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Abstract
  There has been increased focus on house dust due to its potential to contain biological pollutants in indoor environments. Biological 
factors may include pollen, spores, moulds, bacteria, viruses, allergens, dust mites, and epithelial cells. This study aimed to analyse 
the cytotoxicity of house dust on the human lung bronchus carcinoma epithelial cell line (A549) and human lung bronchus virus-
transformed epithelial cell line (BBM). One hundred and five (n = 105) house dust samples were obtained from households. Human 
cell lines were treated with five different dilutions of each house dust extract. Cell viability was assessed using the MTT assay. Toxic 
effects of house dust extract were analysed, following house dust extract treatment and cells were stained with double dye (annexin 
– V- and propidium iodide) and analysed with flow cytometry and fluorescent microscope. The results suggest that this study showed 
that dust extract is toxic to human cell lines and cells underwent a degree of apoptosis and necrosis at 62% (A549) and 99% (BBM). 
The findings in this study strongly suggest that house dust extracts are toxic to human cell lines. 
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Introduction
Indoor air quality is described as the chemical, physical and 

biological characteristics of air in a residential or occupational in-
door environment [1]. In residential settings, there are many con-
tributions to indoor pollution levels namely; human activities, bio-
logical sources and outdoor air. House dust is a complex mixture of 
various bio-contaminants and a major source of allergens in non-
industrial indoor environments [2]. Indoor house dust may con-
tain biological pollutants such as pollen, spores, moulds, bacteria, 
viruses, allergens, dust mites and epithelial cells [2]. Previously, it 
was thought and understood that inhaled allergens were derived 
from pollen, but the latest developments point to dust extracts [3]. 
Dust can also carry a broad range of compounds such as polycyclic 
aromatic hydrocarbons, endotoxins and heavy metals which may 
damage biological systems [4].

Epidemiological studies have reported health problems associ-
ated with exposure to house dust. Its impact may range from slight 
irritation of the eye and mucus membranes of the throat, but these 
effects can also advance allergy, asthma, and bronchitis [5]. The 
exposure characteristics are not sufficiently understood to allow a 
reliable dose-response assessment of indoor exposure to toxigenic 
microbes or any single toxin. The possible presence of one of the 
inflammatory potentials of the dust may have multifactorial causes 
with no known single parameter being of major importance [6]. 
Furthermore, in vitro and in vivo tests have been used to assess dust 
toxicity [7,8]. The biological hazards of organic dust, regardless of 
its constituents and concentration, will assist in ranking individual 
samples according to their given parameters such as inflammatory 
potential [9].

House dust contains several undefined components which are 
difficult and very expensive to obtain a precise measurement of 
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each relevant component to estimate the risk of developing re-
spiratory problems [9]. House dusts that are taken from different 
locations at different times may vary profoundly in composition 
which further complicates air pollution disease studies. Although 
there is no specific strategy and protocols in place for determining 
toxic effects in organic dust researchers have proposed a funda-
mental concept of toxic evaluation that is like that of a single sub-
stance [10]. Due to the house dust complexity, researchers have 
suggested a general test for toxicology and immunotoxicity such as 
LDH, XTT, MTT, Annexin-V etc, to quantify its effects [11].

Recently, epithelial cells have received attention in mechanis-
tic studies of air pollution-induced airway disease. The findings 
of these studies suggest that cells are likely to play a fundamental 
role in the pathogenesis [12]. The reason for this is that bronchial 
epithelial cells play an important role as a physical barrier in pro-
tecting the underlying tissue and maintaining the local environ-
ment in the airways [12]. 

Previous work conducted in South Durban households re-
ported high asthma prevalence in children [13]. Thus, this study 
aimed to assess the cellular stages that cells undergo when treated 
with house dust extract from settle dust. This will provide a better 
understanding regarding house particles inhaled through the re-
spiratory tract system. Human bronchial epithelial cell lines were 
selected due to their direct contact with dust particles. 

Materials and Methods
Household conditions

The nature of the household sampled was built using bricks, 
concrete and asbestos cement sheeting and households were not 
air-conditioned. The households were generally in good condition 
taking into account that 50% were built before 1978 and 39% 
were built after 1978. 

Sample selection 
The households for this study were drawn randomly South 

Durban Health Study (SDHS), which had 823 school children par-
ticipating from 7 schools in Durban communities [14]. In total 136 
households, from the main SDHS were recruited to participate in 
this study. Of the 136 households visited, dust samples were col-
lected from 126 homes. Unfortunately, no samples were collected 
in 21 homes due to the unavailability of electricity as required by 
the equipment used for collection. Therefore, only 105 samples 
were collected and used in this study.

Dust collection
A portable vacuum cleaner (Wap Combi Cleaner Vs 300s, Ger-

many) with a specialized unit that collects house dust into the fil-
ter paper (Macherey-Nigel, Germany) with particle retention of 8 
µm was used. House dust was collected from both children’s sleep 
areas and/or playrooms. Sleep area samples were collected from 
children’s Pillows and mattresses for 2 minutes and if there was a 
soft floor in the room a 1.0 m2 area was vacuumed for 2 minutes as 
well. From the play area, samples were collected from the couches 
and carpets or rugs for 2 minutes over a 1.0m2 area. The collected 
dust samples were folded and covered with aluminium foil before 
being placed into a ziplock bag before transportation and stored at 
4℃ until analysis. For this study, 1 gram of dust sample was needed 
for the analysis. Consequently, one hundred and five dust samples 
(n = 105) were used in this study.

Dust extraction 
The house dust samples were extracted according to Indoor Bio-

technologies, Charlottesville, US for allergen protocol as previously 
used by [15]. Allergen is the final product that was suspended, 
stored at -20oC awaiting laboratory analysis and has been reported 
to be prevalent in indoor households [16].

Cell line and culture 
Human lung bronchus carcinoma epithelial cell line (A549) and 

human lung bronchus virus transformed epithelial cell line (BBM) 
were obtained at the Medical Microbiology Laboratory University 
of KwaZulu-Natal School of Medicine. A549 (ATCC No. 185-CCL) 
was maintained in Eagle’s Minimum Essential Medium (EMEM) 
and Ham’s F-12 (Cambrex/Lonza) which was as previously de-
scribed [17]. BBM (ATTC NO. CRL - 9482) was maintained in Bron-
chial Epithelial Growth Medium (BEGM) coated with 1% albumin 
from bovine serum minimum 98% and grown medium (Cambrex/
Lonza) as previously described by [18]. Cells were incubated at 
37oC in a humidified environment with 5% carbon dioxide (CO2). 
The fresh medium was used to feed cells which were changed ev-
ery second day and sub-cultured when confluent growth of 80-
90% was reached, and thereafter cells were trypsined with 0.25% 
trypsin-versene. 

3-(4, 5-Dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bro-
mide (MTT)

The viability of treated cells and controls were evaluated using 
MTT assay (Roche) in triplicates. After trypsinazation, cells (1.4 x 
105 cells/ml) were seeded into 96 wells microtitre plate containing 
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100µl growth media (Cambrex/Lonza) incubated in a humidified 
atmosphere at 37oC and cells were allowed to adhere for 12 to 19 
hours. After the incubation period, wells were washed with phos-
phate buffer (PBS) and 100µl of house dust extract (in culture me-
dium) was added into 96 wells with five different dilutions (1:200; 
1:40; 1:10; 1:4; and 1:2) and incubated at 37oC in humidified en-
vironment with 5% CO2. After the incubation period medium was 
removed from the wells and replaced with MTT salt as per manu-
facturers’ instructions (Roche) and incubated for 4 hours. Cell vi-
ability was measured with an ELISA plate reader at 550-600nm 
(Bio-RAD, 350 Microplate reader).

 
Analysis by fluorescence microscopy

After trypsinazation, cells (2.5 x 105 cells/ml) were seeded 
in 24 well tissue culture plates already pre-inserted with sterile 
round coverslips (SMM Instruments) which contained 1000 µl of 
growth medium incubated at 37oC in the humidified environment 
and cells allowed to adhere for 12-19 hours. After the incubation 
period, media were removed and cells were washed once with PBS 
and treated with 1:10 dilution of house dust extract; and incubated 
together with controls (untreated cells) at 37oC in humidified en-
vironment. After the incubation period, media were removed, and 
cells were washed once with PBS and fixed with ice-cold 70% etha-
nol for an hour. Cells were washed once with PBS, and stained with 
annexin-v-fluorescein and propidium iodide as per manufacturer’s 
instructions (Roche). Cover slips were taken out of 24 well plates 
and allowed to dry in dark room temperature and mounted on DPX 
in glass slides. Specimen was analysed by fluorescence microscopy 
at 515 – 565 nm (green). 
 

Analysis by flow cytometry
After trypsinazation, cells (2.5 x 105 cells/ml) were allowed 

to adhere for 12-19 hours in 25 cm2 tissue culture flask and in-
cubated at 37oC in humidified environment. After incubation pe-
riod cells were treated with 1:10 dilution of house dust extract and 
incubated at 37oC in humidified environment for 12 hours. After 
the incubation period, cells were washed once with PBS and tryp-
sinized as described previously; and centrifuged at 2500 rpm for 
5 minutes at 4oC (Multifuge 3 S/3R, Heraeus). Thereafter washed 
once with PBS and re-suspended in 1000 µl PBS. Concurrently, 
positive controls were conducted in parallel with samples and for 
the negative (unstained cells). The positive control used for A549 
was actinomycin D (AD), and for BBM was cycloheximide (CHX). 
Actinomycin D (Sigma) induces apoptosis in tumour cells has been 
previously described by [19]. However, CHX (Sigma) induces apop-

tosis in normal bronchus cell lines has been previously described 
by [20]. 

Cells were stained with double dye (annexin-v and propidium 
iodide) as per manufactures instructions. The controls were also 
stained (positive being double stained, unstained negative and 
either with annexin or propidum iodide). Cells and controls were 
analysed by flow cytometry (LSR II, BD Science) at 488-617 nm 
within an hour after staining. The apoptosis and necrosis percent-
ages were calculated using the equation that was previously de-
scribed by [21]. 

Statically analysis
The data was analysed using software package of Microsoft Ex-

cel 2000 and SPSS for windows (15.1). Non-parametric test (Wil-
coxon Signed Rank test) for pair data and p<0.005 was considered 
significant. Data was expressed as a mean ± S.D and median in 
some cases due to data being skewed. 

Results
MTT assay

The toxic effect of house dust extract was analysed with MTT as-
say, and a dose-response curve was plotted (Figure 1) for both cell 
lines, and the mean and standard deviation were computed. The 
cell viability before the experiment was slightly above 80% in both 
cell lines. The results showed that cell viability for both cell lines 
went below 50% following exposure to various dilutions of house 
dust extracts as reflected in methods and materials. Furthermore, 
house dust was noticed to be responsible for lowering cell viability.

Determination of apoptosis and necrosis
The media was used instead of mean and the reason being re-

sults were not normally distributed (skewed). The percentage dis-
tribution for necrosis in both cells varies with the A549 median 
value below 30% while the BBM median value is just above 80%. 
It was observed that apoptosis was non-significant for A549 versus 
BBM (p < 0.039); while necrosis was noted to be significant (p < 
0.005) for BBM versus A549. The positive controls for A549 (AD) 
and BBM (CHX) were observed to induce cell death with 97% ne-
crosis of the BBM cell line and 93% apoptosis of the A549 cell line 
(Figure 2). 

Human cell line apoptosis and necrosis were analysed by flow 
cytometry and results are given in Figure 3 for A549 and BBM cells. 
This confirms what has been observed in MTT assay that house 
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Figure 1: MTT dose response curve for A549 and BBM cell viability with different dilutions and represented in mean and 95% CI.

Figure 2: A549 flow cytometric analysis (A) Unstained cells. (B) Cells stained (Annexin). (C) Cells stained (PI). (D) Actinomycin D (posi-
tive control) stained (Annexin and PI). BBM flow cytometric analysis (E) Unstained cells. (F) Cells stained (Annexin-V). (G) Cells stained 

(PI). (H) Cycloheximed (positive control) stained (Annexin and PI). 
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dust is toxic to cell lines, where 87% (A549) and 99 %( BBM) were 
in the final stage of cell death (necrosis). 

The cellular apoptotic and necrotic effect was confirmed after 
cells were exposed to house dust extracts and measured using a 
fluorescence microscope. The image analysis was done at the Uni-
versity of KwaZulu Natal (UKZN), Optics and Imaging Unit and the 
Department of Microscopy; and the results are presented in Fig-
ure 4. Cells appear with double colours, the inner colour is orange 
while the outer colour is green. This is due to the double staining 
used, namely green (apoptosis) and orange (necrosis). The select-

ed samples that are shown in Figure 4 are representative of cellular 
changes that A549 cells underwent (treated and controlled) during 
fluorescence microscope observation. Thus, one can say that the 
cells underwent apoptosis cell death stage and some necrosis stag-
es. The limitation for BBM cells, which is not shown in this diagram 
due to the lack of cells to attach to cover slips. For this reason, we 
could not report whether BBM cells underwent any cellular chang-
es during treatment. Despite the BBM results not being reported 
in this experiment, the toxicity results confirm that the house dust 
extract induced cell death. 

Figure 3: A549 cells were treated with house dust and stained with Annexin V and PI. (A) 25% necrotic. (B) 62% apoptotic. (C) Non-
viable cells. BBM cells (D) are 99% necrotic. (E) Non-viable cells. 

Figure 4: Fluorescent microscopic analysis of apoptosis A549 stained with Annexin-V-FLUOS (green) and propidium iodide (orange). 
(A) A549 sample. (B) A549 control.
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Discussion and Conclusion
The degree of cell activation membrane lysis and mitochondrial 

ultra-structural toxicity was observed when cells were treated 
with various dilutions of house dust extract. The ability of house 
dust extract to lower cell viability was observed in this study with 
cell reduction less than 50% following house dust extract expo-
sure. In the dilution of house dust extract ability to low cell viabil-
ity for human bronchial epithelial cells was observed to be about 
<40% for A549 and <50% for BBM. The suitable dilution (1:10) of 
house dust extract used was selected for further analysis in this 
study because both cell lines are congruent at this point. 

The apoptotic and necrotic ability of cells when treated with 
house dust extract was further verified by Annexin-v-fluos assay 
as to confirm what has been reported in MTT assay. Apoptosis is 
the key feature of programmed cell death which leads to variety of 
cellular changes such as blebbing, changes in cell membrane and 
necrosis can be defined as the traumatic cell death that can results 
in acute cellular injury and noticeable by the destruction of cellular 
DNA [22]. 

In this study it was observed that human bronchial epithelial 
cell lines underwent a degree of apoptosis and necrosis. A549 cells 
responded differently towards the house dust extract with 62% 
apoptosis; whilst, 99% of BBM cells underwent apoptosis. The cel-
lular changes were further confirmed (fluorescent microscope) for 
A549 cells, which was not seen in BBM cells due to the difficulties 
of cell attachment on coverslips after staining. Previous research-
ers have reported on cellular death characteristics such as poor 
cellular shrinkage, and round poorly adherent cells; unattached 
round shape cells were evident in this study [4,23]. The degree of 
cell death was different between the two cell lines. It’s made sense 
due to fact that one is normal (BBM) and A549 is a cancerous cell 
line. 

The ability of normal and carcinoma cells was tested with vari-
ous test agents to assess the ability of the human cell line to acti-
vate the apoptosis pathway. It has been reported that the human 
cell line cytotoxicity effect is dose-depend on response which is 
regulated by different foreign dilutions. Another study has shown 
high mortality (84% -1%) for A549 when treated with organic 
dust for 24 24-hour incubation period and it is high when com-
pared with what has been seen in this study [24]. Furthermore, 
[25] have reported a comparable cell mortality rate with this study, 
which was observed when A549 was treated with tyre debris after 
24 hours which ranged (18%- 39.8%). In another study, [26,27] 

have further confirmed what has been reported in this study, when 
A549 was treated with Scutellari barbata and reported (2.34% 
-37.43%) mortality after 24 hours.

According to our knowledge, not much data has been published 
concerning BBM’s role undergo apoptosis when induced by for-
eign materials. The limited data on BBM leaves us with no choice 
but to report on BEAS-2B findings since BBM was derived from it. 
The ability of BEAS-2B to mortality (40% -50%) has been reported 
which was noticed after 92 hours when cells treated with oxide 
nanoparticles [25]. The decline in cell mortality has been further 
confirmed which was seen to be just below 40% when BEAS-2B 
treated with DMSO [28]. Furthermore, [29] reported reduced cell 
viability which was below 50% when cells were treated with ultra-
fine titanium dioxide particles. 

It can be concluded that human exposure to contaminated in-
door air pollutants may be detrimental to humans and that the du-
ration of exposure is critical. The study has shown us that house 
dust extract is toxic to cells and humans in the household studies 
are at risk from this house dust exposure. In future studies in vivo 
studies should be conducted with settled house dust particles as to 
further verify these findings. 
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