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ABSTRACT
Monocytes, CD4+ T-cells and dendritic cells (DCs) are the main contributors to the immunopathology 

of giant cell arteritis (GCA) and polymyalgia rheumatica (PMR). Previously, altered counts of 

monocyte subsets and activated T-helper (Th)1 and Th17 cells were reported. However, data on 

counts of circulating myeloid DCs (mDCs) and plasmacytoid DCs (pDC) in GCA and PMR are lacking. 

Monocytes and DCs are activated through pattern recognition receptors, a process thought to 

initiate GCA and PMR pathology and important in Th lineage differentiation. Here, we assessed 

if numbers of circulating monocytes are correlated with Th1 and Th17 frequencies in GCA and 

PMR patients. In addition, we enumerated DC subsets and determined the expression of pattern 

recognition receptors on monocyte and DC subsets.

Counts of circulating monocyte and DC subsets were assessed by flow cytometry in treatment-

naive GCA and PMR patients, as well as in healthy controls (HCs). Also, counts of CD4+ T cells with 

the capacity to produce interferon γ (Th1) and IL-17 (Th17) were documented by flow cytometry. 

Expression of pattern recognition receptors toll-like receptor (TLR)2, TLR4, TLR7, TLR8 and absent 

in melanoma (AIM)2 by monocyte and DC subsets was measured. 

Enumeration of Th1 and Th17 cells did not reveal differences between groups. Counts of Th1 and 

Th17 did not correlate with monocyte subset counts. Counts of circulating mDCs were reduced in 

both GCA and PMR patients compared to HCs, whereas counts of pDC were similar. Expression of 

TLR2 by mDCs was higher in GCA and PMR patients than in HCs. 

Reduced numbers of circulating mDCs in GCA and PMR may suggest their migration to 

the inflammatory site in GCA and PMR. Elevated TLR expression may render these cells prone to 

activation due to their increased sensing capacity. Our findings suggest that skewing of CD4+ T-cells 

towards pathogenic Th1 and Th17 phenotypes occurs mainly at the inflammatory site, a notion to be 

further investigated.

INTRODUCTION
Giant cell arteritis (GCA) is an inflammatory disease of medium and large-sized arteries [1]. Symptoms 

of GCA include headache, jaw claudication and vision loss [2]. GCA is frequently associated with 

polymyalgia rheumatica (PMR). Approximately 50% of GCA patients have overlapping PMR, whereas 

the incidence of GCA among PMR patients is between 16 and 21% [2]. PMR is characterized by bursal 

and synovial inflammation, leading to pain and stiffness in the shoulders and hips. Both GCA and 

PMR occur exclusively in the elderly and are characterized by an acute-phase response in the blood. 

The pathology of GCA and PMR is not completely understood. In GCA, it is generally thought 

that the disease starts in the adventitia (i.e. the outer vessel wall layer), where dendritic cells (DCs) 

become activated via binding of an unknown ligand to their pattern recognition receptors, e.g. 

Toll-like receptors (TLRs) [1]. In GCA, DCs may be prone to activation, due to a defect in PD-L1 

expression, leading to chemokine production and recruitment of CD4+ T-cells and monocytes to 

the arterial wall [1, 3]. The temporal artery biopsy (TAB) of GCA patients shows a granulomatous 

infiltrate consisting of macrophages, DCs and CD4+ T-cells. The infiltrated cells in turn produce 

chemokines and cytokines, such as IL-6, that may further fuel the infiltration and inflammation in 

the vessel wall [1, 4]. As GCA and PMR are systemic diseases, we here investigate the peripheral 

blood compartment of patients with these conditions.

Infiltrated CD4+ T-cells display a dysregulated Th cell distribution, that may contribute to 

the development of GCA [1, 4, 5]. Inflamed arteries of GCA patients contain pro-inflammatory 

T-helper 1 (Th1) and Th17 cells, but almost no Th2 cells or regulatory T-cells. This is likely instigated 

by local cytokines such as IL-12 and IL-18 that favour the development of Th1 cells, and IL-1‐, IL-6 and 

IL-23 that favour the development of Th17 cells [5]. Moreover, GCA and PMR patients were reported 

to have higher proportions of Th1 and Th17 cells in the blood than healthy controls [6-8], although 

one study documented lower Th1 proportions in GCA and PMR [9]. Th17 cells are derived from 

precursor CD161+ CD4+ T-cells [10] and CD161 expression is more abundant in the GCA TAB than in 

the blood [11]. 

Monocytes are thought to be crucial in GCA and PMR pathology as they migrate to the inflammatory 

site, guided by chemokines, where they develop in macrophages and myeloid DCs (mDCs) [12, 13]. 

Monocytes, macrophages and mDCs produce a vast array of pro-inflammatory cytokines, many of 

which are important in Th-skewing [5, 6]. We previously revealed a clear monocytosis in treatment-

naive GCA and PMR patients due to an expansion of the classical monocyte subset [13]. It is currently 

unknown whether counts of monocyte subsets, defined by CD14 and CD16 expression, are linked to 

numbers of Th subsets. Both mDCs and plasmacytoid DCs (pDCs) have been described in GCA TABs. 

Even though DCs may play a key role in the early pathogenesis, it is not yet known if numbers of DC 

subsets are altered in the blood of GCA and PMR patients [3, 14-16].

Pattern recognition receptors, and TLRs in particular, are likely critical for activation of 

monocytes and dendritic cells in GCA [17-19]. These receptors are essential for sensing pathogen 

associated molecular patterns (PAMPs), expressed by bacteria and viruses, but also damage 

associated molecular patterns (DAMPs), which for instance are released by necrotic cells [17]. 

The different pattern recognition receptors recognize distinct PAMPs and DAMPs. In healthy 
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arteries, DCs variably express TLRs, dependent on the type of artery [20]. In vitro and ex vivo 

experiments revealed that pattern recognition receptor stimulation, with most evidence for TLR2 

and TLR4, can activate and mature vessel-wall embedded DCs [3, 14-16, 21]. Furthermore, elevated 

expression of TLR7 was found on B-cells and monocytes in blood of GCA and PMR patients [19]. Per 

cell expression of these pattern recognition receptors may vary among monocyte and DC subsets, 

but this has not been assessed specifically in GCA and PMR. 

In the current study, we thus investigated if numbers of circulating monocytes and DCs are 

linked to Th1 and Th17 frequencies in GCA and PMR patients [12, 22, 23]. In addition, we determined 

the expression of pattern recognition receptors on monocyte and DC subsets, as signalling via these 

receptors might impact Th1 or Th17 skewing. Our studies did not reveal correlations of monocyte 

subsets with Th1 or Th17 skewing. We did reveal, however, a numerical decline of mDCs with elevated 

TLR2 expression, warranting further investigation.  

MATERIALS AND METHODS
Patient inclusion

This study entails flow cytometry experiments on peripheral blood mononuclear cells (PBMCs) from 

patients with GCA, PMR and age- and sex-matched healthy controls (HCs). GCA and PMR patients 

were treatment-naive and newly-diagnosed. GCA patients with involvement of cranial and/or 

systemic arteries were included. Therefore, not all GCA patients fulfilled the 1990 ACR criteria for 

GCA, which is biased towards cranial GCA. The diagnosis of GCA was confirmed by a positive temporal 

artery biopsy (TAB) and/or a positive 18F-fluorodeoxyglucose (FDG) positron emission tomography/

computed tomography (PET-CT). All PMR patients, except three, were diagnosed based on clinical 

signs and symptoms, and a positive FDG-PET-CT for PMR. The remaining three PMR patients that did 

not undergo a FDG-PET-CT, but fulfilled the Chuang criteria and the provisional ACR-EULAR criteria 

for PMR [24, 25]. HCs had no morbidities and were without any immunomodulatory medication. 

The study was approved by the institutional review board of the University Medical Center Groningen 

(METc2010/222). Written informed consent was obtained from all study participants. All procedures 

were in compliance with the Declaration of Helsinki. 

Two cohorts

We studied monocytes, DCs and CD4+ T-cells in thawed PBMCs of two patient and HC control 

cohorts (Table 1). The first set of experiments included 11 GCA patients, 9 PMR patients and 9 HCs 

(cohort A). The second set of experiments included another 10 GCA patients, 10 PMR patients 

and 10 HCs (cohort B). Both cohorts consisted of patients and HCs included in the prospective 

cohort at the University Medical Center Groningen. Experiments on cohort A were performed in 

2013, whereas experiments on cohort B were performed in 2019. Patients in cohort A and B did not 

significantly differ in age, sex, clinical manifestations or biochemical features (CRP, ESR, monocyte 

and CD4+ T-cell counts). 

Flow cytometry of monocytes and DCs 

Monocyte subset proportions and absolute counts for samples from cohort A were determined 

as previously described [13]. In short, monocytes were stained for negative selection markers 

CD56, CD66b and CD3, and positive selection markers CD14 and CD16. Classical CD14highCD16-, 

intermediate CD14highCD16+ and non-classical CD14dimCD16+ monocytes were thereafter defined. For 

cohort B, a flow cytometry panel was used to study the expression of pattern recognition receptors 

by monocyte and DC subsets. Reagents for cohort A and cohort B are shown in Supplementary 

Table 1.PBMCs of cohort B were stained for surface markers CD14, CD16, HLA-DR, TLR2, TLR4, 

CD11c and CD303. Next, the cells were incubated with Fix/Perm solution (Thermo Fisher), and 

washed with Permeabilization buffer (Thermo Fisher). After incubation with mouse and rat normal 

serum, the PBMCs were incubated with intracellular antibodies detecting TLR7, TLR8 and absent in 

melanoma (AIM2). The cells were then measured on a LSR-II (BD, San Jose, CA, USA) flow cytometer. 

We compared the mean fluorescence intensity (MFI) between experiments by using FACSDiva CS&T 

research beads (BD) to calibrate the flow cytometer. Cell populations were defined by a fixed gating 

strategy (Figure 1). Monocytes were first gated based on size and granularity, followed by exclusion 

of doublets. Contaminating CD16+ cells (NK-cell or granulocytes) were excluded by gating for CD14 

and HLA-DR, and monocyte subsets were defined. To calculate absolute counts per subset, the total 

monocyte counts were multiplied with the percentages of monocyte subsets.

Table 1. Clinical characteristics of patients and controls included. 

Cohort A Cohort B

GCA PMR

Healthy 

control GCA PMR

Healthy 

control

N 11 9 9 10 10 10

Age: median, (range) in years 72

(52-79)

69

(58-82)

66

(58-74)

69

(56-79)

74

(63-82)

72

(59-78)

Sex (% female) 82 67 89 80 50 70

Fulfilled ACR criteria (yes/no) 7/4 0/9 NA 8/2 0/10 NA

Jaw, tongue or limb claudication 

(yes/no)

5/6 0/9 NA 4/6 0/10 NA

Visual ischemia (yes/no) 4/7 0/9 NA 1/9 0/10 NA

PMR diagnosis (yes/no) 1/10 9/0 NA 1/9 10/0 NA

CRP: median, (range) in mg/L 50

(11-126)

42

(16-87)

<5 45

(5-134)

36

(3-127)

1.2

(0.3-3.2)

ESR: median, (range) in mm/hr 71

(31-106)

52

(32-88)

13

(2-21)

81

(28-107)

60

(30-109)

10

(1-36)

Monocyte counts: median,  

(range) in 109 cells/mL

0.83

(0.35-1.46)

0.67

(0.4-1.32)

0.36

(0.31-0.69)

0.72

(0.39-1.18)

0.86

(0.51-1.16)

0.42

(0.31-1.00)

CD4+ T-cell counts median, 

(range) in 109 cells/mL

0.69

(0.41-1.71)

0.85

(0.35-1.39)

1.11

(0.61-1.61)

1.05

(0.35-1.45)

0.81

(0.51-1.40)

0.96

(0.68-1.57)

GCA: giant cell arteritis, TAB: temporal artery biopsy, PMR: polymyalgia rheumatica, ACR: American college of rheumatology, 

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate.
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Due to their variable size/granularity, DCs were identified in the total PBMC fraction. After 

doublets exclusion, cells were gated for CD14 negativity and high HLA-DR expression. Next, pDCs 

were gated based on CD303 expression [12]. Finally, mDCs were gated for CD16 negativity, to exclude 

CD16+ monocytes, and positivity for CD11c and TLR2. Absolute counts of circulating DC subsets were 

determined by multiplying their percentages with total PBMC counts.

Flow cytometry of CD4+ T-cells 

The induced production of lineage cytokines by circulating CD4+ T-cells was measured in both 

cohorts. PBMCs were cultured in culture medium (RPMI) containing 5% fetal calf serum (FCS), in 

the presence of 50 ng/mL phorbol myristate acetate (PMA), 1.6 μg/mL calcium ionophore and 

10μg/mL brefeldin A. As controls, PBMCs were cultured in culture medium containing 5% FCS, but 

only in the presence of brefeldin A. After 4 hours, cells were stained for surface antibodies and for 

dead cells (Supplementary Table 2). Cells were subsequently washed, fixed and permeablized (FIX 

& PERM™ Cell Permeabilization Kit, Thermo Fisher). The PBMCs were then intracellularly stained 

for the cytokines. For both cohorts, expression of interferon-γ (IFNγ) and IL-17 was determined 

using the same fluorochrome labeled antibodies (supplementary Table 2). In addition, IL-2 and IL-22 

expression was measured in cohort A, and IL-4 expression in cohort B. Cytokine production by CD4+ 

T-cells was measured using the LSR-II flow cytometer and data were analyzed by Kaluza software 

(BD).Identification of CD4+ T-cells was performed in single cells within the lymphocyte gate. Next, 

as these cells had been stimulated for 4 hours in vitro, dead cells were excluded. To detect CD4+ 

tT-cells in cohort A, intracellular staining for CD4 was performed. In cohort B, CD4+ T-cells were 

defined as CD3+CD8- T cells. Percentages of CD4+ T-cells producing IFNγ, IL-17, IL-4, IL-22 or IL-2 

were multiplied with total CD4+ T-cell counts to generate absolute counts of these subpopulations.

Absolute counts 

Monocyte and CD4+ T-cell counts were measured in EDTA blood by the MultiTest TruCount method, 

as described by the manufacturer (BD). Monocytes and lymphocytes were gated based on their side 

and forward scatter properties and the expression of the pan-leukocyte marker CD45. Further, Th 

Figure 1. Gating strategy for monocyte subsets (A) and DC subsets (B) performed in cohort B.

cells were determined among the lymphocyte gate according to their surface expression of CD3 

and CD4 lineage markers. The absolute numbers of Monocytes and Th cells were determined by 

comparing cellular events with beads events. In addition, total PBMC counts were measured to 

determine the absolute count for mDCs and pDCs. TruCount measurements were performed on 

a FACS Canto-II (BD) and subsequently analyzed with FACSCanto Clinical Software. 

Statistics

As the data were non-normally distributed, non-parametric testing was performed to compare 

groups. Shown are p-values of the Mann Whitney U test; these were considered significant only if 

the Kruskal Wallis test p-value was lower than 0.05. Strength and significance of correlations was 

also non-parametrically tested by the Spearman R. Statistical significance was defined as p<0.05. 

RESULTS 
Altered counts of monocyte subsets in peripheral blood of GCA and PMR 
patients

Absolute counts (and proportions) of monocyte subsets are shown in supplementary Figure 1. As 

we previously published [13], the monocytosis in GCA and PMR is mainly attributed to an expansion 

of the classical monocyte subset. Additionally, intermediate monocyte counts are significantly 

higher in GCA patients than in HCs, but not in PMR versus HCs. Together, this translates to 

lower proportions of non-classical monocytes in GCA and PMR, mainly due to the expansion of  

classical monocytes. 

No evidence for altered distribution of Th-cell subsets in the blood of GCA 
and PMR patients

We observed no differences in the proportions or the absolute counts of IFNγ producing Th1 

cells or IL-17 producing Th17 cells in GCA and PMR patients, when compared to HCs (Figure 2). 

We next compared whether proportions of Th1 and Th17 differed between cohort A and cohort 

B (supplementary Figure 2). Overall, we did observe higher proportions of Th1 cells and lower 

proportions of Th17 cells in cohort A, possibly due to differences in the gating strategy, or in patient 

selection. However, the per cohort analysis did not reveal statistical differences between GCA/PMR 

and HC. Additionally, we measured IL-4 producing Th2 cells, and IL-22 and IL-2 production by CD4+ 

T-cells (supplementary Figure 3). The proportions of Th2 cells and IL-22 and IL-2 positive cells among 

CD4+ T-cells was not significantly different between the groups. We did, however, observe a trend 

(p=0.06), suggesting lower numbers of IL-2 producing Th cells in GCA compared to HC.

As CD161 defines Th17 lineage cells and CD161+ CD4+ T cells have been detected in arteries of 

GCA patients, we measured CD161 expression by total CD4+ T-cells (unstimulated). We observed no 

differences in the CD161 positivity in GCA or PMR compared to HC (supplementary Figure 4). Next, 

we assessed the CD161 expression by Th1, Th1/Th17 and Th17 cells. As expected, CD161 positivity is 

highest for Th17 cells, followed by Th1/Th17 cells and Th1 cells. Similar patterns were observed in 

GCA and PMR patients as well as in HCs, and no differences were observed between the groups.
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Correlations between monocyte subsets, CD4+ subsets and inflammatory 
markers

Th17 frequencies were linked to intermediate subsets in rheumatoid arthritis. Here, we investigated 

if numbers of the three different monocyte subsets were correlated with Th1 and Th17 counts in GCA 

and PMR patients (Figure 3A). Spearman’s correlation coefficient with R> 0.50 or R< -0.50 together 

with a p value < 0.05 were considered significant. We did not observe significant correlations 

between monocyte subset counts and numbers of Th1 and Th17 cells in GCA and PMR. In addition, 

Figure 2. Counts and proportions of peripheral Th1 cells and Th17 cells do not differ between GCA/PMR 

and controls. Cells were gated based on cytokine expression in unstimulated CD4+ T-cells, double positive 

populations were not included within the population of Th1 and Th17 (representative dot plots in A). Total Th1 

and Th17 counts are shown in B, the percentage Th1 and Th17 cells of CD4+ T-cells is shown in C. N=21 for GCA 

and N=19 for PMR and HC. P-values of the Mann Whitney U test are shown in the graphs.

the expression of HLA-DR on monocyte subsets, important in antigen presentation, was not 

correlated with Th1 and Th17 counts (data not shown).

We next assessed which subset best correlated with disease activity markers CRP and ESR  

(Figure 3A and B). In GCA patients, ESR correlated positively with counts of intermediate monocytes 

(R= 0.63), but this was not observed in PMR patients.

Reduced counts of circulating mDCs in GCA and PMR patients

Subsequently, we assessed the counts of circulating mDCs and pDCs. Remarkably, absolute counts 

of mDCs were significantly lower in newly-diagnosed, treatment-naive GCA (p=0.002) and PMR 

(p=0.01) patients compared to age-matched HCs (Figure 4). In addition, proportions of mDCs 

Figure 3. Relation between monocyte, Th subsets and inflammatory markers. Correlations as determined by 

Spearman’s correlation coefficient are displayed for monocyte subsets (N=21 for GCA, N=19 for PMR), Th1 and 

Th17 cells (N=21 for GCA and N=19 for PMR), CRP and ESR (N=21 for GCA and N=19 for PMR) in A. In B, individual 

scatter plots are shown for the correlation of the ESR and the counts of intermediate monocytes.
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calculated as percentages of the total PBMC fraction, were lower as well. In contrast, absolute 

counts (and proportions) of circulating pDCs were unchanged in both GCA and PMR. Interestingly, 

counts of pDCs correlated negatively with Th1 cells in GCA (R=-0.71). 

Elevated TLR2 expression by circulating mDCs in GCA and PMR

To obtain clues on sensing capabilities of monocytes and DCs, we measured the per cell expression 

of pattern recognition receptors TLR2, TLR4, TLR7, TLR8 and AIM2 (Figure 5). These pattern 

recognition receptors are specialized in detecting exogenous (PAMP) or endogenous (DAMP) 

ligands. Here, we show that TLR2 expression on mDCs is significantly higher in GCA (p=0.002) 

and PMR patients (p=0.01) than in HCs. No other significant differences between the groups were 

found by the Kruskal Wallis test. However, a strong trend for altered AIM2 expression on classical 

monocytes was observed (Kruskal Wallis p=0.05), with higher AIM2 per cell expression in classical 

monocytes of GCA patients than in HC (Mann Whitney U p=0.009). A heat map comparing the per 

cell expression of pattern recognition receptors between monocyte and DC subsets is shown in 

Figure 4. Absolute counts and proportions of mDCs are reduced in GCA and PMR patients. In A, the absolute 

counts of the circulating DC subsets are shown. Shown in B are proportions of mDCs and pDCs within total 

PBMCs. P-values of the Mann Whitney U test are shown in the graphs.

Figure 5. Expression of pattern recognition receptors on monocyte subsets and DC subsets. Shown are 

representative histogram and mean fluorescent intensities per group for TLR2 (A), TLR4 (B), TLR7 (C), TLR8 (D) 

and AIM2 (E). The histograms display expression for monocytes subsets and DC subsets. In the monocyte plot, 

classical monocytes are depicted in red, intermediate monocytes in green and non-classical monocytes in dark 

blue. In the DC plot, mDCs are depicted light blue and pDCs purple. The fluorescence minus one (FMO) control 

is depicted in grey. Kruskal Wallis and Mann Whitney U tests identified significant differences in TLR2 expression 

on mDCs between GCA, PMR and HC (N=10 for each group). The Kruskal Wallis test identified a trend (p=0.05) 

for differences in AIM2 expression on monocytes, with a significant difference between GCA and HC by Mann 

Whitney U. N=10 for each group.
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supplementary Figure 5. Overall, intermediate monocytes clearly showed the highest expression 

of TLR2 and TLR4. Expression of AIM2 was highest on pDCs, while these cells had the lowest TLR2 

and TLR4 expression.Expression of HLA-DR was also measured on monocyte and DC subsets as 

a measure of antigen presentation capacity (supplementary Figure 6). This capacity is suggested 

to be the highest for mDCs. Indeed, we found the highest per-cell HLA-DR expression on mDCs. 

Remarkably, also intermediate monocytes showed a relatively high HLA-DR expression. As 

expected, classical monocytes displayed the lowest levels. Expression of HLA-DR by all subsets was 

not different for GCA and PMR when compared to HC. 

DISCUSSION
This is the first study simultaneously measuring the frequencies of circulating antigen presenting 

cells and Th subsets in treatment naive GCA and PMR patients. In this study, we show an altered 

composition of circulating monocyte subsets in GCA and PMR, but normal numbers of circulating 

Th1 and Th17 cells compared to HC. Overall, no relation was found between monocyte subset 

counts and Th1 or Th17 cell counts. Interestingly, our study revealed reduced numbers of circulating 

mDCs, but not pDCs, in both GCA and PMR. Finally, higher expression of TLR2 on circulating mDCs 

of GCA and PMR patients implies higher TLR2 mediated PAMP and DAMP sensing capacity for 

these cells.Myeloid DCs likely migrate from blood to inflamed tissue sites in GCA and PMR. Here, 

we show reduced numbers of mDCs, but not pDCs, in the blood of treatment-naive GCA and PMR 

patients. Although we have previously shown that classical monocyte counts are increased in  

GCA/PMR [13], we are not aware of previous investigations of circulating mDCs and pDCs in GCA 

and PMR. Previously, lower counts of circulating mDCs have also been described in inflammatory 

conditions such as Sjögren’s syndrome [26], and other types of vascular inflammation, such as 

coronary artery disease [27]. In healthy arteries, a myeloid origin has been ascribed to resident  

DCs [3, 16]. Frequencies of DCs are 5-10 times higher in GCA TABs, suggesting massive recruitment 

of mDCs to the vessel wall during active disease [14]. These cells express CCR7 and are thought to 

be retained in the vessel wall due to high local production of CCR7 ligands CCL19 and CCL21. Similar 

findings in PMR suggest that mDCs might migrate to the inflamed synovium in these patients. 

Alternatively, enhanced apoptosis of mDCs or a reduced generation of mDCs could underlie their 

lower numbers in blood of GCA and PMR patients. Growth factors GM-CSF and M-CSF, locally 

produced in inflamed arteries of GCA patients [28], are important in the survival and generation 

of DC subsets [12]. Future studies should further characterize and phenotype the circulating DC 

subsets, for example by measuring CCR7 subset expression.

Different functions and phenotypes have been ascribed to the CD11c+ mDCs and the CD303+  

pDCs [12]. DCs detect PAMPs and DAMPs through pattern recognition receptors, leading to 

activation and maturation, including the upregulation of CD83, CD86 and MHC-II molecules  

(e.g. HLA-DR) [3, 12]. Lymphoid progenitors are thought to be the precursors of pDCs, in contrast 

to the myeloid origin of mDCs [12]. mDCs are important for priming of naive T cells and skewing 

Th lineage differentiation. Indeed, we here found the highest expression of HLA-DR by mDCs. In 

contrast, pDCs have lower antigen presentation capabilities, but produce large amounts of type 

I IFN and pro-inflammatory cytokines in response to pathogens. Compared to mDCs, pDCs have 

a drastically impaired capacity to migrate to the inflammatory site in response to inflammatory 

chemotactic chemokines [29]. Circulating pDCs may induce an anergic state of CD4+ T-cells [30], 

an observation that may explain the negative correlation we observed between pDCs and Th1 cells 

in GCA patients. The elevated expression of TLR2 on mDCs in GCA and PMR suggests an increased 

capacity for sensing TLR2 ligands, which may lead to DC activation. TLR2 and TLR4 on the cell surface, 

can recognize bacterial ligands (gram+ and gram-, respectively) as well as a variety of endogenous 

patterns [17]. One of the endogenous TLR2 ligands is serum amyloid A, which is locally produced in 

GCA TABs, and is reported to have pro-inflammatory and pro-angiogenic effects in an ex vivo GCA 

model [18, 31]. Pattern recognition receptors are important contributors to innate pathways acting 

as the first line of defence, and in shaping the adaptive immune response [17, 23]. Monocytes and 

DCs are able to specifically skew CD4+ T-cells depending on which pattern recognition receptor 

is activated [12, 22, 23]. PAMP stimulation of TLR2 was shown to skew CD4+ T-cells towards a Th17 

phenotype, rather than towards Th1, in an experimental arthritis model [32]. As source of PAMPs, 

infectious pathogens have been implicated to be the trigger in the development of GCA and PMR, 

although so far no specific pathogen has been identified [33]. It would be interesting to investigate 

the responsiveness of mDCs to various pattern recognition receptor ligands in GCA and PMR 

patients, in particular TLR2 ligands such as varicella zoster and serum amyloid A [18, 34]. Expression 

of AIM2 appeared to be elevated in GCA classical monocytes. AIM2 is a cytosolic DNA sensor 

detecting double stranded DNA of certain bacteria and viruses (e.g. varicella zoster virus) as well 

as endogenous exposed DNA [35, 36]. AIM2 activation triggers inflammasome formation, leading 

to the cleavage of the pro-forms of IL-1‐ and IL-18, pro-inflammatory cytokines that are abundantly 

expressed in GCA TABs [14, 28]. AIM2 expression decreases with aging, suggesting increased 

vulnerability to infections in the elderly [35]. In contrast, hypomethylation of the AIM2 gene was 

observed in TABs of patients with GCA [37]. Our findings indicate that this potential upregulation 

of AIM2 in the inflamed artery is paralleled by increased expression of AIM2 by peripheral blood 

monocytes. Other pattern recognition receptors were not altered on monocytes and DCs of GCA 

and PMR patients. In contrast to Alvarez Rodriguez et al. [38], we did not observe a significantly 

higher expression of RNA sensor TLR7 on monocytes in GCA, even though we observed a trend 

(p=0.07 by Mann Whitney) for higher per cell TLR7 on GCA classical monocytes.

No correlation was found between monocyte subsets and Th subsets in blood of GCA and PMR 

patients. Monocytes, macrophages and DCs play an important role in Th-skewing by producing 

pro-inflammatory cytokines [5, 6]. Intermediate monocytes (CD14++CD16+) are the most pro-

inflammatory monocyte subset and have been implicated in Th17 expansion in rheumatoid 

arthritis [39]. Here, we show that intermediate monocytes correlate with the inflammatory marker 

ESR in GCA patients, but not in PMR. This is in congruence with our previous study in which total 

monocyte counts were correlated with the systemic inflammatory response in GCA only [40]. As 

we did not observe elevated Th17 counts in this study, a possible link with intermediate monocyte 

counts may be hard to detect. Previous studies did report an expansion of circulating Th1 and 

Th17 subpopulations in GCA [6-8]. Although we documented similar proportions of Th1 and Th17 

cells in HCs, our study documents lower Th1 and Th17 proportions in GCA patients than in these 
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prior studies. Interestingly, Samson et al, reported even on reduced counts of Th1 cells in GCA/

PMR patients [9]. As our protocol for defining Th1 and Th17 cells appears to be similar to the other 

studies, we propose differences in patient selection. Alternatively, Th1 and Th17 skewing should be 

studied at the site of inflammation since Th1 and Th17 skewing cytokines are all highly expressed by 

macrophages and DCs at the inflammatory site [28, 41, 42].

 Strengths of this study include the thorough characterization of the patient and control 

populations, including criteria that excluded individuals with other morbidities. Patients and controls 

did not take immunomodulatory medication, thereby excluding drug effects on cell numbers and 

phenotypes. Moreover, this study is the first to document absolute counts of DC and Th subsets. 

Limitations of this study include the relatively small number of patients for some of the analyses, 

implying that results should be interpreted with caution. However, the similar findings in GCA and 

PMR patients strengthen confidence in our data.

In conclusion, we confirm our previous findings on altered distribution of monocyte subsets 

in blood of GCA and PMR patients. We also found reduced circulating mDC counts and elevated 

per cell expression of TLR2 by mDCs in GCA/PMR. Future studies should address if higher pattern 

recognition receptor expression by mDCs of GCA and PMR patients translates into a higher sensing 

activity for TLR2 ligands. Moreover, studies tracking circulating mDCs could reveal if these cells 

indeed migrate to the inflammatory site in GCA and PMR.
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SUPPLEMENTARY DATA
Supplementary Table 1. Antibodies for flow cytometry used for monocytes and DCs in cohort A and B.

Marker Fluorochrome Clone Company

Cohort A CD14 PE OKT3 Biolegend, San Diego, CA, USA

CD16 V450 3G8 BD biosciences, San Jose, CA, USA

CD56 BV510 HCD56 Biolegend

CD66b PE-cy7 G10F5 Thermo Fisher, Waltham, MA, USA

CD3 APC UCHT1 BD

Cohort B CD14 Pacific Orange TuK4 Thermo Fisher

CD16 BUV737 3G8 BD 

HLA-DR Percp-cy5.5 L243 Sony, Tokio, Japan

CD11c APC-efluor780 BU15 Thermo Fisher

CD303 BV785 201A Biolegend

TLR2 FITC TL2.1 Thermo Fisher

TLR4 BV711 TF901 BD

TLR7 Alexa Fluor 594 533707 R&D Systems, Minneapolis, MN, USA 

TLR8 DyLight 405 44C143 R&D Systems

AIM2 Alexa Fluor 647 10M5G5 R&D Systems

Supplementary Table 2. Antibodies for flow cytometry used for CD4+ T-cells in cohort A and B. 

Marker Fluorochrome Clone Company

Cohort A CD3 APC UCHT1 BD

CD4 APC-H7 RPA-T4 BD

IL-17 Alexa Fluor 488 eBio64DEC17 Thermo Fisher

IFNγ Percp-cy5.5 4S.B3 Biolegend

IL-22 PE-cy7 22URTI Thermo Fisher

IL-2 Alexa Fluor 700 MQ1-17H12 Biolegend

Viability Dye450 Thermo Fisher

Cohort B CD3 Alexa Fluor 700 UCHT1 Biolegend

CD8 APC-H7 SK-1 BD

CD161 PE 191B8 Miltenyi, Cologne, Germany

IL-17 Alexa Fluor 488 eBio64DEC17 Thermo Fisher

IFNγ Percp-cy5.5 4S.B3 Biolegend

IL-4 PE-cy7 MP4-25D2 Biolegend

Viability Dye450 Thermo Fisher

Supplementary Figure 1. Absolute counts (A) and proportions (B) of circulating monocyte subsets. N= 21 for 

GCA, N=19 for PMR and HC. P-values of the Mann Whitney U test are shown in the graphs.

Supplementary Figure 2. Comparison of the proportions of Th1 and Th17 cells in cohort A (A) and cohort B (B). 

The percentage of Th1 cells is higher in cohort A than in cohort B, whereas Th17 cells are higher in cohort B than 

in cohort A. Cohort A: N=11 for GCA, N=9 for PMR and HC. Cohort B: N=10 for all groups. P-values of the Mann 

Whitney U test are shown in the graphs. 
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Supplementary Figure 3. Absolute counts (A) and proportions (B) of IL-4 (Th2 cells), IL-22 and IL-2 producing 

CD4+ T-cells. IL-4: N=10 for each group. IL-22/IL-2: N=11 for GCA, N=9 for PMR and HC. P-values of the Mann 

Whitney U test are shown in the graphs.

Supplementary Figure 4. Expression of CD161 on unstimulated CD4+ T-cells (A) and on activated CD4+ T-cell 

subsets (B). N=10 for each group. 

Supplementary Figure 5. Heat maps of relative expression of pattern recognition receptors on monocyte and 

DC subsets. Cell colors represent relative expression of each receptor in GCA/PMR patients and HCs (N=10).

Supplementary Figure 6. HLA-DR expression on monocyte and DC subsets. Of the monocyte subsets, HLA-DR 

expression was highest on the intermediate subset (A). HLA-DR expression on mDCs was higher than on pDCs. 

Kruskal Wallis and Mann Whitney U tests identified no significant differences between GCA, PMR and HC (B, 

N=10 for each group). A heat map of individual HLA-DR expression per subset is depicted in C. 
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