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SUMMARY 

DANSK RESUMÉ (DANISH SUMMARY) 

Aldersrelateret makuladegeneration (AMD) er den hyppigste årsag til uopretteligt synstab og blindhed i højindkomst-

lande. Det er en progredierende nethindesygdom som gradvist fører til ødelæggelse af de celler som er ansvarlige for 

vores centralsyn. De tidlige stadier er ofte asymptomatiske, imens senstadie AMD, som opdeles i to former, neovasku-

lær AMD (nAMD) og geografisk atrofi (GA), begge udviser gradvist synstab, dog generelt med forskellig hastighed. Tidlig 

AMD er karakteriseret ved tilstedeværelsen af druser og pigmentforandringer i nethinden mens nAMD og GA udviser 

henholdsvis karnydannelse i og atrofi af nethinden. Ætiologien er multifaktoriel og udover alder omfatter patogenesen 

miljø- og genetiske risikofaktorer. Forskning har specielt fokuseret på lokale forandringer i øjet hvor man har fundet at 

inflammation spiller en betydelig rolle for udviklingen af sygdommen, men flere studier tyder også på at systemiske 

forandringer og specielt systemisk inflammation spiller en væsentlig rolle i patogenesen. 

 

De Philadelphia-negative myeloproliferative neoplasier (MPNs) er en gruppe af hæmatologiske kræftsygdomme med 

en erhvervet genetisk defekt i den tidlige pluripotente stamcelle som medfører en overproduktion af en eller flere af 

blodets modne celler. Sygdommene er fundet at udvikle sig i et biologisk kontinuum fra tidligt cancerstadie, essentiel 

trombocytose (ET) over polycytæmi vera (PV) og endelig til det sene myelofibrose stadie (PMF). Symptomer hos disse 

patienter skyldes især den ændrede sammensætning af blodet, hyperviskositet, kompromitteret mikrocirkulation og 

nedsat vævsgennemblødning. Den øgede morbiditet og mortalitet beror i høj grad på tromboembolier, blødninger og 

leukemisk transformation. En række mutationer som driver MPN sygdommene er identificeret, bl.a. JAK2V617F-muta-

tionen som medfører en deregulering JAK/STAT signalvejen, der bl.a. har betydning for cellers vækst og overlevelse. Et 

tidligere stort registerstudie har vist at patienter med MPNs har en øget risiko for neovaskulær AMD og et pilotstudie 

har vist øget forekomst af intermediær AMD. Dette ønsker vi at undersøge nærmere i et større studie i dette Ph.d.- 

projekt. Flere studier har også vist at kronisk inflammation spiller en vigtig rolle for både initiering og udvikling af den 

maligne celleklon hos MPNs og herfra er en ”Human Inflammationsmodel” blevet udviklet. Siden er MPN sygdommene 

blevet anvendt som ”model sygdomme” for en tilsvarende inflammationsmodel for udvikling af Alzheimers sygdom. I 

dette Ph.d.-projekt vil vi tilsvarende forsøge at undersøge systemisk inflammation i forhold til forekomst af druser. Det 

vil vi gøre ved at sammenligne systemiske immunologiske markører som tidligere er undersøgt hos patienter med AMD 

og sammenligne med MPN. Specielt er vi interesseret i systemiske immunologiske forskelle på patienter med MPN og 

druser (MPNd) og MPN med normale nethinder (MPNn). 

 

Denne afhandling består af to overordnede studier. I Studie I, undersøgte vi forekomsten af retinale forandringer asso-

cieret med AMD hos 200 patienter med MPN (artikel I). Studie II, omhandlede immunologiske ligheder ved AMD og 

MPN, og var opdelt i yderligere tre delstudier hvor vi undersøgte hhv. systemiske markører for inflammation, aldring og 

angiogenese (artikel II, III og IV). Vi undersøgte markørerne i fire typer af patienter: nAMD, intermediær AMD (iAMD), 

MPNd og MPNn. Undersøgelsen af forskelle mellem MPNd og MPNn, vil gøre det muligt at identificere forandringer i 



 

immunsystemet som kunne være relevante for AMD-patogenesen. Vi vil endvidere sammenholde resultaterne for 

patienter med MPN med patienter som har iAMD og nAMD. 

 

I studie I (Artikel I) fandt vi at patienter med MPN har en signifikant højere prævalens af store druser og AMD tidligere 

i livet sammenlignet med estimater fra tre store befolkningsundersøgelser. Vi fandt også at forekomst af druser var 

associeret med højere neutrofil-lymfocyt ratio, hvilket indikerer et højere niveau af kronisk inflammation i patienterne 

med druser sammenlignet med dem uden druser. 

I studie II (Artikel II, III og IV) fandt vi flere immunologiske forskelle mellem patienter med MPNd og MPNn. Da vi under-

søgte markører for inflammation, fandt vi en højere grad af systemisk inflammation i MPNd end MPNn. Dette blev vist 

ved en højere inflammationsscore (udregnet på baggrund af niveauer af pro-inflammatoriske markører), en højere neu-

trofil-lymfocyt ratio, samt indikationer på et dereguleret komplementsystem. Ved undersøgelse af aldringsmarkører 

fandt vi tegn på accelereret immunaldring hos MPNd i forhold til MPNn, hvilket kommer til udtryk ved en større pro-

centdel af ”effector memory T celler”. Endelig fandt vi en væsentlig lavere ekspression af CXCR3 på T celler og 

monocytter hos patienter med nAMD sammenlignet med iAMD, MPNd og MPNn. Dette er i overensstemmelse med 

tidligere studier hvor CXCR3 ekspression er fundet lavere end hos raske kontroller. Derudover fandt vi en faldende 

CXCR3 ekspression på monocytter over det biologiske MPN-kontinuum. Disse studier indikerer en involvering af CXCR3 

i både nAMD og PMF, begge sygdomsstadier som er karakteriseret ved angiogenese og fibrose. 

 

Ud fra resultaterne af denne afhandling kan vi konkludere at forekomsten af druser og AMD hos MPN er øget i forhold 

til baggrundsbefolkningen. Endvidere viser vores resultater at systemisk inflammation muligvis spiller en væsentlig 

større rolle i udviklingen af AMD end tidligere antaget. Vi foreslår derfor en AMD-model (Figur 19) hvor inflammation 

kan initiere og accelerere den normale aldersafhængige akkumulation af affaldsstoffer i nethinden, som senere udvikler 

sig til druser, medførende øget lokal inflammation og med tiden tidlig og intermediær AMD. Dette resulterer i den øgede 

risiko for udvikling til de invaliderende senstadier af AMD. 

ENGLISH SUMMARY  

Age-related macular degeneration (AMD) is the most common cause of irreversible vision loss and blindness in high-

income countries. It is a progressive retinal disease leading to damage of the cells responsible for central vision. The 

early stages of the disease are often asymptomatic, while late-stage AMD, which is divided into two entities, neovascular 

AMD and geographic atrophy (GA), both show vision loss, though generally with different progression rates. Drusen and 

pigmentary abnormalities in the retina characterise early AMD, while nAMD and GA show angiogenesis in and atrophy 

of the retina, respectively. The aetiology is multifactorial and, in addition to ageing, which is the most significant risk 

factor for developing AMD, environmental- and genetic risk factors are implicated in the pathogenesis. Research has 

focused on local changes in the eye where inflammation has been found to play an essential role, but studies also point 

to systemic alterations and especially systemic inflammation to be involved in the pathogenesis. 

 

The Philadelphia-negative myeloproliferative neoplasms (MPN) are a group of haematological cancers with an acquired 

genetic defect of the pluripotent haematopoietic stem cell, characterised by excess haematopoiesis of the myeloid cell 



 

lineage. The diseases have been found to evolve in a biological continuum from early cancer state, essential thrombo-

cythemia, over polycythaemia vera (PV), to the advanced myelofibrosis stage (PMF). The symptoms in these patients 

are often a result of the changes in the blood composition, hyperviscosity, microvascular disturbances, and reduced 

tissue perfusion. The major causes of morbidity and mortality are thromboembolic- and haemorrhagic events, and 

leukemic transformation. A group of mutations that drive the MPNs has been identified, e.g., the JAK2V617F mutation, 

which results in deregulation of the JAK/STAT signal transduction pathway important, for instance, in cell differentiation 

and survival. A previous large register study has shown that patients with MPNs have an increased risk of neovascular 

AMD, and a pilot study has shown an increased prevalence of intermediate AMD. We wish to study this further in a 

larger scale study. Several studies have also shown that systemic inflammation plays an essential role in both the 

initiation and progression of the malignant cell clone in MPNs. From this knowledge, a ”Human inflammation model” 

has been developed. Since then, the MPNs has been used as model diseases for a similar inflammation model for the 

development of Alzheimer’s disease. In this PhD project, we would like to investigate systemic inflammation in relation 

to drusen presence. We will do this by comparing systemic immunological markers previously investigated in patients 

with AMD and compare with MPN. We are primarily interested in systemic immunological differences between patients 

with MPN and drusen (MPNd) and MPN with normal retinas (MPNn). 

 

This thesis consists of two main studies. Study I investigated the prevalence of retinal changes associated with AMD and 

the prevalence of different AMD stages in 200 patients with MPN (paper I). Study II examined immunological similarities 

between AMD and MPNs. This study was divided into three substudies exploring systemic markers of inflammation, 

ageing and angiogenesis, respectively. This was done in four types of patients: nAMD, intermediate AMD (iAMD), MPNd 

and MPNn. Investigating, differences between MPNd and MPNn, will make it possible to identify changes in the immune 

system, relevant for AMD pathogenesis. Additionally, we will compare patients with MPNs with patients with iAMD and 

nAMD. 

 

In study I (Paper I), we found that patients with MPNs have a significantly higher prevalence of large drusen and conse-

quently AMD from an earlier age compared to the estimates from three large population-based studies. We also found 

that drusen prevalence was associated with a higher neutrophil-to-lymphocyte ratio indicating a higher level of chronic 

low-grade inflammation in patients with drusen compared to those without drusen. 

In study II (papers II, III and IV), we found immunological differences between patients with MPNd and MPNn. When we 

investigated markers of inflammation, we found a higher level of systemic inflammation in MPNd than MPNn. This was 

indicated by a higher inflammation score (based on levels of pro-inflammatory markers), a higher neutrophil-to-lympho-

cyte ratio, and indications of a deregulated complement system. When examining markers of ageing, we found signs of 

accelerated immune ageing in MPNd compared to MPNn, shown by more senescent effector memory T cells. 

Finally, when exploring a marker of angiogenesis, we found a lower CXCR3 expression on monocytes and T cells in nAMD 

compared to iAMD, MPNd and MPNn, in line with previous studies of nAMD compared to healthy controls. Further, we 

found decreasing CXCR3 expression over the MPN biological continuum. These studies indicate CXCR3 involvement in 

both nAMD and PMF, two disease stages characterised by angiogenesis and fibrosis. 

 



 

From the results of this PhD project, we can conclude that the prevalence of drusen and AMD is increased in patients 

with MPN compared to the general population. Further, our results show that systemic inflammation may play a far 

more essential role in AMD pathogenesis than previously anticipated. We, therefore, propose an AMD model (Figure 

19) where inflammation can initiate and accelerate the normal age-dependent accumulation of debris in the retina, 

which later evolve into drusen, resulting in increased local inflammation, and over time early- and intermediate AMD. 

This results in the increased risk of developing the late debilitating stages of AMD. 

  



 

ABBREVIATIONS 
AMD: Age-related macular degeneration 

BLamD: Basal laminar deposits 

BLinD: Basal linear deposits 

BM: Bruch’s membrane 

BMI: Body mass index 

BRB: Blood-retina-barrier 
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DAMPs: Danger associated molecular patterns 
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ECM: extracellular matrix 
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EM: Effector memory cells 
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ET: Essential thrombocytosis 

ETDRS: Early Treatment of Diabetic Retinopathy Study 

FAF: Fundus autofluorescence 

GA: Geographic atrophy 

HGF: Hepatocyte growth factor 

iAMD: intermediate age-related macular degeneration 

IFN: Interferon 

IL-: Interleukin 

IQR: Inter quartile range 

JAK2V617F: mutation in the JAK2 gene 

JAK/STAT: Janus kinases (JAKs), signal transducer and 

activator of transcription proteins (STATs) 

MAC: Membrane attack complex 

MF: Myelofibrosis 

MMP: matrix metalloproteinase 

MPL: MPL gene, the gene encoding the 
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MSVI: moderate to severe vision impairment 

nAMD: neovascular age-related macular degeneration 
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activated B cells 

NK: Natural killer cell 

NLR: Neutrophil-to-lymphocyte ratio 

OCT: Optical coherence tomography 

PAMPs: Pathogen associated molecular patterns 

PDGF-A/B: Platelet-derived growth factor (A/B) 

PMF: Primary myelofibrosis 

PRR: Pattern recognition receptor 

PV: Polycythemia vera 

RAP: Retinal angiomatous proliferation 

ROS: Reactive oxygen species 

RPE: Retinal pigment epithelium  

SASP: senescence-associated secretory phenotype 

SGS: Summary growth factor score 

SIS: Summary inflammation score 

SNP: Single nucleotide polymorphisms 

TNF: Tumour necrosis factor 
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INTRODUCTION 

PURPOSE 
 
Senses are essential for human existence. Most people would agree that eyesight is our most precious sense, and its 

loss leads to devastating consequences. Fundamentally, this PhD project is about contributing to vision loss prevention 

by obtaining knowledge on a common eye disease known to cause severe irreversible vision loss. 

 

Age-related macular degeneration (AMD) is a progressive retinal disease leading to damage of the cells responsible for 

vision. The condition can severely impact an individual’s independence and quality of life. The vision loss often causes 

extensive problems with performing everyday activities such as reading, driving, and recognising faces, and it affects 

mobility with the risk of isolation. These factors can have an enormous psychological impact, and studies show an in-

creased incidence of depression in patients with AMD.1,2  

 

With the rising life expectancy, the prevalence of AMD is expected to increase, impacting the individuals afflicted and 

health care systems worldwide, adding to an already existing burden. 

 

Despite extensive research in AMD, the exact pathophysiology remains unknown. In recent years, a great deal of focus 

has been on the immune system and inflammation’s role in the pathogenesis of the disease. 

 

Although the existing therapy for the wet form of late-stage AMD, intravitreal anti-vascular endothelial growth factor 

injections, has improved the visual outcomes for many patients, the need for a better understanding and treatment of 

the disease is evident. We do not have a treatment for the dry form of AMD, and we only treat the disease when an 

individual has reached the late stage of the disease, where vision loss is already present. 

 

In this PhD project, the aim was to acquire knowledge on AMD by studying a completely different patient group showing 

alterations in the immune system, signs of massive inflammation, and most importantly, an increased AMD risk. The 

diseases of interest are the chronic myeloproliferative neoplasms (MPNs). The approach was to identify changes in the 

immune system common to AMD and MPNs and investigate if MPN patients with signs of AMD are immunologically 

different from MPN patients with normal retinas. The results may reveal more about the pathogenesis of AMD. 

BACKGROUND 

This section will present the background information relevant to this PhD project's studies, first, with a description of 

the retina, AMD, and MPNs. Hereafter, “the connection” between MPNs and AMD will be described, and three relevant 

features: inflammation, ageing and angiogenesis. 



 

The retina 

The retina is the innermost, light-sensitive layer covering the posterior two-thirds of the eye (Figure 1). We separate it 

into ten layers; the nine innermost layers comprise the neuroretina, and the outer layer is the retinal pigment epithelium 

(RPE). The neuroretina contains the two types of light-sensitive photoreceptors, rods, and cones, which detect light 

under different conditions. The cones function in bright light and are responsible for high acuity and colour vision. The 

rods are more sensitive and work in low light settings, thereby responsible for night-vision. The light stimuli of the 

photoreceptors are transformed into nerve signals and transmitted via other neurons of the neuroretina, the bipolar 

cells and ganglion cells. The ganglion cells’ nerve fibres form the optic nerve that transmits the transformed light stimuli 

to the brain to be processed into visual images. The neuroretina also contains modulating nerve cells (horizontal and 

amacrine cells) and glial cells responsible for supportive and immune functions (microglia and Müller cells).3 

 

 
Figure 1 Anatomy of the human eye and the layers of the retina 
Left: Eyeball anatomy – sagittal view. Right: Enlargement and anatomy of the retina, showing the ten layers – the neuroretina in blue text and the 
RPE in red. Created with BioRender 

The RPE is a monolayer of pigmented cells nourishing and supporting photoreceptors. Tight-junctions between RPE-

cells form the outer blood-retina-barrier (BRB). The Bruch’s membrane (BM) sits between the RPE and the underlying 

choroid acting as a supportive barrier. The BM restricts cellular migration and facilitates the flow of nutrients, oxygen, 

and waste products between the choroid and the RPE. The BM consist of five layers: the innermost layer composes the 

basement membrane of the RPE, the outermost layer the basement membrane of the choriocapillaris, which is the part 

of the choroid where fenestrated capillaries are located. Tight-junctions between these epithelial capillary cells of the 

choriocapillaris form the inner BRB. The BRB functions to limit and regulate the movement of molecules and immune 

cells to the subretinal space (between the RPE and the photoreceptors). Thereby, the BRB have a vital function in 

supporting and maintaining retinal immune privilege. The choroid layers are from the retinal site inwards out; the outer 

layer of BM, the choriocapillaris described above, Sattler’s layer and Haller’s layer, containing medium diameter vessels 

and larger diameter vessels, respectively.3 



 

The macula (Figure 1) is a circular region of the retina approximately 5.5mm in diameter, providing central vision. It is 

located at the posterior pole of the eye temporally to the optic disc (The optic disc is the point where nerve fibres of the 

ganglion cells exit the eye to form the optic nerve). In the very centre of the macular region is the fovea, with a diameter 

of 1.5mm. Only cone photoreceptors are present in the fovea, and it is the part of the retina where visual acuity is 

highest. The retina outside the macula provides peripheral vision and is used when moving or orientating.3 

 

It is possible to look directly at the retina through the pupil with direct ophthalmoscopy and different imaging techni-

ques. The methods section will briefly describe the imaging techniques used in this study. 

Age-related macular degeneration 

Presentation and classification  

Age-related macular degeneration (AMD) is a degenerative disease 

of the retina, especially the macular area. The disease affects the 

photoreceptors, the RPE, BM and the choroid and results in 

progressive loss of central vision. Common symptoms are visual 

distortions such as metamorphopsia (straight lines appear wavy), 

blurred vision and scotomas (blind spots) (Figure 2). These 

symptoms are seen primarily in the later stages of AMD. 

 

The hallmark sign of AMD is drusen which are present at all AMD 

stages. These are white-yellowish deposits of extracellular material 

(lipids and proteins) accumulating between the RPE and BM. A 

specific form of drusen called subretinal drusenoid deposits (or 

reticular pseudodrusen) is seen between the RPE and the 

photoreceptors and is associated with a greater risk of AMD.4 Based 

on drusen presence, size and number and some other clinical 

characteristics described below, we classify AMD in different 

stages: early-, intermediate- and late AMD5 (Table 

1). Late-stage AMD can be further divided into two 

morphological sub-types: the neovascular form 

(also called wet AMD) and the atrophic form called 

geographic atrophy (GA). 

In early AMD (eAMD), only medium-sized drusen 

are observed. The criteria for intermediate AMD 

are met when both drusen and pigmentary ab-

normalities are seen (either hypo- or hyperpig-

mented areas of the retina) or if large drusen are 

present. The late neovascular form (nAMD) is de-

AMD Classification (Beckmann) 

Classification stage Definition (fundus lesion within two disc diameters 
of the fovea) 

No disease No drusen, no pigment changes 

Normal ageing None or few drupelets (small drusen <63µm) No 
AMD pigmentary abnormalities 

Early AMD 
Medium-sized drusen >63µm and ≤125µm  
No AMD pigmentary abnormalities 

Intermediate AMD Large drusen > 125µm and/or AMD pigmentary 
abnormalities 

Late AMD - 2 forms Neovascular AMD (neovascularisations) Geogra-
phic atrophy (retinal atrophy) 

Table 1 Classification system introduced by the Beckman Initiative for Macular 
Research Classification Committee.5  

Figure 2 visual distortions seen in patients with age-related 
macular degeneration. Created with Adobe Illustrator. Royalty 
free photos from dreamstime.com 

 



 

fined by abnormal blood vessel growth, either above the RPE (classic) or below (occult). The vessels stem from either 

the choriocapillaris (choroidal neovascularisations – CNV) or the retinal vasculature (retinal angiomatous proliferations 

– RAP). The atrophic form, GA, is characterised by areas of retinal atrophy, RPE and photoreceptor loss or dysfunction. 

The early stages of AMD often progress slowly and asymptomatically, while severe and rapid vision loss are seen in 

nAMD due to leaking of the new fragile blood vessels causing irreversible damage to the photoreceptors. In GA, the 

areas of atrophy typically appear in the perifoveal area. Moreover, the atrophies often progress slowly with later 

involvement of the fovea and devastating vision loss.6 

 

No treatment is available for eAMD, iAMD and GA (together referred to as dry AMD), but nAMD are treated with anti-

vascular endothelial growth factor (anti-VEGF) therapy, given as intravitreal injections. This therapy is not curative but 

is often effective in preventing severe vision loss.6 

 

The natural history and prognosis of nAMD, if left untreated, is severe visual loss with an average visual acuity loss of 

around four lines (measured by logarithm of the minimum angle of resolution – logMAR) within two years of disease 

onset.7 In GA, the progression rate is very variable between individuals.8 

 

Epidemiology 

A systematic literature review in 2013 estimated the worldwide prevalence of AMD to be 8.7% in the age range 45 to 

85 years (including all stages from early to late AMD).10 An 

estimation shows that 196 million people around the globe are 

affected by AMD, and due to the rapidly growing and ageing po-

pulation, the number is expected to increase to 288 million by 

2040. Worldwide, AMD accounts for 5.6% of blindness cases 

and 3% of moderate to severe vision impairment (MSVI), prece-

ded by other eye conditions; cataract, glaucoma and uncorrect-

ed refractive errors as the leading causes.11 In developed coun-

tries, AMD is the second most common cause of blindness in the 

elderly after cataract and the third most common reason for 

MSVI following uncorrected refractive errors and cataract.12 

 

Systematic meta-analyses13,14 summarise the risk factors for late AMD. Morphological risk factors are the presence of 

drusen, drusen size and type, and pigmentary abnormalities. Further, vascular changes in the choroidal vasculature are 

a risk factor. The most important demographic risk factor is age. Population studies show a prevalence of early AMD of 

3.5% in the age group 55-59 years and increasing to about 17.6% in people 85 years and older. The corresponding 

numbers for late AMD in the same age groups are 0.1% and 9.8%. Other strong demographic risk factors are tobacco 

use, previous cataract surgery, and a family history of AMD and moderate risk factors are hypertension, a history of 

cardiovascular diseases, higher BMI and higher plasma fibrinogen.13 Several other risk factors have been studied, but 

the evidence in the literature remains variable. For example, studying dietary factors and physical exercise is more com-

Table 2 Prevalence of AMD in Denmark 

AMD in Denmark 9 

In Denmark, with a population of 5.8 million people, estimation 

shows that around 33,000 people have neovascular AMD and 

23,000 have geographic atrophy in 2020. The majority are 

people aged 85 years or older.  

These numbers are expected to increase to approximately 

58,000 for neovascular AMD and 41,000 for geographic atrophy 

by 2040. 

 



 

plicated, but associations with AMD have also been found here. Genetic factors play an important role in the develop-

ment of AMD, especially variants in genetic loci encoding complement system components show a strong association. 

In summary, AMD is a complex and multifactorial disease, and the pathogenesis is not known in detail. The disease is 

caused by an interaction of age, genetic susceptibility, environmental- and demographic factors. In this thesis, the focus 

will be on the impact of ageing, inflammation, and angiogenesis (measured in the systemic circulation) described further 

in sections “inflammation”, “ageing”, and “angiogenesis” on page 18-23. 

 
Treatment 

As mentioned above, we treat nAMD with intravitreal anti-VEGF injections, and since the introduction of this treatment, 

the prognosis for many AMD patients has markedly improved. The treatment is not curative, and the patients need 

continuous injections with many hospital visits and variable treatment responses.   

Some studies show the benefit of vitamin supplements for patients with intermediate AMD or late AMD in only one 

eye. Vitamin supplements with the combination of vitamin C, vitamin E, lutein, zeaxanthin, zinc and copper may help 

slow disease progression.15 

Myeloproliferative neoplasms 

Presentation and Classification 

The myeloproliferative neoplasms (MPNs) are a group of haema-

tological cancers (Table 3). They arise from the clonal proliferation 

of an abnormal pluripotent haematopoietic stem cell and are cha-

racterised by excess haematopoiesis of the myeloid cell lineage 

(Figure 3). Three major subtypes of MPNs are the Philadelphia-

chromosome negative chronic myeloproliferative neoplasms, 

often referred to as the “classic MPNs” (highlighted in Table 3). 

The classic MPNs are this project’s focus and will, throughout the 

thesis, be referred to as the MPNs. 

 

The MPNs are closely related and are considered a 

biological continuum with an overlapping clinical 

presentation from the early cancer stage; essential 

thrombocythemia (ET) over polycythaemia vera 

(PV), to the late advanced primary myelofibrosis 

Myeloproliferative neoplasms 

Chronic myeloid leukaemia - CML (BCR-ABL1-positive) 

Chronic neutrophilic leukaemia 

Polycythemia vera - PV 

Essential thrombocythemia - ET 

Chronic eosinophilic leukaemia, NOS 

Myeloproliferative neoplasms, Unclassifiable 

Primary myelofibrosis, pre-fibrotic/early-stage - pre-PMF 

Primary myelofibrosis, overt fibrotic stage - PMF 

 Table 3 2016 World Health Organisation (WHO) Classifica-
tion of Tumours of Haematopoietic and Lymphoid Tissues, 
with the Philadelphia-negative myeloproliferative neo-
plasms in bold 

Figure 3 Simplified diagram of haematopoiesis and simplified 
characteristics view of the MPNs  
The JAK2V617 mutation (or other relevant mutations) result in 
an abnormal haematopoietic stem cell, leading to excess 
haematopoiesis of the myeloid lineage. In ET, thrombocytosis is 
the dominating sign, but leukocytosis is also seen. The classical 
characteristic of PV is erythrocytosis, but nearly all patients de-
velop leukocytosis and thrombocytosis if not already present at 
diagnosis. The classic PMF patient characteristics are anaemia, 
variable leukocyte and platelet count changes, bone marrow fi-
brosis and splenomegaly. Created with BioRender. 



 

stage (PMF)16–18. Primary myelofibrosis can be further divided into pre-fibrotic/early-stage PMF and overt fibrotic PMF.19 

The diagnosis of the subtypes is based upon bone marrow morphology, a complete blood count, and specific driver 

mutations. For diagnosis of PMF, the presence of palpable splenomegaly and high serum lactate dehydrogenase levels 

(LDH) are also evaluated.20 

 

The discovery of the Janus kinase 2 (JAK2) V617F mutation and later other driver mutations (JAK2 exon 12, MPL and 

CALR) has markedly enhanced the understanding of the biology of these disorders. The JAK2 mutation is present in 95-

98% of patients with PV, 50-60% in ET and 55-65% in PMF. CALR and MPL are not seen in PV, but the CALR mutation is 

present in 20-25% of patients with ET and PMF and the MPL mutation in 3-4% of patients with ET and 6-7% in PMF.21 

The mutations all share the characteristic of affecting the JAK-STAT signal transduction pathway generating the classic 

MPN phenotype, with activation and proliferation of the haematopoietic progenitor cell, and uncontrolled production 

of different terminal blood cell quantities, depending on MPN subtype and mutation type.22 In the JAK2 and CALR 

positive, a steady increase in the mutational allele burden (“tumour” burden) is seen over the biological continuum for 

MPNs from the early-stage disease to the advanced burned out PMF stage.23,24 

 

In patients with ET, thrombocytosis predominates, but a subset of patients shows leukocytosis too. In patients with PV, 

the hallmark is erythrocytosis, but if not already present at diagnosis, nearly all patients develop leukocytosis and throm-

bocytosis as well. The classic PMF characteristics are anaemia, variable leukocyte and platelet count changes, bone 

marrow fibrosis, and splenomegaly.19,21  

The MPNs often go unnotic-

ed for several years before 

diagnosis. Unfortunately, 

the haematological distur-

bances present in these pa-

tients often result in the 

many complications seen 

(Figure 4), with possible de-

vastating and debilitating 

consequences for the pers-

on afflicted. These compli-

cations are often the prima-

ry reason for patients con-

tacting the health care sys-

tem and, therefore, the rea-

son the diseases are being 

diagnosed. Cardiovascular 

diseases, thromboembolic 

and haemorrhagic events, 

Figure 4 Symptoms and complications in patients with MPNs  
Patients with MPNs have a huge symptom and associated disease burden/comorbidity burden, and some of 
these are presented in this figure. For ocular manifestations in these patients please see the review by Liisborg 
et al.25 Created with BioRender 

 



 

infections, leukemic transformation to acute myeloid leukaemia (AML) and second cancer are responsible for the in-

creased morbidity and mortality in these patients.19,21  

 

Epidemiology 

It is difficult to report incidence and prevalence rates on MPNs, and data are possibly prone to under-reporting because 

of the disease's indolent nature. As mentioned, many cases of MPNs go unnoticed for several years and are therefore 

subjected to delayed reporting. Additionally, differences are seen between countries. A meta-analysis in 2020 reported 

a pooled annual incidence of 1.03 per 100,000 for ET, 0.84 per 100,000 for PV, and 0.47 per 100,000 for PMF. The 

combined pooled annual incidence of the three classic MPNs was reported as 2.58 per 100,000.26 Prevalence rates are 

higher since many patients live with the diseases for many years. Prevalence of PV ranged from 0.49- 46.88 per 100,000, 

for ET from 11.00-42.51 per 100,000, and for PMF from 1.76-4.05 per 100,000 (only a few studies in the meta-analysis 

were available on prevalence).  

 

The median age of diagnosis ranges from 60-70 years depending on subtype, with PMF patients being older at diagnosis. 

Again differences are seen between countries.22  

The median survival estimates of ET, PV and PMF patients are reported as approximately 20, 14 and, six years, respec-

tively, worse than age- and sex-matched control populations.22 In patients younger than 60 years at diagnosis, the sur-

vival estimates are better with the numbers 33, 24 and 15 years for ET, PV and PMF, respectively.21  

 

Despite the discovery of the three classic acquired driver mu-

tations JAK2, CALR, and MPL, the pathogenesis of MPNs is not 

fully understood. The driver mutations are considered secon-

dary events, and the initiating event remains to be established. 

Tobacco use and a history of autoimmune diseases are asso-

ciated with an increased risk of MPNs. Inherited genetic ab-

normalities are suspected to increase the risk of acquiring the 

driver mutations. This is supported by observations of first-de-

gree relatives having a higher risk of developing MPNs.29 The 

MPNs are more common in men than women. The overall 

male:female ratio is 1.2-1.7. In ET, though, there is a higher in-

cidence in females, male:female ratio 0.5-0.7. Differences in 

ethnic groups are seen as well. Inflammation has become re-

cognised as having a crucial role in the development and progression of the MPNs.23,30,31 Inflammation in patients with 

MPNs will be further described in the “Inflammation” section on page 18.  

 

Treatment 

The guideline for the treatment of MPNs is based upon a risk stratification, including age, symptoms and the MPN 

subtype and threshold values in blood cell counts. The approach has been watchful waiting or only aspirin to prevent 

thrombotic events in mild cases. Further, phlebotomy is used to treat high levels of red blood cells, or in more severe 

Table 4 Incidence and prevalence of MPNs in Denmark 

 

MPNs in Denmark 

In Denmark, with a population of 5.8 million people, it is 

estimated that the incidence of the classic MPNs is 350 new cases 

per year (150 PV, ET 150, PMF 50), corresponding to 6.03 cases 

per 100.000 per year. 27 

A study in Denmark suggests an underestimation of the 

prevalence of the MPNs since a population-based screening of 

19 958 adult citizens revealed a higher prevalence of the JAK2 

mutation in this group than the number of diagnosed patients 

with MPNs.  This raises a concern of an MPN underdiagnosis in 

the population and an estimated prevalence of 14,000 patients, 

of which 10,000 are undiagnosed.28 

 



 

cases, cytoreductive treatment (Hydroxyurea, Interferon-alpha, Anagrelide) are used. With advanced disease or the 

burned-out phase where the bone marrow cannot produce enough cells, supportive care is used, such as Erythropoietin 

treatment or transfusions and antibiotics to prevent and fight infection. In some cases, bone marrow transplantation is 

used. Another drug used to treat myelofibrosis and treatment-resistant PV is Ruxolitinib, an inhibitor of Janus-associated 

kinases (JAK1 and JAK2).32  

However, emerging evidence has set the scene for an early treatment intervention to dampen the massive inflammation 

and the gradually increasing allele burden seen in these patients, which will also be described in the section “Inflamma-

tion” (page 18). Combination therapy with interferon-alpha, which can reduce the elevated blood cell counts, spleno-

megaly and the JAK2 allele burden together with Ruxolitinib, a potent anti-inflammatory agent, has shown promising 

results.33,34 

AMD MPN connection 

Chronic inflammation is a characteristic feature and is believed to play a crucial role in the development and progression 

of the MPNs.23,30 Chronic inflammation is also the common link between many prevalent diseases such as type II diabe-

tes, atherosclerosis and cancer.35,36 The signalling pathways JAK-STAT and NF-kb, involved in many processes in the 

body, including immunity, cell division and tumour formation, are also involved in MPNs and are constitutively activated 

as a consequence of the driver mutations (JAK2V617F).19  

The chronic inflammation and constitutively activated signalling pathways make the MPNs unique as model diseases for 

investigating links between chronic inflammation and other conditions. Recently, for example, the MPNs have been 

proposed as a “Human neuroinflammation model” for the development of Alzheimer’s disease.37 

The MPNs have also been associated with various other conditions and diseases, in which inflammation plays a crucial 

role. Examples are atherosclerosis,31,38 cardiac disease,39 several autoimmune diseases,40–42 chronic kidney disease,43 

inflammatory bowel disease,44 and increased risk of second cancer.45  

A register study from 2017 found an increased risk of AMD in patients with MPNs,46 and a pilot study has shown an 

increased prevalence of drusen in these patients (unpublished results). A common link could again be chronic inflam-

mation, and studying patients with MPNs could tell us more about the role of systemic inflammation in AMD. Other 

apparent similarities between AMD and MPNs are neoangiogenesis, and the diseases develop primarily in older indivi-

duals. In the following three sections, these three factors/characteristics (inflammation, ageing and angiogenesis) ob-

served in both AMD and MPNs will be described, giving an overview of the background knowledge and evidence under-

lying the objectives and hypotheses of this study.  

Inflammation 

Inflammation is the immune system’s complex response to harmful stimuli (injury, pathogens, irritants), and it plays an 

essential part in fighting pathogens and in healing and repair. Inflammation is a protective response but can become 

dysregulated and detrimental.47,48 Inflammation can be divided into acute- and chronic inflammation. The acute respon-

se is the one that occurs with tissue injury or infection (showing the classical signs calor (heat), dolor (pain), rubor (red-

ness), and tumor (swelling)). The innate immune system cells are activated through their pattern-recognition receptors 

(PRRs), sensing pathogen-associated molecular patterns (PAMPs)- and damage-associated molecular pattern molecules 



 

(DAMPs). This activation results in the secretion of cytokines and chemokines; among these are IL-1b, IL-6, IL-8, IL-12 

tumour necrosis factor (TNF)-a and many more,49,50 which again affect numerous cells. For example, one effect of IL-1b 

and TNF-a is the activation of endothelial cells, with increased vascular permeability, vasodilation, expression of leuko-

cyte adhesion molecules and cytokines, driving an increased movement of cells, fluids, and plasma proteins from the 

blood to the injured tissue. The endothelial cells phenotype also changes from antithrombotic to prothrombotic.51 An 

example of the effect of IL-8 is the attraction of neutrophils. Leukocytes reach their target site (inflammation site) by 

following a chemokine gradient.49,50 The acute response ceases within days.47,52 

 

Persistent inflammation, either due to prolonged stimulation/exposure or an inappropriate response/adaptation from 

the host, can lead to chronic inflammation, often referred to as slow and long-term with subtler symptoms. A shift from 

dominantly activated granulocytes and platelets in acute inflammation to recruitment and activation of more mononu-

clear cells are seen, with the following risk of tissue damage and fibrosis.52 Numerous diseases such as atherosclero-

sis53,54, type-2 diabetes,55 obesity,56 and almost all age-related degenerative diseases, including AMD,57 have been asso-

ciated with chronic inflammation, and it is a hot and very debated topic. With age, individuals also tend to develop a 

non-specific low-grade inflammatory state termed “inflamm-ageing”, which will be described further in the next section 

on page 22. 

 

The complement system regulates various steps of the inflammatory response, and it is an essential part of the innate 

immune system, constituting the first line of defence against infections. However, it also has other functions as an im-

munoregulatory system playing a part in adaptive immunity. Complement are proteins present in the body fluids (solu-

ble and membrane-bound). The “inactive” plasma complement proteins circulate in the bloodstream and can be acti-

vated in several ways and interact to activate different complement pathways. The pathways include the classical (an-

tigen-activated) pathway, the alternative pathway (can be activated by a pathogen alone) and the lectin pathway (acti-

vated by lectin-type proteins). The three pathways all lead to C3 convertase activation with the creation of C3a and C3b, 

resulting in different effector activities: inflammation, phagocytosis and formation of the membrane attack complex 

(MAC) (Figure 5).58 A complement system also exists in the retina where RPE and microglial cells are the primary produ-

cers of complement components.59  

 

Inflammation in MPN and AMD 

It is well accepted that there is a causal link between chronic inflammation and cancer.60–64MPNs have also become 

increasingly recognised as inflammatory diseases. The diseases are characterised by hyperactivation of the JAK-STAT 

and NF-kb pathways,23,30,65,66 and elevated levels of inflammatory cytokines (e.g. IL-4, IL-6, IL-8, IL-11, TNF-a and many 

growth factors)67 and a following chronic inflammatory state. The cytokines correlate with disease initiation and pro-

gression and the symptom burden and prognosis.68 A “Human Inflammation Model” for cancer development in the 

MPNs has been proposed. 23,69 Here, inflammation is suggested to initiate and is a driving force of clonal evolution in 

MPNs. Chronic inflammation causes an environment with continuous release of inflammation products and elevated 

reactive oxygen species (ROS) levels with the following risk of DNA damage. This genomic instability could give rise to 



 

the mutations seen in MPNs, resulting in rising levels of activated leukocytes and/or platelets and an even further re-

lease of inflammatory products creating, again, a higher risk of mutagenesis. Thus, a positive feedback loop has been 

created - a self-fuelling vicious cycle driving clonal expansion (Figure 6). This model supports the contention of early 

therapeutic intervention with treatment dampening the chronic inflammation when the tumour burden is minimal (sta-

tins, JAK inhibitors), but also agents impairing clonal evolution (interferons).21,67  

 

Figure 5 A simplified drawing of 
the complement system   

The three different complement 
activation pathways culminate in 
a common terminal pathway. The 
classical pathway is activated by 
antigen/antibody complexes 
(C1q interact with C1r and C1s to 
form the C1 complex that inter-
acts with antigen/antibodies on 
the pathogen surface). The pro-
teases C1r and C1s cleave C2 and 
C4, generating the classical path-
way convertase C4b2a (not 
shown). The lectin pathway is ini-
tiated by mannose-binding lectin 
(MBL) or ficolin binding to carbo-
hydrates on the pathogen or tar-
get membrane. The MBL-associa-
ted serine proteases (MASPs) 
then cleave C2 and C4, genera-
ting the C4b2a convertase (not 
shown). In the alternative path-
way, constant low-level hydroly-
sis of C3 to C3H2O is seen, augme-
nted by factors B, D and Proper-
din. The pathway functions as an 
amplification loop when C3b bind 
to a target membrane (pathogen, 
damaged tissue, foreign material) 
and interact with the C3H20, fac-
tors B and D to form the alterna-
tive pathway convertase C3bBb 
stabilised by Properdin. All three 
pathways converge in the final 
pathway where C3 convertases 
cleave C3 forming C3a and C3b. 
C3b bind to C3 convertases gene-
rating C5 convertases. The C5 
convertase cleaves C5 into C5a 
and C5b. The anaphylatoxins C3a 
and C5a activate and attract in-
flammatory cells and lead to va-

sodilation, inflammation, and phagocytosis. C5b bind to C6, C7, C8 and multiple C9, forming the membrane attack complex (MAC). The MAC forms 
pores on target membranes and can cause cell lysis.  
Figure created with BioRender 

 
Inflammation can emerge at three levels: a tissue cell (autonomous) response, a local tissue’s immune system response, 

or a systemic immune system response.70 In AMD, it is widely accepted that local inflammation (tissue level) plays a role 

in the pathogenesis.49,59,70–73 This response (sometimes also referred to as para-inflammation) is thought to be “protec-



 

tive” and poorly under-

stood why it becomes de-

trimental. It is known, 

though, that ageing involv-

es an accumulation of oxi-

dative stress, and oxidative 

damage are believed to be 

the initial trigger of AMD.70 
When many cells of the tis-

sues in the eye are stres-

sed, and or insults persist 

for longer periods, as is the 

case with ageing, the cell-

autonomous response of 

tissue cells (primarily RPE) 

to repair the damage is not 

enough to overcome the 

stress and return to nor-

mal. This activates the lo-

cal immune regulatory sys-

tem orchestrated by the 

RPE cells, microglia/ma-

crophages, and other re-

tinal cells. Again if the 

stress exceeds the repair mechanisms of the local immune response, these cells may secrete cytokines and chemokines 

to activate and attract cells from the systemic immune system, such as neutrophils and monocytes (which turn into 

macrophages).47,70 The retina is an immune-privileged tissue protected by the BRB and the local immune regulatory 

system consisting of retinal innate immune cells and the local complement system. However, animal studies and donor 

eyes from patients with GA have revealed that the BRB does not seem to be an obstacle for circulating cells to enter the 

retina.74,75 

 

In addition to the local inflammation, indications of a systemic contribution are emerging. Previous studies have, for 

instance, shown increased plasma concentration of complement fragments,76–80 decreased levels of complement regu-

latory proteins,81 increased activations of the JAK2/STAT382 and NF-kb pathways,49 increased serum levels of CRP,83–86 

and various inflammatory cytokines, such as IL-1b, IL-4, IL-8, IL-17, TNF-a87,88 and a higher neutrophil-to-lymphocyte 

ratio (NLR).89 Moreover, ageing is associated with inflamm-ageing (described in the next section), and AMD is an age-

related disease.  

Figure 6 Redrawing of figure "MPN Human Inflammation Model" (Modified and simplified) from Hasselbalch 
HC, Bjørn ME. MPNs as Inflammatory Diseases: The Evidence, Consequences, and Perspectives. Mediators 
Inflamm 2015; 2015: 1–16.67  
Chronic inflammation initiate and drives clonal expansion and is represented by an increased level of inflamma-
tory cytokines and reactive oxygen species (ROS). This creates a dangerous microenvironment with genetic insta-
bility – DNA damage. When the JAK2 mutation happens, it increases the cytokine and ROS levels further and 
raises platelet and or leukocyte levels giving rise to even more inflammatory products. This creates a self-fuelling 
positive feedback loop – a vicious cycle of increasing inflammation and clonal expansion. The rounded arrows 
outside the large circle represents both the mutational burden (allele burden), the inflammation and comorbidity 
burden in the different stages in the biological continuum of the MPNs from early cancer state ET/PV to the late 
burned-out phase of myelofibrosis with increased risk of leukemic transformation. The coloured smaller circles 
represent the increasing levels of inflammatory mediators (cytokines) also following the biological continuum. 
JAK2 46/1: the JAK2 46/1 haplotype. ET: Essential thrombocythemia, PV: Polycythaemia vera, PMF: primary 
myelofibrosis  
Created with BioRender 



 

In summary, both patients with MPN and AMD share hyperactivation of the JAK-STAT and NF-kb pathways and the rise 

in cytokine levels.  

Ageing 

Ageing is the process of growing older and is often associated with a decline of function over time in physical and mental 

capacity and an increased risk of morbidity and mortality. Ageing from a biological perspective is the accumulation of 

changes and damage over time, and all organ systems are affected. Changes occur in all human beings but are only 

loosely associated with a person’s chronological age, which does not always match the biological age. The impact of and 

differences in genetic, environmental, demographical, and behavioural factors results in a great variety between indivi-

duals. The health outcomes of individuals reaching old age are not only dependent on the accumulation of damage but 

also the capacity of the individual’s physiological systems to adapt to damage and the capacity to retain body func-

tions.90–93 López-Otín and colleagues91 have defined nine hallmarks of ageing, which describe the common de-

nominators of ageing (Figure 7). 

 

Ageing is a contributing risk factor for many diseases. As 

we grow older, illness and disease occur more frequent-

ly, especially neurodegenerative-, cardiovascular di-

seases and cancer.94,95  Ageing is the greatest risk factor 

of developing AMD.13,96 Myeloproliferative neoplasms 

are typically diagnosed later in life.97  

 

In this study, we focus on the impact of age on the im-

mune system. Immunosenescence is a term used for 

age-related changes in the immune system, both in the 

innate and adaptive parts. Often the term is associated 

with declining immune system functions, and some 

functions are indeed decreased, but others are increas-

ed.98–100 In general, older adults have less robust 

immune responses than younger individuals.93 

Another term used for changes in the immune system is 

Inflamm-ageing, a tendency for individuals to develop a non-specific low-grade inflammatory state defined by an 

increase in pro-inflammatory biomarkers or mediators with age.101 Chronic inflammation is, as ageing, a strong risk 

factor for the development and progression of many diseases such as the mentioned neurodegenerative- and cardio-

vascular diseases and cancer. 

 

A consistently observed age-related change of the adaptive immune system is the decrease in the CD8+ naïve T cell 

population and the increase in CD8+ memory T cells102. The CD4+ and CD8+ T cell compartments can phenotypically be 

divided into four distinct subpopulations: Naïve, central memory, effector memory and effector memory CD45ra posi-

Figure 7 The nine hallmarks of ageing  
Reprinted from Cell Press, Cell 2013; 153: 1194–217, López-Otín C, Blasco 
MA, Partridge L, Serrano M, Kroemer G, The Hallmarks of Aging., Copyright 
(2013), with permission from Elsevier.  
https://doi.org/10.1016/j.cell.2013.05.039 

 
 

 
 



 

tive T cells.100 When naïve T cells are activated, they differentiate into central memory or effector memory cells, and 

the effector cells can be regarded as senescent T cells, which, therefore, accumulate with age.103,104 T cells originate 

from the thymus and thymic output peaks at puberty with a following decline. Ultimately involution of the thymus is 

seen. Hereafter, T cells are maintained and regenerated from the existing peripheral T cell pool, and principles of stem-

cell exhaustion (Figure 7) apply to naïve T cell ageing leading to the age-dependent decline in naïve T cells.98 

Other changes in the T cell compartment are the age-dependent increase in CD56 expression in both CD4+ and CD8+ T 

cells93,105 and the loss of CD27 and CD28 expression. 

CD56 is a marker of natural killer (NK) cells. The function of CD56 expression in NK cells remains unanswered, but up-

regulation of expression seems to be related to the degree of activation106 A CD56- subpopulation can exist. However, 

these cells are commonly found in pathologic conditions such as HIV, chronic hepatitis and autoimmune disease and 

these NK cells are reported to have impaired or dysfunctional cytokine production and cytolytic capacity.106 Evidence 

also suggests that CD56- NK cells increase with age.107 The CD56 expression on T cells is also associated with effector 

functions, and these cells can exert activity resembling NK-cell killing in an inflammatory milieu.108,109 

CD28 is a co-stimulatory receptor responsible for T cell activation, proliferation and survival.110  T cells losing CD28 ex-

hibit features such as reduced T cell receptor diversity, deficiency in antigen-promoted proliferation and enhanced cyto-

toxicity and suppressive functions.110 CD27 is a member of the TNF receptor family and a co-stimulatory molecule and 

has, as CD28, been used to study differentiation of T-cells.111 

 

Inflamm-ageing and T cell ageing are among the most well-characterised age-related changes of the immune system, 

and both have been associated with AMD.70,112,113 For example, one previous study found that patients with neovascular 

AMD had more CD56+ cells in the CD8+ T cell compartment and more loss of the co-stimulatory markers CD28 and CD27 

compared to healthy individuals, indicating accelerated T cell ageing.113 Other studies have found elevated serum and 

plasma levels of inflammatory cytokines,87,88 complement fragments and CRP.85,86 To our knowledge, no studies have 

evaluated T cell CD56 expression in patients with MPNs, but these patients also have elevated levels of inflammatory 

cytokines.65,67  

Angiogenesis 

Angiogenesis is defined as the formation of new blood vessels from pre-existing ones,114 and it is a physiological process 

during embryonic development, female reproductive cycling, and wound healing. Pathological angiogenesis occurs in 

cancer and numerous other conditions, including inflammatory diseases. In wound healing and pathological conditions, 

angiogenesis is accompanied by and requires inflammation. Angiogenic stimuli include tissue ischemia, hypoxia, in-

flammation, and shear stress.115 

 

Regulation of angiogenesis is a complex process involving angiogenic and angiostatic factors, and vascular homeostasis 

(angiostasis) requires the balance between these activators and inhibitors. Several growth factors are pro-angiogenic, 

such as vascular endothelial growth factor (VEGF), and chemokines, which are chemoattractant cytokines, can have 

both inhibitory and stimulatory properties on angiogenesis. Cytokines and chemokines accumulate at sites of inflamma-

tion, exerting their effect on endothelial cells but also by attracting immune cells (e.g. monocytes and lymphocytes), 



 

which may, in turn, secrete pro- and anti-angiogenic factors, thereby making inflammation and angiogenesis coupled 

processes.116  Growth factors also stimulate endothelial cells to proliferate and migrate towards a growth factor gra-

dient.117 Many chemokines bind multiple chemokine receptors adding to the chemokine systems complexity. Also, 

chemokines and their receptors cross-talk with pro-angiogenic growth factors such as VEGF and fibroblast growth factor, 

further adding complexity. 

 

Chemokines are grouped according to their amino acid composition and the position of their N-terminal cysteine resi-

dues. Chemokines are divided into four subfamilies, the CC, CXC, CX3C and XC and are for nomenclature, followed by 

“L” and a number. The “C” represents cysteine and “X” any amino acid. The chemokines exert their properties on re-

ceptors named after the same nomenclature with “R” instead of “L”.118,119 The CXC chemokines are divided into two 

subcategories based on the presence of a particular amino acid sequence (Glu-Leu-Arg) near the amino-terminal end 

critical for binding and activity of the chemokine - the so-called ELR motif. Chemokines with the ELR motif are generally 

potent promotors of angiogenesis, while chemokines lacking the ELR motif are inhibitors.120 

 

Angiogenesis is a central event in AMD and MPNs, in the retina and bone marrow, respectively, with VEGF as the most 

important pro-angiogenic agent.6,31,121,122 The interferon (IFN)-g inducible chemokines are ELR negative and thus angio-

genesis inhibitors. They all exert their effect through the chemokine receptor CXCR3.123 We have found the CXCR3 re-

ceptor to be lower in patients with nAMD compared to healthy controls.124,125 A Turkish study from 2021 have found 

reduced expression of CXCR3 in peripheral blood mononuclear cells (PBMC) obtained from patients with PV, but only 

the abstract is in English. To our knowledge, no other studies have reported CXCR3 expression on T cells from patients 

with MPNs. The CXCR3 receptor is also involved in T cell differentiation, thereby also coupling angiogenesis and ageing, 

as well as angiogenesis and inflammation mentioned earlier. Further, as described in the inflammation and ageing sec-

tions, these two factors are also interconnected. Therefore, alterations in inflammation, ageing and angiogenesis mu-

tually affect each other. 

OBJECTIVES AND HYPOTHESES 

As described previously, AMD is a multifactorial disease with a complex interplay between demographic and environ-

mental factors and genetic susceptibility. The exact aetiology or how these factors cause macular damage are not fully 

understood. A great deal of focus in AMD research has been on local changes in the eye, but also evidence of alterations 

in the systemic circulation has emerged, and some changes acknowledged as being a part of the pathogenesis. Especially 

associations between chronic inflammation and AMD have been documented. Some of the other identified systemic 

alterations are pertaining to the complement system, ageing T cells, and the chemokine system.  

The MPNs are characterised by neoangiogenesis and fibrosis in the bone marrow and massive systemic inflammation. 

As described earlier, these diseases have been used as model diseases for investigating links between chronic inflamma-

tion and other conditions. Studying patients with MPNs is likewise a unique possibility to investigate the role of systemic 

inflammation in AMD development. The similarities between AMD and MPNs are also evident: inflammation, angio-

genesis and fibrosis, and the diseases develop primarily in the elderly. 



 

We know from the register study by Bak et al. that patients with MPNs have a higher risk of AMD. We speculate that 

this increased risk is due to these patients' massive chronic inflammatory state. Therefore, the objectives of this project 

are: 

 

1. To investigate if patients with MPNs show a higher prevalence of retinal changes compatible with AMD and 

from an earlier age. (Study I, Paper I). Our null hypothesis is that patients with MPN do not differ in prevalen-

ce of drusen and AMD compared to population estimates. 

 

2. To assess the immunological similarities in patients with MPNs and AMD - to identify previously relevant chang-

es in the immune system found in AMD, which are shared with MPNs. We hypothesise that the following triad 

contributes to the development of nAMD: inflammation, ageing and angiogenesis. These factors are intercon-

nected and affect each other and will be studied in the systemic circulation of the included patients. More 

importantly, if patients with MPN and drusen show overlap with patients with AMD in these immunological 

signatures and are different from patients with MPNs and normal retinas, this could support that these specific 

changes could be a part of the drusen/AMD pathogene-

sis. With this, we hope to identify an immunological pro-

file of “high-risk drusen individuals”. (Study II). Study II 

was further divided into three immunological substudi-

es: study II-a - inflammation (Paper-II), study II-b – 

ageing (Paper III) and study II-c – angiogenesis (Paper 

IV). Our null hypothesis is that MPNd and MPNn do not 

differ in the systemic markers investigated. 

Biomarkers and models 

Research has tried to obtain reliable biomarkers for AMD, but none have been found to detect early AMD. Suppose we 

can find changes at the early or intermediate level, which increase the risk of developing late AMD, then we can learn 

more about the mechanisms of AMD pathogenesis, detect the disease, have a prognosis earlier, and potentially develop 

new therapies as well as monitor the disease response to therapy.96 The MPNs could potentially be a model of drusen 

development. 

METHODS 

STUDY DESIGN & ETHICS 
 
All the studies we conducted for this thesis had an observational cross-sectional design. We carried out the studies at 

the Department of Ophthalmology at Zealand University Hospital (ZUH) – Roskilde, Denmark. They were all approved 

by the Ethics Committee in Region Zealand, Denmark (SJ-588 and SJ-679), the Danish Data Protection Agency (REG-015-

2018) and adhered to the tenets stated in the Helsinki Declaration. The participants provided both oral and written 

informed consent after a thorough explanation of the studies. 

Inflammation

AngiogenesisAgeing



 

PARTICIPANTS 

We included four types of patients for a single visit. From the outpatient program at the Department of Haematology, 

ZUH, we included patients with MPNs according to the WHO2016 criteria,20 both patients showing signs of AMD (eAMD 

and iAMD) and patients with healthy-looking retinas. We included patients with intermediate and neovascular AMD 

from the outpatient program at the Department of Ophthalmology, ZUH. The patients with AMD were included accor-

ding to the classification system introduced by the Beckman Initiative for Macular Research Classification Committee.5 

Patients with nAMD were diagnosed according to standard procedures and subjected to Early Treatment of Diabetic 

Retinopathy (ETDRS) evaluation, slit-lamp bio-microscopy or fundus photography, OCT and retinal angiography. 

For study I, we included 200 patients with MPNs. Of these patients, 35 with AMD signs and 28 with normal healthy 

retinas were also included in study II along with 29 patients with nAMD and 28 with iAMD. We sampled blood from 

these patients and subjected them to a questionnaire about their medical history, current medication use, tobacco 

habits and alcohol consumption. We used height and weight to calculate body mass index (BMI). To avoid disturbances 

in our immunological measurements, we excluded patients with other concurrent cancer, inflammatory or autoimmune 

diseases, patients receiving immunomodulating treatment and patients with CRP levels >15 (indicating an ongoing 

immune reaction). Patients with nAMD who had received anti-VEGF therapy injection within the last eight weeks (afli-

bercept) or four weeks (ranibizumab) were also excluded. We included patients between July 2018 and November 2020. 

For patient demographics, please see table 1 in the included papers (Appendix page 54).  

OPHTHALMIC EXAMINATIONS 
 
All patients had their pupils dilated with tropicamide 1%. We acquired a fundus photography on every patient for sub-

study I while only performing OCT on 150. For substudy II, patients had an eye examination with visual acuity testing 

measured on an ETDRS chart before pupil dilation, and we hereafter obtained a fundus photography, an OCT- and a FAF 

image. 

Fundus photography and grading 

Fundus photography provides a colour image of the retina. The photo is taken through the pupil, preferably after 

dilation, to allow light to enter the eye resulting in better photo quality.  

On all patients, we obtained stereoscopic 45° colour fundus photographs centred on the macula (model TRG-NW8, 

Topcon, Tokyo, Japan) (Figure 8). The photographs were evaluated in IMAGEnet i-base version 3.25.0 (Topcon, Tokyo, 

Japan). 

In study I, we graded the images using a simplified version of the Wisconsin age-related maculopathy grading system 

(WARMGS).5 This was done to evaluate drusen prevalence, size, area-covered-by-drusen, pigmentary abnormalities, 

and compare our results with published estimates from three large population studies (The Beaver Dam Eye Study,126 

The Blue Mountains Eye Study,127 and The Rotterdam Eye Study128). This method is described in detail in the supple-

mental material of paper I (page 59). For substudy II, we used the photos to determine AMD status according to the 

Beckmann classification system.5 



 

a)                             b) 
 
Figure 8 Colour fundus photography 
of a) an individual with a healthy retina b) a patient showing drusen associated with AMD. From IMAGEnet iBase. 

Optical coherence tomography and grading 

Optical coherence tomography (OCT) is a non-invasive imaging technique using harmless light waves to obtain high-

resolution cross-sectional images of the retina (Figure 9). This technique allows us to differentiate and measure retinal 

layers and thickness. In substudy I, we performed OCT (SD-OCT, Heidelberg Engineering, Germany) on 150 patients. We 

hereafter examined the images in Heidelberg Eye Explorer version 1.9.10.0 using the automated segmentation and the 

thickness profile part of the software to measure the thickness of the retinal layers. This examination is described in 

further detail in the supplemental material of paper I (page 59)  

 

Figure 9 Optical Coherence Tomography (OCT) image showing the layers of the macula of a healthy individual ILM: inner limiting membrane, RNFL: 
retinal nerve fibre layer, GCL: ganglion cell layer, IPL: inner plexiform layer, INL: inner nuclear layer, OPL: outer plexiform layer, ELM: external limiting 
membrane, PR1/2: photoreceptor inner and outer layer, RPE: retinal pigment epithelium, BM: Bruch’s membrane. Arrows show choroidea, CC: 
choriocapillaris, CS: choroidal stroma. The neuroretina is defined as the part of the retina from the INL to the PR. From Heidelberg Eye Explorer. 
Reprinted from The Lancet, EClinicalMedicine 2020; 26: 100526, Liisborg C, Nielsen MK, Hasselbalch HC, Sørensen TL, Patients with myeloproliferative 
neoplasms and high levels of systemic inflammation develop age-related macular degeneration. (supplemental material), Copyright (2020), with 
permission from Elsevier. https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30270-4/fulltext#articleInformation 



 

Fundus autofluorescence  

Patients in study II also had a fundus auto-

fluorescence (FAF) photo taken. In FAF, the 

retina is illuminated with blue light that 

causes certain molecules in the RPE to auto-

fluorescence. This fluorescence is used to 

create an image of the retina (Figure 10). 

Areas of RPE loss will be recognised as a 

decreased signal (darker areas) in the FAF 

image. In patients with GA, there is RPE loss, 

and this technique is therefore optimal for 

recognising areas of atrophy. We used these 

images to help diagnose or exclude GA in 

the included patients. 

Figure 10 Fundus autofluorescence (FAF) image of a 
patient eye with geographic atrophy (GA) The image 
shows a large central atrophic area. From Heidelberg 
Eye Explorer 
 
 
 

BLOOD SAMPLES 

Blood vacutainers and CRP analysis 

For substudy II, we sampled venous blood from antecubital veins collected in different tubes from BD Biosciences (Fran-

klin Lakes, NJ, USA). Two tubes with ethylenediaminetetraacetic acid-coated (EDTA) were used for flow cytometric ana-

lyses. One EDTA tube was sent to the Kennedy Centre, Denmark, for storage, and later single-nucleotide polymorphisms 

(SNP) analyses at BioXpedia, Denmark. One tube with lithium heparin stabilised blood, hereafter run on Dimension Vista 

1500 (Siemens Healthineers, Erlangen, Germany), for plasma CRP analysis. Two tubes with lithium heparin stabilized 

blood to isolate plasma and two tubes with silica act clot activator to isolate serum by centrifuging. The plasma and 

serum were immediately stored at -80°C and later used for further analyses with immunoassays at the Technical Uni-

versity Denmark (DTU). All blood samples were collected and handled by the same investigator (CL), and the blood for 

flow cytometry was analysed within 4 hours of phlebotomy.  

Flow cytometry 

Flow cytometry (Figure 11) is a technique used for measuring the chemical or physical characteristics of cells or particles. 

The cells or particles of interest are suspended in solution, labelled with fluorescent markers, and run through a cell 

analyser - a flow cytometer instrument. The cells or particles flow through a small tube one at a time, and a laser is 



 

focused on them, scattering light and fluorescence of different wavelengths then recorded by the flow cytometer. Data 

are presented on a computer as either single parameter histograms or two-parameter plots called cytograms. 

The protocol describing handling and preparation of the blood samples before running on the flow cytometer is describ-

ed thoroughly in papers II, III and IV (Appendix page 49). 

We used a BD FACSCantoII flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA), and to analyse the data, we used 

the software Kaluza Analysis (Kaluza Analysis version 2.1; Beckman Coulter, Inc., Pasadena, CA, USA). For measuring 

white blood cell count (WBC) to obtain 1.0 x 106 leukocytes in the test tubes, we used a Sysmex KX-21NTM (Sysmex 

Corporation, Kobe, Japan).  

Table 5 is an overview of the monoclonal antibodies used for flow cytometry. A gating strategy for the flow cytometric 

analyses is shown in paper IV (page 103). 

 

Figure 11 Basic components of a flow cytometer – simplified   
The cell suspension contains cells with fluorochrome labelled antibodies. The suspension is run on a flow cytometer which contains the above five 
basic components marked with blue boxes. The flow chamber/fluidics system funnels the suspension through a nozzle that forges a stream of single 
cells. The cells flow past a set of focused lasers lasers (light source). When the light hits the cells, it is scattered. The scattered light is detected by two 
types of optical detectors (the optical system). One detects light along the light path of the laser, referred to as forward scatter (FSC) and the other 
measures scatter at other angles, the side scatter (SSC). The FSC provides information about cell size, while the side scatter provides information 
about the granularity of the cells (the internal complexity). This gives the opportunity to discriminate between cells when the information is sent to 
a computer. The lights from the optical system are recorded by light detectors and converted by an electronic system and can hereafter be presented 
on a computer as either single parameter histograms or as two-parameter plots called cytograms.  
Created with BioRender 



 

 
Table 5 Monoclonal antibodies and corresponding isotype controls used for flow cytometric analyses 

Immunoassays 

We used both singleplex and multiplex immunoassays kits (Meso Scale Discovery, Rockville, Maryland, USA), to quantify 

levels of cytokines, anaphylatoxins and growth factors. The multiplex assay plates allow quantification of multiple 

analytes in the same sample, and thus less material is needed. The analyses were done at the Technical University of 

Denmark (DTU), Lyngby, Denmark. Before analyses, the dilution factor of each analyte was determined. The multiplex 

plates were prepared according to Meso Scale’s instructions.  Standard curves were made using standards (with known 

concentrations from Meso Scale) added to the plates. The standard curve was used to determine the analyte 

concentration. In addition, all tests were run in duplicates, and the mean concentration and the coefficient of variation 

(CV: the ratio of standard deviation to the mean) was calculated.  The plates were read immediately after plate pre-

paration on a QuickPlex SQ120 (Meso Scale Discovery).  

SNP analyses 

The Kennedy Centre, Denmark, did Genomic DNA extraction from stored blood samples with Chemagic Magnetic Sep-

aration Module 1 (Chemagen, Baesweiler, Germany). The extracted DNA was shipped to BioXpedia, Aarhus, Denmark, 

for SNP genotyping with the Fluidigm 96.96 Dynamic Array Integrated Fluidic Circuit (Fluidigm Corp, South San Francisco, 

California, USA). All assays were performed according to the manufacturer’s protocol. The raw data were imported to 

the Fluidigm SNP Genotyping Analysis software v.4.5.1 and analysed with the standard settings.  

PCR analyses 

Mutation analyses for JAK2V617F, CALR, and MPL was performed with highly sensitive real-time quantitative polyme-

rase chain reaction (PCR) on an ABI Prism7900HT (Applied Biosystems, Foster City, CA, USA). This was done on fluore-

scence-activated cell sorted (FACS) monocytes, lymphocytes, and granulocytes from peripheral EDTA anticoagulated 

blood on a FACSVantage (BD Biosciences). The DNA was extracted using a MagnaPure robot (Roche Diagnostics, Mann-

heim, Germany) according to the manufacturer's protocol. 

Monoclonal antibody Negative isotype controls 
Marker Fluorochrome Isotype Cat. No. Manufacturer cat. No Manufacturer 

CD4 Peridinin-Chlorophyll-Protein IgG2a FAB3791C R&D Systems 400232 BioLegend 
CD8 Phycoerythrin-Cyanine7 IgG1 300914 BioLegend 400126 BioLegend 
CD8 Brilliant Violet V510 IgG1 301048 BioLegend 400172 BioLegend 

CD14 Pacific Blue IgG1 325616 BioLegend 400151 BioLegend 
CD16 Brilliant Violet V510 IgG1 302048 BioLegend 400172 BioLegend 
CD16 Allophycicyanine-Cyanine7 IgG1 302018 BioLegend 400128 BioLegend 
CCR7 Brilliant Violet V510 IgG2a 353232 BioLegend 400268 BioLegend 

CD45Ra Pacific Blue IgG2b 304123 BioLegend 400331 BioLegend 
CD45Ro Fluorescein isothiocyanate IgG2a MCA461FT Bio-Rad IC003F R&D Systems 

CD27 Phycoerythrin IgG1 356406 BioLegend 555749 BD Biosciences 
CD28 Allophycicyanine IgG1 302912 BioLegend 400120 BioLegend 
CD56 Allophycicyanine-Cyanine7 IgG1 318332 BioLegend 400128 BioLegend 

CXCR3 Phycoerythrin-Cyanine7 IgG1 560831 BD Biosciences 400126 BioLegend 
CD35 Allophycicyanine IgG1 FAB5748A R&D Systems 400120 BioLegend 
CD59 Phycoerythrin IgG2a 304708 BioLegend A09141 Beckman Coulter 



 

DATA ANALYSIS 

Patient data 

All patient data were recorded in Excel spreadsheets version 16.57 (Microsoft, Redmond, Washington, USA), and images 

were saved in software programs (Heidelberg Eye Explorer, Heidelberg, Germany and IMAGEnet ibase version 3.25.0 

(Topcon, Tokyo, Japan). Both spreadsheets and images were kept on secure servers in Region Zealand. Informed consent 

forms were kept in a locked cabinet in a locked room. 

Statistical software 

For statistical analyses, we used the SAS statistical software package version 9.4 (SAS Institute Inc., Cary, North Caroline, 

USA) for study I and RStudio version 4.1.1. (For macOS, R Studio, Boston, Massachusetts, USA) for study II. 

Statistical analyses 

The applied statistical tests used for each substudy are described in detail in the included papers (Appendix page 49). 

The description below is a summary. 

Continuous normally distributed data are shown as mean, and 95% confidence interval (95% CI) and comparisons be-

tween groups were made using parametric tests (independent samples t-test, one-way analysis of variance (ANOVA), 

two-way ANOVA, linear regression models). We assessed if continuous data were normally distributed visually with 

histograms and qq plots.   

Non-normally distributed data are shown as median and interquartile range (IQR), and comparisons were made using 

non-parametric tests (Wilcoxon’s rank-sum test, Kruskal Wallis test, robust linear regression). 

Categorical data are presented as numbers or percentages, and comparisons between groups were made using the Chi-

squared test or Fisher’s Exact test (for expected count ≤ 5). Statistical significance was in all studies defined as p<0.05. 

In study I, we also evaluated inter-observer-agreement in image grading by calculating Cohen’s kappa coefficient. 

In study II we calculated a z-score for each of the measured pro-inflammatory markers and averaged the scores to obtain 

a summary score for each patient. We calculated Cohen’s d (the ratio between the group difference and the standard 

deviation) to evaluate the size of the observed differences in summary scores between groups. The effect size was 

interpreted as small if 0.2, moderate if 0.5, and large if 0.8.  

RESULTS AND DISCUSSION 
The results described and the discussion written in this section will summarise the same sections of our published papers 

corresponding to each study and substudy of this thesis. The focus will be on the studies' most important or interesting 

findings. Detailed results and discussion sections can be found in the included papers in the appendix section (page 49). 

A suggestion is to read the summaries presented in this section prior to reading each corresponding paper and hereafter 

reading the section “conclusion and perspectives” on page 40. 



 

STUDY I - RETINAL CHANGES ASSOCIATED WITH AMD IN PATIENTS WITH 
MPNs (PAPER-I) 
 
Introduction 

The register study of Bak et al., mentioned in the background section (page 18), has shown an increased AMD risk in 

MPNs. However, we do not have any information on the retinal status of these patients. Study-I of this PhD project 

investigated the prevalence of retinal changes associated with AMD using imaging techniques (Fundus photography and 

OCT). We graded the images and compared the results to the estimates from three large population-based studies (The 

Beaver Dam Eye Study, The Blue Mountains Eye Study, and the Rotterdam Eye Study). The primary outcomes were 

drusen size (largest present), pigmentary abnormalities, AMD stages (early-, intermediate- and late AMD), NLR, JAK2-

V617F allele burden, neuroretinal- and RPE-BM thickness (this thickness was evaluated and compared to a previous 

study of a healthy control group). We also evaluated area-covered-by drusen, drusen count and type as secondary out-

comes.  

 
Results and discussion  

Patients with MPNs have a significantly higher prevalence of large drusen than the population-based estimates (Figure 

12) and an increased prevalence of the late stages of AMD. The odds ratio for patients with MPNs having large drusen 

were between 5.0 (CI 4.1-8.0) and 7.0 (CI5.0-9.7) compared to each of the population studies. The retinal changes, in 

addition, appear at an earlier age. We also found a higher NLR in MPNd than MPNn (p=0.038) and thickening of the BM-

RPE complex compared to healthy controls (p=0.0014). These data support the increased risk of AMD in the register 

study by Bak et Al. The MPNs are not only related to late AMD (neovascularization) but also to accelerated accumulation 

of debris (thicker BM-RPE-complex) and drusen presence (more drusen from an earlier age). The NLR, a marker of sys-

temic inflammation, was found associated with drusen presence supporting a role for chronic inflammation in drusen 

formation and thereby the pathogenesis of AMD. Systemic inflammation will be discussed further in Study II below. 

 

Figure 12 Prevalence of large drusen in pa-

tients with MPNs compared to estimates 

from three large population-based studi-

es. Comparison of the prevalence of drusen 

>125µm as the largest drusen present with-

in a 3000µm radius of the fovea between 

patients with myeloproliferative neoplasms 

and three large population-based studies 

(Beaver Dam Eye Study, Blue Mountains 

Eye Study and Rotterdam Study). Reprinted 

from The Lancet, EClinicalMedicine 2020; 

26: 100526, Liisborg C, Nielsen MK, Hassel-

balch HC, Sørensen TL, Patients with myelo-

proliferative neoplasms and high levels of 

systemic inflammation develop age-related macular degeneration., Copyright (2020), with permission from Elsevier.  

https://www.thelancet.com/journals/eclinm/article/PIIS2589-5370(20)30270-4/fulltext#articleInformation 
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STUDY II IMMUNOLOGICAL SIMILARITIES BETWEEN PATIENTS WITH 
AMD AND MPN (PAPER-II, -III AND -IV) 
 
Introduction 
 
Study II explored the possible immunological similarities between patients with AMD and MPNs, focusing on differences 

between MPN patients with and without drusen. This second study was further divided into three immunological sub-

studies. The mentioned markers have previously been described with AMD (and some for MPN) but never coincided. 

Please bear in mind that all three substudies compare the four patient groups described in the Methods section: nAMD, 

iAMD, MPNd and MPNn. 

 

Study II-a - Inflammation (PAPER-II) 

The grade of inflammation was assessed by measuring cytokines and growth factors in serum: TNF-a, TNF-RII, IL-1b, IL-

6, IL-8, Angiopoietin 2, EGF, HGF, PDGF-A, PDGF-B and VEGF-A. We combined the cytokines and growth factors into a 

summary inflammation score (SIS) and a summary growth factor score (SGS), respectively. With flow cytometry, we 

measured the expression of the complement regulatory proteins (Cregs) CD35 and CD59. In plasma, we measured the 

anaphylatoxins C3a and C5a. We also assessed the neutrophil-to-lymphocyte ratio (NLR) and the distribution of mono-

cyte subsets. Finally, we evaluated the distribution of relevant SNPs associated with an increased risk of AMD with SNP 

genotyping. Both SNPs were in genes related to the complement system – the complement factor H (CFH) gene 

rs1061170 and the C3 gene rs2230199. 

 

Study II-b – Ageing (PAPER III) 

We investigated T-cell differentiation and ageing profile (immunosenescence). This was done with flow cytometry using 

the T cell markers CD4 and CD8, the differentiation markers CD45Ra, CD45Ro and CCR7, the co-stimulatory markers 

CD27, CD28 and the ageing marker CD56. 

 

Study II-c Angiogenesis (PAPER IV) 

To investigate angiogenesis, we studied a receptor, CXCR3, related to the inhibition of angiogenesis. We analysed the 

CXCR3 expression on T cells, monocytes, and monocyte subsets with flow cytometry. With immunoassays, we measured 

the CXCR3 ligands, the interferon (IFN)-g inducible chemokines CXCL9, CXCL10 and CXCL11.  

 
Results and discussion   
 
In study II-a, we found a higher SIS in patients with MPNd compared to MPNn (p=0.020). When we compared MPN and 

AMD, we found that MPNd SIS resembled the SIS in nAMD while MPNn and iAMD had lower scores and looked similar 

(Figure 13). We found no difference between the groups when observing single cytokines, but the differences between 

groups were significant when evaluating the SIS, indicating that a general rise in the cytokines in nAMD and MPNd are 

present. However, the differences are not significant when looking at individual cytokines. We also found evidence of a 

dysregulated systemic complement system in MPNs when investigating complement regulatory proteins (Cregs). De-

spite not reaching significance, Cregs expression in MPNn seemed much lower than MPNd, and when we subdivided 



 

MPNs into subtypes, we found that PV patients had a lower expression than ET (p=0.027) and PMF (p=0.016), and those 

with drusen had a significantly lower expression than those 

without drusen (p=0.050), (Figure 14). A previous study has 

found lower Cregs expression in nAMD.81 In addition, we also 

investigated the NLR between groups and found similar re-

sults, with MPNd, having higher NLR than MPNn and the two 

AMD groups. These results suggest a possible role for low-

grade systemic inflammation in AMD pathogenesis. Therefo-

re, we hypothesise that chronic low-grade inflammation trig-

gers drusen formation and leads to more inflammation, crea-

ting a vicious cycle with more drusen, which increases the risk 

of developing AMD. A recent study of patients with iAMD ha-

ve found similar results of systemic alterations supporting a 

role for systemic inflammation in iAMD and that combina-

tions of inflammatory factors in plasma were associated with 

progression to late AMD.129 

 

Several other studies support the hypothesis of system-

ic inflammation in AMD pathogenesis. Several studies 

of inflammatory diseases have reported increased pre-

valence or an association with AMD.130,131 For instance, 

patients with antiretroviral-treated HIV have a 4-fold in-

crease in iAMD (and other age-related diseases) com-

pared to an age-matched non-HIV infected control 

group. These antiretroviral-treated patients do not ha-

ve a normal immune system, but they have immunose-

nescence changes (similar to an older non-HIV control 

group), and a state of chronic low-grade inflammation 

also characterises them. The study proposes that this 

systemic inflammation and/or immunosenescence 

may cause the increased iAMD prevalence. Further, studies have shown that inflammation is involved in many diseases 

previously not regarded as inflammatory disorders, such as atherosclerosis,54,132,133 obesity and diabetes.56,134 Evidence 

points to systemic inflammation playing a significant role in neurodegenerative diseases or diseases that occur in 
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Figure 13 Summary inflammation score in patients with AMD and 
MPN Plot of summary inflammation score = ([z score (IL6) + z score 
(IL8) + z score (TNF-R2) + z score (TNF-a) + z score (IL-1b)]) - with 95% 
CIbars. Comparisons between patients with nAMD (n=29), iAMD 
(n=28), MPNd (n=35), MPNn (n=27). Reprinted from The Lancet, ECli-
nicalMedicine 2022; 43: 201248, Liisborg C, Skov V, Kjær L, Hassel-
balch HC, Sørensen TL, Patients with MPNs and retinal drusen show 
signs of complement system dysregulation and a high degree of chro-
nic low-grade inflammation, Copyright (2022), with permission from 
Elsevier.  
https://www.thelancet.com/journals/eclinm/article/PIIS2589-
5370(21)00529-0/fulltext 
nAMD:neovascular AMD, iAMD: intermediate AMD, MPNd: 
myeloproliferative neoplasms with drusen, MPNn:myeloproliferative 
neoplasms with normal retinas 
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Figure 14 Expression of CD59 in patients with PV  
Expression of complement regulatory protein CD59 in patients with polycythe-
mia vera with (n=26) and without drusen (n=13). Reprinted from The Lancet, 
EClinicalMedicine 2022; 43: 201248, Liisborg C, Skov V, Kjær L, Hasselbalch HC, 
Sørensen TL, Patients with MPNs and retinal drusen show signs of complement 
system dysregulation and a high degree of chronic low-grade inflammation, 
Copyright (2022), with permission from Elsevier.  
https://www.thelancet.com/journals/eclinm/article/PIIS2589-
5370(21)00529-0/fulltext 
PV: Polycytheamia vera 

 
 
 



 

“immune privileged” tissues (Alzheimer’s, Parkinson's).135–137 In addition, as described in the inflammation section on 

page 18, patients with nAMD tend to have higher levels of plasma anaphylatoxins and other complement 

components,76–78,80,138,139 increased CRP85,86 and higher inflammatory cytokine levels.87,88 Also, increased levels of matrix 

metalloproteases (MMPs), which are involved in extracellular matrix (ECM) remodelling and lower concentration of 

their regulators, have been observed.140,141 The systemic increased levels of pro-inflammatory cytokines may activate 

macrophages and their release of MMPs, influencing ECM of the BM. The other systemic factors of chronic inflammation 

mentioned could also disrupt the normal cell function by driving cell differentiation, causing immunosenescent changes 

(described further below), and activating the endothelium and thereby attracting effector cells of the immune system. 

Finally, but not least, many of the polymorphisms associated with increased risk of AMD are in genes playing a role in 

the immune system and, in particular, the complement system. 

Study II-b found evidence of accelerated ageing changes (immunosenescence) in MPNd compared to MPNn. The data 

suggest that patients with MPNd have a differentiation profile resembling nAMD and iAMD and significantly more effec-

tor memory T cells than MPNn in both the CD4+ and 

CD8+ compartment. From Figure 15, it is evident that 

MPNn stands out from the other groups. Another 

interesting finding in this study was that more terminally 

differentiated T cells (EMRA T Cells) seemed to 

accumulate over the biological MPN continuum. 

Patients with myelofibrosis had a significantly higher 

percentage of EMRA than ET (p=0.024) and near 

significantly higher than PV (0.070) (Paper III, Figure 3). 

Inflammation and ageing are interconnected processes. 

An inflammatory environment with continuous release 

of inflammation products and elevated ROS levels lead-

ing to DNA damage can induce senescence. Senescent T 

cells can be regarded as synonymous with effector T 

cells. Senescent cells do not proliferate, but they are 

very active and secrete various cytokines and cytotoxic 

granules, a well-known phenomenon referred to as the 

senescence-associated secretory phenotype (SASP). The 

cells with a SASP are highly cytotoxic cells capable of de-

structing healthy tissue, as well as they are thought to 

play a role in inflamm-ageing.142,143  

 

Study II-c showed a significantly lower CXCR3 expression on T cells (Figure 16) and some monocyte subsets in nAMD 

compared to the other three groups (Paper IV, Figure 2), supporting previous findings from our group of lower CXCR3 

expression in nAMD compared to healthy controls. We did not find any difference between the MPNd and MPNn 

groups, but since the patients with MPNd only have early or intermediate AMD, it may not come as a surprise that we 
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Figure 15 Effector memory cells in patients with AMD and MPNs 
MPNn patients stand out with lower percentage of effector memory T cells. 
Reprinted from Impact Journals, LLC, Aging 2021; 13: 25763-25777, Liisborg C, 
Skov V, Kjær L, Hasselbalch HC, Sørensen TL, Retinal drusen in patients with 
chronic myeloproliferative blood cancers are associated with an increased 
proportion of senescent T cells and signs of an ageing immune system, 
Copyright (2021), with permission from Impact Journals, LC   
https://www.aging-us.com/full/13/25763 
nAMD: neovascular AMD, iAMD: intermediate AMD, MPNd: patients having 
myeloproliferative neoplasms with drusen, MPNn: patients having 
myeloproliferative neoplasms having normal retinas.  

 



 

observe no difference since angiogenesis occurs in nAMD. However, the MPNd groups include both eAMD and iAMD, 

so it could be relevant to study CXCR3 in patients with iAMD. We also found a decreasing expression of CXCR3 in most 

monocyte subsets over the biological MPN continuum from ET to PV to MF (Figure 17). Very low expression was obser-

ved in the advanced myelofibrosis stage, a disease which in the bone marrow shares characteristics seen in the retina 

in patients with nAMD: angiogenesis and fibrosis. The expression was similar in PMF and nAMD. These results support 

dysregulation of the CXCR3 receptor in both AMD and PMF pathogenesis. The nAMD level was inserted in Figure 17. to 

compare the levels with the MPN subtypes.  

 

 
 

Figure 16 CXCR3 expression T cells in patients with AMD and MPNs 
A significantly lower CXCR3 expression in CD4+ and CD8+ t cells is 
found in the nAMD group compared to the other groups. 
Reprinted from Impact Journals, LLC, Aging 2021; 13: 25763-25777, 
Liisborg C, Skov V, Kjær L, Hasselbalch HC, Sørensen TL, Retinal drusen 
in patients with chronic myeloproliferative blood cancers are 
associated with an increased proportion of senescent T cells and signs 
of an ageing immune system, Copyright (2021), with permission from 
Impact Journals https://www.aging-us.com/full/13/25763  
nAMD: neovascular AMD, iAMD: intermediate AMD, MPNd: patients 
having myeloproliferative neoplasms with drusen, MPNn: patients 
having myeloproliferative neoplasms having normal retinas.  

Figure 17 Expression of CXCR3 in subtypes of MPNs and neovascular AMD   
A decreased CXCR3 expression is observed over the MPN biological continuum. Reprinted from Impact Journals, LLC, Aging 2021; 13: 25763-25777, 
Liisborg C, Skov V, Kjær L, Hasselbalch HC, Sørensen TL, Retinal drusen in patients with chronic myeloproliferative blood cancers are associated with 
an increased proportion of senescent T cells and signs of an ageing immune system, Copyright (2021), with permission from Impact Journals, LCC. 
https://www.aging-us.com/full/13/25763  
nAMD: neovascular AMD, ET: essential thrombocythemia, PV: polycythemia vera, PMF: primary myelofibrosis. 
 

0

10

20

30

CD4+CXCR3+ CD8+CXCR3+

%

0.080
0.041

0.0020

0.012
0.036

0.0025

nAMD iAMD MPNd MPNn

0

10

20

30

Monocytes
CXCR3+

Classical monocytes
CXCR3+

Intermediate monocytes
CXCR3+

Non−classical monocytes
CXCR3+

%

ET PV PMF nAMD

0.32
0.0070

0.083

0.011
0.031

0.38

0.27
0.12

0.22

nAMD vs:
ET: p=0.0050
PV: p=0.085
PMF: p=0.92

nAMD vs:
ET: p=0.0050
PV: p=0.10
PMF: p=0.95

nAMD vs:
ET: p=0.0060
PV: p=0.023
PMF: p=0.85

nAMD vs:
ET: p=0.0020
PV: p=0.10
PMF: p=0.33

0.023
0.047

0.20



 

In summary, substudy II (a-c) show systemic differences between patients with MPN with and without drusen (except 

for in study II-c), supporting that these alterations in the systemic circulation (markers of inflammation, ageing and 

angiogenesis) are a part of the AMD pathogenesis. Our findings are summarised in (Figure 18). 

 
Figure 18 Heatmap of selected 
significant results from study II 
Heatmap showing levels of 
selected markers from study II. 
Colour coding is done from lowest 
to highest measured level in the 
four groups for each marker. Dark 
colours represent high levels, 
while light colours represent low 
levels. 

 

 

 

 

 

 

We speculate that especially systemic inflammation and immunosenescence changes play a more critical part in the 

pathogenesis. The current understanding or theory on how drusen develop is the accumulation of oxidative insults that 

increase with age, and oxidative damage is believed to be the initial trigger of AMD. The retinal tissue is highly metabo-

lically active with large oxygen consumption, exposed to a large amount of light, and have a high content of polyunsa-

turated fatty acids, resulting in a high sensitivity to oxidative stress.144,145 In addition, the RPE and neuroretina are non-

replicative, terminally differentiated cells. The accumulating damage exhausts the local autonomous cell response, with 

decreased autophagy, and the stressed cells may undergo senescence or die. Senescent cells may secrete inflammatory 

cytokines and chemokines (maybe another example of SASP), activating the local immune regulating system. If the da-

mage/stress again exceeds the capacity, this will eventually lead to decreased phagocytosis resulting in loss of clearance 

and lipid accumulation. The microglia and macrophages of the local regulatory system may release additional cytokines 

and chemokines, which reach the systemic circulation and activate the systemic immune system. The earliest patholo-

gical changes are the appearance of basal deposits called basal laminar deposits (BLamD) and basal linear deposits 

(BLinD) and thickening of BM with reduced permeability. 146,147 Hereafter, drusen develop. The systemic inflammatory 

response is thought to be secondary to BM destruction.70  

Our group have previously proposed a model for AMD development - a two-level model hypothesis”.148 The accumula-

tion of age-related ocular damage comprise the first step in the development, and the subsequent inflammatory host 

response the second step (Figure 19a). Depending on the host response, the progress rate varies. Adding to the com-

plexity is the involvement of a group of risk factors in the pathogenesis (genetic, environmental and health behaviours), 

which can either halt or speed up the process. Based on the results of this PhD project, we now propose that systemic 

inflammation can trigger and drive the accumulation of debris that leads to drusen formation. (Figure 19b). All steps in 

the accumulation process can be affected by and initiated by systemic inflammation and accelerate the ageing process  

Summary inflammation score

Neutrophil-to-lymphocyte ratio

Intermediate monocytes CD59+

Effector memory CD4+ T cells

Effector memory CD8+ T cells

EMRA CD8+ T cells

CXCR3+ CD4+ Tcells

CXCR3+ CD8+ T cells

CXCR3+ monocytes

nAMD iAMD MPNd MPNn ET PV PMF



 

 
Figure 19 AMD models The cur-
rent understanding of how drus-
en develop are the accumulation 
of oxidative insults and debris 
that increase with age. Oxidative 
damage is believed to be the ini-
tial trigger of AMD. The highly 
metabolically active retinal tissue 
are exposed to a large amount of 
light and have a high content of 
polyunsaturated fatty acids, 
resulting in a high sensitivity to 
oxidative stress.  The accumula-
ting damage exhausts the local 
autonomous cell response, with 
decreased autophagy, and the 
stressed cells may undergo sene-
scence or die. Senescent cells 
may secrete inflammatory cyto-
kines and chemokines activating 
the local immune regulating sys-
tem, and if the damage/ stress 
again exceeds the capacity, this 
will eventually lead to decreased 
phagocytosis resulting loss of 
clearance and lipid accumulation. 
The microglia and macrophages 
of the local regulatory system 
may release additional cytokines 
and chemokines which reach the 
systemic circulation and activate 
the systemic immune system. 
The earliest pathological changes 
are the appearance of basal 
deposits called basal laminar de-
posits (BLamD) and basal linear 
deposits (BLinD) and thickening 
of BM, with reduced permea-
bility. A) Our group have pre-
viously proposed a model for 
AMD development - a two-level 
model hypothesis”. The accumu-
lation of age-related ocular da-
mage comprise the first step in 
the development and the subse-
quent inflammatory host respon-
se the second step. Depending on 
the host response, the progress 
rate varies. Adding to the com-
plexity, a “collection” of risk fac-
tors (genetic, environmental and 
health behaviours) is involved in 
the pathogenesis and can either 
halt or speed up the process (not 
shown). B) Based on the findings 
in this PhD project, we now pro-
pose that the systemic inflam-
mation can trigger and drive the 
accumulation of debris that leads 
to drusen formation. All steps in 
the accumulation process can be 
affected by and initiated by 
systemic inflammation and 
accelerate the ageing process 
and the following decline in 
different functions and mecha-
nisms. The systemic inflamma-
tion is capable of damaging re-
tinal tissue and triggering the lo-
cal response. 
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and the following decline in different functions and mechanisms. Systemic inflammation is capable of damaging retinal 

tissue and triggering the local response. The systemic inflammation may even damage the choriocapillaris. Both histo-

pathological studies and in vivo studies using OCT angiography could support this theory since they suggest that chorio-

capillaris loss precedes the neurodegeneration seen in AMD.6  

 

The reason some people develop AMD could be due to their systemic immune response, genetic predisposition, lifesty-

le, and the number of insults (inflammatory episodes, infections and other stressors or “protectors” such as anti-inflam-

matory treatments) accumulating during their life. The patients with MPNs are exposed to massive systemic inflamma-

tion early in life, and therefore these processes are accelerated (including accelerated ageing). 

The reason some of the patients develop neovascular AMD could also depend on systemic alterations, as the decreased 

leukocyte CXCR3 expression shown in study II-c could be an example of. The retina is an immune-privileged tissue. 

However, animal studies have shown that circulating CCR2+ monocytes are implicated in angiogenesis in laser-induced 

CNV.75,149–151 Further, several studies have shown blood-derived mononuclear phagocytes accumulation in the 

subretinal space both in animal models and in post-mortem eyes of patients with AMD74,152,153 Interestingly, CD8 positive 

T cells are also shown to be more abundant in the macular choroid of patients having drusen, providing further evidence 

of an important systemic involvement.154–156  

Similar evidence suggesting the involvement of circulating cells in the brain, another immune-privileged tissue, has also 

been shown. For instance, bone marrow chimeric studies have shown that circulating monocytes regularly replace brain 

perivascular macrophages.157 

We found evidence of more effector memory T cells in patients with MPNs and drusen compared to those with normal 

retina. These more cytotoxic cells, the inflammatory environment and macrophages could potentially harm the choroid, 

BM, photoreceptors and RPE. 

 

Limitations: Caution should be taken when interpreting the data of this PhD project. Although the drusen seen in the 

MPNs are clinically and photographically identical to those observed in AMD, we do not have histological data to confirm 

this. It may seem plausible that the drusen are similar since the patients with MPN tend to develop late AMD more often 

than the general population. Patients with MPNs were enrolled from the outpatient program at the haematology de-

partment and asked to participate. It is possible that patients with visual symptoms were more likely to enrol, resulting 

in selection bias, but also those with a heavy comorbidity burden (and more severe MPN) could be less likely to say yes 

to participation. It is a limitation that we do not have a healthy control group to compare the groups with, but this was 

intentional to avoid having too many groups and, therefore, too many multiple comparisons. In addition, the markers 

investigated in this project have previously been studied in nAMD and compared to healthy controls. Another aspect of 

including healthy controls is the great variety of the ageing process in individuals. Another limitation of the studies is 

the small groups of patients with ET and PMF (17 and six, respectively), but still, we found significant changes across the 

MPN continuum. 

Due to the observational nature of the studies, we cannot infer causality. We do not know which changes/alterations 

came first, and further, we are investigating systemic markers in a huge and complex inter-related system with unlimited 

interactions and potential confounders. 



 

CONCLUSION AND PERSPECTIVES 

CONCLUSIONS 

The objectives and hypotheses of this PhD project were: 

 
1. To investigate if patients with MPNs show a higher prevalence of retinal changes compatible with AMD and 

from an earlier age. Our null hypothesis was that patients with MPN do not differ in prevalence of drusen and 

AMD compared to population estimates. 

- Study I showed that patients with MPNs have a higher prevalence of drusen than the general population 

and from an earlier age. Consequently, they also have a higher prevalence of AMD, and the prevalence of 

late-stage AMD was significantly higher in these patients. We reject the null hypothesis. 

 

1. To assess the immunological similarities in patients with MPNs and AMD - to identify previously relevant chang-

es in the immune system found in AMD, which are shared with MPNs. More importantly, we wanted to investi-

gate if patients with MPN and drusen show overlap with patients with AMD in these immunological signatures 

and are different from patients with MPNs and normal retinas. Our null hypothesis was that MPNd and MPNn 

do not differ in the systemic markers investigated. 

- The three substudies of study II showed that patients with MPNd are immunologically different from 

patients with MPNn. We observed an overlap between nAMD/(iAMD) and MPNd in immunological 

markers that differed between the MPNs with and without drusen, supporting that these specific changes 

could be a part of drusen/AMD pathogenesis. We reject the null hypothesis for the markers in studies II-a 

and II-b, but not in study II-c. The immunological markers in question are: 

 

o Inflammation: we found a higher level of low-grade systemic inflammation in MPNd than MPNn (indi-

cated by a higher summary inflammation score and neutrophil-to-lymphocyte ratio, as well as signs 

of inadequate regulation of the complement system with lower monocyte CD59 expression in patients 

with PV having drusen compared to patients with PV and normal retinas. 

o Ageing: we found signs of an accelerated ageing immune system in MPNd compared to MPNn (more 

effector memory-/senescent T cells). 

o Angiogenesis: we found a lower CXCR3 expression on T cells and most monocyte subsets in nAMD 

compared to iAMD, MPNd and MPNn. Further, we found a decreasing CXCR3 expression over the 

biological continuum with the lowest levels in the late myelofibrotic stage with resembling levels seen 

in nAMD. The disease stages (PMF and nAMD) are characterised by angiogenesis and fibrosis, suppor-

ting the role of CXCR3 in both diseases. 

 

In summary, the findings suggest that patients with MPNs have an increased prevalence of drusen and AMD from an 

earlier age, likely due to their inflammatory state. The results also suggest that systemic alterations play a more critical 



 

role in AMD pathogenesis. We propose an AMD model (Figure 19) where inflammation plays an essential part in AMD 

pathogenesis. A model where inflammation can initiate and accelerate the normal age-dependent accumulation of 

debris in the retina, leading to basal deposits, which develop into drusen and eventually lead to the changes seen with 

early and intermediate AMD. Finally, this results in the increased risk of developing late-stage AMD. 

PERSPECTIVES 
 
In developed countries, neovascular AMD is the leading cause of irreversible vision loss in the elderly population.  

Treatment with VEGF inhibitors has improved the outcome of many patients with a decrease in severe vision 

impairment and blindness.158 Despite the benefits of anti-VEGF therapy for nAMD, long-term follow-up has revealed 

progressive vision loss with time, owing to macular atrophy and fibrosis.159  Also, the benefits come at a high cost, with 

many recurring visits to the doctor for injections, and a considerable economic burden to the health care systems with 

increases in drug expenditures.160 The need for better treatment is evident. We also lack effective treatment for GA and 

especially treatments for the earlier stages and progression prevention from intermediate to late-stage AMD. In recent 

years, much focus has been on modulating the alternative pathway of the complement cascade, but until now, only 

modest or no effect has been observed. A possible explanation could be the disease stages treated (late AMD) or 

insufficient drug delivery.161 

 

AMD pathogenesis has not been fully elucidated despite intensive research, probably due to its multifactorial nature. 

Although we cannot infer causality from this project’s observational studies, the results described in this thesis suggest 

that systemic alterations play a far more critical part in AMD pathogenesis than previously anticipated. Chronic inflam-

mation may even trigger or accelerate the age-related debris accumulation in the body (including in the eye tissues, 

despite the protection from the BRB). This could open for new possibilities of treating patients with anti-inflammatory 

agents and could also be the reason previous trials of, for instance, therapies targeting the complement cascade in late 

AMD have not shown promising results. Advanced stage AMD may be too late in the disease process to demonstrate 

any effectiveness, and the role of the systemic inflammatory influence keeps stimulating the local immune response in 

the retina. Treatments may be more effective if administered earlier at the intermediate AMD stage to forestall pro-

gression. However, one must bear in mind that these patients often do not have any symptoms and only a smaller 

fraction of patients with iAMD progress to late AMD.162 Therefore, there may be some ethical considerations regarding 

the treatment of these individuals, and further, it may be more difficult to identify individuals with iAMD since we do 

not see them as often in the clinic as the late stage, or at least often first when vision -loss or -disturbances are prevalent. 

 

Few studies have investigated the significance of systemic inflammation in nAMD as described in this thesis,76–

78,80,138,139,163,164 and even fewer have addressed this in iAMD.129,165,166 A recent study from 2021 has interestingly found 

an association between systemic inflammatory factors and progression from iAMD to late AMD.129 However, studies on 

anti-inflammatory treatment with aspirin and NSAIDs in patients with AMD have shown conflicting results, with some 

studies suggesting a possible exacerbating role of aspirin in nAMD, others find no effect, while again others find a 

modest effect of long-term, low-dose aspirin, reducing the risk of AMD.167 Two newer studies from 2018168 and 2021169 



 

have shown a decrease in intermediate and late-stage AMD risk with the regular use of low dose aspirin or other NSAIDs. 

Similar studies and findings on statins, the cholesterol-lowering medications which also have anti-inflammatory 

properties, have shown inconclusive results.170 Again, maybe more studies explicitly designed for treating iAMD patients 

with anti-inflammatory therapy are needed. It would be intriguing to treat iAMD patients with anti-inflammatory agents 

with a control group receiving placebo and compare how many individuals from the two groups progress to advanced 

AMD, or if some agents could even initiate drusen regression. We also have the possibility of following patients with 

MPNs who already receive different therapies with anti-inflammatory and immunomodulating properties (acetylsalicy-

lic acid, statins, Hydroxyurea, interferon-a, Ruxolitinib), comparing the prevalence and progression of AMD. 

 

For Alzheimer’s disease, observational studies have shown that inflammation occurring decades before the typical age 

of dementia may promote neurodegenerative and cognitive decline, but as with our studies, they cannot assess cau-

sality. However, it is found that circulating inflammatory proteins can communicate with the CNS in both neural and 

humoral ways, and this includes afferent Vagus nerve signalling.135 Interestingly, our group have also investigated Vagus 

nerve signalling, which indicated an increased risk of AMD in vagotomised patients and a possible impaired vagal tone 

in patients with nAMD compared to healthy controls (unpublished results). In summary, systemic inflammation is 

believed to increase local CNS inflammatory signalling, resulting in activation of microglia and astrocytes, quite similar 

to the proposed mechanisms in late AMD.171  

  

More studies of the role of systemic inflammation are needed, especially in iAMD. Understanding the role of systemic 

inflammation could have a tremendous clinical impact and the possibility of identifying specific markers linked to pro-

gression and high-risk individuals. These studies could result in targeted treatments in early disease and thereby pre-

venting progression to the late debilitating stages of AMD. 

 

Suppose systemic inflammation plays a more crucial role. In that case, the general advice of quitting smoking, more 

regular physical activity and eating a healthy diet (Mediterranean) are still very favourable and important, since such 

lifestyle choices are associated with a lowering of systemic inflammation. Interestingly, recent meta-analyses show the 

association between these lifestyle choices and a lower occurrence of AMD.172,173 An exciting study in our department 

is in progress randomising patients with GA to physical activity and a control group to investigate if physical exercise 

can halt the progression of GA. 

 

Other attractive future projects come to mind.  

 

• The MPNs can be used to study or find other relevant markers of AMD. In study I, we found more patients with 

GA than nAMD. Could this be because of the patients immunomodulating treatment preventing them from 

turning into nAMD, or do patients with MPNs have systemic changes simulating the systemic environment in 

patients with GA? Studies comparing markers associated with GA with MPNs would be interesting. 

 



 

• For the MPNs, mathematical modelling has been done and adds further proof to the concept of chronic inflam-

mation as a trigger and driver of these diseases.69 Investigating if similar modelling could be done regarding 

systemic inflammation and drusen presence/development would be intriguing. 

 

• Exploring neutrophil involvement and function in MPNs with and without drusen (and compared to AMD) could 

also be a possibility since neutrophil involvement in AMD pathogenesis has received increased attention.174,175 

Neutrophils change with ageing, and in vitro studies have demonstrated abnormal trafficking, lower phagocytic 

activity, and a higher production of intracellular ROS. Further, some studies also suggest altered neutrophil 

expression due to systemic inflammation, which also could affect their function.176,177 

 

• Regarding our results of decreased CXCR3 expression, more basic studies investigating the role of CXCR3 in the 

retina would be exciting and clinical studies investigating CXCR3 in patients with intermediate AMD. 

 

Finally, our studies have some clinical implications. It is important to be observant of ophthalmological symptoms in 

patients with MPNs (and maybe in general other inflammatory diseases). This observance also applies the other way 

around. If patients show drusen or AMD early in life, it could be relevant to examine if an underlying systemic or 

inflammatory disease could be the cause. 
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