
 

 

 University of Groningen

Monocyte and macrophage heterogeneity in Giant Cell Arteritis and Polymyalgia Rheumatica
van Sleen, Yannick

DOI:
10.33612/diss.113443254

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Sleen, Y. (2020). Monocyte and macrophage heterogeneity in Giant Cell Arteritis and Polymyalgia
Rheumatica: central in Pathology and a Source of Clinically Relevant Biomarkers. [Thesis fully internal
(DIV), University of Groningen]. Rijksuniversiteit Groningen. https://doi.org/10.33612/diss.113443254

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.113443254
https://research.rug.nl/en/publications/41b8d16e-ed56-4d63-a5e9-57d39f544df1
https://doi.org/10.33612/diss.113443254


ONE

Thesis introduction



INTRODUCTION

9

1GIANT CELL ARTERITIS AND POLYMYALGIA RHEUMATICA 
Giant cell arteritis (GCA) is an inflammatory disease that occurs exclusively in older people. It 

was first described more than 100 years ago, but it took until the 1940s for it to be recognized as 

a specific disease [1]. Patients with GCA suffer from inflammation of their medium- and large-sized 

arteries. The size of the affected vessels distinguishes this disease from other types of vasculitides, 

such as granulomatosis with polyangiitis (GPA) and microscopic polyangiitis [2]. Like GCA, Takayasu 

arteritis also affects the large arteries, but this disease only affects younger people and is limited to 

the aorta and its branches [3].

Typically, clinicians have viewed GCA as a ‘headache disease’, even though GCA commonly 

leads to systemic symptoms as well, depending on which arteries are affected [4]. Cranial symptoms 

of GCA (C-GCA) include temporal headache, jaw or tongue claudication and scalp tenderness. 

The most feared complication of C-GCA is vision loss, which can be transient or permanent. 

Fortunately, fast track clinics and early initiation of treatment have led to a substantial decrease in 

visual complications [5]. Symptoms of large-vessel GCA (LV-GCA) are more difficult to identify, as 

they are not disease-specific [6]. These symptoms include night sweats, malaise, weight loss, fever 

and arm claudication. However, patients with LV-GCA are at risk of aortic complications such as 

development of aneurysms, dissections and stenosis [7]. A majority of GCA patients present with 

overlapping cranial and systemic symptoms (Figure 1).

In the 1960s, it became accepted that GCA can be found associated with another inflammatory 

disease, polymyalgia rheumatica (PMR, Figure 1) [1]. At the time the disease was also called 

polymyalgia arteriitica. PMR is characterized by (peri)articular inflammation, occurring mostly in 

the shoulders and hip girdle. PMR patients suffer from morning stiffness and pain in these regions 

[8]. The incidence of GCA among PMR patients is reported to be between 16 and 21%, while PMR 

is observed in approximately half of the GCA patients. This is due to the higher incidence of PMR 

compared to GCA: 41-113 cases per 100.000 people aged ≥50 years for PMR and 18-29 for GCA 

(among populations of Northern European ancestry) [4]. Epidemiology of GCA and PMR is similar as 

well, as both diseases occur more frequently in women (two-fold higher than in men) and peak at 

a similar median age (72 years in the GCA/PMR cohort at the UMCG). 

A suspicion of GCA or PMR is primarily based on clinical signs and symptoms in combination with 

acute-phase markers in the blood. The golden standard for diagnosis of GCA remains a temporal 

artery biopsy (TAB), which is particularly useful in the diagnosis of C-GCA. However, diagnosis 

of C-GCA based on TAB may be missed, as GCA is typically ‘patchy’ leaving parts of the arteries 

unaffected. Indeed, in temporal arteries, massively infiltrated parts of arteries are intermixed with 

uninvolved regions (known as skip lesions) [9]. Therefore, other diagnostic tools are needed, 

including ultrasound and 18F-fluorodeoxyglucose positron emission tomography- computed 

tomography (FDG-PET-CT). These techniques can detect LV-GCA without cranial involvement. 

Imaging is also useful in diagnosing synovial and bursal inflammation in PMR. Both GCA and PMR 

are characterized by a strong acute-phase response, which is reflected by an elevated C-reactive 

protein (CRP) and/or erythrocyte sedimentation rate (ESR) in the vast majority of the patients [10].
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As of today, glucocorticoids (prednisolone), remain the main treatment option for GCA and 

PMR patients a situation that has not changed since the 1950s [1]. Glucocorticoids are efficient at 

relieving symptoms of GCA and PMR, especially those linked to the acute-phase response (fever, 

night sweats, malaise, weigh loss) [10, 11]. However, long-term glucocorticoid use is accompanied by 

severe side-effects, such as development of type II diabetes, hypertension, weight gain, increased 

infection risk and decreased bone density [12, 13]. Moreover, the majority of patients treated with 

glucocorticoids experience relapses [14]. To suppress these relapses, the glucocorticoid dose 

is increased, amplifying the glucocorticoid-associated morbidity. Even though the acute-phase 

response is strongly suppressed in glucocorticoid treated patients, recent evidence showed that 

tissue inflammation is not sufficiently controlled in GCA [15, 16]. For these patients, extended 

tissue inflammation may be dangerous, as it could lead to complications such as occlusion and 

development of aortic aneurysms [7]. Alternative treatment options have been introduced as well. 

Methotrexate, a conventional synthetic DMARD, has especially been used in relapsing patients, with 

varying results [17, 18]. More recently, tocilizumab, an interleukin (IL)-6 receptor blocker, has been 

shown to lower the relapse risk and reduce glucocorticoid use in GCA patients [19].

DISEASE PATHOLOGY AT THE INFLAMMATORY SITE
The pathology of GCA is not completely understood. It is generally thought that GCA starts in 

the adventitia (the outer vessel wall layer), where dendritic cells (DCs) are activated by stimulation 

of their pattern recognition receptors, including Toll-like receptors (TLRs) [20]. These receptors are 

capable of sensing pathogen- or danger-associated molecular patterns (PAMPs and DAMPs) [21].  

This is important, as development of GCA is often seen after seasonal infections, albeit that 

the culprit(s) remains to be identified. Recent studies have demonstrated that the vessel wall is not 

sterile, but rather contains an extensive microbiome [22]. This microbiome in GCA TABs is distinct 

from healthy controls. In 2015, it was suggested that GCA was caused by varicella zoster infection, 

as it was detected in most TABs of GCA patients [23]. However, this hypothesis has now largely been 

debunked [24, 25] as modest associations with many infectious agent were found for GCA [26]. 

Most knowledge on the pathogenesis of GCA has been obtained from the TAB, which shows 

a granulomatous infiltrate consisting mostly of macrophages and CD4+ T-cells. This is in sharp 

contrast to non-inflamed arteries, which are comprised of smooth muscle cells, endothelium and 

some occasional DCs (Figure 2). Activation of DCs leads to migration of CD4+ T-cells, monocytes, 

and to some level CD8+ T-cells, B-cells and neutrophils to the vessel wall [20]. These cells produce 

Figure 1. GCA symptoms depend on which vessels are affected. Diagnosis of overlapping PMR may occur at 

the same moment as the diagnosis of GCA, but can also precede or follow GCA. C-GCA, LV-GCA and PMR can all 

be associated with systemic symptoms such as night sweats, weight loss and fever due to systemic inflammation 

(e.g. elevated inflammatory markers and IL-6 levels).

Figure 2. Vascular histology in healthy vessels and GCA vessels. Shown here are healthy (age-matched) and GCA-

affected vessels stained with hematoxylin. Compared to non-inflamed TAB, the inflamed TAB is characterized by 

occlusion of the lumen, expansion of the intima layer and a large infiltrate of leukocytes within all three layers. 

The GCA-affected aorta is also characterized by infiltrating leukocytes, but luminal occlusion does not occur. In 

addition, this tissue is characterized by massive accumulation of leukocytes in the adventitia.
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1chemokines and cytokines, including the key cytokine IL-6, that further fuel the infiltration and 

inflammation in the vessel wall [27].

Besides inflammation, key processes in GCA pathogenesis are tissue destruction and 

remodeling. Characteristic is the damaged lamina elastica interna, which forms the border between 

the intima and the media. Macrophages produce proteins such as matrix metalloproteinases that 

are able to break down the lamina elastica interna, thereby facilitating the infiltration of T-cells, 

myofibroblasts and monocytes into the intima [28]. Infiltration and proliferation in the intimal layer 

ultimately leads to occlusion of mostly the cranial arteries, a process that is responsible for ischemic 

symptoms including vision loss [27]. Vessel occlusion does not occur in inflamed aortas (LV-GCA); 

rather, breakdown of extracellular matrixes and the smooth muscle layer in the media leads to 

loss of vessel integrity, causing aortic aneurysms, dissections and stenosis [29]. New small vessel 

formation (angiogenesis) occurs within the vessel wall to deliver nutrients and oxygen [30]. This 

process is important in fueling the ongoing inflammatory process.

Very little is known on PMR pathogenesis, as synovial biopsies are rarely performed in these 

patients, because these are not needed for the diagnosis. Studies from the early 2000s, however, 

showed, similar to GCA, an inflammatory infiltrate mostly consisting of monocytes/macrophages 

and CD4+ T-cells [31]. Also, elevated production of the pro-angiogenic mediator vascular endothelial 

growth factor (VEGF) was described in the inflamed tissue and in the blood, hinting at new small 

vessel formation in the inflamed shoulders and hips [32]. 

IMPORTANT CELLULAR PLAYERS IN GCA AND PMR PATHOGENESIS
The pathogenesis of GCA and PMR is thus characterized by a granulomatous infiltrate of both 

innate (monocytes/macrophages/DCs) and adaptive immune cells at the tissue level. Remarkably, 

GCA and PMR show overlapping profiles in the blood regarding immune cells and inflammatory 

markers. Monocytes comprise approximately 2-10% of the circulating leukocytes. They are derived 

from the bone-marrow and are characterized by their ability to present antigens, phagocytize 

and produce cytokines. Monocytes display heterogeneity, as there are three monocyte 

subsets, based on expression of surface markers CD14 and CD16. The most common subset are 

the classical monocytes (CD14brightCD16neg), while the intermediate (CD14brightCD16+) and non-

classical (CD14dimCD16+) monocytes both comprise less than 10% of the total monocyte population 

[33]. The fraction of CD16+ monocytes is shown to increase with aging [34]. Moreover, an expansion 

or a decrease of a certain subset of monocytes has been observed and was linked to pathogenesis 

in various disorders including autoimmune diseases [35, 36]. Monocytes respond to chemokine 

gradients (such as CCL2 and CX3CL1) and can leave the blood stream to enter the tissue [37]. 

In tissue, monocytes undergo differentiation depending on the local environment to become 

macrophages or DCs [38]. Both macrophages and DCs have the capability to present antigens, but 

macrophages are specialized in phagocytosis and the production of tissue destructive and pro-

angiogenic proteins [39]. Previously, these inflammatory, tissue destructive and angiogenic proteins 

have been studied as potential biomarkers in numerous inflammatory diseases.

The adaptive immune cells are comprised of CD4+ and CD8+ T-cells, and B-cells, which provide 

highly effective immunity against pathogens and dysfunctional cells. These cells have all been found 

in TABs of GCA patients, but CD4+ T-cells are the most prominent [40, 41]. CD4+ T-cells have numerous 

functions, such as stimulation or inhibition of other cells by cytokines and via cell-cell contact, and 

the promotion of B-cell maturation. Naive T-cells (CD45RA+) can recognize their cognate antigens 

presented by professional antigen presenting cells. If properly co-stimulated, T-cells become 

activated and start to proliferate. The naive T-cells become effector and memory T-cells (CD45RO+) 

which can respond rapidly to reinfection. Importantly, the differentiation to specialized CD4+ 

effector T cells depends on the cytokine environment. Cytokine skewed differentiation of CD4+ 

T-cells leads to a specialized immune response against intracellular pathogens (Th1), extracellular 

parasites (Th2) and extracellular bacteria and fungi (Th17). T-cells activated in the presence of IL-12 

and IL-18 develop into IFNγ producing Th1 cells, IL-4 skews T-cells to an IL-4 and IL-13 producing Th2 

phenotype, and TGFβ, IL-6 and IL-23 lead to Th17 development, characterized by IL-17 production 

[42]. In addition, regulatory T-cells (Tregs) are induced in the presence of TGFβ and IL-10. These 

cells are required to maintain self-tolerance [42]. Dysfunctional regulation of Th-skewing is thought 

to be essential in the development of autoimmune diseases [42, 43]. Importantly, GCA and PMR 

patients were reported to have altered CD4+ subset frequencies (changes in Th1 and Th17) in 

the blood compared to healthy controls [44-47]. Moreover, inflamed TABs of GCA patients also 

display a mixed population of Th1 and Th17 cells, but almost no Th2 cells or Tregs [27]. CD8+ T-cells 

are also present in TABs, where they produce cytotoxic molecules such as TiA1 and granzyme B [41]. 

Genetics may play a role in GCA and PMR pathology, especially as the frequency of HLA-DRB1*04 

is higher in these patients [48]. Moreover, the incidence of GCA and PMR varies substantially 

depending on genetic background, with the highest incidence in Scandinavia and in populations of 

Scandinavian descent [4]. 

THE GPS COHORT
In 2010, the prospective follow-up cohort study of newly diagnosed GCA and PMR patients was 

initiated at the University Medical Center Groningen. In parallel, an age-stratified cohort of healthy 

young and elderly volunteers was started, the SENEX cohort. Collectively, these cohorts are referred 

to as the GCA-PMR-SENEX (GPS) cohort. The GCA and PMR patients were asked to participate 

before start of treatment and requested to visit again at fixed time points thereafter. Next to clinical 

and standard laboratory data, biological samples were prospectively collected in the form of serum, 

plasma and cells. The thorough follow-up regimen in this cohort allows to record relapses, time to 

relapse and the duration of therapy. So far, this unique GPS cohort includes 50 GCA patients and 

38 PMR patients who were followed since baseline and who were treatment-naive at inclusion. In 

addition, 116 healthy participants have visited at least once to participate in the SENEX cohort. 

UNANSWERED QUESTIONS AND MEDICAL NEEDS IN GCA AND PMR
As the world’s population is aging, the prevalence of GCA and PMR is expected to increase 

substantially [49]. At this moment, PMR is already the second most common rheumatic disease with 

a lifetime risk of 2.4% for woman and 1.7% for men [50]. The morbidity of the diseases, and their 

treatment, pose a substantial burden on the health care system and the society as a whole [51]. 
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do, to potentially discover new targets for treatment. In addition, it is yet unclear what the effects 

are of glucocorticoids at the tissue level, and whether long-term treated patients are still at risk for 

developing sudden ischemic symptoms or aortic complications. 

Currently, all patients with GCA, and all patients with PMR, start with the same treatment strategy, 

regardless of the diverse clinical symptoms, serological and immunological features displayed by 

patients suffering from these diseases. Accumulating evidence indicates that GCA is a heterogeneous 

disease. The extent of the local and systemic inflammatory response may differ among patients [52].  

Immunologic heterogeneity in GCA is further suggested by outcomes of recent trials with an anti–

IL-6 receptor antibody, because this targeted treatment is not effective in all GCA patients [53]. 

Recognition of distinct disease subsets is important, because it may eventually help to implement 

precision medicine for GCA and PMR. Ideally, biomarkers should be implemented in the daily clinical 

practice predicting whether a GCA/PMR patient is easy or difficult to treat with glucocorticoids, or 

rather a more targeted treatment should be considered (personalized medicine). 

Another clinical demand is a simple biomarker that can detect whether a patient with PMR also 

has overlapping GCA. Many of the GCA symptoms are not disease-specific and are therefore easily 

overlooked in patients with PMR [54, 55]. Moreover, PMR is often treated by the general practitioner, 

who has little to no means for excluding GCA. An easy to use serum marker test that can identify 

PMR patients who are at risk for having overlapping GCA is highly needed. These at-risk patients 

should subsequently be more thoroughly screened for vascular inflammation, for instance by 

imaging tools.

Finally, as the diseases occur exclusively in the elderly, GCA and PMR can be considered as ideal 

model diseases to study the aging immune system and aging vessels. 

AIMS AND OUTLINE OF THE THESIS
So far, no comprehensive analysis has been performed on the immune composition in peripheral 

blood of treatment-naive patients compared with age-matched controls, nor the changes induced 

after treatment. Therefore, this thesis starts with an overview of all major immunological players 

in the blood of GCA and PMR patients. It continues by focusing on the most abundantly present 

cells at the inflammatory site and the interaction between these cells: T-cells, macrophages and 

their precursors, monocytes. The aim of these chapters is to increase knowledge on key pathogenic 

processes that underlie these diseases and the processes that mediate their chronic and persistent 

nature. Finally, this thesis aims to identify important products produced by macrophages in 

the inflamed tissues, and to study whether these products are clinically relevant in GCA and PMR.

Chapter 2 aims to evaluate whether blood leukocyte counts can be used as cellular markers of 

inflammation. The counts of the six major leukocyte subsets in the blood of GCA and PMR patients 

before, during and after glucocorticoid treatment will be documented. We ask whether patients 

have an altered leukocyte composition at baseline and we explore the fluctuations in peripheral 

blood cell counts caused by glucocorticoid treatment. It is yet unknown whether patients in 

treatment-free remission are truly cured and if leukocyte subsets counts and inflammatory markers 

return to normal levels. 

As monocytes are important in the immunopathology of GCA, we aim to assess the distribution 

of monocyte subsets in the blood of baseline GCA and PMR patients in Chapter 3. To study 

whether subsets of monocytes preferentially migrate to the inflamed tissues in GCA, we focus on 

the importance of chemokines and their receptors in monocyte migration. 

Chapter 4 studies the interaction between monocytes and CD4+ T-cells in GCA and PMR patients. 

We investigate whether Th-skewing in patients is linked to expansion of a specific monocyte subset. 

We also enumerate other circulating antigen presenting cells in GCA and PMR patients: myeloid DCs 

and plasmacytoid DCs. In addition, we assess the expression of pattern recognition receptors on 

monocyte and DC subsets, as activation mediated by these receptors is important in Th-skewing 

and thought to initiate GCA and PMR pathology. 

Chapter 5 provides a large-scale phenotype analysis of macrophages in TABs and aortas of GCA 

patients. The aim of this chapter is to identify different spatial heterogeneity of macrophages in 

the tissue, employing both TABs from C-GCA and aortas from LV-GCA. Macrophages are known to 

display considerable heterogeneity in response to cues from the environment. To address this, in 

vitro experiments using monocyte-derived macrophages from GCA patients are employed to reveal 

the mechanism behind these distinct macrophage phenotypes and functions.

Chapter 6 focuses on YKL-40, a well-known marker of inflammation and tissue remodeling. 

We aim to determine the cellular source of YKL-40 in GCA tissues, and to reveal whether YKL-40 

can instigate angiogenesis in GCA. We first assess whether YKL-40 co-localizes with a distinct 

macrophage subset in specific regions of the inflamed TAB. Next, we determine whether YKL-40 

is a candidate marker of vascular inflammation in the aorta. Finally, we aim to confirm that YKL-40 

promotes angiogenesis, and assess expression of IL-13Rα2, the YKL-40 receptor, in inflamed vessels. 
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1Chapter 7 and Chapter 8 study whether markers produced by monocytes and macrophages can 

be used as biomarkers in GCA (chapter 7) or PMR (chapter 8). These products, measured in serum 

of treatment-naive GCA and PMR patients, are thereafter linked to data on treatment response. In 

both diseases, we assess if serum markers can predict whether a patient is easy or difficult to treat. 

In GCA patients, we aim to identify candidate markers that reflect vascular inflammation. For PMR 

patients, we aim for a diagnostic serum marker of concomitant GCA. 

Finally, in Chapter 9, the findings in this thesis are summarized and discussed within  

a wider context.
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