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Introduction

Macrophages are key players in the body’s immune system, they 
are involved in e.g.  regulation of homeostasis, inflammation 
control and anti-tumour immunity.1 Macrophages consist 
of different subtypes, which can be split into the classically 
activated or pro-inflammatory (M1) and pro-regenerative (M2) 
macrophages. In vitro, macrophages (M0) can be polarized 
using cytokines; IFN-γ activates M1 macrophages, whereas IL-4 
activates M2 macrophages.2,3 

Cell morphology changes with polarization, which means 
that macrophage characterization could be performed using 
morphology analysis. M2 macrophages have shown to exhibit 
an elongated cell shape compared to M1 macrophages, 
therefore it is expected that morphological analysis can be 
used to identify polarization of macrophages and analyse the 

polarization transition in culture.4

This study aims to analyse macrophage polarisation using 
live-cell imaging and morphological analysis. The polarization 
is tracked using time-lapse imaging by the CytoSMART Lux2 
Duo Kit and verified using qPCR to quantify M1 and M2 marker 
expression. 
As M1 macrophages appear round and flat, therefore, they are 
expected to show a low aspect ratio.5 The marker expression 
results are expected to show an up-regulation of TNF, MCP-1 
and CCR7 and down-regulation of CD206, CD163 and IL-10.
We expect M2 polarisation to result in elongation and therefore 
a higher aspect ratio. Marker expression is expected to show 
down-regulation of TNF, MCP-1 and CCR7 and up-regulation of 
CD206, CD163 and IL-10.2
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Material and methods

PBMCs  (Pheripheral Blood Mononuclear Cells) were seeded 
in differentiation medium (Gibco RPMI 1640 with L-Glutamine 
(1x), 1% penicilin/streptomicin (Pen/Strep), 20% FBS and 20ng/
ml M-CSF) and incubated to facilitate monocyte attachment 
and differentiation to macrophages. The differentiation culture 
was maintained for 7 days, the medium was changed every 3 
days. Thereafter, the cultures were polarized using IFN-γ(20 
ug/ml) for M1 and IL-4 (20 ug/ml) for M2 in growth medium 
(Gibco RPMI 1640 with L-Glutamine (1x), 1% Pen/Strep and 5% 
FBS). Cells were placed on the CytoSMART Lux2 Duo Kit (37°C 
and 5% CO2) and imaged at an interval of 30 minutes for 20 
hours.

Samples for RNA isolation and consequent gene expression 
analysis were taken after differentiation (M0) and after 
polarization for both M1 and M2. These were analysed for 
marker gene expression (qPCR) of TNF, MCP1, and CCR-7 for M1 

polarization and CD206, CD163 and IL-10 for M2 polarization.
Cell contours were identified in the images obtained with the 
CytoSMART Lux2 Duo Kit. The aspect ratio of each cell was 
calculated by fitting an ellipse over the contour and dividing 
the major diameter by the minor diameter.

Results

The marker expression of the differentiated macrophages was 
normalised to the marker expression in M0 macrophages (Fig. 
1). After M1 polarisation, samples showed an increase in TNF 
expression and very little decrease in MCP-1 compared to M0, 

consistent with M1 polarisation. TNF and MCP-1 decreased 
during M2 polarization, which is consistent with M2 polarisation. 
CCR-7 showed very small differences in both cases.



In the case of the M2 markers, CD206 and CD163 showed a 
decrease in expression as a result of M1 polarization. After 
M2 polarisation, CD206 expression increased, while CD163 
decreased. However, CD163 expression after M2 polarisation 
was still higher compared to expression after M1 polarisation. 
IL-10 expression was not taken into account as the differences 
were too small.

As shown in figure 2, the average M1 marker expression was 
higher after M1 polarisation than after M2 polarisation. Whereas 
M2 marker expression was higher after M2 polarisation than 
after M1 polarisation.

The morphological analysis (Fig. 3 and 4) showed a 0.59% 
increase in aspect ratio after M1 polarisation (not significant). 
M2 polarisation, however, caused a significant increase in the 
aspect ratio of 11.2% (P=0.0003 Mann-Whitney).

Figure 1. Normalised relative expression of M1 (top row) and M2 (bottom row) polarization 
associated genes. Samples were normalised by subtracting the relative expression of M0 
samples.
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Discussion

M1 polarisation
M1 marker genes showed a higher average expression after 
M1 polarisation compared to M2 polarisation, as expected.2 
Although MCP-1 did not show upregulation compared to the 
expression in M0 samples, expression was higher after M1 
polarisation compared to M2 polarisation.
M2 marker genes showed a lower expression after M1 
polarisation compared to M2 polarisation, as expected.2 CD163 
expression showed little difference between M1 and M2, 
which was not consistent with expectations. IL-10 showed little 
difference overall.  

M2 polarisation
M1 markers showed a low average expression after M2 
polarisation, compared to after M1 polarisation. TNF and MCP-1 
both showed downregulation as a result of M2 polarisation, as 
expected. Whereas, the difference in CCR-7 expression was very 
low.
M2 markers showed a higher average expression after M2 
polarisation compared to after M1 polarisation. And although, 
IL-10 and CD163 showed downregulation after M2 polarisation, 
CD206 was upregulated, as expected.2

Marker gene expression showed some unexpected results, 
which are most likely due to the polarisation protocol. This 
experiment used a simple polarisation culture, whilst other 
studies have also used a large range of different polarisation 
protocols, which results in differences in marker gene 
expression.6

Figure 2. Average expression of marker gene expression per macrophage type.

Figure 3. Representative images of M1 (left) and M2 (right) polarized cells obtained with the 
CytoSMART Lux2 Duo Kit. Overlay of the cell contours in blue. 
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Elongation
M1 polarisation did not show a significant difference in mean 
aspect ratio, whereas M2 polarisation did, indicating elongation 
of macrophages due to M2 polarisation, as expected.4

The aspect ratio data also showed a high variation within each 
population. Individual cell polarisation analysis is therefore not 
recommended using the aspect ratio only. However, the data 
does indicate a significant difference between the two different 
polarisation cultures as a whole.
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Conclusion

The data showed cell elongation after M2 polarisation, 
consistent with what was expected. The CytoSMART Lux2 
Duo Kit enabled the use of live-cell imaging and analysis of 
macrophage morphology. This provides a tool to analyse 

macrophage polarisation and can therefore be used for 
continuous monitoring of macrophage polarisation without 
interfering the culture.
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Figure 4. Aspect ratio boxplot  of M1 and M2 polarisation. *: significantly higher aspect ratio 
after polarization (p=0.0003).


