
High-throughput multiplexed phenotypic  
screening of MSCs using MACS® Marker Screen  
and MACSQuant® Analyzer 10

Background
Cells can be easily distinguished from each other by a plethora 
of cell surface proteins that have a wide range of biological 
functions and give identity to cells and cell populations. 
Functional studies and drug screenings rely on the quality 
and purity of investigated cell populations – analyzing mixed 
cell populations might lead to false positive or false negative 
results. Clear identification of specific cell populations, as well 
as accurate quantification of cell surface protein expression,  
is thus a prerequisite for functional studies and drug screening.

In this study, Reis et al. used the MACS® Marker Screen, human, 
an antibody kit detecting 371 human markers, and the 
MACSQuant® Analyzer 10, an automated, high-throughput 
flow cytometer, to investigate the phenotypic profile of 
mesenchymal stem cells (MSCs) expanded in medium containing 
either fetal calf serum (FCS) or human platelet lysate (PLT)¹. 

Materials and methods
MSCs were isolated from human bone marrow mononuclear 
cells with standard plastic adherent method. Paired MSCs 
at passage three were divided into two fractions; one was 
cultivated in DMEM-based non-hematopoietic media 
supplemented with 10% FCS (MSC-FCS), the other was 
cultivated in DMEM supplemented with 5% human platelet 
lysate and 2 IU/mL Heparin (MSC-PLT). MSC-PLT were labelled 
with CellTrace™ Violet, mixed with unlabeled MSC-FCS, and 
analyzed with the MACS Marker Screen, human, containing 
APC-conjugated antibodies with specificity for 371 cell surface 
markers and nine isotype controls. Surface protein expression  
was quantified by high-throughput flow cytometry using  
the automated MACSQuant Analyzer 10. An overview of  
the experimental setup is displayed in figure 1.
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Figure 1: Experimental overview of high-throughput multiplexed 
phenotypic screening of MSCs. Adapted from M. Reis et al.¹ (licensed 
under CC BY 4.0).
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Conclusion
This study used the MACS Marker Screen, human and 
MACSQuant Analyzer 10 to analyze protein expression patterns 
of MSCs cultivated in different media. This automated, high-
throughput flow cytometry approach enabled fast analysis and 
revealed different surface protein expression between MSC-PLT 
and MSC-FCS.
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Figure 2: Gating strategy to distinguish MSC-FCS from MSC-PLT. 
Modified from M. Reis et al.¹ (licensed under CC BY 4.0).

Results
Surface protein expression was analyzed with MACSQuantify™ 
or FlowJo software. MSCs were selected based on SSC/FSC 
properties. MSC-FCS and MSC-PLT were gated as CellTrace™ 
Violet–negative or –positive populations, and the percentage 
of positive cells for each marker was determined based on 
gates drawn for each isotype control (fig. 2).

The heatmap in figure 3A shows the percentage of cells 
expressing the tested surface proteins. A protein was defined 
to be expressed when more than 5.5% of the tested cell sample 
showed positive staining. This threshold has been used as 
standard in similar studies²–⁴. Overall, 99 out of 371 markers 
were expressed by both cell populations (fig. 3A). These  
99 markers were further analyzed in three paired MSC samples 
derived from three independent donors. Fifty-one proteins 
were expressed by both MSC populations, the other  
48 proteins displayed variable expression (fig. 3B). Out of the  
48 differentially expressed proteins, 13 were significantly more 
often (≥ 150%, p-value < 0.05) expressed in MSC-PLT (fig. 3C).
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Figure 3: Protein expression analysis of MSC-FCS and MSC-PLT with 
MACS® Marker Screen, human and MACSQuant® Analyzer 10. Modified 
from M. Reis et al.¹ (licensed under CC BY 4.0).
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