporali, A., and C. Emanueli. 2009. "Cardiovascular actions of neurotrophins.”
Physiol Rev 89 (1):279-308. doi: 10.1152/physrev.00007.2008.

Cattaneo, A., N. Cattane, V. Begni, C. M. Pariante, and M. A. Riva. 2016. "The
human BDNF gene: peripheral gene expression and protein levels as biomarkers
for psychiatric  disorders." Transl Psychiatry 6 (11):e958. doi:
10.1038/tp.2016.214.

Cerletti, C., C. Tamburrelli, B. lzzi, F. Gianfagna, and G. de Gaetano. 2012.
"Platelet-leukocyte interactions in thrombosis." Thromb Res 129 (3):263-6. doi:
10.1016/j.thromres.2011.10.010.

Chacon-Fernandez, P., K. Sauberli, M. Colzani, T. Moreau, C. Ghevaert, and Y. A.
Barde. 2016. "Brain-derived Neurotrophic Factor in Megakaryocytes." J Biol
Chem 291 (19):9872-81. doi: 10.1074/jbc.M116.720029.

Chao, M. V. 2003. "Neurotrophins and their receptors: a convergence point for many
signalling pathways." Nat Rev Neurosci 4 (4):299-309. doi: 10.1038/nrn1078.
Chen, B., D. Dowlatshahi, G. M. MacQueen, J. F. Wang, and L. T. Young. 2001.
"Increased hippocampal BDNF immunoreactivity in subjects treated with

antidepressant medication." Biol Psychiatry 50 (4):260-5.

Chen, S., C. Du, M. Shen, G. Zhao, Y. Xu, K. Yang, X. Wang, F. Li, D. Zeng, F.
Chen, S. Wang, M. Chen, C. Wang, T. He, F. Wang, A. Wang, T. Cheng, Y. Su,
J. Zhao, and J. Wang. 2016. "Sympathetic stimulation facilitates thrombopoiesis
by promoting megakaryocyte adhesion, migration, and proplatelet formation."
Blood 127 (8):1024-35. doi: 10.1182/blood-2015-07-660746.

Chen, Z. Y., A. leraci, H. Teng, H. Dall, C. X. Meng, D. G. Herrera, A. Nykjaer, B. L.
Hempstead, and F. S. Lee. 2005. "Sortilin controls intracellular sorting of brain-
derived neurotrophic factor to the regulated secretory pathway." J Neurosci 25
(26):6156-66. doi: 10.1523/JINEUROSCI.1017-05.2005.

Chen, Z. Y., D. Jing, K. G. Bath, A. leraci, T. Khan, C. J. Siao, D. G. Herrera, M.
Toth, C. Yang, B. S. McEwen, B. L. Hempstead, and F. S. Lee. 2006. "Genetic
variant BDNF (Val66Met) polymorphism alters anxiety-related behavior."
Science 314 (5796):140-3. doi: 10.1126/science.1129663.

Chen, Z. Y., P. D. Patel, G. Sant, C. X. Meng, K. K. Teng, B. L. Hempstead, and F.
S. Lee. 2004. "Variant brain-derived neurotrophic factor (BDNF) (Met66) alters
the intracellular trafficking and activity-dependent secretion of wild-type BDNF in
neurosecretory cells and cortical neurons.” J Neurosci 24 (18):4401-11. doi:
10.1523/INEUROSCI.0348-04.2004.

Cheung, K. J., I. Tzameli, P. Pissios, |. Rovira, O. Gavrilova, T. Ohtsubo, Z. Chen,
T. Finkel, J. S. Flier, and J. M. Friedman. 2007. "Xanthine oxidoreductase is a
regulator of adipogenesis and PPARgamma activity." Cell Metab 5 (2):115-28.
doi: 10.1016/j.cmet.2007.01.005.

Chlopicki, S., R. Olszanecki, M. Janiszewski, F. R. Laurindo, T. Panz, and J.
Miedzobrodzki. 2004. "Functional role of NADPH oxidase in activation of
platelets.” Antioxid Redox Signal 6 (4):691-8. doi: 10.1089/1523086041361640.

90



Bibliography

Choe, S. S., J. Y. Huh, I. J. Hwang, J. I. Kim, and J. B. Kim. 2016. "Adipose Tissue
Remodeling: Its Role in Energy Metabolism and Metabolic Disorders." Front
Endocrinol (Lausanne) 7:30. doi: 10.3389/fendo.2016.00030.

Choi, M. J., R. H. Kang, S. W. Lim, K. S. Oh, and M. S. Lee. 2006. "Brain-derived
neurotrophic factor gene polymorphism (Val66Met) and citalopram response in
major depressive disorder.” Brain Res 1118 (1):176-82. doi:
10.1016/j.brainres.2006.08.012.

Chourbaji, S., A. Urani, I. Inta, C. Sanchis-Segura, C. Brandwein, M. Zink, M.
Schwaninger, and P. Gass. 2006. "IL-6 knockout mice exhibit resistance to
stress-induced development of depression-like behaviors." Neurobiol Dis 23
(3):587-94. doi: 10.1016/j.nbd.2006.05.001.

Chumaeva, N., M. Hintsanen, M. Juonala, O. T. Raitakari, and L. Keltikangas-
Jarvinen. 2010. "Sex differences in the combined effect of chronic stress with
impaired vascular endothelium functioning and the development of early
atherosclerosis: the Cardiovascular Risk in Young Finns study.” BMC
Cardiovasc Disord 10:34. doi: 10.1186/1471-2261-10-34.

Cohen, B. E., D. Edmondson, and I. M. Kronish. 2015. "State of the Art Review:
Depression, Stress, Anxiety, and Cardiovascular Disease." Am J Hypertens 28
(11):2295-302. doi: 10.1093/ajh/hpv047.

COHEN, SHELDON, and DENISE JANICKI-DEVERTS. 2012. "Who's Stressed?
Distributions of Psychological Stress in the United States in Probability Samples
from 1983, 2006, and 20091." Journal of Applied Social Psychology 42 (6):1320-
1334. doi: 10.1111/j.1559-1816.2012.00900.x.

Collen, D. 1999. "The plasminogen (fibrinolytic) system." Thromb Haemost 82
(2):259-70.

Collen, D., and H. R. Lijnen. 1991. "Basic and clinical aspects of fibrinolysis and
thrombolysis.” Blood 78 (12):3114-24.

Conner, J. M., J. C. Lauterborn, Q. Yan, C. M. Gall, and S. Varon. 1997. "Distribution
of brain-derived neurotrophic factor (BDNF) protein and mRNA in the normal
adult rat CNS: evidence for anterograde axonal transport.” J Neurosci 17
(7):2295-313.

Cool, D. R., M. Fenger, C. R. Snell, and Y. P. Loh. 1995. "Identification of the sorting
signal motif within pro-opiomelanocortin for the regulated secretory pathway." J
Biol Chem 270 (15):8723-9.

Cooper, D. C., M. S. Milic, J. R. Tafur, P. J. Mills, W. A. Bardwell, M. G. Ziegler, and
J. E. Dimsdale. 2010. "Adverse impact of mood on flow-mediated dilation."
Psychosom Med 72 (2):122-7. doi: 10.1097/PSY.0b013e3181cdbfcO.

Coppola, V., and L. Tessarollo. 2004. "Control of hyperphagia prevents obesity in
BDNF heterozygous mice." Neuroreport 15 (17):2665-8.

Curtis, Jason M. NoelJudy L. 2019. "The Pharmacological Management of Stress
Reactions | SpringerLink." doi: 10.1007/978-1-4614-5538-7_16.

Cushman, M. 2007. "Epidemiology and risk factors for venous thrombosis." Semin
Hematol 44 (2):62-9. doi: 10.1053/j.seminhematol.2007.02.004.

Dale, G. L., P. Friese, P. Batar, S. F. Hamilton, G. L. Reed, K. W. Jackson, K. J.
Clemetson, and L. Alberio. 2002. "Stimulated platelets use serotonin to enhance
their retention of procoagulant proteins on the cell surface." Nature 415
(6868):175-9. doi: 10.1038/415175a.

Das, S., and J. H. OKeefe. 2006. "Behavioral cardiology: recognizing and
addressing the profound impact of psychosocial stress on cardiovascular health."
Curr Atheroscler Rep 8 (2):111-8.

91



Bibliography

DAVIE, E. W., and O. D. RATNOFF. 1964. "WATERFALL SEQUENCE FOR
INTRINSIC BLOOD CLOTTING." Science 145 (3638):1310-2.

Davi, G., P. Gresele, F. Violi, S. Basili, M. Catalano, C. Giammarresi, R. Volpato, G.
G. Nenci, G. Ciabattoni, and C. Patrono. 1997. "Diabetes mellitus,
hypercholesterolemia, and hypertension but not vascular disease per se are
associated with persistent platelet activation in vivo. Evidence derived from the
study of peripheral arterial disease.” Circulation 96 (1):69-75. doi:
10.1161/01.cir.96.1.69.

Davi, G., M. T. Guagnano, G. Ciabattoni, S. Basili, A. Falco, M. Marinopiccoli, M.
Nutini, S. Sensi, and C. Patrono. 2002. "Platelet activation in obese women: role
of inflammation and oxidant stress.” JAMA 288 (16):2008-14.

de Assis, G. G., and E. V. Gasanov. 2019. "BDNF and Cortisol integrative system -
Plasticity vs. degeneration: Implications of the Val66Met polymorphism." Front
Neuroendocrinol:100784. doi: 10.1016/j.yfrne.2019.100784.

De Oliveira, C. C. S., G. R. C. Pereira, J. Y. S. De Alcantara, D. Antunes, E. R.
Caffarena, and J. F. De Mesquita. 2019. "In silico analysis of the V66M variant of
human BDNF in psychiatric disorders: An approach to precision medicine." PLoS
One 14 (4):e0215508. doi: 10.1371/journal.pone.0215508.

DeBoer, L. B., M. B. Powers, A. C. Utschig, M. W. Otto, and J. A. Smits. 2012.
"Exploring exercise as an avenue for the treatment of anxiety disorders." Expert
Rev Neurother 12 (8):1011-22. doi: 10.1586/ern.12.73.

Del Conde, 1., C. N. Shrimpton, P. Thiagarajan, and J. A. Lépez. 2005. "Tissue-
factor-bearing microvesicles arise from lipid rafts and fuse with activated platelets
to initiate coagulation.” Blood 106 (5):1604-11. doi: 10.1182/blood-2004-03-
1095.

Dhar, A. K., and D. A. Barton. 2016. "Depression and the Link with Cardiovascular
Disease." Front Psychiatry 7:33. doi: 10.3389/fpsyt.2016.00033.

Dimsdale, J. E. 2008. "Psychological stress and cardiovascular disease." J Am Coll
Cardiol 51 (13):1237-46. doi: 10.1016/j.jacc.2007.12.024.

Dinan, T. G. 1994. "Glucocorticoids and the genesis of depressive illness. A
psychobiological model." Br J Psychiatry 164 (3):365-71. doi:
10.1192/bjp.164.3.365.

DJ, Brody. 2018. Prevalence of depression among adults aged 20 and over: United
States, 2013-2016. edited by Hughes J. Pratt LA. National Center for Health
Statistics: NCHS Data Brief.

Dobrowsky, R. T., G. M. Jenkins, and Y. A. Hannun. 1995. "Neurotrophins induce
sphingomyelin hydrolysis. Modulation by co-expression of p75NTR with Trk
receptors.” J Biol Chem 270 (38):22135-42.

Dong, Tao, Yu-Wen Cheng, Fei Yang, Pei-Wen Sun, Chen-Jie Zhu, Li Zhu, and
Guo-Xing Zhang. 2015. "Chronic Stress Facilitates the Development of Deep
Venous Thrombosis." Oxidative Medicine and Cellular Longevity 2015:8. doi:
10.1155/2015/384535.

Donovan, M. J., M. I. Lin, P. Wiegn, T. Ringstedt, R. Kraemer, R. Hahn, S. Wang,
C. F. Ibafiez, S. Rafii, and B. L. Hempstead. 2000. "Brain derived neurotrophic
factor is an endothelial cell survival factor required for intramyocardial vessel
stabilization." Development 127 (21):4531-40.

Dorsam, R. T., and S. P. Kunapuli. 2004. "Central role of the P2Y12 receptor in
platelet activation." J Clin Invest 113 (3):340-5. doi: 10.1172/JCI120986.

Duman, R. S. 2004. "Role of neurotrophic factors in the etiology and treatment of
mood disorders." Neuromolecular Med 5 (1):11-25. doi: 10.1385/NMM:5:1:011.

92



Bibliography

Duman, R. S., and L. M. Monteggia. 2006. "A neurotrophic model for stress-related
mood disorders." Biol Psychiatry 59 (12):1116-27. doi:
10.1016/j.biopsych.2006.02.013.

Duman, R. S., and B. Voleti. 2012. "Signaling pathways underlying the
pathophysiology and treatment of depression: novel mechanisms for rapid-acting
agents." Trends Neurosci 35 (1):47-56. doi: 10.1016/}.tins.2011.11.004.

Dwivedi, Y., J. S. Rao, H. S. Rizavi, J. Kotowski, R. R. Conley, R. C. Roberts, C. A.
Tamminga, and G. N. Pandey. 2003. "Abnormal expression and functional
characteristics of cyclic adenosine monophosphate response element binding
protein in postmortem brain of suicide subjects.” Arch Gen Psychiatry 60 (3):273-
82.

Edling, A. E., T. Nanavati, J. M. Johnson, and V. K. Tuohy. 2004. "Human and
murine lymphocyte neurotrophin expression is confined to B cells.” J Neurosci
Res 77 (5):709-17. doi: 10.1002/jnr.20176.

Edwards, R. H., M. J. Selby, P. D. Garcia, and W. J. Rutter. 1988. "Processing of
the native nerve growth factor precursor to form biologically active nerve growth
factor.” J Biol Chem 263 (14):6810-5.

Egan, M. F., M. Kojima, J. H. Callicott, T. E. Goldberg, B. S. Kolachana, A. Bertolino,
E. Zaitsev, B. Gold, D. Goldman, M. Dean, B. Lu, and D. R. Weinberger. 2003.
"The BDNF val66met polymorphism affects activity-dependent secretion of BDNF
and human memory and hippocampal function." Cell 112 (2):257-69.

Ehrlich, D., and C. Humpel. 2012. "Platelets in psychiatric disorders." World J
Psychiatry 2 (6):91-4. doi: 10.5498/wjp.v2.i6.91.

Eide, F. F., E. R. Vining, B. L. Eide, K. Zang, X. Y. Wang, and L. F. Reichardt. 1996.
"Naturally occurring truncated trkB receptors have dominant inhibitory effects on
brain-derived neurotrophic factor signaling." J Neurosci 16 (10):3123-9.

Ejiri, J., N. Inoue, S. Kobayashi, R. Shiraki, K. Otsui, T. Honjo, M. Takahashi, Y.
Ohashi, S. Ichikawa, M. Terashima, T. Mori, K. Awano, T. Shinke, J. Shite, K.
Hirata, H. Yokozaki, S. Kawashima, and M. Yokoyama. 2005. "Possible role of
brain-derived neurotrophic factor in the pathogenesis of coronary artery disease."
Circulation 112 (14):2114-20. doi: 10.1161/CIRCULATIONAHA.104.476903.

El Khoury, P., S. Elbitar, Y. Ghaleb, Y. A. Khalil, M. Varret, C. Boileau, and M.
Abifadel. 2017. "PCSK9 Mutations in Familial Hypercholesterolemia: from a
Groundbreaking Discovery to Anti-PCSK9 Therapies." Curr Atheroscler Rep 19
(12):49. doi: 10.1007/s11883-017-0684-8.

Ellulu, M. S., I. Patimah, H. Khaza'ai, A. Rahmat, and Y. Abed. 2017. "Obesity and
inflammation: the linking mechanism and the complications.” Arch Med Sci 13
(4):851-863. doi: 10.5114/a0ms.2016.58928.

Elosua, R. 2018. "Road to Unravel Gene-Environment Interactions on
Cardiovascular Complex Diseases." Circ Genom Precis Med 11 (1):e002040.
doi: 10.1161/CIRCGEN.117.002040.

Erem, C., I. Nuhoglu, M. Yilmaz, M. Kocak, A. Demirel, O. Ucuncu, and H. Onder
Ersoz. 2009. "Blood coagulation and fibrinolysis in patients with Cushing's
syndrome: increased plasminogen activator inhibitor-1, decreased tissue factor
pathway inhibitor, and unchanged thrombin-activatable fibrinolysis inhibitor
levels." J Endocrinol Invest 32 (2):169-74.

Erlich, J., C. Fearns, J. Mathison, R. J. Ulevitch, and N. Mackman. 1999.
"Lipopolysaccharide induction of tissue factor expression in rabbits." Infect
Immun 67 (5):2540-6.

93



Bibliography

Ernfors, P., C. Wetmore, L. Olson, and H. Persson. 1990. "Identification of cells in
rat brain and peripheral tissues expressing mRNA for members of the nerve
growth factor family.” Neuron 5 (4):511-26.

Ertek, S., and A. Cicero. 2012. "Impact of physical activity on inflammation: effects
on cardiovascular disease risk and other inflammatory conditions.” Arch Med Sci
8 (5):794-804. doi: 10.5114/aoms.2012.31614.

Evangelista, V., S. Manarini, R. Sideri, S. Rotondo, N. Martelli, A. Piccoli, L. Totani,
P. Piccardoni, D. Vestweber, G. de Gaetano, and C. Cerletti. 1999.
"Platelet/polymorphonuclear leukocyte interaction: P-selectin triggers protein-
tyrosine phosphorylation-dependent CD11b/CD18 adhesion: role of PSGL-1 as
a signaling molecule."” Blood 93 (3):876-85.

Fabre, J. E., M. Nguyen, A. Latour, J. A. Keifer, L. P. Audoly, T. M. Coffman, and B.
H. Koller. 1999. "Decreased platelet aggregation, increased bleeding time and
resistance to thromboembolism in P2Y1-deficient mice." Nat Med 5 (10):1199-
202. doi: 10.1038/13522.

Falati, S., Q. Liu, P. Gross, G. Merrill-Skoloff, J. Chou, E. Vandendries, A. Celi, K.
Croce, B. C. Furie, and B. Furie. 2003. "Accumulation of tissue factor into
developing thrombi in vivo is dependent upon microparticle P-selectin
glycoprotein ligand 1 and platelet P-selectin.” J Exp Med 197 (11):1585-98. doi:
10.1084/jem.20021868.

Falk, E. 1985. "Unstable angina with fatal outcome: dynamic coronary thrombosis
leading to infarction and/or sudden death. Autopsy evidence of recurrent mural
thrombosis with peripheral embolization culminating in total vascular occlusion.”
Circulation 71 (4):699-708.

Faraday, N., R. B. Scharpf, J. M. Dodd-o, E. A. Martinez, B. A. Rosenfeld, and T.
Dorman. 2001. "Leukocytes can enhance platelet-mediated aggregation and
thromboxane release via interaction of P-selectin glycoprotein ligand 1 with P-
selectin." Anesthesiology 94 (1):145-51.

Farhang, M., C. Miranda-Castillo, M. Rubio, and G. Furtado. 2019. "Impact of mind-
body interventions in older adults with mild cognitive impairment: a systematic
review." Int Psychogeriatr:1-24. doi: 10.1017/S1041610218002302.

Fenner, B. M. 2012. "Truncated TrkB: beyond a dominant negative receptor."
Cytokine Growth Factor Rev 23 (1-2):15-24. doi: 10.1016/j.cytogfr.2012.01.002.

Ference, B. A., J. J. P. Kastelein, H. N. Ginsberg, M. J. Chapman, S. J. Nicholls, K.
K. Ray, C. J. Packard, U. Laufs, R. D. Brook, C. Oliver-Williams, A. S.
Butterworth, J. Danesh, G. D. Smith, A. L. Catapano, and M. S. Sabatine. 2017.
"Association of Genetic Variants Related to CETP Inhibitors and Statins With
Lipoprotein Levels and Cardiovascular Risk." JAMA 318 (10):947-956. doi:
10.1001/jama.2017.11467.

Fitzgerald, D. J., L. Roy, F. Catella, and G. A. FitzGerald. 1986. "Platelet activation
in unstable coronary disease.” N Engl J Med 315 (16):983-9. doi:
10.1056/NEJM198610163151602.

Foltran, R. B., and S. L. Diaz. 2016. "BDNF isoforms: a round trip ticket between
neurogenesis and serotonin?" J Neurochem 138 (2):204-21. doi:
10.1111/jnc.13658.

Forooghian, F., L. Kojic, Q. Gu, and S. S. Prasad. 2001. "Identification of a novel
truncated isoform of trkB in the kitten primary visual cortex." J Mol Neurosci 17
(1):81-8. doi: 10.1385/JMN:17:1:81.

Fox, J. E. 1993. "The platelet cytoskeleton." Thromb Haemost 70 (6):884-93.

Freedman, J. E. 2005. "Molecular regulation of platelet-dependent thrombosis."
Circulation 112 (17):2725-34. doi: 10.1161/CIRCULATIONAHA.104.494468.

94



Bibliography

Freedman, J. E., M. G. Larson, K. Tanriverdi, C. J. O'Donnell, K. Morin, A. S.
Hakanson, R. S. Vasan, A. D. Johnson, M. D. lafrati, and E. J. Benjamin. 2010.
"Relation of platelet and leukocyte inflammatory transcripts to body mass index
in the Framingham heart study." Circulation 122 (2):119-29. doi:
10.1161/circulationaha.109.928192.

Freedman, J. E., B. Ting, B. Hankin, J. Loscalzo, J. F. Keaney, and J. A. Vita. 1998.
"Impaired platelet production of nitric oxide predicts presence of acute coronary
syndromes." Circulation 98 (15):1481-6.

Frodl, T., C. Schile, G. Schmitt, C. Born, T. Baghai, P. Zill, R. Bottlender, R.
Rupprecht, B. Bondy, M. Reiser, H. J. Mdller, and E. M. Meisenzahl. 2007.
"Association of the brain-derived neurotrophic factor Val66Met polymorphism
with reduced hippocampal volumes in major depression.” Arch Gen Psychiatry
64 (4):410-6. doi: 10.1001/archpsyc.64.4.410.

Fu, Y., N. Luo, and M. F. Lopes-Virella. 2000. "Oxidized LDL induces the expression
of ALBP/aP2 mRNA and protein in human THP-1 macrophages.” J Lipid Res 41
(12):2017-23.

Fujimura, H., C. A. Altar, R. Chen, T. Nakamura, T. Nakahashi, J. Kambayashi, B.
Sun, and N. N. Tandon. 2002. "Brain-derived neurotrophic factor is stored in
human platelets and released by agonist stimulation." Thromb Haemost 87
(4):728-34.

Furman, M. I, M. R. Barnard, L. A. Krueger, M. L. Fox, E. A. Shilale, D. M. Lessard,
P. Marchese, A. L. Frelinger, R. J. Goldberg, and A. D. Michelson. 2001.
"Circulating monocyte-platelet aggregates are an early marker of acute
myocardial infarction.” J Am Coll Cardiol 38 (4):1002-6.

Furuncuoglu, Y., S. Tulgar, A. N. Dogan, S. Cakar, Y. K. Tulgar, and B. Cakiroglu.
2016. "How obesity affects the neutrophil/lymphocyte and platelet/lymphocyte
ratio, systemic immune-inflammatory index and platelet indices: a retrospective
study." Eur Rev Med Pharmacol Sci 20 (7):1300-6.

Gachet, C. 2001. "ADP receptors of platelets and their inhibition." Thromb Haemost
86 (1):222-32.

Gasperin, Daniela, Gopalakrishnan Netuveli, Juvenal Soares Dias-da-Costa, and
Marcos Pascoal Pattussi. 2009. "Effect of psychological stress on blood pressure
increase: a meta-analysis of cohort studies." Cadernos de Saude Publica
25:715-726.

Gawaz, M., H. Langer, and A. E. May. 2005. "Platelets in inflammation and
atherogenesis." J Clin Invest 115 (12):3378-84. doi: 10.1172/JCI27196.

Gerra, G., A. Zaimovic, G. G. Mascetti, S. Gardini, U. Zambelli, M. Timpano, M. A.
Raggi, and F. Brambilla. 2001. "Neuroendocrine responses to experimentally-
induced psychological stress in healthy humans.” Psychoneuroendocrinology 26
(2):91-107.

Geuze, E., E. Vermetten, and J. D. Bremner. 2005. "MR-based in vivo hippocampal
volumetrics: 2. Findings in neuropsychiatric disorders." Mol Psychiatry 10
(2):160-84. doi: 10.1038/sj.mp.4001579.

Ghiadoni, L., A. E. Donald, M. Cropley, M. J. Mullen, G. Oakley, M. Taylor, G.
O'Connor, J. Betteridge, N. Klein, A. Steptoe, and J. E. Deanfield. 2000. "Mental
stress induces transient endothelial dysfunction in humans.” Circulation 102
(20):2473-8.

Giesen, P. L., U. Rauch, B. Bohrmann, D. Kling, M. Roqué, J. T. Fallon, J. J.
Badimon, J. Himber, M. A. Riederer, and Y. Nemerson. 1999. "Blood-borne tissue
factor: another view of thrombosis." Proc Natl Acad Sci U S A 96 (5):2311-5.

95



Bibliography

Girard, T. J., L. A. Warren, W. F. Novotny, K. M. Likert, S. G. Brown, J. P. Miletich,
and G. J. Broze. 1989. "Functional significance of the Kunitz-type inhibitory
domains of lipoprotein-associated coagulation inhibitor." Nature 338 (6215):518-
20. doi: 10.1038/338518a0.

Giummarra, M. J., A. Lennox, G. Dali, B. Costa, and B. J. Gabbe. 2018. "Early
psychological interventions for posttraumatic stress, depression and anxiety after
traumatic injury: A systematic review and meta-analysis." Clin Psychol Rev
62:11-36. doi: 10.1016/j.cpr.2018.05.001.

Gleeson, M. 2007. "Immune function in sport and exercise." J Appl Physiol (1985)
103 (2):693-9. doi: 10.1152/japplphysiol.00008.2007.

Goh, J., K. P. Goh, and A. Abbasi. 2016. "Exercise and Adipose Tissue
Macrophages: New Frontiers in Obesity Research?"  Front Endocrinol
(Lausanne) 7:65. doi: 10.3389/fendo.2016.00065.

Gottschalk, W. A., H. Jiang, N. Tartaglia, L. Feng, A. Figurov, and B. Lu. 1999.
"Signaling mechanisms mediating BDNF modulation of synaptic plasticity in the
hippocampus.” Learn Mem 6 (3):243-56.

Govindarajan, Arvind, B. S. Shankaranarayana Rao, Deepti Nair, Mimi Trinh, Nadya
Mawjee, Susumu Tonegawa, and Sumantra Chattarji. 2006. "Transgenic brain-
derived neurotrophic factor expression causes both anxiogenic and
antidepressant effects.” Proceedings of the National Academy of Sciences 103
(35):13208-13213. doi: 10.1073/pnas.0605180103.

Grainger, D. J., L. Wakefield, H. W. Bethell, R. W. Farndale, and J. C. Metcalfe.
1995. "Release and activation of platelet latent TGF-beta in blood clots during
dissolution with plasmin.”" Nat Med 1 (9):932-7.

Gray, J., G. S. Yeo, J. J. Cox, J. Morton, A. L. Adlam, J. M. Keogh, J. A. Yanovski,
A. El Gharbawy, J. C. Han, Y. C. Tung, J. R. Hodges, F. L. Raymond, S. O'rahilly,
and |. S. Farooqi. 2006. "Hyperphagia, severe obesity, impaired cognitive
function, and hyperactivity associated with functional loss of one copy of the
brain-derived neurotrophic factor (BDNF) gene." Diabetes 55 (12):3366-71. doi:
10.2337/db06-0550.

Grippo, A. J., and A. K. Johnson. 2002. "Biological mechanisms in the relationship
between depression and heart disease.” Neurosci Biobehav Rev 26 (8):941-62.

Gu, H. F., C. K. Tang, and Y. Z. Yang. 2012. "Psychological stress, immune
response, and atherosclerosis.” Atherosclerosis 223 (1):69-77. doi:
10.1016/j.atherosclerosis.2012.01.021.

Guiraud, T., M. Labrunee, K. Gaucher-Cazalis, F. Despas, P. Meyer, L. Bosquet, C.
Gales, A. Vaccaro, M. Bousquet, M. Galinier, J. M. Sénard, and A. Pathak. 2013.
"High-intensity interval exercise improves vagal tone and decreases arrhythmias
in chronic heart failure.” Med Sci Sports Exerc 45 (10):1861-7. doi:
10.1249/MSS.0b013e3182967559.

Gupta, S., R. Gudapati, K. Gaurav, and M. Bhise. 2013. "Emerging risk factors for
cardiovascular diseases: Indian context." Indian J Endocrinol Metab 17 (5):806-
14. doi: 10.4103/2230-8210.117212.

HAMBURGER, V., and R. LEVI-MONTALCINI. 1949. "Proliferation, differentiation
and degeneration in the spinal ganglia of the chick embryo under normal and
experimental conditions." J Exp Zool 111 (3):457-501.

Hamer, M., E. L. Gibson, R. Vuononvirta, E. Williams, and A. Steptoe. 2006.
"Inflammatory and hemostatic responses to repeated mental stress: individual
stability and habituation over time." Brain Behav Immun 20 (5):456-9. doi:
10.1016/j.bbi.2006.01.001.

96



Bibliography

Hamill, K. J., K. Kligys, S. B. Hopkinson, and J. C. Jones. 2009. "Laminin deposition
in the extracellular matrix: a complex picture emerges." J Cell Sci 122 (Pt
24):4409-17. doi: 10.1242/jcs.041095.

Hammen, C. 2005. "Stress and depression." Annu Rev Clin Psychol 1:293-319.
doi: 10.1146/annurev.clinpsy.1.102803.143938.

Han, J. C., Q. R. Liu, M. Jones, R. L. Levinn, C. M. Menzie, K. S. Jefferson-George,
D. C. Adler-Walles, E. L. Sanford, F. L. Lacbawan, G. R. Uhl, O. M. Rennert, and
J. A. Yanovski. 2008. "Brain-derived neurotrophic factor and obesity in the WAGR
syndrome.” N Engl J Med 359 (9):918-27. doi: 10.1056/NEJM0a0801119.

Hao, Z., X. Jiang, R. Sharafeih, S. Shen, A. R. Hand, R. E. Cone, and J. O'Rourke.
2005. "Stimulated release of tissue plasminogen activator from artery wall
sympathetic nerves: implications for stress-associated wall damage." Stress 8
(2):141-9. doi: 10.1080/10253890500168098.

Hasan, K. M., M. S. Rahman, K. M. Arif, and M. E. Sobhani. 2012. "Psychological
stress and aging: role of glucocorticoids (GCs)." Age (Dordr) 34 (6):1421-33. doi:
10.1007/s11357-011-9319-0.

Hashimoto, K. 2011. "The role of glutamate on the action of antidepressants.” Prog
Neuropsychopharmacol Biol Psychiatry 35 (7):1558-68. doi:
10.1016/).pnpbp.2010.06.013.

Hashimoto, K., E. Shimizu, and M. lyo. 2004. "Critical role of brain-derived
neurotrophic factor in mood disorders." Brain Res Brain Res Rev 45 (2):104-14.
doi: 10.1016/j.brainresrev.2004.02.003.

Havranek, E. P., M. S. Mujahid, D. A. Barr, I. V. Blair, M. S. Cohen, S. Cruz-Flores,
G. Davey-Smith, C. R. Dennison-Himmelfarb, M. S. Lauer, D. W. Lockwood, M.
Rosal, C. W. Yancy, and Council on Epidemiology and Prevention American
Heart Association Council on Quality of Care and Outcomes Research, Council
on Cardiovascular and Stroke Nursing, C.uncil on Lifestyle and Cardiometabolic
Health, and Stroke Council. 2015. "Social Determinants of Risk and Outcomes
for Cardiovascular Disease: A Scientific Statement From the American Heart
Association." Circulation 132 (9):873-98. doi: 10.1161/CIR.0000000000000228.

He, J., H. Gong, and Q. Luo. 2005. "BDNF acutely modulates synaptic transmission
and calcium signalling in developing cortical neurons.” Cell Physiol Biochem 16
(1-3):69-76. doi: 10.1159/000087733.

Heidt, T., H. B. Sager, G. Courties, P. Dutta, Y. lIwamoto, A. Zaltsman, C. von Zur
Muhlen, C. Bode, G. L. Fricchione, J. Denninger, C. P. Lin, C. Vinegoni, P. Libby,
F. K. Swirski, R. Weissleder, and M. Nahrendorf. 2014. "Chronic variable stress
activates hematopoietic stem cells." Nat Med 20 (7):754-758. doi:
10.1038/nm.3589.

Heilbronn, L., S. R. Smith, and E. Ravussin. 2004. "Failure of fat cell proliferation,
mitochondrial function and fat oxidation results in ectopic fat storage, insulin
resistance and type Il diabetes mellitus.” Int J Obes Relat Metab Disord 28 Suppl
4:S12-21. doi: 10.1038/s;j.ij0.0802853.

Hellhammer, D. H., S. Wist, and B. M. Kudielka. 2009. "Salivary cortisol as a
biomarker in stress research." Psychoneuroendocrinology 34 (2):163-71. doi:
10.1016/j.psyneuen.2008.10.026.

Heyman, E., F. X. Gamelin, M. Goekint, F. Piscitelli, B. Roelands, E. Leclair, V. Di
Marzo, and R. Meeusen. 2012. "Intense exercise increases circulating
endocannabinoid and BDNF levels in humans--possible implications for reward
and depression." Psychoneuroendocrinology 37  (6):844-51. doi:
10.1016/j.psyneuen.2011.09.017.

97



Bibliography

Hodgson, R. A., D. Mullins, S. X. Lu, M. Guzzi, X. Zhang, C. J. Bleickardt, J. D.
Scott, M. W. Miller, A. W. Stamford, E. M. Parker, and G. B. Varty. 2014.
"Characterization of a novel vasopressin V1b receptor antagonist, V1B-30N, in
animal models of anxiety-like and depression-like behavior." Eur J Pharmacol
730:157-63. doi: 10.1016/j.ejphar.2014.02.027.

Holsboer, F. 2000. "The corticosteroid receptor hypothesis of depression.”
Neuropsychopharmacology 23 (5):477-501. doi: 10.1016/S0893-
133X(00)00159-7.

Hosang, G. M., C. Shiles, K. E. Tansey, P. McGuffin, and R. Uher. 2014. "Interaction
between stress and the BDNF Val66Met polymorphism in depression: a
systematic review and meta-analysis." BMC Med 12:7. doi: 10.1186/1741-7015-
12-7.

Hu, H., L. Zhu, Z. Huang, Q. Ji, M. Chatterjee, W. Zhang, and N. Li. 2010. "Platelets
enhance lymphocyte adhesion and infiltration into arterial thrombus.” Thromb
Haemost 104 (6):1184-92. doi: 10.1160/TH10-05-0308.

Huang, E. J., and L. F. Reichardt. 2001. "Neurotrophins: roles in neuronal
development and function." Annu Rev Neurosci 24:677-736. doi:
10.1146/annurev.neuro.24.1.677.

Huang, E. J., and L. F. Reichardt. 2003. "Trk receptors: roles in neuronal signal
transduction.” Annu Rev Biochem 72:609-42. doi:
10.1146/annurev.biochem.72.121801.161629.

Huang, J. L., Y. L. Zhang, C. C. Wang, J. R. Zhou, Q. Ma, X. Wang, X. H. Shen,
and C. L. Jiang. 2012. "Enhanced phosphorylation of MAPKs by NE promotes
TNF-a production by macrophage through a adrenergic receptor." Inflammation
35 (2):527-34. doi: 10.1007/s10753-011-9342-4.

Huffman, J. C., C. M. Celano, S. R. Beach, S. R. Motiwala, and J. L. Januzzi. 2013.
"Depression and cardiac disease: epidemiology, mechanisms, and diagnosis."
Cardiovasc Psychiatry Neurol 2013:695925. doi: 10.1155/2013/695925.

Huo, Y., A. Schober, S. B. Forlow, D. F. Smith, M. C. Hyman, S. Jung, D. R. Littman,
C. Weber, and K. Ley. 2003. "Circulating activated platelets exacerbate
atherosclerosis in mice deficient in apolipoprotein E." Nat Med 9 (1):61-7. doi:
10.1038/nm810.

leraci, A., A. |. Madaio, A. Mallei, F. S. Lee, and M. Popoli. 2016. "Brain-Derived
Neurotrophic Factor Val66Met Human Polymorphism Impairs the Beneficial
Exercise-Induced Neurobiological Changes in Mice."
Neuropsychopharmacology 41 (13):3070-3079. doi: 10.1038/npp.2016.120.

Italiano, J. E., J. L. Richardson, S. Patel-Hett, E. Battinelli, A. Zaslavsky, S. Short,
S. Ryeom, J. Folkman, and G. L. Klement. 2008. "Angiogenesis is regulated by
a novel mechanism: pro- and antiangiogenic proteins are organized into separate
platelet alpha granules and differentially released.” Blood 111 (3):1227-33. doi:
10.1182/blood-2007-09-113837.

Italiano, J. E., and R. A. Shivdasani. 2003. "Megakaryocytes and beyond: the birth
of platelets.” J Thromb Haemost 1 (6):1174-82.

Jeong, J. Y., D. H. Lee, and S. S. Kang. 2013. "Effects of chronic restraint stress on
body weight, food intake, and hypothalamic gene expressions in mice."
Endocrinol Metab (Seoul) 28 (4):288-96. doi: 10.3803/EnM.2013.28.4.288.

Jern, C., E. Eriksson, L. Tengborn, B. Risberg, H. Wadenvik, and S. Jern. 1989.
"Changes of plasma coagulation and fibrinolysis in response to mental stress.”
Thromb Haemost 62 (2):767-71.

Jernas, M., J. Palming, K. Sjoholm, E. Jennische, P. A. Svensson, B. G.
Gabrielsson, M. Levin, A. Sjoégren, M. Rudemo, T. C. Lystig, B. Carlsson, L. M.

98



Bibliography

Carlsson, and M. L6nn. 2006. "Separation of human adipocytes by size:
hypertrophic fat cells display distinct gene expression." FASEB J 20 (9):1540-2.
doi: 10.1096/fj.05-5678fje.

Jiang, H., Y. Liu, Y. Zhang, and Z. Y. Chen. 2011. "Association of plasma brain-
derived neurotrophic factor and cardiovascular risk factors and prognosis in
angina pectoris." Biochem Biophys Res Commun 415 (1):99-103. doi:
10.1016/j.bbrc.2011.10.020.

Jiang, H., R. Wang, Y. Liu, Y. Zhang, and Z. Y. Chen. 2009. "BDNF Val66Met
polymorphism is associated with unstable angina.”" Clin Chim Acta 400 (1-2):3-
7. doi: 10.1016/j.cca.2008.10.017.

Jiang, R., M. A. Babyak, B. H. Brummett, E. R. Hauser, S. H. Shah, R. C. Becker, I.
C. Siegler, A. Singh, C. Haynes, M. Chryst-Ladd, D. M. Craig, and R. B. Williams.
2017. "Brain-derived neurotrophic factor rs6265 (Val66Met) polymorphism is
associated with disease severity and incidence of cardiovascular events in a
patient cohort.” Am Heart J 190:40-45. doi: 10.1016/j.ahj.2017.05.002.

Jiang, W., R. R. Krishnan, and C. M. O'Connor. 2002. "Depression and heart
disease: evidence of a link, and its therapeutic implications.” CNS Drugs 16
(2):111-27. doi: 10.2165/00023210-200216020-00004.

Joynt, K. E., D. J. Whellan, and C. M. O'Connor. 2003. "Depression and
cardiovascular disease: mechanisms of interaction.” Biol Psychiatry 54 (3):248-
61.

Jurk, K., K. J. Clemetson, P. G. de Groot, M. F. Brodde, M. Steiner, N. Savion, D.
Varon, J. J. Sixma, H. Van Aken, and B. E. Kehrel. 2003. "Thrombospondin-1
mediates platelet adhesion at high shear via glycoprotein Ib (GPIb): an
alternative/backup mechanism to von Willebrand factor." FASEB J 17 (11):1490-
2. doi: 10.1096/f}.02-0830fje.

Jurk, K., and B. E. Kehrel. 2005. "Platelets: physiology and biochemistry." Semin
Thromb Hemost 31 (4):381-92. doi: 10.1055/s-2005-916671.

Kaess, B. M., S. R. Preis, W. Lieb, A. S. Beiser, Q. Yang, T. C. Chen, C.
Hengstenberg, J. Erdmann, H. Schunkert, S. Seshadri, R. S. Vasan, T. L.
Assimes, P. Deloukas, H. Holm, S. Kathiresan, I. R. Kdnig, R. McPherson, M. P.
Reilly, R. Roberts, N. J. Samani, A. F. Stewart, and CARDIoOGRAM. 2015.
"Circulating brain-derived neurotrophic factor concentrations and the risk of
cardiovascular disease in the community." J Am Heart Assoc 4 (3):e001544. doi:
10.1161/JAHA.114.001544.

Kaplan, D. R., and F. D. Miller. 2000. "Neurotrophin signal transduction in the
nervous system.” Curr Opin Neurobiol 10 (3):381-91.

Karege, F., G. Bondolfi, N. Gervasoni, M. Schwald, J. M. Aubry, and G. Bertschy.
2005. "Low brain-derived neurotrophic factor (BDNF) levels in serum of
depressed patients probably results from lowered platelet BDNF release
unrelated to platelet reactivity." Biol Psychiatry 57 (9):1068-72. doi:
10.1016/j.biopsych.2005.01.008.

Karrenbauer, B. D., C. P. Mdller, Y. J. Ho, R. Spanagel, J. P. Huston, R. K.
Schwarting, and C. R. Pawlak. 2011. "Time-dependent in-vivo effects of
interleukin-2 on neurotransmitters in various cortices: relationships with
depressive-related and anxiety-like behaviour." J Neuroimmunol 237 (1-2):23-
32. doi: 10.1016/j.jneuroim.2011.05.011.

Kashyap, M. P., C. Roberts, M. Waseem, and P. Tyagi. 2018. "Drug Targets in
Neurotrophin Signaling in the Central and Peripheral Nervous System." Mol
Neurobiol 55 (8):6939-6955. doi: 10.1007/s12035-018-0885-3.

99



Bibliography

Kaster, M. P., V. M. Gadotti, J. B. Calixto, A. R. Santos, and A. L. Rodrigues. 2012.
"Depressive-like behavior induced by tumor necrosis factor-a in mice."
Neuropharmacology 62 (1):419-26. doi: 10.1016/j.neuropharm.2011.08.018.

Katoh-Semba, R., I. K. Takeuchi, R. Semba, and K. Kato. 1997. "Distribution of
brain-derived neurotrophic factor in rats and its changes with development in the
brain." J Neurochem 69 (1):34-42.

Kawano, H., H. Tsuji, H. Nishimura, S. Kimura, S. Yano, N. Ukimura, Y. Kunieda,
M. Yoshizumi, T. Sugano, K. Nakagawa, H. Masuda, S. Sawada, and M.
Nakagawa. 2001. "Serotonin induces the expression of tissue factor and
plasminogen activator inhibitor-1 in cultured rat aortic endothelial cells." Blood
97 (6):1697-702.

Kermani, P., and B. Hempstead. 2007. "Brain-derived neurotrophic factor: a newly
described mediator of angiogenesis.” Trends Cardiovasc Med 17 (4):140-3. doi:
10.1016/j.tcm.2007.03.002.

Kermani, P., D. Rafii, D. K. Jin, P. Whitlock, W. Schaffer, A. Chiang, L. Vincent, M.
Friedrich, K. Shido, N. R. Hackett, R. G. Crystal, S. Rafii, and B. L. Hempstead.
2005. "Neurotrophins promote revascularization by local recruitment of TrkB+
endothelial cells and systemic mobilization of hematopoietic progenitors.” J Clin
Invest 115 (3):653-63. doi: 10.1172/JCI122655.

Kernie, S. G., D. J. Liebl, and L. F. Parada. 2000. "BDNF regulates eating behavior
and locomotor activity in mice." EMBO J 19 (6):1290-300. doi:
10.1093/emb0j/19.6.1290.

Kerschensteiner, M., E. Gallmeier, L. Behrens, V. V. Leal, T. Misgeld, W. E. Klinkert,
R. Kolbeck, E. Hoppe, R. L. Oropeza-Wekerle, |. Bartke, C. Stadelmann, H.
Lassmann, H. Wekerle, and R. Hohlfeld. 1999. "Activated human T cells, B cells,
and monocytes produce brain-derived neurotrophic factor in vitro and in
inflammatory brain lesions: a neuroprotective role of inflammation?" J Exp Med
189 (5):865-70.

Kessler, T., B. Vilne, and H. Schunkert. 2016. "The impact of genome-wide
association studies on the pathophysiology and therapy of cardiovascular
disease." EMBO Mol Med 8 (7):688-701. doi: 10.15252/emmm.201506174.

Kim, S. M., M. Lun, M. Wang, S. E. Senyo, C. Guillermier, P. Patwari, and M. L.
Steinhauser. 2014. "Loss of white adipose hyperplastic potential is associated
with enhanced susceptibility to insulin resistance.” Cell Metab 20 (6):1049-58.
doi: 10.1016/j.cmet.2014.10.010.

Kjgbsted, R., J. R. Hingst, J. Fentz, M. Foretz, M. N. Sanz, C. Pehmgller, M. Shum,
A. Marette, R. Mounier, J. T. Treebak, J. F. P. Wojtaszewski, B. Viollet, and L.
Lantier. 2018. "AMPK in skeletal muscle function and metabolism." FASEB J 32
(4):1741-1777. doi: 10.1096/f].201700442R.

Klein, R., D. Conway, L. F. Parada, and M. Barbacid. 1990. "The trkB tyrosine
protein kinase gene codes for a second neurogenic receptor that lacks the
catalytic kinase domain." Cell 61 (4):647-56.

Konstantopoulos, K., S. Neelamegham, A. R. Burns, E. Hentzen, G. S. Kansas, K.
R. Snapp, E. L. Berg, J. D. Hellums, C. W. Smith, L. V. Mclntire, and S. I. Simon.
1998. "Venous levels of shear support neutrophil-platelet adhesion and neutrophil
aggregation in blood via P-selectin and beta2-integrin." Circulation 98 (9):873-
82.

Koo, J. W., and R. S. Duman. 2009. "Evidence for IL-1 receptor blockade as a
therapeutic strategy for the treatment of depression.” Curr Opin Investig Drugs
10 (7):664-71.

100



Bibliography

Koudouovoh-Tripp, P., and B. Sperner-Unterweger. 2012. "Influence of mental
stress on platelet bioactivity." World J Psychiatry 2 (6):134-47. doi:
10.5498/wijp.v2.i6.134.

Kowianski, P., G. Lietzau, E. Czuba, M. Waskow, A. Steliga, and J. Mory$. 2018.
"BDNF: A Key Factor with Multipotent Impact on Brain Signaling and Synaptic
Plasticity." Cell Mol Neurobiol 38 (3):579-593. doi: 10.1007/s10571-017-0510-4.

Kraus, N. A., F. Ehebauer, B. Zapp, B. Rudolphi, B. J. Kraus, and D. Kraus. 2016.
"Quantitative assessment of adipocyte differentiation in cell culture." Adipocyte
5 (4):351-358. doi: 10.1080/21623945.2016.1240137.

Kuper, H., M. Marmot, and H. Hemingway. 2002. "Systematic review of prospective
cohort studies of psychosocial factors in the etiology and prognosis of coronary
heart disease.” Semin Vasc Med 2 (3):267-314. doi: 10.1055/s-2002-35401.

Lafontan, M., M. Berlan, V. Stich, F. Crampes, D. Riviere, I. De Glisezinski, C.
Sengenes, and J. Galitzky. 2002. "Recent data on the regulation of lipolysis by
catecholamines and natriuretic peptides.” Ann Endocrinol (Paris) 63 (2 Pt 1):86-
90.

Lakshminarasimhan, H., and S. Chattarji. 2012. "Stress leads to contrasting effects
on the levels of brain derived neurotrophic factor in the hippocampus and
amygdala." PLoS One 7 (1):e30481. doi: 10.1371/journal.pone.0030481.

Lambert, M. P., B. S. Sachais, and M. A. Kowalska. 2007. "Chemokines and
thrombogenicity." Thromb Haemost 97 (5):722-9.

Lang, U. E., R. Hellweg, T. Sander, and J. Gallinat. 2009. "The Met allele of the
BDNF Val66Met polymorphism is associated with increased BDNF serum
concentrations." Mol Psychiatry 14 (2):120-2. doi: 10.1038/mp.2008.80.

Leal, L. G., M. A. Lopes, and M. L. Batista. 2018. "Physical Exercise-Induced
Myokines and Muscle-Adipose Tissue Crosstalk: A Review of Current Knowledge
and the Implications for Health and Metabolic Diseases." Front Physiol 9:1307.
doi: 10.3389/fphys.2018.01307.

Leavitt, Andrew D. 2007. "What for platelet factor 4?" Blood 110 (4):1090-1090. doi:
10.1182/blood-2007-05-091363.

Lebrun, B., B. Bariohay, E. Moyse, and A. Jean. 2006. "Brain-derived neurotrophic
factor (BDNF) and food intake regulation: a minireview." Auton Neurosci 126-
127:30-8. doi: 10.1016/j.autneu.2006.02.027.

Lee, C. D., A. S. Jackson, and S. N. Blair. 1998. "US weight guidelines: is it also
important to consider cardiorespiratory fitness?" Int J Obes Relat Metab Disord
22 Suppl 2:S2-7.

Lee, R., P. Kermani, K. K. Teng, and B. L. Hempstead. 2001. "Regulation of cell
survival by secreted proneurotrophins.” Science 294 (5548):1945-8. doi:
10.1126/science.1065057.

Lee, S., G. A. Colditz, L. F. Berkman, and I. Kawachi. 2003. "Caregiving and risk of
coronary heart disease in U.S. women: a prospective study.” Am J Prev Med 24
(2):113-9.

Lee, Y. H., S. Y. Chen, R. J. Wiesner, and Y. F. Huang. 2004. "Simple flow
cytometric method used to assess lipid accumulation in fat cells.” J Lipid Res 45
(6):1162-7. doi: 10.1194/jIr.D300028-JLR200.

Leibrock, J., F. Lottspeich, A. Hohn, M. Hofer, B. Hengerer, P. Masiakowski, H.
Thoenen, and Y. A. Barde. 1989. "Molecular cloning and expression of brain-
derived neurotrophic factor." Nature 341 (6238):149-52. doi: 10.1038/341149a0.

Lencz, T., R. H. Lipsky, P. DeRosse, K. E. Burdick, J. M. Kane, and A. K. Malhotra.
2009. "Molecular differentiation of schizoaffective disorder from schizophrenia

101



Bibliography

using BDNF haplotypes.” Br J Psychiatry 194 (4):313-8. doi:
10.1192/bjp.bp.108.050401.

Li, A. C., C. J. Binder, A. Gutierrez, K. K. Brown, C. R. Plotkin, J. W. Pattison, A. F.
Valledor, R. A. Davis, T. M. Willson, J. L. Witztum, W. Palinski, and C. K. Glass.
2004. "Differential inhibition of macrophage foam-cell formation and
atherosclerosis in mice by PPARalpha, beta/delta, and gamma." J Clin Invest
114 (11):1564-76. doi: 10.1172/jci18730.

Li, G., Y. L. Xu, F. Ling, A. J. Liu, D. Wang, Q. Wang, and Y. L. Liu. 2012.
"Angiotensin-converting enzyme 2 activation protects against pulmonary arterial
hypertension through improving early endothelial function and mediating
cytokines levels." Chin Med J (Engl) 125 (8):1381-8.

Lievens, D., A. Zernecke, T. Seijkens, O. Soehnlein, L. Beckers, I. C. Munnix, E.
Wijnands, P. Goossens, R. van Kruchten, L. Thevissen, L. Boon, R. A. Flavell, R.
J. Noelle, N. Gerdes, E. A. Biessen, M. J. Daemen, J. W. Heemskerk, C. Weber,
and E. Lutgens. 2010. "Platelet CD40L mediates thrombotic and inflammatory
processes in atherosclerosis.” Blood 116 (20):4317-27. doi: 10.1182/blood-2010-
01-261206.

Lira, V. A., C. R. Benton, Z. Yan, and A. Bonen. 2010. "PGC-1lalpha regulation by
exercise training and its influences on muscle function and insulin sensitivity."
Am J Physiol Endocrinol Metab 299 (2):E145-61. doi:
10.1152/ajpendo.00755.2009.

Liu, Y. Q., G. B. Su, C. H. Duan, J. H. Wang, H. M. Liu, N. Feng, Q. X. Wang, X. E.
Liu, and J. Zhang. 2014. "Brain-derived neurotrophic factor gene polymorphisms
are associated with coronary artery disease-related depression and
antidepressant response.” Mol Med Rep 10 (6):3247-53. doi:
10.3892/mmr.2014.2638.

Lloyd, A., R. White, C. Eames, and R. Crane. 2018. "The Utility of Home-Practice in
Mindfulness-Based Group Interventions: A Systematic Review." Mindfulness (N
Y) 9 (3):673-692. doi: 10.1007/s12671-017-0813-z.

Lloyd, B. A., H. S. Hake, T. Ishiwata, C. E. Farmer, E. C. Loetz, M. Fleshner, S. T.
Bland, and B. N. Greenwood. 2017. "Exercise increases mTOR signaling in brain
regions involved in cognition and emotional behavior." Behav Brain Res 323:56-
67. doi: 10.1016/j.bbr.2017.01.033.

Lorgis, L., S. Amoureux, C. Vergely, M. Zeller, Y. Cottin, and L. Rochette. 2009.
"[Brain-Derived Neurotrophic Factor (BDNF): role of this neurotrophin in
cardiovascular physiopathology].” Ann Cardiol Angeiol (Paris) 58 (2):99-103. doi:
10.1016/j.ancard.2008.11.001.

Lou, H., S. K. Kim, E. Zaitsev, C. R. Snell, B. Lu, and Y. P. Loh. 2005. "Sorting and
activity-dependent secretion of BDNF require interaction of a specific motif with
the sorting receptor carboxypeptidase e." Neuron 45 (2):245-55. doi:
10.1016/j.neuron.2004.12.037.

Lu, B. 2003. "BDNF and activity-dependent synaptic modulation." Learn Mem 10
(2):86-98. doi: 10.1101/Im.54603.

Lu, B., G. Nagappan, X. Guan, P. J. Nathan, and P. Wren. 2013. "BDNF-based
synaptic repair as a disease-modifying strategy for neurodegenerative diseases."
Nat Rev Neurosci 14 (6):401-16. doi: 10.1038/nrn3505.

Lu, B., P. T. Pang, and N. H. Woo. 2005. "The yin and yang of neurotrophin action."
Nat Rev Neurosci 6 (8):603-14. doi: 10.1038/nrn1726.

Lyons, W. E., L. A. Mamounas, G. A. Ricaurte, V. Coppola, S. W. Reid, S. H. Bora,
C. Wihler, V. E. Koliatsos, and L. Tessarollo. 1999. "Brain-derived neurotrophic
factor-deficient mice develop aggressiveness and hyperphagia in conjunction

102



Bibliography

with brain serotonergic abnormalities.” Proc Natl Acad Sci U S A 96 (26):15239-
44. doi: 10.1073/pnas.96.26.15239.

Laszlo, Andrea, Lilla Lénart, Lilla lllésy, Andrea Fekete, and JAnos Nemcsik. 2019.
"The role of neurotrophins in psychopathology and cardiovascular diseases:
psychosomatic connections.” Journal of Neural Transmission 126 (3):265-278.
doi: 10.1007/s00702-019-01973-6.

Langberg, E. C., M. Seed Ahmed, S. Efendic, H. F. Gu, and C. G. Ostenson. 2013.
"Genetic association of adrenergic receptor alpha 2A with obesity and type 2
diabetes." Obesity (Silver Spring) 21 (8):1720-5. doi: 10.1002/0by.20162.

MACFARLANE, R. G. 1964. "AN ENZYME CASCADE IN THE BLOOD CLOTTING
MECHANISM, AND ITS FUNCTION AS A BIOCHEMICAL AMPLIFIER." Nature
202:498-9.

Mach, F., U. Schonbeck, J. Y. Bonnefoy, J. S. Pober, and P. Libby. 1997. "Activation
of monocyte/macrophage functions related to acute atheroma complication by
ligation of CD40: induction of collagenase, stromelysin, and tissue factor."
Circulation 96 (2):396-9.

Maggirwar, S. B., P. D. Sarmiere, S. Dewhurst, and R. S. Freeman. 1998. "Nerve
growth factor-dependent activation of NF-kappaB contributes to survival of
sympathetic neurons.” J Neurosci 18 (24):10356-65.

Mahmood, S. S., D. Levy, R. S. Vasan, and T. J. Wang. 2014. "The Framingham
Heart Study and the epidemiology of cardiovascular disease: a historical
perspective." Lancet 383 (9921):999-1008. doi: 10.1016/S0140-6736(13)61752-
3.

Maisonpierre, P. C., L. Belluscio, B. Friedman, R. F. Alderson, S. J. Wiegand, M. E.
Furth, R. M. Lindsay, and G. D. Yancopoulos. 1990. "NT-3, BDNF, and NGF in
the developing rat nervous system: parallel as well as reciprocal patterns of
expression.” Neuron 5 (4):501-9.

Maisonpierre, P. C., M. M. Le Beau, R. Espinosa, N. Y. Ip, L. Belluscio, S. M. de la
Monte, S. Squinto, M. E. Furth, and G. D. Yancopoulos. 1991. "Human and rat
brain-derived neurotrophic factor and neurotrophin-3: gene structures,
distributions, and chromosomal localizations." Genomics 10 (3):558-68.

Mancas, S., G. Mihalas, D. Gaita, S. Dragan, D. M. Duda-Seiman, C. A. Sarau, L.
Noveanu, B. Petcov, G. Mancas, V. lonescu, and M. Pacurar. 2008.
"Environmental factors and cardiovascular risk in young individuals." Rom J
Intern Med 46 (1):69-75.

Maniji, H. K., W. C. Drevets, and D. S. Charney. 2001. "The cellular neurobiology of
depression.” Nat Med 7 (5):541-7. doi: 10.1038/87865.

Manni, L., V. Nikolova, D. Vyagova, G. N. Chaldakov, and L. Aloe. 2005. "Reduced
plasma levels of NGF and BDNF in patients with acute coronary syndromes.” Int
J Cardiol 102 (1):169-71. doi: 10.1016/j.ijcard.2004.10.041.

Martens, K., A. Bottelbergs, and M. Baes. 2010. "Ectopic recombination in the
central and peripheral nervous system by aP2/FABP4-Cre mice: implications for
metabolism research.” FEBS Lett 584 (5):1054-8. doi:
10.1016/j.febslet.2010.01.061.

Mathers, C. D., and D. Loncar. 2006. "Projections of global mortality and burden of
disease from 2002 to 2030." PLoS Med 3 (11):e442. doi:
10.1371/journal.pmed.0030442.

Maurer, L. M., B. R. Tomasini-Johansson, and D. F. Mosher. 2010. "Emerging roles
of fibronectin in thrombosis." Thromb Res 125 (4):287-91. doi:
10.1016/j.thromres.2009.12.017.

103



Bibliography

Mausbach, B. T., S. K. Roepke, M. G. Ziegler, M. Milic, R. von Kanel, J. E. Dimsdale,
P. J. Mills, T. L. Patterson, M. A. Allison, S. Ancoli-Israel, and I. Grant. 2010.
"Association between chronic caregiving stress and impaired endothelial function
in the elderly." J Am Coll Cardiol 55 (23):2599-606. doi:
10.1016/j.jacc.2009.11.093.

McAllister, A. K., L. C. Katz, and D. C. Lo. 1999. "Neurotrophins and synaptic
plasticity." Annu Rev Neurosci 22:295-318. doi:
10.1146/annurev.neuro.22.1.295.

McEwen, B. S. 2007. "Physiology and neurobiology of stress and adaptation: central
role of the brain." Physiol Rev 87 (3):873-904. doi: 10.1152/physrev.00041.2006.

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. 2015. "Genetic risk,
coronary heart disease events, and the clinical benefit of statin therapy: an
analysis of primary and secondary prevention trials.” Lancet 385 (9984):2264-
2271. doi: 10.1016/S0140-6736(14)61730-X.

Merten, M., T. Chow, J. D. Hellums, and P. Thiagarajan. 2000. "A new role for P-
selectin in shear-induced platelet aggregation.” Circulation 102 (17):2045-50.
Middelkamp, J., M. van Rooijen, P. Wolfhagen, and B. Steenbergen. 2017. "The
Effects of a Self-Efficacy Intervention on Exercise Behavior of Fithess Club
Members in 52 Weeks and Long-Term Relationships of Transtheoretical Model

Constructs.” J Sports Sci Med 16 (2):163-171.

Mikkelsen, K., L. Stojanovska, M. Polenakovic, M. Bosevski, and V. Apostolopoulos.
2017. "Exercise and mental health." Maturitas 106:48-56. doi:
10.1016/j.maturitas.2017.09.003.

Miller, A. H., V. Maletic, and C. L. Raison. 2009. "Inflammation and its discontents:
the role of cytokines in the pathophysiology of major depression.” Biol Psychiatry
65 (9):732-41. doi: 10.1016/j.biopsych.2008.11.029.

Mizui, T., Y. Ishikawa, H. Kumanogoh, and M. Kojima. 2016. "Neurobiological
actions by three distinct subtypes of brain-derived neurotrophic factor: Multi-
ligand model of growth factor signaling.” Pharmacol Res 105:93-8. doi:
10.1016/j.phrs.2015.12.019.

Momose, Y., M. Murata, K. Kobayashi, M. Tachikawa, Y. Nakabayashi, I.
Kanazawa, and T. Toda. 2002. "Association studies of multiple candidate genes
for Parkinson's disease using single nucleotide polymorphisms.” Ann Neurol 51
(1):133-6.

Montag, C., M. Reuter, B. Newport, C. Elger, and B. Weber. 2008. "The BDNF
Val66Met polymorphism affects amygdala activity in response to emotional
stimuli: evidence from a genetic imaging study.” Neuroimage 42 (4):1554-9. doi:
10.1016/j.neuroimage.2008.06.008.

Monteleone, P., and M. Maj. 2013. "Dysfunctions of leptin, ghrelin, BDNF and
endocannabinoids in eating disorders: beyond the homeostatic control of food
intake." Psychoneuroendocrinology 38 (3):312-30. doi:
10.1016/j.psyneuen.2012.10.021.

Moro, C., J. Polak, B. Richterova, C. Sengenés, T. Pelikanova, J. Galitzky, V. Stich,
M. Lafontan, and M. Berlan. 2005. "Differential regulation of atrial natriuretic
peptide- and adrenergic receptor-dependent lipolytic pathways in human adipose
tissue." Metabolism 54 (1):122-31.

Mostofsky, E., E. A. Penner, and M. A. Mittleman. 2014. "Outbursts of anger as a
trigger of acute cardiovascular events: a systematic review and meta-analysis."
Eur Heart J 35 (21):1404-10. doi: 10.1093/eurheartj/ehu033.

104



Bibliography

Mowla, S. J., H. F. Farhadi, S. Pareek, J. K. Atwal, S. J. Morris, N. G. Seidah, and
R. A. Murphy. 2001. "Biosynthesis and post-translational processing of the
precursor to brain-derived neurotrophic factor.” J Biol Chem 276 (16):12660-6.
doi: 10.1074/jbc.M008104200.

Mubhlfelder, T. W., V. Teodorescu, J. Rand, A. Rosman, and J. Niemetz. 1999.
"Human atheromatous plaque extracts induce tissue factor activity (TFa) in
monocytes and also express constitutive TFa." Thromb Haemost 81 (1):146-50.

Munnix, I. C., K. Gilio, P. R. Siljander, N. Raynal, M. A. Feijge, T. M. Hackeng, H.
Deckmyn, P. A. Smethurst, R. W. Farndale, and J. W. Heemskerk. 2008.
"Collagen-mimetic peptides mediate flow-dependent thrombus formation by high-
or low-affinity binding of integrin alpha2betal and glycoprotein VI." J Thromb
Haemost 6 (12):2132-42. doi: 10.1111/j.1538-7836.2008.03167.x.

Murugappan, S., H. Shankar, and S. P. Kunapuli. 2004. "Platelet receptors for
adenine nucleotides and thromboxane A2." Semin Thromb Hemost 30 (4):411-
8. doi: 10.1055/s-2004-833476.

Mohler, H. 2012. "The GABA system in anxiety and depression and its therapeutic
potential.” Neuropharmacology 62 (1):42-53. doi:
10.1016/j.neuropharm.2011.08.040.

Mdller, D. J., V. de Luca, T. Sicard, N. King, J. Strauss, and J. L. Kennedy. 2006.
"Brain-derived neurotrophic factor (BDNF) gene and rapid-cycling bipolar
disorder: family-based association study." Br J Psychiatry 189:317-23. doi:
10.1192/bjp.bp.105.010587.

Nadrowski, P., J. Chudek, M. Skrzypek, M. Puzianowska-Kuznicka, M.
Mossakowska, A. Wiecek, T. Zdrojewski, T. Grodzicki, and K. Kozakiewicz. 2016.
"Associations between cardiovascular disease risk factors and IL-6 and hsCRP
levels in the elderly." Exp Gerontol 85:112-117. doi:
10.1016/).exger.2016.10.001.

Nagahara, A. H., and M. H. Tuszynski. 2011. "Potential therapeutic uses of BDNF
in neurological and psychiatric disorders.”" Nat Rev Drug Discov 10 (3):209-19.
doi: 10.1038/nrd3366.

Nakagomi, A., S. Okada, M. Yokoyama, Y. Yoshida, I. Shimizu, T. Miki, Y.
Kobayashi, and T. Minamino. 2015. "Role of the central nervous system and
adipose tissue BDNF/TrkB axes in metabolic regulation.” NPJ Aging Mech Dis
1:15009. doi: 10.1038/npjamd.2015.9.

Nakazato, M., K. Hashimoto, E. Shimizu, T. Niitsu, and M. lyo. 2012. "Possible
involvement of brain-derived neurotrophic factor in eating disorders.” IUBMB Life
64 (5):355-61. doi: 10.1002/iub.1012.

Neumann, F. J., N. Marx, M. Gawaz, K. Brand, I. Ott, C. Rokitta, C. Sticherling, C.
Meinl, A. May, and A. Schomig. 1997. "Induction of cytokine expression in
leukocytes by binding of thrombin-stimulated platelets." Circulation 95 (10):2387-
94.

Neves-Pereira, M., J. K. Cheung, A. Pasdar, F. Zhang, G. Breen, P. Yates, M.
Sinclair, C. Crombie, N. Walker, and D. M. St Clair. 2005. "BDNF gene is a risk
factor for schizophrenia in a Scottish population." Mol Psychiatry 10 (2):208-12.
doi: 10.1038/sj.mp.4001575.

Ni, H., P. S. Yuen, J. M. Papalia, J. E. Trevithick, T. Sakai, R. Fassler, R. O. Hynes,
and D. D. Wagner. 2003. "Plasma fibronectin promotes thrombus growth and
stability in injured arterioles." Proc Natl Acad Sci U S A 100 (5):2415-9. doi:
10.1073/pnas.2628067100.

Nielsen, M. S., P. Madsen, E. I. Christensen, A. Nykjaer, J. Gliemann, D. Kasper,
R. Pohlmann, and C. M. Petersen. 2001. "The sortilin cytoplasmic tail conveys

105



Bibliography

Golgi-endosome transport and binds the VHS domain of the GGA2 sorting
protein." EMBO J 20 (9):2180-90. doi: 10.1093/emb0j/20.9.2180.

Nieswandt, B., D. Varga-Szabo, and M. Elvers. 2009. "Integrins in platelet
activation." J Thromb Haemost 7 Suppl 1:206-9. doi: 10.1111/}.1538-
7836.2009.03370.x.

Noble, E. E., C. J. Billington, C. M. Kotz, and C. Wang. 2011. "The lighter side of
BDNF." Am J Physiol Regul Integr Comp Physiol 300 (5):R1053-69. doi:
10.1152/ajpregu.00776.2010.

Nockher, W. A., and H. Renz. 2005. "Neurotrophins in clinical diagnostics:
pathophysiology and laboratory investigation." Clin Chim Acta 352 (1-2):49-74.
doi: 10.1016/j.cccn.2004.10.002.

Nording, H. M., P. Seizer, and H. F. Langer. 2015. "Platelets in inflammation and
atherogenesis." Front Immunol 6:98. doi: 10.3389/fimmu.2015.00098.

Nykjaer, A., R. Lee, K. K. Teng, P. Jansen, P. Madsen, M. S. Nielsen, C. Jacobsen,
M. Kliemannel, E. Schwarz, T. E. Willnow, B. L. Hempstead, and C. M. Petersen.
2004. "Sortilin is essential for proNGF-induced neuronal cell death." Nature 427
(6977):843-8. doi: 10.1038/nature02319.

Odrowaz-Sypniewska, G. 2007. "Markers of pro-inflammatory and pro-thrombotic
state in the diagnosis of metabolic syndrome." Adv Med Sci 52:246-50.

Ohira, K., K. Shimizu, and M. Hayashi. 1999. "Change of expression of full-length
and truncated TrkBs in the developing monkey central nervous system." Brain
Res Dev Brain Res 112 (1):21-9.

Okuno, A., H. Tamemoto, K. Tobe, K. Ueki, Y. Mori, K. lwamoto, K. Umesono, Y.
Akanuma, T. Fujiwara, H. Horikoshi, Y. Yazaki, and T. Kadowaki. 1998.
"Troglitazone increases the number of small adipocytes without the change of
white adipose tissue mass in obese Zucker rats.” J Clin Invest 101 (6):1354-61.
doi: 10.1172/jci1235.

Organization, World Health. 2019. "Cardiovascular diseases (CVDs)." accessed
26/07/2019.  https://lwww.who.int/news-room/fact-sheets/detail/cardiovascular-
diseases-(cvds).

Ortega, F. B., C. J. Lavie, and S. N. Blair. 2016. "Obesity and Cardiovascular
Disease." Circ Res 118 (11):1752-70. doi: 10.1161/circresaha.115.306883.

Orth-Gomér, K., S. P. Wamala, M. Horsten, K. Schenck-Gustafsson, N.
Schneiderman, and M. A. Mittleman. 2000. "Marital stress worsens prognosis in
women with coronary heart disease: The Stockholm Female Coronary Risk
Study."” JAMA 284 (23):3008-14.

Owens, A. P., and N. Mackman. 2010. "Tissue factor and thrombosis: The clot starts
here." Thromb Haemost 104 (3):432-9. doi: 10.1160/TH09-11-0771.

Owens, A. P., and N. Mackman. 2011. "Microparticles in hemostasis and
thrombosis." Circ Res 108 (10):1284-97. doi:
10.1161/CIRCRESAHA.110.233056.

Panes, O., V. Matus, C. G. Séaez, T. Quiroga, J. Pereira, and D. Mezzano. 2007.
"Human platelets synthesize and express functional tissue factor.” Blood 109
(12):5242-50. doi: 10.1182/blood-2006-06-030619.

Pang, P. T., H. K. Teng, E. Zaitsev, N. T. Woo, K. Sakata, S. Zhen, K. K. Teng, W.
H. Yung, B. L. Hempstead, and B. Lu. 2004. "Cleavage of proBDNF by
tPA/plasmin is essential for long-term hippocampal plasticity." Science 306
(5695):487-91. doi: 10.1126/science.1100135.

Pariante, C. M., and S. L. Lightman. 2008. "The HPA axis in major depression:
classical theories and new developments.” Trends Neurosci 31 (9):464-8. doi:
10.1016/}.tins.2008.06.006.

106


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds

Bibliography

Park, C., J. Rosenblat, E. Brietzke, Z. Pan, Y. Lee, B. Cao, H. Zuckerman, A.
Kalantarova, and R. S. Mcintyre. 2019. "Stress, Epigenetics and Depression: A
Systematic Review." Neurosci Biobehav Rev. doi:
10.1016/j.neubiorev.2019.04.010.

Park, H., and M. M. Poo. 2013. "Neurotrophin regulation of neural circuit
development and function." Nat Rev Neurosci 14 (1):7-23. doi: 10.1038/nrn3379.

Patterson, S. M., D. S. Krantz, J. S. Gottdiener, G. Hecht, S. Vargot, and D. S.
Goldstein. 1995. "Prothrombotic effects of environmental stress: changes in
platelet function, hematocrit, and total plasma protein." Psychosom Med 57
(6):592-9.

Pearse, R. N., S. L. Swendeman, Y. Li, D. Rafii, and B. L. Hempstead. 2005. "A
neurotrophin axis in myeloma: TrkB and BDNF promote tumor-cell survival."
Blood 105 (11):4429-36. doi: 10.1182/blood-2004-08-3096.

Pepper, M. S. 2001. "Role of the matrix metalloproteinase and plasminogen
activator-plasmin systems in angiogenesis.” Arterioscler Thromb Vasc Biol 21
(7):1104-17.

Peter, R., and J. Siegrist. 2000. "Psychosocial work environment and the risk of
coronary heart disease." Int Arch Occup Environ Health 73 Suppl:S41-5.

Piepoli, M. F., A. W. Hoes, S. Agewall, C. Albus, C. Brotons, A. L. Catapano, M. T.
Cooney, U. Corra, B. Cosyns, C. Deaton, I. Graham, M. S. Hall, F. D. R. Hobbs,
M. L. Lgchen, H. Ldllgen, P. Marques-Vidal, J. Perk, E. Prescott, J. Redon, D. J.
Richter, N. Sattar, Y. Smulders, M. Tiberi, H. B. van der Worp, I. van Dis, W. M.
M. Verschuren, S. Binno, and E. S. C. Scientific Document Group. 2016. "2016
European Guidelines on cardiovascular disease prevention in clinical practice:
The Sixth Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted
by representatives of 10 societies and by invited experts)Developed with the
special contribution of the European Association for Cardiovascular Prevention &
Rehabilitation (EACPR)." Eur Heart J 37 (29):2315-2381. doi:
10.1093/eurheartj/ehw106.

Polak, J., C. Moro, E. Klimcakova, J. Hejnova, M. Majercik, N. Viguerie, D. Langin,
M. Lafontan, V. Stich, and M. Berlan. 2005. "Dynamic strength training improves
insulin sensitivity and functional balance between adrenergic alpha 2A and beta
pathways in subcutaneous adipose tissue of obese subjects.” Diabetologia 48
(12):2631-40. doi: 10.1007/s00125-005-0003-8.

Preissner, K. T., and U. Reuning. 2011. "Vitronectin in vascular context: facets of a
multitalented matricellular protein." Semin Thromb Hemost 37 (4):408-24. doi:
10.1055/s-0031-1276590.

Pruunsild, P., A. Kazantseva, T. Aid, K. Palm, and T. Timmusk. 2007. "Dissecting
the human BDNF locus: bidirectional transcription, complex splicing, and multiple
promoters.” Genomics 90 (3):397-406. doi: 10.1016/j.ygeno.2007.05.004.

Pyo, R. T., Y. Sato, N. Mackman, and M. B. Taubman. 2004. "Mice deficient in tissue
factor demonstrate attenuated intimal hyperplasia in response to vascular injury
and decreased smooth muscle cell migration." Thromb Haemost 92 (3):451-8.
doi: 10.1160/TH04-02-0122.

Raap, U., C. Goltz, N. Deneka, M. Bruder, H. Renz, A. Kapp, and B. Wedi. 2005.
"Brain-derived neurotrophic factor is increased in atopic dermatitis and modulates
eosinophil functions compared with that seen in nonatopic subjects.” J Allergy
Clin Immunol 115 (6):1268-75. doi: 10.1016/}.jaci.2005.02.007.

Reichardt, L. F. 2006. "Neurotrophin-regulated signalling pathways." Philos Trans
R Soc Lond B Biol Sci 361 (1473):1545-64. doi: 10.1098/rstb.2006.1894.

107



Bibliography

Ressler, K. J. 2010. "Amygdala activity, fear, and anxiety: modulation by stress."
Biol Psychiatry 67 (12):1117-9. doi: 10.1016/j.biopsych.2010.04.027.

Riccioni, G., T. Bucciarelli, B. Mancini, C. Di llio, V. Capra, and N. D'Orazio. 2007.
"The role of the antioxidant vitamin supplementation in the prevention of
cardiovascular diseases.” Expert Opin Investig Drugs 16 (1):25-32. doi:
10.1517/13543784.16.1.25.

Rickles, F. R., S. Patierno, and P. M. Fernandez. 2003. "Tissue factor, thrombin,
and cancer." Chest 124 (3 Suppl):58S-68S.

Ricote, M., A. C. Li, T. M. Willson, C. J. Kelly, and C. K. Glass. 1998. "The
peroxisome proliferator-activated receptor-gamma is a negative regulator of
macrophage activation.” Nature 391 (6662):79-82. doi: 10.1038/34178.

Rigamonti, A., K. Brennand, F. Lau, and C. A. Cowan. 2011. "Rapid cellular turnover
in adipose tissue." PL0OS One 6 (3):e17637. doi: 10.1371/journal.pone.0017637.

Rios, M. 2011. "New insights into the mechanisms underlying the effects of BDNF
on eating behavior." Neuropsychopharmacology 36 (1):368-9. doi:
10.1038/npp.2010.139.

Rivera, J., M. L. Lozano, L. Navarro-Nufiez, and V. Vicente. 2009. "Platelet
receptors and signaling in the dynamics of thrombus formation.” Haematologica
94 (5):700-11. doi: 10.3324/haematol.2008.003178.

Roberts, C. K., N. D. Vaziri, and R. J. Barnard. 2002. "Effect of diet and exercise
intervention on blood pressure, insulin, oxidative stress, and nitric oxide
availability." Circulation 106 (20):2530-2. doi:
10.1161/01.cir.0000040584.91836.0d.

Rod, N. H., M. Grgnbaek, P. Schnohr, E. Prescott, and T. S. Kristensen. 2009.
"Perceived stress as a risk factor for changes in health behaviour and cardiac risk
profile: a longitudinal study." J Intern Med 266 (5):467-75. doi: 10.1111/j.1365-
2796.2009.02124 x.

Rohleder, N. 2014. "Stimulation of systemic low-grade inflammation by psychosocial
stress." Psychosom Med 76 (3):181-9. doi: 10.1097/PSY.0000000000000049.
Rosa, A., M. J. Cuesta, M. Fatj6-Vilas, V. Peralta, A. Zarzuela, and L. Fafianas.
2006. "The Val66Met polymorphism of the brain-derived neurotrophic factor gene
is associated with risk for psychosis: evidence from a family-based association
study." Am J Med Genet B Neuropsychiatr Genet 141B (2):135-8. doi:

10.1002/ajmg.b.30266.

Rosas-Vargas, H., J. D. Martinez-Ezquerro, and T. Bienvenu. 2011. "Brain-derived
neurotrophic factor, food intake regulation, and obesity.” Arch Med Res 42
(6):482-94. doi: 10.1016/j.arcmed.2011.09.005.

Rose, G., and M. G. Marmot. 1981. "Social class and coronary heart disease." Br
Heart J 45 (1):13-9.

Rosengren, A., S. Hawken, S. Ounpuu, K. Sliwa, M. Zubaid, W. A. Almahmeed, K.
N. Blackett, C. Sitthi-amorn, H. Sato, S. Yusuf, and INTERHEART investigators.
2004. "Association of psychosocial risk factors with risk of acute myocardial
infarction in 11119 cases and 13648 controls from 52 countries (the
INTERHEART study): case-control study." Lancet 364 (9438):953-62. doi:
10.1016/S0140-6736(04)17019-0.

Rosengren, A., K. Orth-Gomér, and L. Wilhelmsen. 1998. "Socioeconomic
differences in health indices, social networks and mortality among Swedish men.
A study of men born in 1933." Scand J Soc Med 26 (4):272-80.

Rozanski, A., J. A. Blumenthal, K. W. Davidson, P. G. Saab, and L. Kubzansky.
2005. "The epidemiology, pathophysiology, and management of psychosocial

108



Bibliography

risk factors in cardiac practice: the emerging field of behavioral cardiology.” J Am
Coll Cardiol 45 (5):637-51. doi: 10.1016/j.jacc.2004.12.005.

Rozanski, A., J. A. Blumenthal, and J. Kaplan. 1999. "Impact of psychological
factors on the pathogenesis of cardiovascular disease and implications for
therapy.” Circulation 99 (16):2192-217.

Salmon, P. 2001. "Effects of physical exercise on anxiety, depression, and
sensitivity to stress: a unifying theory.” Clin Psychol Rev 21 (1):33-61.

Sandrini, L., A. leraci, P. Amadio, M. Popoli, E. Tremoli, and S. S. Barbieri. 2017.
"Apocynin Prevents Abnormal Megakaryopoiesis and Platelet Activation Induced
by Chronic Stress." Oxidative Medicine and Cellular Longevity 2017. doi:
10.1155/2017/9258937.

Sandrini, L., A. leraci, P. Amadio, F. Veglia, M. Popoli, F. S. Lee, E. Tremoli, and S.
S. Barbieri. 2018. "Sub-Chronic Stress Exacerbates the Pro-Thrombotic
Phenotype in BDNF." Int J Mol Sci 19 (10). doi: 10.3390/ijms19103235.

Santilli, F., N. Vazzana, R. Liani, M. T. Guagnano, and G. Davi. 2012. "Platelet
activation in obesity and metabolic syndrome." Obes Rev 13 (1):27-42. doi:
10.1111/j.1467-789X.2011.00930.x.

Satta, N., J. M. Freyssinet, and F. Toti. 1997. "The significance of human monocyte
thrombomodulin during membrane vesiculation and after stimulation by
lipopolysaccharide." Br J Haematol 96 (3):534-42.

Savage, B., F. Almus-Jacobs, and Z. M. Ruggeri. 1998. "Specific synergy of multiple
substrate-receptor interactions in platelet thrombus formation under flow." Cell
94 (5):657-66.

Schindler, R., J. Mancilla, S. Endres, R. Ghorbani, S. C. Clark, and C. A. Dinarello.
1990. "Correlations and interactions in the production of interleukin-6 (IL-6), IL-1,
and tumor necrosis factor (TNF) in human blood mononuclear cells: IL-6
suppresses IL-1 and TNF." Blood 75 (1):40-7.

Schmidt, V., N. Schulz, X. Yan, A. Schirmann, S. Kempa, M. Kern, M. Bluher, M.
N. Poy, G. Olivecrona, and T. E. Willnow. 2016. "SORLA facilitates insulin
receptor signaling in adipocytes and exacerbates obesity." J Clin Invest 126
(7):2706-20. doi: 10.1172/jci84708.

Schnall, P. L., J. E. Schwartz, P. A. Landsbergis, K. Warren, and T. G. Pickering.
1998. "A longitudinal study of job strain and ambulatory blood pressure: results
from a three-year follow-up." Psychosom Med 60 (6):697-706.

Schneider, R., and M. Schweiger. 1991. "A novel modular mosaic of cell adhesion
motifs in the extracellular domains of the neurogenic trk and trkB tyrosine kinase
receptors.” Oncogene 6 (10):1807-11.

Schuler, G., V. Adams, and Y. Goto. 2013. "Role of exercise in the prevention of
cardiovascular disease: results, mechanisms, and new perspectives." Eur Heart
J 34 (24):1790-9. doi: 10.1093/eurheartj/eht111.

Schulte-Herbruiggen, O., C. Nassenstein, M. Lommatzsch, D. Quarcoo, H. Renz,
and A. Braun. 2005. "Tumor necrosis factor-alpha and interleukin-6 regulate
secretion of brain-derived neurotrophic factor in human monocytes." J
Neuroimmunol 160 (1-2):204-9. doi: 10.1016/j.jneuroim.2004.10.026.

Schwertz, H., N. D. Tolley, J. M. Foulks, M. M. Denis, B. W. Risenmay, M. Buerke,
R. E. Tilley, M. T. Rondina, E. M. Harris, L. W. Kraiss, N. Mackman, G. A.
Zimmerman, and A. S. Weyrich. 2006. "Signal-dependent splicing of tissue factor
pre-mRNA modulates the thrombogenicity of human platelets." J Exp Med 203
(11):2433-40. doi: 10.1084/jem.20061302.

Segal, R. A. 2003. "Selectivity in neurotrophin signaling: theme and variations."
Annu Rev Neurosci 26:299-330. doi: 10.1146/annurev.neuro.26.041002.131421.

109



Bibliography

Seidah, N. G., S. Benjannet, S. Pareek, M. Chrétien, and R. A. Murphy. 1996.
"Cellular processing of the neurotrophin precursors of NT3 and BDNF by the
mammalian proprotein convertases." FEBS Lett 379 (3):247-50.

Selheim, F., M. H. Fukami, H. Holmsen, and F. S. Vassbotn. 2000. "Platelet-derived-
growth-factor-induced signalling in human platelets: phosphoinositide-3-kinase-
dependent inhibition of platelet activation." Biochem J 350 Pt 2:469-75.

Selye, Hans. 1936. "A Syndrome produced by Diverse Nocuous Agents.” Nature
138:32.

Serra-Millas, M. 2016. "Are the changes in the peripheral brain-derived neurotrophic
factor levels due to platelet activation?" World J Psychiatry 6 (1):84-101. doi:
10.5498/wijp.v6.i1.84.

Shattil, S. J., and P. J. Newman. 2004. "Integrins: dynamic scaffolds for adhesion
and signaling in platelets.” Blood 104 (6):1606-15. doi: 10.1182/blood-2004-04-
1257.

Shen, X., X. Zhu, Y. Wu, Y. Zhou, L. Yang, Y. Wang, Q. Zheng, Y. Liu, S. Cong, N.
Xiao, and Q. Zhao. 2018. "Effects of a psychological intervention programme on
mental stress, coping style and immune function in percutaneous coronary
intervention patients." PLoS One 13 (1):e0187745. doi:
10.1371/journal.pone.0187745.

Sherwood, A., K. Johnson, J. A. Blumenthal, and A. L. Hinderliter. 1999. "Endothelial
function and hemodynamic responses during mental stress.” Psychosom Med
61 (3):365-70.

Shirayama, Yukihiko, Andrew C.-H. Chen, Shin Nakagawa, David S. Russell, and
Ronald S. Duman. 2002. "Brain-Derived Neurotrophic Factor Produces
Antidepressant Effects in Behavioral Models of Depression." The Journal of
Neuroscience 22 (8):3251-3261. doi: 10.1523/jneurosci.22-08-03251.2002.

Simen, B. B., C. H. Duman, A. A. Simen, and R. S. Duman. 2006. "TNFalpha
signaling in depression and anxiety: behavioral consequences of individual
receptor targeting." Biol Psychiatry 59 (9):775-85. doi:
10.1016/j.biopsych.2005.10.013.

Simon, D. I., Z. Chen, H. Xu, C. Q. Li, J. Dong, L. V. Mcintire, C. M. Ballantyne, L.
Zhang, M. I. Furman, M. C. Berndt, and J. A. Lépez. 2000. "Platelet glycoprotein
ibalpha is a counterreceptor for the leukocyte integrin Mac-1 (CD11b/CD18)." J
Exp Med 192 (2):193-204.

Sklar, P., S. B. Gabriel, M. G. Mclnnis, P. Bennett, Y. Lim, G. Tsan, S. Schaffner,
G. Kirov, I. Jones, M. Owen, N. Craddock, J. R. DePaulo, and E. S. Lander. 2002.
"Family-based association study of 76 candidate genes in bipolar disorder: BDNF
is a potential risk locus. Brain-derived neutrophic factor." Mol Psychiatry 7
(6):579-93. doi: 10.1038/sj.mp.4001058.

Smith, E. N., W. Chen, M. K&honen, J. Kettunen, T. Lehtimaki, L. Peltonen, O. T.
Raitakari, R. M. Salem, N. J. Schork, M. Shaw, S. R. Srinivasan, E. J. Topol, J.
S. Viikari, G. S. Berenson, and S. S. Murray. 2010. "Longitudinal genome-wide
association of cardiovascular disease risk factors in the Bogalusa heart study."
PL0S Genet 6 (9):€1001094. doi: 10.1371/journal.pgen.1001094.

Smith, M. A., S. Makino, R. Kvetnansky, and R. M. Post. 1995a. "Stress and
glucocorticoids affect the expression of brain-derived neurotrophic factor and
neurotrophin-3 mRNAs in the hippocampus.” J Neurosci 15 (3 Pt 1):1768-77.

Smith, MA, S Makino, R Kvetnansky, and RM Post. 1995b. "Stress and
glucocorticoids affect the expression of brain-derived neurotrophic factor and
neurotrophin-3 mMRNAs in the hippocampus.” The Journal of Neuroscience 15
(3):1768-1777. doi: 10.1523/jneurosci.15-03-01768.1995.

110



Bibliography

Sorrells, S. F., J. R. Caso, C. D. Munhoz, and R. M. Sapolsky. 2009. "The stressed
CNS: when glucocorticoids aggravate inflammation.” Neuron 64 (1):33-9. doi:
10.1016/j.neuron.2009.09.032.

Sovershaev, M. A., E. M. Egorina, F. X. Gruber, J. O. Olsen, and B. Osterud. 2007.
"High tissue factor-expressing human monocytes carry low surface CD36:
application to intersubject variability." J Thromb Haemost 5 (12):2453-60. doi:
10.1111/j.1538-7836.2007.02777 .X.

Sparrenberger, F., F. T. Cichelero, A. M. Ascoli, F. P. Fonseca, G. Weiss, O.
Berwanger, S. C. Fuchs, L. B. Moreira, and F. D. Fuchs. 2009. "Does
psychosocial stress cause hypertension? A systematic review of observational
studies.” J Hum Hypertens 23 (1):12-9. doi: 10.1038/jhh.2008.74.

Speliotes, E. K., C. J. Willer, S. I. Berndt, K. L. Monda, G. Thorleifsson, A. U.
Jackson, H. Lango Allen, C. M. Lindgren, J. Luan, R. Magi, J. C. Randall, S.
Vedantam, T. W. Winkler, L. Qi, T. Workalemahu, |. M. Heid, V. Steinthorsdottir,
H. M. Stringham, M. N. Weedon, E. Wheeler, A. R. Wood, T. Ferreira, R. J.
Weyant, A. V. Segre, K. Estrada, L. Liang, J. Nemesh, J. H. Park, S. Gustafsson,
T. O. Kilpeléinen, J. Yang, N. Bouatia-Naji, T. Esko, M. F. Feitosa, Z. Kutalik, M.
Mangino, S. Raychaudhuri, A. Scherag, A. V. Smith, R. Welch, J. H. Zhao, K. K.
Aben, D. M. Absher, N. Amin, A. L. Dixon, E. Fisher, N. L. Glazer, M. E. Goddard,
N. L. Heard-Costa, V. Hoesel, J. J. Hottenga, A. Johansson, T. Johnson, S.
Ketkar, C. Lamina, S. Li, M. F. Moffatt, R. H. Myers, N. Narisu, J. R. Perry, M. J.
Peters, M. Preuss, S. Ripatti, F. Rivadeneira, C. Sandholt, L. J. Scott, N. J.
Timpson, J. P. Tyrer, S. van Wingerden, R. M. Watanabe, C. C. White, F.
Wiklund, C. Barlassina, D. I. Chasman, M. N. Cooper, J. O. Jansson, R. W.
Lawrence, N. Pellikka, I. Prokopenko, J. Shi, E. Thiering, H. Alavere, M. T.
Alibrandi, P. Almgren, A. M. Arnold, T. Aspelund, L. D. Atwood, B. Balkau, A. J.
Balmforth, A. J. Bennett, Y. Ben-Shlomo, R. N. Bergman, S. Bergmann, H.
Biebermann, A. |. Blakemore, T. Boes, L. L. Bonnycastle, S. R. Bornstein, M. J.
Brown, T. A. Buchanan, F. Busonero, H. Campbell, F. P. Cappuccio, C.
Cavalcanti-Proenca, Y. D. Chen, C. M. Chen, P. S. Chines, R. Clarke, L. Coin, J.
Connell, I. N. Day, M. den Heijer, J. Duan, S. Ebrahim, P. Elliott, R. Elosua, G.
Eiriksdottir, M. R. Erdos, J. G. Eriksson, M. F. Facheris, S. B. Felix, P. Fischer-
Posovszky, A. R. Folsom, N. Friedrich, N. B. Freimer, M. Fu, S. Gaget, P. V.
Gejman, E. J. Geus, C. Gieger, A. P. Gjesing, A. Goel, P. Goyette, H. Grallert, J.
Grassler, D. M. Greenawalt, C. J. Groves, V. Gudnason, C. Guiducci, A. L.
Hartikainen, N. Hassanali, A. S. Hall, A. S. Havulinna, C. Hayward, A. C. Heath,
C. Hengstenberg, A. A. Hicks, A. Hinney, A. Hofman, G. Homuth, J. Hui, W. Ig|,
C. Iribarren, B. Isomaa, K. B. Jacobs, I. Jarick, E. Jewell, U. John, T. Jgrgensen,
P. Jousilahti, A. Jula, M. Kaakinen, E. Kajantie, L. M. Kaplan, S. Kathiresan, J.
Kettunen, L. Kinnunen, J. W. Knowles, I. Kolcic, I. R. Kdnig, S. Koskinen, P.
Kovacs, J. Kuusisto, P. Kraft, K. Kvalgy, J. Laitinen, O. Lantieri, C. Lanzani, L. J.
Launer, C. Lecoeur, T. Lehtiméaki, G. Lettre, J. Liu, M. L. Lokki, M. Lorentzon, R.
N. Luben, B. Ludwig, P. Manunta, D. Marek, M. Marre, N. G. Martin, W. L.
McArdle, A. McCarthy, B. McKnight, T. Meitinger, O. Melander, D. Meyre, K.
Midthjell, G. W. Montgomery, M. A. Morken, A. P. Morris, R. Mulic, J. S. Ngwa,
M. Nelis, M. J. Neville, D. R. Nyholt, C. J. O'Donnell, S. O'Rahilly, K. K. Ong, B.
Oostra, G. Paré, A. N. Parker, M. Perola, I. Pichler, K. H. Pietilainen, C. G. Platou,
O. Polasek, A. Pouta, S. Rafelt, O. Raitakari, N. W. Rayner, M. Ridderstrale, W.
Rief, A. Ruokonen, N. R. Robertson, P. Rzehak, V. Salomaa, A. R. Sanders, M.
S. Sandhu, S. Sanna, J. Saramies, M. J. Savolainen, S. Scherag, S. Schipf, S.
Schreiber, H. Schunkert, K. Silander, J. Sinisalo, D. S. Siscovick, J. H. Smit, N.

111



Bibliography

Soranzo, U. Sovio, J. Stephens, I. Surakka, A. J. Swift, M. L. Tammesoo, J. C.
Tardif, M. Teder-Laving, T. M. Teslovich, J. R. Thompson, B. Thomson, A.
Tonjes, T. Tuomi, J. B. van Meurs, G. J. van Ommen, V. Vatin, J. Viikari, S.
Visvikis-Siest, V. Vitart, C. |. Vogel, B. F. Voight, L. L. Waite, H. Wallaschofski, G.
B. Walters, E. Widen, S. Wiegand, S. H. Wild, G. Willemsen, D. R. Witte, J. C.
Witteman, J. Xu, Q. Zhang, L. Zgaga, A. Ziegler, P. Zitting, J. P. Beilby, I. S.
Farooqi, J. Hebebrand, H. V. Huikuri, A. L. James, M. Kahodnen, D. F. Levinson,
F. Macciardi, M. S. Nieminen, C. Ohlsson, L. J. Palmer, P. M. Ridker, M. Stumvaoll,
J. S. Beckmann, H. Boeing, E. Boerwinkle, D. I. Boomsma, M. J. Caulfield, S. J.
Chanock, F. S. Collins, L. A. Cupples, G. D. Smith, J. Erdmann, P. Froguel, H.
Gronberg, U. Gyllensten, P. Hall, T. Hansen, T. B. Harris, A. T. Hattersley, R. B.
Hayes, J. Heinrich, F. B. Hu, K. Hveem, T. lllig, M. R. Jarvelin, J. Kaprio, F. Karpe,
K. T. Khaw, L. A. Kiemeney, H. Krude, M. Laakso, D. A. Lawlor, A. Metspalu, P.
B. Munroe, W. H. Ouwehand, O. Pedersen, B. W. Penninx, A. Peters, P. P.
Pramstaller, T. Quertermous, T. Reinehr, A. Rissanen, |. Rudan, N. J. Samani,
P. E. Schwarz, A. R. Shuldiner, T. D. Spector, J. Tuomilehto, M. Uda, A.
Uitterlinden, T. T. Valle, M. Wabitsch, G. Waeber, N. J. Wareham, H. Watkins, J.
F. Wilson, A. F. Wright, M. C. Zillikens, N. Chatterjee, S. A. McCarroll, S. Purcell,
E. E. Schadt, P. M. Visscher, T. L. Assimes, |. B. Borecki, P. Deloukas, C. S. Fox,
L. C. Groop, T. Haritunians, D. J. Hunter, R. C. Kaplan, K. L. Mohlke, J. R.
O'Connell, L. Peltonen, D. Schlessinger, D. P. Strachan, C. M. van Duijn, H. E.
Wichmann, T. M. Frayling, U. Thorsteinsdottir, G. R. Abecasis, |. Barroso, M.
Boehnke, K. Stefansson, K. E. North, M. I. McCarthy, J. N. Hirschhorn, E.
Ingelsson, R. J. Loos, Magic, and Procardis Consortium. 2010. "Association
analyses of 249,796 individuals reveal 18 new loci associated with body mass
index." Nat Genet 42 (11):937-48. doi: 10.1038/ng.686.

Spruill, T. M. 2010. "Chronic psychosocial stress and hypertension.” Curr Hypertens
Rep 12 (1):10-6. doi: 10.1007/s11906-009-0084-8.

Stamler, J., D. Wentworth, and J. D. Neaton. 1986. "Is relationship between serum
cholesterol and risk of premature death from coronary heart disease continuous
and graded? Findings in 356,222 primary screenees of the Multiple Risk Factor
Intervention Trial (MRFIT)." JAMA 256 (20):2823-8.

Stanford, K. I., and L. J. Goodyear. 2016. "Exercise regulation of adipose tissue."
Adipocyte 5 (2):153-62. doi: 10.1080/21623945.2016.1191307.

Steffel, J., A. Akhmedov, H. Greutert, T. F. Luscher, and F. C. Tanner. 2005.
"Histamine induces tissue factor expression: implications for acute coronary
syndromes." Circulation 112 (3):341-9. doi:
10.1161/CIRCULATIONAHA.105.553735.

Steffel, J., T. F. Luscher, and F. C. Tanner. 2006. "Tissue factor in cardiovascular
diseases: molecular mechanisms and clinical implications." Circulation 113
(5):722-31. doi: 10.1161/CIRCULATIONAHA.105.567297.

Stephens, R. M., D. M. Loeb, T. D. Copeland, T. Pawson, L. A. Greene, and D. R.
Kaplan. 1994. "Trk receptors use redundant signal transduction pathways
involving SHC and PLC-gamma 1 to mediate NGF responses.” Neuron 12
(3):691-705.

Steptoe, A., and M. Kiviméki. 2012. "Stress and cardiovascular disease." Nat Rev
Cardiol 9 (6):360-70. doi: 10.1038/nrcardio.2012.45.

Steptoe, A., K. Magid, S. Edwards, L. Brydon, Y. Hong, and J. Erusalimsky. 2003.
"The influence of psychological stress and socioeconomic status on platelet
activation in men." Atherosclerosis 168 (1):57-63.

112



Bibliography

Steptoe, A., P. C. Strike, L. Perkins-Porras, J. R. McEwan, and D. L. Whitehead.
2006. "Acute depressed mood as a trigger of acute coronary syndromes." Biol
Psychiatry 60 (8):837-42. doi: 10.1016/j.biopsych.2006.03.041.

Stoilov, P., E. Castren, and S. Stamm. 2002. "Analysis of the human TrkB gene
genomic organization reveals novel TrkB isoforms, unusual gene length, and
splicing mechanism.”" Biochem Biophys Res Commun 290 (3):1054-65. doi:
10.1006/bbrc.2001.6301.

Strike, P. C., and A. Steptoe. 2004. "Psychosocial factors in the development of
coronary artery disease."” Prog Cardiovasc Dis 46 (4):337-47.

Stampfli, S. F., G. G. Camici, S. Keller, I. Rozenberg, M. Arras, B. Schuler, M.
Gassmann, |. Garcia, T. F. Luscher, and F. C. Tanner. 2014. "Restraint stress
enhances arterial thrombosis in vivo--role of the sympathetic nervous system.”
Stress 17 (1):126-32. doi: 10.3109/10253890.2013.862616.

Sun, C. Y., Y. Hu, H. F. Wang, W. J. He, Y. D. Wang, and T. Wu. 2006. "Brain-
derived neurotrophic factor inducing angiogenesis through modulation of matrix-
degrading proteases.” Chin Med J (Engl) 119 (7):589-95.

Svensson, T., M. Kitlinski, G. Engstrom, and O. Melander. 2017. "A genetic risk
score for CAD, psychological stress, and their interaction as predictors of CAD,
fatal MI, non-fatal Ml and cardiovascular death.” PL0S One 12 (4):e0176029.
doi: 10.1371/journal.pone.0176029.

Takase, B., T. Akima, A. Uehata, F. Ohsuzu, and A. Kurita. 2004. "Effect of chronic
stress and sleep deprivation on both flow-mediated dilation in the brachial artery
and the intracellular magnesium level in humans." Clin Cardiol 27 (4):223-7.

Tamura, S., A. Nagasawa, Y. Masuda, T. Tsunematsu, K. Hayasaka, K. Matsuno,
C. Shimizu, Y. Ozaki, and T. Moriyama. 2012. "BDNF, produced by a TPO-
stimulated megakaryocytic cell line, regulates autocrine proliferation.” Biochem
Biophys Res Commun 427 (3):542-6. doi: 10.1016/j.bbrc.2012.09.093.

Tawakol, A., A. Ishai, R. A. Takx, A. L. Figueroa, A. Ali, Y. Kaiser, Q. A. Truong, C.
J. Solomon, C. Calcagno, V. Mani, C. Y. Tang, W. J. Mulder, J. W. Murrough, U.
Hoffmann, M. Nahrendorf, L. M. Shin, Z. A. Fayad, and R. K. Pitman. 2017.
"Relation between resting amygdalar activity and cardiovascular events: a
longitudinal and cohort study." Lancet 389 (10071):834-845. doi:
10.1016/S0140-6736(16)31714-7.

Teng, H. K, K. K. Teng, R. Lee, S. Wright, S. Tevar, R. D. Almeida, P. Kermani, R.
Torkin, Z. Y. Chen, F. S. Lee, R. T. Kraemer, A. Nykjaer, and B. L. Hempstead.
2005. "ProBDNF induces neuronal apoptosis via activation of a receptor complex
of p75NTR and sortilin." J  Neurosci 25 (22):5455-63. doi:
10.1523/INEUROSCI.5123-04.2005.

Terracciano, A., B. Martin, D. Ansari, T. Tanaka, L. Ferrucci, S. Maudsley, M. P.
Mattson, and P. T. Costa. 2010. "Plasma BDNF concentration, Val66Met genetic
variant and depression-related personality traits.” Genes Brain Behav 9 (5):512-
8. doi: 10.1111/j.1601-183X.2010.00579.x.

Thorleifsson, G., G. B. Walters, D. F. Gudbjartsson, V. Steinthorsdottir, P. Sulem,
A. Helgadottir, U. Styrkarsdottir, S. Gretarsdottir, S. Thorlacius, I. Jonsdottir, T.
Jonsdottir, E. J. Olafsdottir, G. H. Olafsdottir, T. Jonsson, F. Jonsson, K. Borch-
Johnsen, T. Hansen, G. Andersen, T. Jorgensen, T. Lauritzen, K. K. Aben, A. L.
Verbeek, N. Roeleveld, E. Kampman, L. R. Yanek, L. C. Becker, L. Tryggvadottir,
T. Rafnar, D. M. Becker, J. Gulcher, L. A. Kiemeney, O. Pedersen, A. Kong, U.
Thorsteinsdottir, and K. Stefansson. 2009. "Genome-wide association yields new
sequence variants at seven loci that associate with measures of obesity." Nat
Genet 41 (1):18-24. doi: 10.1038/ng.274.

113



Bibliography

Timmusk, T., K. Palm, M. Metsis, T. Reintam, V. Paalme, M. Saarma, and H.
Persson. 1993. "Multiple promoters direct tissue-specific expression of the rat
BDNF gene." Neuron 10 (3):475-89.

Toda, N., and M. Nakanishi-Toda. 2011. "How mental stress affects endothelial
function.” Pflugers Arch 462 (6):779-94. doi: 10.1007/s00424-011-1022-6.

Trakala, M., D. Partida, M. Salazar-Roa, M. Maroto, P. Wachowicz, G. de Carcer,
and M. Malumbres. 2015. "Activation of the endomitotic spindle assembly
checkpoint and thrombocytopenia in Plk1-deficient mice." Blood 126 (14):1707-
14. doi: 10.1182/blood-2015-03-634402.

Tramontina, J., B. N. Frey, A. C. Andreazza, M. Zandona, A. Santin, and F.
Kapczinski. 2007. "Val6émet polymorphism and serum brain-derived
neurotrophic factor levels in bipolar disorder.” Mol Psychiatry 12 (3):230-1. doi:
10.1038/sj.mp.4001941.

Tsai, S. J. 2018. "Critical Issues in." Front Mol Neurosci 11:156. doi:
10.3389/fnmol.2018.00156.

Tuck, M. K., D. W. Chan, D. Chia, A. K. Godwin, W. E. Grizzle, K. E. Krueger, W.
Rom, M. Sanda, L. Sorbara, S. Stass, W. Wang, and D. E. Brenner. 20009.
"Standard operating procedures for serum and plasma collection: early detection
research network consensus statement standard operating procedure integration
working group.” J Proteome Res 8 (1):113-7. doi: 10.1021/pr800545q.

Uchida, S., K. Hara, A. Kobayashi, K. Otsuki, H. Yamagata, T. Hobara, T. Suzuki,
N. Miyata, and Y. Watanabe. 2011. "Epigenetic status of Gdnf in the ventral
striatum determines susceptibility and adaptation to daily stressful events."
Neuron 69 (2):359-72. doi: 10.1016/j.neuron.2010.12.023.

Uchida, Y., K. Takeshita, K. Yamamoto, R. Kikuchi, T. Nakayama, M. Nomura, X.
W. Cheng, K. Egashira, T. Matsushita, H. Nakamura, and T. Murohara. 2012.
"Stress augments insulin resistance and prothrombotic state: role of visceral
adipose-derived monocyte chemoattractant protein-1." Diabetes 61 (6):1552-61.
doi: 10.2337/db11-0828.

Urbach, D., K. A. Matzen, D. Heitmann, and H. W. Neumann. 2003. "Relation
between peri-operative antithrombin activity and deep vein thrombosis after
elective hip replacement surgery." Vasa 32 (1):14-7. doi: 10.1024/0301-
1526.32.1.14.

Urfer, R., P. Tsoulfas, L. O'Connell, J. A. Hongo, W. Zhao, and L. G. Presta. 1998.
"High resolution mapping of the binding site of TrkA for nerve growth factor and
TrkC for neurotrophin-3 on the second immunoglobulin-like domain of the Trk
receptors.” J Biol Chem 273 (10):5829-40.

Urfer, R., P. Tsoulfas, L. O'Connell, D. L. Shelton, L. F. Parada, and L. G. Presta.
1995. "An immunoglobulin-like domain determines the specificity of neurotrophin
receptors.” EMBO J 14 (12):2795-805.

Valet, P., D. Grujic, J. Wade, M. Ito, M. C. Zingaretti, V. Soloveva, S. R. Ross, R. A.
Graves, S. Cinti, M. Lafontan, and B. B. Lowell. 2000. "Expression of human
alpha 2-adrenergic receptors in adipose tissue of beta 3-adrenergic receptor-
deficient mice promotes diet-induced obesity." J Biol Chem 275 (44):34797-802.
doi: 10.1074/jbc.M005210200.

Ventriglia, M., L. Bocchio Chiavetto, L. Benussi, G. Binetti, O. Zanetti, M. A. Riva,
and M. Gennarelli. 2002. "Association between the BDNF 196 A/G polymorphism
and sporadic Alzheimer's disease." Mol Psychiatry 7 (2):136-7. doi:
10.1038/sj.mp.4000952.

114



Bibliography

Versteeg, H. H., J. W. Heemskerk, M. Levi, and P. H. Reitsma. 2013. "New
fundamentals in hemostasis." Physiol Rev 93 (1):327-58. doi:
10.1152/physrev.00016.2011.

Vieira, V. J., R. J. Valentine, K. R. Wilund, N. Antao, T. Baynard, and J. A. Woods.
2009. "Effects of exercise and low-fat diet on adipose tissue inflammation and
metabolic complications in obese mice." Am J Physiol Endocrinol Metab 296
(5):E1164-71. doi: 10.1152/ajpendo.00054.2009.

Vilahur, G., S. Ben-Aicha, and L. Badimon. 2017. "New insights into the role of
adipose tissue in thrombosis." Cardiovasc Res 113 (9):1046-1054. doi:
10.1093/cvr/cvx086.

von Kanel, R. 2012. "Psychosocial stress and cardiovascular risk : current opinion."
Swiss Med WKkly 142:w13502. doi: 10.4414/smw.2012.13502.

von Kéanel, R. 2015. "ACUTE MENTAL STRESS AND HEMOSTASIS: WHEN
PHYSIOLOGY BECOMES VASCULAR HARM." Thromb Res 135 (Suppl
1):S52-S55. doi: 10.1016/S0049-3848(15)50444-1.

von Kanel, R., and J. E. Dimsdale. 2000. "Effects of sympathetic activation by
adrenergic infusions on hemostasis in vivo." Eur J Haematol 65 (6):357-69.

von Kéanel, R., P. J. Mills, C. Fainman, and J. E. Dimsdale. 2001. "Effects of
psychological stress and psychiatric disorders on blood coagulation and
fibrinolysis: a biobehavioral pathway to coronary artery disease?" Psychosom
Med 63 (4):531-44.

von Kénel, R., P. J. Mills, M. G. Ziegler, and J. E. Dimsdale. 2002. "Effect of beta2-
adrenergic receptor functioning and increased norepinephrine on the
hypercoagulable state with mental stress.” Am Heart J 144 (1):68-72.

Walker, J. G., G. O. Littlejohn, N. E. McMurray, and M. Cutolo. 1999. "Stress system
response and rheumatoid arthritis: a multilevel approach.” Rheumatology 38
(11):1050-1057. doi: 10.1093/rheumatology/38.11.1050.

Weber, C., and T. A. Springer. 1997. "Neutrophil accumulation on activated,
surface-adherent platelets in flow is mediated by interaction of Mac-1 with
fibrinogen bound to alphallbbeta3 and stimulated by platelet-activating factor.” J
Clin Invest 100 (8):2085-93. doi: 10.1172/JCI119742.

Weyrich, A. S., M. R. Elstad, R. P. McEver, T. M. Mcintyre, K. L. Moore, J. H.
Morrissey, S. M. Prescott, and G. A. Zimmerman. 1996. "Activated platelets
signal chemokine synthesis by human monocytes.” J Clin Invest 97 (6):1525-34.
doi: 10.1172/JCI1118575.

White, U., and E. Ravussin. 2019. "Dynamics of adipose tissue turnover in human
metabolic health and disease." Diabetologia 62 (1):17-23. doi: 10.1007/s00125-
018-4732-x.

WHO, World Helth Organization. 2017. "Cardiovascular diseases (CVDs), May 17,
2017 https://www.who.int/news-room/fact-sheets/detail/cardiovascular-
diseases-(cvds)." https://www.who.int/news-room/fact-
sheets/detail/cardiovascular-diseases-(cvds).

Widmer, R. J., and A. Lerman. 2014. "Endothelial dysfunction and cardiovascular
disease." Glob Cardiol Sci Pract 2014 (3):291-308. doi: 10.5339/gcsp.2014.43.

Winzer, E. B., F. Woitek, and A. Linke. 2018. "Physical Activity in the Prevention
and Treatment of Coronary Artery Disease." J Am Heart Assoc 7 (4). doi:
10.1161/jaha.117.007725.

Wipfli, B., D. Landers, C. Nagoshi, and S. Ringenbach. 2011. "An examination of
serotonin and psychological variables in the relationship between exercise and
mental health." Scand J Med Sci Sports 21 (3):474-81. doi: 10.1111/}.1600-
0838.2009.01049.x.

115


https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds

Bibliography

Wirtz, P. H., U. Ehlert, L. Emini, K. Rudisdli, S. Groessbauer, J. Gaab, S.
Elsenbruch, and R. von Kanel. 2006. "Anticipatory cognitive stress appraisal and
the acute procoagulant stress response in men." Psychosom Med 68 (6):851-8.
doi: 10.1097/01.psy.0000245866.03456.aa.

Wong, M. L., and J. Licinio. 2001. "Research and treatment approaches to
depression.” Nat Rev Neurosci 2 (5):343-51. doi: 10.1038/35072566.

Woods, J. A., V. J. Vieira, and K. T. Keylock. 2009. "Exercise, inflammation, and
innate immunity."  Immunol Allergy Clin North Am 29 (2):381-93. doi:
10.1016/j.iac.2009.02.011.

Wu, L., B. Xi, M. Zhang, Y. Shen, X. Zhao, H. Cheng, D. Hou, D. Sun, J. Ott, X.
Wang, and J. Mi. 2010. "Associations of six single nucleotide polymorphisms in
obesity-related genes with BMI and risk of obesity in Chinese children." Diabetes
59 (12):3085-9. doi: 10.2337/db10-0273.

Xi, B., H. Cheng, Y. Shen, G. R. Chandak, X. Zhao, D. Hou, L. Wu, X. Wang, and
J. Mi. 2013. "Study of 11 BMI-associated loci identified in GWAS for associations
with central obesity in the Chinese children.” PL0S One 8 (2):e56472. doi:
10.1371/journal.pone.0056472.

Xu, B., E. H. Goulding, K. Zang, D. Cepoi, R. D. Cone, K. R. Jones, L. H. Tecott,
and L. F. Reichardt. 2003. "Brain-derived neurotrophic factor regulates energy
balance downstream of melanocortin-4 receptor.” Nat Neurosci 6 (7):736-42. doi:
10.1038/nn1073.

Xu, H., G. T. Barnes, Q. Yang, G. Tan, D. Yang, C. J. Chou, J. Sole, A. Nichols, J.
S. Ross, L. A. Tartaglia, and H. Chen. 2003. "Chronic inflammation in fat plays a
crucial role in the development of obesity-related insulin resistance.” J Clin Invest
112 (12):1821-30. doi: 10.1172/jci19451.

Yamamoto, K., T. Shimokawa, H. Yi, K. Isobe, T. Kojima, D. J. Loskutoff, and H.
Saito. 2002. "Aging and obesity augment the stress-induced expression of tissue
factor gene in the mouse."” Blood 100 (12):4011-8. doi: 10.1182/blood-2002-03-
0945.

Yamauchi, T., J. Kamon, H. Waki, K. Murakami, K. Motojima, K. Komeda, T. Ide, N.
Kubota, Y. Terauchi, K. Tobe, H. Miki, A. Tsuchida, Y. Akanuma, R. Nagai, S.
Kimura, and T. Kadowaki. 2001. "The mechanisms by which both heterozygous
peroxisome proliferator-activated receptor gamma (PPARgamma) deficiency and
PPARgamma agonist improve insulin resistance.” J Biol Chem 276 (44):41245-
54. doi: 10.1074/jbc.M103241200.

Yan, Q., M. J. Radeke, C. R. Matheson, J. Talvenheimo, A. A. Welcher, and S. C.
Feinstein. 1997. "Immunocytochemical localization of TrkB in the central nervous
system of the adult rat." J Comp Neurol 378 (1):135-57.

Yang, J., B. C. Furie, and B. Furie. 1999. "The biology of P-selectin glycoprotein
ligand-1: its role as a selectin counterreceptor in leukocyte-endothelial and
leukocyte-platelet interaction.” Thromb Haemost 81 (1):1-7.

Yang, J., L. C. Harte-Hargrove, C. J. Siao, T. Marinic, R. Clarke, Q. Ma, D. Jing, J.
J. Lafrancois, K. G. Bath, W. Mark, D. Ballon, F. S. Lee, H. E. Scharfman, and B.
L. Hempstead. 2014. "proBDNF negatively regulates neuronal remodeling,
synaptic transmission, and synaptic plasticity in hippocampus.” Cell Rep 7
(3):796-806. doi: 10.1016/j.celrep.2014.03.040.

Yang, L., Y. Zhao, Y. Wang, L. Liu, X. Zhang, B. Li, and R. Cui. 2015. "The Effects
of Psychological Stress on Depression." Curr Neuropharmacol 13 (4):494-504.

Yang, Z. F.,, D. W. Ho, C. K. Lau, K. H. Tam, C. T. Lam, R. T. Poon, and S. T. Fan.
2006. "Platelet activation during tumor development, the potential role of BDNF-

116



Bibliography

TrkB autocrine loop.” Biochem Biophys Res Commun 346 (3):981-5. doi:
10.1016/j.bbrc.2006.06.007.

Yeager, M. P., P. A. Pioli, and P. M. Guyre. 2011. "Cortisol exerts bi-phasic
regulation of inflammation in humans." Dose Response 9 (3):332-47. doi:
10.2203/dose-response.10-013.Yeager.

Yeo, G. S., C. C. Connie Hung, J. Rochford, J. Keogh, J. Gray, S. Sivaramakrishnan,
S. O'Rahilly, and I. S. Farooqi. 2004. "A de novo mutation affecting human TrkB
associated with severe obesity and developmental delay.” Nat Neurosci 7
(11):1187-9. doi: 10.1038/nn1336.

Yoon, S. O., P. Casaccia-Bonnefil, B. Carter, and M. V. Chao. 1998. "Competitive
signaling between TrkA and p75 nerve growth factor receptors determines cell
survival." J Neurosci 18 (9):3273-81.

You, T., N. C. Arsenis, B. L. Disanzo, and M. J. Lamonte. 2013. "Effects of exercise
training on chronic inflammation in obesity : current evidence and potential
mechanisms.” Sports Med 43 (4):243-56. doi: 10.1007/s40279-013-0023-3.

Youngstedt, S. D., R. K. Dishman, K. J. Cureton, and L. J. Peacock. 1993. "Does
body temperature mediate anxiolytic effects of acute exercise?" J Appl Physiol
(1985) 74 (2):825-31. doi: 10.1152/jappl.1993.74.2.825.

Yu, H., D. D. Wang, Y. Wang, T. Liu, F. S. Lee, and Z. Y. Chen. 2012. "Variant brain-
derived neurotrophic factor Val66Met polymorphism alters vulnerability to stress
and response to antidepressants.” J Neurosci 32 (12):4092-101. doi:
10.1523/IJNEUROSCI.5048-11.2012.

Zhang, M., X. Zhao, B. Xi, Y. Shen, L. Wu, H. Cheng, D. Hou, and J. Mi. 2014.
"[Impact of obesity-related gene polymorphism on risk of obesity and metabolic
disorder in childhood]." Zhonghua Yu Fang Yi Xue Za Zhi 48 (9):776-83.

Zhao, M., L. Chen, J. Yang, D. Han, D. Fang, X. Qiu, X. Yang, Z. Qiao, J. Ma, L.
Wang, S. Jiang, X. Song, J. Zhou, J. Zhang, M. Chen, D. Qi, Y. Yang, and H.
Pan. 2018. "BDNF Val66Met polymorphism, life stress and depression: A meta-
analysis of gene-environment interaction." J Affect Disord 227:226-235. doi:
10.1016/j.jad.2017.10.024.

Zhao, X., B. Xi, Y. Shen, L. Wu, D. Hou, H. Cheng, and J. Mi. 2014. "An obesity
genetic risk score is associated with metabolic syndrome in Chinese children."
Gene 535 (2):299-302. doi: 10.1016/j.gene.2013.11.006.

Zhou, A., J. A. Huntington, N. S. Pannu, R. W. Carrell, and R. J. Read. 2003. "How
vitronectin binds PAI-1 to modulate fibrinolysis and cell migration.” Nat Struct
Biol 10 (7):541-4. doi: 10.1038/nsb943.

Zhou, J. R., Z. Xu, and C. L. Jiang. 2008. "Neuropeptide Y promotes TGF-betal
production in RAW?264.7 cells by activating PI3K pathway via Y1 receptor.”
Neurosci Bull 24 (3):155-9.

Zhu, C. B., R. D. Blakely, and W. A. Hewlett. 2006. "The proinflammatory cytokines
interleukin-1beta and tumor necrosis factor-alpha activate serotonin
transporters.” Neuropsychopharmacology 31  (10):2121-31. doi:
10.1038/sj.npp.1301029.

Zimmerman, R. S., and E. D. Frohlich. 1990. "Stress and hypertension." J
Hypertens Suppl 8 (4):S103-7.

Zuccato, C., M. Marullo, B. Vitali, A. Tarditi, C. Mariotti, M. Valenza, N. Lahiri, E. J.
Wild, J. Sassone, A. Ciammola, A. C. Bachoud-Levi, S. J. Tabrizi, S. Di Donato,
and E. Cattaneo. 2011. "Brain-derived neurotrophic factor in patients with
Huntington's disease." PL0S One 6 (8):222966. doi:
10.1371/journal.pone.0022966.

117



Bibliography

@sterud, B. 2003. "The role of platelets in decrypting monocyte tissue factor.” Dis
Mon 49 (1):7-13. doi: 10.1053/shem.2001.29508b.

118



