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Abstract
Nowadays, more and more data indicate that mast cells play an important role in host defense
against pathogens. That is why it is essential to understand the expression of Toll-like receptors (TLRs)
by mast cells, because these molecules play particularly significant role in initiation host defense against
microorganisms as they recognize both wide range of microbial pathogen-associated molecular patterns (PAMPs) and various endogenous damage-associated molecular patterns (DAMPs) released in
response to infection. Therefore, we examined the constitutive expression of both surface and endosomal TLRs in rat native fully mature tissue mast cells. By the use of qRT-PCR we found that these cells
express mRNAs for TLR2, TLR3, TLR4, TLR5, TLR7, and TLR9. The expression of TLR3, TLR4, TLR5,
TLR7, and TLR9 transcripts were low and comparable and only the expression of TLR2 transcript
was significant. By the use of flow cytometry technique, we clearly documented that mast cells express
TLR2, TLR4, and TLR5 on cell surface, while TLR3, TLR7, and TLR9 proteins are located both on the
cell membrane and intracellularly. The highest expression was observed for TLR5 and the lowest for
surface TLR7. These observations undoubtedly indicate that mature tissue mast cells have a broad set
of TLR molecules, thus can recognize and bind bacterial, viral, and fungal PAMPs as well as various
endogenous molecules generated in response to infection.
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Introduction
Mast cells are long-lived resident tissue cells distributed throughout vascularized connective tissues and are
especially numerous near surfaces exposed to the environment, including the skin, the respiratory system, the gastrointestinal and genitourinary tracts, i.e. at the portals of
pathogen entry. These cells are a potent source of various
biologically active mediators, such as granule-associated
preformed mediators (e.g. histamine, neutral proteases,
metalloproteinases, proteoglycans), de novo generated arachidonic acid metabolites (i.e. leukotrienes, prostaglandins,
thromboxanes), and many cytokines and chemokines. Mast
cell mediators can exert diverse regulatory/modulatory
effects on surrounding cells and tissues [1-3]. Therefore,
mast cells are involved in homeostasis maintenance and
are important players in many physiological processes,
such as wound healing, angiogenesis, regulation of vascular permeability, and tissue remodeling and repair [2, 3].
These cells are known to participate in inflammation and
affect both innate and adaptive immune responses, as well
[4-6]. Moreover, mast cells take part in different pathological processes, including chronic allergic disorders, autoimmune diseases, and neoplastic processes [2, 3, 7].

Nowadays, more and more data indicate that mast cells
are critical component of host defence against a variety of
microorganisms, mainly bacteria [8] and viruses [9]. The
role of these cells in protection against fungal infections
is less understandable. Without a doubt, the strategic location of mast cells at the portals of infection allows them
to establish quick contact with invading pathogens. Furthermore, mast cells express antimicrobial peptides such
as cathelicidin and defensins [10]. Moreover, these cells
have the ability to phagocytose and subsequently kill bacteria, via oxidative and non-oxidative systems [11, 12].
It should be highlighted that mast cells can kill bacteria
independently of phagocytosis, because they form extracellular traps composed of DNA, histones, tryptase, and
cathelicidin [13]. What is important, following phagocytosis these cells are capable of processing bacterial antigens
for presentation through class I and II MHC molecules,
which leads to the development of antimicrobial adaptive
immunity [11, 14]. Finally, mast cell-derived proinflammatory mediators, cytokines and chemokines induce the
development of inflammation at the site of pathogen entry
[4, 5, 8].
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The initial recognition of microorganisms is mediated by different specialized pattern recognition receptors
(PRRs). These receptors identify a diverse set of microbial molecules, called pathogen-associated molecular patterns (PAMPs). What is more, PRRs can recognize various
host-derived molecules, called damage-associated molecular patterns (DAMPs), released from infected or necrotic cells and damaged tissues. The PRR family includes
Toll-like receptors (TLRs), C-type lectin-like receptors
(CLRs), RIG-I-like receptors (RLRs), and NOD-like receptors (NLRs) [15, 16]. The best characterized PRRs are
TLR family members expressed in diverse body cells either
on plasma membrane (TLR1, TLR2, TLR4, TLR5, TLR6,
TLR10) or on membrane of endosomes (TLR3, TLR7,
TLR8, TLR9). Without any doubt, out of all PRRs, members of the TLR family play particularly significant role in
initiation host defence against pathogens because these receptors recognize both wide range of microbial PAMPs and
various endogenous DAMPs released in response to infection [17-19]. Considering the important role of mast cells
in antimicrobial protection it is essential to comprehend the
expression of TLRs by these cells. Accordingly, we decided
to examine the constitutive expression of both surface and
endosomal TLRs in fully mature tissue mast cells.

Material and methods
Reagents
Dulbecco’s Modified Eagle Medium (DMEM) was
obtained from Biowest (Kansas City, MO, USA). Fetal
Calf Serum (FCS), gentamicin, glutamine, Hank’s Balanced Salt Solution (HBSS), and sodium bicarbonate were
purchased from GIBCO (Gaithersburg, MD, USA). Phosphate Buffered Saline (PBS), Percoll, saponin, toluidine
blue, trypan blue, and Tween 20 were obtained from Sigma-Aldrich (St. Louis, MO, USA). CellFIX was purchased
from BD Biosciences (Benelux, NV, Belgium). The GeneMATRIX Universal RNA Purification Kit was purchased
from EURx (Gdansk, Poland). Anti-TLR2, anti-TLR3,
anti-TLR4, anti-TLR5, anti-TLR7, anti-TLR9 antibodies,
nonspecific goat IgG (isotypic control), as well as fluorescein isothiocyanate (FITC)-conjugated polyclonal, donkey
anti-goat and donkey anti-rabbit antibodies, and blocking
peptides were obtained from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA). The High-Capacity cDNA
Reverse Transcription Kit, TaqMan® probes dyed FAM
(rTLR2, rTLR3, rTLR4, rTLR5, rTLR7, rTLR9 and rb-actin), and TaqMan® Gene Expression Master Mix were purchased from Applied Biosystems (Foster City, CA, USA).

Animals
Female albino Wistar rats weighing 220-250 g, aged
3-4 months were used. The experimental procedures were
approved by the Local Ethics Committee for Experiments
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on Animals of the Medical University of Lodz (the approval No. 20/ŁB 740/2015).

Isolation of mast cells
Mast cells were collected from peritoneal cavities of
female Wistar rats by lavage, with 50 ml of 1% HBSS supplemented with 0.015% sodium bicarbonate. After abdominal massage (90 s) the cell suspension was removed from
the peritoneal cavity, centrifuged (150 g, 5 min, 20°C) and
washed twice in complete DMEM (cDMEM), containing
DMEM supplemented with 10% FCS, 10 μg/ml gentamicin, and 2 mM glutamine. Isotonic 72.5% Percoll density
gradient centrifugation (190 g, 15 min, 20oC) was used
for mast cell purification. Subsequently, isolated mast cells
were centrifuged twice in cDMEM (150 g, 5 min, 20oC).
Purified mast cells were counted and resuspended in an
adequate volume of cDMEM to obtain mast cell concentration of 1.5 × 106 cells/ml. Mast cells were prepared with
purity > 98%, as determined by metachromatic staining
with toluidine blue. The viability of mast cells was over
98%, as estimated by trypan blue exclusion assay [20].

RNA isolation and qRT-PCR
GeneMATRIX Universal RNA Purification Kit was
used to isolate total RNA from native mast cells. Isolated
RNA was reverse transcribed to cDNA using High Capacity cDNA Reverse Transcription Kit according to the
manufacturer’s protocol. qRT-PCR was used to determine
constitutive TLR mRNAs expression. The expression of
TLR2, TLR3, TLR4, TLR5, TLR7, TLR9 mRNAs as well
as the expression of the endogenous b-actin mRNA were
performed with using TaqMan® Gene Expression Master
Mix. Reactions were carried out with the use TaqMan®
probes and 7900HT Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Values were normalized to the transcript level of the reference gene rat b-actin.

Flow cytometric measurements
For determination of TLR2, TLR3, TLR4, TLR5,
TLR7, and TLR9 surface protein expression and TLR3,
TLR7, and TLR9 intracellular protein expression flow cytometry technique was applied. Constitutive expression of
TLRs was assessed on freshly isolated native mast cells.
Mast cells were washed twice in the cDMEM after isolation and fixed with CellFIX solution overnight at 4oC.
Next, mast cells were washed twice in cDMEM, and then
resuspended in 1 × PBS. To verify the presence of TLR
receptors intracellularly, mast cells were permeabilized
with 0.1% saponin for 30 min at the room temperature.
Non-permeabilized and permeabilized mast cells were
stained for 1 h with appropriate primary antibodies (antibody dilution 1 : 100). For control, mast cells were stained
with isotype antibodies. The appropriate blocking peptides
were used to verify antibody specificity. Cells were then
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washed with PBS containing 0.05% Tween 20 and incubated for 1 h with FITC-conjugated secondary antibodies.
Finally, cells were washed with PBS containing 0.05%
Tween 20 and resuspended in 1 × PBS. Immunofluorescence analysis of 20 000 cells was performed by FACS
Canto II flow cytometer (BD Biosciences, San Jose, CA,
USA).

Statistical analysis
Statistical analysis included mean value and standard
error of the mean (SEM).

Results
In this study, we determined the expression of TLRs in
freshly isolated mature rat mast cells using qRT-PCR and
flow cytometry. We first examined TLR2, TLR3, TLR4,
TLR5, TLR7, and TLR9 transcript levels by qrt-PCR.
We found that naive mature mast cells express mRNA for
all the studied receptors (Fig. 1). It is necessary to point
out that the expression of TLR3, TLR4, TLR5, TLR7, and
TLR9 transcripts were low and comparable. Only the expression of TLR2 transcript was significant and up to six
times higher than those. Controls without reverse transcriptase confirmed that the source of the products was indeed
from mRNA, and not from contaminating genomic DNA.
Next, we conducted experiments, by means of flow
cytometry, to establish whether tissue mast cells constitutively express TLR proteins. As can be seen in Figures
2A-C surface TLR2, TLR4, and TLR5 were detected on
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Fig 1. Constitutive mRNA expression of TLRs in freshly isolated rat peritoneal mast cells. TLR2, TLR3, TLR4,
TLR5, TLR7, and TLR9 mRNA expression were examined
by qRT-PCR. Relative expression levels of TLR mRNAs,
normalized to housekeeping gene b-actin. Each bar represents the mean ± SEM of four experiments performed

non-permeabilized native mast cells. Moreover, staining of
non-permeabilized and permeabilized mast cells showed
that TLR3, TLR7, and TLR9 proteins were located both on
the cell surface and intracellularly (Fig. 3A-F).
A comparison of expression levels of TLRs proteins
is shown in Figure 4. The highest surface protein expression was observed for TLR5 and the lowest for sTLR9.
TLR5 protein expression was over four times greater than
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Fig. 2. Constitutive protein expression of surface TLRs in
freshly isolated rat peritoneal mast cells. Representative
flow cytometry histograms showing (A) TLR2, (B) TLR4,
and (C) TLR5 protein expression. The shaded bars: isotype
control and open bars: TLR expression
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Fig. 3. Constitutive protein expression of both surface and intracellular TLRs in freshly isolated rat peritoneal mast
cells. Representative flow cytometry histograms showing surface (A) sTLR3, (B) sTLR7, (C) sTLR9 and intracellular
(D) iTLR3, (E) iTLR7, (F) iTLR9 protein expression. The shaded bars: isotype control and open bars: TLR expression

for other surface receptors. From among intracellular receptors expression of iTLR7 protein was on average two
times higher than iTLR9 expression and more than three
times higher than iTLR3 expression. We also noticed, that
all receptors expressed both on the cell surface and intracellularly exhibit higher expression intracellularly than on
the surface.

Discussion
Toll-like receptors constitute the most important class
of PRRs. They are the major sensors of the innate immunity and are implicated in priming the adaptive immune
response crucial for killing invading pathogens. Binding
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of TLR agonists to their receptors begins the activation
of complex networks of intracellular signal transduction
processes to coordinate the inflammation. TLR2 identifies
and binds peptidoglycan, lipoteichoic acid, lipoproteins,
lipoarabinomannan, and fungal zymosan. TLR4 is the receptor for lipopolysaccharide. It is worth pointing out that
TLR2 and TLR4 recognize also some endogenous molecules that arise in the course of host response to infections,
including high mobility group box 1 protein (HMGB1),
heat shock proteins HSP60 and HSP70, b-defensins, and
hyaluronan fragments. Bacterial flagellin is TLR5 agonist.
TLR3, TLR7, and TLR8 recognize ligands of viral origin,
i.e. double-stranded RNA (dsRNA) and single-stranded
RNA (ssRNA). TLR9 senses unmethylated CpG sequenc-
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es in DNA molecules of viral or bacterial origin. TLR3,
TLR7, and TLR9 molecules can also bind endogenous
ligands, including endogenous nucleic acids (TLR3) and
immune complexes containing nucleic acids (TLR7 and
TLR9) [17-19].
Although the role of mast cells in antimicrobial host
defence is well documented the expression of TLRs in
these cells is not fully described. Furthermore, most studies
on the TLR expression were conducted on mast cell lines
or mast cell differentiated in vitro. It should be highlighted
that these cells differ with respect to phenotype and activity from native tissue mast cells and can serve as replacements of mature mast cells to a limited degree only. TLR1
transcript was found in LAD [21] and KU812 [22] lines,
as well as in cord blood-derived mast cells (CBMCs) [22]
and human cultured mast cells (HCMCs) [23]. TLR2 and
TLR4 mRNAs were described in LAD, HMC-1 [21, 24],
KU812 [22], and MC/9 [25] cell lines, as well as in CBMCs [22, 26-28], mouse bone marrow-derived mast cells
(BMMCs) [25, 29-33], and HCMCs [23]. TLR3 transcript
was found in LAD, HMC-1, and P815 cell lines [23, 34]
and in BMMCs [35] and HCMCs [23]. TLR5 transcript
was described in LAD, HMC-1, and HCMCs [21, 23, 29,
36, 37], while TLR6 mRNA was found in MC/9 [25] and
KU812 [22] lines, as well as in CBMCs [22, 26], BMMCs
[25, 29-31, 33], and HCMCs [23]. It was also documented that LAD [23], HMC-1 [24], P815 cells [34], BMMCs
[30], and HCMCs [24] express TLR7 and TLR9 mRNAs
while TLR8 transcript was found in BMMCs [23]. Much
less is known about the expression of TLR proteins in mast
cells. It was shown that LAD and HMC-1 cells express
TLR2, TLR4 [21, 24, 37], TLR5 [23, 36], TLR6, TLR7
[23], and TLR9 [21, 23, 37] proteins, while TLR1 protein
was expressed only on LAD cells [21, 37]. The P815 cells
express both TLR3 and TLR7 proteins [34]. HCMCs express TLR2, TLR6, TLR7, and TLR9 proteins [23], whilst
CBMCs express TLR2 and TLR4 [26] and BMMCs express TLR3 [35] and TLR4 [30] proteins. Data documenting expression of TLRs in fully mature tissue mast cells are
still far from sufficient and require further detailed study.
The majority of TLR transcripts in matured mast cells were
demonstrated in fetal skin-derived mast cells (FSMCs) and
mast cells isolated from human lung and skin [26, 30].
Only TLR2, TLR3, and TLR4 proteins were found in mast
cells from isolated human nasal polyps [22], murine peritoneal cavity [38], and FSMC [30]. Our previous studies
have shown that freshly isolated rat peritoneal mast cells
express both surface TLR2 and TLR4 molecules [20, 39],
as well as TLR3 and TLR7 surface proteins [40, 41]. In
this study we evaluated the expression of TLR receptors in
native fully mature rat mast cells freshly isolated from the
peritoneal cavity, that is connective tissue type mast cells.
We found that these cells constitutively express mRNAs
for TLR2, TLR3, TLR4, TLR5, TLR7, and TLR9. Our
results from qRT-PCR analysis of TLR mRNA expression
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Fig. 4. Comparison of TLR expression at protein levels
expressed as mean fluorescence intensity (MFI). Data are
presented as the mean ± SEM of four independent experiments

in rat peritoneal mast cells confirm and are coinciding with
results of other authors who detected transcripts encoding
TLR1, TLR2, TLR3, TLR4, TLR5, TLR6 and TLR8 in
freshly isolated and purified mast cells [42]. Moreover, we
have clearly documented that rat mast cells express TLR2,
TLR4, and TLR5 on cell surface, while TLR3, TLR7, and
TLR9 proteins are located both on the cell membrane and
intracellularly. The highest expression was observed for
TLR5 and the lowest for surface TLR7. These observations undoubtedly indicate that mature tissue mast cells
have a broad set of TLR molecules, thus can recognize and
bind bacterial, viral, and fungal PAMPs as well as various
endogenous molecules generated in response to infection.
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