
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Macrophage polarization in spondyloarthritis

Ambăruş, C.A.

Publication date
2012

Link to publication

Citation for published version (APA):
Ambăruş, C. A. (2012). Macrophage polarization in spondyloarthritis. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
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), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/macrophage-polarization-in-spondyloarthritis(9dbf82e4-1694-428e-a31f-a31e7868aed2).html


176

10

SUMMARY
Background
Spondyloarthritis (SpA) is after rheumatoid arthritis (RA) the most frequent type of chronic 

inflammatory arthritis and affects circa 1% of the world population. In comparison to 

autoimmune diseases, such as RA, B and T cells do not play a central role in SpA pathogenesis. 

SpA was hypothesized to be an autoinflammatory disease, which implies that chronic 

inflammation is mainly driven by innate immune cells, such as mast cells and macrophages.

Macrophages play a major role in phagocytosis of micro-organisms and debris, antigen 

presentation, production of cytokines and other inflammatory mediators and tissue repair. 

Prior to activation by – for instance – pathogens, macrophages are primed or polarized by 

local mediators, such as cytokines produced by Th1 or Th2 cells. Polarization consists of 

changes in the expression of membrane receptors and functional skewing of macrophages.

Chronically inflamed tissue is densely infiltrated with macrophages. Synovial macrophage 

numbers in chronic arthritis correlate with clinical disease activity and decreases after 

efficient therapy. Interestingly, previous studies showed that despite similar numbers of 

synovial macrophages in SpA and RA, SpA synovitis is characterized by a selective increase 

in CD163+ macrophages.  CD163 is the receptor for haemoglobin-haptoglobin complexes, 

it is upregulated in vitro by IL-10, corticosteroids and M-CSF and was reported to have anti-

inflammatory functions. However, the specific role of CD163+ macrophages in SpA synovitis 

is not yet elucidated.

In order to better understand macrophage function in vivo, we made use of an in vitro 

polarization model. According to this model, macrophages can be classically activated (M1), 

with IFN-γ-induced macrophages (MΦIFN-γ) as prototype, or alternatively activated (M2), 

with IL-4- (MΦIL-4) and IL-10-polarized macrophages (MΦIL-10) as main subsets.

Findings
In chapter 2 we discussed the current knowledge on the pathogenesis of SpA, which pleads 

for an anti-inflammatory versus autoimmune mechanism of disease.

In chapter 3 we analyzed the phenotype of in vitro polarized human macrophages and 

validated CD80 as the most robust marker for MΦIFN-γ, CD200R for MΦIL-4 and CD163 and 

CD16 for MΦIL-10. We also addressed macrophage plasticity, which consists of phenotypic 

changes as a result of macrophage exposure to new polarizing stimuli. In this experiment 

we polarized GM-CSF- and M-CSF-differentiated macrophages in the presence of IFN-γ, IL-4 

and IL-10.

In chapter 4 we measured the expression of the validated phenotypic markers on monocytes 

and monocyte-derived macrophages from peripheral blood of SpA, RA and healthy donors. 
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Based on the lack of phenotypic differences between the three groups, we concluded that 

the differences between SpA and RA synovial macrophages were caused by local and not 

systemic factors. We next performed immunohistochemical stainings of the phenotypic 

markers on synovial tissue of SpA and RA patients. Synovial macrophages displayed a higher 

expression of CD163 and a similar expression of other MΦIFN-γ, MΦIL-4 and MΦIL-10 markers in 

SpA compared to RA. In both diseases, intimal lining layer macrophages showed a MΦIL-10-

like phenotype, whereas synovial sublining macrophages co-expressed MΦIFN-γ and MΦIL-10 

markers.

In chapter 5 we studied the function of polarized macrophages in vitro. We measured the 

cytokine production of MΦIFN-γ, MΦIL-4 and MΦIL-10 after stimulation with TLR ligands and/or 

immune complexes. As previously described, we observed that MΦIFN-γ produced high levels 

of pro-inflammatory cytokines, MΦIL-4 were able to produce both pro- and anti-inflammatory 

cytokines and MΦIL-10 did not respond to TLR stimulation. Soluble immune complexes did not 

modulate the phenotype and cytokine production of polarized macrophages. However, co-

stimulation with immune complexes and TLR ligands increased the IL-10 production of both 

MΦIFN-γ and MΦIL-10. Interestingly, immobilized IgG increased the production of IL-10 but also 

TNF and IL-6 by all macrophage subsets, even in the absence of TLR stimulation.

In chapter 6 we evaluated whether other stimuli besides TLR ligands and immune complexes 

on tissue macrophages can influence the function of polarized macrophages. Angiopoietin-2 

(Ang-2) binds to Tie-2-expressing synovial macrophages and promotes angiogenesis and 

inflammation. We first showed that Ang-2 induced a pro-inflammatory macrophage profile 

in vitro. Next we used a mouse model of arthritis to demonstrate that Ang-2 neutralization 

inhibits inflammation by reducing macrophage number and angiogenesis.

In chapter 7 we studied the correlation between ER stress and cytokine production by 

polarized macrophages in HLA-B27+ SpA versus healthy donors, HLA-27- SpA and RA. 

In LPS stimulated macrophages from healthy donors, ER stress led to a decreased pro-

inflammatory cytokine production by MΦIFN-γ and specifically induced TNF production by 

MΦIL-10. Ex vivo LPS stimulated MΦIFN-γ from HLA-B27+ SpA patients tended to express more 

IL-23 versus IL-10, whereas MΦIL-10 expressed significantly lower IL-10 levels than polarized 

macrophages from the control groups. These findings, together with a similar expression of 

ER stress markers in all studied groups, do not support the hypothesis of a HLA-B27-induced 

ER stress as mechanism for the altered cytokine levels in SpA.

Finally, in chapter 8 we evaluated synovial macrophage function in vivo by measuring the 

levels of cytokines in synovial fluid from SpA and RA patients. M1-derived cytokines, such 

as TNF, IL-1β and IL-12 were lower in SpA compared to RA synovial fluid, while M2-derived 

cytokines showed similar levels in both diseases.
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In summary, the studies presented in this thesis investigated the correlation between the 

phenotype and function of in vitro polarized human macrophages and the phenotype and 

function of synovial macrophages in SpA. We concluded that macrophage phenotype in 

vivo cannot be easily defined by using in vitro validated phenotypic markers. Furthermore, 

macrophage cytokine production in vitro depends on both specific macrophage polarization 

and activation type (TLR ligands, soluble or immobilized immune complexes, angiopoietins, 

ER stress). In the light of these observations, MΦIFN-γ are not always pro-inflammatory, but 

can also secrete important amounts of IL-10, while MΦIL-10 are not always deactivated, but in 

certain conditions are able to predominantly produce TNF.  The challenge for future studies 

is to fine-tune the correlation between in vitro models and in vivo macrophage polarisation.
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