
This item is the archived peer-reviewed author-version of:

Phenotypic and functional characterization of in vitro cultured human mast cells

Reference:
Cop Nathalie, Decuyper Ine, Faber Margaretha, Sabato Vito, Bridts Christiaan, Hagendorens Margo, De Winter Benedicte,
De Clerck Luc S., Ebo Didier.- Phenotypic and functional characterization of in vitro cultured human mast cells
Cytometry: part B: clinical cytometry - ISSN 1552-4949 - (2016), p. 1-7 
Full text (Publishers DOI): http://dx.doi.org/doi:10.1002/cyto.b.21399

Institutional repository IRUA

http://anet.uantwerpen.be/irua


1 
 

Phenotypic and functional characterization of in vitro cultured human mast cells 

Cop N, MSc1, Decuyper II, MD1, Faber MA, MD1, Sabato V, MD, PhD1, Bridts CH, MLT1, Hagendorens MM, MD, PhD 

1,2, De Winter BY, MD, PhD2, De Clerck LS, MD, PhD1, Ebo DG, MD, PhD1,*. 

 

1 Department of Immunology – Allergology – Rheumatology, Faculty of Medicine and Health Science, University of 

Antwerp, Antwerp University Hospital, 2610 Antwerp, Belgium 

2 Laboratory of Experimental Medicine and Pediatrics, Faculty of Medicine and Health Science, University of 

Antwerp, 2610 Antwerp, Belgium 

 

*Correspondence to:  

D. G. Ebo  

Department of Immunology-Allergology-Rheumatology  

University of Antwerp  

Faculty of Medicine and Health Sciences,  

Campus Drie Eiken T5.95  

Universiteitsplein 1  

2610 Antwerp, Belgium. 

Email: immuno@uantwerpen.be 

 

 

Key words: mast cell activation, histamine, flow cytometry, IgE 

 

 

 

mailto:immuno@uantwerpen.be


2 
 

Abstract  

Background  

Mast cell progenitor cells, derived from CD34+ hematopoietic stem cells, enter the circulation and subsequently 

mucosal or connective tissues where they mature to mast cells. Upon activation, mast cells increase the 

expression of activation markers, e.g. CD63, and release histamine amongst other mediators. Traditionally, 

release of these mediators is quantified using assays measuring their extracellular concentration in the 

supernatant of stimulated cells.  

Methods 

Human mast cells were cultured from peripheral blood, phenotypically characterized, passively sensitized with 

allogenic IgE antibodies and finally stimulated by anti-IgE that cross-links IgE/FcεRI complexes. Alterations in the 

number of cells positive for CD63 and release of histamine were quantified simultaneously by flow cytometry. 

Results 

In culture, two distinct CD45+ cell populations were identified: CD117+CD203c+hi and CD117-CD203c+low cells. Both 

populations showed positivity for FcεRI, tryptase and chymase, and contained histamine. Activation resulted in a 

significant increase of cells positive for CD63+ up to 21% (range: 11–39) for CD117+CD203c+hi cells (P=0.005), and 

27% (18–55) CD63+ for CD117-CD203c+low cells (P=0.02). Baseline histamine content was higher for 

CD117+CD203c+hi cells than for CD117-CD203c+low cells, respectively 994 (695–6815) Molecules of Equivalent 

Specific Fluorochrome V500 per cell (MESF-V500/cell) and 797 (629–4978) MESF-V500/cell (P=0.02). After 

activation, CD117+CD203c+hi cells showed significant histamine release of 578 (366–1521) MESF-V500/cell, whilst 

CD117-CD203c+low cells resulted in 310 (217–366) MESF-V500/cell histamine release. 

Conclusion 

This study discloses that culturing HuMC from CD34+ progenitors yields 2 phenotypically distinct cell populations 

that display a greatly similar response upon cross-linking of IgE/FcεRI complexes.    
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Introduction 

Mast cell progenitor cells (MCPC), derived from CD34+ hematopoietic stem cells, enter the circulation and 

subsequently mature to mast cells after migration into the mucosal or connective tissues (1-3). Unlike MCPC, 

mature tissue-resident mast cells do not express CD34, demonstrate a higher level of CD117 (c-kit, mast/stem cell 

growth factor receptor), express the high affinity IgE receptor (FcεRI) and the ecto-nucleotide 

pyrophosphatase/phosphodiesterase (E-NPP-3) CD203c (3-5). Mature mast cells also contain granules loaded with 

mediators like histamine, heparin and cytokines and depending on the tissue in which they mature, tryptase 

(mucosal mast cells) or both tryptase and chymase (connective tissue mast cells) (6-8). Mast cells can be activated, 

either IgE-mediated, i.e. by IgE/FcεRI cross-linking, or non-IgE-mediated (e.g. through cytokines and growth 

factors, anaphylatoxins, immune complexes and physical triggers) (9). Upon activation, mast cells exhibit an 

increased membrane expression of activation markers such as CD63, CD203c and CD107, and release various 

mediators such as histamine, tryptase, prostaglandins, leukotrienes and cytokines (10,11). Traditionally, release of 

these mediators is quantified measuring their extracellular concentration in the supernatant of all stimulated cells 

(10,12).  

Unlike peripheral blood basophils, mast cells are tissue-resident cells that are present only in small numbers and 

are thus poorly accessible for ex vivo and in vitro analyses. Therefore, studies on human mast cells (HuMC) have 

mainly focused on mast cell cultures (13-18). Previously, we provided a proof-of-concept that histamine content and 

release by individual basophils can be studied using multi-colour flow cytometry in a technique designated as 

HistaFlow® (19). Moreover, as the technique allows a simultaneous immunophenotyping of the cells, it was shown 

that the technique enables to study the functional behaviour of different subpopulations and individual cells (19,20). 

Here we sought to investigate whether this technique could also be applicable for functional analysis of in vitro 

cultured HuMC.    

Materials and methods 

In vitro culture of HuMC 

HuMC were cultured according to Schmetzer et al. (2014) and Wang et al. (2006) with modifications (12,21). Briefly, 

buffy coat cell concentrates were isolated from 500 mL healthy donor blood (supplied by Red Cross Donor Centre, 
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Belgium). Next, peripheral blood mononuclear cells were isolated from these buffy coats using Histopaque-1077 

(Sigma-Aldrich, St. Louis, Missouri, USA). CD34+ cells were enriched using the EasySep Human CD34 Selection Kit 

(Stemcell Technologies, Vancouver, Canada) according to the manufacturer’s instructions. Isolated CD34+ 

progenitor cells with a minimal purity of 80% were cultured in a serum-free methylcellulose-based medium 

(MethoCult SF H4236, Stemcell Technologies) supplemented with penicillin (100 units/mL) (Life Technologies, 

Waltham, USA), streptomycin (100 µg/mL) (Life Technologies), low-density lipoprotein (LDL, 10 µg/mL) (Stemcell 

Technologies), 2-mercaptoethanol (55 µmol/L) (Life Technologies), stem cell factor (SCF, 100 ng/mL) (Miltenyi 

Biotec, Bergisch Gladbach, Germany) and interleukin-3 (IL-3, 100 ng/mL) (PeproTech, Rocky Hill, USA). Cells were 

plated into a 6-well plate at a density of 1 to 2 x 105 cells/mL and kept at 37°C in a humidified CO2-incubator for 14 

days. At day 3, 7 and 10 cells were nourished by adding 300 µL Iscove's Modified Dulbecco's Medium (IMDM) (Life 

Technologies) containing penicillin (100 units/mL), streptomycin (100 µg/mL), 1% Insulin-Transferrin-Selenium 

(Life Technologies), 0.1% Bovine Serum Albumin  (Sigma-Aldrich), SCF (20 ng/mL) and IL-3 (20 ng/mL) as a thin 

layer covering the MethoCult well. At day 14, cells were retrieved from the MethoCult and maintained in IMDM 

containing only SCF (IMDM + SCF 10 ng/mL) at a density of 0.5 x 106 cells/mL for a 7 days resting phase. At day 21, 

medium was replaced with fresh IMDM containing SCF. A total of 34 cell cultures were performed for which, 

depending on the yield of each cell culture, a different numbers of experiments could be accomplished.  

Flow cytometric analysis  

Immunophenotyping  

At day 21 of culture, viability of the cells was assessed using a 7-AAD viability staining solution. Cells were stained 

for surface makers with monoclonal anti-human CD45-peridinin chlorophyll (CD45-PerCP) (BioLegend, San Diego, 

USA), CD117-phycoerythrin (CD117-PE) (BD Biosciences) (n = 34), CD203c-allophycocyanin (CD203c-APC) (n = 31) 

(Pharmingen, BD Biosciences, Erembodegem, Belgium), FcεRI-phycoerythrin (FcεRI-PE) (eBioscience, San Diego, 

USA) (n = 25) and CD63-fluorescein isothiocyanate (CD63-FITC) (BD Biosciences) (n = 10).  

Intracellular markers were determined as the number of cells positive for histamine (n = 21), tryptase (n = 9) and 

chymase (n = 9). Therefore, mast cells were fixed with 1 mL of 4% paraformaldehyde (PFA) solution for 30 

minutes at room temperature, washed with and resuspended in PBS with 0.05% Triton-X-100 (PBS-TX, pH=7.4) 
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(Sigma-Aldrich). Next, mast cells were stained with diamine oxidase-V500 (DAO-V500) (BD Biosciences) (19), 

monoclonal anti-human tryptase-Alexa Fluor 700 (anti-tryptase-AF700) (BioLegend) and monoclonal anti-human 

chymase-Alexa Fluor 700 (anti-chymase-AF700) (BioLegend), respectively, and incubated at 37°C for 30 minutes. 

Cells were washed and suspended in 300 µL PBS with 0.1% sodium azide and measured.  

Flow cytometric analysis was performed on a FACSCanto II flow cytometer (BD Immunocytometry Systems, San 

Jose, CA) equipped with three lasers (405 nm, 488 nm and 633 nm). Correct compensation settings for antibodies 

conjugated with fluorochromes were performed using BD CompBeads (BD Biosciences). Since DAO is not an 

antibody, compensation with labelled DAO was executed manually by aligning the medians of positive as well as 

negative stained cell populations. Flow cytometric data were analyzed using Kaluza Analysis 1.3 software 

(Beckman Coulter, USA). A fluorescence minus one (FMO) sample was used to set a marker between positive and 

negative cells according to the 99th percentile. The percentages refer to the net number of cells positive for each 

parameter.  

Functional analysis  

At day 21 until day 35 function of the HuMC was evaluated in 10 experiments by passively sensitizing the cells 

with allogenic sera containing elevated titres of total IgE (400 - 2000 kU/L) during 30 minutes at 37°C in a 

humidified CO2-incubator. Next, cells were centrifuged (200 g, 5 minutes, 20°C) and the cell pellet was 

resuspended in pre-warmed (37°C) Tyrode’s buffer (Sigma-Aldrich) at a density of 0.5 x 106 cells/mL. 

Subsequently, 100 µL passively sensitized HuMC were incubated with 100 µL Tyrode’s buffer as a negative control 

or 100 µL of 2 µg/mL monoclonal anti-IgE (BD Biosciences) as a positive control during 20 minutes at 37°C. 

Reactions were stopped by chilling on ice and spinning for 5 minutes (4°C, 200 g). The supernatant was removed 

and cells were stained with monoclonal anti-human CD45-PerCP, CD203c-APC, CD117-PE and CD63-FITC for 20 

minutes at 4°C. Finally, cells were washed and resuspended in PBS with 0.1% sodium azide and measured.  

Histamine content was determined before and after activation as described above. A total of 7 experiments were 

conducted in duplicate. DAO staining with and without permeabilisation was used to set a marker between DAO 

positive and negative cells according to the 99th percentile. Standardization was performed using standardized 

fluorospheres (SPHERO Ultra Rainbow Calibration particles, Spherotech, Lake Forest, IL, USA) as described by the 
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manufacturer. Briefly, the measured median fluorescence intensity (MFI) was converted to a calibrated value 

using linear regression. Results were expressed as the mean of the duplicates in Molecules of Equivalent Specific 

Fluorochrome V500 (MESF-V500) for histamine content or Molecules of Equivalent Specific Fluorochrome APC 

(MESF-APC) for CD203c density. Histamine release was calculated by subtracting the intracellular content from 

activated cells from the content from non-activated cells.  

Statistical analysis 

Results are expressed as median and range (min-max). IBM SPSS Statistics version 23 software was used for data 

analysis. Non-parametric statistical analysis was performed where appropriate. A P-value of < 0.05 was 

considered significant.  

Results 

Mast cell characterization  

Over all, CD45 positive cells showed cell viability of 95% (92 – 99) (figure 1B). As demonstrated in figure 1C, cells 

were subsequently characterized based upon expression of CD117 and CD203c. Two clear distinct cell populations 

could be identified: CD117+CD203c+hi cells and CD117-CD203c+low cells representing respectively 50% (21 - 97) and 

50% (3 – 79) of the cells in culture.  CD117+CD203c+hi cells showed a basal expression of CD203c of 133 (86 – 432) 

MESF-APC/cell, whilst CD117-CD203c+low cells showed a basal expression of CD203c of 70 (42-117) MESF-APC/cell 

(Wilcoxon: P = 0.02). 

CD117+CD203c+hi cells showed a significantly higher number of cells expressing the FcεRI as compared to CD117-

CD203c+low cells (figure 1D and 2A) (Wilcoxon: P < 0.0001), respectively 96% (87 – 99) and 86% (43 – 98) with a 

median difference of 11% (1 - 44). Besides, CD117+CD203c+hi cells showed a significantly higher intracellular 

histamine content than CD117-CD203c+low cells (figure 1E and 2B) (Wilcoxon: P < 0.0001), respectively 1388 MESF-

V500/cell (187 – 10473) and 1011 MESF-V500/cell (198 – 8016) with a median difference of 414 MESF-V500/cell 

(11 – 2457). Both subpopulations showed an equal number of cells positive for tryptase (figure 1F and 2D), 

respectively 96% (66 – 100) and 96% (58 – 99) with a median difference of 2% (0 – 25). Lastly, CD117-CD203c+low 

cells showed a slightly higher number of cells positive for chymase (Wilcoxon: P = 0.01) (figure 1G and 2C), 

respectively 97% (74 – 100) and 90% (61 – 99) with a median difference of 5% (0 – 25). 
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Functional analysis 

Expression of CD63 and upregulation of CD203c 

Activation of passively IgE-sensitized cells with anti-IgE resulted in a significant upregulation in a net number of 

cells positive for CD63+ of 21% (11 – 39) for CD117+CD203c+hi cells (Wilcoxon: P = 0.005) and 27% (18 – 55) for 

CD117-CD203c+low cells (Wilcoxon: P = 0.02) (n= 10). A discrete higher CD203c density up to 55 MESF-APC/cell (32 

– 110) for CD117+CD203c+hi cells (Wilcoxon: P = 0.005) and 62 MESF-APC/cell (19 – 187) for CD117-CD203c+low cells 

(Wilcoxon: P = 0.02) could be observed.  

Histamine content  

Histamine content and release are illustrated in figure 3. Histamine content of non-stimulated cells was higher for 

CD117+CD203c+hi cells as compared to CD117-CD203c+low cells, respectively 994 (695 – 6815) MESF-V500/cell and 

797 (629 – 4978) MESF-V500/cell (Wilcoxon: P = 0.02).  

Stimulation of CD117+CD203c+hi cells with anti-IgE resulted in a histamine release of 578 (366 – 1521) MESF-

V500/cell (Wilcoxon: P = 0.04) in 5 cultures (figure 3C-D, left). In the remaining 2 cultures, no release of histamine 

was demonstrable.  

Stimulation of CD117-CD203c+low cells with anti-IgE resulted in a histamine release of 310 (217 – 366) MESF-

V500/cell in 3 experiments (Wilcoxon: P = 0.11) (figure 3C-D, right). However, in the remaining 4 cultures no 

release of histamine could be observed. 

Discussion  

 Studies on human mast cells have mainly been using cells cultured from different origins (12-14,17,18,21,22), as mast 

cells are tissue-resident cells, only present in small numbers. Here we confirm that human mast cells can be 

cultured from peripheral blood CD34+ progenitor cells. However, these cultures yield two phenotypically distinct 

cell populations. Firstly, mature mast cells that express CD45, CD117 (c-kit), CD203c and FcεRI on their surface 

and contain histamine, tryptase and chymase (4,23), thereby resembling the connective tissue phenotype of mast 

cells (8,24). Secondly, a CD117-CD203c+low subpopulation displaying characteristics of HuMC with a lower number of 

cells positive for FcεRI and a lower histamine content, but equal number of cells positive for tryptase and a 
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slightly higher number of cells positive for mast cell specific chymase. We speculate these CD117-CD203c+low cells 

to be immature mast cells with an internalized c-kit receptor upon binding of its ligand. This c-kit disappearance 

already has been described for HuMC as a mechanism by which the availability of the c-kit receptor is controlled 

(25-28). Functional analysis reveals that both, the CD117+CD203c+hi and CD117-CD203c+low subpopulation, display a 

significantly upregulated number of cells positive for CD63 and upregulated expression of CD203c after IgE-

mediated cross-linking of their FcεRI, but in the vast majority of CD117-CD203c+low cells this upregulation was not 

accompanied by a quantifiable histamine release. This dissociation between CD63 upregulation and histamine 

release already has been described for basophils (29-31), and could relate to stimulation conditions such as supra-

optimal stimulation with anti-IgE. 

To our knowledge this is the first description of flow cytometric quantification of histamine release by cultured 

HuMC. Our data reveal the existence of 2 phenotypically distinct cell populations that display a greatly similar 

response upon traditional activation through cross-linking of IgE. Furthermore, as this flow cytometric technique 

enables integration in a multi-parameter analysis with simultaneous quantification of various surface activation 

and degranulation markers, we suggest that it might capture data that cannot be obtained with traditional 

release tests.  Especially on a single cell level or with some subpopulations, expanding experiments with 

intracellular signaling (32-35) or inhibitory receptors (36-39) might provide further insights into different 

pathophysiological mechanisms. 
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Figure 1. Phenotypic characterization of cultured cells. 

Selection of single cells for analysis based on FSC-H (forward scatter-Height) and FSC-A (forward scatter-Area). All 

CD45 positive cells were evaluated for viability using 7-AAD staining. Viable CD45+ cells were gated for further 

analysis (A-B). Two distinct CD45+ cell populations were identified: CD117+CD203c+hi and CD117-CD203c+low cells 

(C). Both cell populations showed positivity for FcεRI (D), histamine (E), tryptase (F) and chymase (G). The 

percentages refer to the number of cells positive for each parameter.  

 

 

 

Figure 2. Cell characterization based on expression of CD117 and CD203c. 

CD117+CD203c+hi cells showed a significantly higher number of cells positive for FcεRI (A) on their cell membrane  

and a significantly higher histamine content (B) in comparison with CD117-CD203c+low cells. CD117+CD203c+hi cells 

showed a slightly lower number of cells positive for chymase (C) than CD117-CD203c+low cells. The number of cells 

positive for tryptase (D) was equal in both subpopulations. The lines denote the medians.  P values were 

calculated using Wilcoxon signed rank test. The N in the lower right corner represents the number of 

experiments. 

 

 

 

Figure 3. Histamine content and release after stimulation with anti-IgE. 

Comparison of two subpopulations: CD117+CD203c+hi cells (left) and CD117-CD203c+low cells (right). DAO 

specificity was ensured by staining without (A) and with permeabilisation (B). Evaluation of cell function: Non-

stimulated cells (negative control) showed neither CD63+ upregulation, nor histamine release (C). 

CD117+CD203c+hi cells stimulated with anti-IgE showed a significant upregulation of cells positive for CD63+ of 

32%, with a histamine release of 496 MESF-V500/cell (D, left). CD117-CD203c+low cells stimulated with anti-IgE 

resulted in a significant upregulation of cells positive for CD63+ of 41%, with histamine release of 365 MESF-

V500/cell (D, right). For more information, see results section. 


