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Abstract 

The population of the world is increasing in lifespan and more and more people are aging, with aging 

the risk of developing various diseases increases. In aging, there is a higher chance of developing 

cardiovascular and neurodegenerative diseases.  

Senescence, a steady cell cycle arrest, is thought to be a hallmark of aging and there are 

connections between the onset of age-related diseases and senescence. However, the exact role of 

senescence in cardiovascular and neurodegenerative diseases is not fully understood yet. In this thesis, 

the role of senescence in cardiovascular and neurodegenerative diseases is investigated.  

Senescent human vascular endothelial cells and human vascular smooth muscle cells excrete 

proinflammatory- and other factors resulting in vascular calcification and the onset of atherosclerosis. 

Atherosclerosis is a cardiovascular disease itself but can result in the development of more serious 

cardiovascular diseases, such as coronary heart disease. Senescent microglia and astrocytes cells 

increase neuroinflammation and formation of neurofibrillary tangles, resulting in the onset of 

Alzheimer’s and Parkinson’s disease which are the two most common neurodegenerative diseases.  

The results shown in this thesis show that there is a connection between the onset of 

senescence and the onset of cardiovascular and neurodegenerative diseases. This connection is in the 

form of four different cells; senescent human vascular endothelial cells, senescent human vascular 

smooth muscle cells, senescent microglia and senescent astrocytes. These senescent cells increase the 

risk of developing cardiovascular and neurodegenerative diseases. Following these findings, it is 

anticipated that future research on the role of senescence in these diseases will be done. For example, 

research into specific compounds targeting senescent microglia to improve the onset of 

neurodegenerative diseases.  
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Introduction 

The average lifespan of humans is increasing, at this moment 12% of the human population is 65 years 

or older. This percentage is expected to increase to 22% of elderly people in 2050 (Ageing and Health, 

2021). This seems like a good development, but aging is a risk factor for the onset of different diseases 

such as cardiovascular diseases, neurodegenerative diseases, diabetes and cancer (Jaul & Barron, 

2017). Aging is defined as the progressive loss of organ and tissue function over time according to 

Flatt (2012). Senescence is associated with aging and is even seen as a hallmark of aging (López-Otín 

et al., 2013). Senescence is a condition in which cells stop proliferating and stay in a stable cell cycle 

arrest. This is beneficial if for example a tumor cell becomes senescent and stops proliferating. But not 

every senescent cell has a beneficial effect on the body (Coppé et al., 2008). This is due to the 

development of the so-called Senescence-Associated Secretory Phenotype (SASP) which is a 

phenotype of senescent cells resulting in the excretion of different types of factors into the 

environment around the senescent cell. This can lead to inflammation  of the environment but can also 

lead to e.g. tumor proliferation.  

The group of diseases that kills the most people worldwide are cardiovascular diseases (CVDs), which 

take around 17.9 million lives every year (Cardiovascular Diseases, 2019). Furthermore, the medical 

bill was found to be $10,345 higher for people suffering from CVDs, and in low-income countries the 

total medical bill rose to 3.35 trillion dollars (Foy & Mandrola, 2018). The increase in the lifespan in 

humans is associated with an increased risk for the development of CVDs.  

Next to CVDs, neurodegenerative diseases are a group of diseases that also affect people worldwide. 

With the onset of a neurodegenerative disease different costs come into play, such as the costs to put a 

patient in hospital but also costs of medicines and rehabilitation. According to Sopina et al. (2018), the 

medical bill of a person with Alzheimer’s Disease (AD) was €4996 higher a year than the ‘healthy’ 

control group. With around 6.2 million suffering from AD last year in the United States only, the 

economic burden of neurodegenerative diseases is huge and while the deaths from CVDs are 

decreasing since 2000, the deaths from AD have increased by 145% since 2000 (Alzheimer’s Disease 

Facts and Figures, 2021).  

The increase in age is accompanied by an increase in senescent cells and this might be interconnected 

with each other (Mylonas & O’Loghlen, 2022). An increase in senescent cells could be the cause of 

the increased chance of developing cardiovascular and neurodegenerative diseases. While there are 

different cells in the environments of cardiovascular and neurodegenerative diseases. All senescent 

cells, in general, share characteristics of which the SASP is the most important one. 

Because cardiovascular and neurodegenerative diseases have had and still have a huge impact on 

society this thesis will look into the role of senescence in the development of these diseases. Thus, the 

research question of this thesis is ‘What is the role of senescent cells in the development of 

Cardiovascular and Neurodegenerative diseases?’ To tackle this research question the aim is to first 

provide some information about senescence and the two diseases themselves, to then go into depth and 

see what the connection between the two diseases and senescence is.  
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Chapter 1: Cellular Senescence 

Cellular Senescence 

Cellular senescence is a state in which the cell cycle becomes arrested and proliferation stops (Kumari 

& Jat, 2021). Cells arrest in the G1/S phase of the cell cycle. The onset of senescence in cells is 

triggered by the activation of one of two tumor suppressor networks. These two networks are the 

p16INK4A/Rb and the p53/p21CIP1 networks. The p53/p21CIP1 network can be activated in response to 

DNA damage and is thought to be an initiator of senescence. The response to DNA damage is called 

the DNA Damage Response (DDR), DDR activates different stress sensors such as telangiectasia-

muted (ATM) and Rad3-related (ATR) kinases. These kinases activate the p53/p21CIP1 networks by 

phosphorylating p53 via Chk1/2 resulting in the activation of P21, which inhibits the cyclin- CDK 

complex (see figure 1)(Mijit et al., 2020). The p16INK4A/Rb network is connected to multiple proteins 

of the Rb family, p16INK4A binds to CDK4/6 and prevents the formation of cyclin-CDK complexes. 

This results in the blockage of Rb phosphorylation, which prevents promoting the expression of E2F 

genes which are necessary for the cell cycle transition (see figure 1) (Kumari & Jat, 2021). The 

p16INK4A/Rb network seems to have a role in maintaining senescence, as loss of the p16INK4A/Rb 

network leads to the promotion of cancer (Pérez-Sayáns et al., 2015). Ultimately, both these two tumor 

suppressor networks act on the cyclin- CDK complex which phosphorylates retinoblastoma (Rb) 

causing expression of E2F genes which result in cell transition from the G1 to the S phase. Inhibiting 

this complex results in a stable cell cycle arrest (see figure 1) (McHugh & Gil, 2017). 

Different intrinsic and extrinsic signals can trigger p16INK4A/Rb and the p53/p21CIP1 networks (see 

figure 1). As mentioned before, DNA damage is a trigger for senescence because it activates a DDR. 

Endogenous DNA damage is researched and verified as a driver of senescence (Niedernhofer, 2019). 

Next to this telomere shortening is a trigger for senescence (see figure 1)(Fagagna et al., 2003). 

Dysfunction of the autophagy pathway can also cause the onset of senescence (Moreno-Blas et al., 

2019). Next to these pathways, also some genes are associated with triggering senescence. Three genes 

are associated with the accumulation of senescence. PRODH, DAO and EPN3 were all found to 

trigger senescence all three genes are regulated by p53 which, as mentioned before, is shown to have 

an essential role in senescence induction (Nagano et al., 2016). Overexpression of these three genes 

leads to senescence and a byproduct of the overexpression of these genes is ROS production, which 

can lead to DNA damage and thus senescence (Nagano et al., 2016).  

 

 

Figure 1. The two tumor suppressor 

networks P16INK4A/Rb and 

p53/p21CIP1. When activated, the 

p16INK4A/Rb and the p53/p21CIP1 

networks will lead to the onset of 

senescence by affecting downstream 

components and ultimately inhibiting 

CDK4/6 (Mijit et al., 2020). 

 



6 

 

Senescence and Cancer 

Cellular senescence is thought to be an anti-cancer mechanism, tumor cells that become senescent 

cannot proliferate and invade the body anymore. Senescent cells can influence the immune system and 

thereby limit cancer development (Kang et al., 2011). Next to having a detrimental effect on cancer 

development, unfortunately, senescent cells can also have a beneficial effect on cancer development. 

Research has shown that senescent cells excrete different factors during the development of the SASP. 

The excretion of all these different factors during the SASP can promote tumor proliferation (Coppé et 

al., 2006) (Ouchi et al., 2016). There is also oncogene-induced senescence (OIS), in which due to the 

activation of an oncogene or the loss of a tumor-suppressor gene, senescence is induced. P53 was 

found in premalignant adenoma cells undergoing OIS and is thought to be a regulator of OIS (Bieging 

et al., 2014). The main function of OIS is to stop abnormal cell proliferation and thus OIS can be seen 

as an anti-cancer mechanism. In malignant adenoma cells, p53 was not expressed, thus if p53 is 

expressed adenoma cells are likely to undergo OIS and premalignant adenomas will not develop into 

malignant adenomas (Collado et al., 2005). Although due to the SASP all senescent cells develop, OIS 

can also potentially initiate cancer proliferation  (Liu et al., 2018).  

SASP 

The SASP is a phenotype that is seen in all senescent cells, during this phenotype the senescent cells 

will excrete different soluble and insoluble factors (see figure 2)(Coppé et al., 2010). Important factors 

for this thesis are; IL-6 and IL-8, which are pro-inflammatory cytokines that have been proven to 

induce an inflammatory state that can result in more senescence, more inflammation and tumor 

proliferation (Ortiz-Montero et al., 2017). Next to IL-6 and IL-8, SASP also excretes other factors 

such as growth factors. In the SASP of fibroblasts, matrix metalloproteinases (MMPs) were found. 

These MMPs play a role in the modeling of the extracellular matrix (ECM)(see figure 2). 

Dysregulation of MMPs might be a factor influencing the aging process and the onset of diseases 

(Freitas-Rodríguez et al., 2017).  

 

Figure 2. The general effects of the SASP. SASP effects can be beneficial or detrimental depending on the place 

and time they occur (McHugh & Gil, 2017). 

Detrimental SASP 

As mentioned earlier, the SASP can have detrimental effects on the environment. The first detrimental 

effect of the SASP is the chances of cancer relapse after chemotherapy. Senescent cells can promote 

cancer relapse after chemotherapy. Demaria et al (2017) showed that the removal of senescent cells 

after chemotherapy resulted in a decrease in cancer relapse.  Next to this, senescent cells can promote 

tumor proliferation as mentioned earlier (Coppé et al., 2006). Krtolica et al. (2001) showed that 

senescent fibroblasts promoted epithelial cell growth which stimulated premalignant and malignant 

epithelial cells to become tumors. Furthermore, the continuous excretion of factors by the SASP can 

lead to the onset of chronic low-grade inflammation which is referred to as ‘inflammaging’ (Olivieri et 
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al., 2018). This inflammaging can lead to damage to different types of organs and deregulation of the 

immune system, senescent cells can activate the immune system and this continuous inflammaging 

results in a lower clearance of senescent cells which will result in a lasting inflammation and a vicious 

cycle that is hard to interrupt (Olivieri et al., 2018). Lastly, the SASP can trigger fibrosis and can result 

in the development of the fatal disease idiopathic pulmonary fibrosis (IPF). In IPF lungs, researchers 

found different biomarkers for senescence and SASP such as upregulation of CDKN2A which 

expresses p16 and higher levels of IL-6 (Schafer et al., 2017). 

Beneficial SASP 

Next to being detrimental, the SASP can be beneficial to the human body (see figure 2). The first 

beneficial effect of the SASP is the earlier mentioned ability to act as an anti-cancer mechanism (Kang 

et al., 2011). In addition to this, the SASP can activate both innate and adaptive immune responses. 

This is one of the mechanisms used by senescent cells to eliminate cancer cells. The SASP recruits the 

innate immune system to target and kill senescent cells, this also results in an anti-cancer effect (Xue 

et al., 2007). Furthermore, the SASP also plays a role in the remodeling of tissues, it secretes factors 

such as platelet-derived growth factor AA to promote wound healing and close wounds. When 

senescent cells were eliminated in mice models, wound closure was delayed in comparison with mice 

models where senescent cells were present (Demaria et al., 2014). 

Chapter 2: Cardiovascular and Neurodegenerative diseases 

Cardiovascular diseases  

As mentioned before, CVDs are the most common cause of death worldwide. A condition is called a 

cardiovascular disease if it affects the heart or blood vessels. There are a lot of different cardiovascular 

diseases but the top four cardiovascular diseases exist of coronary heart disease, strokes and TIAs, 

peripheral arterial disease and aortic disease (NHS website, 2022c). 

 

Figure 3. The correlation between age and cardiovascular diseases in men and women of the United States B. 

the incidence of atherothrombotic stroke in men and women  C. The incidence of coronary heart disease in men 

and women. (Lakatta & Levy, 2003). 

Age is one of the major risk factors for the development of cardiovascular diseases (CVDs). In figure 

3B and 3C, the correlation between age and the incidences of stroke (figure 3B) and coronary heart 

disease (figure 3C) is visible in both men and women from the US. In this figure (3B/C) the increased 

numbers of CVDs with age are clearly visible. In atherosclerosis, there is a narrowing of the arteries 

due to the building up of plaques existing of fat, blood cells and cholesterol (Atherosclerosis - What Is 

Atherosclerosis? | NHLBI, NIH, 2022). Atherosclerosis is linked to all the four CVDs mentioned 

earlier in this chapter. During aging there is an increase in Reactive Oxygen Species (ROS), these 

increased ROS can lead to DNA damage which can lead to an increase in cellular senescence and an 
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increase in cellular senescence can have detrimental effects as mentioned in chapter 1 (Liguori et al., 

2018). Furthermore, the increase in ROS can lead to oxidative stress and an increase in oxidized LDL 

(ox-LDL). This can lead to the development of atherosclerosis due to endothelial dysfunction and this 

can cause CVDs (Mitra et al., 2011). Next to an increase in ROS, there is also an increase in the 

thickening and stiffening of arteries during aging due to changes in compounds of the arterial wall, 

collagen and elastin (Kohn et al., 2015). Stiffening of arteries plays a role in the development of 

CVDs, validating once more that aging is a major risk factor for the development of CVDs. 

Coronary Heart Disease 

Coronary heart disease is a condition in which the blood supply to the heart is blocked or interrupted 

by a blockage consisting of fatty substances in coronary arteries (NHS website, 2022d). 

Atherosclerosis is the main cause of coronary heart disease (NHS website, 2022d). Next to 

atherosclerosis, also hypertension, diabetes, obesity ,smoking and low physical activity are risk factors 

that influence the onset of coronary heart diseases (Assmann et al., 1999). The occurrence of coronary 

heart disease is decreasing in the US, Western Europe and Australia but it is increasing in East Europe, 

Asia and Africa. Making it a disease that is playing right now and will be playing in the future 

(Sanchis-Gomar et al., 2016). 

Strokes and TIA’s 

A condition is called a stroke if the blood supply to the brain is cut off, there are two different causes 

of a stroke, there is an ischaemic stroke in which the blood supply is stopped due to a blood clot and 

there is a haemorrhagic stroke in which a blood vessel supplying the brains bursts and the blood 

supply is stopped (NHS website, 2022e). A stroke is the second cause of death worldwide, 5.5 million 

people are killed by a stroke every year and 50% of the survivors of a stroke turn out to become 

disabled. (Donkor, 2018) 

TIA stands for a transient ischaemic attack, and a TIA can be seen as the mild version of a stroke. A 

condition is called a TIA if there is a temporary disruption of blood supply to part of the brain, but the 

disruption is not as severe as in a stroke. The effects of a TIA only last a few minutes to hours (NHS 

website, 2022b). Age is a risk factor for a TIA, people above 55 years old have a higher chance of 

getting a TIA. TIAs can also be a risk factor for developing a stroke (Khare, 2016). Between 1948 and 

2017, Lioutas et al. (2021) discovered that the incidence numbers of a TIA were 1.19 per 1000 persons 

every year.  

Peripheral Arterial Disease 

Peripheral arterial disease (PAD), also known as peripheral vascular disease (PVD), shares it s cause 

with coronary heart disease. PAD is caused by a blockage of arteries that supply blood to the leg 

muscles by build up fatty substances. Atherosclerosis is a risk factor for PAD. PAD can result in the 

onset of other CVDs such as Coronary Heart Disease or a Stroke (NHS website, 2021). In 2015, 236 

million people worldwide suffered from a PAD (Aday & Matsushita, 2021). This number is an 

estimation as the symptoms of PAD are not that severe and many cases stay undetected.  

Aortic Disease 

Aortic disease, often known as an abdominal aortic aneurysm (AAA), is a condition in which the aorta 

is bulged or swollen. If not detected early, the swelling can increase and result in a rupture in the aorta 

resulting in a life-threatening bleed. Women aged 70+ and men aged 66+ are at risk for developing 

AAA (NHS website, 2022a). The highest prevalence of AA Ais in the age group between 65 and 74 

years (Li et al., 2013). Around 175.000 people die each year from undetected AAA (Howard et al., 

2015). 
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Neurodegenerative diseases 

There are multiple neurodegenerative diseases, but the focus will be on the two most common 

neurodegenerative diseases; Alzheimer’s disease and Parkinson’s disease. As with CVDs, aging is the 

major risk factor for the development of neurodegenerative diseases. (Hou et al., 2019).  

Alzheimer’s Disease 

Alzheimer’s disease (AD) is the main cause of dementia. AD causes cells in the brain to degenerate, 

resulting in a decline in brain functions such as thinking and being independent in daily life. 

Increasing age is a risk factor for AD, next to genetic factors, vascular diseases, and head injuries. 

There is no cure for AD yet, only two medicines that target the symptoms of AD are on the market. 

AD is characterized by neurotic plaques and neurofibrillary tangles. During AD, the brain can be seen 

‘shrinking’ as illustrated in figure 4 (Breijyeh & Karaman, 2020). The hippocampus and cerebral 

cortex are also affected by AD and the ventricles in the brain enlarge during AD. The accumulation of 

amyloid-beta peptides (Aβ) is the main cause of the neurotic plaques and neurofibrillary tangles 

(Breijyeh & Karaman, 2020). It is estimated that around 24 million people worldwide are affected by 

AD, which is expected to double every 20 years until 2040 (Mayeux & Stern, 2012).  

 

Figure 4. The normal and Alzheimer’s disease brain compared. A. Normal brain. Healthy neurons and 

hippocampus are visible.B, Alzheimer’s disease brain. Shrinking of the brain, cerebral cortex and hippocampus 

are visible together with the enlarged ventricles and next to this the neurotic plaques and neurofibrillary tangles 

are visible (Breijyeh & Karaman, 2020). 

Parkinson’s Disease 

After AD, Parkinson’s Disease (PD) is the second most common neurodegenerative disease. Age is 

also a risk factor for PD, due to the aging population, in 2030 it is expected that the cases of PD are 

increased by 30%. A characteristic of PD is the loss of dopaminergic neurons, this loss of 

dopaminergic neurons results in different symptoms such as a resting tremor, bradykinesia and 

postural instability (see figure 5). In the clinic, PD is diagnosed if there is the identification of Lewy 

bodies (LB) or Lewy neurites (Kouli et al., 2018). α-synuclein is thought to be an important 

component of the Lewy bodies, in PD there is a mutation in α-synuclein that results in aggregation of 

α-synuclein into filaments and this causes the formation of more Lewy bodies. PD is therefore 

categorized as an α-synuclein disease (Spillantini et al., 1997). In PD, the basal ganglia network due to 

the degeneration of neurons in the substantia nigra is mostly affected (What Is Parkinson’s?, 2022).  
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Chapter 3: Senescence in Cardiovascular and Neurodegenerative diseases 

As aging is a broad field, the following chapter will not describe the role between aging and 

senescence, but between the onset of two age-related diseases and senescence to narrow down the 

focus of this thesis. 

Senescence in Cardiovascular diseases 

As mentioned before, atherosclerosis is a big risk factor for the development of the most common 

CVDs namely, coronary heart disease and PAD. Next to this, there is a connection between 

senescence and the onset of atherosclerosis. Therefore this chapter will look into the connection 

between senescence and the development of CVDs. There are different types of cells in the 

cardiovascular system that play a role in senescence and the onset of atherosclerosis and thus the onset 

of CVDs (see figure 6).  

 

Figure 6. The human endothelium in a healthy state and during atherosclerosis. Human vascular endothelial 

cells (endothelium in figure) and human vascular smooth muscle cells (smooth muscle in figure) play a role in 

the onset of atherosclerosis (right side)(Encyclopædia Britannica, Inc., n.d.). 

Human Vascular Endothelial Cells 

The first type of cells that has a connection with senescence are human vascular endothelial cells 

(HVECs)(see figure 6). HVECs influence different factors such as nitric oxide (NO), endothelin-1 

(ET-1) and Angiotensin II (Wu et al., 2020). When HVECs become senescent, the expression levels of 

these factors change drastically (Wu et al., 2020). NO is a vasodilator that normally protects against 

 

Figure 5. Symptoms of PD. Resting 

tremor, bradykinesia (reduced arm 

swing, shuffling, short stepped 

gait) and postural instability 

(forward tilt of trunk, back rigidity, 

stooped posture) are visible 

(Smith, 2022). 
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the development of atherosclerosis. NO prevents the oxidation of LDL in blood vesicles and thereby 

the formation of the in chapter 2 mentioned ox-LDL. Next to this NO prevents abnormal constriction 

of the blood vesicle, also called vasospasm (Matthys & Bult, 1997). In HVECs that become senescent, 

the production of NO is significantly decreased which increases the risk of developing atherosclerosis. 

ET-1 is an amino-acid peptide that is connected to NO, where NO has vasodilative abilities, ET-1 has 

a vasoconstrictive effect in arteries. In senescent HVECs, the production of ET-1 is increased (Wu et 

al., 2020). This increase can lead to hypertension and atherosclerosis, as ET-1 inhibits NO production 

which leads to an impaired endothelium-dependent relaxation (D’Uscio et al., 2000). Lastly there is 

angiotensin II, which is a component of the renin-angiotensin-aldosterone system. Angiotensin II is a 

vasoconstrictor, it can induce endothelial dysfunction, promotes macrophage uptake of ox-LDL and 

stimulates the production of ROS (Keidar, 1998) (Schmidt-Ott et al., 2000). All of these effects 

increase the chance of developing atherosclerosis. Senescent HVECs can stimulate the expression 

level of angiotensin II (Wu et al., 2020). 

Human Vascular Smooth Muscle Cells 

The second type of cells that is in the cardiovascular system and that is connected to senescence are 

human vascular smooth muscle cells (HVSMCs)(see figure 6). Senescent HVSMCs can mediate the 

instability of plaques and play a role in vascular calcification, via levels of bone morphogenetic 

protein-2 (BMP-2) and excretion of proinflammatory cytokines which are upregulated in senescent 

HVSMCs (see figure 7)(Wu et al., 2020). BMP-2 plays a role in bone formation by activating 

osteoblasts, increased levels of BMP-2 promote plaque calcification by the induction of an osteogenic 

phenotype (see figure 7). Zhang et al.(2015) discovered that in patients with atherosclerosis, plasma 

levels of BMP-2 were increased. Next to BMP-2, senescent HVSMCs have a SASP that excretes 

proinflammatory cytokines as mentioned before. These pro-inflammatory cytokines result in chronic 

low-level inflammation, which can result in the development of atherosclerosis (see figure 7) (Gardner 

et al., 2015).  

 

 

 

Figure 7. Overview of senescent human vascular smooth muscle cells (HVSMCs).The downstream 

pathway and influences of BMP-2 (vascular calcification) and proinflammatory cytokines 

(atherosclerotic plaque rupture) are visible (Wu et al., 2020). 
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Senescence in Neurodegenerative diseases 

There is thought to be a connection between senescence and the onset of neurodegenerative diseases. 

Most studies suggest that the proinflammatory abilities of senescent cells lead to neuroinflammation 

that leads to neurodegeneration (Guerrero et al., 2021). During AD and PD, there is 

neuroinflammation in the environment of the brain. During the onset of AD, this neuroinflammation 

might be beneficial but when it becomes chronic and AD is progressing, this neuroinflammation is 

detrimental to the progression of AD (Tailor et al., 2019). As both AD and PD are diseases in the 

brain, two cell types play a role in regard to senescence. These two cell types are microglia and 

astrocytes. 

Microglia 

Microglia are immune cells of the central nervous system. They play a role in the immune protection 

of the brain. Where neurons cannot divide, microglia can divide and age (Njie et al., 2012). Thus 

microglia can become senescent. When microglia become senescent they can develop a SASP causing 

neuroinflammation resulting in the onset of AD and PD (Njie et al., 2012). The IL-6 excretion by the 

SASP can result in the formation of neurofibrillary tangles (see figure 8) (Streit et al., 2009). Next to 

this senescent microglia play another role in AD. They are also responsible for the increase in amyloid 

plaques and thus the development of AD (Wang et al., 2016). 

 

Figure 8. Influence of senescent microglia and astrocytes on neurons. Senescent microglia and astrocytes 

promote neurofibrillary tangles and amyloid plaques with their SASP resulting in the development of 

neurodegenerative diseases such as AD and PD (Penney & Tsai, 2018). 

Astrocytes 

Astrocytes are also cells that are important in the central nervous system, they form around 30% of the 

cells in the central nervous system. Next to this they form synapses, propagate action potentials and 

are key players in neuronal development (Liddelow & Barres, 2017). Astrocytes can become 

senescent. In patients with AD, an increase in p16INK4a-positive astrocyte cells has been found 

(Vazquez‐Villaseñor et al., 2019). Also an increase in vitro in the production of IL-6 production by 

senescent astrocytes has been discovered (Bhat et al., 2012). Next to this in the substantia nigra of PD 

patients, elevated levels of p16INK4a and SASP factors such as IL-6, IL-8 and MMP-3 have been found 

which could all be traced back to senescent astrocytes (Chinta et al., 2018) 

Overall, the connection between AD/PD and senescence is similar, due to the SASP senescent 

microglia and astrocytes have, neuroinflammation occurs which ultimately leads to neurodegeneration 

(see figure 9) 
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\ 
Figure 9. Healthy brain vs Alzheimer’s disease brain. In AD, senescent cells induce inflammation resulting in a 

higher number of senescent cells and neuroinflammation (Guerrero et al., 2021). 

Discussion 

In this thesis, the role of senescent cells in cardiovascular and neurodegenerative diseases was 

investigated. Due to the aging population, an increase in senescent cells but also an increase in age-

related diseases such as cardiovascular and neurodegenerative diseases will most likely increase. 

Senescence is seen as a double-edged sword, as it can have beneficial effects such as an anti-cancer 

mechanism but also detrimental effects such as tumor proliferation. This double-edged sword is due to 

the SASP senescent cells develop. The SASP can have a beneficial but also detrimental effect on the 

microenvironment. 

To come back to the research question stated in the introduction, senescent cells do play a role in the 

onset of cardiovascular and neurodegenerative diseases. In CVDs, the biggest connection is between 

atherosclerosis and senescence. When HVECs become senescent they influence factors such as; NO, 

ET-1 and angiotensin II (see figure 10). NO levels will decrease in senescent HVECs resulting in an 

increased risk of developing atherosclerosis. ET-1 levels increase in senescent HVECs and this results 

in hypertension, a decrease in NO levels and atherosclerosis. Senescent HVECs will react with 

angiotensin II resulting in endothelial dysfunction, uptake of ox-LDL and stimulation of ROS 

production. Then, HVSMCs, when HVSMCs become senescent they can influence the calcification of 

the vascular system and make plaques in atherosclerosis unstable through BMP-2. Senescent 

HVSMCs also excrete proinflammatory cytokines resulting in chronic low-grade inflammation, 

increasing the risk for atherosclerosis as seen in figure 10.  

Next to CVDs, in neurodegenerative diseases the biggest connection is between two cell types of the 

central nervous system and senescence, these are microglia and astrocytes. When microglia become 

senescent they can form neurofibrillary tangles which are detrimental in AD and PD as seen in figure 

10. Next to this in senescent microglia and astrocytes, a SASP develops which results in chronic 

neuroinflammation. This chronic neuroinflammation will result in the development of 

neurodegenerative diseases such as AD and PD (see figure 10). 

Although four connections between CVDs/neurodegenerative diseases and senescence have been 

found (see figure 10). The exact role of senescence in these age-related diseases is not fully understood 

yet. This is because senescence and aging are intertwined and there are some vicious cycles (e.g. 

senescent cells that promote senescence in other cells) that are hard to investigate. Next to this, it is 

hard to say when a cell is senescent. As there are biomarkers for senescence, e.g. SA-β-GAL, that also 

mark cells that are not senescent at all (de Mera-Rodríguez et al., 2021). A  biomarker that only marks 

senescent cells is yet to be developed and would be extremely useful. Also, the topic of the 

CVDs/neurodegenerative diseases and senescence is upcoming and research is just starting in this field 

when compared to senescence and cancer.  
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Upcoming in the field of senescence are senolytics, which are compounds that selectively kill 

senescent cells. As seen in this thesis, senescent cells can have detrimental effects and the removal of 

senescent cells have improved these detrimental effects in numerous studies (Hickson et al., 2019) 

(Chang et al., 2015). Further research is needed on the connection between senescence and 

cardiovascular and neurodegenerative diseases. This research could look into specific types of 

senolytics that improve cardiovascular and neurodegenerative diseases, such as senolytics aimed at 

senescent microglia and astrocytes or senescent HVECs and HVSMCs. 

 

Figure 10. The role of senescence on cardiovascular and neurodegenerative diseases. A. Pathway of senescent 

cells in neurodegenerative diseases. B. Pathway of senescent cells in cardiovascular diseases (made with 

BioRender.com). 
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