
Theme: Common gut disease 

In vitro characterisation of intestinal macrophage subtype-models 

to analyse immunomodulatory effects of food-compounds 

Yongfu Tang1,2, Coen Govers1, Harry J. Wichers1, Jurriaan J. Mes1 

1. Food & Biobased Research, Wageningen University and Research Centre, Bornse Weilanden 9, 

6708 WG Wageningen, The Netherlands; 2. Key Laboratory of Tropical Crop Products Processing of 

Ministry of Agriculture, Agriculture Products Processing Research Institute, Chinese Academy of 

Tropical Agricultural Sciences, 524001 Zhanjiang, China 

Corresponding author: Jurriaan J. Mes <jurriaan.mes@wur.nl> 

Introduction and objectives 

Homeostasis in the small intestine is the outcome of intricate crosstalk between bile salts, digestive 

enzymes, food components, microbiota, enterocytes and an array of immune cells. Luminal sensing of 

microbiota by intestinal epithelial cells (IECs) mediates production of immune regulatory factors. These 

induce tolerogenic intestine-resident macrophages which form protrusions to capture luminal bacteria 

and antigens. In both tolerogenic and inflammatory situations, the IECs and macrophages fulfil a 

central role. The phenotype and functional activities of the tolerant and inflammatory macrophages in 

response to food compounds can be modelled in vitro by culturing M2-like and M1-like macrophages, 

respectively. To further characterise this interaction, gene expression-based markers related to 

macrophage type and function were analysed in depth. Besides that, we had specific interest in the C-

type lectins, a class of receptors highly involved in recognition of external, in particular polysaccharide-

based, factors. 

Materials and Methods 

Primary macrophages were differentiated by 7 days of culturing of human monocytes in RPMI-1640 

medium (PAA Laboratories) supplemented with 50 ng/ml M-CSF ( R&D systems) at 1×106 in 24-well 

plate. On day 7, macrophages polarization were obtained by culturing cells for an additional 18 h in 

RPMI 1640 supplemented with 20 ng/ml TNF-α and 20 ng/ml IFN-γ (for M1-like polarization) or 20 

ng/ml IL-4 (for M2-like polarization). Gene expression profiles were analysed by microarray and 

validated by qPCR. 

Results and Discussion 

Mining literature and microarray data for marker genes that were validated by qPCR, identified  IDO1, 

IRG1, GBP5, GBP4, GCH1, LAMP3, CXCL11 and IRF1  and as robust expression markers for M1-like 

macrophages. M2-like macrophages could be best distinguished based on the expression of IL-17RB, 

ALOX5, CD180, CHDH, CCL13 and PPARγ. IDO1, an enzyme involved in the tryptophan pathway, 

has been shown to have immunosuppressive activity and rapidly and robustly responds to IFNγ, 

TNFα, LPS or microbiota stimulation. Hence IDO1 could be an important factor in maintaining gut 

homeostasis. From C-type lectins, Dectin-2, Mincle and MCL showed to be more specific for M1-like 

macrophages, while M2 expressed MGL, MRC1 and DC-sign. Overall, this in-depth analysis of 

differential gene expression between M1-like and M2-like macrophages identified various markers 

which now can be used to analyse the effect of nutritional or microbial factors for their inflammatory or 

tolerogenic activity. 
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