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ABSTRACT 

Mast cells are important immune cells that are able to degranulate potent mediators, and 

participate in infections and inflammatory responses. The process of mast cell degranulation 

is complex and still partly unknown, especially in bacterial infections caused by endotoxins 

such as lipopolysaccarides. In this study, we have investigated lipopolysaccharide-induced 

degranulation of β-hexosaminidase and tumor necrosis factor α in a human mast cell line, 

HMC-1, and a rat basophilic leukemia cell line, RBL-2H3. We investigated whether the cells 

expressed the required Toll-like receptor 4 through which lipopolysaccaride activates the mast 

cell. By using RT-PCR we show that the Toll-like receptor 4 gene is actively transcribed in 

both cell lines, indicating that the cells could be able to respond to lipopolysaccaride. To 

analyse the degranulation of β-hexosaminidase, the cells were stimulated with different 

concentrations of lipopolysaccaride and the extracellular enzyme activity was measured 

spectrophotometrically. Our results showed that no release could be measured using this 

method in neither of the cell lines. The release of tumor necrosis factor α was analysed by 

using enzyme-linked-immunosorbent-assay, and the results indicated that neither 

lipopolysaccharide, ionomycin, nor 5’-(N-ethylcarboxamido) adenosine had any effect on this 

process. 

In conclusion, the HMC-1 cell line is not a useful model to study mast cell degranulation in 

oral infections, and a more reliable in vitro method is needed to investigate the involvement of 

human mast cells in pathological conditions and to screen for new therapeutic drugs.  
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INTRODUCTION 

In health care, a lot of resources are spent on dealing with lipopolysacharide (LPS) -induced 

infections and inflammatory responses (de Kraker et al., 2011), and mast cells are known to 

be involved in these conditions. Mast cells occur in all vascularised tissues in the body and are 

specifically found in tissues that are more exposed to the external environment, like skin, 

lungs and gingiva (Gulliksson et al., 2010; Naesse et al., 2003). Mast cells are also present in 

the dental pulp where they take part in inflammatory conditions like pulp disease. Whether 

they are found in healthy or only in inflamed pulps are still controversial (Freitas et al., 2006). 

Mast cells are one of the first cells that encounter allergens and pathogens and are involved in 

this first recognition. Mast cells originate from haematopoietic progenitor cells and belong to 

the leukocytes. Immature mast cells circulate in the blood vessels and, due to the secretion of 

cytokines from endothelial cells and fibroblasts, can migrate to tissues and differentiate to 

mature mast cells (Urb and Sheppard, 2012; Gulliksson et al., 2010). Another cell type that 

originates from the same progenitor cell and shares multiple functions with the mast cells are 

the basophils. For example, during activation through the FcϵRI receptor both cell types 

release a similar, yet not identical, panel of biological active mediators such as cytokines 

(Galli, 1993).   

 

Activation of a mast cell can occur in different ways. Pathogens such as LPS, endotoxins 

found in Gram-negative bacteria, are able to activate mast cells through the Toll-like receptor-

4 (TLR4) expressed by the mast cells (Dawicki and Marshall, 2007; Kubo et al., 2006; Urb 

and Sheppard, 2012). TLR4 is a member of the Toll-like receptor family that are pattern 

recognition receptors that play a major role in the innate immune system (Supajatura et al., 

2001). The activation of the mast cells can result in a massive release of different kind of 

potent mediators, for instance histamine, proteases, β-hexosaminidase and multifunctional 

cytokines such as tumour necrosis factor (TNF-α) (Han et al., 2009; Granberg et al., 2001; 

Rudich et al., 2012). 

 

Mast cells store TNF-α in granules that enable them to release this pro-inflammatory cytokine 

in minutes. Other immune cells such as macrophages and lymphocytes do not possess this 

capacity. The released mediators have inflammatory attributes that can result in dramatic 

outcomes, and therefore the mast cells have an important role in the inflammatory response 

(Pejler and Nilsson, 2009). 
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Usually, mast cells are associated with harmful effects in the body, such as allergies, but 

research also indicates that the mast cells are important in the defence against pathogens. For 

example, due to the release of carboxypeptidase A, the mast cells are able to limit the effects 

of a bacterial infection (Pejler and Nilsson, 2009). Mast cells have been studied in different 

contexts and their important role in infections and inflammatory responses have been 

accepted. However, more knowledge about the degranulation process is needed in order to 

therapeutically regulate the mast cell activity (Dawicki and Marshall, 2007). For that purpose, 

a relevant in vitro model for studying LPS-induced human mast cell degranulation is required. 

 

In this study, we have investigated the possibility to use the human HMC-1 mast cell line as 

an in vitro model to study LPS-induced degranulation and our hypothesis is therefore that the 

model is suitable for the aim of the study. This cell line was established 1988 from 

peripheral blood from a patient with mast cell leukaemia (Butterfield et al., 1988), and has 

since then been extensively used in various studies. A common approach to assess mast cell or 

basophil degranulation, is to measure the extracellular activity of the enzyme β-

hexosaminidase or release of TNF-α as a measurement of the cellular degranulation of 

cytokines (Chung et al., 2013; Yoo et al., 2013; Passante et al., 2009; Kubu et al., 2007).  

 

To this date, there are few reports on how various concentrations of bacterial components may 

affect HMC-1 cells and if the β-hexosaminidase assay or TNF-α release are suitable methods 

to assess this interaction (Meyer et al., 2007). The results obtained in HMC-1 cells have been 

compared to those found in the rat basophilic leukaemia cell line RBL-2H3, a widely accepted 

in vitro model of mucosal mast cells (Weatherly et al., 2013; Han et al., 2009
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MATERIALS & METHODS 

Chemicals 

Ionomycin, bovine serum albumin (BSA), dimethyl sulfoxide (DMSO), 5´N-ethyl-

carboxamido-adenosine (NECA), fetal bovine serum (FBS), non-essential amino acid 

(NEAA), 4-nitrophenyl N-acetyl-β-D-glucosaminide (hexosaminidase substrate), phosphate 

buffered saline (PBS) pH 7.4, 5'-(N-ethylcarboxamido)-adenosine (NECA) and tris-boric-

acid-EDTA (TBE-buffer) were all purchased from Sigma-Aldrich, St. Louis, USA. Iscove´s 

modified Dulbecco´s medium (IMDM), minimum essential medium (α-MEM), L-glutamine 

and 100 U/ml + 100 μl/ml penicillin/streptomycin (PEST) were obtained from Gibco, 

Stockholm, Sweden. Glucose was purchased from VWR International AB, Stockholm, 

Sweden and  LPS were obtained from Enzo Life Science, Solna, Sweden. Triton X-100, citric 

acid monohydrate and trisodium citrate were purchased from MERCK AB, Solna, Sweden. 

Trypsin was obtained from Biochrom Ltd, Cambridge, UK and agarose standard were 

obtained from Saveen Werner AB, Limhamn, Sweden.   

 

Cell cultures 

HMC-1 cells was a kind gift from Gunnar Nilsson, Centrum för allmän medicin, Karolinska 

Institutet, Stockholm, with a material transfer agreement (MTA) from Mayo Clinic Ventures, 

Joseph H. Butterfield, MD. RBL-2H3 cells were purchased from the American Type Culture 

Collection (Manassas, VA, USA). 

 

The cell cultures were maintained in 75 cm2  tissue culture flasks at 37ºC in a humidified 

atmosphere of 5 % CO2. HMC-1 were grown in IMDM medium with 10 % FBS, 1 % PEST, 

200 mM L-glutamine and supplement of 2 mg/ml glucose. The medium was changed two 

times a week and the cells were counted using trypan blue exclusion and kept at a 

concentration of 0.5 x 106 cells/ml. For each change of media, conditioned medium was 

retained and added to a final concentration of 30 %. RBL-2H3 were grown in α-MEM 

medium containing 10 % FBS, 1 % PEST and 1 % NEAA. The medium was changed two 

times a week. Before the experiments, the cells were cultured in their respective medium but 

without phenol red and FBS due to interference of phenol red with the spectrophotometric 

analysis. 
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Detection of TLR4 mRNA 

Reverse Transcription Polymerase Chain Reaction (RT-PCR) was used to investigate the 

expression of Toll-like receptor 4 (TLR4) in the RBL-2H3 and HMC-1 cell lines. RNA from 

the cells was isolated by using NucleoSpin RNA kit from Machmerey-Nagel, Germany. RNA 

was transformed into cDNA with a High Capacity cDNA Reverse Transcription Kit (Applied 

Biosystems, Foster City, USA), and the cDNA was amplified using Taq PCR Core Kit from 

Qiagen, Hilden, Germany.  The initial denaturation was 3 min at 94ºC followed by cycles of 

denaturation at 94ºC for 30 s, 56ºC for 30 s when investigating the expression in RBL-2H3 

cells and 59ºC for 30 s when investigating HMC-1 cells, 72ºC for 35 s for 35 cycles and a 

final annealing at 72ºC for 10 min. The primer used was designed to detect sequences coded 

for TLR4. In this case 78 base pair were identified for HMC-1 and 258 base pair for RBL-

2H3. No template control (NTC) were applied as a negative control. The results were 

visualized by GelRed staining after separation on a 1.2 % agarose gel at 80 V for 100 minutes 

in 1×TBE. 

 

β-Hexosaminidase analyses 

To analyse the release of β-hexosaminidase upon stimulation by LPS, the method of Granberg 

et al. (2001) was used with minor modifications. Briefly, the HMC-1 cells and RBL-2H3 cells 

were seeded in 24-well plates at a density of 1000 cells/mm2 and 500 cells/mm2, respectively, 

and incubated overnight. The wells were then treated with indicated concentrations of LPS, 

ionomycin and 0.1 % Triton X-100. After an incubation time of 30 min, the plates were 

centrifuged at 300 g for 10 min and 50 μl aliquots of the supernatant were transferred into a 

96-well microtiter plate followed by the addition of 50 μl substrate to start the reaction. After 

an incubation of 2 h, the reaction was stopped using 150 μl Tris buffer. The absorbance was 

measured spectrophotometrically at 405 nm using SPECTROstar Nano (BMG Labtech, 

Germany). 

 

Analysis of TNF-α 

To further analyse the cellular degranulation upon LPS stimulation, we measured the release 

of human and rat TNF-α using enzyme-linked immunosorbent assay (ELISA) kits from R&D 

Systems, Abingdon, UK, according to the instructions of the manufacturer. In summary, 

aliquots of the supernatant were transferred to the ELISA microtiter plates pre-coated with 

specific human TNF-α and rat TNF-α capture antibody, respectively. The cells were treated 
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with different concentrations of LPS, the potent adenosine analogue NECA, or the bacterial-

derived calcium ionophore ionomycin. The amount of released TNF-α was calculated from a 

standard curve measured spectrophotometrically at 450 nm, with a wavelength correction at 

570 nm, using the SPECTROstar Nano.  

 

Statistical analyses 

The statistical analyses were performed in GraphPad Prism 6 for Mac OS X. The amount of 

released β-hexosaminidase and TNF-α upon stimulation by LPS was analysed using one-way 

analysis of variance (ANOVA) with Dunnett’s multiple comparisons test. The use of ANOVA 

as statistic method was due to the need to compare and analyse multiple variables. Dunnett’s 

test was used to compare all variables with a single control. A p value less than 0.05 was 

considered statistically significant. 

 

Literature search 

The search for literature was made on PubMed (http://www.ncbi.nlm.nih.gov/pubmed) using 

the following search terms: “HMC-1”, “human mast cell”, “hexosaminidase”, “TNF-α”, 

“RBL-2H3”, “degranulation”, “LPS” and “TLR4”. Various combinations of those terms and 

Boolean operators such as AND, OR and NOT were used. In some cases related citations 

were used as well.  

 

Ethical reflection 

The use of human specimens in laboratory studies is always problematic when it comes to 

original donor giving a clear consent. The established specimen was often harvested during a 

time where such consent was not necessary to have and to establish such an agreement in this 

day and time is therefore impossible. In this study we have used two types of cells, one human 

and one from rat. The HMC-1 cell line, was harvested in 1988 and no consent from the 

anonymous donor have been found. But due to the wide use of these cells in scientific studies 

we believe it is ethical to use the cell line in this study, especially when it comes to the good 

purpose of the study’s outcome and a material transfer agreement was made with the original 

owners of the cell line before they were obtained. More knowledge about inflammatory 

processes may aid in the development of new anti-inflammatory drugs. 
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RESULTS 

Initially, the presence of TLR4 mRNA in both cell lines was analysed by using RT-PCR. To 

determine the size of the bands, a 100 base pair (bp) DNA ladder was used (left lane in Fig. 

1). The bands were visualized at approximately 78 bp for HMC-1 cells and 258 bp for RBL-

2H3 cells, indicating that the target sequence was successfully amplified. This shows that in 

HMC-1 cells and RBL-2H3 cells, the TLR4 gene is actively transcribed and can probably 

detect bacterial components such as LPS through the TLR4 receptor. No observable products 

in the “No Template Control” lane confirmed the reliability of the primers. 

The release of β-hexosaminidase (Fig. 2) was expressed as a percentage of the total cellular 

content for the enzyme, determined by incubating two wells per plate with 0.1 % Triton X-

100. LPS was solubilized in MQ-water while ionomycin was prepared in DMSO and a final 

concentration of 0.1 % DMSO had no significant effect on the degranulation of the cells.  

 

As shown in Fig. 2, no statistical significant release of β-hexosaminidase occurred when the 

HMC-1 cells or the RBL-2H3 cells were treated with LPS. Upon incubation with 1 µM 

ionomycin, the extracellular release of β-hexosaminidase was significantly increased in the 

RBL-2H3 cells (from 6.3 ± 1.6 % in untreated “DMSO” control cultures to 29.5 ± 12.8%), but 

not in HMC-1 cells (8.7 ± 4.3 % in controls compared to 26 ± 16.6 % for treatment with 

ionomycin). 

 

To investigate if any of the cell lines responded to LPS-treatment by releasing the cytokine 

TNF-α, the RBL-2H3 cells and the HMC-1 cells were incubated with various concentration of 

LPS for one or eight hours (Fig. 3). Furthermore, the cell lines were treated with various 

concentrations of NECA. At the incubation periods investigated, neither ionomycin, NECA or 

LPS were able induce any statistically significant release of TNF-α in the HMC-1 cells (Fig. 

3) or the RBL-2H3 cells (Fig. 3). 
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DISCUSSION 

In this study we examine the possibility to use HMC-1 as an in vitro model for human mast 

cell degranulation upon LPS-stimulation, to be used for pharmacological screening of new 

therapeutics to regulate mast cell activity. The lack of degranulation in our experiments could 

be explained by the characteristics of the HMC-1 cells. As previously stated, they origin from 

a patient with mast cell leukaemia (Butterfield et al., 1988) and exhibit many of the 

characteristics found in tissue mast cells, such as expression of histamine (Guhl et al., 2010). 

However, compared to native mast cells, the HMC-1 cell line does have some disadvantages 

especially when it comes to level of maturity (de Pater-Huijsen et al., 1997). To date, there is 

only two human mast cell line that have been established in vitro and have been used 

extensively in research on human mast cell function, the HMC-1 cell line and the LAD2 cell 

line. Studies aimed at comparing these cell lines to tissue mast cells, have shown that the use 

of these cell lines only partially could function as replacements of mature tissue mast cells, 

mainly due to differences in gene and protein expression (Guhl et al., 2010). 

 

A common approach to study mast cells is to sensitize the cells with immunoglobulin (Ig) E 

antibodies, that cross-link and thereby activates the FcϵRI receptor in the cellular membrane. 

Activation of the FcϵRI receptor will up-regulate the synthesis and stimulate the secretion of 

intracellular mediators of the mast cells. However, it is shown that HMC-1 lack the γ-chain on 

FcϵRI receptor and therefore this type of stimulation can not be preformed (de Pater-Huijsen 

et al., 1997). On the other hand, the RBL-2H3 cells seem to have a functional FcϵRI and may 

be sensitized by exposure IgE (Chung et al., 3013), and it would have been interesting to 

compare the degranulation of β-hexosaminidase and release of TNF-α in RBL-2H3 after 

exposure in the presence of IgE. 

 

Studies made on the similar type of human mast cell line, LAD2, have shown success in 

measuring mast cells degranulation, by using the β-hexosaminidase release assay (Nagai et 

al., 2012). However, no effects of LPS-stimulation on the degranulation of β-hexosaminidase 

have been found in the LAD2 cells (Kubo et al., 2006), which is in line with our results 

indicating that HMC-1 cells also lack the capacity to degranulate β-hexosaminidase upon 

LPS-stimulation. 
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On the other hand, an increase in the release of TNF-α upon stimulation by LPS has been 

shown in the LAD2 cell line (Kubo et al., 2006), whereas there are no studies examining the 

same in the HMC-1 cells, but our results clearly showed no degranulation of TNF-α upon 

LPS-stimulation. This is intriguing given that it is well known that HMC-1 have TLRs (Kulka 

et al., 2004) and more specific TLR4 (Kubo et al., 2006). It is also known that activation of 

these receptors will induce the cells to generate pro-inflammatory cytokines such as TNF-α 

(Palsson-McDermott and O‘Neill, 2004). We also found that the TLR4 gene is actively 

transcribed in HMC-1 cells under the culture conditions used. 

 

The RBL-2H3 cell line has mostly been used for studying the IgE-FcεRI interactions and the 

intracellular pathways leading to degranulation. Many studies using the RBL-2H3 cell line 

have primarily been screening studies of new drug candidates with anti-allergic and/or anti-

inflammatory properties (Yoo et al., 2013; Granberg et al., 2001, Chung et al., 2013). 

Although the degranulation of RBL-2H3 upon LPS stimulation have been thoroughly studied, 

there are inconsistent results in the literature with some studies showing cytokine release of 

up to 60 ng/ml of TNF-α upon LPS stimulation, whereas other studies show no release at all 

suggesting that the cells lack certain necessary proteins (Passante et al., 2009).  

 

In a study made on bone marrow mast cells of mice (BMMC) it was found that LPS did not 

trigger any response in terms of extracellular β-hexosaminidase activity, but did release TNF-

α in a dose-response dependent manner (Supajatura et al., 2001). According to some research, 

stimulation with LPS through TLR4 only results in a release of cytokines (Urb and Sheppard, 

2012), which can explain the lack of degranulation of the lysosomal hydrolase 

β-hexosaminidase in our study. 

 

The RBL-2H3 cells have been considered a relevant in vitro model of mast cells, but there are 

also evidence that basophils do not respond to LPS even if they express TLR4 due to the lack 

of the co-receptor CD14. To enable an activation and further signalling, this co-receptor is 

required to form a complex along with TLR4, which may explain the lack of TNF-α release 

upon LPS stimulation in the present study (Passante et al., 2009). 
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In conclusion, we found that the human mast cell line HMC-1 is not a good in vitro model to 

study the involvement of human mast cells in oral infections, since the cell line apparently 

lacks the capacity to degranulate and release cytokines upon LPS stimulation, as measured by 

using the β-hexosaminidase assay and the TNF-α ELISA. Hence, a new and more reliable in 

vitro model of human mast cells is warranted in order to gain more knowledge on the 

involvement of human mast cells in pathological conditions and to screen for new therapeutic 

drugs with anti-allergic and anti-inflammatory effects. 
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FIGURES WITH LEGENDS 

 

 

Fig 1. RT-PCR results for amplification of TLR4-specific transcripts from HMC-1 and RBL-

2H3 cells, respectively. Lanes marked S1 and S2 represent two separate samples for each cell 

line, NTC = “No Template Control”. In HMC-1 samples a single PCR product is detected at 

the predicted size 78 bp. In RBL-2H3 samples a single PCR product is detected at the 

predicted size 258 bp. 
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Fig 2. Extracellular activity of β-hexosaminidase in cultures of (A) RBL-2H3 cells and (B) 

HMC-1 cells in response to indicated concentrations of LPS and 1 µM ionomycin. Data are 

expressed as % of maximum activity. Statistically significant differences from the 

corresponding controls (“MQ” and “DMSO”) are indicated by *p<0.05, as determined one-

way ANOVA with post-hoc Dunnett’s multiple comparison test. 
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Fig 3. Release of TNF-α from (A) RBL-2H3 cells and (B) HMC-1 cells exposed to indicated 

concentrations of NECA [μg/ml] (white bars), LPS [ng/ml] (hatched bars) and ionomycin 

[μg/ml] (black bars) for one or eight hours. Data are means ± SEM from three separate 

experiments. NECA and ionomycin was dissolved and diluted in 0.1% DMSO, whereas LPS 

was dissolved in MQ-water.  


