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Introduction. Desensitisation is a therapeutic method of allergic disease treatment, but its impact on the
cellular level remains to be elucidated. The purpose of this study was to identify the influence of house
dust extract on two cell lines types: non-small lung cancer A549 and non-cancerous lung fibroblast
Mrc5. Furthermore, we analysed cell viability, type of cell death, and reorganisation of mainly cytoskeletal
proteins such as vimentin, F-actin, and g-tubulin.

Material and methods. To determine the cell viability, the MTT test was used. The type of cell death was
analysed using double staining of annexin V and iodide propidium. The reorganisation of cytoskeletal
proteins was evaluated by fluorescent staining and microscopy observation.

Results. Our data presented non-statistical differences in a population of live, apoptotic, and necrotic

cells. We did not observe significant abnormalities in cytoskeletal reorganisation. Moreover, Mrc5 cell line

exhibited a lower sensitivity for house dust extract in comparison to A549 cell line.

Conclusions. Our study suggests that desensitisation has no significant influence on survival and cytoskel-

eton in both cell lines, which correlate with potential use of this method in cancer patients. Obviously, the
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Introduction

Home dust is a complex mixture of organic sub-
stances (epidermis), inorganic substances (sand), and
microorganisms (fungi, moulds, mites). The ratio of
individual components of dust depends on the location
of the collected sample and the type of surface on which
the particles settles. Near the front door it will be mostly
sand, and fragments of plants and insects, while near
beds and on mattresses will be mainly scurf, fungi, and
mites [1]. The dead epidermis, which fades from the
surface of human skin, is pre-decomposed by fungi,
and then becomes a source of nutrition for mites. The
relationship between house dust mites (HDM) and
allergy has been a topic of discussion since 1928 [2],

choice of these kinds of treatment should be used carefully in consultation with a specialist. Additionally,
to our knowledge, it was the first presentation of the influence of house dust extract on cells in the context
of the main cytoskeletal reorganisations.
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when German scientist Dekker first identified the mites
and their parts as allergens. However, this topic did
not attract the attention of researchers until 1964, when
Voorhorst et al. re-examined the connection between al-
lergy and house dust mites [3]. Since then, this topic has
been the subject of intense discussions in both scientific
and non-scientific circles, as the incidence of allergies
has increased significantly over the last decades and it
has been perceived as a civilization disease. One side
of the discussion claims that allergies are the result of
excessive cleanliness, which does not allow for the full
development of the immune system, and in turn leads
to over-reaction to harmless agents [4]. In contrast,
another group claims that it is the contact with dirt that
causes allergic diseases [5]. The truth probably lies
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somewhere in the middle. Large settling particles are
harmless to a healthy person, while smaller particles,
called microdust, can cause an adverse effect. Micro-
dust comes mainly from combustion processes. They
are so small that they can penetrate into the alveoli,
where they are treated as foreign bodies and cause
inflammation [6]. The situation is diametrically different
for individuals suffering from allergy and asthma, whose
reactions to agents that are neutral for healthy people
cause abnormal, excessive reaction. Exposure to dust
can lead to exacerbation of the symptoms of the disease
and even to the closure of the airways as a result of
contraction of the bronchial wall muscles. Exposure to
allergens may also cause a runny nose, fever, or rash.
It has also been shown that dust in people with allergic
asthma induces an inflammatory response and increas-
es the production of free radicals, leading to oxidative
DNA damage and lipid peroxidation [7].

So far there are three ways to reduce the symptoms
of allergies. The first method is pharmacological treat-
ment using antihistamine drugs. Drug particles bind to
the H1 receptor competing for a place with histamine
molecules and block its action. These drugs, although
effective, do not cure the cause, but only reduce the
symptoms. Moreover, their use, as well as the use of
each drug, is associated with side effects like drowsi-
ness, headaches, dizziness, and nervousness. Pharma-
cological therapy is also associated with the necessity
of daily drug intake. The second way is to avoid con-
tact with the allergen, which, as in the case of dust or
pollens, is not always possible. In a study conducted
by Murray and Ferguson limiting contact with mites
by using certain steps to prevent their development,
such as plastic bed and mattress pads, has proven
to be effective in reducing the frequency and severity
of asthma attacks in children [8]. However, earlier
studies by Burr et al. did not bring similar results for
adults [9] or for children [10]. Thus, the effectiveness
of this solution remains unexplained. The third way
to fight allergies is desensitisation. Desensitisation is
a long-term process of administering to the patient in-
creased dosage of allergen. The extract is given every
7-14 days for 2-3 months. Subsequent maintenance
treatment is then administered by using the same dose
of allergen for 3-5 years every 4-6 weeks. Although
desensitisation is a long-term and expensive process,
it is the only method that cures the cause of allergy
and not only its symptoms. Our aim was to investigate
the effect of house dust extract (HDE) used for immu-
notherapy on normal cells derived from the respiratory
system — Mrc5 cell line, and on non-small cell lung
cancer — A549 cell line, thereby assessing the safety
of desensitisation. Here, we describe for the first time
the impact of the above-mentioned allergen on cyto-
skeletal reorganisation.

Material and methods
Cell culture and treatment

The non-small cell lung carcinoma line A549 and
normal human lung fibroblast cell line Mrc5 were incu-
bated in Dulbecco’s Modified Eagle Medium (DMEM) and
Minimum Essential Medium (MEM) medium base with the
addition of 10% fetal bovine serum and antibiotics, respec-
tively. The cells were grown in standard conditions (at 37°C
and in humidified 5% CO, atmosphere). For the following
studies, A549 and Mrc5 cells were seeded in six-well and
12-well plates and cultured with house dust extract for
24 hours. The cell culture was divided into four groups:
— control cells Mrc5;

— control cells A549;
— Mrc5 cell treatment with house dust extract (HDE);
— A549 cells with the addition of house dust extract.

The house dust extract was a mixture of Dermato-
phagoides farinae (50%; Der f) and Dermatophagoides
pteronyssinus (50%; Der p), which is commercially used
for desensitisation. In order to select the appropriate
dose of house dust extract, we used a range of concen-
trations from 0 to 750 therapeutic units (TU; standard-
isation of allergoids). Finally, for the next experiments,
a concentration of 75 TU was chosen.

MTT assay

In order to the evaluate the survival of treated cells, col-
orimetric assay MTT (Sigma-Aldrich) was used. The cells
were grown on 12-well plates and treated with different
concentrations of house dust extract (0-750 TU). After 24-h
culture, cells were washed with PBS and incubated with
MTT solution (5 mg/mL) inthe ratio 9:1 for three hours. The
formazan crystals were dissolved in 2-isopropanol (10 min,
37°C; Avantor). Finally, the absorbance of each dose was
read at a wavelength 570 nm using a spectrophotometer
(Spectra Academy, K-MAC). The dye absorbance of con-
trol cells was assumed as 100%, and the cell viability was
calculated as the percentage of MTT reduction.

Cell death

The effect of house dust extract on cell death in
A549 and Mrc5 cells were analysed by double staining
Annexin V Alexa Fluor 488 (AV) and lodide Propidium
(PI) (Invitrogen/Life Technologies). After trypsinisation,
the cells were resuspended in actin binding buffer
(ABB; Invitrogen/Life Technologies) and incubated with
annexin V and iodide propidium for 20 and 5 minutes,
respectively (room temperature — RT, dark). The popu-
lation of live, apoptotic, and necrotic cells were analysed
using a Tali Image-based cytometer (Invitrogen/Life
Technologies).
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Figure 1. The MTT analysis of A549 (A) and Mrc5 (B) cell viability after house dust exposure. The cells were exposed to
house dust extract in a concentration from 0 to 750 therapeutic units for 24 h. The results showed dose-dependent and
statistically significant reduction of viability in A549 cells. In the case of Mrc5, only 75, 500, and 750 TU caused a statistically
significant decrease in cell survival. Data of each bar are shown as the mean of three independent experiments, and
the statistically significant differences are noted by an asterisk (*)

Fluorescence staining

The structures of the main cytoskeletal proteins were
analysed by fluorescence staining. After culture cells
were fixed in 4% paraformaldehyde (Serva), washed in
phosphate-buffered saline (PBS; 3 x 5 min, RT), and
blocked with 1% bovine serum albumin (BSA; 20 min,
RT, Sigma-Aldrich). In order to visualize g-tubulin, cells
were prefixed according to the protocol described
previously [11]. Then, the cells were incubated with
primary antibodies: for vimentin (anti-mouse vimentin,
1:70, 1 h, RT; Sigma-Aldrich), g-tubulin (anti-mouse
B-tubulin, 1:65, 1 h, RT; Sigma-Aldrich), and F-actin
(Alexa Fluor 488 phalloidin, 1:40, 20 min, RT, Invitro-
gen), respectively. After washing with PBS (3 x 5 min,
RT), cells were labelled with secondary antibodies:
Alexa Fluor 488 goat anti-mouse IgG (for vimentin;
1:100, RT, Invitrogen) and anti-mouse IgG-TRITC (for
microtubule; 1:85, RT, Sigma-Aldrich). The cell nuclei
were stained with DAPI (1:2000; 10 min, RT, Sigma
Aldrich). The reorganisation of the cytoskeleton was
analysed and photographed using a Nikon Eclipse
E800 fluorescence microscope (Nikon; Tokyo, Japan)
and NIS-Elements 4.0 software (Nikon).

The statistical analysis

The statistical analysis was performed with Graph-
Pad Prism 5.0 (GraphPad Software). The data are pre-
sented as the mean + standard deviation (SD) and con-
sidered statistically significant at p < 0.05 (marked by an
asterisk*). The one-sample t-test was used to evaluate
the statistical differences between the treated group
and control cells with a hypothetical value of 100 (MTT
analysis). In turn, a non-parametric Mann-Whitney U test
was performed in cell death analysis.

Results
MTT analysis

At first, we evaluated the impact of house dust ex-
tract in different doses on the viability of normal lung
fibroblast cell line Mrc5 as well as on non-small cell
lung cancer A549. For that purpose, we treated both
cell lines with house dust extract at concentrations of
75, 125, 250, 500, and 750 TU for 24 hours, and then
the MTT assay was performed. For A549 cell line, the
cell viability decreased in a dose-dependent manner
and the results were statistically significant (Fig. 1A). In
the case of Mrc5 cell line only at 75, 500, and 750 TU
were statistically significant differences observed in
comparison to control cells; however, these differences
were smaller than for A549 cells, suggesting that normal
lung fibroblast cell lines are less sensitive to the effects
of household dust extract and we considered Mrc5 cell
line as a positive control (Fig. 1B).

Cell death analysis

Next, we analysed the influence of extract on
apoptosis and necrosis frequency after 24 hours of
incubation with a 75-TU dose of house dust extract
because it was the smallest dose causing a significant
decrease in cell viability in the MTT test. In this order,
double-staining with annexin V (AV) and propidium
iodide (PI) was performed. On this basis, we distinguish
three cell populations: viable (AV-/PIl-), apoptotic (AV+/
/PI-), and necrotic (AV-/PI+). The percentage of cells
in each population was rated using a Tali Image-Based
Cytometer. Total apoptosis stands for the sum of early
and lately apoptotic cells. In the case of non-small lung
cancer cells, the data showed no significant differences
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Figure 2. The effect of house dust extract on the type of cell death. The A549 and Mrc5 cell lines were incubated with
house dust extract (75 TU) for 24 h and double-stained with annexin V Alexa Fluor 488 and propidium iodide. The data
showed no statistical differences in the percentage of live AV-/PI- (A), apoptotic AV+/ Pl- (B), and necrotic cells AV—/
/PI+ (C) in both cell lines. CTRL — control cells. The results were analysed using a non-parametric Mann-Whitney U test
(a statistically significant at p < 0.05), marked by an asterisk (*)

in the percentage of live or apoptotic cells, but the level
of necrosis increased from 1.89% to 3.99%. Moreover,
this test also confirmed the lower sensitivity of Mrc5 cell
line to the extract - significant differences in cell per-
centages in any of the three cell populations were not
observed (Fig. 2).

Analysis of cytoskeletal proteins

Immunofluorescent labelling was used to determine
the effect of dust extract on the structure of the main
cytoskeletal components — vimentin, F-actin, and
p-tubulin. For Mrc5 cell line, no significant differences in

cytoskeleton structure of the control and study groups
were observed. The only exception was a single cell
with a slightly extended structure of vimentin (Fig. 3F).
In the case of A549, the first noticeable difference was
the decrease in cell density and the level of F-actin
fluorescence intensity in comparison to untreated cells
(Fig. 3D). Many of the mitotic cells were visible in the
control group, which was not observed in the cells
treated with the house dust extract (Fig. 4A and 4B).
For study group cells in A549 and Mrc5, there were also
cases of mitotic catastrophe (giant and multinucleated
cells), which is probably the second type of A549 cell
death caused by house dust extract (Fig. 3D, Fig. 4B).
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Figure 3. The effect of house dust extract on the induction of cytoskeletal reorganisation in Mrc5 cell line. The staining
of g-tubulin, F-actin, and vimentin. A, C, E — control cells; B, D, D’, F, F' — cells after 24 h treatment with 75 TU house
dust extract. The small population of cells with stress fibres (D) and a single cell with a slightly extended structure of

vimentin (F) were noticed. Bar = 50 um

Furthermore, in our study, a minor quantity of stress
fibres were also noticed in the above-mentioned cell
lines (Fig. 3D).

Discussion

Nowadays, allergies are the most common chron-
ic illnesses in children, adolescents, and adults,

resulting in a severe problem for worldwide public
health. Among the huge number of different allergens,
house dust mite is one of the most common factors
that induces an abnormal reaction of the immune
system — allergy. Symptoms of these disorders are
extremely problematic and hindering normal human
functioning, and most of them require systematic
treatment such as desensitisation. This problem
also affects cancer patients, so the aim of our study
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Figure 4. The effect of house dust extract on the induction of cytoskeletal reorganisation in A549 cell line. The fluorescent
staining of g-tubulin, F-actin, and vimentin. A, C, E — untreated cells; B, D, F — cells after 24-h exposure to 75 TU house
dust extract. We observed the decrease in cell density and the level of F-actin fluorescence intensity (B). The presence

of giant, multinucleated cells were noticed (D). Bar = 50 um

was to evaluate the influence of house dust extract
on the cellular processes, including cell death and
reorganisation of the main cytoskeletal proteins in
both non-small lung cancer cell A549 and normal
lung fibroblast Mrc5.

The effect of house dust mites on the cellular level is
still unknown. So far, researchers have focused mainly
on the influence of these allergens on different cell lines,
including normal human epidermal keratinocytes and

dermal fibroblasts [12], primary human corneal epithe-
lial cells (PHCE) [13], human bronchial epithelial cells
(BEAS-2B) [14], immortalised cell lines (lung epithelial
cells), and also (rarely) cancer cells such as human
HepG2 [15], A549, and Hel.a cell line [16].
Worldwide literature has reported that the common
species of house dust mites — Dermatophagoides fari-
nae (Der f) and Dermatophagoides pteronyssinus (Der p)
—induce IL-6 and IL-8 secretion in a normal human der-
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mal fibroblast concentration-dependent manner [17].
These types of interleukins are characteristic for different
immune response mechanisms in the human body,
which can be caused by an allergy. Furthermore, other
studies have shown that exposure to HDM may result
in genotoxicity and cytotoxicity effects on bronchi-
al epithelium [18] and human keratinocytes [19].
In the case of the human dermal endothelial cell,
a study by Arlian et al. reported that the influence of
the above-mentioned allergens on these types of cells
stimulate the production of interleukin and adhesion
molecules such as intercellular adhesion molecule 1
(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1),
and E-selectin [20]. Similarly, Asokananthan N et al.
showed that an increase in the level of interleukin
(IL-6 and IL-8) occurs in a time- and dose-dependent
manner following treatment with clinical important
cysteine protease allergen Der f in A549 cell line. Their
research showed that desensitisation may cause the
activation of processes related to PAR-2 receptors
(protease-activated receptor) located on the surface of
the respiratory epithelial cells. On the other hand, the
treatment with Dermatophagoides pteronyssinus result-
ed in NF-kappaB and mitogen-activated protein kinase
(MAPK)-dependent secretion of interleukin, cytokines,
and chemokines in bronchial BEAS-2B and human
bronchial epithelial cells (NHBE) [21]. In turn, Xiang et
al. observed the dose-dependent toxic effect of a dust
mite on PHCE cell line. Their studies showed a reduc-
tion of cell viability and the higher level of biomarkers
characteristic for oxidative stress. Also, they suggested
that the mechanism of action of house dust extract
is correlated with alterations of mRNA expression of
antioxidant enzymes and pro-inflammatory mediators,
which corresponded with reduction of mitochondrial
membrane potential in PHCE cells [13].

In our study, we also applied a mixture of Dermato-
phagoides farinae and Dermatophagoides pteronyssi-
nus. As mentioned, specific allergen immunotherapy
(desensitisation) is a method based on the regular
administration of small, gradually increasing con-
centrations of the allergen and consequently reduce
or eliminate an organism’s reactions to allergic fac-
tors. This kind of therapy is a long-term process, but it
is successfully applied in both children and adult pa-
tients. Numerous studies have presented that low-dose
desensitisation is ineffective, while high concentrations
cause systemic reaction [22, 23]. The optimal dose of
allergen extract is characterised by satisfactory clinical
results, not producing any serious side effects, and
it is estimated for most allergens at 5-20 ug per one
injection/month. It should also be taken into consid-
eration that an adjusted dosing schedule is provided
by manufacturers of particular vaccines. The allergen
extract used in our study is recommended for thera-
peutic use according to the instruction diagrams, with

an initial concentration of 5000 TU/mL. However, this
concentration is suitable for humans. As our research
material were cell lines for all experiments, accordingly
lower doses of house dust extract (75 TU) were applied.

The first aim of our investigation was to evaluate the
influence of commercially available house dust extract
on the survival of two cell lines: cancerous non-small
lung cells (A549) and non-cancerous lung fibroblast
cells (Mrc5). For this purpose, we used test MTT, and
the results for both cell types can be seen in Figure 1.
We observed a dose-dependent decrease in viability of
treated A549. In the case of Mrc5, the results were not
clear, but we suggested that normal lung fibroblasts
cells were less sensitive to incubation with house dust
extract compared to cancerous cells. The next step was
the analysis the type of cell death using annexin V and
propidium iodide double staining. The population of
live, apoptotic, and necrotic cells were evaluated using
a Tali Image-based cytometer, and the results revealed
non-statistical differences in the percentage of viable
and death cell in both A549 and Mrc5 cell lines. The
only exception was the population of necrotic cells in
the case of non-small cancer, where we noticed a min-
imal increase in comparison to control cells. However,
these data suggest that exposure to house dust extract
does not induce programmed cell death in selected cell
lines. It is worth mentioning that this method allows us to
distinguish only two types of cell death: apoptosis and
necrosis. Moreover, the differences in the percentage of
viable cells between MTT test and double-staining with
Annexin V and Pl may be caused by the occurrence of
other types of cell death such as mitotic catastrophe.
It must be pointed out that the incubation with house
dust extract in cell culture probably resulted in a physical
stress condition and consequently a minor reduction
of the viability. Likewise, Xiang et al. also indicated
that the presence of high concentrations of house dust
mites inducing stress condition and leading to a higher
percentage of cell death (in primary human corneal
epithelial cells) [13].

It is known that cytoskeleton is the most import-
ant structure in the cell and it plays many important
functions, including shape maintenance, motility, and
mitosis [24]. In the presented study, we described for
the first time the organisation of F-actin, vimentin, and
B-tubulin after house dust mite exposure on A549 and
Mrc5 cell line. Each of this cytoskeleton compounds are
involved in key cellular processes and together form
a specialised and unbroken network. Thus, microtu-
bules (5-tubulin) are responsible for cell division during
chromosome separation and intracellular transport
[25]. The intermediated filaments (vimentin) play roles
in maintaining of cell shape, supporting and integrity of
the cytoplasm [26]. In turn, filamentous actin (F-actin) is
involved in adhesion, cell death, and migration [27]. Due
to the significance of the main cytoskeletal proteins in
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cell functioning, we found it reasonable to assess these
structures after contact with house dust extract. In the
investigation, significant morphological abnormalities in
A549 and Mrc5 were not observed, apart from the single
cell with scattered cytoplasm. Furthermore, there was
a lack of evidence of apoptosis hallmarks, but a small
population of cells with typical features of mitotic ca-
tastrophe such as large size and multinucleated were
noticed. Thus, this observation confirmed results from
the analysis of MTT test and cell death. On the other
hand, Fisher and Agrawal indicated the alterations in
shape of dust-exposed PHCE cells from polygonal to
spindle [28]. We assume that these alterations were
a consequence of the different sensitivity of selected
cell lines to house dust extract. Similarly, our fluores-
cence staining of cytoskeletal proteins such as F-actin
revealed greater sensitivity in HDE-treated, non-small
lung cancer cells, which was manifested by a decrease
in the intensity of F-actin fluorescence. Furthermore,
the presence of small population of cells with stress
fibres were also observed in both A549 and Mrc5 cell
lines. This structure of actin filamentous is characteristic
for cells responding to their environment and changes
in cell adhesion. Numerous studies have demonstrated
a correlation between the presence of stress fibres and
factors, which induce stress conditions in cell culture
[29]. In the case of s-tubulin, we did not observe any
changes in both cell lines. In turn, analysis of the in-
termediate filament network showed a single cell with
a slightly extended structure of vimentin in Mrc5 (after
75 TU HDE). Nevertheless, we suggested that the scale
of observed changes allows us to determine the low
impact of house dust extract on the cytoskeleton in
non-cancerous Mrc5 and cancerous A549 cell line, and
confirmed our previous results. In the case of cancer
patients, lack of significant changes in these cytoskel-
etal proteins involved in cell motility are very beneficial,
especially in the context of the probability of metastasis.

Conclusions

In conclusion, the present investigation showed
abnormal response of lung fibroblast Mrc5 and non-
small lung cancer A549 cells to house dust mite,
with cancerous cells showing higher sensitivity than
non-cancerous cell line. Moreover, our study suggests
that desensitisation has no significant influence on sur-
vival and cytoskeleton in the above-mentioned type of
cells, which correlate with potential use of this method
in cancer patients. Obviously, the choice of this treat-
ment type should be used carefully and consulted with
a specialist. Additionally, to our knowledge, there are no
reports on the influence of house dust extract on cells
in the context of the main cytoskeletal reorganisations.
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